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After the 1994 genocide and collapse of the health system, Rwanda initiated major social and
health reforms in order to reduce child mortality and health inequities in accordance with the
Millennium Development Goals. The aim of this thesis was to assess trends in under-five
mortality (USM) and equity in child survival, to study social barriers for improved perinatal
and neonatal survival, and to evaluate Helping Babies Breathe (HBB), a newborn resuscitation
program.

In paper I we analysed trends and social inequities in child mortality 1990-2010, using
data from national Demographic and Health Surveys conducted in 2000, 2005, and 2010. The
following papers were based on hospital studies in the capital of Rwanda. In paper II we explored
social inequities in perinatal mortality. Using a perinatal audit approach, paper Il assessed
factors related to the three delays, which preceded perinatal deaths, and estimates were made
of potentially avoidable deaths. Paper IV evaluated knowledge and skills gained and retained
by health workers after training in HBB.

Under-five mortality declined from the peak of 238 deaths per 1000 live births (95% CI 226
to 251) in 1994 to 65 deaths per 1000 live births (95% CI 61 to 70) in 2010 and concurred with
decreased social gaps in child and neonatal survival between rural and urban areas and household
wealth groups. Children born to women with no education still had significantly higher under-
five mortality. Neonatal mortality also decreased but at a slower rate as compared to infant
and USM. Maternal rural residence or having no health insurance were linked to increased
risk of perinatal death. Neither maternal education nor household wealth was associated with
perinatal mortality risks. Lack of recognition of pregnancy danger signs and intrapartum-related
suboptimal care were major contributors to perinatal deaths, whereof one half was estimated
to be potentially avoidable. Knowledge significantly improved after training in HBB. This
knowledge was sustained for at least 3 months following training whereas practical skills had
declined.

These results highlight the need for strengthening coverage of lifesaving interventions giving
priority to underserved groups for improved child survival at community as well as at hospital
levels.
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Glossary of terms

Early neonatal deaths: Number of deaths occurring during the first seven
days after birth.

Early neonatal mortality rate: Number of deaths within the first seven
days of life per 1000 live births in a given time period.

Early neonatal period: A period that commences at birth and ends on sev-
enth day of life.

Fresh stillbirth: A foetal death occurring during labour or delivery with no
signs of skin maceration.

Infant mortality rate: Number of deaths within the first year of life per
1000 live births in a given time period.

Macerated stillbirth: A foetal death occurring during pregnancy and before
labour and presenting with signs of skin deterioration.

Neonatal mortality rate: Number of deaths within the first 28 days of life
per 1000 live births in a given time period.

Neonatal period: A period that extends from birth up to twenty-eighth day
of life.

Perinatal deaths: The total of stillbirths and early neonatal deaths

Perinatal mortality rate: Number of stillbirths and early neonatal deaths
per 1000 live births in a given time period.

Perinatal period: A period that extends from 22 weeks of pregnancy up to
seventh day of life.

Stillbirth: A foetal death occurring at or after 22 weeks of gestation or
weighing at least 500 grams.

Under-five mortality rate, also considered as child mortality: Number of
deaths occurring in children before reaching five years of age per 1000 live
births in a given time period.



Preface

My interest in research and child health area began to develop in the early
2000s, when I was studying at the Faculty of Medicine of University of
Rwanda. At the time, I had the opportunity to attend some tutorials on re-
search methods and learn basic computing skills required to perform data
management and analysis. These tutorials were delivered by well-skilled
staff, which stimulated my curiosity and interest in the research. The
knowledge and skills acquired were essential for carrying out a study, of
which results must be presented through a public defence before completing
undergraduate studies in Medicine. My study focused on clinical signs of
uncomplicated malaria in children younger than five years of age. The
choice of this subject was motivated by a general interest in controlling ma-
laria, which was a major public challenge in the country, especially in preg-
nant women and young children. Government and various stakeholders had
stepped up efforts to reduce morbidity and mortality due to malaria, which
became drug resistant. Many studies and workshops were undertaken to
increase knowledge and change wrong perceptions and beliefs about malaria
transmission, clinical signs and management. After attending most of these
workshops and being involved in training healthcare providers working in
different levels of healthcare system, I decided to focus my study on malaria
in young children and I was encouraged by my advisor. The main objective
of our study was to improve child survival through improved clinical diag-
nosis and management of malaria in low-income setting. In this setting, la-
boratory investigations could not be feasible due to the lack of skilled la-
boratory staff, equipment or lack of money by patients, especially in remote
rural areas. Thus, it was needed to strengthen clinical diagnosis of malaria in
order to guide appropriate use of antimalarial treatment and prevent re-
sistance to drugs. This attitude seemed particularly relevant to a context
where providers might tend to treat every child with fever as having malaria.

In 2003, I graduated in Medicine with a bachelor degree in medical sci-
ences. Based on my previous experience of assessing children suspected of
malaria, I developed further interest in child health and survival area, which
influenced my decision to undertake a Master’s programme in Paediatrics. In
2004, I was hired as a general practitioner in the largest tertiary referral hos-
pital in Rwanda. I was deployed in the Department of Paediatrics while wait-
ing to further improve my skills in Paediatrics. During the time I spent in this
department, I was mostly involved in neonatal intensive care unit. My expe-
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rience in this unit made me realise the importance of reducing perinatal and
neonatal deaths in order to improve child survival. Later, I was admitted to
do a Master’s programme in Paediatrics at University of Rwanda. During
that time, I got an opportunity to pursue PhD studies in child survival funded
by Swedish International Development Cooperation Agency within the col-
laboration between Uppsala University and University of Rwanda. After
graduating with a Master of Medicine in General Paediatrics at University of
Rwanda, this allowed me to focus on hospital-based data collection. Analys-
ing data from three Demographic and Health Surveys conducted in 2000,
2005, and 2010 and from hospital-based studies gave us an opportunity to
identify challenges and potential for improved child survival. I hope the re-
sults of this thesis will contribute to improve knowledge in the field of child
survival in Rwandan setting and other similar contexts.
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Introduction

Improving child health and survival is a global priority. After the United
Nations’ declaration in 2000, 189 countries adopted the Millennium Devel-
opment Goals that include the 4th goal (MDG4), which calls for a two-thirds
reduction of mortality under the age of five years (USM) from 1990 to 2015
(1). Thus, a regular assessment of mortality levels and trends has become a
necessity in order to inform policy and programmes to accelerate the reduc-
tion of child deaths by 2015 and beyond.

The latest report from the United Nations Inter-agency Group for Child
Mortality Estimation (UN IGME) showed that global mortality in children
younger than five years of age has declined over time. However, this decline
has been slower for neonatal mortality than for infant and U5M, as reflected
by an increasing proportion of neonatal deaths among the total number of
under-five deaths. The progress in mortality reduction has also been judged
to be insufficient in many low-income countries, especially in sub-Saharan
Africa and South Asia, if the MDG4 should be reached (2).

Inequalities in child survival chances are not only a grim reality when
comparing countries. Even within countries, the risk of dying before five
years of age is still increased among socially disadvantaged groups (3, 4).
Social inequalities across population subgroups are also observed in perina-
tal mortality, which includes stillbirths and the first week of newborn deaths
that contributes to a considerable proportion of neonatal and U5SM rates (5).

Scaling up cost-effective interventions and securing that poor people and
other vulnerable groups are covered seem to be key strategies for reducing
child mortality. However, there is a need to prioritize interventions address-
ing neonatal mortality, which is a major challenge for improved child sur-
vival.

Perinatal audit is a widely used approach to analyse factors underlying
perinatal mortality and improving standards of health care (6). A growing
body of evidence has shown that this approach could help prevent a substan-
tial number of stillbirths and early neonatal deaths (7). Another intervention,
which could contribute to better neonatal survival, refers to as the Helping
Babies Breathe (HBB) programme. This programme was recently designed
by American Academy of Paediatrics to improve neonatal resuscitation at
birth in low- and middle-income countries (8-10). There is a need to scale up
such cost-effective interventions, which also is in line with the World Health
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Organization” (WHO) recommendations suggesting health system strength-
ening in order to improve health outcomes (11).

After the 1990s civil war and genocide, Rwanda has initiated major social
and health reforms in order to reduce health inequities and child mortality
(12-17). A recent progress report on the MDGs indicated that the country has
achieved considerable improvements in health (18). Preliminary results from
the demographic and health surveys of 2015 indicated that Rwanda has
reached the MDG4 (19). However, there is still a need to sustain such pro-
gress by increasing the availability of data for guiding effectively interven-
tions to address major health problems, including child and neonatal mortali-

ty.

Trends in child mortality

The latest worldwide estimates showed that the number of children dying
before reaching their fifth birthday had dropped from 12.7 million in 1990 to
6.3 million in 2013. During this period, the USM declined from 90 to 46
deaths per 1,000 live births, which is an overall decrease by 49%.

However, this reduction was not equally distributed across the WHO re-
gions. All regions have lowered the USM rate by more than 50% except sub-
Saharan Africa and Oceania. Even if sub-Saharan Africa has shown an over-
all reduction of 48%, individual African countries have not been successful
in reducing U5M and are not on track to reach the goal (2).

In 2013, the highest number of under-five deaths was also found in sub-
Saharan Africa, where almost half of the global under-five deaths occurred
(20). Nigeria and the Democratic Republic of the Congo were two of the
countries having the greatest number of under-five deaths in sub-Saharan
region with Nigeria having 13% of global child deaths (2). The second re-
gion carrying a considerable burden of USM was South Asia, which ac-
counted for 32% of under-five deaths worldwide (20).

Sub-Saharan Africa had also the highest USM rate in the world, 92 deaths
per 1000 live births, followed by South Asia, 55 deaths per 1000 live births.
These rates were more than 15 and 9 times the average observed in high-
income countries, respectively (2).

Although the annual rate of reduction in USM increased five-fold in sub-
Saharan Africa from 1990—1995 to 2005—2013, this decline remained insuf-
ficient to reach the MDG4 (21). In addition, a huge variability in child sur-
vival was noted between countries in this part of Africa. While a few coun-
tries showed accelerated decline in child mortality over the last decade, oth-
ers recorded little improvement during the same period (22, 23).

At current pace of child mortality decline, it is estimated that most low-
income countries in the sub-Saharan area will not meet the MDG4 target in
2015 (23). Even among countries, which have achieved this target, the rates
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of mortality are still unacceptably high as compared to the global average.
For others, which are not on track towards the MDG4, a dramatic progress is
required to reach the goal (2).

Globally, 4.6 million children also died before completing one year of
age, which constituted 74% of under-five deaths reported in 2013. This cor-
responds approximately to half the number of infant deaths, which occurred
in 1990. Concurrently, the infant mortality rate has declined by 46% from a
level of 63 deaths per 1000 live births recorded in 1990.

In 2013, the risk of dying within the first year of life was the highest in
sub-Saharan Africa, 61 deaths per 1000 live births. This risk was almost five
times the average in the European region that was 11 deaths per 1000 live
births. Sub-Saharan Africa was also the region showing the lowest progress
in reducing infant mortality rate, followed by South Asia (2).

Infant and under-five deaths have declined faster than deaths occurring
during the neonatal period or the first four weeks after birth. The global
number of neonatal deaths has decreased by 40%, from 4.7 million in 1990
to 2.8 million in 2013. During the same period, the proportion of neonatal
deaths among under-five deaths has increased from 37% to 44%, reflecting
the relatively slow decline of neonatal mortality compared to the infant and
US5SM.

The risk of dying within the neonatal period is still high. In 2013, 2 mil-
lion of the neonatal deaths occurred within the first week of birth, which
corresponded to 73% of all neonatal deaths or 32% of all under-five deaths.
Half of these deaths occurred within 24 hours after birth, which correspond-
ed to 36% of the total number of neonatal deaths or 16% of the under-five
deaths (20).

While some regions of the world have halved the number of neonatal
deaths, sub-Saharan Africa has remained one of the regions with the least
advancement in the reduction of neonatal mortality rates. Sub-Saharan Afri-
ca has also persistently presented the highest risk of death in neonatal period,
from 46 deaths per 100 live births in 1990 to 31 deaths per 1000 live births
in 2013 (2, 24). This latest mortality rate was 10-fold higher than that found
in high-income countries.

Progress in neonatal survival was unequally distributed across countries
with almost two-thirds of neonatal deaths concentrated to 10 countries. India
and Nigeria accounted for more than a quarter and a tenth of these deaths,
respectively (2).
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Causes of child mortality

The global rates of child mortality have substantially decreased, especially
over the past decade, where the annual rate of mortality reduction has accel-
erated more than before. These gains have been achieved as a result of in-
creased efforts to prevent causes of death and to improve management and
treatment of diseases. Thus, frequent updates on causes of mortality are
needed for setting up new strategies to address child mortality.

Current data show that the main causes of death in children below the age
of five years at the global level include complications related to preterm
birth, pneumonia, intrapartum-related complications, complications during
labour and delivery, diarrhoea and malaria. However, there is a variation in
the geographical distribution of the causes of child mortality.

In sub-Saharan Africa, where about half of the global under-five deaths
occurred in 2013, the causes of mortality were mainly attributable to infec-
tious diseases such as malaria, HIV/AIDS, pneumonia and complications of
preterm birth. In that year, South Asia accounted for approximately a third of
the global burden of under-five deaths, which were largely due to complica-
tions of preterm birth, pneumonia and intrapartum-related complications
(25). Around 40% of the under-five deaths occurring in sub-Saharan Africa
and 25% of those in South Asia were due to pneumonia, diarrhoea and ma-
laria (2).

The epidemiological profile of causes of mortality has changed over time
as advances have been made in the prevention of major health problems. For
example, from 2000 to 2013, the annual rate of reduction in under-five
deaths was 18 % for measles, 9% for neonatal tetanus and 8% for HIV/AIDS
in sub-Saharan Africa. During the same period, most causes of death have
had an annual rate of reduction of at least 4.4% in South Asia except for
complications to preterm birth, which were reduced by only 0.6% (25).

In 2013 the two major causes of mortality during the neonatal period were
complications to preterm birth and intrapartum-related complications, which
accounted for 35% and 24% of neonatal deaths worldwide, respectively.
Another 15% of neonatal deaths were caused by sepsis, 5% by pneumonia,
2% by tetanus and 1% by diarrhoea. These four last causes were responsible
for 27% of neonatal deaths in sub-Saharan Africa and 23% in South Asia as
compared to only 7% in high-income countries (2, 26).

