Maternal and Perinatal Conditions

The Millennium Declaration includes two goals directly rele-
vant to maternal and perinatal conditions: reducing child mor-
tality and improving maternal health. The fact that two out of
the eight Millennium Development Goals (MDGs) are exclu-
sively targeted at mothers and children is testament to the sig-
nificant proportion of the global burden of disease they suffer
and to the huge inequities within and between countries in the
magnitude of their burden. Achieving these goals is inextrica-
bly linked at the biological, intervention, and service delivery
levels (Bale and others 2003).

Maternal and child health services have long been seen as
inseparable partners, although over the past 20 years the rela-
tive emphasis within each, particularly at a policy level, has var-
ied (De Brouwere and Van Lerberghe 2001). The launch of the
Safe Motherhood Initiative in the late 1980s, for example,
brought heightened attention to maternal mortality, whereas
the International Conference on Population and Development
(ICPD) broadened the focus to reproductive health and, more
recently, to reproductive rights (Germain 2000). Those shifts
can be linked with international programmatic responses and
terminology—with the preventive emphasis of, for instance,
prenatal care being lowered as a priority relative to the treat-
ment focus of emergency obstetric care. For the child, inte-
grated management of childhood illnesses has brought
renewed emphasis to maintaining a balance between preventive
and curative care. The particular needs of the newborn, how-
ever, have only started to receive significant attention in the
past three or four years (Foege 2001).

Although health experts agree that the single clinical inter-
ventions needed to avert much of the burden of maternal and
perinatal death and disability are known, they also accept that
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these interventions require a functioning health system to have
an effect at the population scale. Levels of maternal and peri-
natal mortality are thus regarded as sensitive indicators of the
entire health system (Goodburn and Campbell 2001), and they
can therefore be used to monitor progress in health gains more
generally. What is also clear is that maternal mortality and the
neonatal component of child mortality continue to represent
two of the most serious challenges to the attainment of the
MDGs, particularly in South Asia and Sub-Saharan Africa.

An estimated 210 million women become pregnant each
year, and close to 60 million of these pregnancies end with the
death of the mother (=500,000) or the baby or as abortions.
This chapter focuses on the adverse events of pregnancy and
childbirth and on the intervention strategies to eliminate and
ameliorate this burden.

EPIDEMIOLOGY OF MATERNAL
AND PERINATAL CONDITIONS

Much has been written about the lack of reliable data on
maternal and perinatal conditions in developing countries
(AbouZahr 2003; Graham 2002; Save the Children 2001). Weak
routine information systems, inadequate vital registration, and
reliance on periodic household surveys as the main source of
population-based data are all familiar obstacles to improving
public health in poor countries (Godlee and others 2004).
Recognizing the implications of these obstacles for prioritizing
health needs and interventions is important and is now
endorsed by a global movement toward evidence-based deci-
sion making for policy and practice (Evans and Stansfield 2003).
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However, there has been much less appreciation of the conse-
quences for evaluations of effectiveness—and thus cost-
effectiveness—of the weaknesses in current outcomes measure-
mentand in routine data collection. Those weaknesses also affect
the monitoring of progress toward the MDGs. Initiatives for
improved health surveillance are thus urgently needed (CMH
2002). For the vast majority of the world’s population, the mag-
nitude of adverse maternal and perinatal outcomes is not known
reliably. It is impossible to determine whether many of the pat-
terns apparently observed, especially at a cause-specific level,
are real or are artifacts of the measurement process.

Definitions

The terms maternal and perinatal encompass a continuum of
health states—from the most positive (complete physical, men-
tal, and social well-being) to the most negative—and a huge
number of clinical conditions. This chapter focuses on eight
major conditions, hereafter referred to as the focus conditions,
which are estimated to account for about 75 percent of mater-
nal deaths and more than 60 percent of perinatal deaths. For
the mother, these conditions are hemorrhage, sepsis, hyperten-
sive disorders of pregnancy, obstructed labor, and unsafe abor-
tion. For the baby, they are low birthweight, birth asphyxia, and
infection (table 26.1).

We define maternal conditions as encompassing events
occurring from conception to 42 days postpartum (WHO
1992a). The chapters on women’s health, family planning, ado-
lescent health, and surgery address the longer-term sequelae of
pregnancy and childbirth; the preconception period; preg-
nancy at an early age; and specific interventions, such as repair
of obstetric fistulas. Within the period from conception to 42
days postpartum, two broad categories of conditions can be
distinguished: those arising specifically from pregnancy and
parturition (direct obstetric conditions), and those aggravated by
or aggravating to pregnancy (indirect obstetric conditions).
Because the latter conditions, such as malaria, HIV/AIDS, or
anemia, are not exclusive to pregnant or parturient women,
they are not dealt with here but in the relevant disease-specific
chapters.

Regarding perinatal conditions, we focus on those for which
interventions can be directed to the baby through the mother
during pregnancy or delivery. Our discussion is complemented
by the discussion in chapter 27, which concentrates on the
neonate, including special care of the small baby and emer-
gency care of the sick newborn.

Formal definitions of perinatal conditions tend to vary by
data source. Taken literally, they refer to conditions that arise in
the perinatal period (Murray and Lopez 1998), which are not
the same as events that occur in the perinatal period—that is,
from 28 weeks of gestation to the end of the seventh day of life.
For example, death resulting from conditions that arise in the

perinatal period can happen at any age, although it tends to
take place during the neonatal period (up to 28 days of life). By
contrast, perinatal deaths include both stillborn babies and
those who are born alive but die before the end of the seventh
day. Early neonatal deaths only include live births.

Nature and Characteristics

Pregnancy and childbirth are not inherently pathological.
Maintaining an effective balance, however, between preserving
normality and ensuring a state of readiness to deal with abnor-
mality represents a fundamental challenge to health systems
and a tension in safe motherhood programming. Although this
balance between prevention and treatment is not peculiar to
maternal and perinatal conditions (or complications), the fol-
lowing additional characteristics are relevant to assessing the
burden as well as the effectiveness of interventions:

+ The principle of “first, do no harm” has particular signifi-
cance in this area, because many preventive practices related
to pregnancy and childbirth can readily become harmful in
unskilled hands—for example, inappropriately early induc-
tion of labor or poor forceps technique. The iatrogenic bur-
den of maternal and perinatal conditions is rarely factored
into assessments of intervention effectiveness.

+ The lives of two individuals, mother and baby, are poten-
tially at stake (Stoll and Measham 2001); however, interven-
tions will not necessarily benefit both equally, and indeed,
some will be in direct conflict.

+ A large number of maternal and perinatal conditions pre-
sent clinically not as single entities but as complexes, such
as hemorrhage and sepsis or preterm delivery and birth
asphyxia. For the mother, the situation may be further com-
plicated by the role of underlying conditions, such as
HIV/AIDS underlying puerperal sepsis.

+ The most extreme negative outcome, death of both the
mother and the baby, is highly concentrated around the
time of delivery, from the onset of labor or abortion to
48 hours postpartum or postabortion. Estimates indicate
that about two-thirds of maternal deaths occur within this
time window (AbouZahr 1998), and the proportion for
perinatal deaths appears to be even higher (Bale and others
2003). For the mother, however, a growing number of stud-
ies highlight the contribution of direct and indirect causes
of deaths, including violence, when a one-year postpartum
reference period is used (Etard, Kodio, and Traore 1999; Hoj
and others 2003).

+ The initial clinical presentation of some conditions can be
severe, with rapid escalation to a life-threatening state, and
these conditions often require surgical intervention.

+ A distinct clinical feature of some maternal conditions is
their unpredictability (AbouZahr 1998). This fact has had a
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profound effect on the prioritization of interventions in safe
motherhood, and it is an area in urgent need of further
research. The situation is confused by the alternative end-
points, such as death or disability, and by the extent to which
there are clear and predictable risk factors. Table 26.1 sum-
marizes some of these key characteristics as they relate to the
eight focus conditions.

Causes and Conceptual Frameworks

One of the most frequently quoted figures in safe motherhood
is that 88 to 98 percent of maternal deaths are avoidable with
moderate levels of health care (WHO 1986). This advocacy
statement simplifies the multiple pathways leading to death
and, thus, the multiple opportunities for primary and second-
ary prevention. In part, this simplicity is a further reflection of
the grouping together of clinical conditions that in reality are
distinctly different in terms of prevalence, case fatality, and
scope for intervention, such as eclampsia and puerperal sepsis
or congenital anomalies and birth asphyxia. The multiple end-
points and conditions, for both the mother and the fetus or
newborn, have implications for what is regarded as an
antecedent (a cause, a determinant, or a risk factor)! and what
is regarded as a consequence (an outcome or a sequela).

A large number of conceptual frameworks depict path-
ways to adverse maternal and perinatal outcomes (Bale and
others 2003; McCarthy and Maine 1992). Several identify three
levels of contributory factors, which are also found in causal
models for general health outcomes (WHO 2002): (a) distal,
(b) proximal or intermediate, and (c) physiological or direct.
Table 26.1 highlights the risk factors for the focus maternal and
perinatal conditions. The distal determinants emphasize that
maternal and perinatal well-being is not just a medical issue.
Improvements throughout the health sector must be comple-
mented by attention to wider social, economic, and cultural
factors as well as to reproductive rights (CMH 2002). Many
conceptual frameworks also differentiate between the timing of
interventions: before pregnancy, during pregnancy, during
labor and delivery, or during the postpartum period. Similarly,
a further distinction can be made in terms of the timing of the
outcome, although from a programmatic perspective, such a
temporal focus may lead to fragmented care for women and
their babies.

Levels, Trends, and Differentials

The latest regional estimates of maternal mortality are for
2000-1 (table 26.2), with most of the figures for the developing
world produced by modeling (WHO 2004b). More than 99 per-
cent of annual maternal deaths occur in the developing world.
At a national level, the magnitude of the differential in terms of
lifetime risk is almost 500-fold between the highest figure for a

developing country (1 in 6) and the lowest estimate for a devel-
oped country (1 in 29,800) (WHO 2004b). This differential is
often cited as the largest discrepancy between the developing
and developed world of all public health statistics, reflecting
major differences both in obstetric risk, as measured by the
maternal mortality ratio, and in levels of fertility, as reflected in
the total fertility rate.

In terms of medical causes of maternal mortality, even
greater caution is needed regarding the reliability of any pat-
terns observed, because of their dependence on whether the
data are health service based or population based and on cod-
ing conventions. Figure 26.1a shows the percentage distribu-
tion among direct causes at a crude global level. Direct causes
account for about 80 percent of all maternal deaths, with indi-
rect causes responsible for the remainder. Of the direct causes,
hemorrhage is generally regarded as the most common and
may be underestimated, because health facilities are unaware of
many such deaths, given the short interval between onset and
death (see table 26.1). In terms of indirect causes, the pattern
varies enormously between different parts of the world,
primarily according to the prevalence of HIV/AIDS, malaria,
and tuberculosis.

