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Neonatal resuscitation in global health settings: an
examination of the past to prepare for the future
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As rates of childhood mortality decline, neonatal deaths
account for nearly half of under-5 deaths worldwide.
Intrapartum-related events (birth asphyxia) contribute to
approximately one-quarter of neonatal deaths, many of which
can be prevented by simple resuscitation and newborn care
interventions. This paper reviews various lines of research that
have influenced the global neonatal resuscitation landscape. A
brief situational analysis of asphyxia-related newborn mortality
in low-resource settings is linked to renewed efforts to
reduce neonatal mortality in the Every Newborn Action Plan.
Possible solutions to gaps in care are identified. Building on
international scientific evidence, tests of educational efficacy,
and community-based trials established the feasibility and
effectiveness of training in resource-limited settings and
identified successful implementation strategies. Implementa-
tion of neonatal resuscitation programs has been shown to
decrease intrapartum stillbirth rates and early neonatal
mortality. Challenges remain with respect to provider
competencies, coverage, and quality of interventions. The
combination of resuscitation science, strategies to increase
educational effectiveness, and implemention of interventions
with high coverage and quality has resulted in reduced rates
of asphyxia-related neonatal mortality. Further efforts to
improve coverage and implementation of neonatal resuscita-
tion will be necessary to meet the 2035 goal of eliminating
preventable newborn deaths.

Reduction in neonatal mortality rose to prominence on the
global health agenda with the declaration of the

Millennium Development Goals during the 2000 United
Nations General Assembly. Specifically, Millennium Devel-
opment Goal-4 targeted a two-thirds reduction in the global
under-5 mortality rate from 1990 to 2015. Although
remarkable progress has been made with respect to decreasing
childhood mortality, the rate of reduction in neonatal
mortality has been notably slower, so that neonatal deaths
now comprise ~ 45% of all childhood deaths (1,2). Post 2015,
the Sustainable Development Goals and the Every Newborn

Action Plan set new targets for national neonatal mortality
rates of less than 10 neonatal deaths per 1,000 live births, with
reduction of global rates from ~ 20 per 1,000 live births in
2015 to 7 per 1,000 live births by 2035 (Figure 1) (3). In 2013,
birth-asphyxia-related neonatal deaths accounted for
~ 662,000 deaths or 11% of under-5 deaths, indicating that
further improvement in this area will have a critical role in
reaching the 2035 targets (2).
Intrapartum-related deaths encompass both fresh stillbirths

and early neonatal deaths. Recent estimates suggest that half
of stillbirths occur intrapartum, accounting for ~ 1.3 million
deaths annually (4). Complicating matters, many asphyxia-
related early neonatal deaths in resource-limited settings
historically have been misclassified as fresh stillbirths (5).
Adequate basic neonatal resuscitation can prevent many
intrapartum-related deaths and reduce such misclassification,
but reduction of true intrapartum stillbirth also requires
adequate antenatal and obstetric care during labor. Skilled
birth attendance and newborn resuscitation are evidence-
based interventions directed at the moment when the lifetime
risk for mortality is highest: the day of birth (6,7). The
challenge of delivering these interventions, however, is
complicated by the fact that in some areas up to 60% of
births occur outside of health facilities, and the quality of care
in facilities may be lacking (8). In particular, implementation
of properly performed neonatal resuscitation remains low in
countries with the highest neonatal mortality rates (8), with
studies estimating an additional 20–40% neonatal lives saved
with adequate coverage of basic neonatal resuscitation at all
sites where a baby may be born (6,7). With the goal of
improving global newborn health, understanding the impact
that neonatal resuscitation delivered by trained health work-
ers can have on asphyxia-related mortality remains a research
priority (9).
Moving forward, further gains in reducing neonatal

mortality will depend on the synergy between medical,
educational, and implementation research. We seek to review
the changes in the global landscape of neonatal resuscitation
that have been driven by evaluation of evidence around
resuscitation science, training in neonatal resuscitation, and
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implementation of programs focusing on care at birth. We
will detail the successes achieved, and suggest further research
to help attain the goals of the Every Newborn Action Plan.

