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High Mortality Rates for Very Low Birth Weight Infants
in Developing Countries Despite Training

WHAT’S KNOWN ON THIS SUBJECT: Perinatal and/or neonatal
mortality rates for infants born in community settings in
developing countries can be decreased with implementation of a
package of neonatal health care interventions. VLBW infants born
in these settings have high mortality risk.

WHAT THIS STUDY ADDS: A neonatal health care intervention
package that was effective in reducing perinatal and/or early
neonatal mortality rates did not improve outcomes for VLBW
infants born in community settings in developing countries.

abstract
OBJECTIVE: The goal was to determine the effect of training in new-
born care and resuscitation on 7-day (early) neonatal mortality rates
for very low birth weight (VLBW) infants. The study was designed to test
the hypothesis that these training programs would reduce neonatal
mortality rates for VLBW infants.

METHODS: Local instructors trained birth attendants from 96 rural
communities in 6 developing countries in protocol and data collection,
the World Health Organization Essential Newborn Care (ENC) course,
and amodified version of the American Academy of Pediatrics Neonatal
Resuscitation Program (NRP), by using a train-the-trainer model. To
test the impact of ENC training, data on infants of 500 to 1499 g were
collected by using a before/after, active baseline, controlled study de-
sign. A cluster-randomized, controlled trial design was used to test the
impact of the NRP.

RESULTS: A total of 1096 VLBW (500–1499 g) infants were enrolled, and
98.5% of live-born infants were monitored to 7 days. All-cause, 7-day
neonatal mortality, stillbirth, and perinatal mortality rates were not
affected by ENC or NRP training.

CONCLUSIONS: Neither ENC nor NRP training of birth attendants de-
creased 7-day neonatal, stillbirth, or perinatal mortality rates for VLBW
infants born at home or at first-level facilities. Encouragement of deliv-
ery in a facility where a higher level of care is available may be prefer-
able when delivery of a VLBW infant is expected. Pediatrics 2010;126:
e1072–e1080
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Approximately 50% of the 6 million
perinatal deaths throughout the world
each year are early neonatal deaths
(occurring in the first 7 days after
birth).1 Early neonatal deaths account
for �75% of all deaths that occur
within the first 28 days after birth.1,2 A
major decrease in early neonatal
deaths is needed to achieve United Na-
tions Millennium Declaration Develop-
ment Goal 4, which is to reduce the
1990 child (�5 years of age) mortality
rate by two-thirds.3 Stillbirths are
prevalent but sometimes are difficult
to distinguish from early neonatal
deaths. Therefore, examining both
stillbirths and early neonatal deaths is
important when evaluating programs
that may affect perinatal mortality
rates.4

Birth asphyxia, low birth weight/pre-
maturity, and infection are major
causes of perinatal deaths. Low-cost
interventions, including neonatal re-
suscitation training5 and other inter-
ventions introduced as a package of
neonatal care,6,7 have been tested, but
data are limited. Studies showed that
training in the World Health Organiza-
tion Essential Newborn Care (ENC)
course8,9 improved midwives’ skills
and knowledge10 and reduced early
neonatal mortality rates among low-
risk women who delivered in Zambian
clinics.11 Perinatal mortality rates may
be decreased through training of com-
munity birth attendants.12

We showed recently that, for �1500 g
infants born in rural communities,
training in the ENC course decreased
perinatal mortality rates for births
conducted by birth attendants and de-
creased overall stillbirth rates inde-
pendent of the presence of a birth at-
tendant.13 By design, infants of �1500
g (very low birth weight [VLBW]) were
not included in that study, because the
study goals were to evaluate the effect
of the limited interventions included in
the ENC course on infants of�1500 g.

VLBW infants are at high risk of death,
and a package of simple neonatal care
interventions provided mostly at home
may not improve the outcomes of VLBW
infants in the absence of advanced
medical care. The current study was
designed to test the hypothesis that
training of birth attendants in the
World Health Organization ENC course,
followed by training in a modified ver-
sion of the American Academy of
Pediatrics Neonatal Resuscitation Pro-
gram (NRP), would each reduce all-
cause, 7-day (early) neonatal mortality
rates for VLBW infants (�1500 g) in
rural communities in developing
countries.

