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Background
The remarkable decline in neonatal mortality rates in
the middle of the 20th century in high income countries
has been commonly credited to the advent of hygienic
childbirth practices and modern obstetric care [1], with
additional reductions since the 1970s attributed to
increasingly intensive neonatal care. In low income
countries, where skilled professionals attend fewer than
half of deliveries, and each year 60 million births occur
outside facilities [2], the burden of neonatal morbidity
and mortality related to childbirth remains very high [3].
Intrapartum-related events in term babies associated
with hypoxic injury (previously loosely termed “birth
asphyxia”) are responsible for an estimated 814,000 neo-
natal deaths [4] and also one million stillbirths [5] each
year, with perhaps one million disabled survivors with
long-term neuro-developmental injury, including cere-
bral palsy, mental retardation, blindness, long term
intellectual impairment and behavioral problems [6,7].
Childbirth is also the time of greatest risk for maternal
deaths with at least 42% of the annual estimated
352,000 maternal deaths occurring during labor and the
first 2 days after birth [3,8,9].
While skilled attendance at delivery and emergency

obstetric care are the basis of modern obstetrics, there
is remarkably limited impact evaluation. This gap is
related both to methodological challenges such as the
large sample sizes required for meaningful statistical
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Searches for intervention evidence
We undertook systematic searches of published litera-



Inclusion/exclusion criteria
Data from studies meeting the inclusion criteria were
extracted using a standard form (Additional File 1). We
assessed the quality of each study using a standard
approach developed by the Child Health Epidemiology



considered here, such as corticosteroids for prevention of
preterm labor and antibiotics for preterm PROM) [25,26].

Comparison group
In LiST the counterfactual is no care at all. Clearly a
randomised trial with no skilled care provided at birth
would be considered unethical, and most evaluations are
non-randomised where the comparison is with standard
practice. Hence we included studies with other compari-
son groups, such as before/after studies of improve-
ments to existing services, cross-sectional and case-
control studies, and historical data that reported mortal-
ity impact over several decades, recognizing that the
majority of these studies did not control for confounders
and were thus potentially subject to substantial bias.

Outcome definitions
A neonatal death was defined as a death in the first 28
days of life, early neonatal death as death in the first 7

days of life, and perinatal death as a stillbirth (>1000
gms, > 28 weeks gestation) or death in the first 7 days
of life. Deaths due to any cause are referred to as all
cause mortality and intrapartum-related neonatal death
classifies babies who die from childbirth related hypoxic
events, (ie. what was previously referred to as “birth
asphyxia”). While the term “birth asphyxia” has been
used to describe babies who do not breathe at birth, the
term is no longer recommended for epidemiological use
in cause-of-death attribution [5,27]. Intrapartum-related
neonatal mortality is defined by CHERG, based on ICD
10 rules and recent global consensus statements, as
term babies who die after neonatal encephalopathy, or
death prior to onset of neonatal encephalopathy, with
evidence of intrapartum injury or acute intrapartum
events [5,27]. Neonatal encephalopathy (NE) may
directly result from intrapartum hypoxia and is consid-
ered a predictive marker of long term morbidity and
mortality [3]. NE is defined as a “disturbance of
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neurological function in the earliest days of life in the
term infant manifested by difficulty initiating and main-
taining respiration, depression of tone and reflexes,
abnormal level of consciousness and often by seizures
[28,29].” Hypoxic Ischemic Encephalopathy is the condi-
tion of neonatal encephalopathy following severe
hypoxic injury, however, is not recommended unless
there is clear evidence of sufficient hypoxemia to
account for impaired brain function [30].
We also examined studies that reported all cause neo-

natal mortality or specific morbidity, notably NE. We
did not examine Apgar score as an outcome since our



early neonatal mortality (BEmOC aOR 1.47, 95% CI
1.27-1.69; CEmOC aOR 2.69, 95% CI 2.16-3.37) com-
pared to mothers delivering at home without skilled
care. However this observational study is prone to selec-
tion bias, as skilled care/emergency obstetric care was
likely sought for higher-risk, complicated deliveries, and
thus the observed association is unlikely to reflect the
population effect of the intervention [37].
The Skilled Care Initiative in Burkina Faso involved

