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Stillbirth and Newborn Mortality in India After Helping
Babies Breathe Training

WHAT’S KNOWN ON THIS SUBJECT: A few methodologically sound
studies demonstrate that birth attendant training in essential
newborn care, including neonatal resuscitation, may play
a tremendous role in averting a substantial proportion of the 2.6
million stillbirths and 3.1 million neonatal deaths that occur
annually.

WHAT THIS STUDY ADDS: This before-and-after study evaluated
the effectiveness of the Helping Babies Breathe basic neonatal
resuscitation interactive skill-based educational program to
improve providers’ knowledge and skills and to reduce stillbirth
and neonatal mortality in southern India.

abstract
OBJECTIVE: This study evaluated the effectiveness of Helping Babies
Breathe (HBB) newborn care and resuscitation training for birth attend-
ants in reducing stillbirth (SB), and predischarge and neonatal mortality
(NMR). India contributes to a large proportion of the worlds annual 3.1
million neonatal deaths and 2.6 million SBs.

METHODS: This prospective study included 4187 births at .28 weeks’
gestation before and 5411 births after HBB training in Karnataka. A total
of 599 birth attendants from rural primary health centers and district
and urban hospitals received HBB training developed by the American
Academy of Pediatrics, using a train-the-trainer cascade. Pre-post written
trainee knowledge, posttraining provider performance and skills, SB,
predischarge mortality, and NMR before and after HBB training were
assessed by using x2 and t-tests for categorical and continuous
variables, respectively. Backward stepwise logistic regression analysis
adjusted for potential confounding.

RESULTS: Provider knowledge and performance systematically improved
with HBB training. HBB training reduced resuscitation but increased assis-
ted bag and mask ventilation incidence. SB declined from 3.0% to 2.3%
(odds ratio [OR] 0.76, 95% confidence interval [CI] 0.59–0.98) and fresh SB
from 1.7% to 0.9% (OR 0.54, 95% CI 0.37–0.78) after HBB training. Pre-
discharge mortality was 0.1% in both periods. NMR was 1.8% before and
1.9% after HBB training (OR 1.09, 95% CI 0.80–1.47, P = .59) but unknown
status at 28 days was 2% greater after HBB training (P = .007).

CONCLUSIONS: HBB training reduced SB without increasing NMR, in-
dicating that resuscitated infants survived the neonatal period. Mon-
itoring and community-based assessment are recommended.
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India is the largest single-country
contributor to the 3.1 million neo-
natal deaths and 2.6 million stillbirths
(SBs) that occur globally every year.1,2

Intrapartum hypoxic events (IHEs, eg,
birth asphyxia), defined as failure to
initiate or maintain regular breathing
at birth,3,4 accounts for ∼717 000
intrapartum deaths each year and
a morbidity burden of 42 million dis-
ability adjusted life years.5 Prevention
and effective response to IHEs can
avert many of these losses and are
essential to achieving Millennium
Development Goal (MDG) 4 (to reduce,
by two-thirds, mortality in children
,5 years old between 1990 and 2015).
With a neonatal mortality rate (NMR)
of 34 of 1000 live births6 and a de-
clining but still high SB rate of 27 of
1000 births, India is not yet on target
to achieve its MDG 4, with annual SB
and neonatal deaths at over 1 mil-
lion.7

Neonatal resuscitation programs are
low-cost interventions and effectively
reduce perinatal mortality by up to
30%.8–12 Basic resuscitation focusing
on initial steps and assisted ventila-
tion, without the use of endotracheal
intubation or drugs, is sufficient for the
vast majority of newborns.13 To assist
developing countrieswith the immense
task of scaling up resuscitation train-
ing, Helping Babies Breathe (HBB),
a graphically based curriculum de-
signed for resource-limited settings,
was produced by the American Academy
of Pediatrics and launched in 2010.14,15

The HBB program targets developing
country health care providers with
a combination of best practices, simpli-
fied protocols, and teaching techniques.
HBB promotes multidisciplinary teams of
physicians, nurses, and midwives, in-
cluding auxiliary nurse midwives (ANMs),
as master trainers and instructors. The
HBB curriculum, first developed and
assessed in Kenya and Pakistan, focuses
on achieving spontaneous respiration or,

when indicated, providing ventilation
within the first minute after birth,
called The Golden Minute, for infants
who do not begin to breathe on their
own.15 Drying, clearing the airway,
stimulation, and assisted ventilation
with a self-inflating bag and mask
(B&M) and air are the key steps of the
resuscitation process.