The published data on severe maternal morbidity are
weaker still. A recent World Health Organization (WHO) sys-
tematic review indicates how prevalence figures vary hugely
according to the criteria used to identify cases (Say, Pattinson,
and Gulmezoglu 2004). Using disease-specific criteria, WHO
found that prevalence ranged from 0.80 to 8.23 percent. Using
organ system criteria, WHO found that the range was 0.38 to
1.09 percent. Finally, using management-based criteria, WHO
found that the range was 0.01 to 2.99 percent. Estimates sug-
gest that for every maternal death, at least 16 or 17 other
women suffer a life-threatening complication during preg-
nancy or childbirth (Gay and others 2003) and at least 30
women are left with long-term disabilities, such as an obstet-
ric fistula (UNFPA 2003). These estimates must be regarded as
crude approximations, most originating from small-scale
studies and most in urgent need of updating and verification.
Given the varying case fatality rates shown in table 26.1, the
fact that the distributional pattern for morbidity (fig-
ure 26.1b) does not completely mirror the one for mortality is
not surprising.

As concerns mortality in babies, an estimated 5.7 million
perinatal deaths occur each year, 47 percent as stillbirths and
53 percent in the first week of life (J. Zupan, personal commu-
nication, August 25, 2004). Many of those deaths are linked
directly with complications experienced by the mothers, and
several studies have shown that the survival prospects for a
baby whose mother dies are generally poor—Iless than 1 per-
cent in one study in Bangladesh (Koenig, Fauveau, and
Wojtyniak 1991). In 2004, neonatal deaths represented 36 per-
cent of all deaths of children under five in developing

Maternal and Perinatal Conditions | 505



Table 26.2 Estimates of Maternal Mortality by Region, 20001

Range of uncertainty of

Maternal mortality Number of Estimated Lifetime risk maternal mortality
ratio (maternal maternal deaths number of of maternal ratio estimates Total
deaths per 100,000 as modeled maternal death (1 in Lower Upper fertility
Region live births), 2000 by WHO, 2000 deaths, 2001 number shown) estimate  estimate  rate
Central and Eastern 64 3,400 3,000 770 29 100 16
Europe, Commonwealth
of Independent States,
Baltic states, Europe,
and Central Asia
East Asia and the 110 37,000 37,000 360 44 210 2.0
Pacific
Eastern and 980 123,000 — 15 490 1,500 55
Southern Africa
Latin America and 190 22,000 16,000 160 110 280 2.6
the Caribbean
Middle East and 220 21,000 15,000 100 85 380 37
North Africa
South Asia 560 205,000 199,000 43 370 760 35
Sub-Saharan Africa 940 240,000 237,000 16 400 1,500 5.7
Western and 900 118,000 — 16 310 1,600 59
Central Africa
High-income countries 13 1,300 1,000 4,000 8 17 1.6
Low- and middle- 440 527,000 507,000 61 230 680 3.0
income countries
Low-income countries 890 236,000 — 17 410 1,400 54
World 400 529,000 508,000 74 210 620 2.7

Source: WHQ 2004b, 2004d; UN 2002.
— = not available.
Note: The regions are those used by the United Nations Children’s Fund.

countries, with about 1 million of these 3.94 million neonatal
deaths occurring in the first week of life (Jamison and others
2004). Table 26.3 presents modeled estimates for early neonatal
deaths in 2001. The data on the magnitude and patterns of still-
births remain particularly poor.

Given weak sources of information, the dearth of reliable
trends data is hardly surprising. At a global level, a major diffi-
culty arises from the need to use models to estimate maternal
mortality. As the basic methodology for the models has changed
over time, the data are not appropriate for trend assessment.
AbouZahr and Wardlaw (2001) provide patchy support for
downward trends in some parts of the world, mostly on the
basis of civil registration data and mostly restricted to countries
with maternal mortality ratios of less than 100 per 100,000 live
births—thus notably excluding South Asia and Sub-Saharan
Africa. Even where declines appear to have occurred, they did so
prior to 1990. Countries with sustained falls since then, such as
Argentina and China, cannot be regarded as representative of all
developing countries. Cause-specific trend data are extremely
rare, often gathered through small-scale hospital-based studies

or special inquiries (see, for example, Pattinson 2002). Recent
WHO (2004c¢) statistics on unsafe abortion show an apparent
decrease in incidence in all world regions, although the risk of
death remains high at 50 per 100,000 live births, and in parts of
Sub-Saharan Africa the risk is as high as 140 per 100,000 live
births (Rogo, Bohmer, and Ombaka 1999). These adverse
events, however, are often also the most seriously under-
reported, as elaborated further in chapter 57.

The availability of reliable trends data for perinatal mortali-
ty is even more problematic. A demand for population-based
estimates for newborn mortality is comparatively recent; thus,
there has been insufficient time to accumulate multiple data
points. Demographic and health surveys (DHSs) are a key
source for tracking trends in infant and child mortality. Several
DHSs now have data that can be disaggregated to show neona-
tal deaths, but only a few have information on stillbirths, and
the quality of that information is still being assessed.
Information from WHO suggests that early neonatal death rates
fell slightly, from 28 per 1,000 live births around 1980 to about
25 per 1,000 in 2000, for low- and middle-income countries,
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Note: Nonobstetric (indirect) causes of death and morbidity, such as tuberculosis
and malaria, have been excluded.

Figure 26.1 Medical Causes of Direct Maternal Mortality and
Morbidity (percentage distribution)

Table 26.3 Early Neonatal Deaths by Gender and Cause, 2001
(thousands)

and the equivalent trend for stillbirths is suggested to be a drop
from 36 per 1,000 deliveries to 22 per 1,000 deliveries (J. Zupan,
personal communication, August 25, 2004).

Two types of differentials are particularly relevant: geo-
graphic (or regional) and socioeconomic. Table 26.2 indicates
the wide variation in the magnitude of maternal mortality
across regions, and a similar difference can be seen between
countries. In terms of absolute numbers of deaths, just 13
countries account for 70 percent of the global total (WHO
2004b).? Caution is again needed, because the poorest coun-
tries also have the weakest information systems and, therefore,
have estimates derived solely from modeling. One regression
model (WHO 2004b), for example, uses independent variables,
such as the percentage of deliveries with health professionals
present and the proportion of deaths of women of reproduc-
tive age that are maternal deaths. Those variables are them-
selves subject to error and likely to be least reliable where
information systems are weakest. Geographic differences in
maternal mortality within countries are poorly documented,
although remote populations are often assumed to suffer the
highest levels because of poor access to emergency obstetric
care. Although this assumption seems logical, few reliable data
are available to confirm or refute it, and the possibility of high
levels of mortality in urban areas linked to unsafe abortion
(Thonneau and others 2002) makes the topic of geographic
differentials a priority for research.

Until recently, socioeconomic differentials in mortality have
tended to be inferred from utilization patterns for prenatal care
and health professionals at delivery. The DHSs continue to
provide the main data sources in this regard, for both interna-
tional and national analyses, and they demonstrate huge differ-
ences between wealth quintiles. A relevant recent development,
however, is the familial technique, which can be used to
examine socioeconomic differences in maternal mortality
using existing survey data (Graham and others 2004). Because

World?® South Asia Sub-Saharan Africa®
Cause All Male Female All Male Female All Male Female
Perinatal conditions® 2,522 1,400 1,123 1,086 596 489 573 332 24
Low birthweight® 1,301 710 591 757 406 351 243 14 102
Birth asphyxia 739 432 307 192 122 70 240 139 101
(including birth trauma)
Other perinatal conditions® 482 258 225 137 68 68 90 52 38

Source: WHO 2004d.
a. Excludes the island of Mayotte.

b. Excludes stillbirths, congenital malformations, neonatal tetanus, congenital syphilis, acquired infections (respiratory and sepsis), and diarrhea.

c. Includes preterm deliveries and small for gestational age.

d. Includes all conditions originating in the perinatal period (P00—-P36 codes in perinatal chapter of WHO 1992a), apart from low birthweight and asphyxia.
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Table 26.4 DALYs for Perinatal and Maternal Conditions by Gender, Selected Regions, 2001

(thousands)
World? South Asia Sub-Saharan Africa®
Condition All Male Female All Male Female All Male Female
Maternal 26,789 n.a. 26,789 10,069 n.a. 10,069 9,743 n.a. 9,743
Hemorrhage 3,928 na. 3,928 1,718 n.a. 1,718 1,643 n.a. 1,643
Sepsis 5,348 n.a. 5,348 1,857 n.a. 1,857 1,843 n.a. 1,843
Hypertensive disorders of 1,895 n.a. 1,895 742 n.a. 742 842 n.a. 842
pregnancy
Obstructed labor 2,506 n.a. 2,506 1,185 n.a. 1,185 919 n.a. 919
Unsafe abortion 3,507 n.a. 3,507 1,467 n.a. 1,467 1,557 n.a. 1,557
Perinatal® 90,505 49,384 41,117 37,721 20,442 17,279 20,046 11,351 8,697
Low birthweight* 43,073 23,241 19,832 25,015 13,292 11,723 7,891 4,501 3,391
Birth asphyxia (including 31,972 17,945 14,025 8,283 4,957 3,326 9,256 5,195 4,062
birth trauma)
Other perinatal conditions® 15,460 8,198 7,260 4,423 2,193 2,230 2,899 1,655 1,244

Source: WHQ 2004d.
n.a. = not applicable.
a. Excludes the island of Mayotte.

b. Excludes stillbirths, congenital malformations, neonatal tetanus, congenital syphilis, acquired infections (respiratory and sepsis), and diarrhea.

c. Includes preterm deliveries and small for gestational age.

d. Includes all conditions originating in the perinatal period (P00—-P36 codes in perinatal chapter of WHO 1992a) apart from low birthweight and asphyxia.

maternal health and health care are clearly associated with still-
births and early neonatal deaths, the same differentiating fac-
tors are likely to apply to perinatal outcomes. Indeed, data from
many DHSs show large gaps between rich and poor in relation
to neonatal mortality, with the greatest average disparity being
found in Latin American and the Caribbean (http://www.
worldbank.org/poverty/health/).