In a global perspective, most causes of neonatal deaths are preventable
conditions including consequences of poor quality of care during labour,
delivery and in the early neonatal period. Despite available cost-effective
interventions, neonatal mortality continues to be a challenge worldwide.
Improving child survival will greatly depend upon how mortality during the
neonatal period including underlying factors is addressed.
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Perinatal mortality

The World Health Organization estimated the number of stillbirths to be 2.6
million in 2009 (27). A slightly lower number, 2 million, of deaths occurred
during the early neonatal period in 2013 (2). Perinatal deaths, which refer to
the sum of stillbirths and early neonatal deaths, represent a major public
health problem, particularly in low-income countries that account for 98% of
the global burden (5).

Perinatal mortality rates vary according to the international definitions
applied. The International Classification of Diseases includes all deaths oc-
curring from 22 weeks of gestation or with a weight of at least 500 grams as
stillbirths, and adds live births that die during the first week after birth, i.e.
early neonatal deaths (5). Another definition is based on the WHO recom-
mendation for international comparison. This considers a cut-off at 28 weeks
of gestation instead of 22 weeks (27), which can lead to a reduction of still-
births by 40% (28).

The distribution according to regions shows the highest rates of perinatal
mortality in Central and Western Africa, with rates of 75 and 76 deaths per
1000 births, respectively (5). The size of the perinatal mortality problem
remains invisible due to poor vital registration systems, especially regarding
stillbirths (29). Thus, perinatal mortality seems to be ignored in global and
national policy agendas, and this problem is not well understood due to the
lack of reliable data (27).

This has resulted in slow improvement in perinatal mortality compared to
neonatal and USM. The global estimates indicate that the number of still-
births has declined from 3.0 million in 1995 to 2.6 million in 2009. Sub-
Saharan Africa and South Asia has a large share of stillbirths, where an es-
timated 76% of the total amount was concentrated in 2009. The global still-
birth rate has gradually dropped by almost 15% from 22 stillbirths per 1000
births recorded in 1995 (30).

Despite the slow progress in reducing perinatal mortality, particularly in
low- and middle-income countries, most causes of these deaths are preventa-
ble. In 2011, most antepartum stillbirths were due to maternal infections and
intrauterine growth restriction, whereas intrapartum stillbirths were attribut-
ed to the obstetric complications (28). These complications also led to intra-
partum-related neonatal deaths, formerly called birth asphyxia, and preterm
birth, which together constituted the main causes of early neonatal deaths
(31). The potential impact is great of tackling such avoidable causes of peri-
natal and neonatal death.
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Conceptual framework

A conceptual framework in health research may help to characterize a prob-
lem and identify entry points for interventions (32, 33). Recently, a Commis-
sion on Social Determinants of Health (CSDH) set up by the WHO devel-
oped a conceptual framework to help advance research on social determi-
nants of health and guide policy makers and planners. This framework ex-
plains causal pathways of health inequities observed among individuals or
social groups by tracing back these pathways up to their origin. It also delin-
eates areas through these pathways, which require action for tackling health
inequities (34). The latter refers to the avoidable disparities observed in
health outcomes, which are unfair and unjust (35, 36).

The CSDH conceptual framework suggests that the patterns of health in-
equities observed among population groups are closely related to social de-
terminants of health referred to as intermediary determinants of health.
These determinants are mainly based on material and social circumstances,
behavioural and biological factors, and psychosocial factors. The effects of
these factors are mediated by the health system, which plays a particular role
in the access to care and improvement of health status through an intersec-
toral action. Thus, the health system was also conceptualised as an interme-
diary determinant.

The intermediary determinants are directly influenced by a set of up-
stream determinants including ethnicity, education, occupation, income and
other social factors, which define socioeconomic position of individuals.
This stratification of individuals according to their socioeconomic position is
generated by complex mechanisms operating through socioeconomic and
political contexts. These contexts are also shaped by factors such as govern-
ance, macroeconomic conditions, social and public policies as well as cul-
ture and social values.

Socioeconomic and political contexts together with socioeconomic condi-
tions give rise to these factors that are labelled structural determinants, also
known as social determinants of health inequities. These structural determi-
nants influence health outcomes by acting through intermediary determi-
nants of health. Health outcomes could in turn affect socioeconomic and
political contexts and socioeconomic positions. This may be observed, for
example, in the case of catastrophic health expenditures, where people’s
income or government economy are affected by illnesses or epidemic dis-
eases (34).

However, factors underlying socioeconomic and political contexts are
sometimes difficult to measure at the individual level. Thus, health inequities
are commonly assessed using markers of socioeconomic position (4, 37, 38).

This thesis adapted the CSDH conceptual framework by incorporating so-
cial determinants of health and health inequities, which were considered
relevant and measurable when analysing child survival (Figure 1).
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Social determinants of inequity in child survival

Inequities in child and perinatal survival are not only observed between
countries but also within countries, where survival chances may differ ac-
cording to the individuals’ socioeconomic positions (2, 20). The interest is
increasing of more knowledge on social inequities in child mortality in low-
income countries, where such research was limited until recently (3). Educa-
tion, occupation, residence, ethnicity, religious affiliation and household
wealth are frequently used as proxies of socioeconomic position (3, 4).

Education is considered a powerful social indicator and may influence
health through different mechanisms. It largely contributes to determine
future occupation and income, which also have bearings on health and well-
being. Formal education is further likely to make people more receptive to
health messages, which may influence their behaviours in favour of better
outcomes (20, 34). Such behaviours may include improved hygiene, nutri-
tion and uptake of formal care (4, 34, 39).

Occupation is another key determinant of equity in health. This deter-
mines income and other rewards or privileges related to work, which influ-
ence material living standards and health. A relationship between occupa-
tional hazards and health should also be highlighted. The plausible mecha-
nism underlying this relationship lies in parental exposures to mutagens,
teratogens or stressful conditions in working environments (4, 34).

The association between income and health status was established in
many studies. Income enables people to cover different needs in their daily
lives. However, the quality of services and what facilities they can afford
will depend upon the level of income, which may influence their health. Due
to the difficulties to measure income, particularly in many low- and middle-
income countries, health inequities are often assessed using household
wealth index instead of incomes of family members. This index is calculated
using households’ assets and facilities including lands possession, cattle
ownership and other possessions. The selection of these items is based on
their relevance, which may differ between settings or countries and over
time (3, 4, 34).

Individuals’ residence defined as rural or urban setting is a widely used
indicator to characterise socioeconomic position of individuals and its influ-
ence on health outcomes in many low- and middle-income countries. In
these countries, an urban area is often associated with better outcome com-
pared to rural areas. This is due to the unequal distribution of resources and
opportunities with the urban area being most favoured. Urban residents are
also generally better-off and more educated compared to those living in rural
areas (4).

Categorising individuals according to their race or ethnic belonging is
considered as a source of discrimination and social divisions. In some coun-
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tries, members of privileged ethnic groups have more access to available
resources compared to others, who often belong to minority groups. These
groups also endure other discriminatory practices hindering their socioeco-
nomic development and leading to health inequities (34, 39-42).

Religious affiliation is another factor determining health conditions of
population groups. Perceptions of illness causation and management may
vary according to religious beliefs and therefore influencing compliance to
health practices. Some religions provide socioeconomic support to adher-
ents, e.g. helping them to get education and health care. However, people
affiliated to some religions and their offspring are sometimes found to be
more likely to suffer from diseases than others (40-42).

Most studies, especially those conducted in low- and middle- income
countries, have indicated that children born to mothers having low educa-
tional level or low socioeconomic status or living in rural areas or belonging
to ethnic minority groups or indigenous religious groups present the highest
mortality risks. This is often valid for different age groups, including new-
born infants and children younger than five years of age, although they do
not share same risk pattern (37, 43-46). With some variation increased mor-
tality risks have also been observed for perinatal mortality among socially
disadvantaged groups (47-49).

Intermediary determinants

Intermediary determinants may be divided into five main categories, which
are related to material circumstances, psychosocial conditions, behavioural
and biological factors and the health system. Most of these factors are inter-
twined and may directly affect child health or indirectly through maternal
health or social living conditions.

Material circumstances include factors related to living conditions such as
neighbourhood environment, housing conditions and quality of food, which
may contain resources protecting health, e.g. access to clean water and ade-
quate toilet facilities, or causing ill health, e.g. insect vectors (34). Psychoso-
cial circumstances mainly refer to various stressful conditions, which affect
people according to their vulnerability. These stressors are generally related
to experiences of everyday life such as lack of financial means and social
support and other challenges perceived as threatening. These experiences
may influence health status by limiting access to healthcare and causing
somatic diseases or trigging other illnesses. Health outcomes may also be
affected by behavioural factors either compromising or promoting health
such as alcohol consumption, smoking, hygiene, hand washing practice and
individual health seeking behaviours. The most proximal category of inter-
mediary determinants includes biological factors such as child sex and age,
and genetic factors. This also applies to maternal characteristics such as age,
parity and birth interval (3). Health system, also considered as an intermedi-
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ary determinant, contributes primarily to the prevention and management of
health problems, resulting from the effects of other social determinants. An
effective health system must ensure optimal coverage of health interventions
across all social segments. Thus, the performance of a health system may
partly be reflected in the patterns of health inequities (34).

The adapted CSDH conceptual framework also incorporated factors that
may contribute to the three delays, which are causally antecedents to various
maternal and child adverse health outcomes (50, 51).

A three delays model

In 1994, a conceptual framework referred to as the three delays model of
Thaddeus and Maine was developed to analyse contributing factors to ma-
ternal mortality in low- and middle-income countries. Three types of barriers
to adequate maternal healthcare that may result in a maternal death were
described. The phase one delay may occur when a woman or her family or
both do not make a timely decision to seek care. The phase two delay may
be experienced when there is difficulty in reaching the appropriate health
facility while the phase three delay consists of a delay to receive adequate
healthcare at the facility (50). The three delays model was successfully ap-
plied in some low-income settings to assess main obstacles to the access of
care, leading to maternal, perinatal, neonatal, and child deaths (52-57).

The commonly reported factors in many settings influencing the decision
to seek care included distance between home and health facility, financial
means, perceptions of quality of care and sociocultural factors. A long dis-
tance from home to health facility is per se considered a major physical ob-
stacle. It may also constitute a disincentive for users of health services. The
users of these services may be further discouraged by poor road conditions
and lack of transportation, aggravating the long distance to the health facility
(50). The decision-making process may also be affected by various costs
involved when seeking care such as transportation fees, payment for hospi-
talisation and other healthcare services received. Another element contrib-
uting to this process is related to the perceptions of quality of care by pa-
tients. Their previous experiences of utilization of healthcare services may
constitute an incentive or disincentive to reuse these services according to
whether they were satisfied or not. As per sociocultural factors influencing
care-seeking decision, these mainly include severity and causation of illness
and potential remedy, which are interrelated with other social characteristics
such as educational level, sociocultural beliefs, woman’s position in society
and people involved in the decision-making process (58, 59).

After making decisions to seek care, some people may encounter difficul-
ties to reach the health facility due to lack of transportation, long distance
separating home and facility and lack of financial means to cover various

22



costs, including costs for transportation and healthcare services utilization
(58, 60). In some instances, the clinical condition of patients may be deterio-
rated due to long walking distance or inadequate means of transportation
used to access the health facility. These difficulties in accessing care due to
lack of transportation to health institutions are often observed in rural areas.

Although most care seekers reach the facility, some of them may face bar-
riers to get appropriate care. These barriers may be related to delay in mak-
ing diagnosis or initiating adequate treatment or both. Such poor perfor-
mance may be explained by several reasons, mainly including shortage of
qualified and dedicated staff, lack of equipment, consumables, drugs and
infrastructure. Another common factor affecting quality of care once at facil-
ity consists of delay in referral within or between institutions. This delay
may underscore poor performance of staff that is unable to make a timely
decision for patient referral. It may also result from lack of further transpor-
tation means such as ambulance (51, 61-63).

Strategies for improved child survival

Effective strategies are needed to address child mortality and improve equity
in health. These strategies should build on insights generated through studies
on social inequities and other health problems influencing outcome. Social
inequities in health are rooted in society but they also operate through com-
munity and individual levels. Therefore, policy actions must be crafted at
these different societal levels in order to tackle health inequities. These ac-
tions should embrace intersectoral efforts since unfair and unjust differences
in survival stem from social influences in various sectors. The health sector
does not constitute a panacea for driving forward improvements of health
outcomes (34, 36, 64).

The promotion of context-specific strategies is also crucial for tackling
barriers to improved survival since there are no single solutions fitting all
social contexts. Increasing the visibility of these barriers is also required and
should be based on local data in order to inform tailored policies. Some
overarching strategies for reducing inequities in health have been suggested
and these consist of improving daily life conditions, tackling unequal distri-
bution of available resources and power, and increasing the availability of
data and a skilled workforce that understands the complexity of social chal-
lenges that shape the health inequities and is prepared to raise public aware-
ness about these challenges (36).

Improving daily living conditions begins in early childhood, where chil-
dren should have equal opportunities to education, to adequate nutrition, and
to healthcare so that they can fully develop to their potential (36, 65, 66).
However, this could not be attained without removing barriers that limit the
access to these basic needs such as user fees. Equally important, is the con-
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trol of conditions generating or fostering inequalities among populations
based in their home environment (67, 68). Hence, policies should emphasise
equity in investment and distribution of infrastructure and amenities between
settings; for example between rural and urban areas. Particular attention
should also be given to strategies upgrading the quality of basic facilities
such as dwelling, water and sanitation, especially among low-income house-
holds (69). This may contribute to reduce excess number of deaths often
noted in these households (70, 71). Increasing opportunities for employment
is recognised as another strategy to improve daily conditions of life. Income
generated by working may increase the capacity to cater for various needs,
which would influence health status (72). However, the conditions of work
and salary or wage should be optimised to prevent detrimental effects of
unsafe or stressful work and poor remuneration on health (73, 74). It is also
important to support unemployed people and other socially disadvantaged
groups through a social protection system, allowing them to have better
standard of living. In some countries, a strong social protection has shown
benefits in preventing child poverty in low-income families through transfer
payments to these families (36, 75). All these efforts to improve living
standards and health of population need to be strengthened by a good health
system that can ensure universal health coverage. Such a system may con-
tribute to mitigate effects of social determinants of health inequity such as
ethnicity, education, income and residence through improved access to
healthcare (34, 76).