The Eunice Kennedy Shriver National
Institute of Child Health and Human
Development Global Network for
Women’s and Children’s Health Re-
search had previously conducted a
trial called “First Breath: Community-
Based Training and Intervention in
Neonatal Resuscitation” in 7 sites in
Asia, Africa, and Latin America in which
the Jawaharlal Nehru Medical College
site in Belgaum, southern India, contrib-
uted to nearly 30% of the sample.8,16,17

First Breath was a major initiative to
train community-based birth attendants
in neonatal resuscitation with the aim of
reducing early NMR in the developing
world; however, the trial results
were mixed. Thus, this prospective
pre-post study was conducted in-
dependently by the same group of
local investigators, but in a different
geographic area of Belgaum, Karna-
taka, with the primary objective to
evaluate the effectiveness of HBB
training on reducing SB and NMR
(death within 28 days of birth). Sec-
ondary objectives included de-
termining HBB acceptance by facility-
based providers and assessment of
HBB training on other clinical out-
comes and educational outcomes.

METHODS

Using a train-the-trainer model and
paired teaching and skills and practice
exchange, experienced American Acad-
emy of Pediatrics faculty instructors
initiated the training cascade by pre-
paring 18 local master trainers (11
physicians, 5 nurses, 2 ANMs). The 2-day
HBBmaster trainer workshop included

discussion, practice, and simulation
using the HBB Learner’s Workbook,18

the HBB Flipchart,19 and NeoNatalie
simulators.20 Using a similar format,
the master trainers then taught 7 HBB
trainers (2 physicians, 4 nurses, 1
ANM) and, in 53 single-day sessions,
these 18 master and 7 HBB trainers
taught 599 birth attendants from rural
communities, primary health centers
(PHCs), and hospitals and conducted
the learner assessments. Training
materials, resuscitation bags and
masks, neonatal simulators, stetho-
scopes, and sterile disposable delivery
kits were provided to the 12 PHCs and
the hospitals, and infant scales were
provided to the PHCs. Multiple HBB
training courses were conducted be-
tween November 2009 and April 2010
and September and December 2010.
The second set of courses permitted
a single repetition for providers de-
siring a refresher course (with an
average of 2306 32 days between the
initial and refresher training) and
included trainees who, because of
provider turnover, had not previously
received HBB training.

All women delivering at .28 weeks’
gestation in PHCs, district hospitals,
and urban hospitals in Belgaum in the
pre (October 15, 2009, to March 14,
2010) and post (March 15, 2010, to
September 30, 2010) HBB training
periods were eligible to participate
with their infants.

Three types of educational (secondary)
outcomes were evaluated: (1) trainee
knowledge, assessed by a written or
verbal 16- item multiple choice ques-
tionnaire (each composed of multiple
conditions) for which scores of $80%
indicated a passing mark; (2) B&M
skills performance assessed by a 12-
item checklist requiring demonstra-
tion of all skills to pass; and (3) 2
Objective Structured Clinical Evaluation
(OSCE) assessments (OSCE A and B)
that appraised trainees’ response to 2
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standardized case studies of newborns
not breathing at birth.15 OSCE A eval-
uated thorough drying, recognition
that the newborn was not crying, po-
sitioning the newborn, and clearing
the airway. OSCE B evaluated recog-
nition that the newborn was not
breathing, appropriate mask selec-
tion and application, clearing the air-
way, and ventilation with corrective
actions. Accurate demonstration of all
critical items for each case study and
an 80% overall successful completion
of OSCE activities was required to
pass.

