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Background: Resuscitation following birth asphyxia reduces mortality, but may be argued to increase risk for
neurodevelopmental disability in survivors.
Aims: To test the hypothesis that development of infants who received resuscitation following birth asphyxia is
not significantly different through 36 months of age from infants who had healthy births.
Study design: Prospective observational cohort design comparing infants exposed to birth asphyxia with resusci-
tation or healthy birth.
Subjects: A random sample of infants with birth asphyxia who received bag-and-mask resuscitation was selected
from birth records in selected communities in 3 countries. Exclusion criteria: birth weight b 1500 g, severely ab-
normal neurological examination at 7 days, mother b 15 years, unable to participate, or not expected to remain
in the target area. A random sample of healthy-birth infants (no resuscitation, normal neurological exam) was
also selected. Eligible = 438, consented = 407, and ≥1 valid developmental assessment during the first
36 months = 376.
Outcomemeasure(s): Bayley Scales of Infant Development-II Mental (MDI) and Psychomotor (PDI) Development
Index.
Results: Trajectories of MDI (p = .069) and PDI (p = .143) over 3 yearly assessments did not differ between
children with birth asphyxia and healthy-birth children. Rather there was a trend for birth asphyxia children
to improve more than healthy-birth children.
Conclusions: The large majority of infants who are treated with resuscitation and survived birth asphyxia can be
expected to evidence normal development at least until age 3. The risk for neurodevelopmental disability should
not justify the restriction of effective therapies for birth asphyxia.

© 2014 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

Of the approximately one million neonatal deaths due to birth as-
phyxia, or failure to initiate or sustain spontaneous breathing at birth,
about 98% occur in low/low–middle income countries (LMIC) [1]. An-
other one million children who survive birth asphyxia develop
neurodevelopmental disorders, which can include learning disability,
intellectual disability, and cerebral palsy [2–4]. As a result, 41 million
disability adjusted life years (DALYs) are attributed to birth asphyxia

[5]. Birth asphyxia is therefore among the leading causes of mortality
and morbidity in LMIC.

Resuscitation is required to establish normal breathing when as-
phyxia occurs at birth. About 6–10% of all neonates need some assis-
tance to establish normal breathing [6–8]. Neonatal resuscitation
could decrease neonatal mortality or morbidity an estimated 42% in
LMIC [9]. If indicated, resuscitation can be applied to almost all newborn
infants, including in poor areas of the world, with stimulation and bag
and mask ventilation [10,11]. However, neonatal resuscitation training
has had limited penetration in many LMIC despite findings that when
implemented mortality decreases by 20%–50% [7,12,13].

The concern that infants with birth asphyxia who were resuscitated
may be at increased risk for neurodevelopmental impairments may
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contribute to the reduced implementation of resuscitation interven-
tions [4] Survivors with disability would add to the burden of care in
resource poor countries and decrease quality of life of these children
in subsequent years. Therefore it is important empirically to examine
the development of children with birth asphyxia who were treated
with resuscitation in LMIC. Results could inform health policy decisions
regarding neonatal interventions for birth asphyxia.

We had the opportunity to conduct such an examination using data
collected fromamulti-national controlled study (FIRST BREATHTrial) in
which community birth attendants were trained in bag andmask venti-
lationwith room air as part of essential newborn care training [14]. This
intervention reduced 7-day neonatal mortality as well as mortality due
to birth asphyxia [15]. Two subgroups of infants from the FIRST BREATH
Trial were then followed as part of the randomized controlled trial
(RCT) Brain Research to Ameliorate Impaired Neurodevelopment-
Home-based Intervention Trial (BRAIN-HIT), including one group with
birth asphyxia who required resuscitation and another group without
birth asphyxia and resuscitation. As detailed elsewhere [16,17],
BRAIN-HIT was designed to determine if a home-based early develop-
mental intervention (EDI) can improve neurodevelopmental outcome
compared to a control condition. Indeed, EDI was shown to improve

development at 36 months of age compared to the control condition
in both resuscitated and not resuscitated children [16].