Child health and survival is also closely linked to the availability of re-
sources and how these are utilised (77). Therefore, governments across the
world need to raise funds required to sustain all activities aiming at improv-
ing health. To achieve this goal, strengthening taxation and other mecha-
nisms to increase country domestic income seems to be of utmost im-
portance. This may also prevent the reliance of some countries on external
support, which may be temporarily unavailable. However, the availability of
funds may not be sufficient without their rational use, especially in low-
income countries. Thus, a fair distribution of resources together with a co-
herent action across various sectors of society turns out to be a cornerstone
for a country development and improved health. Evidence shows that action
coherence across social areas— including financing system, education, hous-
ing conditions, employment situation, transport, and health sector—can sig-
nificantly contribute to reduce health inequity. However, such an action re-
quires adequate policy guidance, which may be relevant to the development
of other areas, influencing health such as markets. A marketplace is consid-
ered a vital area since it may contribute to improved standards of life by
increasing availability of technologies and other essential goods and ser-
vices. However, the marketplace may also generate conditions, affecting
negatively health such as environmental pollution and commercialisation of
unhealthy or unaffordable goods. Hence, there is a need to regulate markets
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locally and internationally in order to maximise their benefits and prevent
their negative effects on health. In line with this, priority should be given to
strategies aiming at increasing access to healthcare, education, clean water
and sanitation, which are basic human needs essential to health (36).

Another areas requiring strengthening for improved child survival include
gender equity and women’s empowerment, empowerment of groups and
communities, and good governance at national and global levels. Therefore,
it is necessary to increase women’s participation to all levels of decision-
making and implementation of programmes to strengthen their social posi-
tion and prevent various forms of discrimination and gender-based violence
(78).

In addition, for a sustainable development of a country and health im-
provements, all social groups and communities need to be adequately repre-
sented across society to safeguard their rights and interests. This may be
achieved through a global action emphasising good governance within a
multilateral system, where all countries can participate equitably in decision-
making regarding their priorities. At national level, good governance will
ensure that zero tolerance to corruption policy, empowerment of communi-
ties and institutions, adequate use of resources, coordination of services and
accountability are strengthened across the country.

However, effective action on problems affecting child health needs to be
based on reliable data, which can be utilised to set more effective policies
and programs. Increasing the availability of data requires strengthening
health information system and research. This may contribute to improve
poor health indicators found in many countries lacking vital information (34,
64).

Health systems building blocks

A health system refers to “all organizations, people and actions whose pri-
mary intent is to promote, restore or maintain health” (79). A well-
functioning health system is critically needed for improved health within a
country. Thus, increasing attention is being focused on effective strategy,
which would enable planners to accurately monitor the health system per-
formance and evaluate the impact.

In 2007, the WHO developed an analytical framework to describe a health
system. This framework is based on six building blocks, which are core
components of a health system. These blocks include health services deliv-
ery; human resources for health; health information system; medicines, vac-
cines and technologies; health financing; leadership and governance. A
strong health system should ensure the quality and safety of health services,
which need to be equitable and efficient in order to successfully achieve
desired outcomes. Such a health system should have skilled human re-
sources, who are responsive, productive, available in adequate numbers, and
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fairly distributed. A good health system is one that can ensure the availabil-
ity of reliable information on health system performance and health situa-
tion. In addition, a well-functioning health system needs to use medical
technologies consisting of essential medical products, vaccines and other
technologies, which are safe, cost-effective and based on scientific evidence.
A properly functioning health system is expected to allocate adequate finan-
cial means for health to ensure universal health coverage and prevent the
impoverishment due to out-of-pocket payments. Further, this system should
incentivise providers and encourage people to use health services. A well-
functioning health system also requires a strong leadership with a strategic
vision and capable to implement good governance. This governance should
be based on policy framework, facilitating interactions and collaborations
among stakeholders and promoting ownership and accountability at all lev-
els. Ultimately, a good leadership is expected to provide adequate steward-
ship for health programmes (11).

All six building blocks are interrelated and function synergistically to
produce an impact, which converts them into a system. In a large project
implemented in Tanzania in the middle of the 1990s, multiple interventions
were simultaneously applied to strengthen all blocks of a health system ac-
cording to the needs. This resulted in an increased performance of health
system and U5SM reduction by 40% within a 5-year period. Although the
financing block was considered essential, increasing funds may not have
been sufficient to achieve such results without other interventions (80). The
building blocks framework is increasingly employed to map and understand
challenges faced by a health system, which is crucial for any effort to
strengthen a health system (81-84). Recently, a modified version of this
framework, which emphasises improved communication across a health
system and patient engagement, was suggested (85).

Perinatal audit

Perinatal audit is a clinical approach commonly used to assess the quality of
perinatal care. The assessment focuses on procedures applied to make diag-
nosis and treat the cause of morbidity, using available resources. The rela-
tionship between these procedures and resulting health outcomes for mothers
and their babies is also analysed. As such, perinatal audit may contribute to
improved health services and outcomes by giving opportunity to healthcare
providers to learn from unwanted events related to their inadequate practices
(6, 86). A recent meta-analysis has shown that the implementation of perina-
tal audit in the routine practices at health facility level could potentially pre-
vent up to 30% of perinatal deaths in low- and middle-income countries (7).
The quality of care emphasised by perinatal audit refers to the “degree to
which the treatment dispensed increases the patient’s chances of achieving
the desired results and diminishes the chances of undesirable results, having
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regard to the current state of knowledge” (87). The review of quality of care
may be explicit or implicit. The explicit review is based on predefined crite-
ria, which are consistent with evidence or established guidelines, while im-
plicit review is guided by opinions from experts involved in the audit (88).
The implicit review has been criticised for being influenced by auditors’
judgements compared to the explicit review, which is a method relatively
easy to replicate (89).

The audit may be performed internally by healthcare providers who assess
the quality of care provided in their own unit. Such a procedure is called
internal audit as opposed to external audit, which is conducted by an inde-
pendent team of external reviewers. After the external audit, the reviewers
provide a feedback to healthcare providers regarding their performance. The
internal audit is expected to reveal detailed information about the quality of
care since the auditors are also involved in care provision (86, 90). However,
the analysis may be affected by interpersonal relationships or competing
interests among auditors. Evidence shows that the inter-rater agreement of-
ten is low between internal and external auditors (56, 91). The audit has also
been employed to explore patient-related factors, which may affect the time-
ly access to adequate care. These factors often include delays in decision-
making to seek care or reaching health facilities (51).

Helping babies breathe programme

Scaling-up of cost-effective interventions to improve neonatal survival is
increasingly recognized as a key strategy to accelerate child mortality reduc-
tion. Such interventions must emphasize the quality improvement of perina-
tal and neonatal care, as suggested by the WHO and collaborators in the
Every Newborn Action Plan, which recently was adopted by governments
and various stakeholders. The plan was conceived to prevent stillbirths and
neonatal deaths using a specific roadmap based on various approaches and
strategies (92). In 2014, countries with high neonatal mortality rates were
urged to reduce these rates to less than 10 deaths per 1000 live births by
2035 through addressing the main causes of death, including preterm birth
complications, intrapartum-related neonatal deaths and infections. These
causes were considered preventable by using high-impact and affordable
interventions such as exclusive breastfeeding, Kangaroo Mother Care ap-
proach and attendance of each birth by a skilled healthcare provider who is
ready to initiate neonatal resuscitation when needed. The healthcare provider
must also be equipped with basic commodities such as resuscitation equip-
ment and injectable antibiotics as well as chlorhexidine solution for umbili-
cal cord care (2, 93).

The Helping Babies Breathe programme is a new approach developed by
the American Academy of Paediatrics and partners to equip birth attendants
in low- and middle-income countries with basic knowledge and skills to
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perform proper neonatal resuscitation (94). The programme emphasizes
practical hands-on and the first minute after birth or Golden Minute, which is
a critical step during neonatal resuscitation. The equipment used is rudimen-
tary and may be readily accessible. The HBB programme was piloted in
some countries in Africa and Asia. Preliminary results in terms of perinatal
and neonatal survival after training in HBB were encouraging though they
were not consistent in all settings (8, 9, 95). Further evaluation of this pro-
gramme is needed for better understanding of its contribution to the preven-
tion of intrapartum-related neonatal deaths and neurologic sequellac among
survivors. There is also a need to assess the effect of HBB programme on
knowledge and skills retention in neonatal resuscitation since this dimension
was not addressed previously.

Recent social and health development in Rwanda

Recent social development

Rwanda is a sub-Saharan country and one of the poorest countries in the
world (96). From 1990 to 1994, the country experienced a civil war between
Rwanda Patriotic Front and the former government. The war was followed
by the 1994 genocide, which left a death toll of more than one million people
and the national economy in ruins. In the aftermath of genocide, the Rwan-
dan government restarted building the country and particular attention was
given to political stability. During this period, the country benefited from a
substantial humanitarian aid, which contributed to reinvigorate the economy
and rebuild infrastructure. From late 1990s onwards, major social and health
reforms were initiated and guided by a long-term development framework
known as Rwanda vision 2020, which was developed in the early 2000 (97).
This framework is based on various socioeconomic pillars, which seek to lift
the country from low- to middle-income country by 2020. In line with the
vision 2020, pro-poor interventions were scaled up in order to reduce social
inequities. One Cow per Poor Family Programme or Girinka may be men-
tioned as one of the programmes employed to improve equity (98). Initiated
in 2006, this programme aims at increasing the availability of milk and fami-
ly income, which may contribute to decrease morbidity and mortality due to
severe malnutrition. Between 2000 and 2010, the proportions of poverty and
extreme poverty decreased from 59% to 45% and from 40% to 24%, respec-
tively, (99). Like many other United Nations member states, Rwanda sub-
scribed to a development agenda including MDGs and committed to reach
these goals by 2015 (100). The recent assessment of MDGs showed pro-
gress, especially in education, gender equity and health (18).
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Health system strengthening

Health system structure

The Rwanda health system has a three-tier pyramidal structure, consisting of
central, intermediary and peripheral levels (101). This architecture was
adopted in the middle of the 1980s after the decentralisation of healthcare
services management to the district level (12). The central level is composed
of central directorates of the Ministry of Health, Rwanda Biomedical Centre
and tertiary referral hospitals. The Rwanda Biomedical Centre was created in
2011 by merging various specialised divisions such as Malaria and other
Parasitic Diseases Division, HIV/AIDS and Sexually Transmitted Infections
Diseases Division (102). The central level is responsible for developing
health policies and strategic plans, overseeing the implementation of health
programmes, evaluating national health situations and coordinating re-
sources for health sector.

The intermediary level refers to a specific unit dealing with health matters
within an administrative district. This level facilitates the development pro-
cess of peripheral level, by providing guidance through continuous supervi-
sion. The peripheral level includes district hospitals and pharmacies, health
centres and health posts. In each administrative district, there is at least one
district hospital, providing advanced care compared to health centres, which
cover basic promotional, preventive and curative care. The district hospital
also ensures the supervision of activities at health centres and health posts
within its catchment area. Usually, a patient is referred from a lower to high-
er level health facility when needed. There is also a network of community
health workers. Each village is served by three community health workers
who are supervised by the nearest health staff.

Alongside the public sector, there are a number of faith-based health facil-
ities, which are also assisted by the government, and private clinics, which
are more developed in urban areas. There is also a legal framework indicat-
ing how traditional medicine can be implemented in the country. Traditional
practitioners are encouraged to form associations through which they can
provide their services but only few associations are currently registered (12,
101).

Six building blocks of health systems

In line with the Vision 2020 strategy, the MDGs and other global policies,
the Rwandan government has initiated various reforms in the health sector
during the last decade. These reforms relate to the six building blocks of the
health system, as expressed by WHO (11).

Health service delivery

Since 2005 geographical accessibility to health services has been improved
by construction of 3 new district hospitals and 14 health centres (12, 103). In

29



2007, 4 tertiary referral hospitals, 38 district hospitals, and 401 health cen-
tres were functional. By 2010, 2 new district hospitals and 35 health centres
were added to the existing facilities while 98 dispensaries and health posts
were available all over the country (104). In 2007, an emergency transporta-
tion service was launched, and by 2011 it included 168 ambulances (105).
Programmes specifically targeting maternal, newborn, and child health and
survival were extensively developed and special consideration was given to
their coordination by creating a Maternal and Child Health unit in 2005
(106). In 2006, an Emergency Obstetric and Newborn care package was
implemented and strategies to promote basic and intensive care in neonates
were reinforced (107, 108). Family planning, antenatal care, use of iron and
folic acid, control of sexually transmitted diseases, facility-based childbirth,
and postnatal care policies and other aspects of a continuum of care for ma-
ternal, newborn, and child health were strengthened during the last decade
(12, 109, 110). In 2008, maternal mortality audit was adopted and scaled up
at all hospitals. The Integrated Management of Childhood Illnesses strategy
was introduced and became operational from 2006 (107). A few years later,
a newborn care package was incorporated into the IMCI approach (108). In
2002, the Prevention of Mother-to-Child Transmission of HIV (PMTCT)
programme was initiated and the number of health facilities offering
PMTCT services increased from 53 in 2003 to 382 in 2010. The Vaccine
Preventable Diseases Division extended the immunization schedule by in-
troducing a pentavalent vaccine. From 2004 vitamin A supplementation was
integrated into this programme (107, 111, 112). Pneumococcal, Human Pap-
illoma Virus, and rotavirus vaccines were later added to the vaccination list
(111). In 2005, the Ministry of Health developed a national nutrition policy
and a strategic plan to fight malnutrition, which has been sustained as a pub-
lic health challenge in Rwanda, especially in young children. In 2008, the
Kangaroo Mother Care approach was implemented at health facility levels
(113). By the end of 2010, child and neonatal deaths audits were implement-
ed at health facilities and then expanded to community level. Zinc admin-
istration during diarrhoea and systematic deworming in children below five
years were also implemented, as well as efforts to promote exclusive breast-
feeding and the use of oral rehydration therapy (108). These initiatives were
supported by malaria, HIV-AIDS, and tuberculosis programmes that were in
turn strengthened, while their implementation was facilitated by a concurrent
reinforcement of health infrastructure and human resources as well as by a
decentralization process of health and administrative sectors (12, 108). From
2005 to 2008 health facilities reported a reduction by 32% of deaths due to
malaria in children under five years while the prevalence of HIV in the gen-
eral population was 3% and remained stable from 2005 to 2010 (13, 114).
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Human resources for health

In 1999, there were 148 physicians and 1,143 nurses working in the public
sector. These constituted 3.6% and 27.6% of all employees of the Rwanda
Ministry of Health, respectively. Moreover, this health staff was unevenly
distributed between rural and urban areas (12). To address this shortage, the
government of Rwanda adopted a strategy of increasing the quantity and
quality of healthcare providers and other human resources for health. Thus,
educational institutions for health professionals were strengthened in order to
increase their productive capacity. This was reinforced by other strategies
such as fair distribution of human resources, continuous accreditation and
professional development through continuous training and supervision, and
performance-based financing approach to improve the quality of care as well
as the motivation and retention of health workforce. From 2005 to 2012, the
number of medical doctors increased from 221 to 641 and nurses and mid-
wives from 4,063 to 8,591 (12, 103, 108). This made a ratio of 1 physician
per 15,428 inhabitants and 1 nurse per 1200 inhabitants in 2012. This ratio is
close to the minimum ratio of 1 physician per 10,000 of population recom-
mended by WHO for low- and middle-income countries (115). Community
health workers were also involved in healthcare delivery under supervision
of nearest health centres and their number increased from 1,200 up to 45,000
from 1995 to 2010. They have contributed to improve access to healthcare
especially in remote rural areas where geographical constraints may limit the
utilization of health facilities (108, 116).

