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s u m m a r y

Intrapartum-related hypoxia leading to deaths and disabilities continues to be a global challenge,
especially in resource-limited settings. Primary prevention during labour is likely to have a significant
impact, but secondary prevention with focus on immediate basic stabilization at birth can effectively
reduce a large proportion of these adverse outcomes as demonstrated in the resource-rich settings.
Infants who fail to initiate and establish spontaneous respirations at birth often respond to early in-
terventions such as drying, stimulation, clearing the airways, as well as bag mask ventilation applied
within the first minute after birth. Simple resuscitation education such as ‘Helping Babies Breathe’, which
focuses on the very basic steps and pays attention to comprehensive program development with local
ownership and accountability, can help transfer competency into clinical practice and lead to sustainable
programs impacting neonatal mortality and morbidity.

� 2013 Elsevier Ltd. All rights reserved.
1. Introduction

In 1994 the International Conference on Population and Devel-
opment set a number of goals and objectives to be attained by 2015
including universal access to comprehensive reproductive health
services with reduction in maternal and perinatal mortality and
morbidity [1]. The United Nations Millennium Declaration from
2000 emphasizes many agenda items from the above programme
in the eight Millennium Developmental Goals (MDG) [2]. The MDG
4 target of reducing the <5-year-old child mortality by two-thirds
from 13.2 million in 1990 to 5 million in 2015 still requires a sub-
stantial reduction in neonatal mortality, now accounting for >40%
of the total deaths [3e5]. Additionally 1.2 million intrapartum-
related stillbirths (uncertainty range: 0.8e2.0 million) are not
included in the MDG 4 goals [6]. Many of these may be non-
breathing infants with heart activity rather than true stillbirths.

Each year w136 million babies are born globally. It is estimated
that about 90% make the transition from intrauterine to extra-
uterine life without any intervention [7]. This successful transition
is dependent on several factors (e.g. the health of the mother, the
pregnancy, and the labor process), and healthy fetuses are likely to
tolerate some intrapartum hypoxia remarkablywell. However, with
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severe or sustained lack of oxygen during labor, progression to
hypoxiceischemic injury will result in the birth of a non-breathing
baby. Approximately 10% or 13.6 million newborns are delivered
with absent or poor respiratory effort and need some degree of
support to achieve cardiopulmonary stability [8,9]. It is estimated
that 3e6% need assisted positive pressure ventilation, and that<1%
require advanced resuscitation including intubation, chest com-
pressions, and medications [8]. However, these estimates are based
on five reports [8e12], none of which reflect Sub-Saharan Africa
where the burden of perinatal deaths and morbidity is considered
to be highest [4,7].
2. Neonatal mortality

Neonatal mortality is defined as death before one month of age
(per 1000 live births), and recent global estimates range from 2.9 to
3.6 million deaths per year [4,13e15]. Of these, 50e70% occur
within the first day of life [4,16e18], and almost 99% take place in
resource-poor settings [4]. The presumed causes of neonatal deaths
have remained unchanged over the past decade and include in-
fections (w30%), preterm birth (w30%), and birth asphyxia (w25%)
[13,18,19]. Uncertainty surrounds all these estimates due to a
paucity of data from low-and middle-income countries and almost
a complete lack of reliable vital registration systems from settings
where mortality is highest, and lack of data from rural community-
based settings. In addition, intrapartum-related deaths are likely
underreported or misclassified as fresh stillbirths [7,15,20].
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3. Perinatal mortality

Perinatalmortality isdefinedas intrapartum-relateddeaths (fresh
stillbirths) and early (oneweek) neonatal deaths per 1000 live births.
We find it irrational not to look at these deaths together, because the
causes are usually similar whether the baby dies immediately before
delivery (fresh stillbirth) or immediately after delivery (early
neonatal death). Each year, intrapartum-related hypoxia (equated
with birth asphyxia) is estimated to account for about two million
perinatal deaths worldwide including intrapartum (fresh) stillbirths
and early neonatal deaths [13,20]. The intrapartum stillbirth rate is
estimated to be around 10 per 1000 births [20]. The vast majority of
intrapartum-related early neonatal deaths occur within the first
weekof life and the risk for intrapartum-relateddeathon thefirst day
of life is estimated to be about 11 per 1000 births [20]. An additional
onemillionof the surviving infants developneurocognitive problems
such as cerebral palsy and learningdifficulties [21]. The psychological
and sociological burdens are difficult to measure.

There are several causes contributing to perinatal mortality and
morbidity. Adverse perinatal outcome secondary to intrapartum
fetal organ damage due to poor oxygenation may be difficult to
distinguish from other conditions including infections and trauma.
However, these conditions often co-occur, and intrapartum fetal
hypoxia and ischemia is probably the final common pathway for
many intrapartum-related fresh stillbirths and early neonatal
deaths, whether the event is obstructed labor, hemorrhage, cord
prolapse, pre-/eclampsia, or maternal infection/sepsis. Depending
on the severity and duration of intrapartum hypoxia the baby may
die during labor and present as a fresh stillbirth, or be delivered
with variable degree of hypoxiceischemic injury.

Strategies for prevention of adverse perinatal outcome can be
divided into three phases: (i) primary prevention of the insult by
adequate fetal monitoring and correct use of the partogram
coupled with timely obstetric interventions; (ii) secondary pre-
vention after the insult by immediate basic stabilization/resusci-
tation of the non-breathing baby; (iii) tertiary prevention of
complications in the baby by adequate postnatal treatment.