Attributable Burden

The estimation of maternal and perinatal conditions as part of
international assessments of the burden of disease has long
been controversial, and much has been written about the prob-
lems and potential distortions of priorities (AbouZahr 1998;
Sadana 2001). Some of those criticisms relate to methods of
valuation based on disability-adjusted life years (DALYs), espe-
cially in relation to discounting and the omission of stillbirths,
and others to the inaccuracies and selectivity of the base data
on the incidence of complications, on case fatalities, and on
disabilities. Table 26.4 presents DALYs for South Asia and Sub-
Saharan Africa for the focus conditions for 2001. Those two
regions together account for 74 percent of the global burden of
maternal conditions and 64 percent of the global burden of
perinatal conditions.

The significance of the burden of maternal and perinatal
conditions is clear from two recent global assessments (CMH
2002; WHO 2002). The approaches the two initiatives adopted
have led to different conclusions about public health priorities.

The former focused on avoidable mortality resulting primarily
from direct obstetric conditions, whereas the latter considered
population risk assessments and highlighted the contribution
of indirect obstetric problems—especially micronutrient
deficiencies—and the role for preventive strategies. Clearly, the
choice between different measures of burden has a crucial
influence both on the strategic approach to achieving health
gains and on the prioritization of interventions.

INTERVENTIONS

Given the scope and nature of the burden of maternal and peri-
natal conditions, no quick fix is available and, thus, no single
intervention warrants exclusive attention. Rather, clusters or
packages of interventions need to be considered, and this
understanding has long been reflected in maternity services
throughout the world (Milne and others 2004). Even though
these clusters can be characterized or differentiated solely on
the basis of content—namely, the component interventions—
in practice, the health system or implementation context is also
a defining factor.

Levels and Types of Interventions

Box 26.1 presents one example of a comprehensive strategy for
safe motherhood. It illustrates the range of programmatic
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Box 26.1

The following are part of a comprehensive safe mother-
hood strategy:

+ community education on safe motherhood and new-
born care
+ evidence-based prenatal care and counseling
— nutritional advice
—iron and folate supplements (multivitamins and
micronutrients)
— iodization of edible oils and salt and vitamin A in
areas of endemic deficiency
— blood pressure screening

Source: Dayaratna and others 2000.

Components of a Comprehensive Safe Motherhood Strategy

— screening and treatment for syphilis
— antiretrovirals, where voluntary counseling and
testing undertaken, and breastfeeding advice
— tetanus toxoid immunization
— treatment of urinary tract infections
+ skilled assistance at delivery
+ care of obstetric complications and emergencies
* postpartum care
+ safe abortion and postabortion services
+ family-planning information and services
+ adolescent reproductive health education and services

issues raised by maternal and perinatal conditions:

+ the scope for both primary and secondary prevention

+ the difference between the individual receiving specific inter-
ventions (here, the mother) and the beneficiary (the baby)

+ the multiple effects of single (component) interventions on
different outcomes

+ the multiple benefits to the same outcome of different
interventions

+ the short- and long-term time frames for interventions and
outcomes

+ the balance between supply-side and demand-side
interventions

+ the role for interventions outside the health sector.

Three main pathways are available for averting adverse out-
comes: preventing pregnancy, preventing complications, and
preventing death or disability from complications. The first
pathway is the only truly primary preventive strategy. It
requires intervention to avert the occurrence or mistiming of
pregnancy by means of effective family-planning methods, as
discussed in chapter 57. This preventive approach is relevant
for those women who are able to and wish to avoid or delay
pregnancy, but it has a limited role for those not in this posi-
tion, estimated at between 15 and 57 percent of women age 15
to 29 (WHO 2002). As concerns the primary prevention of
complications, comparatively limited reliable evidence is avail-
able on the true size of the avoidable fraction for many condi-
tions at a population level. The emphasis in this preventive
pathway is on maintaining normality and on managing mild
complications—and thus on good quality of care. Finally,

maternal death and disability may be avoided by effective,
timely, and appropriate clinical interventions, often referred to
as emergency obstetric care.

Given this complexity and the multiple approaches used to
address maternal and perinatal conditions, no perfect frame-
work for categorizing interventions exists. We, therefore, clus-
ter the alternative intervention pathways on the basis of the
following three parameters:

+ level of care—home, primary, and secondary

+ time period—pregnancy, labor and delivery,
postpartum

+ strategic approach—population-based versus personal
interventions.

and

Quality of Evidence

Pregnancy and childbirth have been the subjects of medical
investigation for centuries and, indeed, are among the oldest
clinical specialties. As a consequence, a substantial body of opin-
ion exists on the signs, symptoms, etiology, prognosis, natural
history, and management and treatment options for many
maternal and perinatal complications, particularly in developed
countries. Much of it can be regarded as conventional wisdom
acquired through practice. In contrast, a comparatively small
proportion of interventions can be regarded as based on evi-
dence, by contemporary scientific standards, and arrived at
through the conduct of robust research. Thus, in specification of
the content of intervention clusters, a built-in tension exists
between using the best available knowledge and using only evi-
dence that passes minimum quality criteria. Equally important
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is recognizing the fundamental distinction between knowing
what is effective at an individual case-management level, for
which an evidence base exists for maternal and perinatal condi-
tions, and demonstrating effectiveness at the aggregate levels of
composite strategies and entire countries or regions, for which
robust evidence is extremely limited (Graham 2002).

Population-Based Interventions

The primary aim of population-based interventions is to
reduce the risks leading to adverse outcomes at the population
level rather than at the individual level (WHO 2002).
Population-based interventions are essentially preventive and
seek to promote healthy behaviors, thereby reducing incidence
in the entire population. In the case of maternal and perinatal
conditions, such an approach could be adopted for two major
risk factors: lack of contraception and maternal undernutri-
tion. The grade of evidence for these population-based inter-
ventions is primarily level C for the former, but a mixture of A
and B for the latter.’

Fertility Behavior Change. Fertility behavior is ultimately the
primary exposure factor for both maternal and perinatal con-
ditions. Investigators have shown that the frequency (number
and spacing), the timing with regard to age, and the desirabil-
ity of pregnancy are associated with increased risks, although
some dispute remains about the effect of birth intervals.
Researchers have also investigated the influence of those factors
on perinatal conditions, finding clear associations with old or
young maternal age, short interpregnancy intervals, and high
or first birth order, with many of those variables also being
interrelated (Bale and others 2003).

Lack of effective use of contraception may result in
unwanted or mistimed pregnancies. Unintended pregnancies
are known to be associated with adverse maternal outcomes,
including unsafe abortion. Contraceptive behavior is clearly
determined by a host of socioeconomic, cultural, religious, and
medical factors (Hussain, Fikree, and Berendes 2000; Marston
and Cleland 2003; Mwageni, Ankomah, and Powell 2001),
which also have a bearing on intervention options. Most of the
options on the demand side focus on information, education,
and communication; those on the supply side focus on client-
friendly services. At a macro level, those intervention options
have been credited with the substantial increase in contracep-
tive use in developing countries over the past 40 years, which,
in turn, is seen as a contributor to the overall fall in the total
fertility rate from 6 to 3 (Cleland and Ali 2004). Nevertheless, a
significant unmet need for contraception persists in many
developing countries, with high levels of unsafe abortion as a
proxy indicator of that need.

As regards evidence of the effectiveness of family planning
in explicitly reducing maternal mortality or disability, no

primary sources are available, but there are a variety of mod-
eled estimates, such as Prata and others (2004), Walsh and oth-
ers (1993), and Winikoff and Sullivan (1987). Model estimates
vary enormously in terms of the size of the effect, depending
primarily on assumptions about the proportion of maternal
deaths caused by unsafe abortion. Investigators estimate the
potential gain from the avoidance of unintended or mistimed
pregnancies to be a 20 percent decrease in maternal deaths in
developing countries (Donnay 2000; Kurjak and Bekavac 2001;
UNICEF 1999).

Nutritional Interventions. Maternal undernutrition encom-
passes two main dimensions: underweight and micronutrient
deficiencies (principally iron and vitamin A). Unlike many of
the direct maternal complications, which are acute at onset and
of relatively short duration, these nutritional problems are
chronic and long term and, indeed, are intergenerational
(Tomkins 2001). The physiological mechanisms by which
undernutrition exerts an influence on outcomes in the mother
and baby are not entirely understood, but a large body of epi-
demiological evidence supports associations with, for example,
fetal growth or length of pregnancy (Villar and others 2002).
Those findings have originated mostly from populations with
either severe levels of undernutrition or significant cofactors,
such as malaria and other infections.

Considerable uncertainty surrounds the issue of timing
potential interventions, with conflicting opinions about mak-
ing targeted interventions during pregnancy; addressing
undernutrition among girl children or adolescents, and apply-
ing strategies for women of reproductive age, including peri-
conceptual women (Gay and others 2003; Rush 2000). Further
debate relates to the use of supplements versus food fortifica-
tion. A systematic review by Villar and others (2002) of ran-
domized controlled trials to prevent or treat adverse maternal
outcomes and preterm delivery concludes that limited evidence
supports large-scale interventions with multivitamins, miner-
als, or protein-energy supplementation, but that iron and folic
acid are effective against anemia. Rouse (2003) emphasizes the
potential cost-effectiveness of vitamin A or beta-carotene sup-
plementation in reducing maternal mortality if the findings of
West and others (1999) from Nepal are replicable elsewhere.

Personal Interventions

When we consider interventions directed at individuals rather
than whole populations, the need for a continuum of care for
mother and baby in terms of time (before and after delivery),
place (linking home and health services through an effective
referral chain), and person (the provider of care) is important.
A variety of conceptual frameworks emphasize this continuum
and the dangers of fragmentation. Care to prevent or treat
the vast majority of maternal and perinatal conditions can be
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provided at home, at the primary level (clinic or health center),
and at the secondary level (district hospital),* with the district
or equivalent regarded as the essential planning unit for service
delivery (WHO 1994). This system is comparable to the
“close-to-client” health system that the Commission on
Macroeconomics and Health (CMH 2002) has proposed,
whereby trained staff members other than doctors provide
much of the care, with an emphasis on primary prevention and
management of acute conditions.

Home-Based Care. Two topical interventions that fall into the
category of home-based care are (a) information, education,
and communication and birth preparedness and (b) male
involvement (for home-based newborn care, see chapter 27).
Evidence in this cluster of interventions falls predominantly
into the level C category.

Birth Preparedness Many descriptive studies indicate that
women, relatives, and other members of the community
frequently do not recognize danger signs in pregnancy, child-
birth, or the puerperium, and that lack of recognition can have
serious consequences for mother and baby (Gay and others
2003). Health education interventions at prenatal clinics
appear to be less successful at raising awareness and increasing
the use of emergency obstetric care than the use of pictorial
cards (Khanum and others 2000) or community education
(Bailey, Szaszdi, and Schieber 1995).