ORIGINS OF NEONATAL RESUSCITATION TRAINING
WORLDWIDE
The first standardized training program for resuscitation at
birth, the American Academy of Pediatrics Neonatal
Resuscitation Program (NRP), was released in 1987 with the
goals of promoting evidence-based care and ensuring that at
least one professional trained in neonatal resuscitation was
present at every delivery in the United States (Figure 2)
(10). NRP brought a new focus on skill acquisition and
aligned the knowledge and skills taught with the professional
responsibilities of health-care providers. Hands-on learning
with mannequins and a simple, transportable program
structure led to widespread adoption outside the United
States. The use of NRP globally increased rapidly, as
implementing countries enjoyed the autonomy of owning,

administering, and disseminating the training program as
they saw fit (11).
In many countries, NRP was a driving force for the

development of national initiatives to reduce neonatal and
perinatal mortality through an action-oriented approach
that trained a variety of providers, catalyzed acquisition of
resuscitation equipment, and sensitized health authorities to
the importance of newborn health (12). Implementation of
NRP in various countries resulted in reduction in birth-
asphyxia-related mortality, in addition to increased use of
bag-mask ventilation in the newborn resuscitation (13–15).
However, training focused on relatively well-resourced
hospital settings, and studies suggested that performance of
neonatal resuscitation remained challenged by inadequate
retention of skills after training, similar to what had been seen
among US providers (16).
Another challenge to widespread adoption of NRP in low-

resource settings was the assumption that resuscitation could
not be accomplished without neonatal intensive care
(11,17,18). NRP is the educational program that translates
the science of the International Liaison Committee on
Resuscitation (ILCOR) Consensus on Science with Treatment
Recommendations into practice. Much of the clinical research
historically has originated from technologically developed
settings. NRP courses taught in resource-limited settings
were adapted to focus on the initial steps of resuscitation,
bag-mask ventilation, and chest compressions, and omit
discussion of intubation, medications, and umbilical line
placement. Basic NRP was utilized in rural areas of countries
that had adopted NRP nationally (11). Such adaptations of
NRP improved both educational outcomes and skills when
used to teach providers in low-resource settings (15,19,20).
The First Breath study of the National Institutes of Health
Global Network for Maternal and Child Health used a
modified NRP and essential newborn care package in rural
communities of six countries with a multicenter, cluster-
randomized trial design. This study included 62,366 infant
births and resulted in a 30% reduction in stillbirth rates in
birth clusters that received the modified NRP training (21).
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However, no reduction occurred in rates of early neonatal
mortality or perinatal mortality.
These experiences identified that low-resource settings

required a curriculum specifically designed and targeted for
their needs. In 2006, the American Academy of Pediatrics
organized a Global Implementation Task Force, which
included stakeholders from a variety of disciplines committed
to a worldwide reduction in neonatal mortality. Reviewing the
science of resuscitation indicated that over 98% of babies
responded with spontaneous breathing after basic resuscita-
tion, including drying, warmth, stimulation, and bag-mask
ventilation (Figure 3) (8,18). However, studies in low-
resource settings suggest that even more babies may require
stimulation to breathe. The Task Force was charged with
the mission of developing a standardized, simplified curricu-
lum that combined the same scientific evidence base as
NRP, with the goal of assuring that a person equipped and
skilled is present at every birth no matter where a baby is born
(11,17).
The resulting basic resuscitation curriculum, Helping Babies

Breathe (HBB), became available in 2010, and included
elements of adult learning theory to encourage active learning,
such as paired learning, hands-on practice, and feedback (22).
The program was portable and low cost, and the resuscitation
algorithm, or Action Plan, focused on stimulation, drying,
clearing the airway as needed, and bag-mask ventilation with
air—the interventions most often needed and effective in
helping a baby to breathe. More advanced interventions, such
as chest compressions, intubation, and medication adminis-
tration, were omitted because they require high levels of skills
and resources, rely on the availability of ongoing intensive
care, and detract from a focus on what is feasible and most
important. The algorithm emphasized that a baby should
be breathing or receive ventilation by 1 min after birth.
The concept of immediate help to breathe for all babies who
fail to cry at birth, within The Golden Minute, was not only a
valid scientific association to lower mortality but also an
educational device to cause a paradigm shift. Instead of
spending time evaluating a baby's condition first, then
beginning help to breathe, interventions began immediately
with sequential evaluation of crying, breathing, and heart rate
as actions proceeded. Furthermore, elements of essential
newborn care were incorporated into the curriculum,
including encouragement of breastfeeding, cleanliness, and
warmth at delivery.
The World Health Organization (WHO) released guidelines

