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ABSTRACT

BACKGROUND

Of the 3.7 million neonatal deaths and 3.3 million stillbirths each year, 98% occur
in developing countries. An evaluation of community-based interventions designed
to reduce the number of these deaths is needed.

METHODS

With the use of a train-the-trainer model, local instructors trained birth attendants
from rural communities in six countries (Argentina, Democratic Republic of Congo,
Guatemala, India, Pakistan, and Zambia) in the World Health Organization Essen-
tial Newborn Care course (which focuses on routine neonatal care, resuscitation,
thermoregulation, breast-feeding, “kangaroo” [skin-to-skin] care, care of the small
baby, and common illnesses) and (except in Argentina) in a modified version of the
American Academy of Pediatrics Neonatal Resuscitation Program (which teaches
basic resuscitation in depth). The Essential Newborn Care intervention was assessed
among 57,643 infants with the use of a before-and-after design. The Neonatal Re-
suscitation Program intervention was assessed as a cluster-randomized, controlled
trial involving 62,366 infants. The primary outcome was neonatal death in the first
7 days after birth.

RESULTS

The 7-day follow-up rate was 99.2%. After birth attendants were trained in the Es-
sential Newborn Care course, there was no significant reduction from baseline in
the rate of neonatal death from all causes in the 7 days after birth (relative risk with
training, 0.99; 95% confidence interval [CI], 0.81 to 1.22) or in the rate of perinatal
death; there was a significant reduction in the rate of stillbirth (relative risk with
training, 0.69; 95% CI, 0.54 to 0.88; P=0.003). In clusters of births in which atten-
dants had been randomly assigned to receive training in the Neonatal Resuscitation
Program, as compared with control clusters, there was no reduction in the rates of
neonatal death in the 7 days after birth, stillbirth, or perinatal death.

CONCLUSIONS
The rate of neonatal death in the 7 days after birth did not decrease after the introduc-
tion of Essential Newborn Care training of community-based birth attendants, al-
though the rate of stillbirths was reduced. Subsequent training in the Neonatal Re-
suscitation Program did not significantly reduce the mortality rates. (ClinicalTrials
.gov number, NCT00136708.)
N ENGL J MED 362;7
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NNUALLY, THERE ARE APPROXIMATELY

3.7 million neonatal deaths and 3.3 mil-

lion stillbirths worldwide.* Approximate-
ly 38% of deaths among children younger than
5 years of age occur during the first 28 days of
life, and 75% of the neonatal deaths occur within
the first 7 days.!®> Without a major reduction in
neonatal deaths in the first 7 days after birth,
achievement of the United Nations’ Millennium
Development Goal 4 — a reduction in mortality
by two thirds among children younger than 5 years
of age? — is unlikely to be realized.

In areas of the world with high rates of home
delivery, stillbirths are prevalent, but they are
difficult to distinguish from early neonatal
deaths.*> Therefore, examining both stillbirths
and early neonatal deaths is important in an
evaluation of perinatal programs that are de-
signed to reduce mortality.*

Major global causes of perinatal mortality are
asphyxia at birth, low birth weight, and prema-
turity. Low-cost interventions, including training
in neonatal resuscitation® and “kangaroo” (skin-
to-skin) care,” may effectively reduce deaths from
these causes; it has been estimated that introduc-
ing these interventions as a package might de-
crease perinatal deaths by 50% or more.?° A
recent study that used a “before-and-after” imple-
mentation design showed that training in the
World Health Organization (WHO) Essential
Newborn Care course'® improved midwives’ skill
and knowledge'* and reduced neonatal deaths in
the first 7 days after birth among low-risk
women who delivered in first-level clinics in
Zambia.’? A systematic review of the literature
suggests that perinatal mortality may be de-
creased by training birth attendants.'®> Thus,
wide-scale implementation and evaluation of evi-
dence-based interventions are needed to improve
perinatal outcomes, particularly in rural settings,
where more than 50% of neonatal deaths occur.
The First Breath study was designed to test the
primary hypothesis that training birth attendants
in the WHO Essential Newborn Care course and
in a modified version of the American Academy of
Pediatrics Neonatal Resuscitation Program would
reduce the rate of death from all causes in the
first 7 days after birth, among infants with birth
weights of at least 1500 g who were born in rural
communities in developing countries.