METHODS

Population

This study was part of the First Breath
Trial, a trial of training birth atten-
dants in the provision of neonatal
care.13 Infants of �1500 g were not
part of the main trial because ad-
vanced medical care for �1500 g in-
fants was generally not available in the
communities. However, the personnel
who participated in the trial provided
care for and collected data on�1500 g
infants in a manner identical to that
used for�1500 g infants, because they
were not aware that these infants
were not included in the First Breath
Trial outcomes. Informed consent was
obtained from the mothers. The con-
sent rate was�99% in the 4 study sub-
groups. A waiver of the requirement
for consent was approved in 1 country.

Study Sites

The effect of ENC training was as-
sessed in a before/after study con-
ducted in 96 rural communities in 7
sites of the Global Network for Wom-
en’s and Children’s Health Research
(in Argentina, Democratic Republic of
Congo, Guatemala, India [2 sites], Paki-
stan, and Zambia) between March
2005 and February 2007 (Fig 1). An ac-

tive baseline design was used to mini-
mize biases attributable to historical
or otherwise inadequate baseline
data.14 The active baseline design re-
quires the full protocol, except for the
intervention, to be initiated before
baseline data collection is started. The
cluster-randomized trial of NRP train-
ing was conducted in 88 communities
(in all locations except Argentina) be-
tween July 2006 and August 2008. The
sample size for this VLBW infant study
was determined by the period of data
collection for the First Breath Trial.13

Most communities had poor health
systems, with high rates of home
births assisted by traditional birth at-
tendants. Because of the intent-to-
treat design, all births in the geo-
graphic area, including deliveries at all
clinics, hospitals, and homes within
these communities, regardless of a
birth attendant’s presence, were in-
cluded. Maternal and neonatal data
were collected for all births, including
stillbirths. The study was reviewed and
approved by the institutional review
boards of participating sites in the de-
veloping countries and in the United
States.

Procedures and Interventions

The procedures and interventions
were the same as those used for the
First Breath Trial.13 Briefly, during 3
separate 3-day training periods, a
train-the-trainer educational program
was used to train all birth attendants
in the communities in the study proce-
dures and in the 2 courses. These
courses were tested in a clinic-based
study in Zambia11 and were modified
for the First Breath Trial for
community-based birth attendants,
specifically with training material and
data collection forms for illiterate
birth attendants.13

Before baseline data collection began,
experienced trainers trained 2 master
trainers at each site in all study proce-
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dures, including explanation of the
protocol, data collection, differentia-
tion between stillbirth and early neo-
natal death (use of stethoscopes to de-
tect heart rate and Apgar scoring),
clinical assessments (fetal heart rate
monitoring, signs of life at delivery,

and Apgar scoring), and adult educa-
tion/training techniques. The master
trainers subsequently trained �1 re-
search staff member (either a physi-
cian or nurse) as a community coor-
dinator in each community. The
community coordinators, in turn,

trained the birth attendants (includ-
ing traditional birth attendants,
nurses, midwives, and physicians) in
each community and distributed
weight scales (UNICEF spring Salter
Scales [UNICEF model 145555],
Copenhagen, Denmark, from the

Infants Excluded 
Live births ≥ 1500 grams (n=22 106) 
Stillbirths ≥ 1500 grams (n=520) 
Births with no weight (n=221) 
Births < 500g (n=4) 
Births with only estimated weight (n=104) 

Pre-Essential Newborn Care 
Baseline Data Collection  

Clusters Participating: 96 
Mothers Screened (n=23 138)

 Intervention  
ENC Training 

Post-Essential Newborn Care 
Baseline Data Collection 4-9 Months

Clusters Participating: 96 
Mothers Screened (n=35 508) 

Infants Excluded 
Live births ≥ 1500 grams (n=34 460) 
Stillbirths ≥ 1500 grams (n=557) 
Births with no weight (n=211) 
Births < 500g (n=36) 
Births with only estimated weight (n=54) 

RANDOMIZATION 
Eligible Clusters: 88 

Mothers Consented (n=23 014) 

