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Health Facilities

Skilled delivery care providers working

in the right environment can prevent,

detect, and treat complications, thus

contributing to a reduction in stillbirths

and maternal and neonatal mortality.

Skilled care is most often approximated

by assessing whether women deliver with a

midwife, doctor, or other skilled birth

attendant [1], but ensuring an enabling

environment for uncomplicated (routine)

and complicated childbirth is an equally

important requirement for skilled care [2].

Emergency obstetric care (EmOC) sig-

nal functions, a shortlist of key life-saving

obstetric interventions, have been used to

assess the functionality of health facilities

with respect to EmOC and to construct

indicators of service provision. They are

thought to reflect responsiveness of the

health services to the main obstetric

complications at basic and comprehensive

level, roughly corresponding to health

centre level (with midwives) and first-

referral hospital level (with physicians).

The availability and density of facilities

capable of providing EmOC have been

suggested as useful health system output

indicators for monitoring supply-side prog-

ress towards having sufficient services for

reducing maternal mortality [3–6].

In 1986 the World Health Organization

(WHO) published Essential Obstetric Func-

tions at First Referral Level [7], which

describes key obstetric functions that

hospitals should provide. These functions

focussed on emergency treatment for

complications (surgical obstetrics, anaes-

thesia, blood replacement, manual proce-

dures) but also included a monitoring

function (the partograph), a preventive

function (family planning support, which

prevents pregnancy rather than complica-

tions in pregnant women), and an emer-

gency newborn function (neonatal resusci-

tation). EmOC signal functions, described

in the 1997 UN guidelines [3], focussed

more sharply on eight signal functions for

treating the five main causes of maternal

mortality (haemorrhage, hypertensive dis-

eases of pregnancy, sepsis, obstructed

labour, and unsafe abortion), and removed

the monitoring, prevention, and neonatal

treatment signal functions (partograph,

surgical contraception, and newborn re-

suscitation). EmOC was subdivided into

basic and comprehensive EmOC, with the

former comprising six medical functions

(parenteral antibiotics, parenteral oxytocic

drugs, parenteral anticonvulsants, manual

removal of placenta, removal of retained

products, and assisted vaginal delivery)

and the latter adding surgical capability

(Caesarean section) and blood transfusion.

There have been attempts to develop

signal functions for children [8], but no

similar signal functions have been widely

agreed for newborns, except for newborn

resuscitation. The latter function had been

part of the 1986 Essential Obstetric

Functions, was removed from EmOC as

defined in 1997, and then reintroduced as

a basic EmOC signal function in the 2009

UN handbook [4]. Similarly, there has

been little focus on signal functions for

routine care for mothers or newborns;

routine care saves lives by preventing
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complications or by intervening early

before life-threatening complications de-

velop [9]. For example, effective elements

of routine care which should be provided

to all women and all newborns include

using a partograph to detect prolonged

labour in time, ensuring a clean delivery,

providing active management of the third

stage of labour (AMTSL) to reduce the risk

of post-partum haemorrhage, and encour-

aging early breastfeeding and keeping the

baby warm.

In view of the emerging consensus on

the continuum of care linking mother and

child, and the links between routine care

and care for complications, this paper

Table 1. Proposed obstetric and newborn signal functions.

Dimensions of Facility Care Obstetric Newborn

General requirements for health facility

Service availability 24/7

Skilled providers in sufficient
numbers

Referral service to higher-level
care, communication tools

Reliable electricity and water
supply, heating in cold climates,
clean toilets

A. Routine care (for all mothers and babies)

Monitoring and management of labour
using partograph

Thermal protectiona

Infection prevention measures
(hand-washing, gloves)

Immediate and exclusive
breastfeeding

Active management of third stage of
labour (AMTSL)b

Infection prevention including
hygienic cord carec

B. Basic emergency care (for mothers and babies with complications)

Parenteral magnesium sulfate for
(pre-)eclampsia

Antibiotics for preterm or
prolonged PROM to prevent
infection

Assisted vaginal delivery Corticosteroids in preterm labour

Parenteral antibiotics for maternal infection Resuscitation with bag and mask
of non-breathing baby