In the present study we do not evaluate the RCT. Rather we observe
the development of infants exposed to birth asphyxia and resuscitation
compared to infantswithout birth asphyxia and resuscitation, regardless
of assigned intervention condition. Moreover, because developmental
status was evaluated yearly through 36 months of age, developmental
trajectories could be examined in relation to exposure to birth asphyxia
and resuscitation, and not just status at the 36 month end point. The
current study tests the hypothesis that infants who received resuscita-
tion due to birth asphyxia (without severe encephalopathy during the
neonatal period) and those who had healthy births and were not resus-
citated would evidence developmental trajectories over the first
36 months that are not significantly different from one another.

2. Methods

2.1. Study population

This study was implemented in two populations born from January
2007 through June 2008 in rural communities marked by poverty in

164 Resuscitated, randomized 243 Not Resuscitated, randomized

438 Eligible

86 Control

407 Consented

78 Early
Intervention

117 Control 126 Early
Intervention

102 Ineligible
82 mothers not staying in the study communities
17 mothers not contacted within 7 days of birth

3 infants <1500 grams

540 Screened

4 Drop outs
2 deaths
1 withdrawal
1 child’s mother 

nursing husband out 
of town

5 Drop outs
2 deaths
1 withdrawal
1 lost to follow-up
1 family did not approve

of study

74 with ≥1 
Assessment

7 Drop outs
7 deaths

15 Drop outs
5 deaths
5 withdrawals
5 lost to follow-up

81 with ≥1 
Assessment

111 with ≥1 
Assessment

110 with ≥1 
Assessment

155 
Resuscitated 

analysis sample

221 
Not Resuscitated 
analysis sample

Fig. 1. Participant flow chart of screening, randomization, and completion of developmental assessments, resulting in analysis sample.
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defined regions in India, Pakistan, and Zambia that were enrolled in the
BRAIN-HIT [17]:

2.1.1. Resuscitated
Infants with birth asphyxia unresponsive to stimulation who re-

ceived bag and mask ventilation for resuscitation at birth from the
FIRST BREATH Trial [14] were randomly selected during the 7-day
follow-up visit after birth. Birth asphyxia was defined as the inability
to initiate or sustain spontaneous breathing at birth using theWHO def-
inition [18] (biochemical evidence of birth asphyxia could not be ob-
tained in these settings). Infants were excluded if: (a) birth weight
b1500 g, (b) neurological examination at seven days was severely ab-
normal (grade III by Ellis classification [19]), (c) mother b15 years of
age or unable to participate, or (d) mother was not planning to stay in
the community for the following three years. A total of three infants
were excluded due to (a) and/or (b). No follow-up data could be collect-
ed on those who were excluded because they were not consented into
this research.

2.1.2. Not resuscitated
Infantswhodid not require any resuscitation and had normal neuro-

logical exams at seven days of age were matched for country and chro-
nological time and randomly selected for enrollment from the same
settings as the resuscitated children.

A list of potential enrollees was distributed to the investigators in
each country to invite for participation. Written consent was obtained
during the secondweek after birth following the seven day neurological
assessment and before randomization to intervention conditions of the
BRAIN-HIT.

2.2. Design

The effects of exposure to birth asphyxia and resuscitationwere pro-
spectively observed during the first 36 months in infants enrolled in
BRAIN-HIT. Details of BRAIN-HIT have been registered (clinicaltrials.gov
ID# NCT00639184) and described elsewhere [16,17]. Resuscitated and
not resuscitated infants were randomized individually to receive either
EDI or a control intervention using variable block sizes to assure alloca-
tion concealment (see Fig. 1). Both intervention conditions were deliv-
ered in home visits scheduled every two weeks. The EDI was designed
to enhance parent–child interactions using activities that encourage or
improve early childhood development. Parent trainers followed a cur-
riculum [20] covering a spectrum of developmental competences to in-
troduce playful interactive learning activities to the parent. Whereas
parents in both the EDI and control conditions received health educa-
tion during every home visit, according to a WHO curriculum [21], this
was the sole content of the control intervention. Both conditions are
elaborated in Appendix 1 and elsewhere [16,17].