Discharge Outcome (< 1500g) 
Live births (n=65) 
Neonatal deaths (n=32) 
Stillbirths (n=72) 

7 Day Outcome (< 1500g) 
Outcome not recorded (n=0) 
Alive at 7 days (n=36) 
Dead at 7 days (n=61) 

Mothers Consented (n=35 439) 

Clusters Excluded:  8  
For low neonatal mortality rate 

NRP Training + 12 month Data Collection 
Clusters Participating: 43 
Mothers Screened (n=30 237) 

7 Day Outcome 
Outcome not recorded (n=1) 
Alive at 7 days  (n=74)  
Dead at 7days  (n=107) 

Discharge Outcome 
Live births (n=143) 
Deaths (n=39) 
Stillbirths (n=91) 

Mothers Consented (n=30 235) 

No Additional Training + 12 month Data Collection 
Clusters Participating: 45 
Mothers Screened (n=33 090) 

Mothers Consented (n=33 089) 

7 Day Outcome 
Outcome not recorded (n=2) 
Alive at 7 days (n=68) 
Dead at 7days (n=124) 

Discharge Outcome 
Live births (n=158) 
Deaths (n=36) 
Stillbirths (n=101) 

Infants Excluded 
Live births ≥ 1500 grams (n=29 242) 
Stillbirths ≥ 1500 grams (n=468) 
Births with no weight (n=314) 
Births < 500g (n=30) 
Births with only estimated weight (n=56) 

Infants Excluded 
Live births ≥ 1500 grams (n=32 160) 
Stillbirths ≥ 1500 grams (n=491) 
Births with no weight (n=313) 
Births < 500g (n=24) 
Births with only estimated weight (n=58)

Refused to participate (n=124) 

Refused to participate (n=1) 

Discharge Outcome 
Live births (n=152) 
Neonatal deaths (n=50) 
Stillbirths (n=157) 

7 Day Outcome 
Outcome not recorded (n=7) 
Alive at 7 days (n=69) 
Dead at 7days (n=126) 

Refused to participate (n=2) 

Refused to participate (n=69) 

FIGURE 1
Study flowchart.
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United Nations Children’s Fund),
stethoscopes, and delivery kits.

After the baseline data collection period,
an experienced World Health Organiza-
tion trainer (Ornella Lincetto,MD) taught
master trainers, who subsequently
trained community coordinators and
birth attendants, in the ENC course (2004
edition), by using the same train-the-
trainer model. The contents of this
course included routine neonatal care,
initiation of breathing and resuscitation
(including bag-mask ventilation), ther-
moregulation, early and exclusive
breastfeeding, kangaroo (skin-to-skin)
care, small infant care, danger signs,
and recognition and initial management
of complications. Self-inflating bags and
maskswere given to all birth attendants.
After the post–ENC training data collection
period, the same training cascade was
used, for communities assigned randomly
to the intervention, by an experienced
trainer(SusanNiermeyer,MD)toteachthe
NRP (2000 edition), including in-depth,
hands-on training in basic knowledge and
skills regarding initial resuscitation steps
and bag-mask ventilation.

The birth attendants taught mothers
how to implement the ENC practices.
Birth attendants and/or community
coordinators obtained consent and
collected all data on standardized data
forms. The community coordinators
performed neurologic examinations,
as described by Ellis et al,15 at 7 days,
for surviving neonates who had re-
ceived bag-mask resuscitation. Data
were reviewed by the community coor-
dinators during weekly visits and be-
fore local data entry and transmission
to the data center. The First Breath
Trial design did not provide resources
for referral, transport, or other com-
ponents of perinatal care.

Study Outcomes

The primary outcome for both inter-
ventions was all-cause, 7-day neonatal
mortality rates. The secondary hypoth-

esis was that training in the ENC
course and subsequently in the NRP
would decrease rates of 7-day deaths
attributable to birth asphyxia (defined
as failure to initiate and/or to sustain
normal breathing at birth),16 still-
births, fresh stillbirths (defined on the
basis of the absence of maceration),
perinatal deaths, and deaths accord-
ing to birth weight categories, loca-
tions, and birth attendants. Secondary
outcomes included Apgar scores, use
of resuscitation techniques, and neu-
rologic outcomes at 7 days.15 All out-
comes were prespecified.