Parenteral oxytocic drugs for haemorrhage KMC for premature/very small
babies

Manual removal of placenta for retained
placenta

Alternative feedingd if baby
unable to breastfeed

Removal of retained products of conception Injectable antibiotics for neonatal
sepsis

(PMTCT if HIV-positive mother)e

C. Comprehensive emergency care (functions in addition to Basic)

Surgery (e.g., C-section) including anaesthesia Intravenous fluids

Blood transfusion Safe administration of oxygen

Existing EmONC functions (from UN handbook) in italics.
aThermal protection: drying baby immediately after birth, skin-to-skin with mother, wrapping, no bath in first 6 hours.
bAMTSL: oxytocin injection in thigh within 1 minute of delivery of baby, controlled cord traction, uterine massage after delivery of the placenta.
cHygienic cord care: cutting with sterile blade, application of 4% chlorhexidine on tip of the cord and stump and no application of harmful substances (or clean and dry
care in settings with low neonatal mortality and infection risk).
dBreastmilk expression and cup/spoon feeding.
ePMTCT: in brackets as not strictly a ‘‘newborn’’ function, but included for continuum of care; situational depending on HIV prevalence.
KMC, kangaroo mother care; PMTCT, prevention of mother to child transmission; PROM, premature rupture of membranes; 24/7, 24 hours a day 7 days a week.
doi:10.1371/journal.pmed.1001340.t001

Summary Points

N Emergency obstetric care (EmOC) signal functions, reflecting health facilities’
capacity to respond to important obstetric complications, are widely used to
construct indicators of service provision.

N However, no signal functions are agreed for emergency newborn care (EmNC),
except newborn resuscitation, or for routine non-emergency care for mothers
and newborns.

N Current large-scale facility survey efforts mainly collect data on the established
EmOC functions, and two EmNC functions (newborn resuscitation and
prevention of mother to child transmission of HIV). Routine maternal or
newborn care data are not regularly included.

N We propose maternal and newborn signal functions, focussing on delivery and
postnatal care, that could be used to characterize both routine and emergency
care in health facilities.
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argues for expanding our assessment of

health facility capability from EmOC

signal functions alone, to a broader range

of capabilities including emergency new-

born care (EmNC) and routine care for

mothers and newborns. While family

planning, antenatal care, care delivered

at the community level, and demand-side

interventions are also important, the focus

of this article is on delivery and postnatal

care at health facilities.

EmNC Signal Functions Used in
the Literature

In the absence of EmNC signal func-

tions defined by UN organisations, we

considered that researchers or policy

makers may have developed their own

sets of functions. We systematically re-

viewed the literature and identified eight

documents listing EmNC signal functions

(see Text S1): seven policy documents [10–

16] and one peer-reviewed research article

that used the Delphi method to develop

quality of paediatric inpatient-care indica-

tors, including some newborn care indica-

tors [8]. 32 different functions were

abstracted from the eight documents (see

Table S1 in Text S1). There was wide-

spread agreement for a few emergency

functions (e.g., resuscitation and parenter-

al antibiotics), but most functions only

appeared in one or two documents.

Categories were inconsistent, with non-

emergency routine care functions (e.g.,

thermal care and breastfeeding) included

as emergency functions and some com-

prehensive functions, such as blood trans-

fusion, suggested as basic functions.

Proposed Signal Functions for
Obstetric and Newborn Care

To develop a shortlist of proposed signal

functions, the 32 functions abstracted from

the literature review were considered

together with key literature on newborn

survival and prevention of stillbirths (in-

cluding The Lancet neonatal survival series

2005, International Journal of Gynecology and

Obstetrics intrapartum-related deaths series

2009, BMC Pregnancy and Childbirth preterm

and stillbirth series 2010, The Lancet

stillbirth series 2011, the Lives Saved

Tool, and publications by the World

Health Organization and the Partnership

for Maternal, Newborn and Child Health).