Of the three possible approaches outlined above e primary
prevention of the insult e is likely to have the greatest impact on
intrapartum-related adverse outcome. The ability to detect the
fetus at risk of hypoxia during labor is a key catalyst for subsequent
interventions to reduce deaths and improve child health. In a recent
series on stillbirths in the Lancet, the presence of skilled care at
birth linked with emergency obstetric care were identified as two
major components to reduce the number of stillbirths. Interest-
ingly, the necessity or importance of fetal heart rate monitoring to
detect the babies at highest risk for either intrapartum stillbirths or
intrapartum-related neonatal death was not addressed [6,22]. New
evidence from a rural African hospital indicates that abnormal fetal
heart rate (<120 or >160 beats/min), routinely detected using a
fetal stethoscope, is strongly associated with fresh stillbirths, birth
asphyxia, increased need for neonatal bag mask ventilation (BMV),
and early neonatal death [23].

Primary prevention is likely to have the greatest impact on
intrapartum-related adverse outcome, but is probably the most
complex, time-consuming and expensive concern to address.
However, secondary prevention with focus on immediate basic
stabilization/resuscitation at birth can effectively reduce a large
proportion of these deaths [24e28]. Failure to initiate spontaneous
respirations at birth in most cases is secondary to intrapartum
hypoxia and the state of ‘primary apnea’ (heart rate >60 beats/min
with compensated blood pressure). These infants invariably
respond fairly promptly to early interventions such as drying,
stimulation, clearing the airways as indicated, as well as BMV
applied within the first minute after birth (Fig. 1) [24e28].
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4. Current resuscitation guidelines and new science

In 2011, the World Health Organization (WHO) published new
clinical recommendations on basic newborn stabilization and
resuscitation to guide birth attendants in settings with poor human
and/or technological resources [29]. The WHO guidelines build on
the International Liaison Committee on Resuscitation (ILCOR)
evidence-based guidelines on neonatal resuscitation [30]. The 2010
ILCOR guideline for resuscitation of newborns is based on limited
research with few human cases and has several knowledge gaps
[31]. The current 2010 Consensus on Science and Treatment Rec-
ommendations (CoSTR) suggests that about 30e60 s of time
following delivery should be allocated to assess spontaneous res-
piratory and heart activity before starting intermittent positive-
pressure ventilation if the baby is not breathing regularly. These
assumptions were based on the experimental cardiorespiratory
responses described in asphyxiated newbornmonkeys in the 1960s
[32]. Moreover, there has been a lack of evidence related to simple
actions at birth (i.e. drying, stimulation, and suction) that could
possibly save many newborn lives in resource-limited settings.
Therefore, the WHO recommendations on basic newborn resuscita-
tion have many ‘strong’ recommendations on how to handle a non-
breathing baby at birth linked to ‘low quality of evidence’ or based
on consensus due to absence of evidence. In 2012 several pro-
spective studies, including huge numbers of deliveries in resource-
limited settings, have demonstrated the benefits of the first basic
actions emphasized in the simplified ‘Helping Babies Breathe�’
(HBB) algorithm to improve perinatal outcome [24e28].

First, observational data on 5845 human newborn infants from a
rural hospital in Tanzania are consistent with the experimental
findings in monkeys by Dawes in the 1960s. Of the liveborn babies,
84% initiated spontaneous respirations and did not require any basic
stabilization at birth; the majority (93%) started breathing within
30 s, and 99.3% were breathing spontaneously within 1 min after
birth [25]. The mean time to spontaneous respirations was 10.2 s
(median: 5.0 s). In the same study, observed basic stabilization (i.e.
specific stimulation of the back and/or suction) was attempted in 8%
of infants who eventually initiated breathing. Another 8% did not
respond to stimulation and/or suctioning only, but required BMV
before initiating breathing [25]. Thus, the majority of babies with
birth asphyxia (i.e. failure to initiate spontaneous respirations and/
or 5 min Apgar score <7) were in primary apnea and did respond to
early basic stabilization/resuscitation within 4e5 min. More than
90% of the babies accomplished the transition from intrauterine to
extrauterine environment spontaneously or with the basic steps of
stabilization including drying and stimulation to initiate breathing
(Figure 1). The data also document a significant relationship be-
tween a delay in initiation of BMV and early neonatal death and
morbidity. Specifically the risk for early death and morbidity in-
creases 16% for every 30 s delay in initiation of BMV up to 6 min
when adjusted for birth weight, gestational age, pregnancy, and
labor complications [25]. If intervention is delayed there will be
progression to ‘secondary apnea’ (bradycardia <60 beats/min and
hypotensionwith final gasping), andwith no intervention there will
be progression to death or an ‘apparent fresh stillbirth’ (Figure 1).

