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Abstract
Objective—To determine whether resuscitation of infants who failed to develop effective
breathing at birth increases survivors with neurodevelopmental impairment.

Study design—Infants unresponsive to stimulation who received bag and mask ventilation at
birth in a resuscitation trial and infants who did not require any resuscitation were randomized to
early neurodevelopmental intervention or control. Infants were evaluated by trained
neurodevelopmental evaluators masked to both their resuscitation history and intervention group.
The 12-month neurodevelopmental outcome data for both resuscitated and non-resuscitated infants
randomized to the control groups are reported.

Results—The study provided no evidence of a difference between the resuscitated (N = 86) and
the non-resuscitated infants (N = 115) in the percentage of infants at 12 months with a mental
developmental index < 85 on the Bayley Scales of Infant Development-II (primary outcome) (18%
versus 12%; p = 0.22) and in other neurodevelopmental outcomes.
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Conclusions—The overwhelming majority of infants who received resuscitation with bag and
mask ventilation at birth have 12-month neurodevelopmental outcomes in the normal range.
Longer follow-up is needed because of increased risk for neurodevelopmental impairments.
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Resuscitation; intellectual disability; low and middle income countries; neonatal mortality; infant
mortality; developmental outcome

Infants who require resuscitation at birth are at increased risk of neonatal mortality,1
cerebral palsy,2 and intellectual disabilities3. About six to 10% of all newly-born infants
need some assistance to establish normal breathing at birth.4–6 Once spontaneous breathing
is established, most of these infants survive without requiring further support during the post
natal period.4

A multi-national controlled study (FIRST BREATH Trial) in which community birth
attendants were trained in the World Health Organization (WHO) Essential Newborn Care
course (which included bag and mask ventilation with room air) reduced stillbirths and
perinatal mortality in deliveries performed by birth attendants.7 In a multi-center first level
facility controlled study, implementation of the same educational program reduced 7-day
(early) neonatal mortality.8

Because infants who survive following bag and mask ventilation are at higher risk for
neurodevelopmental impairment, a subgroup of infants resuscitated during the FIRST
BREATH Trial is being followed as part of a randomized controlled trial to determine if a
home-based intervention program can improve neurodevelopmental outcome at 3 years.
Before efforts to substantially scale up neonatal resuscitation are instituted, it is important to
confirm that there will not be a marked increase in handicapped survivors. Thus, the
investigators evaluated the 1-year data on the control groups (both resuscitated and not
resuscitated) to assess the neurodevelopmental outcome without unblinding the trial. The
current study was to explore the hypothesis that infants who received bag and mask
resuscitation but did not have severe encephalopathy during the neonatal period would have
comparable risk of low mental developmental index (MDI < 85) at 12 months to infants who
did not require any resuscitation.

METHODS
Infants in three countries (India, Pakistan, and Zambia) in the FIRST BREATH Trial who
had received bag and mask resuscitation were screened for the Brain Research to Ameliorate
Impaired Neurodevelopment - Home-based Intervention Trial (BRAIN-HIT,
clinicaltrials.gov ID# NCT00639184). The BRAIN-HIT is a randomized controlled trial
aimed at ameliorating impaired neurodevelopment in survivors following bag and mask
resuscitation using a home-based, early developmental intervention delivered by parents
who were instructed and supervised by trained home visitors (parent trainers). Details on the
trial design have been published.9 Birth asphyxia was defined as the inability to initiate or
sustain normal breathing at birth using the WHO’s definition.10 This definition is very
inclusive as in developing countries many neonates die due to primary or secondary apnea
which is coded as birth asphyxia. Infants were ineligible if they weighed < 1500 grams at
birth, their neurological examination at 7 days was severely abnormal (grade III by Ellis
classification),11 or if the mother was < 15 years or unable/unwilling to participate. Infants
with birth asphyxia unresponsive to stimulation and who had bag and mask ventilation at
birth were randomly selected during the first week after birth using a computer generated list
from infants enrolled in the FIRST BREATH Trial. These infants were matched for country
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and month of birth to infants without birth asphyxia or other perinatal complications.
Consent was obtained after the 7-day neurological assessment. The study was approved by
the institutional review boards at the University of Alabama at Birmingham, Research
Triangle Institute (RTI) International, and each participating clinical site.

The two groups compared in this study were derived from a total of 540 infants screened
from November 2006 to November 2008 (Figure). 188 of the 201 enrolled control infants
who completed the 12-month evaluations are the subjects of this 1-year follow-up study.
The infants randomized to the developmental intervention are not reported as the
investigators are masked to their outcome until the three year follow-up is completed.

All neurodevelopmental assessment instruments were administered by certified study
neurodevelopmental evaluators (pediatricians and psychologists who were familiar with the
local language and culture) who were masked to the birth history and intervention group.
Each evaluator was trained in an intensive 4-day training that covered purpose and correct
administration of each item.