De-identified clinical outcomes data,
including resuscitation (defined as
stimulation to breathe, clearing of the
airway, and/or B&M ventilation), were
obtained from birth facilities through
discharge, and the area vital events
registry through 42 days after birth,
and by telephone interview to de-
termine neonatal status at 28 days for
those living in areas not covered by the
registry.

SB and NMRs were the primary out-
comes. Other clinical outcomes in-
cluded the incidence of fresh SB,
stimulation, clearingof theairway,B&M
ventilation, and provider HBB knowl-
edge and skills. A nonbreathing infant

who was not successfully revived was
classified as a fresh SB if there were no
signs of life or fetal heart rate, and no
evidence of maceration. No a priori
hypothesis regarding birth outcomes’
effect or sample size determinations
were posed. The goal was to evaluate
$6 months of data in each of the pre-
and post-HBB periods. Given a Type I
error = 0.05, power = 80%, and a 2-
tailed test, a harmonic mean sample
of 7103 infants was required to test
a 25% reduction in SB incidence from
3% and a harmonic mean sample of
11 965 was required to test a 25%
reduction in NMR from 1.8% in the
pre-HBB period. The attained har-
monic mean sample was 4721.21 SPSS
18.0 (IBM SPSS Statistics, IBM Corpo-
ration, Armonk, NY) and Stata version
8 (Stata Corp, College Station, TX)
were used for data analysis. The x2

and Student’s t-test were used to
test differences in categorical and
continuous variables, respectively.
McNemar x2 and paired t-tests were
used to assess matched pre-post
provider knowledge and skills scores.
Backward Wald stepwise logistic re-
gressions using entry P = .10 and re-
moval P = .05 criteria were conducted
to adjust for potential confounding. As
only 2 related primary outcomes are

assessed, no multiple comparisons ad-
justment was made.

The study was approved by the in-
stitutional review board of Jawaharlal
Nehru Medical College, Belgaum,
Karnataka, India, and the University of
Calgary, Conjoint Health Research
Ethics Board. The study was approved
by the Ministry of Health, Government
of Karnataka, Bangalore, and Indian
Council of Medical Research, New
Delhi. Individual informed consent
was waived, as resuscitation is an
emergency procedure and all clinical
and birth registry data were de-
identified.

RESULTS

Trainees’ knowledge scores increased
significantly after HBB training (Table 1).
Mean knowledge scores increased in
initial and refresher (both P # .001)
training courses. Trainees with passing
knowledge scores increased 46.1% to
88.6% in the initial and from 69.3% to
90.4% in refresher sessions (both P #

.001). The refresher training partic-
ipants had slightly higher mean scores
for the B&M skills and OSCE case stud-
ies than those participating in a single
training session (all P # .001). More
trainees had passing scores after the

TABLE 1 Knowledge, B&M Skills Performance, and OSCE Assessments

Initial Training Session Refresher Training Session Initial vs Refresher

Pre Post Pre Post

% n % n P % n % n P P

Percent passed
Knowledge assessment 46.1 599 88.6 599 ,.001 69.3 228 90.4 228 #.001 —

B&M skills performance — — 57.6 599 — — — 68.0 228 — .006
OSCE station A — — 89.6 599 — — — 98.2 228 — #0.001
OSCE station B — — 77.3 599 — — — 85.5 227 — .009

Initial Training Session Refresher Training Session Initial vs Refresher

mean 6 SD n mean 6 SD n P mean 6 SD n mean 6 SD n P

Mean scores
Knowledge assessment 17.93 6 3.24 599 21.23 6 2.25 599 #.001 19.45 6 3.16 228 21.36 6 2.40 228 #.001 —

B&M skills performance
(maximum score = 12)

— — 11.14 6 1.33 599 — — — 11.52 6 0.87 228 — #.001

OSCE station A (maximum score = 3) — — 2.88 6 0.35 599 — — — 2.98 6 0.13 225 — #.001
OSCE station B (maximum score = 9) — — 8.57 6 1.03 599 — — — 8.78 6 0.67 227 — #.001
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refresher than initial sessions: B&M
(68.0% vs 57.6%, P # .006), OSCE A
(98.2% vs 89.6%, P # .001), and OSCE B
(85.5% vs 77.3%, P# .009).