Birth preparedness includes planning for the place and the
attendant at delivery, as well as arranging for rapid transfer to a
health center or hospital, when needed, and sometimes identi-
fying a compatible blood donor in the case of hemorrhage
(Portela and Santarelli 2003). Initiatives to promote birth pre-
paredness can clearly be home or community based, but stud-
ies have emphasized the importance of linkages with prenatal
care so as to include appropriate recommendations for intra-
partum care (Shehu, Ikeh, and Kuna 1997). In circumstances in
which prenatal services are of poor quality or are underused,
traditional birth attendants or relatives are often the only
source of information; thus, initiatives need to reach those
individuals too.

Male Involvement Many studies have observed positive bene-
fits from the involvement of male partners in care-seeking
behavior related to pregnancy and delivery (Gay and others
2003). That involvement is now advocated as an essential
element of WHO’s Making Pregnancy Safer Initiative (WHO
2003). Models and mechanisms for achieving this involvement
have not been robustly evaluated, and considerable controversy
concerns those that are based on behavioral and social
cognitive theories that presume lack of knowledge as the
root problem (Portela and Santarelli 2003; Raju and Leonard
2000).

Primary-Level Care. Primary-level care is widely regarded as
the crucial entry point to maternity services—and also to care
before and after pregnancy. The focus here is essentially pre-
ventive, but with the capacity to detect problems, to manage
mild complications appropriately, and to stabilize and then
refer cases that require higher-level care. Although the name
used for primary care facilities varies from country to country,
we employ the commonly used term health center. In terms of
functionality in relation to maternal and perinatal care, the
health center should provide prenatal, delivery (including
management of complicated abortion), and postpartum care
(including family planning and postabortion counseling), as
well as care of the newborn.

The management of complicated cases is usually discussed
at two levels: basic emergency obstetric care (BEmOC) and
comprehensive emergency obstetric care (CEmOC), the dis-
tinction being made on the basis of the number of signal or
essential clinical functions performed.” This distinction forms
the basis of a set of process indicators that the United Nations
(UN) has endorsed for program monitoring (UNFPA 2003).
The capacity of health centers to provide BEmOC depends on
the availability of supplies, drugs, infrastructure, and skilled
providers. Some of the signal functions may not always be per-
formed by midwives or nurses, sometimes because of the regu-
lation of roles by the government or professional bodies. For
this reason, a further distinction can be made between full
BEmOC, which comprises six functions, some of which may
require a doctor, and obstetric first aid, which includes two sig-
nal functions universally performed by midwives and nurses:
the administration of antibiotics or oxytocics, intravenously or
intramuscularly.

Routine Prenatal Care The literature available on routine pre-
natal care is extensive, and there is a long history of assessing the
component interventions (Hall, MacIntyre, and Porter 1985;
Rooney 1992). In safe motherhood programs, prenatal care
provides one of the rare examples of robust assessment of an
intervention package (Villar and others 2001). As Bale and oth-
ers (2003) note, even though many of the component clinical
interventions are effective in terms of perinatal outcomes
(Bergsjo and Villar 1997), reliable evidence of an effect on
maternal mortality in developing countries is not available
(McDonagh 1996). However, where early detection is followed
by appropriate treatment, prenatal care does seem to reduce
adverse outcomes from specific maternal conditions, including
hypertensive disorders of pregnancy, urinary tract infections,
and breech presentations (Carroli, Rooney, and Villar 2001;
Villar and Bergsjo 1997). Conversely, the limited effectiveness of
prenatal risk screening at a population level is now widely
acknowledged (Graham 1998). The poor predictive value of
many screening tools for maternal complications reinforces the
importance of access to emergency obstetric care for all women

Maternal and Perinatal Conditions | 511



who develop a need for it and underlies calls for skilled atten-
dance at all deliveries. Many health experts, however, do accept
screening and treatment for syphilis and immunization with
tetanus toxoid as important prenatal interventions (Bale and
others 2003). Similarly, the prevention and treatment of anemia
and of malaria, with prophylaxis or bednets, are widely regarded
as essential elements of routine prenatal care. Nutritional sup-
plementation, however, remains more controversial.

Prenatal care has been assessed not only in terms of content,
but also in relation to alternative models of the number and
timing of visits (Munjanja, Lindmark, and Nystrom 1996).
Strong evidence exists on the cost-effectiveness of a targeted,
four-visit schedule (Villar and others 2001) that includes an
educational element on the recognition of danger signs and the
use of skilled attendance at delivery.

The principal sources of international data on levels, trends,
and differentials in prenatal care coverage are the DHSs. The
latest statistics show comparatively high coverage levels
when measured in terms of one or more visits—levels average
71 percent for Sub-Saharan Africa—but comparatively little
improvement between 1990 and 2000. Within countries, wide
socioeconomic differentials in uptake are apparent.

Delivery Care As indicated earlier, the risks of adverse out-
comes in mother and baby are usually highest during the intra-
partum period. Even though health experts have long appreci-
ated this fact, prioritization of this element of safe motherhood
is comparatively recent. Much has been written both on this
shift in emphasis and on the underlying rationale, as well as
on what skilled attendance at delivery should comprise (De
Brouwere and Van Lerberghe 2001). Investigators have sug-
gested a variety of conceptual models for defining content, with
varying degrees of emphasis on the attendant and on the
enabling environment (Bell and others 2003). All these models
recognize that skilled attendance encompasses both normal
and complicated deliveries, with the focus on the former and
on the management of mild complications at the primary level,
as is consistent with BEmOC, and with referral to CEmOC at
the secondary level when necessary.

Key unresolved issues at the primary level relate to the
skills and scope of work of the attendant, especially in relation
to being a multipurpose health worker, and to the potential
role of nonprofessionals, such as auxiliaries and trained
traditional birth attendants (Buttiens, Marchal, and De
Brouwere 2004). Work by Koblinsky and Campbell (2003) has
helped to inform this debate by proposing four basic models
of delivery care that vary according to configurations of place
of delivery and attendant. Evidence on the effectiveness of the
alternative models at a population level is lacking, and sup-
port for skilled attendance at delivery is, thus, based primari-
ly on historical and contemporary ecological analysis (De
Brouwere and Van Lerberghe 2001). Conversely, high-grade

evidence supports a number of clinical interventions, such as
active management of the third stage of labor, as well as essen-
tial newborn care.

Once again, the principal sources of data on levels and
trends in coverage of skilled attendants at delivery are the
DHSs. The data, however, are based on women’s self-reports of
who attended their deliveries, include only live births, and have
major definitional uncertainties. Some countries, for example,
use terms such as supervised deliveries and include as attendants
both auxiliaries and trained traditional birth attendants (see
Bell, Curtis, and Alayon 2003 for a critique of these data). A
global analysis of trends in deliveries by skilled attendants
showed wide variations in progress across different regions,
with the latest figures for Sub-Saharan Africa, Asia, and Latin
America and the Caribbean for 1990-2003 being 48, 59, and
82 percent, respectively (AbouZahr and Wardlaw 2001;
WHO 2004a). The proportion of deliveries with health profes-
sionals present (doctors, midwives, nurses) is one of the proxy
indicators for the MDG on maternal health (Graham and
Hussein 2004). It demonstrates not only major differentials
between countries, but also wide variation in uptake across
socioeconomic groups within countries (De Brouwere and Van
Lerberghe 2001). Although skilled attendants do not necessar-
ily operate only in fixed health facilities such as health centers,
the DHS data show low levels of professional attendance in the
community. Promoting skilled attendance is thus essentially
advocating for institutionalizing deliveries.

Postpartum Care Primary care services continue to neglect
the postpartum period despite significant morbidity among
mothers and babies during this time. Routine performance of
postnatal checks is not widespread, and most contacts with
services after delivery tend to focus on educational messages
on, for example, danger signs, breastfeeding, nutrition, and
lifestyle.

Postabortion Care One significant area of service delivery that
does not fit well with descriptive frameworks based on prena-
tal, intrapartum, and postpartum care is the management of
complicated abortions. Unsafe abortion accounts for a signifi-
cant proportion of the burden of maternal conditions, but it is
still treated as the poor relation in the debate on intervention
strategies (De Brouwere and Van Lerberghe 2001). In particu-
lar, with the prioritization in recent years of skilled attendance
at delivery, both the service base for and the provider of
postabortion care have become less well defined (Dayaratna
and others 2000). This crucial element of obstetric care falls
into BEmOC in the case of mild complications and CEmOC
for more serious cases, but whether it is regarded as part of
prenatal, delivery, or postnatal services appears to vary from
setting to setting. Moreover, postabortion care illustrates the
dangers of the fragmentation of broader reproductive health
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care, because primary prevention and counseling after treat-
ment for complications tend to fall within the remit of family-
planning services, whereas emergency care at the primary level
is usually provided as part of maternity services and at the sec-
ondary level may fall within obstetrics or gynecology services.

Secondary-Level Care. Secondary-level care is hospital-based
care, generally at the district level, including CEmOC. As a cen-
ter for referral, this level of care needs to be linked to the pri-
mary level through an effective chain of communications
(Murray and others 2001). The focus at the district hospital is
on secondary prevention, with the ability to manage the prin-
cipal maternal and perinatal conditions discussed earlier; thus,
district hospitals must be able to provide surgical interventions
and the requisite backup, such as blood banks (Kusiako,
Ronsmans, and Van der Paul 2000). In many countries,
however, the district hospital is also the local provider of pre-
ventive services, including prenatal and normal delivery care; as
such, it is responsible for attending to a wide mix of uncompli-
cated and complicated cases.

Although no high-grade evidence of the effectiveness of
CEmOC is available, many health experts agree that maternal
mortality cannot be significantly reduced in the absence of
such care (Bale and others 2003). The issue thus becomes one
of the cost-effectiveness of other strategies, given the presence
of CEmOC. The UN agencies have endorsed the threshold of
one CEmOC facility per 500,000 people. Data indicating the
attainment of this ratio—and, indeed, the percentage of met
need for CEmOC—are not widely available. Similarly, reliable
information on geographic or socioeconomic differentials in
access to CEmOC is extremely limited.

Policy Considerations and Approaches

The health of mothers and babies is a human right and needs
to be underpinned by policies and laws that increase access to
information and good-quality, affordable health services
(Germain 2000). A positive policy environment is crucial for
promoting maternal health and reducing the burden of mater-
nal and perinatal conditions. Such policy considerations need
to go beyond the health sector to include related issues, such as
transportation, nutrition, girls’ access to education, and gender
biases in the control of economic resources. Through a human
rights—based approach, programs can be fashioned to ensure
that every woman has the right to make informed decisions
about her own health and has access to quality services before,
during, and after childbirth (Freedman 2001).