Health information

Rwanda Health Management Information System has marked major mile-
stones over the last decade by incorporating various electronic health records
and software programmes, web-based platforms, and other modern technol-
ogies such telemedicine and cell phones (103, 108). These resources have
improved the availability and quality of health information needed for pre-
vention, management, and surveillance of diseases, monitoring and evalua-
tion of programmes. An “alert system” known as Rapid Short Message Ser-
vice (RapidSMS) is a mobile health (m-Health) system has been implement-
ed for the prevention of maternal and infant mortality since 2009 (117).
Pregnant women and children below one year of age are regularly monitored
by community health workers who notify those who should be examined at
the nearest health facility by SMS. Community health workers also report on
a monthly basis information related to case management of childhood ill-
nesses at community level, child nutritional status and vaccinations, maternal
health and deaths at home using another m-Health system referred to as
“mUbuzima” (118).
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Medicines, vaccines, and technologies

In Rwanda, the priority is to ensure the availability and quality of cost-
effective medicines, vaccines, consumables, and medical equipment. In
1998, a Centre for Purchasing of Essential Medicines (CAMERWA) was
created to provide public health institutions with these commodities (12,
119). The rest of suppliers include an Office of Government-approved
Health Facilities of Rwanda (BUFMAR) for purchasing and importing drugs
for government-assisted health facilities, and private wholesale pharmacies,
which have increased in number. In 2005, a pharmacy task force was created
and assigned a mission for the development and implementation of national
medicines policies, regulation of drugs importers and distributors across
public and private networks (120). In 2011, the role of CAMERWA was
assigned to Rwanda Biomedical Centre to improve the quality of services
and management (108).

Health financing

Health insurance and pay-for-performance are key strategies for improving
health financing, which is a prerequisite for increasing accessibility to health
services and sustaining health sector activities (80). In 1999, a community
health insurance scheme or Mutuelle de Santé was established in Rwanda to
improve universal coverage to healthcare (106). In 2010 91% of the popula-
tion had been enrolled into this insurance scheme (121). In 2002, the per-
formance-based financing (PBF) strategy aiming at enhancing the perfor-
mance of the health system was tested in Rwanda and implemented by the
Ministry of Health in many health centres and district hospitals with success-
ful results. In 2006, the PBF was scaled up throughout the country (122).
The government budget earmarked for health also increased from 8.6 % in
2002 to 9.5% in 2007, and further increased to 11.5% in the fiscal year
2010-2011(108).

Leadership and governance

In 1996, the Rwandan government of national unity adopted the Lusaka dec-
laration that stressed gender equity, decentralization of health system and
strengthening of primary healthcare and community participation (12, 13). In
2000, a decentralization process of health and administrative sectors was
initiated and became a genuine reality from 2006 and concerned all levels
down to the grassroots of the local community (12, 15, 107, 123). The main
objective was to increase administrative and financial autonomy and ac-
countability of the district health system with positive impact on quality of
service delivery at health facilities. To achieve this target, a particular atten-
tion was given to strengthening of supervision, evaluation, monitoring, and
coordination of services at all levels of decision making and care provision.
A zero tolerance policy to corruption was also emphasized, which valued the
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country the high ranking among the least corrupt countries in Africa and in
the world in 2012 (124). Good governance and better leadership were identi-
fied as main contributor factors to improved coverage of maternal healthcare
in Rwanda (15).

Rationale

Reducing mortality in children younger than five years of age remains a
global priority. Regular monitoring of mortality is considered a key strategy
to track the progress towards this target and guide interventions and policies.
Globally child mortality has markedly declined in recent years but this re-
duction has not been equally achieved across the countries. Mortality reduc-
tion has been especially been slow in many low- and middle-income coun-
tries (2, 125). There is a need to analyse the country-specific contexts that
influence mortality trends.

Inequities in child survival are not only reported across but also within
countries (126). Mortality rates are often high in socially deprived strata.
This is also the case regarding perinatal mortality. Thus, social inequities in
health require special attention since these differences can undermine pro-
gress towards better survival and social wellbeing. Each country’s context is
needed to consider, since inequities may differ from one country to another
as well as over time (3). Some countries have experienced a decrease of
mortality, which has concurred with improved equity in survival while oth-
ers have shown a mortality reduction accompanied by an increasing social
divide (127, 128). Therefore, improved coverage in health and social inter-
ventions needs to be combined with targeted interventions to ensure that
socially disadvantaged groups are reached (129-132).

The risk of child death is at its peak during the first month of life, espe-
cially within the first seven days after birth or early neonatal period (20).
Early neonatal deaths often share risk factors with stillbirths, which together
constitute the perinatal deaths. Perinatal mortality is still high in many low-
and middle-income countries despite the availability of cost-effective inter-
ventions such as perinatal audit and Helping Babies Breathe approach (5, 8).
Scaling-up these interventions may be of great importance in reducing mor-
tality burden related to stillbirths and early neonatal deaths.

After the 1994 genocide that claimed more than one million people and
devastated social infrastructure, Rwanda has implemented comprehensive
health and social reforms, which has resulted in improved health indicators
(12, 17, 18, 133). However, an analysis of Rwandan child mortality trends
and social inequities in child survival and how this may have been influ-
enced by recent socio-political developments is needed. There is also a need
to understand barriers to improved perinatal survival and the potential im-
pact when removing these barriers.
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A1ims

The overall aim of this thesis is to assess the magnitude and trends in child
mortality in Rwanda, to analyse social barriers to improved perinatal and
neonatal survival, and to evaluate the educational effect of Helping Babies
Breathe, a new resuscitation programme developed for resource-limited
countries in order to reduce intrapartum-related deaths.

Specific aims

1. To analyse trends and social differentials of child mortality based on
three Rwanda Demographic and Health Surveys carried out in 2000,
2005, and 2010 (Paper I).

2. To investigate social equity in perinatal survival at hospital level (Paper
I0).

3. To assess contributing factors to the three delays, which precede perina-
tal deaths, and identify potentially avoidable deaths using a clinical audit
approach (Paper III).

4. To evaluate the effect of Helping Babies Breathe educational programme

on knowledge and skills of health workers at hospitals in Rwanda (Paper
IV).
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Subjects and methods

Study design and participants

This thesis includes one population study based on secondary analysis of
three Rwanda Demographic and Health Surveys data and three hospital-
based studies, as indicated in Table 1.

Table 1. Summary of methods used and subjects included in four papers

Paper Study design Source of data Subjects Outcomes Main analysis
I Secondary anal-  Birth cohorts created 34 790  Neonatal ~ Generalized
yses of data from by use of data from  children and under- linear
Demographic and Demographic and born five mortal- mixed effect
Health Surveys Health Surveys data  between ity models and
carried out in 1990 and Mixed effect
2000, 2005 and 2010 Cox model
2010 (frailty model)
1I Case-control Antenatal cards, 234 Perinatal Conditional
study hospital birth registry, perinatal mortality logistic regres-
medical records, deaths sion
interviews with and 468
mothers and surviving
healthcare workers neonates
11 Perinatal audit Antenatal cards, 250 Factors Audit of narra-
hospital birth registry, perinatal contributing tives and de-
medical records, deaths to three scriptive statis-
interviews with delays, tics
mothers and health potentially
workers avoidable
deaths
v Evaluation of Pretest, post-test and 123 Knowledge Paired t-test
training in Help-  follow-up test on healthcar and skills  and
ing Babies knowledge and skills e provid- gained and McNemar’s
Breathe pro- of health workers ers retained test
gramme

35



Population-based study (Paper I)

The study was based on secondary analyses of data obtained from three
rounds of Demographic and Health Surveys (DHS) performed in 2000,
2005, and 2010 (134). The latest survey also covered the first three months
of 2011. These surveys were designed to provide representative estimates for
the entire country including both rural and urban areas as well as all provinc-
es. A two-stage stratified cluster sampling approach was used; previously
established sampling frames were employed, stratification was achieved by
letting districts form strata, villages (clusters) were randomly selected with
probability proportional to size and a systematic sampling of households was
done within the selected villages. Similar approaches were used in all sur-
veys.

A total of 35397 women aged between 15 and 49 years and living in sam-
pled households were successfully interviewed (10421 in 2000, 11321 in
2005, and 13655 in 2010). These face-to-face interviews focused on their
reproductive history, demographic characteristics of themselves and their
offspring as well as socioeconomic characteristics of their households. Only
children born from 1990 to 2010 were included in the analyses of Paper I.
Data from the DHS 2000 covered 10 years preceding the survey
(1990—-1999), from the DHS 2005 five years preceding the survey
(2000—2004), and from the DHS 2010 six years preceding the survey
(2005—-2010) to avoid overlap between these surveys. The final weighed
sample included 15,189 births from DHS 2000, 8,753 from DHS 2005 and
10,848 from DHS 2010. Procedures related to sampling and details of the
fieldwork of these cross-sectional surveys were described in the final DHS
reports (13, 135, 136).

Hospital-based studies (Paper 11, IIT and IV)

Paper II and III were based on data collected to study perinatal mortality,
which were divided into two sub-studies. The first was a matched case-
control study designed to assess social equity in perinatal survival. Cases
were matched to controls on hospital and day of birth. A case was defined as
a stillbirth or early neonatal death born to women delivering at selected hos-
pitals in Kigali. A stillbirth was a foetal death, which occurred from 22
weeks of pregnancy or weighing 500 g or more at birth. An early neonatal
death was a death of a neonate during the early neonatal period, with gesta-
tional age of 22 weeks or more or weighing at least 500 g at birth (5). The
next two surviving neonates were selected as controls. These consisted of
singleton preterm or term babies, who survived the first week after birth or
until discharge. Neonates born outside the hospitals involved in the study
and those admitted to neonatal intensive care units for life-threatening condi-
tions were excluded.
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Sample size was assessed by estimating the proportion of women with
low educational levels in control group at 25% and considering 80% power
with level of confidence at 95% in order to be able to detect an odds ratio of
1.7. The sample was increased by 10% to compensate for omissions. The
final study sample included 234 cases of perinatal deaths, resulting from the
sum of stillbirths and early neonatal deaths, and 268 controls.

The second sub-study was a perinatal mortality audit consisting of clinical
case review of perinatal deaths enrolled in the study and these deaths includ-
ed both singleton and twin births. In two sub-studies, information on perina-
tal deaths was extracted from hospital records and patients’ files and also
obtained through interviews with mothers or relatives and healthcare provid-
ers that included midwives, nurses and doctors, using a semi-structured
questionnaire. That information consisted of socioeconomic and demograph-
ic characteristics of mother and child, including maternal education and resi-
dence, health insurance possession, household wealth, maternal age and pari-
ty, age and sex of child.

In paper 111, we also sought for information related to medical and obstet-
rical antecedents, history of pregnancy including vaccines received, patholo-
gies or complications and intra-partum conditions; health care utilization
described in terms of number of antenatal visits and newborn conditions at
birth until death. In paper II, mothers or partners or other close relatives of
controls were interviewed regarding the same socioeconomic and demo-
graphic background factors of mother and child.

In both sub-studies, the data collection was performed by one nurse and
one midwife chosen from each hospital. The fieldwork was continuously
supervised by the main investigator assisted by one doctor per hospital. In-
terviews with respondents were randomly repeated in order to check the
quality of data. The accuracy of information gathered by data collectors was
systematically assessed by cross-checking this information with that in dif-
ferent hospital records. In cases of discrepancies, different sources of infor-
mation were rechecked and discussions among field workers were undertak-
en until consensus was reached.

In paper III, the researcher, also a paediatrician, together with two other
paediatricians and obstetricians, who worked in the two study hospitals,
formed an audit committee that assessed the standards of care by midwives,
nurses and doctors against local management guidelines or other acceptable
practices and examined all potentially avoidable factors. Inadequate
healthcare seeking behaviour of mother and substandard healthcare services
provided at health facility were classified according to the framework of the
three delays (50). The committee also reviewed causes of mortality and as-
signed a single cause to each case of perinatal death, where it was possible.
Potentially avoidable deaths were assessed based on local resources and
opportunities to make diagnosis and manage the case. The auditors consid-
ered a death to be potentially avoidable if a better management would have
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changed the outcome (51, 137). The case review meetings of the audit com-
mittee were scheduled on days convenient to the auditors.

Paper IV evaluated knowledge and skills gained and retained by
healthcare workers after attending 1-day Helping Babies Breathe course in
hospitals involved in the study. The course consisted of didactic modules,
including basic knowledge and skills as designed in the curriculum of Help-
ing Babies Breathe (94), and was delivered by three instructors. These in-
cluded the main investigator assisted by one midwife and one nurse anaes-
thetist, who had experience in simulation-based training in newborn resusci-
tation. Before the start of course, they also underwent a 2-day training in the
HBB programme. The training was provided to midwives, nurses, nurse
anaesthetists and doctors, who might be involved in the resuscitation of a
neonate after birth. These healthcare providers were divided into different
groups with five trainees in each, in accordance with requirements of the
HBB programme. The trainers gave four lessons, which were based on prep-
aration for birth, routine care, The Golden Minute or first minute after birth
as well as ventilation with normal or slow heart rate (8).

A written test was applied to evaluate knowledge before and after the
training (November and December, 2010). This evaluation also included
immediate post training test of practical skills. A written test was based on
17 multiple-choice questions formulated in the HBB flipchart, whereas a
practical performance test was based on clinical simulations including 18
items reflecting the content of the course. The simulations were performed
using a Neonatalie Newborn Simulator and an Objective Structured Clinical
Evaluation station B contained in the HBB flipchart. These tools were pro-
vided by Laerdal foundation (94). Each question or item was scored either
O=incorrect or 1=correct. After the test, participants were asked to fill in a
questionnaire to assess the quality of the course scored according to a 5-
point Likert scale of satisfaction; strongly disagree to strongly agree. A fol-
low-up test of knowledge and practical skills was also performed three
months later.