A total of 4139 and 5335 women de-
livering 4187 and 5411 infants were
registered in the pre- and post-
intervention periods (Fig 1). Subjects’
characteristics were generally com-
parable, although some small differ-
ences were statistically significant
owing to the large sample (Table 2).
Women had slightly lower parity in the
post than pre periods (P = .03). Most
women delivered at a hospital, al-
though slightly more in the post period
delivered with a traditional birth at-
tendant at home. Fewer (82.4% vs
88.4%, P# .001) had$3 antenatal care
visits andmale infants (51% vs 53%, P =
.05) in the post period. More women in
the post period experienced severe
preeclampsia/eclampsia (P = .004).
Mean gestation was 38.26 1.8 and 38.1
6 1.6 weeks in the pre and post peri-
ods, respectively (P# .001). There was
no difference in preterm delivery rates.
Gestation was more frequently de-
termined by fundal height in the post
than pre period (P # .001). Although
the incidence of multiple gestation was
slightly higher (P = .15), average birth
weight was 21 g higher in the post than
pre period (P = .05).

Resuscitation, defined as clearing the
airway, specific stimulation to breathe,
and/or bag-and-mask ventilation, was

implemented for 28.9% in the pre but
only 11.9% in the post period (P#.001,
Table 3). In the pre-intervention pe-
riod, 26.7% of newborns had their
airways cleared by suction compared
with 10% in the post period (P# .001);
15.8% of infants in the pre and 9.1% in
the post period received stimulation
(P# .001). Few (pre: 0.7%; post: 0.3%)
infants received other resuscitation
efforts (P = .008). Of those re-
suscitated, 33.1% received B&M ven-
tilation after HBB training compared
with 10.3% before training (P # .001).
Physicians performed B&M ventila-
tion in most cases; however, nurses
provided ventilation in 7.5% in the post
period compared with 2.3% in the pre
period. Although 22.3% of resuscitated
infants received Golden Minute B&M
ventilation in the post period only,
7.8% did so in the pre period (P #

.001). Slightly more newborns in the
post than pre group were held skin-to-
skin (P = .03), but the proportion
breastfed within the first 30 minutes
of life was similar (P = .10).

The incidence of SB was 3.0% in the pre
and 2.3% in post training period (odds
ratio [OR] 0.76, 95% confidence interval
[CI] 0.59–0.98, P = .035; Table 4). The
fresh SB rate was 1.72% in the pre and
0.92% in the post training period (OR
0.54, 95% CI 0.37–0.78, P# .001). Of the
6.6% and 8.7% (P # .001) liveborn
infants identified as not breathing at
birth in the pre and post periods, 66.0%

and 74.3%, respectively, were breath-
ing at 1 minute (P = .06), 92.5% and
94.4% at 5 minutes (P = .41), and 98.1%
and 97.5% at 10 minutes (P# .65) after
birth. The proportion with Apgar
scores below 5 was similar in both
periods. All newborns were followed
through discharge. Predischarge death
was 0.1% in both periods (P = .75); all 3
cases before training were attributed to
prematurity/low birth weight and all
3 cases after training were attributed to
birth asphyxia.

NMRwas 1.8% in the pre and 1.9% in the
post periods (OR 1.09, 95% CI 0.80–1.47,
P = .59). Most pre- and post-training
neonatal deaths were attributed to
prematurity/low birth weight (48% and
43%, respectively), IHEs (31% and 28%,
respectively), and other causes (12%
and 10%, respectively); however, 13.6%
of neonatal deaths were attributed to
infection in the post compared with
6.6% in the pre period (P # .001). The
incidence of an unknown vital status at
28 days of life was 13.9% in the pre- and
15.9% in the post-training periods (P =
.007).