The ICPD marked a dramatic shift not only by putting the
concepts of rights and choice center stage, but also by intro-
ducing the reproductive health paradigm. The first decade of
the ICPD plan of action was marked by major improvements
in policies related to maternal health in most of the 179

signatory countries. However, as observed at the ICPD + 10
Conference, many promised changes remain at the level of pol-
icy pronouncement and have not yet been implemented. The
stagnation is most notable in relation to maternal mortality
and the HIV pandemic, especially in Sub-Saharan Africa. The
failure to fully implement the ICPD consensus can be attrib-
uted to lack of political will, inadequate funding for programs
to further reproductive health, and weak health systems. It is
too early to judge the effect of the MDG proclamation
(Johansson and Stewart 2002), although it could well suffer the
same fate unless special attention is given to maternal and child
health in the context of sectorwide approaches and Poverty
Reduction Strategy Papers (UNFPA 2003). Some suspect that
both these modalities may not give reproductive health the
focus and attention it requires, because competing needs may
crowd it out. Others argue, however, that sectorwide approaches
can be a boon for maternal health because they offer a more
effective platform for addressing ailing health systems
(Goodburn and Campbell 2001).

Whether at the national or international level, advocacy for
maternal and perinatal health should focus on the following
seven key message areas:

+ magnitude of the problem

+ factors influencing maternal and perinatal outcomes

+ functions of maternal health programs and which interven-
tions work

+ consequences of not addressing maternal and perinatal
health

+ costs of improving maternal and perinatal health

+ responsibilities at each level of the health system and beyond

+ policy and legal impediments to implementing comprehen-
sive safe motherhood and newborn health programs.

Major advocacy networks, such as the Partnership for Safe
Motherhood and Newborn Health, the White Ribbon Alliance,
and the Healthy Newborn Partnership, seek to promote mater-
nal and newborn health at the global level. Their purpose is to
create awareness by changing the language of discourse, build-
ing international political commitment, developing global
guidelines, and improving access to technical information for
providers and program managers.

COST-EFFECTIVENESS OF SELECTED
INTERVENTION PACKAGES

Cost-effectiveness analysis (CEA) faces several major chal-
lenges with respect to evaluating the prevention and treatment
of maternal and perinatal conditions. First is the sheer range of
conditions and potential interventions. The breadth of the
clinical area implies the need to make tough choices with
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respect to which packages of interventions to compare. A sec-
ond and related challenge is the lack both of reliable data on the
burden of conditions and of high-grade evidence on the effec-
tiveness and costs of packages. As a result, we can assess only
the relative cost-effectiveness of different packages of interven-
tions by means of modeling. Thus, the third set of challenges
is associated with modeling, which makes the analysis vulner-
able to all the usual criticisms of the modeling of cost-
effectiveness—in particular, uncertainty about the direction of
any bias introduced and the difficulty of establishing the valid-
ity of the model (Sheldon 1996). Finally, there are the related
issues of the appropriateness to maternal and perinatal condi-
tions of standard outcome measures used in the model—in
particular, DALYs, which exclude stillbirths and indirect mater-
nal conditions (AbouZahr 1999; De Brouwere and Van
Lerberghe 2001).

Selected Intervention Packages

For some of the reasons mentioned in the previous subsection,
researchers have made few attempts to model packages of inter-
ventions for maternal and perinatal conditions, and many of
those attempts do not specify content in sufficient detail to
replicate the package. Our approach is to define content by
beginning with a literature search of best practices in prevent-
ing and managing the focus maternal and perinatal conditions,
acknowledging that, by excluding conditions that impose a
lesser burden, we ignore interventions that might be highly
effective and cost-effective. We then grouped those interven-
tions that are considered effective and that are either being or
likely to be implemented on a substantial scale into packages of
care, bearing in mind previous CEA work, such as the WHO
mother-baby package (WHO 1994). Expert panels then
reviewed the component interventions and the packages and
assisted with identifying resource requirements. Given the
complementary CEA elsewhere in this volume on interventions
relevant to maternal and perinatal conditions such as family
planning, we focus on care during pregnancy, postpregnancy
care, and care immediately postdelivery—in other words, on
clusters or packages of interventions typically referred to as pre-
natal care, delivery or intrapartum care, and emergency obstetric
care. Table 26.5 outlines the content of those packages.

When one considers the intervention packages, contextual
factors are clearly crucial. Given the particularly high burden in
South Asia and Sub-Saharan Africa, we chose those two regions
as the specific health system scenarios for this chapter. Those
regions are also characterized by high levels of poverty and
encompass some of the most heavily indebted countries in the
world.

Comparison of Alternative Intervention Package Scenarios.
Following the approach of generalized CEA (Hutubessy and

others 2003), we evaluated intervention packages with respect
to a counterfactual (base scenario), varying the content and
coverage. We also performed sensitivity analyses to examine the
effects of changing the values of key variables for costs, effec-
tiveness, or both. Each intervention package scenario specifies
different dimensions of prenatal and intrapartum care provid-
ed at primary and secondary care facilities. As regards the
assumed pathways through which women with normal or
complicated pregnancies may or may not access care, the cru-
cial entry point in our model is prenatal care. That choice influ-
ences the detection and treatment of mild and severe compli-
cations during the antepartum period at both the primary and
the secondary levels, as well as the proportion of women deliv-
ering with a health professional present and with improved
access to emergency care for intrapartum or abortion-related
complications. In our CEA model, these effects are achieved
primarily through two types of interventions:

+ improvements in the quality of care, incorporating the tech-
nical content or the proportion of women in receipt of the
care needed (that is, met need)

* increases in the coverage of care—namely, the proportion of
women accessing care.

Routine prenatal care can be characterized in terms of
whether it is a basic or an enhanced package—in other words,
its technical content (table 26.5)—and by the percentage of
women accessing the package—in other words, its coverage.
Delivery at a primary-level health center is viewed as having a
single quality dimension in terms of content—namely, whether
BEmOC is available for women who develop mild complica-
tions, including complicated abortion (table 26.5). BEmOC is
assumed to require the presence of a doctor at the health cen-
ter; otherwise, only obstetric first aid is presumed to be avail-
able, covering just the two signal functions described earlier.

A percentage of women with severe complications who
access primary care will go on to secondary care. This percent-
age is assumed to be 20 or 50 percent of complicated cases
attending primary care. Our model makes no provision for
women who access secondary care directly in the event of a
serious complication, although it does allow for those who
were attending the hospital as their local provider of primary
care. Of those women who access the secondary care facility
from the primary level, a proportion will receive the CEmOC
that they need (assumed to vary between 50 and 90 percent of
complicated cases that reach secondary care). This figure
reflects such issues as staff skills and motivation and the avail-
ability of drugs and equipment. For the other quality-of-care
element—namely, the technical content of CEmOC—we
consider two levels: with (enhanced package) and without
(base package) selected interventions for high-risk babies
(table 26.5).
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Table 26.5 Care Packages at the Primary and Secondary Levels

Level of care Base Enhanced
and condition Content package package
Routine prenatal care Clinical examination, including for severe anemia, height and weight, blood pressure v v

at the primary level” Obstetric examination for gestational age estimation and uterine height, fetal heart, detection v v

of malpresentation and position, and referral
Gynecological examination

<
<

Urine test (multiple dipstick)

<.
<

Laboratory tests: hemoglobin, blood type and rhesus status, syphilis and other symptomatic
testing for sexually transmitted diseases

Advice on emergencies, delivery, lactation, and contraception

Education about clean delivery, warning signs, and premature rupture of membranes
Iron and folic acid supplementation

Multivitamin supplementation —
Tetanus toxoid immunization

< <

<

HIV voluntary testing and counseling —
Antimalarial chemoprophylaxis in endemic areas —
Screening and treatment for syphilis 4
Balanced protein-energy supplementation for all women —

Delivery care at the Clean delivery technique, clean cord cutting, clean delivery of baby and placenta
8 b
primary level Active management of the third stage of labor, including oxytocics
Episiotomy in appropriate cases

Recognition and first-line management of delivery complications (for example, obstructed labor,
early detection of cephalopelvic disproportion, malposition and malpresentation, previous
cesarean delivery, postpartum hemorrhage, and preeclampsia or eclampsia) and referral

LSRR

L <

Intravenous fluid

Intravenous uteratonics, if bleeding occurs
Partograph

Essential newborn care

L <L

Intravenous antibiotics
Magnesium sulfate —
Forceps or vacuum extraction
Manual removal of placenta —
Removal of retained products of conception —
Corticosteroids for preterm labor —

Antiretrovirals for prevention of mother-to-child transmission of HIV —

LR

Antibiotics for premature rupture of membranes =

CEmOC package at the secondary level®

Postpartum hemorrhage Recognition of high-risk cases and arrangements for delivery in a facility
Grouping of blood
Iron and folate supplementation
Blood transfusion
Uteratonic drugs, oxytocics
Bimanual compression of uterus
Manual removal of placenta
Uterine packing or balloon tamponade
Fluid replacement
Hysterectomy
Removal of products of conception

Secondary postpartum hemorrhage management (antibiotics, uterotonics, removal of products
of conception, and fluid and blood replacement)

L
Ll

(Continues on the following page.)
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Table 26.5 Continued

Level of care Base Enhanced
and condition Content package package
Antepartum hemorrhage Early detection of major placenta previa and abruption v v
Grouping and saving blood 4 v
Iron and folate supplementation 4 v
Cesarean section for major-degree placenta previa, abruption with a live baby v v
Blood and fluid replacement 4 v
Oxytocics 4 v
Sepsis Antibiotics for premature rupture of membranes, cesarean section 4 4
Fluid and blood transfusion v v
Intravenous antibiotics v 4
Evacuation of products of conception 4 4
Drainage of abscess v v
Treatment of shock with fluids or blood, nitroglycerine v v
Pregnancy-induced Early detection and management of preeclampsia v v
hypertension Calcium supplementation in high-risk cases v v
Aspirin to prevent pregclampsia v v
Antioxidants to prevent preeclampsia v v
Intravenous magnesium sulfate 4 v
Antihypertensive drugs to reduce blood pressure v v
Immediate delivery if more than 36 weeks 4 4
Magnesium sulfate and antihypertensives for postpartum eclampsia 4 4
Obstructed labor Partograph v v
Cesarean section 4 v
Symphysiotomy v v
Destructive operation v v
Antibiotics 4 v
Fluid and blood transfusion v v
Hysterectomy v v
Abortion Evacuation of retained products of conception v v
Intravenous antibiotics v v
Fluid or blood transfusion v v
Postabortion contraceptive advice v v
Ectopic pregnancy Proof puncture (culdocentesis) — —
Laparotomy and salpingectomy — —
Blood transfusion (autotransfusion) v v
High-risk infant Forceps or vacuum extraction v 4
Corticosteroids for preterm labor — v
Antiretrovirals for prevention of mother-to-child transmission of HIV — v
Antibiotics for premature rupture of membranes — 4

Source: Authors.