Study settings
Population-based study (Paper 1)

Rwanda is located in the Central-Eastern region of Africa and has a total
area of 26338 square kilometres. It is a landlocked country bordered by
Uganda in the North, Burundi in the South, Tanzania in the East and Demo-
cratic Republic of the Congo in the West (Figure 2) (13).
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Figure 2. Map of Rwanda showing its geographical location in Africa, bor-
dering countries and its five provinces
Source: Rwanda Demographic and Health Survey report 2010 (13)
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Between 1991 and 2012, the Rwandan population increased from 7.2 to 10.6
million and the density of population from 272 to 415 inhabitants per square
kilometre, which makes Rwanda the most densely populated country in Af-
rica (138). In addition, the rural part of the population decreased from 94 to
83%, implying a gradual urbanization.

The national population is relatively young as indicated by the proportion
of citizens below 15 years of age that was 44% in 2000 as compared to 41%
in 2012 (138, 139). In 2010 the fertility rate was reportedly 4.6 children per
woman, the population annual growth rate 2.6% and only 45% of married
women used modern contraceptive methods (13, 138).

Approximately 94% of women attended antenatal care at least once in
1991, 92% in 2000 and 98% in 2010. The proportion of deliveries occurring
at health institutions has increased from 25 to 69% from 1991 to 2010.
Breastfeeding was practised by 97% women in 1991 and 99% in 2010. Most
mothers exclusively breastfed their children during the first six months of
life. In 1991 87% of children from 12 to 23 months of age were fully im-
munised compared to 90% in 2010 (13, 136, 140).

Febrile diseases, mainly due to malaria, acute respiratory infection and di-
arrhoea, have since long been the main causes of morbidity among children
younger than five years of age. However, from 1991 to 2010 the proportion
of children having fever declined from 42 to 16% and those presenting with
acute respiratory infection from 33 to 4% and those having diarrhoea from
23 to 13%. During the same period, the proportion of children, who were
stunted, has slightly declined from 50 to 44% (13, 140).

Between 1996 and 2012 the literacy rate has increased from 68 to 82% in
men and from 58 to 77% in women (13, 136). In 1990, the gross domestic
product per capita was estimated at USD 354 (96), whereas in fiscal year
2011- 2012 it was USD 644 (141), which still was below the average of $US
1,391 in sub-Saharan Africa (142).

Data collection was performed at village level, which is the smallest ad-
ministrative unit. The total number of villages included in the surveys was
445 in DHS 2000, 462 in DHS 2005 and 492 in DHS 2010, while the total
number of households in these villages was 9,696 in DHS 2000, 10,272 in
DHS 2005 and 12,540 in DHS 2010.

Hospital-based studies (Paper II, IIT and IV)

The fieldwork for paper II and III was conducted from July 2012 to May
2013 in one district hospital (DH B) and one tertiary referral hospital (TRH),
which are main hospitals located in Kigali, the capital of Rwanda. The TRH
is also a University hospital involved in the training of medical students and
other health professionals.

In paper 1V, the training and evaluation of the HBB programme were held
in the DH B and TRH and another urban district hospital (DH A), also locat-
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ed in the capital. From 2008 to 2010, the number of deliveries attended by
midwives, nurses and doctors at DH A was on average 3400 per year, 9890
at DH B and 2640 at TRH. DH B attended the highest number of births in
the country during that period. In 2010, health care staff that worked in ma-
ternities included 22 health workers at DH A, 33 at DH B and 33 at TRH.

Most patients attended at the three hospitals were urban residents while
relatively few patients came from other cities or rural areas. Most of these
had been referred from other public or private health institutions. Most pa-
tients initially sought care in public health centres or health posts, from
where they were referred to district hospitals. The latter could eventually
send some these patients to tertiary referral hospitals for advanced care.

In these three hospitals, most patients were covered by the community
health insurance, but other insurance schemes, such as state, military and
private insurances, were also used. Each patient had to contribute to the
payment of health care received with the exception of the poorest people,
who were covered by the community health insurance and other people that
were covered by some private insurance policies. Such contributions made
by patients in order to get healthcare services were known as co-payments
and these were set at 10% for the community health insurance and 15% for
the state and military health insurance schemes. People having no insurance
had to pay the full costs required for the access to health care services. The
same applied to patients covered by community health insurance, who did
not follow the referral pathways, apart from the emergency cases.

Exposures and outcomes

The outcomes were neonatal and under-five mortality (paper I), perinatal
mortality (paper II), factors contributing to three delays related to perinatal
deaths (paper I1I) and knowledge and skills in newborn resuscitation, evalu-
ated before and after the HBB course (paper IV). In Rwanda Demographic
and Health Surveys reports, neonatal mortality was defined as the number of
deaths occurring within the first month (actually 29 days) after birth per
1000 live births, infant mortality as the number of child deaths before the
first birthday per 1000 live births and USM as the number of deaths among
children aged below five years per 1000 live births. Perinatal mortality was
considered as the sum of stillbirths and early neonatal deaths per 1000 births.
Stillbirths were categorised into macerated and fresh stillbirths. Macerated
stillbirths were defined as foetal deaths occurring during pregnancy and be-
fore labour and presenting with signs of skin deterioration. Fresh stillbirths
were defined as foetal deaths occurring during labour or delivery with no
signs of skin maceration. Neonatal, infant, USM and perinatal mortality were
dichotomised into binary outcomes based on the survival status of the child.
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Factors contributing to perinatal mortality were grouped according to the
three phases of delay.

The first group of exposures included social determinants of health ineq-
uities. These variables were maternal education and residence, household
wealth and health insurance possession. Maternal education was defined as
the highest level of educational attainment. This was subdivided into no
formal education, primary, and secondary or higher level. Maternal resi-
dence was designated as rural or urban area. Household wealth was consid-
ered as a proxy for socioeconomic status of household and was measured
using a wealth index. This index had been developed through principal com-
ponent analysis of assets and facilities owned by households. The household
items included in this analysis were radio, television, electricity in the house,
computer, refrigerator, mobile phone, landline phone, bicycle, motorcycle,
car as well as the main sources of water supply and cooking energy. The
total scores of these items were divided into quintiles. The two highest quin-
tiles were assigned to households considered as richer, the middle quintile to
the households of middle socioeconomic class, and the lowest quintiles to
the households considered as poorer. Health insurance ownership during
pregnancy was categorised as not insured, community health insurance, and
state or other insurances. Other insurances included military and private
health insurance schemes.

Another group of exposures were considered as proximate determinants
of health. The latter consisted of maternal age in years, which was split into
three groups: < 20, 20—34, and > 34 years; parity categorised as follows:
zero, one to four, and more than four; birth order designated as first birth,
second to sixth birth, and more than sixth birth; and sex of child.

Data analysis

Trends of mortality were analysed with 3-year moving averages in order to
smooth the mortality figures. Weighting was applied for all descriptive sta-
tistics to obtain nationally representative estimates. The association between
main predictors, namely maternal educational level, household wealth, and
residence and the binary outcome neonatal mortality was analysed by means
of Generalized Linear Mixed effect Models (GLMM) using R 26 package
‘lme4’ (143, 144). The mortality risks were presented as odds ratios and
95% confidence interval (CI). GLMM is equivalent to multi-level logistic
regression, i.e. a logistic regression including fixed-, random-, and nested
effects, and specifically used for data based on multistage cluster sampling
methods such as those employed in the demographic and health surveys. The
association between main predictors and under-five mortality was analysed
by use of a mixed effect Cox regression model (Frailty model) available in
the R package ‘coxme’ (144). The risks of death were presented as hazard
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ratios with 95% CI. Frailty model is a multi-level (mixed effect) Cox regres-
sion, which is applied when data were generated from the same sampling
methods as described above. The case-control study applied a conditional
logistic regression analysis to analyse social differentials underlying perina-
tal deaths and mortality risks were expressed as odds ratios with 95% CI.
The significance level of interactions was set at 0.10.

Factors contributing to the three delays underlying perinatal mortality
were condensed into different themes based on their similarities. Descriptive
statistics were applied to describe potentially avoidable perinatal deaths.
Differences of scores between pre-test and post-test on knowledge evalua-
tion was analysed using a paired t-test. The McNemar’s test was applied to
compare the immediate post-course and follow-up tests on abilities to resus-
citate a newborn baby at birth. The analyses were limited to observations
with non-missing data. Analyses were facilitated by SPSS version 18 and
IBM SPSS Statistics 20 except for GLMM and Frailty model that were part
of the R statistical packages.

Ethical considerations

The population-based study (paper I) did not require ethical clearance by an
Ethical Review Board since it consisted of secondary analysis of data, which
were released for public use. A request for access to and use of these data
was sent to ICF International (145). For the hospital-based studies (paper I,
III and 1V), ethical approval was granted by the Rwanda National Ethics
Committee. Before start of this fieldwork, research permission was also
sought from the directors of the three hospitals that were involved in these
studies.

Participants in these hospital-based studies were informed about the pur-
pose and procedures of the study in which they consented to take part. They
were also briefed about the potential benefits of these studies, what their
participation implied, issues related to confidentiality and the right to con-
sent to or decline participation at any time. Each invited participant was also
given the opportunity to ask questions regarding the study.

Staff were not blamed for any critical events that were revealed during da-
ta collection or in the perinatal audit meetings (paper II and III). In paper IV,
no names were written on questionnaires used to evaluate knowledge and
skills of healthcare workers that were trained in the HBB programme in or-
der to ensure confidentiality of their results. Further, the communication of
individual results to each participant was handled anonymously to reinforce
this confidentiality. All questionnaires used in the hospital-based studies
were kept in a locked cabinet located in the office of the main investigator.
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Results

Paper I: Trends and social differentials in child
mortality in Rwanda during 1990-2010

A total of 34790 births, including 17 579 boys and 17 211 girls, were re-
tained for analyses, which covered the period 1990-2010. The highest mor-
tality rates occurred in 1994 with neonatal mortality peaking at 60 deaths per
1000 live births (95% CI, 51-65/1000), infant mortality at 137/1000 (95%
CI, 129-149/1000) and U5M at 238/1000 (95% CI, 226-251/1000). These
rates declined sharply until 1996, when mortality rose again with a second
peak occurring in 1997. Afterwards, the mortality consistently decreased
until 2010 with the fastest decline observed between the late 1990s and early
2000s as well as in the middle of last decade (Figure 3).

250

oo ynder-ﬂve mortality

PR

200 -

150 4

100

Deaths per 1000 live births

0] — = Ty~ Neonatal mortality
] ~ R

— —

Genocide

1991 V92 193 1994 P95 PIE6 1°97 B8 1099 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009
Years

Figure 3. Neonatal, infant, and under-five mortality rates in Rwanda (3-year moving
averages), from 1990 to 2010
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From 1990 to 2004, the gaps in USM between different maternal educational
groups (Figure 4) and rural or urban residence (Figures 5) were large but
these gaps decreased over time.
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Figure 4. Under-five mortality rates in Rwanda (3-year moving averages)
according to maternal educational level, from 1990 to 2010

During 2005-2010, the risk of death in neonates born to women having no
formal education (OR=1.29, 95% CI 0.63-2.65) or primary education
(OR=1.19, 95% CI 0.62-2.26) was comparable to that of their counterparts
whose mothers had secondary or higher education. Neonates whose mothers
lived in rural areas had similar mortality risks (OR=1.19, 95% CI 0.67-2.45)
as compared to those of neonates whose mothers lived in urban settings. The
risk of dying during the neonatal period for children born in poor households
(OR=1.15, 95% CI 0.76—1.76) or in households of the middle wealth group
(OR=0.86, 95% CI 0.51-1.45) was comparable to that of children born in
rich households. Children whose mothers had no formal education had high-
er USM risks (OR=1.42, 95% CI 1.00-2.01) than those whose mothers had
primary (OR=1.10, 95% CI 0.81-1.51) and secondary or higher education.
The risk of death in children younger than five years whose mothers lived in
rural areas (HR=1.06, 95% CI 0.80-1.40) was comparable to that of children
whose mothers lived in urban settings. Children born in poor households
(HR=1.06, 95% CI 0.87-1.29) or in households of the middle wealth group
(HR=1.04, 95% CI 0.82—1.31) shared U5M risks with those born in rich
households.
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Figure 5. Under-five mortality rates in Rwanda (3-year moving averages)
according to maternal residence, from 1990 to 2010

Paper II: Equity in perinatal survival at hospital level in
the capital of Rwanda

A total of 8424 births including 269 perinatal deaths were recorded in two
hospitals involved in the study, which corresponded to a mortality rate of 32
deaths per 1000 births. Of these births, we analysed 234 cases of perinatal
deaths and 468 controls. The remaining 35 perinatal deaths were excluded
due to different reasons, including twin deaths, maternal deaths, maternal
discharge before enrolment of the baby, maternal refusal to participate in the
study, and neonatal death occurring after referral to another hospital.
Approximately 97% of controls and 91% of cases were born to mothers
living in urban areas. In the control group most mothers had primary (56%)
and secondary or higher (39%) educational levels compared to 57% who had
primary and 36% secondary or higher educational levels in the group of cas-
es. Most cases (39%) were born in families of lower household wealth com-
pared to controls (30%). The latter came from richer families (39%) com-
pared to cases (30%). The proportions of mothers using community health
insurance in the group of controls (80%) and cases (82%) were similar
whereas state and other insurances were frequently used by mothers of con-
trols (17%) compared to those of cases (11%). The proportions of uninsured
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mothers were low in both cases (7%) and controls (3%) groups. The mean
age of mothers in the cases (28.4 years, range 16-47) and controls (28.1,
range 15-48) groups was comparable. Most women in the group of controls
(55%) and cases (51%) had parity 1-4. The proportions of boys were higher
in both cases (55%) and controls (52%) groups than those of girls.

Women having secondary or higher educational levels or coming from
rich households frequently used state and other insurance policies ((p=0.01).
Those who had no formal education or came from households with lower or
middle wealth were likely to be uninsured or covered by community health
insurance (p=0.01).

Maternal rural residence (OR = 4.15, 95% CI 1.88-9.16), lower house-
hold wealth (OR = 1.74, 95% CI 1.18-2.57), or having no insurance (OR =
2.08, 95% CI 0.96—4.50) were associated with increased perinatal mortality
risks in crude analysis. There were low perinatal mortality risks for babies
born to women using state and other insurance policies (OR = 0.46, 95% CI
0.25-0.84) compared to those covered by community health insurance. No
significant association was found between maternal education and perinatal
mortality.