on basic newborn resuscitation in 2012, which were largely
consistent with the recommendations and Action Plan of
HBB (23). As the basis for the recommendations, the WHO
used the 2010 International ILCOR evidence evaluations but
further utilized an evidence evaluation that followed a
modified GRADE system, specifically focusing on evidence
from care environments in low- and middle-income coun-
tries. The new WHO guidelines also specifically mentioned
HBB as an example of materials and programs for
implementation.

EDUCATIONAL OUTCOMES AFTER NEONATAL
RESUSCITATION TRAINING
An initial formative educational evaluation of HBB in
Kenya and Pakistan showed that the course was well
received and highly rated on surveys of satisfaction; in
particular, newly trained facilitators and providers understood
the importance of the “Golden Minute” (24). Providers
showed gains in knowledge assessments from before and
after the course. However, even after the course, perfect
performance of the bag-mask ventilation checklist focused
on the preparation and technique of bag-mask ventilation
was low (24).
Additional studies have indicated that a workshop in HBB

does improve knowledge and skills in basic neonatal
resuscitation immediately after training (25–30). Several have
examined the differences in performance based on the type of
trainees assessed. These studies noted that physicians
performed better in pre-workshop assessments of both
knowledge and skills of basic resuscitation; however, after
HBB training, nurses performed as well in simulation as
physicians (27,28,30). As a result, HBB training is now
incorporated into pre-service education for not only physi-
cians but also nurses, nurse-midwives, and other hospital
providers in many countries. This is important as globally
midwives perform the majority of deliveries and newborn
resuscitations; non-physicians are often first responders to
deliveries.
Although HBB has shown improvements in skills and

knowledge in simulation after an initial training, these
improved skills did not always translate into improvements
in clinical practice. A study performed in Tanzania demon-
strated that a higher proportion of providers passed the
simulated assessments after an HBB course, compared with
pre-course assessments (31). However, delivery room
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Figure 3. Need for resuscitation in high and lower-income settings.
(a,b) Need for resuscitation in high- and lower-income settings. (a) In
high-income settings, ~ 5–10% of infants require stimulation at birth,
3–6% will require bag-mask ventilation, and less than 1% require
advanced resuscitation (7). (b) In contrast, data from
a large observational study performed in a rural hospital in Tanzania
suggest that 85% of infants will require only simple newborn care,
whereas ~ 15% will need stimulation. 7% of the original population
(approximately 50% of those requiring stimulation) will require bag-
mask ventilation and less than 1% will require advance care. (Adapted
from Erdsal et al. (56)). HIC, high-income countries; LMIC,
low and middle income countries.
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management after HBB training reflected no change in the
numbers of babies being suctioned and/or ventilated after
birth (31). Another study in Nepal video-taped delivery room
performance after HBB training and showed that adherence
to the Action Plan needed improvement: suction continued to
be performed excessively and initiation of bag-mask ventila-
tion was inadequate (32). Without specific activities to
promote translation of new skills and knowledge into practice,
behavior change may not occur.
Retention of skills after an initial neonatal resuscitation

training has remained a challenge (33). Similar to observa-
tions of US providers after an NRP course, skills declined
faster than knowledge and dropped to an unsatisfactory level
after ~ 3 months (29). A study from Tanzania and Kenya
assessed basic resuscitation skills ~ 6 months after an initial
HBB training and showed that, while scores on knowledge
tests remained 99%, skills evaluations dropped from 99 to
81% (ref. 34) A systematic review of neonatal resuscitation
training in low-resource settings showed that significant
declines in knowledge and skills were mitigated by refresher
trainings (33). However, skills may decline at different rates,
depending on various provider characteristics, such as the
type of facility where the provider works, prior resuscitation
training, and type of training (initial vs. refresher (35)).
Although it is clear that frequent practice, such as low-dose/
high-intensity practice, may help retain skills after an initial
training, general recommendations are unable to be made
about optimal frequency, as the interval for practice to retain
skills may vary by types of providers and frequency at which
skills are used (36).
Several studies have evaluated implementation of low-dose/