Second, studies from Zambia, Tanzania, and Bangladesh suggest
that the proportion of neonates in need of immediate basic stabi-
lization (stimulation and/or suction) at birth, in these most
vulnerable settings, are higher than estimated global numbers [24e
27]. In a cluster randomized controlled trial in Zambia, involving
traditional birth attendants and rural home deliveries, 16e21% of
babies were stimulated [24]. Data from an unpublished study in
Bangladesh, including community settings and district hospitals,
reveal that 26e44% of babies cried immediately following birth
[27]. An additional 50% of babies, that did not cry immediately,
ource-limited settings, Seminars in Fetal & Neonatal Medicine (2013),



Fig. 1. Pathway of intrapartum-related hypoxia and appropriate interventions to avoid fetal injury and prevent perinatal morbidity and mortality. FHR, fetal heart rate; FSB, fresh
stillbirth; BMV, bag mask ventilation.
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cried after drying; of those remaining, 30e44% cried after stimu-
lation. The number of babies given BMV did not increase after
simple HBB resuscitation training [27]. In Tanzania after HBB
training in referral and regional hospitals, an increase in babies
being stimulated from 44% to 88% resulted in a decrease in babies
being subjected to BMV [26]. These studies demonstrate that sim-
ple drying and early stimulation will assist the majority of babies
and reduce neonatal deaths [24e27].

Third, the recent publications suggest that the proportion of
birth asphyxia-related deaths, in these settings, is much higher
than hitherto described. Birth asphyxia has for a long time been
estimated to account for w25% of neonatal mortality worldwide
[13,19], but data from Tanzania reveal up to 80% of early deaths
related to birth asphyxia [26,33]. This huge discrepancy may be
due to the imprecise definitions related to the use of Apgar scores,
often used retrospectively as the indicator to identify birth
asphyxia [33].

Fourth, delayed cord clamping may be the first step of neonatal
resuscitation [34]. Evolving data indicate that cord clamping
beyond 30e60 s after birth is of benefit for all infants (i.e. decreased
iron deficiency anemia) and especially for preterm infants (i.e.
increased hemoglobin concentration and systemic blood pressure,
reduction in blood transfusion and intraventricular hemorrhage)
[34]. A recent experimental study on term lambs demonstrated that
ventilation prior to cord clamp markedly improved cardiovascular
stability by increasing pulmonary blood flow before cord clamping
[35]. In resource-limited settings delay in cord clamping is all the
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more important to provide the babywith placental transfusion, and
it has been suggested that infants with respiratory difficultymay do
better with delay in cord clamping for �60 s.

Some of the existing gaps related to newborn resuscitation in
resource-limited settings are summarized in Box 1.

5. ‘Utstein formula of survival’[36]

The most up-to-date evidence-based guidelines will not help a
single baby, either in resource-limited or high-resourced settings,
unless they are translated into clinical practice. The Utstein formula
of survival states that patient outcome is a product of medical
science, educational efficiency, and implementation (Fig. 2). It is
predicted that all factors in the formula contribute equally to pa-
tient outcome. Hypothetically, if all the factors are optimal, patient
survival would be 100%; 1 � 1 � 1 ¼ 1 [36]. It has been suggested
that the best that can be achieved is closer to 67% efficiency. The
ILCOR guidelines present current medical evidence, but it is more
difficult to educate health care staff to utilize this best available
knowledge in patient encounters. Another major factor contrib-
uting to the high perinatal mortality is a global lack of providers
trained and adequately equipped for immediate neonatal stabili-
zation and/or resuscitation, especially in settings where the burden
is highest. A program designed for knowledge translation, ability to
implement the knowledge and ongoing attention to quality and
monitoring with resources for improvement will start to address
the gap.
ource-limited settings, Seminars in Fetal & Neonatal Medicine (2013),



Box 1
Summary of some existing gaps related to newborn resuscita-

tion in resource-limited settings

Cord clamping

� Timing of cord clamping

� Resuscitation with intact cord

� Hyperbilirubinemia with delayed cord clamping

Stimulation

� Effect of stimulation

� Best way to stimulate

� Additional stimulation before positive pressure

ventilation

Suction

� Suction before positive pressure ventilation

� Meconium management

� Suctioning when chest not rising

� Devices for suctioning

Positive-pressure ventilation

� Best interface for positive pressure ventilation

� Optimal ventilation parameters

� Outcome of non-breathing infants

Education

� Frequency of training

� Retention of skills when used frequently and

infrequently

� Training of different levels of health workers

� Role of video recording for training

Operational research

� Effects of guidelines

� How to scale up

Others

� Simple ways to administer blended oxygen

� Thermal management of asphyxiated infant

� Burden of resuscitation
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6. Educational programs

HBB is a simulation-based educational program, developed to
train large numbers of birth attendants in low-income countries in
basic neonatal stabilization/resuscitation [37]. The scientific basis
of the HBB curriculum stems from the neonatal evidence evaluation
of ILCOR. HBB was developed under the leadership of the American
Academy of Pediatrics with input fromworld experts frommultiple
countries. HBB attempts to ensure that even a single provider can
care for the baby and mother in a timely manner. It focuses on
immediate assessment of the baby, temperature support, stimula-
tion to breathe, and BMV, all within ‘The Golden Minute�’ after
birth. These basic tenets of neonatal resuscitation coupled with
appropriate available equipment should reduce ‘apparent’ fresh
stillbirth rates, neonatal mortality, and improve intact survival.
The educational kit includes an action plan, a culturally adopted
flip-over facilitator guide, and a student workbook. The course
x x

Fig. 2. The Utstein form
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material is largely pictorial with simple text. Though aimed at
midwives, the curriculum can also be adapted for community
health workers and even traditional birth attendants with limited
literacy. Supplemental oxygen, intubation, chest compressions, and
medications do not enter the algorithm e these interventions or
actions are not relevant for most of the babies requiring assistance.