multiple activities to increase access to skilled birth
care, including improving availability and quality of
CEmOC by upgrading hospital capacity, equipment,
and training in CEmOC at the district hospital (Table
2) [38,39]. At the end of the intervention period the
PMR was 27.5/1000 in the intervention district com-
pared with 33/1000 in the control district (OR 0.75,
95% CI 0.70-0.80) [38]. However, it is unclear how
similar PMRs were in the intervention and control dis-
tricts at the beginning of the intervention, and
CEmOC was just one component of a complex inter-
vention that also included community mobilization
and education.
We identified historical reports from Malaysia [40]

and Finland [1] that reported NMR trends coinciding
with improvements in obstetric and neonatal care. In
Malaysia, over three decades (1960-1990s), a national
strategy to increase skilled birth attendance was imple-
mented which included training professional village
midwives (1970-80s), establishing links with district and
referral hospitals, and a gradual shift to births in

facilities with capacity for basic emergency obstetric care
(1985-1990s). By 1995, institutional delivery had
increased to 88% and the national NMR had declined
from 75.5 in 1957 to 14.8 in 1991 [40]. In a Finnish uni-
versity hospital, multiple obstetric and neonatal care
improvements were instituted from 1968-1982 (includ-
ing increased intrapartum monitoring, Caesarean sec-
tion, corticosteroid therapy, amniotic fluid surfactant
determination, and reduction in vaginal breech deliv-
eries). Over the same time period, a 71% reduction in
intrapartum-related neonatal mortality and a 61% reduc-
tion in all-cause perinatal mortality was observed. How-
ever, the effect of improved neonatal intensive care is
likely to have played a major additional role in this mor-
tality reduction.
In a tertiary care hospital in the UK, following an

EmOC training course (cardiotocography interpretation;
emergency drills for dystocia postpartum hemorrhage,
eclampsia, breech delivery, and neonatal resuscitation)
for obstetricians and midwives, a 50% reduction in
hypoxic ischemic encephalopathy (95% CI: 0.26-0.95)
was observed [41]. However, baseline care was likely
substantially more complex than in the ‘average’ low-
income country setting, and thus, this may underesti-
mate the effect compared with no care. In addition the
observed mortality reduction includes the effect of train-
ing in neonatal resuscitation, which is a separate inter-
vention in LiST. Additional studies which provide
supporting evidence of package effect are shown in
Table 2, [42-45].



Table 2 Studies of the effect of Basic or Comprehensive Emergency Obstetric Care on perinatal-neonatal mortality or intrapartum-related outcomes

Author Study
Years

Setting Study
Design

Intervention definition Concurrent
interventions

Intervention
Coverage

Total Births
A) Endline
B) Baseline

Outcomes Effect on
outcome
RR/OR
(95% CI)

Ronsmans
2010[37]

1987-
2005

Matlab,
Bangladesh

Observational
cross-sectional

1987-1996: skilled home birth care w/midwives
providing antenatal care, basic obstetric care
(labor monitoring), essential newborn care; 1996
onwards facility based birth with BEmOC
(partograph, active management 3rd stage,
antibiotics, management preeclampsia). Highest
level care received (BEmOC, CEmOC, vs no skilled
care)

Antepartum care,
Essential newborn
care, Strengthening of
referral and transport
systems

CEmOC 0.5% in
1987 to 11.7% in
2005
BEmOC 4.7% in
1987 to 40.9% in
2005

CEmOC
3084;
BEmOC
9954;
No skilled
Care 40177

1) ENMR
2) Stillbirth

1)CEmOC aOR
2.69 (2.16-3.37)
BEmOC aOR 1.47
(1.27-3.37)
2) CEmOC aOR
6.61(5.62-7.79)
BEmOC aOR 1.51
(1.31-1.73)

Berglund
2010[44]

2003-
2004

3 Maternity
Hospitals;
Ukraine

Observational
before-after

Training all maternity staff (obstetricians,
neonataologists, midwives, anesthesiologists) in 2
week WHO “Effective Perinatal Care” program,
including use of partogram, emergency obstetric
and neonatal care (resuscitation).