high-frequency practice after HBB training. One study
in Tanzania performed a pre/post-evaluation of clinical
performance in the delivery room and early 24-h neonatal
mortality with weekly 3–5 min simulation practices super-
vised by an HBB master trainer (37). After initiation of
frequent on-site practice by local midwives, 24-h mortality
decreased from 11.1 to 7.2 per 1,000 live births (P= 0.04), and
the rates of babies receiving stimulation and suction
significantly increased (37). Another study from Nepal
utilized quality improvement (QI) cycles with low-dose
high-frequency practice methods and demonstrated that
retention of neonatal resuscitation skill was associated with
the routine practices of daily bag-mask skill check, prepara-
tion for resuscitation before every birth, use of a self-
evaluation checklist, and attendance at weekly review meet-
ings (38).

EFFECTS AFTER IMPLEMENTATION OF NEONATAL
RESUSCITATION
In the first 5 years of program implementation, over 300,000
providers have been trained in HBB in 77 countries globally,
with materials translated into 26 languages (39). Fifty-two
countries have established nationally led programs (40). In the
first phase of a national rollout in Tanzania, HBB was
implemented in eight hospitals to evaluate whether the

training program would enhance resuscitation skills and
reduce early (o24 h) neonatal mortality and (misclassified)
fresh stillbirths (41). Analysis of almost 80,000 births after
HBB training demonstrated a 47% reduction in early neonatal
deaths as well as a 24% reduction in rates of fresh stillbirth
(41). Of interest, rates of babies who received stimulation and
suction after birth increased, whereas rates of bag-mask
ventilation decreased, likely due to the fact that most
non-breathing infants were in primary apnea and responded
to initial stimulation alone (41). A second study conducted in
India demonstrated a decline in stillbirth rate by 24%, with no
change in neonatal mortality (25); this reduction in
stillbirth rates likely reflects babies who were misclassified
as fresh stillbirths who previously were not assessed and
resuscitated. Finally, a third study in a tertiary hospital in
Nepal used QI cycles to improve adherence to the HBB
Action Plan and found a reduction in the intrapartum
stillbirth rate (adjusted odds ratio (aOR) 0.46, 95% confidence
interval (CI) 0.32–0.66) and 24-h neonatal mortality (aOR
0.51, 95% CI 0.31–0.83 (42).
The Global Network conducted a 2-year prospective

pre–post study to evaluate the impact of a facility-based
training package on regional perinatal outcomes including
those that occurred in and out of facilities. Training included
HBB and essential newborn care, using a train-the-trainer
model in 71 health facilities covering 70,704 births in
Belgaum and Nagpur, India, and Eldoret, Kenya (43). The
study failed to demonstrate a reduction in regional perinatal
mortality with training in facilities alone, but this was
qualified by a significant differential improvement in
neonatal mortality in low-birth-weight infants (o2,500 g) in
Belgaum in both registry and HBB-trained facility births. Of
note, over 50% of deliveries in Kenya occurred in home-based
settings and therefore may have been unaffected by the
intervention, thereby under-recognizing the effects of HBB
training on perinatal mortality in the facilities where
training did occur. The perinatal mortality rate and fresh
stillbirth rate in the Kenyan HBB-trained facilities
decreased. In addition, the perinatal mortality rate was
reduced by 34% and the stillbirth rate by 54% in one of the
Indian sites. A very short baseline period of data collection
(2 months) prior to the intervention may have further
complicated interpretation of factors producing the
differential effect (43).
A systematic review performed by Pammi et al. (44)

evaluated whether the implementation of a standardized
formal neonatal resuscitation training program (including
HBB or modified NRP) in low- and middle-income countries
improved neonatal outcomes, and found that early neonatal
mortality (o7 days) decreased by 15% (risk ratio 0.85 (95%
CI 0.75–0.96) with a number needed to benefit of 227) with
reduction of 28-day mortality by 45% (risk ratio 0.55 (95% CI
0.33–0.91)). However, whereas follow-up studies suggest
normal neurodevelopment in resuscitation survivors, the
effects of resuscitation in the context of birth asphyxia and
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impact on long-term neurodevelopmental outcomes remain
uncertain (44).