Maternal rural residence (OR = 3.31, 95% CI 1.43-7.61) or having no in-
surance (OR = 2.11, 95% CI 0.91-4.89) was still associated with increased
perinatal mortality risks in the adjusted model. Perinatal mortality risks re-
mained low for babies whose mothers used the state and other health insur-
ances (OR = 0.49, 95% CI 0.25-0.95) compared to those using community
health insurance. There were no significant differences in perinatal survival
between babies born in poor and rich households after adjustments.

Paper III: Case review of perinatal deaths with
application of a three delays analysis at hospital level in
the capital of Rwanda

Out of 269 perinatal deaths, which occurred during the study period, 106
were macerated stillbirths, 63 fresh stillbirths and 100 early neonatal deaths.
Among stillbirths, foetal heartbeats were only audible for 40% of fresh still-
births on admission. Most perinatal deaths were singleton (94%). We ex-
cluded 19 cases of deaths from the audit due to the mothers’ discharge
(n=14) or deaths (n=2) before interviews or because of maternal refusal to
take part in the study (n=2). Another case of death was not reviewed because
the death occurred at another hospital after referral. In total, 250 cases of
perinatal deaths were analysed. Babies whose mothers lived in urban settings
(90%) or had primary educational levels (57%) or lived with partners (82%)
constituted the largest proportions. Most babies (73%) were born to women
aged 20—34 years (median age 28 years, range 16—47) with parity 1—4
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(50%). Most deaths occurred among preterm babies (53%). The highest pro-
portions of babies were born to mothers, who attended 1-3 antenatal care
visits (75%) and delivered vaginally (68%). Approximately 38% of babies
were born to mothers who experienced complications during pregnancy.
These complications mainly included preeclampsia, eclampsia, pre-existing
hypertension and HIV/AIDS.

Overall, the factors related to three delays, which contributed to perinatal
deaths, were assessed in 197 cases of deaths (79%). Several factors could be
present in the same case of death, which resulted in a higher number of con-
tributory factors to the mortality compared to the number of deaths. The
phase one delay was identified in 98 cases of perinatal deaths, of which 75%
were macerated stillbirths. The phase two delay was only reported in 24
cases. The phase three delay was found in 93 cases of deaths, of which 45%
were early neonatal deaths and 36% fresh stillbirths. Factors, which contrib-
uted to the three phases of delays experienced by women or their babies, are
shown in Table 2.

The most common contributing factor to the phase one delay — when a
woman was delayed in making a decision to seek appropriate care — was lack
of awareness or not reporting danger signs during pregnancy and childbirth.
These signs mainly included poor foetal movements, preterm contractions
and rupture of membranes and were found in 81 cases of perinatal deaths.
The phase one delay could be compounded by the use of traditional medi-
cines provided by traditional healers. The remaining contributing factors to
the phase one delay were related to poor uptake of formal care by healthcare
providers, as reflected by the non-attendance of antenatal care visits and
non-compliance to the treatment or follow-up recommendations. This was
especially noted in cases of unintended pregnancies, maternal single marital
status, and lack of communication between care seekers and providers or
without any specific context.

After deciding to seek care, some women had difficulties to reach health
facilities, mainly due to lack of money to pay for transport or to cover other
expenses related to hospitalisation. Other factors, which contributed to the
phase two delay, were less common. These included long distance from
home to a health facility, lack of transport or health insurance and illness
among family’s members. The phase two delay also occurred when a woman
preferred to seek care during the day instead of the night with unclear rea-
sons.
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Table 2. Delays experienced by pregnant women and their babies in receiv-
ing adequate care, as reported from perinatal audit conducted at hospital
level, Kigali, Rwanda July 2012-May 2013

Delays Cases with delays
Phase one: care-seeking 98
Lack of recognition of danger signs 81
Poor uptake of or compliance to formal care 25
Phase two: reaching health facility 24
Lack of money 15
Long distance 6
Lack of health insurance 3
Social or family reasons 3
Phase three: quality of care at health facility 93
Before admission
No or late diagnosis 9
Inadequate management
Delay in the referral 13
Inadequate care or monitoring 12
After admission
Late diagnosis 3
Inadequate management
Inadequate monitoring or late intervention 41
Non-adherence to guidelines or best practices 5
After delivery
Inadequate management
Insufficient care 11
Inadequate monitoring 3
Total 197

Note that there were more contributing factors to mortality than cases of
deaths since several factors could be identified in one case of death.

Barriers to the access of adequate care were also found when some women
or their babies received suboptimal care at the health facility, which resulted
in a phase three delay. This phase of delay encompassed suboptimal care
factors, which occurred before or after admission to the hospitals involved in
the study. Before admission, the most common contributor to the phase three
delay was a delay in referral of women from health centres or private clinics
or district hospitals to higher levels. These referral delays were found in 12
cases of death, mainly linked to intrapartum-related hypoxia, preterm labour
and preterm rupture of membranes. Other common substandard care by
healthcare providers included insufficient follow-up of women with high-
risk pregnancies such as previous perinatal death. Substandard care factors
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also included late diagnosis or management of some obstetric emergencies
such as gestational diabetes, umbilical cord prolapse, hypertension or
preeclampsia.

After admission, the most frequent suboptimal care factors related to the
phase three delay were inadequate foetal monitoring and management of
pregnancy and labour complications. These deficiencies were identified in
40 cases of perinatal deaths mainly related to preterm labour, prolonged and
obstructed labour, maternal hypertension, preeclampsia and placenta abrup-
tion. Other inadequacies included the non-adherence to local protocols dur-
ing labour induction and delivery of twin pregnancy. They also included late
diagnosis of some complications related to pregnancy such as preeclampsia
and placenta abruption.

After delivery, suboptimal care factors were mainly characterised by in-
sufficient preparedness and skills for handling newborn emergencies such as
intrapartum-related hypoxia. Appropriate management of intrapartum-
related hypoxia was also limited by lack of essential drugs such as phenyto-
in. Other examples of suboptimal care consisted of inadequate monitoring of
vital signs in preterm babies, who later presented hypothermia and bradycar-
dia. The phase three delay was also reported in some cases, where death was
related to inadequate management of emergency newborn conditions such
jaundice, food intolerance, and severe anaemia.

Approximately 51% of perinatal deaths audited, i.e. 128/250, were likely
preventable. Most of these avoidable deaths (70%) were fresh stillbirths and
early neonatal deaths.

Paper IV: Evaluating Helping Babies Breathe
programme at hospitals in the capital of Rwanda

A total of 118 healthcare workers attended the HHB course. Most of them
(90%) were female. The majority of participants (63%) had graduated from
higher learning institutions. Around 55% of trainees were nurses and 31%
midwives and most of them (70%) were not formally trained in neonatal
resuscitation. The highest proportion of healthcare workers (61%), who
completed the course, worked in labour, delivery and operating rooms of
maternity, where deliveries take place.

The mean scores obtained by trainees on a knowledge evaluation signifi-
cantly increased from before (77 + 15%) to after the course (91 £ 9%),
p<0.01. On postcourse test, the mean score achieved on a practical perfor-
mance evaluation was 89 + 9%, and passing scores were obtained by 64% of
participants. Their knowledge was sustained for at least three months follow-
ing the course while their practical skills declined to 83 + 16%, and the pass
rate decreased significantly to 43%, p<0.01.
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Discussion

The temporal trends in child mortality in Rwanda across the period
19902010 were markedly influenced by the social and political develop-
ments. The highest peak in neonatal and USM occurred at the time of the
1994 genocide and was a few years later followed by another peak that coin-
cided with the reintroduction of health care user fees and a decrease in exter-
nal aid. Thereafter mortality has dramatically declined up to the latest figures
in 2010 coinciding with the scale up of major social and health reforms that
were initiated from late 1990s onwards. However, neonatal mortality showed
a slower decline as compared to infant and USM. The reduction in child
mortality was accompanied by increased social equity in survival chances
between rural and urban areas and between households of different wealth
levels, but children born to women with no education still had significantly
higher under-five mortality. In hospital-based studies conducted in the
Rwandan capital we found increased perinatal mortality among children
born to women living in rural areas and those having no health insurance.
However, perinatal survival was neither associated with maternal education
levels nor with household wealth. Major factors associated with perinatal
mortality included lack of recognition of danger signs by pregnant women
and intrapartum-related suboptimal care at health facilities, whereas lack of
financial means by these women when seeking care was less common. Half
of the reviewed perinatal deaths were considered potentially avoidable. A
training programme to manage the first minutes of life, Helping Babies
Breathe, significantly improved healthcare workers’ knowledge. While this
knowledge was maintained for at least three months that followed the train-
ing, practical skills had significantly decreased.

Methodological considerations

Paper 1 is the first of its kind in Rwanda to systematically describe trends
and social differentials of childhood mortality across two decades. The re-
sults are representative of the country as a whole since they were based on
data provided by nationwide demographic and health surveys. These surveys
applied a two-stage stratified cluster sampling method that involved large
sample sizes of women in reproductive ages. Based on their reproductive life
reporting in the three surveys birth cohorts could be created. The procedures
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and methods used in the DHS data collection are very strict. Maternal educa-
tion and residence, which represent different aspects of socioeconomic con-
ditions in these analyses, are determinants that are relatively constant and
may allow comparisons over time periods. The findings of mortality trends
across these determinants are likely to reflect the true figures at national
level. Results may also be compared to results from other countries. Howev-
er, comparisons regarding the patterns of child survival over time should be
done cautiously due to the exceptional recent history of the country that in-
cludes the genocide in the mid-1990s.

Papers Il and III focused on perinatal mortality, which has not received
sufficient attention in Rwanda, maybe due to the lack of previous research in
this area. In paper II the sample size was calculated based on local infor-
mation on perinatal mortality. Controls were selected from the same popula-
tion as cases and matched to cases for day and hospital of birth to prevent
selection bias. In paper III mothers who were enrolled in the study were in-
terviewed before their discharge from the hospital, which contributed to
minimize recall bias. The results reported in papers II and III illustrate the
situation of perinatal care and survival in the urban context, mainly the capi-
tal, and could thus not be generalized to the rest of the country.

The materials and programme used for teaching and evaluating the HBB
course that formed the basis of Paper IV had been validated by the American
Academy of Paediatrics (94, 146). This approach had also been used in other
low-income countries, where the HBB programme was piloted or imple-
mented (8, 9). The trainers, who also performed the evaluation of knowledge
and practical skills of the healthcare workers, remained the same at all three
sites and this reduced the risk of observational bias. These healthcare work-
ers had professional experience, which could be comparable to that of their
colleagues working in other urban hospital settings in Rwanda. Thus, the
results from this study could be generalized to these settings and possibly to
other parts of sub-Saharan Africa.

The studies have some limitations. Underreporting of births and deaths
may occur in retrospective data collection such as the Demographic and
Health Surveys. Children who die shortly after birth may be missing in in-
terviews with mothers, and this risk of underreporting may be more pro-
nounced if the event occurred back in time. The underreporting also includes
births and deaths by women who died or emigrated out from the country
before the survey (147). Misreporting of age at death with a tendency to
round off the age can also result in misclassification of deaths between age
different categories of under-five mortality. The most common form of the
inaccurate report of age at death refers to the heaping of age at 12 months.
Both underreporting and misreporting errors are considered to be small in
the DHS due to very rigorous design and fieldwork (13, 147). We further
reduced any potential recall bias by restricting the analysis to children born
within 10 years prior to the survey except for the DHS of 2005 and 2010,
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where data was limited to only five and six years preceding the survey, re-
spectively, to avoid an overlap between these surveys. The data quality is
less affected by recall errors when the information reported concern a 10-
year period preceding the survey. Another issue related to the use of retro-
spective information is that mortality estimates relates to the past while so-
cial characteristics, such as mother’s education and residence as well as
household wealth, apply to the measures recorded at the time of survey (13,
147). Mother’s education level and residence are relatively constant over
time. Household wealth score is a relative indicator that applies to a given
time and setting. Thus, it was not possible to compare the progress of child
mortality according to this indicator across the four study periods (1990-
1994, 1995-1999, 2000-2004, and 2005— 2010). In addition, disparities in
child survival between social or demographic strata included in the DHS,
e.g. rural or urban residency may be explained by factors that are not includ-
ed in the DHS questionnaire (148).

During the study period, not all cases of perinatal deaths were captured.
Family members took some dead babies away shortly after death and before
data collectors were informed about the death. Misclassification between
miscarriages and stillbirths constituted another potential bias, especially
when the date of last menstrual period is unknown. This bias was minimised
by considering a stillbirth as a foetal death weighing at least 500 g at birth
and birth weight was available for all babies. In addition, ultrasound was
performed in all pregnancies with suspicion of stillbirths in order to assess
the status of the foetus and other information such as gestational age and
foetal weight. The risk of misclassification between macerated and fresh
stillbirths or between fresh stillbirths and early neonatal deaths (149, 150)
was also avoided by considering clinical findings, including the conditions at
birth for each case of death.

A study recently carried out in Tanzania showed that the 5-minute Apgar
score was an unreliable indicator of intrapartum-related hypoxia (151). This
is in accordance with our findings that showed that some neonates admitted
in neonatal intensive care unit for intrapartum-related hypoxia were initially
assigned normal 5-minute Apgar scores. However, when cross-checking data
from various hospital records and mother’s accounts it was noted that Apgar
scores were incorrectly reported for some cases. This contributed to reduce
misreporting, thereby minimising the underestimation of suboptimal care
factors related to the quality of intrapartum care. When studying causes of
perinatal mortality, lethal congenital malformations were assessed based on
clinical and ultrasound findings since no autopsy was done. This may have
led to misdiagnosis of these abnormalities with a risk of underestimating the
number of non-avoidable perinatal deaths since all lethal congenital malfor-
mations were considered non-avoidable (152). The discussions undertaken
during perinatal audit were mainly informed by data available in hospitals
involved in the study. The access to detailed information related to the man-
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agement of pregnant women before admission would have been difficult.
This was a limitation for a complete assessment of the quality of care re-
ceived elsewhere. When assessing avoidable perinatal deaths, the panellists
have mainly applied an implicit review, which is likely dependent of review-
ers’ opinions (88). This may have influenced the estimated number of avoid-
able deaths. Household wealth was considered as a proxy of the socioeco-
nomic status of the household and was developed based on household assets
and facilities as suggested in the Demographic and Health Survey reports
(13). However, some items, including roofs, walls and floors of houses and
toilet facilities were not taken into account when developing these asset
scores. This would have required a visit and assessment of these items at
participants’ home, which was out of scope for the study.