Criteria were that functions addressed the

major causes of neonatal mortality—

complications of preterm birth, intrapar-

tum-related deaths, and severe infection—

were highly effective interventions that

were likely to be feasible in low-income

settings and were easy to interpret and

measure. We focused on delivery and

postnatal care in health facilities, and

excluded functions mainly delivered

through antenatal or community care.

We then conducted an online survey

among maternal and newborn health

experts, contacting over 100 experts di-

rectly by email and placing the request on

the Healthy Newborn Network blog. We

asked the experts to choose signal func-

tions from a list, to provide reasons for

their choice, and give general feedback. 39

international experts, reporting an average

of 16 years work experience in maternal

health and 14 years in newborn health in

low-income countries, responded. The

functions with highest approval in the

survey (see Text S2) and that accorded

with the best evidence for mortality

reduction in the literature and most

persuasive and coherent rationale for

feasibility in low-income countries accord-

ing to the experts’ free text comments were

chosen for the final shortlist.

Table 1 presents the functions we

suggest as routine and emergency obstetric

and newborn care signal functions. Estab-

lished functions (from the 2009 UN

handbook [4]) are in italics, while new

proposed functions are in normal print.

The nature of ‘‘signal’’ functions is that

they need not encompass all functions that

are important for improving maternal and

newborn health, but rather are a selection

that ‘‘indicates’’ a certain level of care.

While we based our selection on evidence

and expert opinion, it remains arbitrary to

some extent. For comprehensive EmNC in

particular, no clear priorities emerged

from the survey, with five functions

receiving similar levels of support. We

received yet further (and different) recom-

mendations from our reviewers. As we felt

it was desirable to limit the number of

functions (to facilitate data collection, and

to ensure that the criteria for success were

not too onerous), we did not include

availability of an incubator/radiant warm-

er, gastric tube feeding, or phototherapy

despite their potential importance. Pre-

vention of mother to child transmission

(PMTCT) is a crucial function in settings

with high HIV prevalence, but strictly

speaking it is not a ‘‘newborn’’ function:

while delivered at birth, it reduces infant

and child rather than neonatal mortality.

Nevertheless, considering the continuum

of care and given PMTCT’s situational

importance and the fact that information

on its provision is already widely collected,

we included it in brackets. We noted with

interest that in our online survey (see Text

S2), more respondents approved of ‘‘in-

travenous fluids for shock’’ as an EmOC

signal function than of ‘‘assisted vaginal

delivery’’ (an existing signal function).

We also propose a set of general

requirements important for facility func-

tioning for obstetric and newborn care,

including staffing, opening hours, reliable

electricity, and water supply, as well as

communication capability and referral

services for lower-level facilities. Commu-

nication and referral are often neglected

and many lives could be saved if patients

were sufficiently stabilised and treatment

was started before transport and if the

referral facility was informed of the

patient’s arrival [17].

For some of the suggested Basic EmNC

functions, it may be sufficient if Basic

EmNC facilities (i.e., usually health cen-

tres) provide these to a limited degree,

while comprehensive EmNC facilities (i.e.,

usually hospitals) provide them fully. For

example, health centres might only be

expected to start therapy for newborn

sepsis with an intramuscular loading dose

of antibiotics before referring to a hospital,

or start and follow-up Kangaroo Mother

Care (KMC) and breastmilk expression

and cup-feeding for very low birthweight

babies before and after hospital care.