ONGOING IMPROVEMENT FOR THE CARE OF MOTHERS
AND BABIES
In 2010, the HBB Global Development Alliance was founded
by five core member organizations, which included the
American Academy of Pediatrics, the United States Agency
for International Development, Laerdal Global Health, Save
the Children, and the Eunice Kennedy Shriver National
Institute for Child Health and Human Development (40). The
goal of this public/private partnership was to work together
toward achieving a significant reduction in neonatal morbid-
ity and mortality by strengthening the performance of
providers who prevent and manage birth asphyxia in low-
resource settings (40). Despite the successes of implementa-
tion of neonatal resuscitation education, training providers in
and of itself is insufficient to close the quality gaps for
newborn care and to reach the goals set forth by the Every
Newborn Action Plan. Hill et al. (45) developed a framework
for understanding and developing strategies to overcome
these gaps; this framework categorizes the major gaps to
overcome as provider competencies, essential commodities,
organization of care processes, health information systems,
governance and national policies, and lack of QI capacity with
health-care systems. More recently, the WHO developed a
framework for improving the quality of care for mothers and
newborns around the time of childbirth that focused on six
strategic areas (clinical guidelines, standards of care, effective
interventions, measures of quality of care, relevant research,
and capacity-building) (46). The goal is that these six strategic
areas will enable an evidence-based approach to guide
interventions to improve the quality of care for mothers
and newborns.
QI strategies have been shown in several single-center

studies to be successful in decreasing maternal and neonatal
morbidity and mortality (40,42,47–49). The power of training
followed by a commitment to QI was exemplified in Nepal,
where formation of QI teams, development of QI goals, HBB
trainings, daily skill checks, and refresher trainings resulted in
the intrapartum stillbirth rate decreasing from 9.0 to 3.2 per
thousand deliveries, and 24-h neonatal mortality decreasing
from 5.2 to 1.9 per thousand live births (42).
In the Philippines, an observational study of resuscitation

and newborn care practices prior to the introduction of HBB
indicated that doctors trained in newborn resuscitation were
2.5 times more likely to unnecessarily suction vigorous
newborns, and that newborn care practices were performed,
but in an inappropriate sequence that minimized skin-to-skin
care (50). For example, the majority of mothers (68.2%) did
put their babies to breast, but the babies were taken from their
mothers 2 min later for other newborn care interventions
(50). This prompted the development of an Essential
Newborn Care protocol, which was the result of a
collaborative process between the Department of Health,
stakeholders, and local experts (50).

In 2009, a large-scale maternal–newborn QI intervention in
Tanzania implemented training in basic and emergency
obstetric services and routine delivery care, provision of
essential equipment, supportive supervision of care in health
facilities, QI approach in facilities, and improvements to the
national health information systems (51). Of note, this was
prior to a national rollout of HBB. The results showed that
provision of essential newborn care significantly improved, as
did health worker knowledge; however, resuscitation skills
using a newborn mannequin remained low (51).
Focused QI efforts by a Neonatal Task Force in a rural

Kenyan hospital demonstrated a reduction in birth-asphyxia-
related mortality by 53%, from 14.7 to 7.1 per 1,000 live births
(42). The Task Force tested interventions that included HBB
trainings and simulation practice, a change in the pediatrics
paging policy for delivery room attendance, and implementa-
tion of a data collection system (47). By tracking their results,
the Task Force was also able to demonstrate an increase in
asphyxia-related mortality when well-trained staff were
transferred to other departments in the hospital. Presentation
of these data to the hospital administration allowed change of
policies and retention of skilled staff experienced in
resuscitation on labor and delivery (47).
Whereas QI efforts have been successful in low-resource

settings, challenges remain at introducing QI concepts, where
technical terminology is less important than general concepts
and understanding of how to implement and track results
after changes. An Improvement Guide developed by the
Survive and Thrive Global Development Alliance was released
in late 2016 and designed to be used in facilities to aid in
understanding simple QI concepts, and in planning and
implementing interventions (52).