There was one change from the original trial design, when imple-
mentation of the interventions via home visits was continued bi-
weekly between 12 and 36 months of age instead of every four weeks
to increase the intensity of the intervention. The trial was approved by
the institutional review boards at each research site. The RCT conditions
were:

2.3. Developmental outcome measures

The primary outcome measure was the Bayley Scales of Infant
Development-II (BSID) [22], which has been used in a number of LMIC.
The BSID Mental (MDI) and Psychomotor (PDI) Development Index
items were administered directly to each child in the appropriate lan-
guage using standard and culturally appropriate material. Assessments
occurred at ages 12, 24, and 36 months, or as close as possible. The eval-
uators, whowere familiar with local language and culture, were trained
in 4-day workshops before each yearly round of evaluations. They

were blinded to the children's resuscitation history and intervention
condition.

Ages and Stages Questionnaire, 2nd edition (ASQ) [23] was used to
assess parent-reported child development observed in the home envi-
ronment at each yearly evaluation. The ASQ has beenwidely used to as-
sess early development, including in numerous LMIC [24,25]. It consists
of 30-items addressing communication, gross motor, fine motor, prob-
lem solving, and personal-social development using age-specific
forms. To reduce the impact of variation in literacy, ASQ was adminis-
tered in an interview with the parent, who was instructed to report
on the child's behavior observed in the home or community. The Total
score was used as secondary measure of development.

2.4. Child and maternal characteristics

Pre- and perinatal health variables were obtained from FIRST
BREATH Trial [14] records regarding resuscitation (yes vs. no), gesta-
tional age (pre-term vs. term), and gender. Information on maternal
and family demographics and resources were collected at enrollment
in the trial. Of relevance here were: maternal age (25+ vs. ≤24) and
education (illiterate vs. literate vs. university). A full range of child, ma-
ternal, and family characteristics have been presented elsewhere [16].

2.5. Statistical analysis

Basic characteristics were compared between the resuscitated and
not resuscitated samples using Chi-square tests. The main hypothesis
was addressed by comparing trajectories of the developmental mea-
sures (MDI, PDI, and ASQ) across the three yearly assessments between
resuscitated and not resuscitated groups using linear mixed effect
models with SAS PROC MIXED to account for repeated measurements
over time. This analysis uses restricted maximum likelihood estimates
that can include all cases with the developmental measurement on at
least one occasion and are not missing data on the covariates. Mixed ef-
fect models will produce unbiased estimates if the data are missing at
random. Because children's exact ages varied at the time of the assess-
ments (i.e., some children may not have been exactly 12 months old
at the planned 12-month assessment), actual agewas included as a con-
tinuous variable in the models.

Table 1
Characteristics of study sample by resuscitation status.

Characteristic All Resuscitated Not resuscitated

N (%) N (%) N (%) p

N 376 155 221
Intervention condition
EDI 185 (49) 74 (48) 111 (50) 0.635
Control 191 (51) 81 (52) 110 (50)

Site
A 94 (25) 35 (23) 59 (27) 0.007
B 123 (33) 40 (26) 83 (38)
C 159 (42) 80 (52) 79 (36)

Child gender
Male 218 (59) 93 (61) 125 (58) 0.524
Female 150 (41) 59 (39) 91 (42)

Gestational age
Term 260 (70) 105 (68) 155 (71) 0.501
Pre-term 111 (30) 49 (32) 62 (29)

Marital status
Married 359 (95) 149 (96) 210 (95) 0.611
Not married 17 (5) 6 (4) 11 (5)

Maternal age
25+ 196 (52) 63 (41) 117 (53) 0.019
≤24 180 (48) 92 (59) 104 (47)

Maternal education
Illiterate 172 (48) 64 (43) 108 (52) 0.116
Literate/university 185 (52) 84 (57) 101 (48)

EDI = early developmental intervention.
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Each model included resuscitation status, age, trial condition, gesta-
tional age group, maternal resources (age, education), child gender, and
country (designated A, B, and C here), as well as two interactions. Of par-
ticular interest was the interaction between age and resuscitation status,
which tests the stated hypothesis that trajectories of developmental out-
comes over timewill not differ significantly between the resuscitated and
not resuscitated groups. In addition, an age by site interaction termwas
included to account for site-level differences. By including the addition-
al variables beyond resuscitation status, age and their interaction in the
models, the study hypothesis is tested while controlling for the covari-
ation of these other variables with developmental outcome, including
the trial condition.