To augment the HBB program, a low-tech, low-cost neonatal
simulator (NeoNatalie, Laerdal Medical) for resource-limited set-
tings and an affordable manual resuscitator and a bulb suction (that
can be easily cleaned for re-use) have been developed to meet the
training and clinical equipment needs. Skills training and simula-
tions using the simulator form the foundation of the course, and
participants work in pairs or teams to help one another learn the
skills. A formative evaluation of the course, conducted in Pakistan
and Kenya, indicates significantly better theoretical knowledge af-
ter the course, but no significant improvement in mastery of a
technical skill such as BMV [38]. The HBB program was modified
based on the formative evaluation before being released. Prior to
the evolvement of HBB, partners strived to develop different local
newborn resuscitation programs. Now, HBB is being implemented
in more than 50 countries, and the WHO Essential Newborn Care
Course has included HBB as its newborn resuscitation tool [39].

7. Kirkpatrick model for evaluation of educational programs

If we have adequate medical evidence and good educational
courses to train health providers, what does it take to translate the
acquired knowledge and skills into clinical practice for the benefit
of the patient? How can we ensure and sustain necessary changes
in the clinical setting over time? There is a universal lack of
implementation research e the last factor in the Utstein formula of
survival (Fig. 2). Most studies/reviews focus on the evidence of
‘what to do’ e not on ‘what is actually done’ e to understand more
about how to close the clinical performance gap.

The Kirkpatrick model for evaluation of training courses was
first developed by Donald Kirkpatrick in 1959 and later updated
several times, most recently in 2006 [40]. It describes four levels of
evaluation (Box 2) that provide a thorough understanding of the
effectiveness of a training program and potential needs for
improvement. Relevant/practical learning will hopefully transfer
into clinical practice (Kirkpatrick level 3) and improve patient
outcome (Kirkpatrick level 4). It is very rare that educational pro-
grams are evaluated through investigation of levels 3 and 4. Does
the teaching/training really change behavior of the staff, and is it
beneficial for the patients?

HBB is a practical simulation-based course, and simulation-
based training engages providers to synthesize and apply knowl-
edge and tasks according to a scenario, thereby combining theo-
retical, cognitive, technical, and behavioral skills in a dynamic
situation. Sub-studies from Tanzania suggest that a one-day HBB
training course is sufficient to improve overall resuscitation per-
formance by providers when tested in simulated scenarios seven
months later (Kirkpatrick Level 2), but this improvement was not
translated into delivery room management (Kirkpatrick Level 3)
= Survival

ula of survival [36].
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Box 3
Components of the successful Helping Babies Breathe� (HBB)

program for newborn resuscitation in Tanzania [26]

� Implementation body: political/resources

� Commitment by the Ministry of Health and Social

Welfare to the prevention of birth asphyxia and

reducing early neonatal mortality nationally

� Appointment of a paediatrician within the Ministry

to oversee the implementation and follow-up when

required

� Steady supply of basic equipment

� Evidence

� Optimistic that the HBB program would address the

needs

� Educational environment: community/practitioner

Box 2
Kirkpatrick model for evaluating effects of educational courses

� Level 1: Reaction. Participants’ perception of the course.

� Level 2: Learning. Acquired knowledge, improved skills,

or changes in self-confidence and attitudes because of

the training.

� Level 3: Behavior. Translation of the newly acquired

knowledge and skills into daily practice.

� Level 4: Results. The ultimate goal; patient outcome.
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[41] before systematic HBB re-trainings and local mentoring were
established, which subsequently resulted in a corresponding
decline in perinatal mortality [42].
� HBB training was conducted at the sites e in the

facilities

� HBB training was targeted at the midwife, most

likely the single provider to stabilize and/or resus-

citate a newly born infant

� Use of the cascade model to continually train new

providers and re-train all providers

� Clinical practice environment: social/cultural/team

� HBB materials, resuscitator and bulb suction left

behind for ongoing practice

� Selection of dedicated HBB midwives given the re-

sponsibility of short regular refresher trainings to

ensure quality of care and local mentoring

� Placement of the simulator in the labour room

where every provider had to document practice of

basic skills including bag mask ventilation regularly

� Monitoring and quality improvement

� Ongoing data collection and reporting of outcome

variables

� Biannual data overview meetings with midwives

from all sites to discuss the process and specific

needs
8. Program for newborn stabilization and resuscitation

These studies point to the need for a consistent program
(opposed to a single course) targeting ongoing training and local
mentoring to impact clinical management and patient outcome.
Fig. 3 presents an overview of factors thought to influence newborn
resuscitation at birth. Program-developers may need to be aware
of, understand and take into account all these factors if theywant to
develop a successful program that will improve patient outcome
over time. For newborn resuscitation in a resource-limited setting,
the single practitioner can make the difference between life and
death, and it is important to make the program simple and flexible
enough to encounter the great variability in knowledge and skills
among practitioners, whether it is an untrained birth attendant, a
midwife or a doctor. To be able to learn, the education tool(s) must
be tailored to meet the providers’ needs at their current level of
competency. Once providers have achieved the desired level of
competency, they need the resources and support to be able to
utilize their skills whenever and wherever the need arises.
Fig. 3. Program development for neonatal resuscitation. *External factors such as media, government priorities, cultural beliefs and practices have additional impact.
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The importance of the addressed factors for program develop-
ment is confirmed by the clinical roll-out of the HBB program over
two years in Tanzania resulting in a 47% reduction in neonatal
mortality and 24% reduction in fresh stillbirths [26]. Several
implementation strategies are highlighted in the paper, thought to
be important for the success. These strategies are summarized in
Box 3 linked with the factors outlined in Fig. 3. We believe all these
approaches are important for establishment of local ownership and
accountability, transfer of acquired novel competency into clinical
practice, and sustainability. In addition, the stepwise method of
national HBB implementation in Tanzania was critical to demon-
strate that the program worked in the major institutions, and to
delineate gaps and pitfalls before moving to a full national roll-out.
The Tanzanian model, guided by the Ministry of Health and Social
Welfare with great focus on implementation, can serve as a tem-
plate for other resource-limited countries.