Anesthesia; neonatal
resuscitation & special
care, thermoregulation

All maternity staff
in 3 hospitals

A) 1696
B) 2439

1) ENMR No significant
effect

Hounton
2008
[38,39,52]

2001-
2005

Rural
Ouargaye
and Diapaga
districts,
Burkina Faso

Quasi-
experimental



Our ecological analysis of the association between NE
incidence and the proportion of institutional births is
shown in Figure 4. The modelled incidence of neonatal
encephalopathy when 10% of deliveries take place in
health facilities was 18.6/1000 live births. Given a neo-
natal case fatality ratio of 25% using the median neona-
tal case fatality in high mortality level settings
(NMR>15) from the literature review [33], the neonatal
encephalopathy mortality rate would be around 4.7/1000
live births. When 90% of births take place in a facility,
the modelled incidence of neonatal encephalopathy is
4.7/1000 live births (figure 4). Given a case fatality ratio



primary prevention, as neonatal resuscitation and ther-
mal care are reviewed separately for LiST [24,47]. The
evidence with respect to home-based skilled childbirth
care has been reviewed in detail elsewhere [35]. We
identified 10 studies reporting the impact of commu-
nity-based skilled birth attendants on intrapartum-
related perinatal or neonatal mortality (Tables 3 and 4):
2 quasi-experimental studies, 4 before-after studies, and
4 observational historical studies. Nine studies were
from low- or middle-income settings.
Four studies met our inclusion criteria and had

trained community midwives [48-51] or village doctors
[48] in intrapartum monitoring and management, with
appropriate links to the health system, including referral
and or transport to BEmOC or CEmOC facilities. Addi-



Table 3 Studies of the impact of community skilled birth attendants on perinatal-neonatal mortality

Author Study
Years

Country Setting Study Design Primary Intervention Concurrent
Interventions

Intervention
Coverage

Total N
A) Intervention
B) Comparison

Outcomes
Measured

Effect on
outcome
(95% CI)

Ronsmans
2008[50]

1975-
1999

Matlab,
Bangladesh

Rural, 1987-
1996 SBA at
home

Quasi-
experimental
(†use of
before-after
data in pooled
anlaysis)

Posting of midwives in villages to increase
skilled home birth (antenatal, basic obstetric,
care including labor monitoring, essential
newborn care) until 1996. After 1996, facility
based strategy with upgrading of health
centers in basic obstetric care (partograph
use, active management 3rd stage, antibiotics,
magnesium)

Strengthening referral
systems, Transport to
BEMOC or CEmOC

25% of births
attended by
SBA during
home birth
period

A) 19085
(ICDDR,B 1989-
1995)
B) 22821
(ICDDR,B 1982-
1988)

1) IPR-NMR
2) NMR †
3) ENMR†





Table 5 GRADE summary table for the impact of community skilled birth attendants on perinatal-neonatal outcomes

Study Quality Summary of Findings

Directness Endline Baseline

No of
studies

Design Limitations Consistency Generalizability
to Population
of Interest

Generalizability
to intervention
of interest

Events Births Events Births Relative
Risk
(95% CI)

Neonatal Mortality(Intrapartum-related): Low outcome specific quality

1 [50] Quasi-
experimental

Several interventions



Overall  (I-squared = 0.0%, p = 0.499)

ID

Ibrahim 1992

Yan 1989

Ronsmans 2008

Study

0.87 (0.79, 0.97)

RR (95% CI)

0.71 (0.48, 1.05)

0.77 (0.43, 1.36)

0.89 (0.80, 0.99)

100.00

Weight

8.10

3.56

88.34

%

0.87 (0.79, 0.97)

RR (95% CI)

0.71 (0.48, 1.05)

0.77 (0.43, 1.36)

0.89 (0.80, 0.99)

100.00

Weight

8.10

3.56

88.34

%

1.432 1 2.32
Figure 6 Meta-analysis of effect of skilled birth attendance in the community on neonatal or perinatal outcomes (Effect on Early Neonatal
Mortality Rate).