3. Results

3.1. Sample constitution

As shown in the flow diagram (Fig. 1), of 540 infants screened 438
were eligible (81%); 102 infants were excluded because 82 mothers re-
ported they were not staying in the communities, 17 mothers were un-
able to be contacted within 7 days of birth, and 3 infants were less than
1500 g. Consent was obtained for 407 infants (93% of eligible) who
were randomized into trial conditions. A valid developmental

assessment on at least one of the yearly assessments was obtained
from 376 (92.4% of enrolled), which constitute the analysis sample.

As shown in Table 1, infants with younger mothers (≤24 years)
were significantly more likely to have been resuscitated than those
with older mothers (25+ years) (35% vs. 47%). In addition, one site
(C) had higher enrollment of resuscitated infants than the other two.

3.2. Developmental trajectories

Table 2 presents the crude means for the developmental outcome
scores at each assessment age. Table 3 presents effects on trajectories
of development over time. The age by resuscitation status interaction
effect on MDI was not significant at p b 0.05, as shown in Fig. 2 (top
panel). Rather there is a general trend where resuscitated children
had a greater increase inMDI over time than thosewhowere not resus-
citated (p= 0.069). Whereas resuscitated children had lower scores at
12 months, they experienced greater improvements in scores between
12 and 36 months (Fig. 2). Trajectories varied significantly by site
(age × site interaction: F(2532) = 18.17, p b 0.001). Children at Site A
had significantly greater increases in scores over time than those
in Site C (p b 0.001).

As shown in Fig. 2 (middle panel), standardized PDI improved over
time (p = 0.003). Whereas there was general trend for resuscitated
children to experience a greater increase in PDI than those who were

Table 2
Developmental outcome scores by assessment age.

Assessment 12-Month 24-Month 36-Month 12- vs. 24-month 12- vs. 36-month 24- vs. 36-month

Mean (SD) Mean (SD) Mean (SD) t-test p t-test p t-test p

BSID-MDI 96.36 (15.35) 96.22 (15.23) 99.49 (11.55) 0.344 b0.001 b0.001
BSID-PDI 95.54 (20.25) 95.31 (15.74) 103.87 (16.01) 0.618 b0.001 b0.001
ASQ total score 241.91 (56.90) 230.87 (49.55) 244.83 (52.68) b0.001 0.406 b0.001

Note: SD = standard deviation, BSID = Bayley Scales of Infant Development, MDI = Mental Development Index, PDI-Psychomotor Development Index, ASQ = Ages & Stages
Questionnaire.

Table 3
Mixed effects models of developmental outcomes by resuscitation status and demographics.

Variable BSID-MDI BSID-PDI ASQ total score

Adjusted mean difference (SE) p Adjusted mean difference (SE) p Adjusted mean difference (SE) p

Age-corrected (months) −0.06 (0.07) 0.401 0.30 (0.10) 0.003 −1.46 (0.26) b0.001
Resuscitation status
Resuscitated −3.68 (2.37) 0.122 −2.33 (3.16) 0.460 0.73 (8.49) 0.932
Not resuscitated REF REF REF

Age × resuscitation 0.13 (0.07) 0.069 0.14 (0.10) 0.143 0.08 (0.27) 0.759
Intervention condition
EDI 1.65 (1.19) 0.167 2.48 (1.45) 0.087 4.57 (4.72) 0.334
Control REF REF REF

Site
A −23.03 (2.96) b0.001 −4.16 (3.92) 0.289 −60.90 (10.74) b0.001
B −8.31 (3.03) 0.006 −12.27 (3.97) 0.002 −82.32 (11.15) b0.001
C REF REF REF

Age × site
Age: A 0.51 (0.09) b0.001 −0.03 (0.12) 0.824 1.59 (0.33) b0.001
Age: B 0.11 (0.09) 0.181 0.07 (0.12) 0.549 2.69 (0.32) b0.001
Age: C REF REF REF

Gender
Male 0.82 (1.22) 0.499 2.15 (1.48) 0.147 −0.46 (4.80) 0.923
Female REF REF REF

Gestational age
Term 0.23 (1.33) 0.863 −0.45 (1.62) 0.779 1.93 (5.32) 0.717
Pre-Term REF REF REF