The lack of difference in NMR persisted
in adjusted analysis (data available on
request). The effects of HBB training on
SB and fresh SB reduction were in-
creased to 38% (Table 5), and 54%
(Table 6), respectively, in logistic re-
gression analyses. Gestational age and
having $3 ANC visits were inversely
associated with SB, fresh SB, and
pregnancy and labor complications.
Cesarean delivery and birth weight
#2000 g were positively associated
with SB and fresh SB. Multiple gesta-
tion was directly associated with the
incidence of fresh SB.

DISCUSSION

Findings from methodologically sound
published studies of similar training in
basic neonatal resuscitation on SB and
NMR vary. Although there was site
heterogeneity, the First Breath trial8

FIGURE 1
Consolidated Standards of Reporting Trials (CONSORT) diagram.
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and other studies found that similar
interventions reduce the incidence of
newborns classified as SBs, consistent
with this study.13,22 Unlike this study,
some have found similar training sig-
nificantly reduces early (through 7 days
of life) NMR7,8,23–26 and NMR.23,26 A meta-
analysis27 of 3 pre-post studies17,23,28

found a significant 30% IHE case fatality
reduction and a significant 38% re-
duction in early NMR.17,23,25 The single-
site cluster trial17 found resuscitation
training reduced SB but not early NMR
incidence because most births were
attended by physicians, yet neonatal

resuscitation training was mostly given
to lower-level providers.29 Our results
are similar, yet most of our deliveries
and resuscitations were conducted by
physicians in hospitals.17 The sample
(post hoc) has 68.5% power to detect
the observed SB rates given a 1-tailed
test, without sufficient power to detect
a difference in NMR. The baseline NMR
(1.8%), high compared with developed
countries, was sufficiently low to make
further reduction relatively difficult.
NMR is substantially higher in home
births, other areas of India, and many
African and Asian countries where the

HBB training might offer its greatest
benefit and reduce NMR. In such set-
tings, HBB may substantially avert IHE
consequences, including neonatal death,
essential to achieving MDG 4 and mer-
its investigation. Resuscitation training
improved recognition that some non-
breathing infants are not SB and pro-
moted intervention for infants with
apnea at birth, and reduced pre-
discharge asphyxia deaths without in-
creasing NMR. Elevated NMR might be
expected if HBB training and re-
suscitation efforts improve immediate
survival of precarious newborns, but
death might be deferred only among
some of these infants; although un-
likely,30 it is unknown whether survivors
might experience suboptimal long-term
outcomes or pose societal burden.
Efforts to improve neonatal care beyond
discharge, particularly for the pre-
vention and treatment of infection, may
be necessary to sustain or improve
neonatal outcome.

Although our study found no NMR dif-
ference, more newborns had unknown
vital status at 28 days in the post than
pre training periods (OR 1.18, 95% CI
1.05–1.32). Thus, our conclusions about
NMR are uncertain and require further
pre-post assessment or cluster ran-
domized controlled trials. It is difficult
to determine whether there was bi-
ased survival, as among those lost to
28-day follow-up, more newborns re-
ceived stimulation and suction airway
clearance in the pre (15.4% and 24.3%)
than post (10.2% and 12.0%) HBB pe-
riod, respectively, yet fewer received
B&M ventilation resuscitation (4.6%
pre versus 4.9% post). Most study
participants and those lost to follow-up
(98%) delivered in the District Hospital
and KLES Hospital in Belgaum. The
Ministry of Health introduced a cash-
incentive scheme, supporting emergency
transportation to augment institu-
tional delivery, during the post HBB
period. This dramatically increased the