The Bayley Scales of Infant Development-II (BSID-II) underwent extensive pre-testing at
each site to verify validity and a few items were slightly modified to make the BSID-II more
culturally appropriate (e.g., image of a sandal instead of a shoe). The BSID-II was
administered directly to each child in the appropriate language using standard material.12

The Ages and Stages Questionnaire, 2nd ed. (ASQ)13, which is a screening tool, was used to
assess parent-reported child development in the domains of communication, gross motor and
fine motor, problem solving, and personal-social development using age-specific forms. The
ASQ provided a secondary measure of general child development observed in the home
environment. To remove issues of literacy, the ASQ was administered in an interview
format with the parent regarding the child’s behavior. This questionnaire has been
previously used in low- and middle-income countries.14,15 Data on health measures
collected included weight, height, head circumference, and hearing and vision impairment.

Study outcomes
The primary outcome was the percentage of children with moderate to severe cognitive
development as assessed by a BSID-II Mental Development Index (MDI) < 85. Secondary
outcomes included a BSID-II MDI < 70, BSID-II Psychomotor Development Index (PDI)
measures, the ASQ measures, and general health status measures. Severe impairment was
defined as MDI < 70, PDI < 70, hearing impairment, and/or visual impairment. Moderate/
severe impairment also included MDI < 85 and PDI < 85. Below normal ASQ domain
scores indicating the need for further testing were determined using standardized cut points
(2 standard deviations below the sample population mean). Weight, height, and head
circumference percentiles were determined using the WHO growth curves16 Vision
screening was assessed with tracking of an object 180°. Hearing screening was assessed
with consistent responses to verbal commands and environmental sounds.

Data management
Maternal and neonatal data were collected by trained birth attendants who were supervised
by community coordinators. Visit data were collected by parent trainers. Developmental
outcome data were collected by the neurodevelopmental evaluators. The data were
transmitted electronically to the Data Coordinating Center (RTI). Data edits and inter- and
intra-form consistency checks were performed.
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Statistical analysis
Descriptive statistics were generated for monitoring enrollment and retention, completion of
home visits, and completion of the 12-month evaluation. Point and interval estimates of
relative risk were calculated using standard large-sample formulae to determine differences
in maternal and neonatal characteristics and outcomes between the two groups.

RESULTS
Of the infants randomized to the control groups (N = 201), 86 infants enrolled received bag
and mask ventilation (Resuscitated) and 115 infants enrolled did not require any
resuscitation (Non-Resuscitated) (Figure). Maternal and infant characteristics appeared to be
comparable between the groups except that resuscitated babies had lower Apgar scores and
poorer 7-day neurological exam scores (Table I). Adherence to the home visits to one year
was 99% to 100% for both the resuscitated and non-resuscitated infants, excluding the 6%
who dropped out of the study.

The primary outcome measure, MDI < 85, occurred in 18% of resuscitated and in 12% of
non-resuscitated infants (Table II), but the location and width of the 95% confidence interval
for the relative risk (0.77, 3.02) precluded a definitive decision about whether the groups
differed clinically. Low PDI scores were more prevalent than low MDI scores (overall 27%
of the infants had PDI < 85) but the point estimates of the relative risks for the PDI scores
(Table II) suggested that differences between the resuscitated and non-resuscitated infants
were relatively small. The rates of moderate and severe impairment did not differ between
the resuscitated and non-resuscitated infants. ASQ fine motor scores indicating the need for
further testing appeared higher among the resuscitated infants when compared with the non-
resuscitated infants (17% versus 7%) but all other ASQ measures appeared comparable
between groups.

At 12 months of age, the resuscitated and non-resuscitated infants had comparable weight,
height, and head circumference. However, rates of percentiles <5 were very common for
weight (43 and 36%), height (51 and 53%) and head circumference (33 and 29%) for
resuscitated and non-resuscitated infants, respectively.

DISCUSSION
This study suggests that infants born in rural communities in developing countries who
survived following bag and mask resuscitation had an 82% chance of having normal mental
development (MDI > 85%) and an 84% chance of being free of severe disability at 1 year.
These results are comparable with those of the infants who did not require resuscitation at
birth. Other neurodevelopmental and health outcomes also were comparable in resuscitated
and non-resuscitated infants.

Study infants were part of a large multi-country study in which training of birth attendants in
neonatal resuscitation and other essential newborn care knowledge and skills reduced
stillbirths and perinatal mortality.7 Training of midwives with the same educational program
reduced neonatal and perinatal mortality in a large multicenter study in a developing
country.8 Thus, it appears that training birth attendants can reduce perinatal mortality and
that the majority of the additional survivors are likely to have a normal outcome through 1
year after birth.