— = not available.

a. The base package includes the four-visit schedule recommended by WHO (Villar and others 2001).

b. The base package includes the provision of obstetric first aid (intravenous or intramuscular antibiotics and oxytocics). The enhanced package includes the availability of a doctor, and thus the full range
of BEmOC (UNFPA 2003). In some settings, experienced midwives or clinical officers may perform all six BEmOC functions.

c. At the hospital level, prenatal or delivery care will also be provided for normal, uncomplicated cases and, thus, also includes all care listed in the first two panels of the table.

d. Forceps or vacuum delivery can also be used for several other conditions, such as prolonged labor (not obstructed), fetal distress, preterm birth, aftercoming head of breech, and preeclampsia to speed
up delivery.
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The base case for our CEA model assumes the following:

+ basic technical content for the prenatal care package

+ prenatal care coverage for 50 percent of pregnancies

+ only obstetric first aid (two signal functions) available in
health centers

+ 20 percent of women with severe complications accessing
secondary care

50 percent of those severe cases receiving the CEmOC that
they need.

The different assumptions regarding quality of care and
coverage can be combined in many different ways, yielding a
large number of potential packages and a larger number of
potential comparisons between those and the base package.
However, not all possible scenarios are meaningful. For exam-
ple, because the base prenatal care package does not screen for
HIV, matching that package with enhanced delivery care that
provides antiretrovirals to reduce vertical transmission would
be inappropriate. We identified six packages for comparison
with the base case, representing a range of safe motherhood
strategies and focusing on prenatal and delivery care. Table 26.6
summarizes these alternatives and indicates their essential
characteristics from a safe motherhood perspective.

Resource Use and Costs

We adopted an ingredients approach (Creese and Parker 1994)
to identify resource use. For this type of bottom-up costing, we
prepared lists for primary- and secondary-level care facilities of
types of personnel, drugs, supplies (medical and nonmedical),
medical and surgical equipment relevant for the interventions,
and capital items (vehicles, buildings, building space). For most
of the scenarios, our identification of resources was based on
the WHO mother-baby package costing tool (WHO 1999), with
necessary modifications because of the content of care packages
indicated in table 26.5. We estimated the costs for clinical per-
sonnel on the basis of salaries for different grades according to
the guidelines provided by the volume editors for the two
selected regions. The time required by different staff members
for each care intervention and the changes in time and person-
nel because of varying content and coverage of packages were
informed by expert panel reviews, and we then calculated the
costs. We valued the other nontraded inputs using information
primarily provided by WHO-CHOICE (2004).

Cost-Effectiveness Ratios

The CEA involves a number of fixed and variable assumptions
(see annex 26.A). The most important assumptions concern
the reducible burden of these conditions, the effectiveness of
the interventions, and the availability of appropriate human

resources. We have assumed that increases in care can be
achieved without major capital investments and that human
resources are not in short supply; therefore, more could be used
(with given wage rates) as required for increased activity and
enhanced coverage.

Table 26.7 summarizes the findings of the CEA in terms of
incremental cost-effectiveness ratios (ICERs) for the six pri-
mary comparisons between the base scenario and alternative
intervention packages for a population of 1 million. Table 26.8
gives details of total costs, deaths averted, life years saved, and
DALYs averted. Table 26.9 shows the findings of the sensitivity
analysis in terms of how the ICERs change when different
assumptions (see annex 26.A) are made with respect to effec-
tiveness, met need, and inpatient costs.

In interpreting the results, note that they are point esti-
mates. Even though they are based on the best information
currently available, all the inputs into the model are subject to
some degree of uncertainty. Without access to robust data on
individual costs and effects or without specifying distributions
for each variable, it is impossible to identify confidence limits
for the estimated ICERs. Thus, we do not know, for example,
whether the difference in the incremental cost per DALY
averted for Sub-Saharan Africa between increased coverage at
the primary level (US$92) and improved quality of CEmOC
(US$151) reflects a genuine difference in cost-effectiveness
or whether there are overlapping confidence intervals
(table 26.7).

With those important caveats in mind, at first sight the
results for South Asia and Sub-Saharan Africa appear quite dif-
ferent. For each intervention package, regardless of the specific
assumptions made, the cost per DALY averted is always lower
in Sub-Saharan Africa. The higher costs of care in Sub-Saharan
Africa (see annex 26.A) are thus more than compensated for by
the higher effectiveness, which is a result of the region’s greater
burden. However, some important similarities are apparent
between South Asia and Sub-Saharan Africa. Leaving aside
options 3b and 5b (the options without nutritional supple-
ments), the results for both regions show a consistent pattern.
Improvements in the overall quality of care, especially at the
primary level through the provision of BEmOC (option 3a),
together with increased overall coverage (option 5a), are the
most cost-effective intervention packages—and both include
nutritional supplements. They are followed by increased cover-
age at the primary level (option 2). Improved quality of
CEmOC (option 4) is the least cost-effective option. Removing
nutritional supplements from the packages makes relatively lit-
tle difference in Sub-Saharan Africa, slightly increasing cost-
effectiveness, but in South Asia, options 3b and 5b become less
cost-effective with the nutritional supplements removed. The
explanation lies in the ICERs of nutritional supplements as
such, which are US$48 or US$45 in South Asia and US$118 or
US$110 in Sub-Saharan Africa, depending on whether the
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Table 26.7 ICERs per Million Population, South Asia and Sub-Saharan Africa
(U.S. dollars)

Incremental cost per Incremental cost per Incremental cost per
death averted life-year saved DALY averted
Option Alternative compared with South Sub-Saharan South Sub-Saharan South Sub-Saharan
number the base package Asia Africa Asia Africa Asia Africa
2 Increased primary-level coverage 6,129 3,337 217 119 148 92
3a Improved overall quality of care with 5,017 2,729 165 90 142 83
nutritional supplements
3b Improved overall quality of care 8,975 2,538 296 84 240 77
without nutritional supplements
4 Improved quality of CEmOC 10,532 5,089 372 195 255 151
ba Improved overall quality of care and 5,297 2,915 177 98 144 86
coverage with nutritional supplements
5b Improved overall quality of care and 7,944 2,865 269 96 203 84

coverage without nutritional supplements

Source: Authors’ calculations.

Table 26.8 Costs and Effectiveness of Intervention Packages per Million Population, South Asia and Sub-Saharan Africa

Percentage
Number Number of Number of of DALYs

Option Total costs of deaths life years DALYs averted that

number Intervention package (USS$) averted saved averted are maternal

South Asia

1 Routine maternity care 408,976 79 2,240 3,273 50

2 Increased primary-level coverage 603,071 m 3,136 4,582 50

3a Improved overall quality of care with nutritional 829,505 163 4,793 6,225 26
supplements

3b Improved overall quality of care without nutritional 757,433 118 3415 4,727 35
supplements

4 Improved quality of CEmOC 420,918 80 2,272 3,320 50

5a Improved overall quality of care and coverage with 1,287,354 245 7,201 9,354 26
nutritional supplements

5b Improved overall quality of care and coverage without 1,186,123 177 5131 7,103 35
nutritional supplements

Sub-Saharan Africa

1 Routine maternity care 602,646 192 5,406 6,969 47

2 Increased primary-level coverage 859,027 269 7,568 9,757 47

3a Improved overall quality of care with nutritional 1,164,833 398 11,652 13,753 24
supplements

3b Improved overall quality of care without nutritional 1,049,209 368 10,733 12,770 26
supplements

4 Improved quality of CEmOC 617,724 195 5,483 7,069 47

ba Improved overall quality of care and coverage with 1,785,971 597 17,508 20,664 24
nutritional supplements

5b Improved overall quality of care and coverage 1,633,956 552 16,127 19,188 26

without nutritional supplements

Source: Authors’ calculations.
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Table 26.9 Sensitivity Analysis Results, South Asia and Sub-Saharan Africa

(incremental cost per DALY averted, US$)

Effectiveness Met need Inpatient cost
Best assumption assumption assumption
Option number Alternative compared with base package estimate High Low High Low High Low
South Asia
2 Increased primary-level coverage 148 113 163 147 150 213 109
3a Improved overall quality of care with nutritional supplements 142 100 163 143 144 142 143
3b Improved overall quality of care without nutritional supplements 240 180 326 241 242 240 240
4 Improved quality of CEmOC 255 193 3N 373 260 446 204
ba Improved overall quality of care and coverage with nutritional 144 104 164 144 149 152 136
supplements
5b Improved overall quality of care and coverage without nutritional 203 153 250 203 210 227 189
supplements
Sub-Saharan Africa
2 Increased primary-level coverage 92 70 104 91 93 191 84
3a Improved overall quality of care with nutritional supplements 83 64 90 83 84 83 83
3b Improved overall quality of care without nutritional supplements 77 61 85 77 78 77 77
4 Improved quality of CEmOC 151 114 166 228 151 326 130
5a Improved overall quality of care and coverage with nutritional 86 66 94 86 89 123 82
supplements
5b Improved overall quality of care and coverage without nutritional 84 66 93 84 87 123 79

supplements

Source: Authors” calculations.

comparison is with or without increased coverage (options 5a
and 3a, respectively). This difference reflects the high burden
from low birthweight in South Asia and, thus, the gain from
nutritional supplements.

Comparing the content of the three most cost-effective
intervention packages (3a, 5a, and 2) suggests that much can be
achieved through improvements at the primary care level.
Improved quality in relation to managing complications—in
other words, the provision of BEmOC—and increases in cov-
erage (a combination of options 3a and 2) at the primary level
are likely to have even lower ICERs than those shown in
table 26.7. This finding is consistent with the Commission on
Macroeconomics and Health’s emphasis on close-to-client
services (CMH 2002), and it is highlighted further in chap-
ter 53. As noted earlier, given the importance of prompt
intervention in the event of obstetric complications, the effec-
tiveness of intervention packages that may reduce delays by
bringing services closer to communities is hardly surprising.

The benefits from option 2 were achieved essentially by
increasing prenatal care coverage from 50 to 70 percent,
because our model assumes that those women taking advan-
tage of professional delivery are those who have also had pre-
natal contact. Prenatal care is, thus, a crucial entry point to the
health system. Small changes in prenatal care coverage (20 per-

cent) lead to larger numbers of women also benefiting from the
rest of the care package in terms of obstetric first aid and
CEmOC.