TABLE 2 Women’s and Newborns’ Characteristics

Pre (n = 4187) Post (n = 5411) P

% or mean 6 SD n % or mean 6 SD n

Parity 1.28 6 0.99 4187 1.24 6 0.98 5411 .03
Place of birth #.001
Clinic/Health center 8.1 339 6.8 370
Hospital 90.5 3789 92.1 4986
Mother’s/Family’s home 0.5 23 0.1 7
Subcenter 0.7 29 0.5 26
TBA home 0 0.2 9
Other/In transport 0.2 0.2

Antenatal care $3 visits 88.4 3703 82.4 4459 #.001
Multiple gestation 2.3 98 2.8 152 .15
Pregnancy complication 6.9 288 6.9 376 .89
Labor complication 18.5 774 19.0 1027 .54
Type of labor complication
Obstructed/prolonged labor 6.0 250 6.1 332 .74
Major ante or post partum hemorrhage 0.5 19 0.4 19 .43
Transverse/oblique lie/breech presentation 1.3 55 1.6 84 .33
Severe preeclampsia/Eclampsia 0.9 37 1.5 83 .004
Fetal distress/cord prolapse 2.1 89 2.6 142 .11
Other 7.9 332 8.2 444 .62

Mode of delivery .06
Cesarean delivery 23.2 972 22.9 1239
Instrument assisted 2.1 90 2.9 158
Vaginal 74.6 3125 74.2 4014

Newborn gender male 53.3 2231 51.2 2772 .05
Gestational age completed, wk (mean 6 SD) 38.2 6 1.8 4187 38.1 6 1.6 5411 #.001
,33 2.8 118 2.3 127 .15
,35 4.6 194 4.1 224 .24
,37 16.0 669 16.1 871 .87

Gestational age determined by #.001
Clinical exam of infant 0.5 20 0.8 42
Fundal height 4.2 175 11.6 625
Last Menstrual Period (LMP) 84.4 3535 78.2 4234
Ultrasound examination 10.9 457 9.4 510

Birth weight, ga 2701 6 530 4186 2722 6 532 5410 .05
#1500 4.0 167 3.8 203 .55
#2000 9.9 414 10.1 549 .67
#2500 33.5 1403 33.6 1818 .92

LMP, ; TBA, traditional birth attendant.
a n Pre = 4186, n Post = 5410.
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use of the study facilities by women
from neighboring districts from another
state, among whom postdischarge
loss to follow-up was high because
they are not included in the Belgaum
registry and could not be reached by
telephone.

HBB emphasizes thorough drying, not
only to improve thermal stability but
also to provide cutaneous stimulation,
thus reducing the need for sub-
sequent stimulation to breathe, air-
way clearance, and positive-pressure
ventilation. Thorough drying and its
associated stimulation of nonma-
cerated, nonbreathing infants may
induce breathing and explain the de-
cline in fresh SBs and why providers
found that fewer infants required
resuscitation in the post period. This
study did not record thorough drying;
however, the universal emphasis on
thorough drying by birth attendants
may account for the apparent large
“decrease” in the proportion of
infants receiving resuscitation, in-
cluding additional stimulation and
clearing of the airway after HBB
training. It is critical that future studies
report thorough drying. When brief
rubbing of the back with drying failed
to result in spontaneous breathing,
B&M ventilation was promptly offered
rather than further delaying B&M
ventilation. Thus, the incidence of Golden
Minute B&M ventilation was substan-
tially higher in the post than pre HBB
training period, although it was rela-
tively low even in the post HBB training
period, indicating some training modifi-
cation to improve timeliness of inter-
ventions is required.