When evaluating the HBB programme we did not assess the clinical per-
formance of the participants as a pretest, since it was considered too difficult
to organize, although we made such an assessment after the course and in the
follow-up three months later. We were not able to control whether trainees
had been exposed to other learning experiences that would have improved
their knowledge before the follow-up evaluation after three months. The
HBB curriculum was designed in English and a translation into the other
local languages (Kinyarwanda and French) would have been helpful for the
trainees, who had some difficulties with the English language. This issue
was addressed in our study by emphasizing practical hands-on experiences
rather than theoretical procedures and by using simultaneous translation
when needed. Although our findings revealed a potential benefit of HBB as
an educational programme, we could not evaluate the impact of this training
on perinatal and newborn survival.

Temporal trends in child mortality

The trends in child mortality 1990-2010 in Rwanda followed the course of
socioeconomic and political developments in the country (Paper I). Mortality
sharply increased from 1990 to 1994, when a first peak coincided with the
genocide that claimed more than one million people and also destroyed the
health infrastructure (13). In the aftermath of the genocide, the country start-
ed to recover from its consequences and to rebuild the health system. In the
immediate post-genocidal period infant and under-five mortality was re-
duced when security improved and substantial international support was
provided. Around 1996, when this assistance started to decrease, mortality
once again increased. After the genocide healthcare had been provided free
of charge, which has increased the use of health services with a positive im-
pact on health outcomes (153). The removal of user fees in health services
has been shown to decrease child mortality in many African countries (154,
155). This new increase of mortality could partly be explained by a partial

54



withdrawal of foreign emergency aid, which prompted the government to
reintroduce the user fees in 1996 in order to recover healthcare costs (153).
From 1999 onwards, the implementation of comprehensive social reforms
including health reforms was scaled up. These efforts were backed by a po-
litical will to promote living standards of the population and empower wom-
en, as reflected in the long-term strategy Rwanda vision 2020 that was initi-
ated in 2000 and embodied in the framework to accelerate the economic
development and poverty reduction 2008-2012 (123). The synergy between
these initiatives may have played a pivotal role in accelerating the decline in
infant and under-five mortality observed from the early 2000s. In contrast,
neonatal mortality did not show the same decline. This may reflect the little
attention that was given to strategies and policies aiming at improving neo-
natal survival, as highlighted by other studies from low-income countries
(156).

In 2010 Rwanda had a lower under-five mortality rate as compared to the
bordering countries, i.e. the United Republic of Tanzania (81 per 1000 live
births), Uganda (90 per 1000 live births), Burundi (96 per 1000 live births),
and the Democratic Republic of the Congo (104 per 1000 live births in 2011)
(134). However, the Rwandan under-five mortality rate was higher than that
of Seychelles (14 per 1000 live births) and Mauritius (15 per 1000 live
births), which were the lowest in Africa that year (115). Rwanda has had a
similar average annual reduction in USM rate as that of Ethiopia (3.6%) and
has been in the third position within sub-Saharan Africa after Madagascar
(4.6%) and Liberia (4.3%) from 1990 to 2011 (23). This reduction has been
accelerated in the last few years and Rwanda has now reached the Millenni-
um Development Goal number 4 by reducing the USM to 50 deaths per 1000
live births (19).

Key drivers of child mortality reduction

Recent reports on factors contributing to the reduction of under-5 deaths in
low- and middle-income countries have shown that the mortality reduction
has been a result of investments made in the health system as well as in other
sectors of society. This has been underpinned by other factors, including
good governance and leadership and crosscutting strategies, such as strong
collaboration between various stakeholders (157, 158).

From 1990 to 2010 estimates from low- and middle-income countries have
indicated that half of deaths among children younger than five years have
been prevented by strengthening of the health systems with special emphasis
on scale-up of high impact interventions, such as family planning, skilled
birth attendance and immunization, which are in line with the continuum of
care for maternal, newborn and child health. The remaining gains in child
survival may be a result of major reforms in other sectors of society, such as
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education, women’s empowerment, nutrition, clean water and sanitation and
reduction of poverty and social inequities. These efforts were further rein-
forced by good governance and leadership, which emphasized control of
corruption, decentralization of governance, strengthening the accountability
and decision-making strategies and establishment of policies and laws ena-
bling a favourable environment for health promotion at all levels. Progress
towards improved survival was further strengthened by multisectoral collab-
oration, involving local and external partners. This collaboration was aligned
to national policies and goals, which were continuously updated and tailored
to the country-specific priorities (159).

The percentage of women using modern contraceptives increased from 13
to 45% from 1990 to 2010, skilled birth attendance from 26 to 69%, exclu-
sive breastfeeding from 30 to 85% and the proportion of children aged 12 to
23 months fully immunized increased from 79 to 90% (13, 140). In 2010, the
country had achieved or was on track to reach the MDG targets related to
coverage of antenatal care, reduction of adolescent births, infants immunized
against measles, reduction of underweight, prevalence of HIV/AIDS and
malaria, and access to essential drugs (18). From 2000 to 2010, the adult
literacy rate (15 years and above) increased from 68 to 82% in men and from
58 to 77% in women. In 2005, a national nutrition policy was adopted and
operationalized through an interministerial action. The prevalence of under-
weight among children younger than five years of age decreased from 29 to
11% from 1990 to 2010, stunting from 48 to 44% and wasting from 4 to 3%.
The access to clean water and improved sanitation was prioritized. Umugan-
da is a homegrown initiative aiming at improving environmental cleanliness
and health practices through a community work organized once a month and
that included discussions about health-related issues. These efforts to im-
prove hygiene may have contributed to the decrease in diarrhoea morbidity
in children before the age of five years from 23% in 1990 to 13% in 2010
(13, 140, 158). Improving the participation of women in the societal and
political structures came into focus (160). The proportion of women parlia-
mentarians increased from 18% before the 1994 genocide to 56% in 2008
and 64% in 2013, which was the highest female representation in parliament
all over the world (161).

Several homegrown approaches to address poverty and reduce social in-
equities were developed or strengthened over the past decade. Ubudehe is a
traditional practice that involves community members in a process of solving
problems occurring in a community with special emphasis to pro-poor sup-
port. One Cow per Poor Family Programme or Girinka, which is part of
Ubudehe approach, aims at providing support to poor people in order to im-
prove their nutrition and income by providing one cow per poor household
(158, 162). Poor people and other vulnerable groups have also been assisted
by the national social protection system. This targeted support consists of
cash transfer to facilitate the access to education and health services, access
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to microcredit for investment, direct cash transfer to individuals living in
extreme poverty and unable to work, and other programmes alleviating pov-
erty (14). Since the mid-2000s decentralisation of governance in the public
sector, including the health system was strengthened to empower local gov-
ernments and other lower level institutions (12, 163). The decentralisation
was expected to increase accountability, ownership and decision-making
power at these levels, which may have contributed to improved service de-
livery. Imihigo refers to a traditional practice, also known as performance-
based contracts, where individuals or community groups vowed to achieve
certain goals by improving their performance. Since the last decade this
practice has involved mayors and other authorities that publicly pledged and
strived to improve social and health indicators in their districts (163).

Zero tolerance against corruption was strengthened. Intersectoral collabo-
ration, involving all ministries and various partners, was emphasized and
aligned with the overarching Vision 2020 strategy. In 2007 a Joint Action
Development Forum was established, including various stakeholders from
civil society, non-governmental organizations, local government authorities
and other development partners, and scaled up in all districts. This forum
worked as a consultative body with its main focus on the development of a
district. The joint actions of these stakeholders have contributed to reduce
child mortality (158).

Social inequities in mortality

Children born to women who haven’t received any formal education have
frequently an increased risk of dying before age five in low- and middle-
income settings (44, 46, 164, 165). This association was also present in our
analysis of Rwanda Demographic and Health survey data covering two dec-
ades (1990-2010), even though mortality risks were decreasing over time.
There was no significant difference in neonatal mortality across mothers’
educational levels in recent years (2005-2010). This was also the case for
perinatal mortality in the hospital-based study. Evidence shows that wom-
en’s education increases their capacity to address various social challenges
including health problems, which is beneficial to their own health and to that
of their offspring (4, 166). From 1970 to 2009 increased maternal education
was linked to the prevention of more than a half of child deaths around the
world (165). The government of Rwanda recently adopted the policy of a 12-
year free basic education, which may contribute to further decrease of child
mortality in the future (167). In addition, gender-related disparities in the
access to education were given more attention, which resulted in 98% female
enrolment to primary school in 2012 (168).

Our analyses have shown that in 2005-2010 children before the age of 5
years living in poor or rich households had comparable survival chances,
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which was in contrast to findings commonly reported from other studies (3,
164). In the hospital-based case-control study we also found that there were
no significant gaps in perinatal mortality across different household wealth
groups. Increased coverage in life-saving interventions in Rwanda over the
last decade together with targeted support to the poor (14, 123) may explain
the improved perinatal and child survival noted in our studies. Similar trends
were observed in Vietnam, where high coverage in health interventions
combined with efforts to support socially deprived groups contributed to
reduced inequities in neonatal mortality (46). A decreasing social divide in
neonatal mortality was recently reported from many other low- and middle-
income countries (128).

In low- and middle-income countries a gap in USM between rural and ur-
ban areas is common (4). In Rwanda this gap has decreased over time, espe-
cially in 2005-2010, when no significant differences in mortality were found
between rural and urban areas. The decline in social divide in child survival
between these areas may reflect an effective national coverage in interven-
tions and programmes, which have been scaled up since late 1990s (14, 108,
121). For example, when the community health insurance system, also called
Mutuelle de santé, was scaled up in the whole country in the middle of the
2000s, approximately one million of the poorest people, mostly living in
rural areas, got free access to this insurance (13, 17, 158). This contributed to
reduced financial barriers to the utilisation of healthcare (169). Barriers to
the access of healthcare were also reduced by the task-shifting strategy,
which allowed a large number of trained community health workers to par-
ticipate in services delivery, especially in rural areas (108). The Ubudehe
approach mainly targeted poor and other disadvantaged groups (14, 123) and
may have further contributed to tackle health-related inequities that could be
reflected in the improved child survival regardless of rural or urban residen-
cy. However, our hospital-based study indicated excess perinatal deaths
among women living in rural areas, as also shown in previous studies con-
ducted elsewhere (48, 49). This may be related to lower access to adequate
healthcare in rural areas as highlighted by some authors (170). In Rwanda,
financial and distance constraints were reported as main factors limiting the
accessibility to health facilities, especially in rural areas, which may partly
explain the rural/urban divide in perinatal survival (13). This highlights the
need to improve quality of care during pregnancy and the perinatal period,
especially for women living in rural areas.

In the hospital-based study, we also found that the health insurance status
was a key determinant of perinatal survival with increased mortality risks
among babies born to women having no insurance. Studies conducted in
Rwanda and other countries recognise that the possession of health insurance
increases access to healthcare (169, 171), which may contribute to improved
health outcomes (172). However, other social factors, including educational
level and socioeconomic status of the household may also influence
healthcare utilisation (173). These social determinants were significantly
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associated with the type of insurance the pregnant women had. Community
health insurance was most common for women with limited resources or for
those having low educational levels, while state insurance or other insurance
systems were more frequent for rich women or those having secondary or
higher educational levels. This may partly explain the differences in perina-
tal survival between holders of community health insurance scheme and
those using other health insurance systems. Thus, improved education and
universal health coverage as well as poverty reduction seem to be key strate-
gies for addressing social divide in perinatal survival.

Quality of care, perinatal and neonatal survival

There are well-known quality-of-care factors that contribute to perinatal
mortality. Some of these factors are related to delays experienced by women
or their babies in getting access to adequate care (50, 51). Such delays were
identified in more than three quarters of the deaths reviewed through perina-
tal audit, as reported in paper III. Using a three-delay model, we found that
the most frequent contributors to mortality were related to the first phase of
delay (delay in decision-making to seek care), followed by the third phase of
delay (delay in receiving adequate care), while the phase two delay (delay in
reaching health facility) was less common. However, this order of frequency
was not consistent across the different groups of perinatal deaths. Phase one
delay was predominant among macerated stillbirths and phase three delay
among fresh stillbirths and early neonatal deaths.

The plausible reason for the predominance of phase one delay was that
most women were not aware of pregnancy and labour dangers signs and
their severity, especially poor foetal movements, preterm labour or rupture
of membranes. These women decided to seek care when it was too late, as
reflected by a high number of macerated stillbirths, which all occurred be-
fore admission. The lack of knowledge about danger signs could be aggra-
vated by the reliance on medicines provided by traditional healers, as shown
by our results. Such a misuse of traditional medicines was associated with
negative effects on mother and foetus such as increased risk of uterine rup-
ture and intrapartum-related neonatal deaths (174, 175). Other contributors
to phase one delay were related to social conditions such as women living
without partners, unintended pregnancy and lack of communication between
women and care providers. These factors have also been reported in other
studies conducted in low- and middle-income countries (51, 176, 177).

Our findings suggest that the main contributing factors to phase two delay
included limited financial means, lack of insurance or transport, long dis-
tance between home and health facility and other social reasons. We have
also demonstrated that having no insurance during pregnancy increased the
risk of perinatal death (Paper II). Transport problems were less common
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since most women enrolled in our study on perinatal audit lived in urban
areas, where transportation means and good roads were available. In a study
on neonatal mortality in Uganda and another on stillbirths and neonatal
deaths in India, relatively few difficulties to reach health facilities were also
mentioned by care seekers (52, 176). However, in many low- and middle-
income countries, lack of transport, long distances and poor roads, limited
financial resources and lack of health insurance have been major challenges
faced by patients when seeking care (55, 178-180).