9. Summary

Globally perinatal mortality accounts for an increasing propor-
tion of mortality in children aged <5 years. Current guidelines for
resuscitation of newborns are based on limited research with few
cases and have several knowledge gaps. Nonetheless, some recent
studies from resource-limited settings where the burden of deaths
is highest document the importance of fetal heart rate monitoring
coupled with immediate basic actions at birth. ‘The three delays
model’ described for maternal ill-health is applicable to adverse
perinatal outcomes: (i) delay in recognizing fetal hypoxia, (ii) delay
in actions to accelerate delivery, and (iii) delay in basic stabilization
at birth. Each one of these delays should be systematically
addressed to give the most recent citizens of the world a chance of
morbidity-free survival. The third delay can be addressed by simple
steps at birth such as drying, keeping baby warm, immediate
stimulation, suction and/or BMV. These actions are proven effective
and, if implemented properly as a resuscitation program where
births take place, will prevent a large proportion of perinatal deaths
worldwide and likely reduce the huge burden of ill-health.

References

[1] United Nations. International Conference on Population and Development, 5e
13 September, 1994. Summary of the programme of action [http://www.
unfpa.org/icpd/summary.cfm].

[2] United Nations. UN Millennium Project 2005. Investing in development: a
practical plan to achieve the Millennium Development Goals [http://
wwsssssw.unmillenniumproject.org/reports/index.htm].

[3] Countdown Coverage Writing Group. Countdown to 2015 for maternal,
newborn, and child survival: the 2008 report on tracking coverage of in-
terventions. Lancet 2008;371:1247e58.

[4] Lozano R, Wang H, Foreman KJ, et al. Progress towards Millennium Devel-
opment Goals 4 and 5 on maternal and child mortality: an updated systematic
analysis. Lancet 2011;378:1139e65.

[5] United Nations. The Millennium Development Goals Report 2012 [http://
www.un.org/millenniumgoals/pdf/MDG%20Report%202012.pdf].

[6] Lawn JE, Blencowe H, Pattinson R, et al. Stillbirths: Where? When?Why? How
to make the data count? Lancet 2011;377(9775):1448e63.

[7] Wall SN, Lee AC, Niermeyer S, et al. Neonatal resuscitation in low-resource
settings: what, who, and how to overcome challenges to scale up? Int J
Gynecol Obstet 2009;107(Suppl. 1):47e64.

[8] Perlman JM, Risser R. Cardiopulmonary resuscitation in the delivery room:
associated clinical events. Arch Pediatr Adolesc Med 1995;149:20e5.

[9] Barber CA, Wyckoff MH. Use and efficacy of endotracheal versus intravenous
epinephrine during neonatal cardiopulmonary resuscitation in the delivery
room. Pediatrics 2006;118:1028e34.

[10] Palme-Kilander C. Methods of resuscitation in low-Apgar-score newborn in-
fants e a national survey. Acta Paediatr 1992;81:739e44.

[11] Zhu XY, Fang HQ, Zeng SP, Li YM, Lin HL, Shi SZ. The impact of the neonatal
resuscitation program guidelines (NRPG) on the neonatal mortality in a
hospital in Zhuhai, China. Singapore Med J 1997;38:485e7.

[12] Deorari AK, Paul VK, Singh M, Vidyasagar D., Medical Colleges Network.
Impact of education and training on neonatal resuscitation practices in 14
teaching hospitals in India. Ann Trop Paediatr 2001;21:29e33.
Please cite this article in press as: Ersdal HL, Singhal N, Resuscitation in res
http://dx.doi.org/10.1016/j.siny.2013.07.001
[13] Black RE, Cousens S, Johnson HL, et al. Global, regional, and national causes of
child mortality in 2008: a systematic analysis. Lancet 2010;375:1969e87.

[14] Rajaratnam JK, Marcus JR, Flaxman AD, et al. Neonatal, post neonatal, child-
hood, and under-5 mortality for 187 countries, 1970e2010: a systematic
analysis of progress towards Millennium Development Goal 4. Lancet
2010;375:1988e2008.

[15] Oestergaard MZ, Inoue M, Yoshida S, et al. Neonatal mortality levels for 193
countries in 2009 with trends since 1990: a systematic analysis of progress,
projections, and priorities. PLoS Med 2011;8(8):e1001080. http://dx.doi.org/
10.1371/journal.pmed.1001080.

[16] Kruger C, Niemi M, Espeland H, et al. The effects of standardised protocols of
obstetric and neonatal care on perinatal and early neonatal mortality at a rural
hospital in Tanzania. Int Health 2012;4:55e62.

[17] Bhandari N, Mazumder S, Taneja S, et al. Effect of implementation of Inte-
grated Management of Neonatal and Childhood Illness (IMNCI) programme
on neonatal and infant mortality: cluster randomized controlled trial. BMJ
2012;344:e1634.