Refresher training improved skills, but
there was little post-training monitor-
ing and supervision, and no evaluation
of long-term knowledge and skills re-
tention. Trainees’ higher knowledge
scores at the beginning of the re-
fresher than at the beginning of the
initial training indicates some degree

TABLE 3 Newborn Care

Pre (n = 4187) Post (n = 5411) P

% or mean 6 SD n % or mean6 SD n

Clearing the airway 26.7 1117 10.0 543 #.001
Resuscitated (eg, stimulation, clearing of

airway and/or B&M ventilation)
28.9 1212 11.9 645 #.001

Stimulation 15.8 662 9.1 490 #.001
B&M ventilation 3.1 128 4.0 219 .01
Other revival efforts 0.7 30 0.3 18 .008
Proportion of resuscitation by B&M ventilationa 10.3 124 33.1 210 #.001
B&M resuscitation ventilation done bya .04
Physician 96.1 123 92.5 198
Midwife 0.8 1 0 0
Nurse 2.3 3 7.5 16
TBA 0.8 1 0 0
Not reported 2.3 5

Golden Minute B&M resuscitationa 7.8 95 22.3 144 #.001
Skin-to-skin contactb 65.3 2655 67.5 3569 .03
Breastfed within 30 min of birthc 74.8 3039 76.3 4034 .10

TBA, traditional birth attendant.
a Denominator is cases resuscitated: n Pre = 1212, n Post = 645.
b Denominator is livebirths: n Pre = 4063, n Post = 5288.

TABLE 4 Birth Outcomes

Pre (n = 4187) Post (n = 5411) P

% or mean 6 SD n % or mean 6 SD n

SB 3.0 124 2.3 123 .035
Fresh SB 1.7 70 0.9 49 #.001
Macerated 1.3 54 1.4 74 .95

Infant not breathing at birth 6.6 278 8.7 472 #.001
Liveborn infants not breathing at birtha 3.9 159 6.7 354 #.001
Liveborn infants not breathing at

birth who were breathing atb

1 min 66.0 105 74.3 266 .06
5 min 92.5 147 94.4 334 .41
10 min 98.1 156 97.5 345 .65
Unknown 1.9 3 2.5 9 .65

Apgar Scores in livebirthsc

1 min 8.6761.56 4063 8.5561.44 5288 #.001
1 min ,5 2.2 90 1.8 95 .15
5 min 9.4461.07 4063 9.3661.07 5288 #.001
5 min ,5 0.6 23 0.3 18 .10
10 min 9.7360.81 4063 9.6560.72 5288 #.001
10 min ,5 0.4 16 0.2 125 .14

Predischarge neonatal deathc 0.1 3 0.1 3 .75
Predischarge cause of deathd

Birth asphyxia (IHEs) 0.1 3
Preterm/Low birth weight 0.1 3

Neonatal death (through 28 d)a 1.8 73 1.9 103 .59
Neonatal status unknown at 28 d 13.9 564 15.9 842 .007
Neonatal cause of deathe .48
Birth asphyxia (IHEs) 30.1 22 28.2 29
Preterm/Low birth weight 47.9 35 42.7 44
Infection 6.6 5 13.6 14
Congenital malformation 2.7 2 5.8 6
Other 12.3 9 9.7 10

a Denominator is livebirths: n Pre = 4063, n Post = 5288.
b Denominator is livebirths not breathing at birth: n Pre = 159, n Post = 354.
c Denominator is livebirths cases requiring resuscitation: n Pre = 1200, n Post = 635.
d Denominator is predischarge deaths: n Pre = 3, n Post = 3.
e Denominator is neonatal deaths: n Pre = 73, n Post = 103.
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of knowledge retention. Trainees’ higher
knowledge scores at the end of the
initial training compared with the be-
ginning of the refresher training in-
dicates some decline in knowledge
retention in those participating in the
refresher courses. ANMs accounted for
22% of the refresher but only 15%
of initial training participants (P =
.014); nearly 19% of initial course par-
ticipants were physicians compared
with almost 7% in the refresher ses-
sions. The core B&M skills test re-
quired correct implementation of all 12