Data Management and Statistical
Analyses

Data edits, including consistency checks,
were performed as described previous-
ly.13 Multivariate logistic and propor-
tional odds regression models with gen-
eralized estimating equations adjusting
for cluster were used to determine dif-
ferences inmaternal and neonatal char-
acteristics between the pre–ENC train-
ing and post–ENC training data and
between the NRP intervention and con-
trol databyusingSAS9.1.3 (SAS Institute,
Cary, NC).17 Logistic models were used
for binary data, proportional odds mod-
els with cumulative logit were used for
ordered multinomial variables, and pro-
portional odds models with generalized
logit were used for nonordered multino-
mial variables. Adjusted relative risks
(RRs) and 95% confidence intervals (CIs)
from multivariate logistic regression
models with generalized estimating
equations adjusting for clustering are
reported for the post–ENC training ver-
sus pre–ENC training periods, for com-
parisonof theeffectsof ENC training, and
for the NRP intervention versus control
groups.

RESULTS

Study Group

A total of 1096 infants had birth
weights between 500 and 1499 g (Table

1). Complete 7-day follow-up data were
available for 98.5% of live births. In-
fants of 500 to 1499 g birth weight ac-
counted for 0.9% of the infants en-
rolled in the First Breath Trial. Infants
without exact birth weight data (N �
272) and infants with birth weights of
�500 g (N � 94) were excluded from
the study. If infants who did not have
exact birth weight data but were esti-
mated to weigh 500 to 1499 g were in-
cluded, then this weight group would
constitute 1.2% of the infants enrolled
in the First Breath Trial. Additional
analyses, including analysis of the out-
comes of these infants, did not change
the conclusions of the analyses (data
not shown). The proportions of infants
with exact birth weight data increased
from the pre–ENC training period to
the post–ENC training period and re-
mained large during the NRP period.

Pre–ENC Training/Post–ENC
Training Study

There were differences in birth atten-
dants and locations of birth but not
other demographic characteristics be-
tween the pre–ENC training and post–
ENC training periods (Table 1). Overall,
the largest proportion of births was
attended by traditional birth atten-
dants, which increased from the pre–
ENC training period to the post–ENC
training period (from 37.5% to 44.3%)
(Table 1). All-cause, 7-day neonatal
mortality rates did not change after
ENC training (Table 2). There was a sig-
nificant increase in the 7-day neonatal
mortality rate for infants with birth
weights of 1250 to 1499 g but a trend
for decreased 7-day neonatalmortality
rates for the 2 other birth weight
groups after ENC training. The rates of
stillbirths and perinatal deaths did not
decrease (Tables 3 and 4). Fresh still-
births accounted for 54% and 75% of
the stillbirths during the pre–ENC
training and post–ENC training peri-
ods, respectively.
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NRP Randomized Trial

There was no difference in the demo-
graphic characteristics between the
randomly assigned groups. All-
cause, 7-day neonatal mortality, still-
birth, and perinatal mortality rates
did not decrease for the infants born

in clusters assigned to receive train-
ing in the NRP, compared with con-
trol clusters (Tables 2, 3, and 4). Of the
stillbirths, the proportions of fresh
stillbirths averaged 71% and did not
differ between intervention and con-
trol clusters.

Resuscitation

Overall, 15.3% of VLBW infants (168 of
1096 VLBW infants) received bag-mask
ventilation; the majority of infants who
did not receive bag-mask ventilation
were stillborn. Of the infants who re-
ceived bag-mask ventilation, 10.7%

TABLE 1 Demographic Characteristics of Infants Before and After Implementation of ENC Course and in Intervention and Control Groups in NRP Trial

n (%) P n (%) P

Before ENC Training
(N� 169)

After ENC Training
(N� 359)

Control
(N� 295)

After NRP, Intervention
(N� 273)

Birth attendanta .024 .13
Physician 33 (19.6) 46 (12.8) 29 (9.8) 13 (4.8)
Nurse/midwife 55 (32.7) 86 (24.0) 88 (29.8) 122 (44.7)
Traditional birth
attendants