Overall  (I-squared = 29.2%, p = 0.237)

Ronsmans 2008

Study

ID

Alisjahbana 1995

Yan 1989

Ibrahim 1992

0.88 (0.83, 0.95)

0.91 (0.84, 0.98)

RR (95% CI)

0.75 (0.51, 1.10)

0.66 (0.44, 0.98)

0.78 (0.61, 1.01)

100.00

84.83

%

Weight

3.45

3.68

8.04

0.88 (0.83, 0.95)

0.91 (0.84, 0.98)

RR (95% CI)

0.75 (0.51, 1.10)

0.66 (0.44, 0.98)

0.78 (0.61, 1.01)

100.00

84.83

%

Weight

3.45

3.68

8.04

1.444 1 2.25
Figure 7 Meta-analysis of effect of skilled birth attendance in the community on neonatal or perinatal outcomes (Effect on Perinatal Mortality
Rate).
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Table 6 Individual studies of the effect of traditional birth attendant training in intrapartum care on perinatal-neonatal mortality

Author Study
years

Setting Study
Design

Intervention definition Concurrent interventions Intervention
Coverage

Total N
(A=intervention/
endline;
B=control/
baseline)

Outcomes Effect on
outcome
RR/OR
(95% CI)

O’Rourke[66] 1991 Rural
Guatemala

Before-after
comparison

3-month hospital-based training program for
TBAs - identification of obstetric emergency
and referral; encouragement to attend
hospital deliveries; strengthening relationships
between TBAs and hospital staff

Studied only
those
patients who
were
sucessfully
referred

A) 465;
B) 39

1) PMR
among
referred
infants*

RR 0.73

Greenwood
et al. [86]

1983 Rural Gambia Before-after
comparison

TBA training in intervention villages within a
comprehensive primary care program; 10
week training courseantenatal-postnatal care,
referral signs; distribute clean birth kit and
malaria prophylaxis

Introduction of comprehensive
primary health care program,
transport improvements

65% A) 1159
B) 659

1) NMR;
2) PMR

1) RR 0.66;
2) RR 0.92

Janowitz
et al. [74]

1984-
85

Rural NE
Brazil

Cross-
sectional

TBA training especially in recognition of
childbirth complications and referral. Non-
randomized comparison of trained TBAs with
high case load (>29 births per year) versus
unattended home births

Establishment of “mini-
maternities” with telephones for
TBA births.

55% A) 906;
B) 118

1) NMR RR 0.60

Jokhio et al.
[65]

1998 Rural
Pakistan,
Larkana,

Cluster RCT TBA training in antepartum, intrapartum,
postpartum, and neonatal care; distribution of
clean delivery kits; referral for emergency
obstetrical care.

Lady health workers also trained
to support TBA and link
community-health center
services.

74% A) 10114;
B) 9443

1) PMR;
2) NMR;
3) SBR

1) aOR 0.71
(0.62-0.83);
2) aOR 0.70
(0.59-0.82);
3) aOR 0.69
(0.57-0.83)

Excluded from present review –
[65]

1984-Td
rsectiDRppoCTJ
ongo00(sec)7(timala)]Ta-33400(sec)7(ual)-0001 Tti,
[65]
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level. The two trials [65,66] were not pooled in the
Cochrane analysis because of differences in study design.
Since the Cochrane evaluation [61], 3 additional trials

have reported the effects of TBA training on perinatal
or neonatal mortality [67,68,88] but these trials focused
primarily on neonatal resuscitation and are assessed in
the paper regarding neonatal resuscitation [24][88].

Overall level of evidence
The CHERG-adapted GRADE approach and Rules for
Evidence Review were applied to assess the overall qual-
ity of evidence for packages of childbirth care [17]
(tables 5, 7). The quality of evidence for BEmOC or
CEmOC was very low. No studies were identified of
BEmOC or CEmOC as an isolated package that were
usable to estimate a cause-specific neonatal mortality or
an all-cause neonatal mortality effect. Nine low-grade
observational studies or historical data were identified
with information relevant to the effect of emergency
obstetric care packages, however, these were insufficient
to derive a cause-specific mortality effect. For the effect
of skilled birth attendance alone on intrapartum-related
neonatal deaths, 10 studies (8 observational, 2 quasi-
experimental) were identified of community skilled birth
attendants and there were sufficient events meeting
CHERG criteria (>50) [17], however, the overall quality
of evidence was low, and there were limited cause-speci-
fic mortality data. Furthermore, the studies were primar-
ily of community midwife training, and the comparison