components, so although average scores
were high, 42% in the initial and 32% in
the refresher courses did not pass.
After the initial and refresher training,
23% and 15% did not pass OSCE B, re-
spectively, prompting modification of
the program and evaluation tools to
improve training.31 The lack of baseline
assessment does not permit the study
to describe the baseline status, re-
tention, or improvement in B&M or
OSCE skills associated with HBB train-
ing. Baseline assessment of skills may
not be meaningful in providers who

have never used them, but should be
considered for providers with previous
experience in future studies. Those
receiving refresher training had
slightly higher B&M scores and pass
rates (11.3 6 1.1 and 61%, re-
spectively) during their initial training
than those without refresher training,
demonstrating skills retention and
limited improvement (refresher score
11.5 6 0.9 and 69% passed). Un-
dergraduate medical students’ neo-
natal resuscitation training improved
their immediate knowledge from 25%
to 98%; however, knowledge receded
to 65% 8 weeks later.29 Video re-
fresher training improved both
knowledge and skills to $90% 3
months later. Mastery and retention
of HBB skills requires adequate
practice.15 Erosion of knowledge has
been a major problem in other life-
support courses.32,33

CONCLUSIONS

HBB training significantly reduced
the incidence of resuscitation, SBs,
and fresh SBs, without increasing
NMR, which might be expected when
improving the immediate survival of
newborns with difficulty breathing
at birth. Refresher training and
monitoring practice are advised to
ensure knowledge and skills re-
tention and timely performance.
Further evaluation of the impact of
HBB training in community-based
settings is recommended.
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TABLE 5 SBs: Adjusteda Backward Wald Logistic Regression (n = 9601)

SBs Log OR 95% CI P

Lower Upper

Post HBB training 0.62 0.47 0.83 .001
Resuscitated 10.84 6.34 18.53 .000
$3 ANC visits 0.34 0.25 0.46 .000
Any pregnancy complication 1.67 1.10 2.54 .016
Any labor complication 6.76 4.73 9.66 .000
Cesarean delivery (reference dummy) .000
Instrumental delivery 0.20 0.12 0.31 .000
Vaginal delivery 0.46 0.17 1.25 .126
Gestation, wk 0.82 0.77 0.87 .000
Birth weight#2000 g 8.01 5.59 11.47 .000
Constant 3.46 .348

ANC, antenatal care.
a Variable(s) entered on step 1: Post HBB training, resuscitation required, place of birth (categorically coded),$3 ANC visits,
multiple gestation, any pregnancy complication, any labor complication, mode of delivery (categorically coded), gestational
age (weeks), infant’s gender, birth weight,2000 g. All dichotomous variables are coded (0 = No, 1 = Yes). Table variables are
those retained on last step given Probability for inclusion in model (PIN)=0.05, Probability for exclusion from model (POUT)
=0.10.

TABLE 6 Fresh SB: Adjusteda Backward Wald Logistic Regression (n = 9601)

Fresh SBs Log OR 95% CI P

Lower Upper

Post HBB training 0.46 0.31 0.68 .000
Resuscitated 5.03 2.76 9.16 .000
$3 ANC visits 0.45 0.29 0.69 .000
Multiple gestation 2.53 1.36 4.69 .003
Any pregnancy complication 2.00 1.22 3.28 .006
Any labor complication 6.23 3.97 9.76 .000
Cesarean delivery (reference dummy) .000
Instrumental delivery 0.33 0.19 0.56 .000
Vaginal delivery .65 0.19 2.20 .492
Gestation, wk 0.86 0.79 0.94 .001
Birth weight#2000 g 4.40 2.60 7.46 .000
Constant 0.83 .915

ANC, antenatal care.
a Variable(s) entered on step 1: Post HBB training, resuscitation required, place of birth (categorically coded),$3 ANC visits,
multiple gestation, any pregnancy complication, any labor complication, mode of delivery, gestational age (weeks), infant’s
gender, birth weight,1500 g. All dichotomous variables are coded (0 = No, 1 = Yes). Table variables are those retained on last
step given Probability for inclusion in model (PIN)=0.05, Probability for exclusion from model (POUT)=0.10.
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