63 (37.5) 159 (44.3) 144 (48.8) 96 (35.2)

Family/unattended/other 17 (10.1) 68 (18.9) 34 (11.5) 42 (15.4)
Location of birthb .008 .99
Hospital 56 (33.3) 72 (20.1) 47 (15.9) 51 (18.7)
Clinic 23 (13.7) 59 (16.4) 58 (19.7) 53 (19.4)
Home with birth attendant 15 (8.9) 56 (15.6) 34 (11.5) 24 (8.8)
Home 73 (43.5) 171 (47.6) 155 (52.5) 144 (52.7)
Other 1 (0.6) 1 (0.3) 1 (0.3) 1 (0.4)
Multiple birth 26 (15.4) 58 (16.2) .88 50 (16.9) 48 (17.6) .90
Male 89 (53.0) 174 (48.5) .35 155 (52.5) 136 (49.8) .47
Apgar score of�4 at 1 min 95 (57.6) 179 (51.3) .26 132 (45.2) 123 (45.9) .93
Apgar of�4 at 5 min 86 (51.5) 168 (48.1) .54 112 (38.4) 111 (41.4) .76
Apnea at birth 104 (62.3) 200 (55.9) .19 185 (62.7) 146 (53.5) .15
Bag-mask ventilation 11 (6.5) 23 (6.4) .96 75 (25.4) 59 (21.6) .50
Birth weight .30 .09
500–999 g 38 (22.5) 93 (25.9) 40 (13.6) 50 (18.3)
1000–1249 g 63 (37.3) 139 (38.7) 97 (32.9) 124 (45.4)
1250–1499 g 68 (40.2) 127 (35.4) 158 (53.6) 99 (36.3)

Data on some characteristics of 1 infant in the pre–ENC training group are missing.
a P� .024 for pre–ENC training versus post–ENC training and P� .001 for NRP control versus intervention for birth attendant distribution.
b P� .008 for pre–ENC training versus post–ENC training for location of birth distribution.

TABLE 2 Seven-Day Neonatal Mortality Rates According to Characteristics of Infants and Deliveries

n/N (Deaths per 1000) RR (95% CI) n/N (Deaths per 1000) RR (95% CI)

Before ENC Training After ENC Training Control After NRP, Intervention

Neonatal (7-day) death 61/97 (629) 126/195 (646) 1.03 (0.83–1.27) 124/192 (646) 107/181 (591) 0.92 (0.77–1.09)
Male 36/49 (735) 60/92 (652) 0.89 (0.70–1.12) 66/102 (647) 59/90 (656) 1.01 (0.82–1.25)
Female 25/48 (521) 66/103 (641) 1.23 (0.88–1.72) 58/90 (644) 48/91 (528) 0.82 (0.64–1.05)
Birth attendant
All birth attendants 55/85 (647) 91/140 (650) 1.00 (0.82–1.24) 106/165 (642) 88/143 (615) 0.96 (0.81–1.14)
Physician 12/22 (546) 16/26 (615) 1.13 (0.67–1.91) 8/22 (364) 7/8 (875) 2.41 (1.48–3.90)
Nurse/midwife 20/30 (667) 29/43 (674) 1.01 (0.73–1.39) 36/57 (632) 44/76 (579) 0.92 (0.68–1.23)
Traditional birth attendants 23/33 (697) 46/71 (648) 0.93 (0.70–1.23) 62/86 (721) 37/59 (627) 0.87 (0.69–1.09)
Family/unattended/other 5/11 (455) 35/55 (636) 1.40 (0.72–2.74) 18/27 (667) 19/38 (500) 0.75 (0.51–1.10)

Location of birth
Home/home with birth attendant 35/51 (686) 81/127 (638) 0.93 (0.71–1.22) 88/126 (698) 80/127 (630) 0.90 (0.74–1.10)
Clinic 6/13 (462) 18/29 (621) 1.34 (0.73–2.47) 20/31 (645) 11/27 (407) 0.63 (0.39–1.01)
Hospital 19/32 (594) 27/39 (692) 1.17 (0.80–1.71) 16/35 (457) 16/27 (593) 1.30 (0.86–1.95)
Birth weight
500–999 g 15/16 (938) 20/25 (800) 0.85 (0.68–1.08) 9/11 (818) 14/17 (824) 1.01 (0.73–1.38)
1000–1249 g 26/36 (722) 44/76 (579) 0.80 (0.57–1.13) 39/55 (709) 59/87 (678) 0.96 (0.75–1.22)
1250–1499 g 20/45 (444) 62/94 (660) 1.48 (1.01–2.18) 76/126 (603) 34/77 (442) 0.73 (0.56–0.95)