USING RESEARCH TO FURTHER IMPROVE NEONATAL
SURVIVAL
In 2012, ILCOR published a paper laying out gaps in
knowledge to encourage further research in neonatal
resuscitation, and included a section of unanswered questions
specifically related to low-resource settings (53). The 2015
ILCOR Consensus on Science with Treatment Recommenda-
tions (CoSTR) used the GRADE system for evidence
evaluation, similar to its use for evaluating recommendations
for the WHO Basic Neonatal Resuscitation Guidelines in
2012, and included questions related to low-resource settings.
HBB is updated on a 5-year cycle, beginning with the

second edition released in the fall of 2016, to incorporate the
revised scientific recommendations from the corresponding
ILCOR guideline cycle (54). These scientific changes include
the recommendation that no suctioning is needed before
drying of babies born through meconium-stained amniotic
fluid, whether crying or not, and a de-emphasis on
oropharyngeal suctioning overall. Stronger evidence for
delayed cord clamping ensured its continued inclusion in
the curriculum. Further inputs included an Utstein-style
implementation meeting of key stakeholders in 2015, which
suggested an increased sensitization to QI, including ongoing
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identification of gaps in care and critical monitoring targets. A
survey of frontline providers (N= 102) also suggested
emphasis on building competence in neonatal resuscitation
skills, systems for ongoing practice, and improving support
for facilitators. Delphi review of the materials further
underscored communication and reinforced the importance
of facilitators seeking partnerships with Ministries of Health,
professional societies, and in-country educational institutions.
Focus group discussions with participants of field tests in
India and Sierra Leone indicated enthusiasm for the hands-on
approach, the skill of facilitators, and learning methodology,
but that implementation and QI are ongoing challenges,
specifically for rural areas.
Careful consideration of revisions has taken into account

the many successes of the program, while incorporating
improvements based on research around ongoing systems for
practice and retention of skills, QI, and implementation
strategies. HBB facilitators are now challenged to not only run
HBB workshops but also develop long-term relationships with
facilitators and providers seeking to sustain the gains made
after an initial HBB workshop. Strengthened support for
facilitators includes an updated Helping Babies Survive (HBS)
website (http://hbs.aap.org), with an International Resources
section where course materials can be downloaded free of
charge, and interactive webinars to support a community of
learning.

DISCUSSION
An estimated two-thirds of the world’s 2.7 million newborn
deaths may be prevented with basic quality care at birth and
during the postnatal period (55). On a global scale, many
successes have been achieved in the implementation of
neonatal resuscitation: decreased neonatal mortality,
decreased still birth rates, and increased use of alternative
cadres of providers. However, significant bottlenecks and
barriers remain to realizing the goals set forth by the Every
Newborn Action Plan. For neonatal resuscitation in parti-
cular, countries in Africa and Asia ranked improving
workforce performance, availability of essential commodities,
and well-integrated health service delivery as highest priority
(55).
HBB and its accompanying programs that equip providers

with the requisite skills to care for babies before, during, and
after birth have now been subsumed under the umbrella of
HBS and Helping Mothers Survive. Because of a greater
understanding that neonatal survival is intimately intertwined
with not only medical science but also educational effective-
ness and local implementation, efforts are shifting from rapid
rollout in new countries to a greater emphasis on deepening
and expanding support in countries where HBB has already
been introduced with the objective of achieving high-quality
care, sustainability, and impact (40). Further collaborative
efforts are needed to study the possible synergistic effects of
HBS and Helping Mothers Survive programs to improve care
for both mothers and babies across the perinatal continuum,
in addition to the ongoing contribution of implementation

science. Although there are many successes to celebrate, there
is still much work to be done such that efforts to improve
newborn care and reduce neonatal mortality will reach every
newborn.
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