Signal Functions Collected with
Available Facility Survey Tools

To assess which of our proposed

functions were currently already collected

Box 1. Existing Facility-Survey Tools

N Averting Maternal Death and Disability (AMDD): EmONC Needs Assessments

N Japan International Cooperation Agency (JICA): Health Facility Census (HFC)

N MEASURE DHS: Service Provision Assessment (SPA)

N MEASURE Evaluation: Facility Audit of Service Quality (FASQ)

N Child Survival Technical Support Project (CSTS+): Rapid Health Facility
Assessment (R-HFA)

N World Health Organization (WHO): Service Availability Mapping (SAM)

N World Health Organization (WHO): Service Availability And Readiness Assess-
ment (SARA).
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Table 2. Collection of general, obstetric, and newborn functions in large-scale facility assessments.

Dimensions of facility care AMDD HFC SPA FASQ R-HFA SAM SARA

General requirements

Service availability 24/7 x x x x x — (x)a

Number of skilled providers x x x x x x x

Communication tools x x x x x x x

Referral service to higher-level care x x x x x — x

Electricity x x x x x — x

Toilet or latrine x x x — x — x

Water supply x x x x x x x

Routine obstetric care

Monitoring and management of labour with partograph x — x — (x)b — (x)b

Infection prevention measures (x)b — x (x)b,c (x)b,c (x)c (x)b

Active management of third stage of labour x — (x)c,d (x)d (x)c,d (x)d (x)d

Basic EmOC

Parenteral magnesium sulfate for (pre-)eclampsia x x x xe — (x)d x

Assisted vaginal delivery x x x x (x)b — x

Parenteral antibiotics for maternal infection x x x xe — (x)d x

Parenteral oxytocic drugs for haemorrhage x x x xe (x)d (x)d x

Manual removal of placenta for retained placenta x x x x — — x

Removal of retained products of conception x x x x — — x

Comprehensive EmOC

Surgery (e.g., C-section) x x x x — x x

Blood transfusion x x x x — x x

Routine newborn care

Thermal protection xf — x — — — —

Immediate and exclusive breastfeeding xf — x — — — —

Hygienic cord care xf — (x)c,d — — — —

Basic EmNC

Antibiotics to mother if preterm or prolonged PROM — — — — — — —

Corticosteroids in preterm labour (x)d — x — — — (x)d

Resuscitation with bag and mask of non-breathing baby x x x x (x)b — x

KMC for premature/very small babies xf — x — — — —

Alternative feeding if baby unable to breastfeed (x)b — (x)b — — — —

Injectable antibiotics for neonatal sepsis (x)d (x)g (x)c,d — (x)h (x)i (x)d

(PMTCT if HIV-positive mother) x x x x (x)d x x

Comprehensive EmNC

Intravenous fluids (x)d (x)g (x)d — — — (x)d

Safe administration of oxygen (x)b,f,j (x)b (x)b — — (x)b (x)b

Existing EmONC functions (from UN handbook) in italics.
aOnly asked whether staff able to conduct C-section and anaesthesia are available 24/7.
bOnly asked whether equipment available.
cOnly asked whether staff received training.
dOnly asked whether relevant drugs available.
eAsked about treatment for (pre-)eclampsia, for sepsis and for postpartum haemorrhage (not specifically what is done).
fAsked in the context of checking provider knowledge, given as answer option in a relevant question.
gOnly asked about case management for severe pneumonia and severe dehydration for children in general (not specific to newborns).
hOnly asked whether ‘‘antibiotics for newborn infections (except eye)’’ were available.
iOnly asked about two injectable antibiotics (co-trimoxazole and ceftriaxon) that are not first choice for neonates due to risk of jaundice.
jOnly asked whether special or intensive care provided.
FASQ, MEASURE Evaluation’s Facility Audit of Service Quality; HFC, Health Facility Census by the Japan International Cooperation Agency; R-HFA, Rapid Health Facility
Assessment of the Child Survival Technical Support Project; SAM, Service Availability Mapping of the World Health Organization; SARA, Service Availability and
Readiness Assessment of the World Health Organization; SPA, Service Provision Assessment by MEASURE DHS.
doi:10.1371/journal.pmed.1001340.t002
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at scale in more than one country, we