Data may reflect missing values.
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were stillborn. Of the live-born infants,
22% received bag-mask ventilation. Of
the live-born infants, 25% survived to
day 7. These results did not differ sig-
nificantly according to study phase. Of
the live-born infants who did not re-
ceive bag-mask ventilation, 40% sur-
vived to day 7.

Causes of Death

Overall, the primary causes of deaths
were VLBW (76%), birth asphyxia

(16%), and infections (6%). After ENC
training, there was a decrease in the
rate of deaths attributable to birth as-
phyxia (from 16.5 deaths per 1000 live
births to 2.6 deaths per 1000 live
births; P� .001) among VLBW infants.

Neurologic Examination Results

Neurologic examination results were
available for only 59 of the 7-day VLBW
survivors. Twenty (34%) of the 59
infants who were seen at 7 days

had examination results consistent
with moderate/severe encephalopa-
thy. These results did not change sig-
nificantly according to study phase.

DISCUSSION

This multicenter study conducted in
rural communities in developing coun-
tries demonstrated that neither ENC
training nor NRP training reduced
mortality rates for VLBW infants. This
result is in contrast to the reductions

TABLE 3 Stillbirth Rates According to Characteristics of Infants and Deliveries

n/N (Deaths per 1000) RR (95% CI) n/N (Deaths per 1000) RR (95% CI)

Before ENC Training After ENC Training Control After NRP, Intervention

Stillbirth 72/169 (426) 157/359 (437) 1.03 (0.80–1.31) 101/295 (342) 91/273 (333) 0.97 (0.57–1.67)
Fresh stillbirth 39/169 (231) 117/359 (326) 1.41 (0.97–2.07) 71/295 (241) 65/273 (238) 0.99 (0.54–1.81)
Macerated stillbirth 33/169 (195) 40/359 (111) 0.57 (0.38–0.85) 30/295 (102) 26/273 (95) 0.94 (0.39–2.24)
Male 40/89 (449) 77/174 (443) 0.98 (0.73–1.33) 52/155 (336) 46/136 (338) 1.01 (0.57–1.79)
Female 31/79 (392) 80/185 (432) 1.10 (0.81–1.49) 49/140 (350) 45/137 (329) 0.94 (0.50–1.76)
Birth attendant
All birth attendants 66/151 (437) 146/291 (502) 1.15 (0.91–1.45) 94/261 (360) 87/231 (377) 1.05 (0.62–1.77)
Physician 11/33 (333) 16/46 (348) 1.04 (0.61–1.78) 5/29 (172) 5/13 (385) 2.23 (0.89–5.58)
Nurse/midwife 25/55 (455) 42/86 (488) 1.07 (0.74–1.56) 31/88 (352) 46/122 (377) 1.07 (0.56–2.03)
Traditional birth attendants 30/63 (476) 88/159 (554) 1.16 (0.79–1.71) 58/144 (403) 36/96 (375) 0.93 (0.50–1.74)
Family/unattended/other 6/17 (353) 11/68 (162) 0.46 (0.14–1.49) 7/34 (206) 4/42 (95) 0.46 (0.12–1.86)
Location of birth
Home/home with birth attendant 38/89 (427) 99/228 (434) 1.02 (0.72–1.45) 64/190 (337) 41/169 (243) 0.72 (0.36–1.44)
Clinic 10/23 (435) 30/59 (509) 1.17 (0.61–2.24) 27/58 (466) 26/53 (491) 1.05 (0.64–1.73)
Hospital 24/56 (429) 28/72 (389) 0.91 (0.63–1.30) 10/47 (213) 24/51 (471) 2.21 (1.10–4.44)
Birth weight
500–999 g 22/38 (579) 68/93 (731) 1.26 (0.91–1.76) 29/40 (725) 33/50 (660) 0.91 (0.65–1.28)
1000–1249 g 27/63 (429) 63/139 (453) 1.06 (0.80–1.40) 42/97 (433) 36/124 (290) 0.67 (0.41–1.09)
1250–1499 g 23/68 (338) 26/127 (205) 0.61 (0.37–0.98) 30/158 (190) 22/99 (222) 1.17 (0.50–2.76)

Data may reflect missing values.