[18] Nga NT, Hoa DTP, Målqvist M, et al. Causes of neonatal death: results from
NeoKIP community-based trial in Quang Ninh province, Vietnam. Acta
Pædiatrica 2012;101:368e73.

[19] Lawn JE, Wilczynska-Ketende K, Cousens SN. Estimating the causes of 4
million neonatal deaths in the year 2000. Int J Epidemiol 2006;35:706e18.

[20] Lawn JE, Lee AC, Kinney M, et al. Two million intrapartum-related stillbirths
and neonatal deaths: where, why, and what can be done? Int J Gynecol Obstet
2009;107(Suppl. 1):5e19.

[21] World Health Organization. The World Health Report 2005: making every
mother and child count. Geneva: WHO; 2005.

[22] Bhutta ZA, Yakoob MY, Lawn JE, et al. Stillbirths: what differences can we
make and at what cost? Lancet 2011;377(9776):1523e38.

[23] Ersdal HL, Mduma E, Svensen E, Sundby J, Perlman JM. Intermittent detection
of fetal heart rate abnormalities identify infants at greatest risk for fresh
stillbirths, birth asphyxia, neonatal resuscitation, and early neonatal deaths in
a resource limited setting. Neonatology 2012;102:235e42.

[24] Gill CJ, Phiri-Mazala G, Guerina NG, et al. Effect of training traditional birth
attendants on neonatal mortality (Lufwanyama Neonatal Survival Project):
randomized controlled study. BMJ 2011;342:346e56.

[25] Ersdal HL, Mduma E, Svensen E, Perlman JM. Early initiation of basic resus-
citation interventions including face mask ventilation may reduce birth
asphyxia related mortality in low-income countries. Resuscitation 2012;83:
869e73.

[26] Msemo G, Kidanto HL, Massawe A, et al. Newborn mortality and fresh still-
birth rates in Tanzania after helping babies breathe training. Pediatrics
2013;131:e353e60.

[27] Mannan I, Bangladesh, personal communication.
[28] Goudar SS, Somannavar MS, Clark R, et al. Stillbirth and newborn mortality in

India after Helping Babies Breathe training. Pediatrics 2013;131:e344e52.
[29] World Health Organization. WHO Guidelines on basic newborn resuscitation.

Geneva: WHO; 2011.
[30] Wyllie J, Perlman JM, Kattwinkel J, et al. Part 11: Neonatal resuscitation: 2010

International Consensus on Cardiopulmonary Resuscitation and Emergency
Cardiovascular Care Science With Treatment Recommendations. Resuscitation
2010;81:260e87.

[31] Perlman JM, Kattwinkel J, Wyllie J, et al. Neonatal resuscitation: in pursuit of
evidence gaps in knowledge. Resuscitation 2012;83:545e50.

[32] Dawes GS. Birth asphyxia, resuscitation and brain damage. In: Foetal and
neonatal physiology. Chicago: Year Book Medical Publisher; 1972. p. 141e59.

[33] Ersdal HL, Mduma E, Svensen E, Perlman JM. Birth asphyxia: a major cause of
early neonatal mortality in a Tanzanian rural hospital. Pediatrics 2012;129:
1238e43.

[34] Raju TN, Singhal N. Optimal timing for clamping the umbilical cord after birth.
Clin Perinatol 2012;39:889e900.

[35] Bhatt S, Alison BJ, Wallace EM, et al. Delaying cord clamping until ventilation
onset improves cardiovascular function at birth in preterm lambs. J Physiol
2013;591(Pt 8):2113e26.

[36] Castrén M. Pre-hospital airway management e time to provide the same
standard of care as in the hospital. Editorial. Acta Anaesthesiol Scand 2008;52:
877e8.

[37] American Academy of Pediatrics [http://www.helpingbabiesbreathe.org/].
[38] Singhal N, Lockyer J, Fidler H, et al. Helping Babies Breathe: global neonatal

resuscitation program development and formative educational evaluation.
Resuscitation 2012;83:90e6.

[39] WHO Essential Newborn Care Course [http://www.who.int/maternal_child_
adolescent/documents/newborncare_course/en/].

[40] Kirkpatrick D. Great Ideas revisited. Techniques for evaluating training
programs. Revisiting Kirkpatrick’s four level model. Training Dev 1996;50:
54e9.

[41] Ersdal HL, Vossius C, Bayo E, et al. A one-day “Helping Babies Breathe” course
improves simulated performance but not clinical management of neonates.
Resuscitation 2013 Apr 21. pii: S0300-9572(13)00213-X. http://dx.doi.org/10.
1016/j.resuscitation.2013.04.005.

[42] Mduma E, Ersdal HL, Svensen E, Perlman JM. Low-dose high frequency
Helping Babies Breathe training reduces early neonatal mortality within 24
hours in a rural African hospital. Washington DC, USA: Presented at Pediatric
Academic Societies Annual Meeting; May 2013. p. 4e7.
ource-limited settings, Seminars in Fetal & Neonatal Medicine (2013),