This issue is important for safe motherhood and newborn
health, because the role of prenatal care has been subject
to intense debate about its benefits relative to resource use
(De Brouwere and Van Lerberghe 2001; Maine and Rosenfield
1999). Much of this discussion has focused on the lack of evi-
dence on the direct contribution of prenatal care to reducing
maternal mortality (McDonagh 1996; Rooney 1992), which, in
turn, is explained partly by the poor performance of at-risk
screening tools. However, differentiating the contribution to
the prevention of maternal deaths of the prenatal care compo-
nent alone is difficult. Ultimately, life-saving interventions
depend on the functioning of the entire health system, includ-
ing an effective referral network.

Our model also made assumptions about women’s willing-
ness and capacity to respond to referral to higher levels of care
in case of complications. This willingness and capacity depend
on many factors and are undoubtedly also driven by commu-
nities’ perceptions of quality of care. As noted earlier, coverage
rates of prenatal care are already high in many Sub-Saharan
African countries, but significant socioeconomic differentials
are apparent within countries. Our model does not address this
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equity dimension but, given the recent work showing higher
risks of maternal death among the poorest groups (Graham
and others 2004), targeting disadvantaged women for improve-
ments in uptake might be worth considering (Gwatkin and
Deveshwar-Bahl 2002; De Brouwere and Van Lerberghe 2001).

Whereas option 2, increased primary-level coverage, relates
predominantly to the demand side of the health system
(Williams 1987), the most cost-effective packages (3a and 5a)
focus on the supply side, particularly at the health center level.
The latter packages are particularly relevant to the baby, includ-
ing screening of the HIV status of the mother and treatment
with antiretrovirals at the time of delivery to reduce the risk of
mother-to-child transmission, as well as provision of anti-
malarials. As a consequence, these options have a particularly
marked effect on the burden from perinatal conditions,
accounting for two-thirds to three-fourths of the total DALYs
averted (table 26.8). Note that these cost-effective options
include a doctor at the health center level to provide all six
BEmOC functions. In some situations, highly skilled midwives
will be able to act in this capacity, which would reduce costs
and further increase cost-effectiveness.

The most comprehensive packages in our model provide for
improved quality of care and coverage at both the primary and
the secondary levels (options 5a and 5b). Costing US$1.79 and
US$1.63 per capita, respectively, in Sub-Saharan Africa (as
calculated from the total costs of these packages shown in
table 26.8, and divided by the base of 1 million people), these
are also the most expensive packages. Not surprisingly, there-
fore, these two options avert much higher numbers of DALYs,
with the package that includes nutritional supplementation
averting nearly three times as many DALY as the base package
(table 26.8). In CEA, generally the most comprehensive pack-
ages—that is, those that result in the greatest gain in quality
and coverage and, thus, cost the most—are often not cost-
effective, and yet our analysis found otherwise. This finding
may partly be explained by the linear assumptions about effec-
tiveness in the model and the assumption that the marginal
cost of care is constant. Such a finding also stresses both the
importance of a well-functioning health system (rather than an
excessive focus on one element) and the absence of any quick
fix. Moreover, we did not model these more comprehensive
options as perfect but unrealistic scenarios. We also still
allowed for 30 percent of pregnant women not attending pre-
natal care, 50 percent of severe complications at a primary level
not reaching CEmOC, and 10 percent of those reaching sec-
ondary care not receiving the emergency treatment they need.

Finally, a note of caution is warranted on the interpretation
of the CEA results. First, our model has necessarily used a num-
ber of assumptions for which data are extremely limited, and it
remains fairly crude, having been subject to only a limited sen-
sitivity analysis. Second, many comparisons are possible from
our model, but we have selected only six. Thus, we may not

have identified even more cost-effective intervention packages,
such as a combination of options 3a and 2.

ECONOMIC BENEFITS OF INTERVENTION

A narrow definition of the economic benefits of safe mother-
hood interventions would focus primarily on the impact of
maternal mortality and morbidity on household investment
and consumption. Investment in this context refers not so
much to financial investment as to investment in improving
housing conditions, agricultural productivity, education, and
so on. The key elements to capture include the loss of produc-
tivity and the disruption of planned investment and consump-
tion. In addition to the loss of a woman’s own productivity,
consequent effects are likely on the productivity of other
household members—effects that may be particularly long
lived in the case of young children whose health and education
suffer because of their mother’s death. The household will also
be worse off because it will have diverted resources from pre-
ferred consumption and investment activities in response to
the health crisis. Thus, recognizing the dynamic consequences
of maternal death and disability and selecting an appropriate
time horizon for the analysis are important.

The potential benefits to individual households arising from
investments in safe motherhood are relatively clear, although
challenges in quantifying and valuing them remain. The bene-
fits may, however, be more widely spread in that improvements
in safe motherhood may reduce poverty, which in turn may
stimulate economic development. Increased economic develop-
ment may then feed back into further improvements in mater-
nal health, generating a virtuous cycle. The mechanisms where-
by changes in maternal health affect other parts of the economy
may be identified by a close examination of the influence of
maternal health on productivity and educational attainment.

A number of links may exist between safe motherhood and
the performance of the health care system; therefore, strategies
to improve safe motherhood may be a means of achieving
wider health service improvements (Goodburn and Campbell
2001). Jowett (2000, 213) notes that “to improve a facility’s
capacity to respond to obstetric emergencies, it is necessary to
have the skills and supplies to deal with trauma, give blood
transfusions and anesthesia, and have a functional operating
theatre.” Thus, initiatives in safe motherhood could be an entry
point for wider health sector reform and improvement.

LESSONS FOR IMPLEMENTATION

The findings from the CEA indicate potential health gains and
the reduced burden that may be achieved by implementing
selected packages of interventions. Such implementation
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assumes, first, that decision makers accept the evidence and are
willing and able to act and, second, that an enabling health sys-
tem environment exists within which the requisite scale and
quality of care can be effectively delivered. These factors are not
peculiar to safe motherhood, but they undoubtedly help
explain the significant gap between evidence and action that
many argue is one of the main obstacles to progress (Godlee
and others 2004; Villar and others 2001). The gains from bridg-
ing this gap would be significant: the MDGs for child survival
and maternal health might become more than mere rhetoric
for poor regions if intervention packages of the scope and
nature described here were implemented. The most cost-
effective of the packages averted nearly 50 percent more direct
maternal deaths than the base package. This gain would be
encouraging, but the prospects for achieving it by 2015 are
weak (Johansson and Stewart 2002).

At the macro level, a supportive policy environment clearly
is crucial, as noted earlier. At the micro level, an enabling health
system implies a reduction in the disequilibrium between the
demand and supply sides (Williams 1987), with particular
attention to three interrelated issues: access, quality, and
finance. The CEA reported in this chapter emphasizes the
potential benefits to mother and baby of improved access to
care, particularly the importance of entry to the health system
through primary-level services. The increases in coverage could
be achieved by a variety of mechanisms but clearly require both
demand- and supply-side interventions.

On the supply side, this chapter has shown that improved
quality of care at both the primary and the secondary levels
encompassing technical, infrastructural, and human resource
dimensions (Pittrof, Campbell, and Filippi 2002) is a particu-
larly cost-effective option. The widespread call for all women to
deliver with skilled attendance immediately raises major ques-
tions about quality of care and capacity, because much of the
developing world faces an acute shortage, as well as an unequal
geographic distribution, of health professionals.

Our CEA assumes that redistributing human resources
within countries will accommodate the increased uptake of
care by women, although the most effective mechanisms for
achieving this goal, such as incentives, use of nonphysicians,
and increased private sector involvement, have not yet been
established (De Brouwere and Van Lerberghe 2001). What is
clear, however, is the importance of the interplay between sup-
ply and demand, with the supply of quality care stimulating
demand for care and vice versa. Quality care includes an effec-
tive referral system (Murray and others 2001) to ensure the
required match between the various levels of care different
women and their babies need at different times (De Brouwere
and Van Lerberghe 2001). Such systems require not only
financial resources to support transportation, communica-
tions, and feedback mechanisms, but also structured fee and
exemption strategies to reduce both inappropriate self-referral

to hospitals and financial barriers to access on the part of the
poor.

The financing of prenatal and delivery care services at an
adequate and sustainable level is a subject of much debate
and uncertainty, given the difficulty of distinguishing these
elements from broader health expenditure categories (De
Brouwere and Van Lerberghe 2001). Given the low level of
overall per capita expenditure on health in developing
countries—estimated at US$13 in 2002 for the poorest 49
countries (Bale and others 2003)—attaining our base interven-
tion package (costing approximately US$0.41 per capita in
South Asia and US$0.60 in Sub-Saharan Africa) does not
sound unrealistic at current resource levels (see table 26.8, and
divide by base population of 1 million people).

The effects of health sector reforms, particularly decentral-
ization of management and budget holding, appear to be mixed
in terms of increasing resource flows into maternity services,
with both apparent positive benefits, as in Bolivia (De Brouwere
and Van Lerberghe 2001), and negative effects through
the exacerbation of inequities (Russell and Gilson 1997).
Effective management decisions on finance, access, and quality
require information, an essential ingredient for stimulating
action. To allocate scarce resources where they are likely to
achieve the greatest gain, countries need information to assess
the burden of ill health, evaluate the performance of current
intervention strategies, identify the scope for improvement and
implement changes, and close the loop by evaluating effects and
cost-effectiveness (Lawn, McCarthy, and Ross 2001).

Even though the challenges that the poorest countries face
today clearly differ in many respects from those that developed
or transition countries experienced in the past, six historical
lessons provide particularly relevant insights. First, examples
abound of supportive policy contexts and individual champions
of progress in addressing maternal and newborn health, such
as those reported by De Brouwere and Van Lerberghe (2001).
Second, historical data on the uptake of prenatal care demon-
strate that community-based providers and advocates played a
crucial role. Third, the role of various professionals and profes-
sional bodies has not always been positive, particularly as
regards the “war” between advocates for home and institutional
deliveries (Koblinsky and Campbell 2003). Moreover, good his-
torical evidence indicates that excessive rates of forceps deliver-
ies and other interventions were significant contributors to
maternal mortality in countries such as the United Kingdom
and the United States (Buekens 2001). Fourth, primary-level
care depends on an effective referral system being in place to
maintain the confidence of both women and providers (Loudon
1997). Fifth, to reduce the burden of maternal and perinatal
conditions, the system of health care financing must facilitate
access for the poorest groups and guarantee service quality
(De Brouwere and Van Lerberghe 2001). Finally, the role of pop-
ulation-based information on births and maternal deaths was
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crucial in ensuring that actions were locally relevant (Sorenson
and others 1998), in demonstrating progress, and thus in stim-
ulating further action. This crucial role is particularly apparent
in the literature on several European countries in the past cen-
tury (Graham 2002; De Brouwere and Van Lerberghe 2001).