TABLE 4 Perinatal Mortality Rates According to Characteristics of Infants and Deliveries

n/N (Deaths per 1000) RR (95% CI) n/N (Deaths per 1000) RR (95% CI)

Before ENC Training After ENC Training Control After NRP, Intervention

Perinatal death 133/169 (787) 283/352 (804) 1.02 (0.91–1.14) 225/293 (768) 198/272 (728) 0.95 (0.84–1.07)
Male 76/89 (854) 137/169 (811) 0.95 (0.84–1.07) 118/154 (766) 105/136 (772) 1.01 (0.87–1.16)
Female 56/79 (709) 146/183 (798) 1.13 (0.94–1.35) 107/139 (770) 93/136 (684) 0.89 (0.75–1.05)
Birth attendant
All birth attendants 121/151 (801) 237/286 (829) 1.03 (0.93–1.15) 200/259 (772) 175/230 (761) 0.99 (0.88–1.10)
Physician 23/33 (697) 32/42 (762) 1.09 (0.80–1.50) 13/27 (482) 12/13 (923) 1.92 (1.39–2.65)
Nurse/midwife 45/55 (818) 71/85 (835) 1.02 (0.87–1.20) 67/88 (761) 90/122 (738) 0.97 (0.84–1.12)
Traditional birth attendants 53/63 (841) 134/159 (843) 1.00 (0.87–1.15) 120/144 (833) 73/95 (768) 0.92 (0.80–1.06)
Family/unattended/other 11/17 (647) 46/66 (697) 1.08 (0.65–1.79) 25/34 (735) 23/42 (548) 0.74 (0.53–1.05)

Location of birth
Home/home with birth attendant 73/89 (820) 180/226 (797) 0.97 (0.83–1.13) 152/190 (800) 121/168 (720) 0.90 (0.77–1.06)
Clinic 16/23 (696) 48/59 (814) 1.17 (0.83–1.64) 47/58 (810) 37/53 (698) 0.86 (0.71–1.04)
Hospital 43/56 (768) 55/67 (821) 1.07 (0.88–1.30) 26/45 (578) 40/51 (784) 1.36 (1.04–1.77)
Birth weight
500–999 g 37/38 (974) 88/93 (946) 0.97 (0.91–1.04) 38/40 (950) 47/50 (940) 0.99 (0.90–1.09)
1000–1249 g 53/63 (841) 107/139 (770) 0.92 (0.77–1.09) 81/97 (835) 95/123 (772) 0.92 (0.80–1.07)
1250–1499 g 43/68 (632) 88/120 (733) 1.16 (0.93–1.45) 106/156 (680) 56/99 (566) 0.83 (0.68–1.02)

Data may reflect missing values.
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in stillbirth and perinatal mortality
rates for infants with birth weights of
�1500 g that were observed after
training of the same birth attendants
with the ENC course13 and the reduc-
tions in neonatal mortality rates in a
facility-based study of the same inter-
vention.11 Themajority of the deliveries
occurred at home and were attended
by traditional birth attendants or fam-
ily members. Maternal and neonatal
transportation and advanced neonatal
care generally were unavailable or
were limited in the study communities,
which may explain in part the lack of
impact on mortality rates in this high-
risk population.

The study strengths are the
population-based design, the rigorous
training using master instructors, the
exclusive use of local trainers to train
birth attendants, the use of preg-
nancy/birth registries to capture all
births, the inclusion of all birth atten-
dants, the relatively large sample size,
and the high consent and 7-day
follow-up rates. Importantly, whereas
most low-income countries register
live births but not stillbirths,4 birth
attendants were trained to report
outcomes of all pregnancies, which
allowed ascertainment of the contribu-
tions of stillbirths and very early neo-
natal deaths to perinatal mortality
rates. In addition, many studies of
perinatal interventions at the com-
munity level did not train birth atten-
dants in the differentiation between
stillbirths and neonatal deaths, as
was performed in the current study.
To our knowledge, this is the largest
study of VLBW infants born in rural
communities in low- and middle-
income countries.