METHODS

STUDY SITES AND STUDY POPULATIONS

We conducted the before-and-after study of train-
ing in Essential Newborn Care in rural commu-
nities in seven sites of the Global Network for
Women’s and Children’s Health Research in six
countries (Argentina, Democratic Republic of
Congo, Guatemala, India, Pakistan, and Zambia)
from March 2005 through February 2007 (Fig. 1)
with the use of an active baseline design.* This
design requires the protocol to be initiated be-
fore data collection is started. (In the case of this
study, all training except for training in the Es-
sential Newborn Care intervention was conduct-
ed before the initiation of data collection.) The
cluster-randomized trial of training in the Neo-
natal Resuscitation Program was conducted in
88 communities in five countries (the same as
those in the Essential Newborn Care study, ex-
cept for Argentina) from July 2006 through Au-
gust 2008 (Fig. 2). The communities were select-
ed to represent rural areas, to be geographically
distinct, and to have at least 300 births per year.
Most communities had poor health systems and
a high rate of home births assisted by traditional
birth attendants.

Government officials and community leaders
facilitated the training of all birth attendants in
the two courses and in the collection of data.
The studies were approved by the institutional
review board at each participating site in the de-
veloping countries and in the United States. An
independent data and safety monitoring com-
mittee reviewed recruitment, outcomes, and ad-
verse events. Additional monitoring included site
visits by local and central personnel and month-
ly recruitment reports.

Maternal and neonatal data were collected for
all births with a gestation period that was con-
sidered to have been 28 weeks or longer (on the
basis of the mother’s last menstrual period and
other clinical information) and a birth weight of
1500 g or more (including stillbirths). We exclud-
ed fetuses and neonates with a birth weight of
less than 1500 g because advanced medical care
for very-low-birth-weight infants was not avail-
able in most of the study communities. In cases
in which the birth weight was not measured,
infants were included if the birth weight was
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Baseline data collection before Essential Newborn
Care Intervention
96 Clusters participating
23,137 Mothers screened (23,248 infants)

124 Mothers declined participation

23,013 Mothers consented (23,123 infants)

498 Infants excluded
364 Live births <1500 g
134 Stillbirths <1500 g

Discharge outcome
21,909 Live births
196 Neonatal deaths
520 Stillbirths
7-Day outcome
21,479 Alive at 7 days
513 Dead at 7 days
113 Outcome not recorded

Training in Essential Newborn Care intervention

Baseline data collection 4-9 mo after Essential
Newborn Care Intervention
96 Clusters participating
35,508 Mothers screened (35,746 infants)

69 Mothers declined participation

35,439 Mothers consented (35,677 infants)

660 Infants excluded
298 Live births <1500 g
362 Stillbirths <1500 g

Discharge outcome
34,120 Live births
340 Neonatal deaths
557 Stillbirths
7-Day outcome
33,367 Alive at 7 days
793 Dead at 7 days
300 Outcome not recorded

Figure 1. Study Procedures and Outcomes in the Trial of the Essential
Newborn Care Program.

616

estimated by the birth attendant to be 1500 g

Oor more.

PROCEDURES

Various teaching methods were used in the train-
the-trainer educational program, including clini-

cal practice sessions and demonstrations to train
all birth attendants in the study procedures and
in the implementation of the two programs. These
courses were first tested in a clinic-based study
in Zambia»1215 and were modified for the cur-
rent study so that they would also be appropriate
for use by community-based birth attendants;
modifications included the development of mate-
rials for illiterate participants. During a 3-day
course before the baseline data collection, three
experienced trainers trained two master trainers
at each site in data collection, the differentiation
between stillbirth and early neonatal death, clin-
ical assessments (i.e., monitoring of fetal heart
rate, signs of life at delivery, and Apgar scores),
and adult education and training techniques. The
master trainers then trained one or more commu-
nity coordinators (either a physician or a nurse)
in each community. The community coordinators
trained the birth attendants within each commu-
nity before the baseline period. Birth attendants
included traditional birth attendants, nurses, mid-
wives, and physicians. Ventilation bags and masks,
spring scales (Salter Brecknell, purchased from
the United Nations Children’s Fund [UNICEF]),
and clean delivery kits were distributed after
training.