http://www.unfpa.org/icpd/summary.cfm
http://www.unfpa.org/icpd/summary.cfm
http://wwsssssw.unmillenniumproject.org/reports/index.htm
http://wwsssssw.unmillenniumproject.org/reports/index.htm
http://refhub.elsevier.com/S1744-165X(13)00062-0/sref1
http://refhub.elsevier.com/S1744-165X(13)00062-0/sref1
http://refhub.elsevier.com/S1744-165X(13)00062-0/sref1
http://refhub.elsevier.com/S1744-165X(13)00062-0/sref1
http://refhub.elsevier.com/S1744-165X(13)00062-0/sref2
http://refhub.elsevier.com/S1744-165X(13)00062-0/sref2
http://refhub.elsevier.com/S1744-165X(13)00062-0/sref2
http://refhub.elsevier.com/S1744-165X(13)00062-0/sref2
http://www.un.org/millenniumgoals/pdf/MDG%20Report%202012.pdf
http://www.un.org/millenniumgoals/pdf/MDG%20Report%202012.pdf
http://refhub.elsevier.com/S1744-165X(13)00062-0/sref3
http://refhub.elsevier.com/S1744-165X(13)00062-0/sref3
http://refhub.elsevier.com/S1744-165X(13)00062-0/sref3
http://refhub.elsevier.com/S1744-165X(13)00062-0/sref4
http://refhub.elsevier.com/S1744-165X(13)00062-0/sref4
http://refhub.elsevier.com/S1744-165X(13)00062-0/sref4
http://refhub.elsevier.com/S1744-165X(13)00062-0/sref4
http://refhub.elsevier.com/S1744-165X(13)00062-0/sref5
http://refhub.elsevier.com/S1744-165X(13)00062-0/sref5
http://refhub.elsevier.com/S1744-165X(13)00062-0/sref5
http://refhub.elsevier.com/S1744-165X(13)00062-0/sref6
http://refhub.elsevier.com/S1744-165X(13)00062-0/sref6
http://refhub.elsevier.com/S1744-165X(13)00062-0/sref6
http://refhub.elsevier.com/S1744-165X(13)00062-0/sref6
http://refhub.elsevier.com/S1744-165X(13)00062-0/sref7
http://refhub.elsevier.com/S1744-165X(13)00062-0/sref7
http://refhub.elsevier.com/S1744-165X(13)00062-0/sref7
http://refhub.elsevier.com/S1744-165X(13)00062-0/sref7
http://refhub.elsevier.com/S1744-165X(13)00062-0/sref8
http://refhub.elsevier.com/S1744-165X(13)00062-0/sref8
http://refhub.elsevier.com/S1744-165X(13)00062-0/sref8
http://refhub.elsevier.com/S1744-165X(13)00062-0/sref8
http://refhub.elsevier.com/S1744-165X(13)00062-0/sref9
http://refhub.elsevier.com/S1744-165X(13)00062-0/sref9
http://refhub.elsevier.com/S1744-165X(13)00062-0/sref9
http://refhub.elsevier.com/S1744-165X(13)00062-0/sref9
http://refhub.elsevier.com/S1744-165X(13)00062-0/sref10
http://refhub.elsevier.com/S1744-165X(13)00062-0/sref10
http://refhub.elsevier.com/S1744-165X(13)00062-0/sref10
http://refhub.elsevier.com/S1744-165X(13)00062-0/sref11
http://refhub.elsevier.com/S1744-165X(13)00062-0/sref11
http://refhub.elsevier.com/S1744-165X(13)00062-0/sref11
http://refhub.elsevier.com/S1744-165X(13)00062-0/sref11
http://refhub.elsevier.com/S1744-165X(13)00062-0/sref11
http://refhub.elsevier.com/S1744-165X(13)00062-0/sref11
http://dx.doi.org/10.1371/journal.pmed.1001080
http://dx.doi.org/10.1371/journal.pmed.1001080
http://refhub.elsevier.com/S1744-165X(13)00062-0/sref13
http://refhub.elsevier.com/S1744-165X(13)00062-0/sref13
http://refhub.elsevier.com/S1744-165X(13)00062-0/sref13
http://refhub.elsevier.com/S1744-165X(13)00062-0/sref13
http://refhub.elsevier.com/S1744-165X(13)00062-0/sref14
http://refhub.elsevier.com/S1744-165X(13)00062-0/sref14
http://refhub.elsevier.com/S1744-165X(13)00062-0/sref14
http://refhub.elsevier.com/S1744-165X(13)00062-0/sref14
http://refhub.elsevier.com/S1744-165X(13)00062-0/sref15
http://refhub.elsevier.com/S1744-165X(13)00062-0/sref15
http://refhub.elsevier.com/S1744-165X(13)00062-0/sref15
http://refhub.elsevier.com/S1744-165X(13)00062-0/sref15
http://refhub.elsevier.com/S1744-165X(13)00062-0/sref16
http://refhub.elsevier.com/S1744-165X(13)00062-0/sref16
http://refhub.elsevier.com/S1744-165X(13)00062-0/sref16
http://refhub.elsevier.com/S1744-165X(13)00062-0/sref17
http://refhub.elsevier.com/S1744-165X(13)00062-0/sref17
http://refhub.elsevier.com/S1744-165X(13)00062-0/sref17
http://refhub.elsevier.com/S1744-165X(13)00062-0/sref17
http://refhub.elsevier.com/S1744-165X(13)00062-0/sref18
http://refhub.elsevier.com/S1744-165X(13)00062-0/sref18
http://refhub.elsevier.com/S1744-165X(13)00062-0/sref19
http://refhub.elsevier.com/S1744-165X(13)00062-0/sref19
http://refhub.elsevier.com/S1744-165X(13)00062-0/sref19
http://refhub.elsevier.com/S1744-165X(13)00062-0/sref20