One weakness of this study was the
before/after design to evaluate the
impact of the ENC course. To mini-
mize this weakness, all training, ex-
cept for ENC training, was conducted
before the initiation of data collec-

tion. This active baseline design min-
imizes biases and decreases the
likelihood that other concurrent
changes in practice influenced the
outcomes.14 With high-quality design
and data collection, before/after
analyses can provide meaningful re-
sults and supplement studies using
random allocation.18 However, the
possibility that differences between
the pre–ENC training and post–ENC
training periods might confound and
mask potential differences between
the periods cannot be excluded. An-
other weakness is that some infants
considered VLBW were not weighed
at birth and therefore, were not in-
cluded in the study. However, analy-
ses including infants with estimated
birth weights did not change the
study conclusions. Because infants
thought to be most immature might
have been excluded, smaller VLBW in-
fants are likely to be underrepre-
sented in the reported cohort, as
suggested by the birth weight distri-
butions. Another important limita-
tion is that many VLBW infants did not
receive bag-mask ventilation and
might not have received other care
because of anticipated low chances
for survival. However, the use of bag-
mask ventilation increased almost
fourfold during the study periods.
Despite the increased use of bag-
mask ventilation, mortality rates
were not decreased.

This study focused on VLBW infants,
who, because of their high risk of
death, were not included in the First
Breath Trial results. Birth weight is a
predictor of neonatal death,19,20 causes
of neonatal death,21 and birth asphyx-
ia20,22 in less-developed countries. Ges-
tational age also is a strong predictor
of neonatal death.19 A combination of
birth weight and gestational age was
almost as effective in predicting neo-
natal death as a more-complex model
that was dependent on variables that

rarely are available at first-level facili-
ties or through retrospective data col-
lection in the developing world.19

Therefore, focusing on the effects of
interventions that affect birth weight
and gestational age is important.

Improved survival rates for VLBW in-
fants are likely to require advanced
care. Survival rates for VLBW infants
increase as care practices, including
use of prenatal steroid treatment,
cesarean section, exogenous surfac-
tant administration, ventilation, and
continuous positive airway pressure
therapy, are introduced in NICUs.23

However, these advanced care prac-
tices frequently are not available for
pregnant women at high risk or their
infants at first-level facilities or in
home deliveries in developing coun-
tries. Perinatal and neonatal care in
these circumstances would require
maternal referral to more-advanced
facilities or stabilization and prompt
transportation soon after birth.
There is some evidence that neonatal
care intervention packages6,7,11–13,18

and newborn resuscitation5,24–27 can
be effective in reducingmortality rates
in a general population of neonates.
However, those studies did not include
VLBW infants or reported on only a
small population of VLBW infants, with-
out specific analyses of the effects of
the interventions on those infants. The
current study is particularly important
because a training package of neona-
tal interventions and resuscitation
was tested among VLBW infants born
at the community level. However, the
current data cannot be used to deter-
mine whether these interventions
would be effective if maternal and/or
neonatal referral and advanced care
practices were available. In a large,
population-based study in a developed
country, being born at a higher-level
facility was associated with improved
survival rates for VLBW infants.28
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CONCLUSIONS

Training of birth attendants in ENC and
in NRP did not decrease early neonatal
mortality, stillbirth, or perinatal mor-
tality rates for VLBW infants born at a
first-level facility or at home. In view of
the advanced practices found to be ef-
fective for these high-risk infants,
transportation of pregnant women to
facilities with high levels of care
should be considered when delivery of
a VLBW infant or an infant at �30
weeks of gestation is expected. How-
ever, VLBW infants constitute only
�1% of births, and ENC training
should continue to be advocated for all
births, because it can reducemarkedly
the rates of stillbirths,13 neonatal
deaths,11 and perinatal deaths.13
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