Maternal age
25+ 0.41 (1.32) 0.756 1.33 (1.60) 0.406 4.66 (5.19) 0.370
≤24 REF REF REF

Maternal education
Illiterate −1.87 (1.75) 0.284 0.25 (2.13) 0.906 −2.66 (6.97) 0.703
Literate/university REF REF REF

Note: BSID = Bayley Scales of Infant Development, MDI = Mental Development Index, PDI = Psychomotor Development Index, ASQ = Ages & Stages Questionnaire, SE = standard
error, EDI = early developmental intervention, REF = reference category. Bold indicates significant effect at p b .05. Overall age by site interaction effects by model are: MDI
(F(2532) = 18.17, p b 0.001), PDI (F(2532) = 0.37, p = 0.692), and ASQ (F(2502) = 35.97, p b 0.001).
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not resuscitated, these trajectories did not differ significantly by resusci-
tation status (p = 0.143) or site (p = 0.692). As shown in Fig. 2
(bottom panel), the standardized ASQ also improved significantly over
time (p b 0.001). There was no significant interaction between age
and resuscitation status (p = 0.759). Trajectories of ASQ scores varied
by site (p b 0.001), where Sites A and B indicated greater increases in
ASQ scores over time than Site C (p b 0.001).

4. Discussion

Consistentwith our hypothesis, resuscitated children's development
during the first 36 months did not differ significantly from that of chil-
dren who experienced no major birth complications and were not re-
suscitated. Rather there was no evidence that resuscitated children
were disadvantaged in their development and both groups demonstrat-
ed positive development. Furthermore, the positive developmental
trend for resuscitated children is evident even when adjusting for the
effects on development from gender and gestational age, maternal age
and education, site, and intervention condition. It is noteworthy that re-
suscitated children's development did not differ from that of not resus-
citated children regardless whether or not they received EDI, which has
been demonstrated to be effective for both groups in BRAIN-HIT [16].
That is, healthy development appears likely for resuscitated children
even without EDI.

These findings of no differences between resuscitated and not re-
suscitated children add to previous findings from this research that re-
suscitated infants' development at 12 months is not different from
that of not resuscitated infants [26] by extending outcome through
36 months of age and examining developmental trajectories over

time. Participants were part of a large international study in which
training of birth attendants in neonatal resuscitation and other essen-
tial newborn care skills reduced stillbirths and perinatal mortality
[14]. In a separate large multicenter study in one LMIC training mid-
wives with the same program reduced neonatal and perinatal mortal-
ity [15]. Collectively these findings point to the fact that training birth
attendants in resuscitation cannot only reduce mortality, but also
lead the majority of survivors to demonstrate an outcome through
three years after birth that is undifferentiated from that of infants
who did not need resuscitation at birth.

One limitation with this study was that, despite the appearance of
differences in developmental trajectories favoring resuscitated chil-
dren over those not resuscitated (see Fig. 2), it was under-powered
to detect any such differences. This study was not designed to test
whether development would be similar between resuscitated and
not resuscitated children. Results may not be generalizable to other
LMIC or to other types of EDI programs. Also, this study excluded in-
fants with severe encephalopathy because of the expectation that
they would not survive or would not benefit from EDI. In actuality,
only three neonates were excluded due to a severely abnormal neu-
rological examination. Finally, as this study ended at age 36 months,
it is unknown whether resuscitated children will have problems
that will manifest later in life [27,28].

Thus developmental trajectories in infants who survived following
birth asphyxia do not differ from those of infants who were healthy at
birth. The surviving infants likely would have died if they did not get re-
suscitation at birth. Interventions aimed at achieving the childhoodMil-
lenniumDevelopment Goals are intended to reduce perinatal mortality,
which results in survival of children at risk for neurodevelopmental im-
pairment. However, our findings show that the overwhelmingmajority
of birth asphyxia survivors will have normal developmental trajectories
at least until 36 months. Consequently, the increased risk for disability
should not be used to justify restriction of effective therapies for birth
asphyxia. Rather, survivors should be provided with opportunities to
reach their potential [29]. Low cost early developmental intervention
programs can serve an important role in enhancing their development
[30]. The outcomes reported in the current study should encourage
the use of interventions to treat infants with birth asphyxia. Treatment
of birth asphyxia is likely to result mostly in children with normal
development.