(baseline) was a setting where skilled birth attendants
already provided childbirth care, and did not reflect a
counterfactual without any skilled care at birth. There-
fore for all three of these intervention packages, expert
opinion was obtained to derive effect estimates.
For TBA training, there were two previous meta-ana-

lyses including one cRCT. The overall level of evidence
was low, and the GRADE recommendation was condi-
tional given the limited, heterogeneous evidence, and
that the intervention effectiveness is likely to be highly
context specific [34,35]. Therefore no Delphi process
was conducted to estimate the effect of TBAs on neona-
tal mortality.

Results of Delphi process
In view of the low quality of evidence identified, a Del-
phi was undertaken [17]. The expert Delphi form
included relevant data from the literature review (Addi-
tional File 2). A total of 21 experts participated, with
representation from South Asia, Africa, Western Europe,
North America, and Latin America/Caribbean. Consen-
sus was reached in the first round for three questions
(Questions 1, 2, 5), and after the 2nd round for the
remaining four questions (Questions 3, 4, 6, 7).
The Delphi expert panel consensus was that skilled

childbirth care alone would avert 25% (range 5-65%,
IQR 15-30%) of intrapartum-related neonatal deaths
compared with no skilled care (figure 8). Basic and com-
prehensive emergency obstetric care was estimated to



avert 40% (range 15-85%, IQR 40-52.5%), and 85%
(range 55-96.5%, IQR 67.5-87.5%), of neonatal deaths
due to intrapartum events, respectively.

Discussion
There are 2 million deaths each year resulting from
childbirth - 814,000 intrapartum related neonatal deaths,
over 1 million intrapartum stillbirths and a significant
proportion of the world’s 352,000 maternal deaths.
Skilled childbirth care is recommended as a universal
right to reduce these deaths, yet there is limited mortality
evidence of the effect of childbirth care packages. The
mismatch between the size of the problem and the qual-
ity of the useable evidence is stark. Our primary finding,



formally trained midwives are only sought for compli-
cated deliveries where the baby is already compromised
and could only have been saved by emergency obstetric
care, which may not be available.
Given the lack of cause-specific mortality evidence, we

followed the LiST rules based on GRADE, and the effect
of the 3 obstetric care packages was estimated using
Delphi expert consensus [17]. We included a variety of
experts with wide geographic representation (geographic
region, low-middle and high income settings) and range
of expertise and background (clinical, epidemiology,
obstetrics, neonatology). Consensus was reached within
an IQR of 30%. However, any expert opinion process is



Table 8 Cause-specific mortality effect and GRADE of the estimates for obstetric care packages on intrapartum-related
neonatal deaths

Effect of Comprehensive Emergency Obstetric Care
Cause specific mortality to act on:
Intrapartum related neonatal deaths

Quality of input evidence:
Very Low –



could be saved by providing universal access to compre-
hensive obstetric care. This estimate is conservative as
comprehensive obstetric care would also be expected to
reduce deaths from other causes of neonatal death,
notably infections and preterm birth. In addition a sig-
nificant proportion of maternal deaths and 1 million
stillbirths could likely be saved with intrapartum inter-
ventions [32,83-85]
The potential for major mortality impact emphasizes

the urgent need to invest in childbirth care, improving
services for those already giving birth in facilities, and
reaching the 60 million women giving birth outside
facilities. Roles and impact of training other cadres, such
as TBAs, to link mothers with obstetric care requires
further evaluation. The lack of data, even descriptive
studies, to assess the effectiveness of these UN recom-
mended packages of childbirth care highlights the need
for more evaluation. Programmatic planning is required
to assess the impact and cost of various packages and
implementation strategies in varying contexts, and to
strategize how best to close equity gaps for rural, poor
families and how to close quality gaps that cost the lives
of many women and babies at birth.

Additional material

Additional file 1: is an excel sheet that contains fives sheets each of
which has a table presenting extraction criteria and outputs for
studies used in the meta-analysis.

Additional File 2: is word document that contains the Delphi form
used in the Delphi process and as well as background information
and appendices that were provided to the Delphi participants.
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