RESEARCH AND DEVELOPMENT NEEDS

The priorities for research and development arising from this
chapter need to be put in the context of wider requirements for
safe motherhood and newborn health that have been well artic-
ulated elsewhere (see, for example, Bale and others 2003). The
general heading under which the specific needs emerging from
this chapter can be grouped is evidence-based decision making,
which has five crucial requirements:

+ recognizing the weakness of current approaches to allocat-
ing scarce health care resources in poor countries

+ making efforts to improve the scope and quality of data on
the burden from maternal and perinatal conditions

+ carrying out robust evaluation of the costs and effectiveness
of intervention strategies

+ using reliable evidence to inform the decision-making
process

+ implementing prioritized strategies and robust, continuous
assessment of their performance.

Within those major areas, specific topics relevant to the CEA
undertaken here include the following:

+  Ascertaining the burden of maternal and perinatal conditions.
Greater clarity and consensus are needed on the scope of this
important burden category and the implications of signifi-
cant current exclusions, such as indirect maternal conditions
and stillbirths. Practical assessment tools are needed to
enable meta-analysis and other modeling approaches to sys-
tematically factor in data constraints. Huge gaps in knowl-
edge exist with regard to the levels and consequences of
maternal morbidity (Say, Pattinson, and Gulmezoglu 2004),
the contribution of iatrogenic factors, the unpredictability of
maternal complications, and the levels of mortality. Most
of those gaps require significant developments in relation to
available measurement tools and in poor countries’ capacity
to use them as part of routine health surveillance. These
improvements not only are needed to inform future CEA but
also have wider implications for global health monitoring.

+ Implementing change. In addition to evidence on the content
of intervention strategies, assessments of how to implement
changes are urgently needed. A limitation of our analysis is
that, even though the model may be a reasonable represen-
tation of the resource and health consequences of different
intervention packages, the way to achieve the required

change, such as a particular increase in the uptake of prena-
tal care, may not be known. Thus, the ICERs may be too low,
in that they do not fully capture the costs of the intervention.

* Estimating cost-effectiveness. More sophisticated economic
models need to be developed to facilitate the evaluation of a
wider range of safe motherhood strategies, particularly as
better primary evidence becomes available from other stud-
ies and initiatives using a variety of outcome measures
(Cairns, McNamee, and Hernandez 2003). Similarly, proba-
bilistic sensitivity analysis would be a valuable development
that would permit fuller exploration of the uncertainties
regarding the model’s parameters.

CONCLUSIONS

In 2001, maternal and perinatal conditions represented the sin-
gle largest contributor to the global burden of disease, at near-
ly 6 percent of total DALYs (Mathers and others 2004).
Reducing that burden is widely stated as a priority at both
national and international levels, but the track record of trans-
lating the rhetoric into action on a sufficiently large and equi-
table scale to make a difference at the population level remains
disappointing. The literature abounds with examples of this
disappointment (see, for example, Maine and Rosenfield 1999;
Weil and Fernandez 1999). Many reasons account for the lim-
ited progress, especially in the poorest regions of the world, and
researchers offer many interpretations of the bottlenecks. Lack
of evidence on the size of the burden and on the effectiveness
of alternative intervention strategies figures prominently in
these interpretations.

The modeling in this chapter is, therefore, based on imper-
fect knowledge and needs to be supplemented with data from
primary evaluations. The findings do, however, provide some
tentative insights into programmatic options that may repre-
sent the optimal use of resources in South Asia and Sub-
Saharan Africa. In this context, three issues deserve emphasis.
First, for intervention packages to achieve the degree of cost-
effectiveness shown here, improvements are needed across
health systems, and both the supply and the demand sides need
to be addressed. Second, crucial entry points to this system can
be achieved at the primary level, particularly through prenatal
care. The effect of increasing the volume of women in contact
with these services is likely to manifest itself in an increased
proportion of deliveries with skilled attendance and of deliveries
in which women obtain access to emergency obstetric care.
Finally, the quality of these services is crucial, and even with
only 50 percent uptake of care, benefits can still be achieved in
terms of overall DALYs averted and of reduced maternal and
perinatal mortality.

Initiatives to improve the quality of care, particularly at a
primary level, thus appear to be cost-effective options for the
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poorest regions of the world. Overall those findings appear to
lend support to a safe motherhood and newborn health
strategy that is close to the client and boosts community confi-
dence in health systems.

ANNEX 26.A: CEA MODEL ASSUMPTIONS

We assumed that there are four primary-level health facilities
(health centers) and one secondary-level care facility (district
hospital) for every 500,000 people. We estimated the numbers
of pregnancies and births from the crude birth rate for each
region. We assumed that pregnant mothers attending for rou-
tine prenatal care are equally distributed between the five facil-
ities and that each facility provides similar routine prenatal and
delivery care. Routine prenatal care is assumed to comprise
four visits—except for mothers with complications, who make
six visits. Mothers with complications are referred to the dis-
trict hospital after their first visit if they cannot be treated at the
health center. We assumed that complications such as anemia
and sexually transmitted diseases are treated without referral to
secondary care, as are preeclampsia and incomplete abortion, if
a doctor is present at the facility. The average number of bed
days is assumed to be three days for normal deliveries and six
days for cesarean section and other complications. Table 26.A1
shows the U.S. dollar costs per inpatient bed day used in the
main analysis and in the sensitivity analysis.

We assumed the existence of excess capacity, so that an
increase in prenatal care coverage from 50 to 70 percent would
not require an increase in the number or capacity of existing
health care facilities, and the increased costs would mostly be
increases in variable costs. For increased coverage of prenatal
care, we assumed a need for increased expenditure on educa-
tion, information, and communication. Enhanced prenatal
care and comprehensive emergency obstetric care are assumed
to require additional expenditures on training, assumed to be
10 percent of total personnel costs. We assumed that the addi-
tional costs of basic emergency obstetric care compared with
obstetric first aid are largely due to providing doctors at each
health center. We also assumed that 8 percent of mothers
require cesarean section as a result of either maternal or

perinatal complications. About 2 percent of mothers are
assumed to require treatment for preterm delivery, and 1 per-
cent for premature rupture of membranes.

In practice, the proportion of women with serious complica-
tions receiving comprehensive emergency obstetric care varies
widely, from 3 percent in Cameroon to 75 percent in Sri Lanka
(Averting Maternal Death and Disability Working Group on
Indicators 2003). The scenarios considered in this chapter
assume that either 20 or 50 percent of women with serious com-
plications reach secondary care, and that 50, 70, 80, or 90 percent
of those women receive the elements of comprehensive emer-
gency obstetric care that they need, depending on which inter-
vention package is being considered. For the sensitivity analysis,
we used low values of 30, 50, 60, and 70 percent and high values
of 70, 80, 90, and 95 percent. We assumed that ambulances are
available, so that when the proportion of mothers with severe
complications reaching secondary care is increased, the addi-
tional costs are only the additional driver time and the increased
costs of running and maintaining the vehicle.

The prevalence and incidence of different maternal condi-
tions are taken from the WHO mother-baby package (WHO
1994). World Health Organization estimates of the burden of
different maternal and perinatal conditions (WHO 2004d)
have been applied to a population of 1 million, with a particu-
lar crude birth rate to generate an estimate of the potential
number of deaths that could be avoided, the years of life that
could be saved, and the DALYs that could be averted. The
assumptions regarding the effectiveness of the interventions
with respect to maternal and perinatal conditions were based
primarily on the WHO’s mother-baby package and a review of
the literature; they are shown in table 26.A2. We assumed that
each intervention has the same effect on the number of deaths,
years of life saved, and DALYs. The effectiveness of interven-
tions is assumed to be additive.
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South Asia Sub-Saharan Africa
Cost of inpatient bed day Primary level Secondary level Primary level Secondary level
Best estimate 6.51 8.50 6.17 8.05
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Table 26.A2 Assumed Effectiveness of Interventions
(percentage of DALYs, deaths, and years of life lost averted)

Best

Condition estimate Low High
Maternal
Hemorrhage 85 80 90
Sepsis 75 70 90
Hypertensive disorders of pregnancy 76 719
(including eclampsia)
Obstructed labor 80 7% 9%
Unsafe abortion 75 70 90
Perinatal
Low birthweight

In context without nutritional supplements® 8 3 14

In context with nutritional supplements® 28 23 44

Birth asphyxia (including birth trauma)

In context without enhanced delivery care package® 40 35 60
In context with enhanced delivery care package® 70 65 90
Infections, including tetanus 60 5 80
Sepsis (newborn) 40 35 60
HIV/AIDS 60 55 80

Source: expert panels; WHO 1994, 2004d; Steketee and others 2001; Prendiville, Elbourne, and
Chalmers 1998; Eclampsia Trial Collaborative Group 1995.

Note: Two extra interventions added to WHO mother-baby package: active management of the
third stage of labor and magnesium sulfate for hypertensive disorders of pregnancy.

a. See table 26.6.
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NOTES

1. Antecedent is here defined as a factor that changes the probability of
an adverse outcome or sequela, either positively (protecting) or, more usu-
ally, negatively (aggravating). A risk factor may be a leading contributor to
the global burden because of high prevalence in the population or because
of a large increase in the probability of adverse outcomes (WHO 2002).

2. Afghanistan, Angola, Bangladesh, China, the Democratic Republic
of Congo, Ethiopia, India, Indonesia, Kenya, Nigeria, Pakistan, Tanzania,
and Uganda.

3. We use a simple three-way distinction for levels of evidence. Level A
refers to evidence from randomized clinical trials or systematic overviews
of trials; level B relates to nonrandomized studies, often with multivariate

analyses; and level C is assigned to case series, case studies, or expert
opinion.

4. This chapter does not deal with tertiary and specialist levels of care
or with rehabilitative care or care for chronic conditions.

5. The six functions of BEmOC are (a) administering antibiotics intra-
venously or intramuscularly, (b) administering oxytocics intravenously or
intramuscularly, (¢) manually removing the placenta, (d) administering
anticonvulsants intravenously or intramuscularly, (e) carrying out instru-
mental delivery, and (f) removing retained products of conception. The two
additional functions in CEmOC are blood transfusion and cesarean sec-
tion. For a facility to be regarded as a BEmOC or CEmOC site, respectively,
it must perform all six or all eight functions regularly and must be assessed
every three to six months (UNFPA 2003).
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