Conflict of interest statement

None declared.

Funding

The Eunice Kennedy Shriver National Institute of Child Health and
Human Development, the National Institute of Neurological Disorders
and Stroke (HD43464, HD42372, HD40607, and HD40636), the Fogarty
International Center (TW006703), the Perinatal Health and Human De-
velopment Research Program, and the Children's of Alabama Centennial
Scholar Fund of the University of Alabama at Birmingham funded
this research. The content is solely the responsibility of the authors
and does not necessarily represent the official views of the National
Institutes of Health (NIH); NIH staff who contributed to the design
of the study and collection of the data, but not in the analysis, prepara-
tion, review, or approval of the manuscript, or decision to submit the
manuscript.

Appendix 1

Participants were randomly assigned to one of two trial conditions
[16,17]:

Early Development Intervention (EDI). A home-based, parent-
implemented EDI model was applied to enhance parent–child
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Fig. 2.Model adjusted developmental scores by resuscitation status.
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interactions using activities that encourage or improve early childhood
development. EDI parent trainers were trained in two five-day work-
shops at each research site, one prior to the start of the intervention
and again when participants began to reach 18 months. Parent trainers
followed a curriculum [20] covering a spectrum of developmental com-
petences to introduce playful interactive learning activities to theparent
during home visits, which were scheduled every two weeks. During
each visit, the trainer presented one or two learning activities that
targeted developmentally appropriate skills. The parent practiced the
activities in the presence of the trainer who provided feedback. Cards
depicting the activities were left with the parent, who was encouraged
to integrate them into daily life with the child until the next home visit.
Supervision of parent trainers was provided duringweekly groupmeet-
ings and home visit observations.

Control intervention. Whereas parents in both conditions received
health education during every home visit, this was the sole content of
the control intervention. Content was based on a WHO curriculum
[21], which included breast feeding, nutrition, hygiene, safety in the
home and community, awareness of danger signs, management of
diarrhea, and well-child checkups and vaccinations. The health educa-
tion was provided by both the EDI and control trainers who had partic-
ipated in a 5-day training conducted separately from the EDI training.

References

[1] Lawn JE, Cousens S, Zupan J. 4 million neonatal deaths: when?Where?Why? Lancet
2005;365(9462):891–900.

[2] Pierrat V, Haouari N, Liska A, Thomas D, Subtil D, Truffert P. Prevalence, causes, and
outcome at 2 years of age of newborn encephalopathy: population based study.
Arch Dis Child Fetal Neonatal Ed 2005;90(3):257–61.

[3] Al-Macki N, Miller SP, Hall N, Shevell M. The spectrum of abnormal neurologic out-
comes subsequent to term intrapartum asphyxia. Pediatr Neurol 2009;41(6):399–405.

[4] Halloran DR, McClure E, Chakraborty H, Chomba E, Wright LL, Carlo WA. Birth
asphyxia survivors in a developing country. J Perinatol 2009;29(3):243–9.

[5] Black RE, Cousens S, Johnson HL, et al. Global, regional, and national causes of child
mortality in 2008: a systematic analysis. Lancet 2010;375(9832):1969–87.

[6] Perlman JM, Risser R. Cardiopulmonary resuscitation in thedelivery room. Associated
clinical events. Arch Pediatr Adolesc Med 1995;149(1):20–5.

[7] Deorari AK, Paul VK, Singh M, Vidyasagar D. Impact of education and training on
neonatal resuscitation practices in 14 teaching hospitals in India. Ann Trop Paediatr
2001;21(1):29–33.

[8] Singhal N, McMillan DD, Yee WH, Akierman AR, Yee YJ. Evaluation of the effective-
ness of the standardized neonatal resuscitation program. J Perinatol 2001;21(6):
388–92.

[9] Darmstadt GL, Bhutta ZA, Cousens S, Adam T,Walker N, de Bernis L. Evidence-based,
cost-effective interventions: how many newborn babies can we save? Lancet
2005;365(9463):977–88.

[10] Saugstad OD, Rootwelt T, Aalen O. Resuscitation of asphyxiated newborn infants with
room air or oxygen: an international controlled trial: the Resair 2 study. Pediatrics
1998;102(1):1–7 [e1].