After the baseline data-collection period, an
experienced WHO trainer taught the 3-day Essen-
tial Newborn Care course (2004 edition) to master
trainers; these trainers then taught the commu-
nity coordinators, who then taught the birth at-
tendants. The contents of the Essential Newborn
Care course included routine neonatal care, initia-
tion of breathing and resuscitation (including bag-
and-mask ventilation), thermoregulation, early and
exclusive breast-feeding, kangaroo (skin-to-skin)
care, care of small babies, recognition of danger
signs, and recognition and initial management of
complications. The birth attendants taught the
mothers to implement the Essential Newborn Care
practices.

After completion of the data-collection period
that followed the Essential Newborn Care course
(March 2005 through February 2007), a 3-day
course in the Neonatal Resuscitation Program
(2000 edition), led by an experienced trainer, was
conducted only for birth attendants in the birth
clusters that were randomly assigned to the Neo-
natal Resuscitation Program; a refresher course
was given 6 months later. The contents of the
Neonatal Resuscitation Program course included
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96 Clusters participating in Neonatal
Resuscitation Program trial

88 Clusters underwent randomization

:

l

Training in Neonatal Resuscitation Program
and 12-mo data collection
43 Clusters participating
30,237 Mothers screened (30,390 infants)

2 Mothers declined participation [<—

30,235 Mothers consented
(30,388 infants)

673 Infants excluded
410 Live births <1500 g
263 Stillbirths <1500 g

Discharge outcome
29,095 Live births
152 Deaths
468 Stillbirths
7-Day outcome
28,598 Alive at 7 days
543 Dead at 7 days
106 Outcome not recorded

No additional training and 12-mo data collection
45 Clusters participating
33,090 Mothers screened (33,342 infants)

| 1 Mother declined participation

33,089 Mothers consented
(33,341 infants)

690 Infants excluded
322 Live births <1500 g
368 Stillbirths <1500 g

Discharge outcome
31,957 Live births
203 Deaths
491 Stillbirths
7-Day outcome
31,367 Alive at 7 days
685 Dead at 7 days
109 Outcome not recorded

Figure 2. Study Procedures and Outcomes in the Neonatal Resuscitation Program Trial.

in-depth hands-on training in basic knowledge
and skills of resuscitation, including initial steps
in resuscitation and bag-and-mask ventilation,
but did not include training in chest compres-
sions, endotracheal intubation, or administra-
tion of medications.

The birth attendants or community coordina-
tors obtained written informed consent from all
mothers and collected all data on standardized
data forms. Data were reviewed by the commu-
nity coordinators during weekly visits before
local entry of the data and transmission of the
data to the data center.

STUDY OUTCOMES
The primary outcome in both studies was the
rate of death from all causes in the first 7 days
after birth. Prespecified secondary outcomes in
both studies included death in the first 7 days
specifically attributed to birth asphyxia (defined

as failure to initiate or sustain normal breathing
at birth,¢ as determined by the birth attendant);
the overall rate of stillbirth and fresh stillbirth
(which was defined as the absence of macera-
tion); the rate of perinatal death, which included
stillbirths plus neonatal deaths in the first 7 days;
the rate of death in the first 24 hours after birth;
rates of death stratified according to sex, birth
weight, location of birth, and type of birth atten-
dant; 1-minute and 5-minute Apgar scores (di-
chotomized according to prespecified thresholds
of <4 and >4); use of resuscitation techniques;
and neurologic outcome at 7 days as assessed by
the community coordinators with the use of an
examination developed by Ellis et al.”

DATA MANAGEMENT AND MONITORING
OF THE STUDY

Consistency checks of the data were performed,
and the data were edited as appropriate. The data
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and safety monitoring committee reviewed the
data for efficacy and safety. There were no for-
mal stopping rules during the Essential Newborn
Care study. The O’Brien-Fleming boundary meth-
od was used to determine the stopping boundary
for efficacy at the planned 3-month and 6-month
interim reviews during the cluster trial of the
Neonatal Resuscitation Program.