http://refhub.elsevier.com/S1744-165X(13)00062-0/sref20
http://refhub.elsevier.com/S1744-165X(13)00062-0/sref20
http://refhub.elsevier.com/S1744-165X(13)00062-0/sref20
http://refhub.elsevier.com/S1744-165X(13)00062-0/sref20
http://refhub.elsevier.com/S1744-165X(13)00062-0/sref21
http://refhub.elsevier.com/S1744-165X(13)00062-0/sref21
http://refhub.elsevier.com/S1744-165X(13)00062-0/sref21
http://refhub.elsevier.com/S1744-165X(13)00062-0/sref21
http://refhub.elsevier.com/S1744-165X(13)00062-0/sref22
http://refhub.elsevier.com/S1744-165X(13)00062-0/sref22
http://refhub.elsevier.com/S1744-165X(13)00062-0/sref22
http://refhub.elsevier.com/S1744-165X(13)00062-0/sref22
http://refhub.elsevier.com/S1744-165X(13)00062-0/sref22
http://refhub.elsevier.com/S1744-165X(13)00062-0/sref23
http://refhub.elsevier.com/S1744-165X(13)00062-0/sref23
http://refhub.elsevier.com/S1744-165X(13)00062-0/sref23
http://refhub.elsevier.com/S1744-165X(13)00062-0/sref23
http://refhub.elsevier.com/S1744-165X(13)00062-0/sref24
http://refhub.elsevier.com/S1744-165X(13)00062-0/sref24
http://refhub.elsevier.com/S1744-165X(13)00062-0/sref24
http://refhub.elsevier.com/S1744-165X(13)00062-0/sref25
http://refhub.elsevier.com/S1744-165X(13)00062-0/sref25
http://refhub.elsevier.com/S1744-165X(13)00062-0/sref26
http://refhub.elsevier.com/S1744-165X(13)00062-0/sref26
http://refhub.elsevier.com/S1744-165X(13)00062-0/sref26
http://refhub.elsevier.com/S1744-165X(13)00062-0/sref26
http://refhub.elsevier.com/S1744-165X(13)00062-0/sref26
http://refhub.elsevier.com/S1744-165X(13)00062-0/sref27
http://refhub.elsevier.com/S1744-165X(13)00062-0/sref27
http://refhub.elsevier.com/S1744-165X(13)00062-0/sref27
http://refhub.elsevier.com/S1744-165X(13)00062-0/sref28
http://refhub.elsevier.com/S1744-165X(13)00062-0/sref28
http://refhub.elsevier.com/S1744-165X(13)00062-0/sref28
http://refhub.elsevier.com/S1744-165X(13)00062-0/sref29
http://refhub.elsevier.com/S1744-165X(13)00062-0/sref29
http://refhub.elsevier.com/S1744-165X(13)00062-0/sref29
http://refhub.elsevier.com/S1744-165X(13)00062-0/sref29
http://refhub.elsevier.com/S1744-165X(13)00062-0/sref30
http://refhub.elsevier.com/S1744-165X(13)00062-0/sref30
http://refhub.elsevier.com/S1744-165X(13)00062-0/sref30
http://refhub.elsevier.com/S1744-165X(13)00062-0/sref31
http://refhub.elsevier.com/S1744-165X(13)00062-0/sref31
http://refhub.elsevier.com/S1744-165X(13)00062-0/sref31
http://refhub.elsevier.com/S1744-165X(13)00062-0/sref31
http://refhub.elsevier.com/S1744-165X(13)00062-0/sref32
http://refhub.elsevier.com/S1744-165X(13)00062-0/sref32
http://refhub.elsevier.com/S1744-165X(13)00062-0/sref32
http://refhub.elsevier.com/S1744-165X(13)00062-0/sref32
http://refhub.elsevier.com/S1744-165X(13)00062-0/sref32
http://www.helpingbabiesbreathe.org/
http://refhub.elsevier.com/S1744-165X(13)00062-0/sref33
http://refhub.elsevier.com/S1744-165X(13)00062-0/sref33
http://refhub.elsevier.com/S1744-165X(13)00062-0/sref33
http://refhub.elsevier.com/S1744-165X(13)00062-0/sref33
http://www.who.int/maternal_child_adolescent/documents/newborncare_course/en/
http://www.who.int/maternal_child_adolescent/documents/newborncare_course/en/
http://refhub.elsevier.com/S1744-165X(13)00062-0/sref34
http://refhub.elsevier.com/S1744-165X(13)00062-0/sref34
http://refhub.elsevier.com/S1744-165X(13)00062-0/sref34
http://refhub.elsevier.com/S1744-165X(13)00062-0/sref34
http://dx.doi.org/10.1016/j.resuscitation.2013.04.005
http://dx.doi.org/10.1016/j.resuscitation.2013.04.005
http://refhub.elsevier.com/S1744-165X(13)00062-0/sref36
http://refhub.elsevier.com/S1744-165X(13)00062-0/sref36
http://refhub.elsevier.com/S1744-165X(13)00062-0/sref36
http://refhub.elsevier.com/S1744-165X(13)00062-0/sref36
http://refhub.elsevier.com/S1744-165X(13)00062-0/sref36

	Resuscitation in resource-limited settings
	1 Introduction
	2 Neonatal mortality
	3 Perinatal mortality
	4 Current resuscitation guidelines and new science
	5 ‘Utstein formula of survival’[36]
	6 Educational programs
	7 Kirkpatrick model for evaluation of educational programs
	8 Program for newborn stabilization and resuscitation
	9 Summary
	References