[11] International Liaison Committee on Resuscitation. The International Liaison Com-
mittee on Resuscitation (ILCOR) consensus on sciencewith treatment recommenda-
tions for pediatric and neonatal patients: neonatal resuscitation. Pediatrics
2006;117(5):e978–88.

[12] Zhu XY, Fang HQ, Zeng SP, Li YM, Lin HL, Shi SZ. The impact of the neonatal resusci-
tation program guidelines (NRPG) on the neonatal mortality in a hospital in Zhuhai,
China. Singapore Med J 1997;38(11):485–7.

[13] 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 Gynaecol Obstet
2009;107(Suppl. 1):S47–64.

[14] CarloWA, Goudar SS, Jehan I, et al. Newborn-care training and perinatal mortality in
developing countries. N Engl J Med 2010;362(7):614–23.

[15] Carlo WA, McClure EM, Chomba E, et al. Newborn care training for midwives and
neonatal and perinatal mortality rates in a developing country. Pediatrics
2010;126(5):e1064–71.

[16] CarloWD,Goudar SS, PashaO, et al. Randomized trial of early developmental interven-
tion in children after birth asphyxia in developing countries. J Pediatr 2013;162(4):
705–12.

[17] Wallander JL, McClure E, Biasini F, et al. Brain research to ameliorate impaired
neurodevelopment-home-based intervention trial (BRAIN-HIT). BMC Pediatr
2010;10:27.

[18] Basic Newborn Resuscitation: A Practical Guide. Geneva: World Health Organization;
1997.

[19] Ellis M, Manandhar DS, Manandhar N,Wyatt J, Bolam AJ, Costello AM. Stillbirths and
neonatal encephalopathy in Kathmandu, Nepal: an estimate of the contribution of
birth asphyxia to perinatal mortality in a low-income urban population. Paediatr
Perinat Epidemiol 2000;14(1):39–52.

[20] Sparling JJ, Lewis IS. Partners for Learning: Birth to 24 months. Lewisville, NC:
Kaplan Press; 1984.

[21] World Health Organization. Integrated Management of Childhood Illnesses (IMCI)—
an illustrated guide to improve family and community practices. WHO Press, World
Health Organization. South-East Asia Region; 2009 [http://www.searo.who.int/
LinkFiles/IMCI_-An_illustrated_Guide_intro.pdf. Accessed: April 25, 2014].

[22] Bayley N. Bayley Scales of Infant Development: Manual. New York: Psychological
Corporation; 1993.

[23] Squires J, Potter L, Bricker D. The ASQ's user's guide for the Ages and Stages
Questionnaires: a parent-completed, child monitoring system. Baltimore, MD:
Brooks; 1999.

[24] Heo KH, Squires J, Yovanoff P. Cross-cultural adaptation of a pre-school screening in-
strument: comparison of Korean and US populations. J Intellect Disabil Res
2008;52(3):195–206.

[25] Tsai HLA, McClelland MM, Pratt C, Squires J. Adaptation of the 36-month ages and
stages questionnaire in Taiwan: results from a preliminary study. J Early Interv
2006;28(3):213.

[26] Carlo WA, Goudar SS, Pasha O, et al. Neurodevelopmental outcomes in infants with
birth asphyxia in developing countries. J Pediatr 2012;160(5):781–5.

[27] Moster D, Lie RT, Irgens LM, Bjerkedal T, Markestad T. The association of Apgar score
with subsequent death and cerebral palsy: a population based study in term infants.
J Pediatr 2001;138(6):798–803.

[28] Thorngren-Jerneck K, Herbst A. Low 5-minute Apgar score: a population-based
register study of 1 million term births. Obstet Gynecol 2001;98(1):65–70.

[29] Grantham-McGregor S, Cheung YB, Cueto S, et al. Child development in developing
countries 1: developmental potential in the first 5 years for children in developing
countries. Lancet 2007;369(9555):60–70.

[30] Walker SP, Wachs TD, Gardener JM, et al. Child development: risk factors for adverse
outcomes in developing countries. Lancet 2007;369(9556):145–57.

348 J.L. Wallander et al. / Early Human Development 90 (2014) 343–348