STATISTICAL ANALYSIS
On the basis of data collected during the period
after the Essential Newborn Care training and
implementation, it was estimated that for the
Neonatal Resuscitation Program intervention,
randomization of 88 clusters of at least 300 to
500 births each would be required for the study
to have at least 80% power to detect a 20% reduc-
tion in the relative risk of neonatal death from all
causes in the 7 days after birth (and a reduction
in the absolute risk of 5 deaths per 1000 live
births), with the use of a two-tailed test at a sig-
nificance level of 5%; an estimated intra-cluster
coefficient was determined by simulation and
confirmed with baseline data.'® The variances
were adjusted for the primary outcome variable
to account for the intra-cluster correlation (de-
sign effect).*®

Chi-square tests and Student’s t-tests were
used to test for differences in maternal and neo-
natal characteristics before and after the Essen-
tial Newborn Care intervention and for differ-
ences between the outcome in the intervention
group and that in the control group in the Neo-
natal Resuscitation Program trial.*® Multivariate
logistic-regression models with generalized esti-
mating equations accounting for the cluster effect
were used to test for differences in the rates of
neonatal death in the first 7 days after birth,
stillbirth, and perinatal death before and after
the Essential Newborn Care intervention and to
assess interactions of death with category of birth
attendant and location of birth. Adjustments were
made for significant variables in the models
among the following explanatory variables: trial
site, maternal age at delivery, maternal education,
gestational age, parity, birth weight, sex, birth
location, and category of birth attendant. P values
have not been adjusted for multiple compari-
sons. A “difference-in-differences” analysis test-
ed whether there were time-trend effects. We
calculated the difference in differences by divid-
ing each intervention period into equal time

periods and using the Wilcoxon rank-sum test to
evaluate the difference between two differences.
The data were analyzed with the use of SAS
software, version 9.1.3 (SAS Institute).2%21

RESULTS

ESSENTIAL NEWBORN CARE STUDY
At study baseline, the largest proportion of births
was attended by traditional birth attendants; and
this proportion increased, from 33.2 to 39.2%,
after implementation of the Essential Newborn
Care intervention (Table 1). The majority of births
occurred at the mother’s home. After the Essen-
tial Newborn Care intervention, the proportion
of Apgar scores of less than 4 at 1 and 5 minutes
after birth decreased, and the use of bag-and-
mask ventilation increased.

Outcome data at 7 days were available for
99.2% of the births. The rate of neonatal death
in the 7 days after birth did not decrease sig-
nificantly after Essential Newborn Care training
in the overall cohort (Table 2) or in any pre-
specified subgroup (Table 1 in the Supplemen-
tary Appendix, available with the full text of this
article at NEJM.org). The overall rate of stillbirth
decreased (Table 2), owing primarily to a reduc-
tion in the rate of fresh stillbirth (Table 2 in the
Supplementary Appendix). The rate of perinatal
death did not decrease significantly after Essen-
tial Newborn Care training (Table 2, and Table
3 in the Supplementary Appendix). To eliminate
the possibility of bias due to differential exclu-
sion of cases on the basis of an estimated (rather
than measured) birth weight of less than 1500 g,
we performed another analysis that was limited
to births in which birth weight was measured
(94.9% of the infants); the results were materi-
ally unchanged (data not shown).

When data were analyzed in multivariate lo-
gistic-regression models with adjusted general-
ized estimating equations, there was no signifi-
cant difference between the rates of neonatal
death in the 7 days after birth and of perinatal
death before the Essential Newborn Care inter-
vention and the rates after the intervention
(P=0.60 for neonatal death in the 7 days after
birth, and P=0.10 for perinatal death), but the
rate of stillbirth before the intervention still dif-
fered significantly from the rate after the inter-
vention (P=0.04). In tests for interaction with
the use of generalized estimating equations in
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Table 1. Demographic and Clinical Characteristics of Subjects before and after Implementation of the Essential Newborn Care Intervention
and of the Intervention and Control Groups in the Neonatal Resuscitation Program.