examined facility survey tools from the

International Health Facility Assessment

Network (http://www.ihfan.org). Seven

relevant tools [18–24], listed in Box 1,

were identified. Five of these measure the

established EmOC signal functions, but

only two collect information on the

provision of routine obstetric functions

(Table 2). For instance, questions on

routine use of the partograph are included

in the Averting Maternal Death and

Disability (AMDD) and Service Provision

Assessment (SPA) tools, while the Rapid

Health Facility Assessment (R-HFA) and

the Service Availability and Readiness

Assessment (SARA) tools check whether

blank partographs are available, and the

Health Facility Census (HFC), Service

Availability Mapping (SAM), and Facility

Audit of Service Quality (FASQ) do not

enquire about any aspect of this function.

Newborn care functions were infrequently

included (Table 2), apart from newborn

resuscitation and PMTCT. The recently

updated SPA tool now enquires about

provision of KMC for low birthweight

babies and includes corticosteroids in

preterm labour as a signal function. The

AMDD tool measures provider knowledge

of KMC and both AMDD and SARA

measure availability of corticosteroids;

none of the four other tools currently

measure provision of these functions.

Having identified the signal function

areas captured with facility survey tools,

another important facet is the way in

which functionality is established, ranging

from fairly simple to sophisticated. The

simplest approach is to ask facility staff

whether a function can be performed at

their facility. Adding requirements for

certain staff cadres and numbers, and

drugs and equipment needed to perform

the function, can improve the validity of

the question [25]. This can be done either

crudely by asking for the availability of a

few tracer items, or in great detail by

checking the actual presence of all neces-

sary items in the facility as well as

evaluating provider knowledge. Another

option is to ask and/or verify whether a

function has actually been provided at

least once in a facility in the previous

months, as suggested in the UN handbook

on Monitoring EmOC [4].

A further sophistication involves estab-

lishing whether a function was provided

when needed. For routine functions,

which all mothers and babies should

receive, and for which the denominator

consists of all deliveries, it is feasible—

where reliable records exist—to determine

the proportion of deliveries in which a

function is undertaken, e.g., proportion of

deliveries in which a partograph was used.

For emergency functions, both numerator

and denominator need to be ascertained,

which is more challenging, e.g., one would

need to know not only how many

newborns received injectable antibiotics,

but also how many needed antibiotics

(e.g., suffered from sepsis or pneumonia).

Ntoburi and colleagues [8] used such an

approach with paediatric quality of care

indicators, including neonatal indicators.

Recommendations for Facility
Assessment of Signal Functions

We used literature review and expert

opinion to identify and propose 23 signal

functions for maternal and newborn

emergency and routine care. This number

Box 2. Recommendations for Data Collection and Research

N Add proposed signal functions (at a minimum) to all future multi-country tools
and country facility assessments

N Ensure data are collected on facility birth load and staffing

N Consider adding a broader range of signal functions to allow exploration of
alternatives

N Validate existing functions by looking at their frequency in well-run facilities, in
particular to come to an expert agreement on which EmNC functions should be
provided at comprehensive level

N Define an agreed shortlist of tracer items (i.e., key drugs and equipment needed
to perform a function) to verify function performance, derived from the item
lists used by AMDD and others in various health facility assessments, e.g., in
Kenya [26]

N Compare simple functional assessments (asking about provision with and
without required staff, drugs and equipment tracer items) with more
sophisticated assessments (verifying if functions done in last three months)

N Set and test benchmarks for routine and EmNC provision per number of births,
and evaluate face validity of the indicator, including how it relates to known
outcomes such as the neonatal mortality rate

N Create easy-to-use geographical interfaces integrated with Health Management
Information Systems (HMIS) to facilitate continuous updating of information
and monitoring of EmONC access

Box 3. How Our Proposed Signal Functions Can Be Used

Countries that have already done health facility assessments that include all (or
many) of the proposed signal functions (including those with new SPA and AMDD
datasets) can use our suggestions to:

N Make preliminary national assessments of the ability of health facilities to
provide routine and emergency obstetric and newborn care.