The suboptimal care received by mothers or their offspring at health facil-
ities is recognised as a major contributor to poor perinatal outcome (55, 56,
181). A systematic review on maternal and perinatal mortality in low-
resources settings has recently shown that suboptimal quality of care by
healthcare providers was the most common factor contributing to death.
These factors were followed by delays in patients seeking care or reaching
the health facility, mainly due to lack of transport (51). Substandard care
includes delays in patient referral (176), inadequate antenatal care, delay of
diagnosis or treatment (7, 174, 182, 183), insufficient foetal and labour mon-
itoring (55, 56, 177, 181), inadequate neonatal resuscitation and other emer-
gency neonatal care (5, 54). Most of these inadequacies in healthcare provi-
sion at health facilities were also identified by our study on perinatal audit.
This study also indicated that half of the perinatal deaths could have been
averted if these delays had been prevented. Most of these potentially avoida-
ble deaths included fresh stillbirths and early neonatal deaths, reflecting an
insufficient care during the intrapartum period (149). In other settings, the
proportion of perinatal deaths, which could be prevented, ranged from 14 to
75% (55, 184-186). This variation across different settings may partly be
explained by different definitions and methods employed in these studies,
the level of mortality and quality of care in each setting. There is also a vari-
ation in cut-off of gestational age (22 or 28 weeks) when defining cases of
perinatal deaths (181, 182). Others have used a weight definition (at least
1500 g or 2000 g, respectively) (56, 185). Estimates on potentially avoidable
deaths could also be influenced by opinions from the expert panel that per-
forms the perinatal audit (56, 91).

The Helping Babies Breathe programme was conceived for the prevention
of intrapartum-related neonatal deaths, which constitute a high number of
perinatal deaths. It has been evaluated in some low- and middle-income
countries (9, 95). Our results showed that healthcare workers from three
urban hospitals significantly improved their knowledge in neonatal resuscita-
tion after the HBB course and retained it 3 months later. However, their
practical skills decreased over time after the training. Other studies have also
found a rapid deterioration of acquired skills and, to a lesser extent,
knowledge, in the months following the training in newborn resuscitation
(187-191). While earlier findings showed that practical abilities could be
even lost within 3 months, most studies have indicated a longer period for
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knowledge decline (188, 190, 192, 193). Nevertheless, the retention of both
knowledge and skills remains a broader concern (188, 194). Thus, it was
recommended by many authors to provide refresher courses at regular inter-
vals and make instructional videos available in order to improve retention
(190, 194). All trainees in the HBB programme also recommended such
refresher courses that would be beneficial for maintaining their knowledge
and skills. However, these refresher courses may not be sufficient without
creating a conducive work environment and motivating healthcare workers
that are key strategies for improved performance (195).

Although the HBB approach seems to improve knowledge and practical
skills, this effect is still controversial. While the implementation of this pro-
gramme in the United Republic of Tanzania was significantly associated
with improved knowledge and practical skills of healthcare providers as well
as reduction of fresh stillbirths and improved neonatal survival (9), a similar
approach known as Neonatal Resuscitation Programme emphasizing basic
newborn resuscitation did not show any differences in mortality reduction
(196). A recent evaluation of the HBB programme in India also indicated
that training in this programme was followed by a decline in stillbirths but
not in neonatal mortality (95). Thus, the effectiveness of the HBB pro-
gramme in terms of neonatal survival still needs to be reassessed in different
settings.
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Implications and recommendations

The rates of child mortality in Rwanda were exceedingly high during time of
the genocide, highlighting the need to prevent social conflicts and genocide,
which are devastating for people and the fabric of society (2, 64, 197, 198).
These mortality rates markedly decreased in the aftermath of the genocide
when the country received a strong support from the international communi-
ty. However, a new peak of mortality occurred a couple of years later, at the
time when this support was reduced, underscoring the need to have a wise
transition from emergency aid to other forms of developmental assistance
that would enable a country to recover from a deep social crisis to develop
capacities to effectively cope with post-conflict challenges. The decrease of
mortality observed immediately after the genocide also followed the removal
of health services user fees that fostered health services utilisation during
that critical period. Strengthening financing mechanisms such as community
health insurance scheme that was scaled up recently all over the country
have contributed to better health coverage and ensured that households are
protected against catastrophic health expenditures (169). Major health and
social reforms implemented over the last decade seems to have been crucial
for accelerating the decline in child mortality. For further reduction these
reforms should be sustained and particular attention should be given to strat-
egies, which facilitate the implementation of effective interventions and pro-
grammes that could lead to positive changes. Such strategies include good
governance and leadership, strong partnership with various stakeholders and
long-term vision guiding the progress (158).

While increased coverage of health interventions is critical for improved
child survival, this coverage needs to be combined with targeted interven-
tions in order to address the gap in survival between different social seg-
ments (64). An increasing body of literature suggests that childhood mortali-
ty is lower in countries, which have made substantial investments in social
protection to socially deprived groups (199). In Rwanda, the reduction of
under-five mortality concurred with improved equity in survival, reflecting
the efforts made to strengthen supportive policies to underserved groups.
Direct or indirect support was provided to individuals or households living in
extreme poverty and other vulnerable groups; community health insurance
was primarily developed to help low-income families to increase their access
to healthcare; community health workers contributed to improved health
services delivery, reducing rural/urban disparities in health coverage; many

62



other initiatives were undertaken to improve key determinants of social in-
equities in health such as education and poverty. Such efforts are needed for
further reduction of social inequities in health at national and subnational
levels and among population groups, especially during the perinatal and
early childhood period.

However, to ensure a sustainable reduction of mortality, special attention
should be given to quality improvement of health services across the contin-
uum of care for mother, newborn and child. Optimizing these services re-
quires that due consideration is given to competence and motivation of the
health workforce as well as availability of infrastructure and equipment
(195). Optimization of care also entails scale-up of evidence-based ap-
proaches such as perinatal audit and Helping Babies Breathe, which have
shown a positive impact on perinatal and neonatal survival (9, 95). The
Helping Babies Breathe programme is currently being scaled up in Rwanda,
which may contribute to a reduced number of intrapartum-related stillbirths
and neonatal deaths (200).

Availability of high-quality health and demographic information is crucial
for guiding policy formation and health interventions in a country, where
Demographic and Health Survey data still are the main sources of health
statistics. Thus, research is needed to assess, for example, the quality of per-
inatal care through a nationwide perinatal audit study, which was beyond the
scope of this thesis. It would also be relevant to analyse contextual factors
that may hamper or foster the implementation of evidence-based knowledge
for better survival. The success in reducing mortality in Rwanda was made
possible through heavy investments, especially in the health sector. Howev-
er, the sustainability of this achievement may be a challenge since the coun-
try is still dependent on external financial support, which may be decreased
or suspended in the future.
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Conclusion

This thesis has shed light on Rwandan trends in under-five mortality and
equity in child survival during the last two decades. It has also revealed bar-
riers to perinatal and neonatal survival as well as shown a positive effect of
Helping Babies Breathe programme on knowledge and practical skills of
health workers in neonatal resuscitation. The trends of mortality in children
younger than five years of age were influenced by major social develop-
ments, which occurred in the country during the recent years. The highest
mortality peak occurred during the 1994 genocide and was followed by an-
other peak in 1997. This second peak occurred when the international emer-
gency aid provided to the country after the genocide was removed. The
health care user fee that was abolished during genocide was also reintro-
duced after the suspension of the international support, which may partly
explain this second peak of mortality. The mortality remained high until late
1990s when broader health and social reforms were scaled up. These reforms
were followed by an impressive decrease in child mortality. However, neo-
natal mortality showed a relatively slow decline as compared to infant and
under-five mortality.

The successful reduction of child mortality concurred with improved eq-
uity in survival between rural and urban areas and household wealth groups,
while children born to women with no formal education still had excess mor-
tality. The improved equity in survival was mainly attributable to increased
health coverage and investments in other sectors with main focus on pro-
poor support. These efforts may also explain the minimal differences in per-
inatal mortality in relation to maternal educational levels and household
wealth groups at hospitals in the capital of Rwanda. However, the risk of
perinatal death was increased for women living in rural areas or for those not
covered by a health insurance.

The most common factors, which contributed to perinatal mortality in-
cluded delays in care-seeking during pregnancy and labour, followed by
inadequate care by healthcare providers. The delays in reaching formal
health institutions were not frequent. Half of the perinatal deaths were con-
sidered potentially avoidable and most of them were fresh stillbirths and
early neonatal deaths, reflecting suboptimal care mainly during intrapartum
period (5). Therefore, educating healthcare personnel in the handling of de-
liveries and neonates at birth seems to be a key strategy for preventing such
deaths. After Helping Babies Breathe training, healthcare workers from three
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urban hospitals in Rwanda significantly improved their knowledge in neona-
tal resuscitation. This knowledge was sustained within at least 3 months
following the training while their practical performance deteriorated over the

same period, suggesting the need of effective re-training strategies for reten-
tion.
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Summary in Kinyarwanda

Nyuma ya genocide yo mu 1994 n'isenyuka ry'urwego rw'ubuvuzi ryayiku-
rikiye, leta y'u Rwanda yatangije amavugurura mu nzego zose z'igihugu
harimo n'urw'ubuvuzi hagamijwe kugabanya umubare w'impfu z'abana
n'ubusumbane mu bantu nkuko bisabwa mu ntego z'ikinyagihumbi. Icyari
kigamijwe muri ubu bushakashatsi twakoze ni ukumenya uko impfu z'abana
batarengeje imyaka itanu zagiye zigabanuka cyangwa se ziyongera uko
imyaka yagiye ihita, ndetse niba hari ubusumbane bwagaragaye muri izo
mpfu hashingiye ku mibereho y'abaturage. Twari tugamije kandi kumenya
inzitizi zibangamira igabanuka ry'impfu z'abana bataravuka n'izabatarengeje
icyumweru bavutse. Indi mpamvu yari iyo gusuzuma niba uburyo bushya
bita Helping Babies Breathe, mu magambo ahinnye HBB, bushobora gufa-
sha kongera ubumenyi n'ubushobozi bw'abaganga, ababyaza n'abaforomo
mu kuzanzamura umwana uvutse ntabashe guhumeka.

Mu bushakashatsi twakoze ku nshuro ya mbere, twifashishije imibare ya-
garagajwe n'ubushakashatsi bwakozwe mu gihugu hose ku birebana
n'ubuzima n'imibereho y'abaturage mu mwaka wa 2000, 2005 na 2010. Muri
ubu bushakashatsi twagaragaje uko impfu z'abana zagiye =zigabanuka
cyangwa ziyongera hagati y'umwaka wa 1990 na 2010, ndetse niba igaba-
nuka ry'umubare w'impfu ryarajyanye n'igabanuka ry'ubusumbane hagati
y'izi mpfu hashingiye ku mibereho y'abaturage. Ubushakashatsi twakoze ku
nshuro ya kabiri, iya gatatu n'iya kane bukaba bwo bwarabereye mu bitaro
bitatu byo mu mujyi wa Kigali. Ku birebana n'ubushakashatsi twakoze ku
nshuro ya kabiri, twagaragaje niba hari ubusumbane hagati y'impfu z'abana
bataravuka n’izabatarengeje icyumweru bavutse bitewe n'imibereho
y'imiryango bakomokamo. Ku nshuro ya gatatu, ubushakashatsi twakoze
bwagaragaje zimwe mu mpamvu zifitanye isano n'impfu z'abana bataravuka
n’izabatarengeje icyumweru bavutse. Ubu bushakashatsi bwagaragaje kandi
umubare w'impfu zishobora kwirindwa mu gihe haba hanogejwe ubuvuzi
buhabwa abagore batwite n'abana batarengeje icyumweru bavutse. Ku
nshuro ya kane, ubushakashatsi bwagaragaje niba HBB ishobora kongera
ubumenyi n'ubushobozi bw'abaganga, ababyaza n'abaforomo mu gufasha
umwana wananiwe guhumeka akimara kuvuka.

Imyanzuro yavuye mu bushakashatsi twakoze igaragaza ko umubare mu-
nini w'impfu z'abana batarengeje imyaka itanu wagaragaye mu gihe cya
genocide yo mu 1994, aho mu bana 1000 bavutse ari bazima 238 muri bo
bitabye Imana. Uyu mubare waje kugabanuka ugera ku mpfu 65 mu bana
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1000 bavutse ari bazima mu mpera za 2010. Uku kugabanuka k'umubare
w'impfu z'abana kukaba kwarakurikiwe n'igabanuka ry'ubusumbane bw'izi
mpfu hagati y'ibyaro n'imijyi, hagati y'ababyeyi bize n'abatarize no hagati
y'abakire n'abakene. Gusa ubushakashatsi bukaba bwaragaragaje ko umubare
munini w'impfu z'abana wari ukiboneka mu babyeyi batigeze biga. Ubusha-
kashatsi kandi bwerekanye ko umubare w'impfu z'abana batarengeje ukwezi
bavutse wagiye ugabanuka buhoro ugereranije n'impfu z'abana batarengeje
umwaka cyangwa imyaka itanu. Ku birebana n'impfu z'abana bapfira mu nda
n’izabatarengeje icyumweru bavutse, umubare munini w'izi mpfu ukaba
waragaragaye mu babyeyi badafite ubwishingizi mu kwivuza cyangwa ba-
turuka mu byaro. Gusa nta busumbane bukabije bwagaragaye mu mibare
y'izi mpfu hagati y'ababyeyi bize n'abatarize cyangwa hagati y'abakire
n'abakene. Imwe mu mpamvu z'ibanze zifitanye isano n'impfu z'abana bata-
ravuka n’izabatarengeje icyumweru bavutse ikaba yari ishingiye ku bumenyi
buke ku birebana n'ibimenyetso mpuruza umugore utwite ashobora kugira.
Iyi ikaba ari nayo yakunze kuba intandaro yo gutinda kujya kwivuza. Indi
mpamvu y'ingenzi ifitanye isano n'izi mpfu ikaba yari ishingiye ku buvuzi
budahagije bwahawe bamwe mu bagore batwite cyane cyane mu gihe ba-
baga bari kunda cyangwa babyara. Byagaragaye kandi ko icya kabiri cy'izi
mpfu zashoboraga kuba zakwirindwa iyo bamwe mu bagore batwite baza
kuba barabonye ubuvuzi bukwiye mu gihe gikwiye. Ubushakashatsi bukaba
bwarerekanye kandi ko nyuma yo guhugura abaganga, ababyaza n'abaforo-
mo ku birebana no gufasha umwana uvutse ntabashe guhumeka hakore-
shejwe HBB, ubumenyi n'ubushobozi bwabo bwiyongereye. Ubu bumenyi
bungutse bukaba butarigeze bugabanuka mu gihe cy'amezi atatu yakurikiye
amahugurwa mu gihe ubushobozi bwabo bwo bwasubiye inyuma.

Muri rusange, ubushakashatsi twakoze bwerekanye ko hakenewe gu-
komeza guteza imbere ubuvuzi no guharanira ko ubuvuzi bukwiye bwagera
kuri bose mu rwego rwo kugabanya umubare w'impfu z'abana, zaba izibera
mu ngo cyangwa mu mavuriro.
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