Variable

Before Intervention

Essential Newborn Care Intervention

After Intervention

Neonatal Resuscitation Program

Intervention Group Control Group

(N=22,626) (N=35,017) P Value (N=29,715) (N=32,651) P Value
no. /total no. (%) no. /total no. (%)
Birth attendant <0.001 <0.001
Physician 4,061/22,623 (18.0)  5,311/34,978 (15.2) 1,864/29,707 (6.3)  4,092/32,651 (12.5)
Nurse or midwife 7,326/22,623 (32.4)  8,531/34,978 (24.4) 10,353/29,707 (34.9)  9,764/32,651 (29.9)
Tra?jitional birth atten-  7,521/22,623 (33.2) 13,718/34,978 (39.2) 10,770/29,707 (36.3) 13,327/32,651 (40.8)
ant
Family member, other 3,715/22,623 (16.4)  7,418/34,978 (21.2) 6,720/29,707 (22.6)  5,468/32,651 (16.7)
attendant, or no
attendant
Location of birth <0.001 <0.001
Hospital 5,980/22,625 (26.4)  8,381/35,000 (23.9) 4,304/29,707 (14.5)  5,068/32,651 (15.5)
Clinic 1,712/22,625 (7.6)  3,704/35,000 (10.6) 5,253/29,707 (17.7)  5,556/32,651 (17.0)
Birth attendant's home ~ 1,524/22,625 (6.7)  4,224/35,000 (12.1) 2,176/29,707 (7.3)  2,464/32,651 (7.5)
Mother’s home 13,365/22,625 (59.1) 18,640/35,000 (53.3) 17,932/29,707 (60.4) 19,470/32,651 (59.6)
Other 44/22,625 (0.2) 51/35,000 (0.1) 42/29,707 (0.1) 93/32,651 (0.3)
Multiple birth 604/22,625 (2.7) 977/35,017 (2.8)  0.39 617/29,715 (2.1) 583/32,651 (1.8) 0.008
Male sex 11,781/22,567 (52.2) 18,262/34,937 (52.3)  0.87  14,995/29,325 (51.1) 17,371/32,569 (53.3) <0.001
Birth weight* 0.04 <0.001
1500-1999 g 460/19,085 (2.4) 808/33,300 (2.4) 968/28,904 (3.3) 649/32,144 (2.0)
2000-2499 g 2,216/19,085 (11.6)  3,681/33,800 (10.9) 3,810/28,904 (13.2)  4,106/32,144 (12.8)
>2500 g 16,409/19,085 (86.0) 29,311/33,300 (86.7) 24,126/28,904 (83.5) 27,389/32,144 (85.2)
Apgar score <4
At 1 min 806/20,750 (3.9) 983/33,532 (2.9) <0.001  891/28,523 (3.1) 847/31,125 (2.7)  0.003
At 5 min 618/20,734 (3.0) 697/33,553 (2.1)  <0.001 540 /28,527 (L.9) 551/31,131 (1.8) 0.26
Apnea at birth 2,071/22,521 (9.2)  2,153/34,860 (6.2)  <0.001  1,470/29,305 (5.0)  1,680/32,551 (5.2) 0.41
Bag-and-mask ventilation 251/22,625 (1.1) 613/35,017 (1.8)  <0.001  1,256/29,715 (4.2)  1,174/32,651 (3.6)  <0.001
* Data on birth weight were available for 94.9% of the infants.
multivariate logistic-regression models, there was tive risk, 0.63; 95% CI, 0.45 to 0.88) but not when
no significant interaction between the category physicians assisted (Table 2 in the Supplemen-
of birth attendant and the rate of neonatal death tary Appendix). For the difference-in-differences
in the 7 days after birth or the rate of perinatal analysis, the cut-offs shown in Figure 3 were
death (P=0.13 for neonatal death in the 7 days used to divide the data into two consecutive
after birth, and P=0.08 for perinatal death), but phases; the differences between the two pre-inter-
there was a significant interaction between the vention periods and the two post-intervention
category of birth attendant and the rate of still- periods were then compared. There was a sig-
birth (P=0.04). In subgroup analyses according nificant difference between the pre- and post-
to the category of birth attendant, the rate of Essential Newborn Care differences in the rate
stillbirth decreased significantly when nurses or of neonatal death in the 7 days after birth but no
midwives assisted the birth (relative risk, 0.50; significant difference in the rates of stillbirth or
95% confidence interval [CI], 0.35 to 0.72) and perinatal death (P=0.03 for neonatal death in
when traditional birth attendants assisted (rela- the first 7 days, P=0.60 for stillbirth, and P=0.32
N ENGLJ MED 362;7 NEJM.ORG FEBRUARY 18, 2010 619
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Groups in the Neonatal Resuscitation Program.