# Number and percentage that are CEmONC, BEmONC, provide routine care etc.

# Score of average number of functions for more nuanced assessment

N Make sub-national assessments at regional and even district level; use these
data to target underserved areas

N Identify and plan around key bottlenecks at national level (e.g., are the main
problems lack of qualified staff, a particular procedure, stock-outs of a particular
drug?)

N Target specific facilities in specific areas for upgrading and strengthening

N Link facility data to data on population distribution and fertility rates (e.g., from
a population census) to calculate service coverage by geographic area and for
service planning [6]

N Link facility data to population data (e.g., from household surveys) in a
geographic information system (possible if both datasets have GPS coordinates)
to understand how access to services and their quality influence uptake [27]

PLOS Medicine | www.plosmedicine.org 5 November 2012 | Volume 9 | Issue 11 | e1001340



appears to be the minimum needed to

capture at least some of the important

dimensions of routine and emergency care

for mother and newborn. Limiting the

number of functions helps ensure that

these can be collected as part of a multi-

purpose facility assessment without over-

burdening interviewers.

Our review of seven existing tools

indicated that the majority of these

functions are generally not collected,

although the AMDD tool and the new

SPA questionnaire have already integrated

many relevant questions. We also noted

that the existing tools used different

approaches to assessing functionality,

ranging from simple to sophisticated and

data intensive.

Having an agreed list of functions

makes it relatively easy to argue for the

respective questions to be added to all

existing tools. The issue of assessing

functionality remains. While the more

sophisticated methods clearly go further

in capturing quality of care than the

simpler ones, there is a trade-off with time

and resources needed to assessing a given

number of facilities. The simpler methods

(e.g., asking about provision only or

checking a few tracer items in addition to

provision) can be adequate for assessing

within-country variability, and they more

easily allow for a full facility census to be

conducted in large geographic areas.

Multi-purpose facility censuses that in-

clude services beyond maternal and new-

born health care may be attractive to, and

more cost-effective for some countries, and

by necessity will have fewer questions to

devote to maternal and newborn function-

ing than single-purpose studies. In other

settings, where records are available and

most services provided, the next step

might be to invest in capturing a wider

range of functions and checking whether

functions are really provided to all those in

need. We recommend collecting informa-

tion on health professionals and their tasks

as well as on birth load for each facility in

all surveys.

Secondly, although we used a variety of

approaches to arrive at a set of signal

functions, we recognize a limited evidence

base is available. Ideally we would propose

functions only after a good deal more

formative research, however, the field is

fast-moving, with new tools being devel-

oped and new data being collected. For

this reason, we feel our review and

suggestions are timely, though we propose

that a research agenda is specified in

parallel with adoption of our suggestions

(see Box 2).

Ultimately, we feel we are in a strong

position to recommend that the 23 routine

and emergency care functions begin to be

collected by countries. Once collected,

they can be used in a variety of ways (see

Box 3) to produce policy and programme

relevant evidence to accelerate progress

towards Millennium Development Goals 4

and 5.

Conclusions

This article contributes a proposed set

of signal functions for both mothers and

babies, and for both emergency and

routine care. We took into account

evidence for interventions in the wider

literature and the context in low-income

countries and expert opinion. While this

may not be the definitive set of signal

functions, collecting the relevant data and

promoting its use in a variety of ways will

contribute to improving the quality of

maternal and newborn care in low- and

middle-income countries, helping to meet

Millenium Development Goals 4 and 5. In

a few years time, when sufficient experi-

ence has been gained in different settings,

it may be appropriate to revisit both

EmOC and EmNC and routine functions

and provide more authoritative guidance

and benchmarks.
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