Table 2. Mortality Rates before and after Implementation of the Essential Newborn Care Intervention and in the Intervention and Control

Variable Essential Newborn Care Intervention
Relative Risk
Before Intervention After Intervention (95% Cl)

no. /total no. (rate/1000)

Neonatal deaths in ~ 513/21,992 (23.4) 793/34,160 (23.2)
the 7 days after

birth
Stillbirths

0.99 (0.81-1.22)

520/22,625 (23.0) 557/35,017 (15.9)

Perinatal deaths ~ 1033/22,512 (45.9) 1350/34,717 (38.9) 0.85 (0.70-1.02)

0.69 (0.54-0.88)*

Neonatal Resuscitation Program

Relative Risk

Intervention Group ~ Control Group (95% Cl)
no. /total no. (rate/1000)

543/29,141 (18.6) 685/32,052 (21.4) 0.87 (0.65-1.16)

468/29,715 (15.7) 491/32,651 (15.0)
1011/29,609 (34.1) 1176/32,543 (36.1)

1.05 (0.82-1.33)
0.94 (0.76-1.17)

* P=0.003

for perinatal death). An assessment of temporal
changes within each intervention period suggest-
ed that the observed effects were not explained
simply by changes over time (Fig. 3).

The rate of moderately or severely abnormal®”
neurologic examinations at 7 days decreased
from 8.0% before the intervention to 6.4% after
(P=0.01). The rates of death within 24 hours
after birth before and after Essential Newborn
Care training did not differ significantly (Table 4
in the Supplementary Appendix).

NEONATAL RESUSCITATION PROGRAM TRIAL
Despite an increased use of bag-and-mask venti-
lation in the intervention clusters, the rates of
neonatal death from all causes in the 7 days after
birth, stillbirth, and perinatal death in the Neo-
natal Resuscitation Program clusters did not dif-
fer significantly from the rates in the control
clusters (Table 2). There were no significant dif-
ferences in mortality between clusters in any of
the subgroups (Tables 1, 2, 3, and 4 in the Sup-
plementary Appendix). The difference-in-differ-
ences analyses showed no significant changes in
mortality between the intervention and control
clusters.

DISCUSSION

This large, multicenter study conducted in rural
communities in developing countries showed that
training in and implementation of the Essential
Newborn Care program were not associated with
a decrease in the primary outcome of neonatal
death. In secondary analyses, implementation of
this program was associated with a significant

620 N ENGLJ MED 362;7
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decrease in the rate of stillbirth but not with a
decrease in the rate of perinatal death.

Although the before-and-after study design
precludes a conclusion of causality, it is plausible
that the observed reduction in stillbirths may be
due to training in the Essential Newborn Care
program.2224 Before this training, liveborn infants
without obvious signs of life may have been mis-
identified as stillbirths; such misclassification has
been reported previously.#>2224 After training,
resuscitation was more likely to be attempted,
with a consequent reduction in births classified
as stillbirths. The decrease in fresh stillbirths,
but not in macerated stillbirths, after Essential
Newborn Care training supports this hypothe-
sis. Furthermore, previous studies showed that
training in neonatal resuscitation, which was part
of Essential Newborn Care training, decreased
the rate of stillbirth.232* The decrease in still-
births in our study was not associated with an
increase in neonatal deaths, suggesting that the
decrease in deaths was real and not only the
result of classification bias. The reduction in the
rate of stillbirths occurred despite a 5% increase
in unattended deliveries or deliveries attended by
family members in the period after the Essential
Newborn Care program was implemented.

The reduction in stillbirths after Essential
Newborn Care training appeared to be most
pronounced in the case of deliveries that were
assisted by nurses or midwives and those that
were assisted by traditional birth attendants,
who previously might not have known all the
information or been trained in the techniques
taught in the program. Among births assisted by
these birth attendants, rates of perinatal death
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Figure 3. Rates of Stillbirth, Neonatal Death from All
Causes in the 7 Days after Birth, and Perinatal Death
before and after Training in the Two Programs.

Data are divided into two consecutive phases (1st and
2nd) for each study period. After implementation of
the Essential Newborn Care program, the rate of still-
birth decreased significantly (P=0.003). However, the
rate of neonatal death from all causes in the 7 days af-
ter birth did not change. In the Neonatal Resuscitation
Program trial, the rates of stillbirth, perinatal death,
and neonatal death from all causes in the 7 days after
birth did not differ significantly between the interven-
tion group and the control group.

and stillbirth decreased to levels similar to those
associated with deliveries performed by physi-
cians. In addition to the increased survival, there
was a decrease in moderately or severely abnor-
mal'” neurologic findings at the 7-day follow-up
assessment. Rates of neonatal death, stillbirth, and
perinatal death were not decreased further after
training in the Neonatal Resuscitation Program.
The strengths of our studies include the multi-
country, population-based design, the large sam-
ple sizes, the rigorous training with master in-

structors, the exclusive use of local trainers to
train birth attendants, the use of pregnancy and
birth registries to capture data on all births, the
inclusion of all birth attendants, and the high
rates of consent to participate in the study and
of 7-day follow-up assessments. However, a limi-
tation of the study of the Essential Newborn
Care course was the before-and-after design. We
used an active baseline design, in which all
training except the Essential Newborn Care train-
ing was conducted before the initiation of data
collection. This approach decreased the likeli-
hood that concurrent changes in practice influ-
enced the outcomes,* although we cannot rule
out this possibility. Because of ethical concerns
about withholding a basic WHO course and be-
cause of constraints on resources, this interven-
tion was not introduced with a randomization
design. Another limitation was that data were
collected by the birth attendants who implement-
ed the intervention. However, they were closely
supervised by the community coordinators to
promote reliable collection of data.

The Essential Newborn Care course has been
used previously,2>2° but the assessment of its
effect on outcomes has been limited. A study
that involved 1186 newborns in Sri Lanka showed
that training doctors, nurses, and midwives in
community hospitals in the Essential Newborn
Care course improved care practices; however,
clinical outcomes were not reported.?”-2¢ Evalua-
tions of other programs of neonatal care have
been reported,* but none of the studies were
randomized, and most used historical controls.
A recently published pilot study of the implemen-
tation of community-based perinatal care in four
intervention clusters and four control clusters,
involving almost 11,000 births, showed that
training existing health care workers reduced
perinatal mortality.?° In contrast, implementation
of the Integrated Management of Childhood IlI-
ness, a package of interventions for the care of
children that is designed to be started a week
after birth, improved intermediate care indica-
tors but did not decrease mortality.3°

Previous large, observational studies of resus-
citation training in facilities®3%32 and communi-
ties3334 in developing countries have shown that
neonatal mortality was reduced among infants
whose birth attendants received training, as com-
pared with historical controls. However, one
small facility-based trial showed that training in
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neonatal resuscitation had no effect on neonatal
mortality.?> The lack of an effect of this training
on the rate of perinatal death in our large, ran-
domized trial of neonatal resuscitation could be
due to the fact that Essential Newborn Care
training, which includes very basic resuscitation
training, was already in place before the Neona-
tal Resuscitation Program was initiated.

In summary, training birth attendants in Es-
sential Newborn Care was not associated with a
reduction in neonatal mortality but was associat-
ed with reduced rates of stillbirth; further train-

ing in neonatal resuscitation did not have a sig-
nificant effect on outcomes. These data suggest
that training in basic neonatal care may have a
role in improving perinatal outcomes in the de-
veloping world, although more work is needed to

further reduce perinatal mortality.
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APPENDIX

Members of the First Breath Study Group of the Global Network for Women’s and Children’s Health Research include the following:
Argentina — F. Althabe, J.M. Belizan, Institute for Clinical Effectiveness and Health Policy; Democratic Republic of Congo — J. Ditekemena,
A. Tshefu, Kinshasa School of Public Health; Guatemala — A. Garces, San Carlos University; India — A. Mohapatra, S. Parida, Sriram-
chandra Bhanja Medical College; S.S. Goudar, B.S. Kodkany, Jawaharlal Nehru Medical College; Pakistan — . Jehan, S.R. Jafri, O. Pasha,
Aga Khan University; Zambia — M. Mbelenga, Centre for Infectious Disease Research; E. Chomba, University of Zambia; United States
— W.A. Carlo, University of Alabama at Birmingham; N. Krebs, M. Hambidge, University of Colorado; R.L. Goldenberg, Drexel Uni-
versity; P. Panigrahi, University of Maryland; R.J. Derman, University of Missouri; C. Bose, University of North Carolina at Chapel Hill;
P. Buekens, Tulane School of Public Health and Tropical Medicine; L.L. Wright, M. Douoguih, A. Willoughby, Eunice Kennedy Shriver
National Institute of Child Health and Human Development; H. Harris, E.M. McClure, H. Chakraborty, T. Hartwell, Research Triangle

Institute.
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