A limitation of this study is that infants with severe encephalopathy diagnosed at 1 week
were excluded from this study. These infants were excluded because infants with severe
neonatal encephalopathy are at high risk of death. In addition, because the main trial9 was
designed to assess three year outcomes, there was a concern that those infants would not
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survive or would not benefit from the neurodevelopmental interventions in the randomized
controlled trial. However, only three infants were excluded because of a severely abnormal
neurological examination consistent with severe encephalopathy of the 540 infants screened.
Another limitation is that infants were evaluated at 1 year when neurodevelopmental
indications are less predictive of long term outcomes than later evaluations. Although
outcomes may improve from infancy to school age17,18, studies have found that individual
stability of scores was only moderate to high, despite comparable prevalence of disability at
6 and 11 years, in former preterm infants.19 It is possible that more survivors will have
problems that manifest during childhood and adulthood.20–22 Although this is the largest
study of its kind in developing countries, trends for increased risk for adverse outcomes in
the resuscitated infants may be of clinical significance though the study did not have the
power to draw firm conclusions about these differences. Larger studies and longer follow-up
to school age is needed. The high prevalence of infants with anthropometric measures below
the 5th percentile is due in part to the reference group of the WHO study, which was
purposely designed to produce standards among healthy children living under conditions
likely to favor the achievement of their full genetic growth potential.16 These curves, which
includes subjects from Southeast Asia and Africa, were developed for worldwide use.

There are limited data on follow-up in infants from developing countries who were
resuscitated at birth. In a study in China, infants with Apgar scores ≤ 6 at 5 minutes had only
a 3% rate of cognitive impairment.23 These infants may be comparable with those in our
study, although the inclusion criterion in our study was based on receipt of resuscitation
rather than Apgar scores. However, mortality and morbidity markedly increase with more
severe encephalopathy during the neonatal period, even for births in referral hospitals. In a
study of newborn infants with severe encephalopathy in Nepal, mortality was 97%.24 In
addition, 74% of the survivors who had moderate encephalopathy during the neonatal period
and 26% of the survivors who had mild encephalopathy had abnormal neurodevelopmental
outcomes at 1 year. Almost 50% of the babies included in the current study were born at
home. It is likely that survivors with severe encephalopathy following birth asphyxia born at
home births died early during the first week of life. Therefore, because the study enrolled
infants with mild to moderately abnormal neurologic exams at one week, it is likely that the
infants with milder degrees of encephalopathy are over represented, which may be another
reason for the low incidence of mortality and impairment in our study. The current study
suggests that death or severe disability occurs in less than 10% of the infants born in
communities in developing countries who survived following bag and mask resuscitation at
birth. Because of the potential trends we observed and the risk for later manifestations of
developmental impairment, further research is needed to assess the impact of neonatal
encephalopathy on performance at school age, or even later in childhood, in the developing
world and to assess the impact of early developmental stimulation programs.
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Figure 1.
Screening and randomization flow chart. Only control infants are reported in this study.
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Table 1

Maternal and Infant Characteristics by Resuscitation Status

Maternal characteristics Resuscitated Non-resuscitated

 Completed 12-month evaluation - N 86 115

 Age (years) - mean (SD) 24 ± 5 26 ± 6

 Formal schooling completed - n/N (%)

  None, illiterate 37/84 (44) 53/108 (49)

  None, literate/primary 27/84 (32) 35/108 (32)

  Some secondary/university 20/84 (24) 20/108 (19)

 Married - n/N (%) 81/86 (94) 108/115 (94)

 Parity - mean (SD) 2.7 ± 2.2 3.1 ± 2.3

 Primiparous - n/N (%) 31/84 (37) 30/114 (26)

 Vaginal vertex delivery - n/N (%) 82/84 (98) 109/109 (100)

 Prenatal care - n/N (%) 70/86 (81) 101/115 (88)

Infant characteristics

 Gender (male) - n/N (%) 51/86 (59) 63/115 (55)

 Birth weight (grams) - n/N (%)

  1500–2499 16/83 (19) 24/107 (22)

  2500–2999 40/83 (48) 48/107 (45)

  ≥ 3000 27/83 (33) 35/107 (33)

 Gestational age (week) - mean (SD) 37.3 ± 2.3 37.5 ± 1.9

 Gestational age categorized - n/N (%)

  28–36 31/86 (36) 36/113 (32)

  37–41 52/86 (60) 72/113 (64)

  ≥ 42 3/86 (4) 5/113 (4)

 Apgar scores–median (25%ile–75%ile)

  1 minute 5 (4 – 5) 9 (9 – 10)

  5 minute 9 (7 – 10) 10 (9 – 10)

 Resuscitated - n/N (%)

  Type of resuscitation (all that apply)

   Bag and mask 83/84 (99) 0/115 (0)

   Chest compressions 2/84 (2) 0/115 (0)

   Other 1/84 (1) 0/115 (0)

 Neurological exam score - n/N (%)

  Normal 73/83 (88) 110/110 (100)

  Grade 1 (Mild) 10/83 (12) 0/110 (0)

  Grade 2 (Moderate) 0/83 (0) 0/110 (0)

 Location of birth - n/N (%)

  Home 37/84 (44) 59/111 (53)

  Clinic 17/84 (20) 25/111 (23)

  Private/public/government hospital 29/84 (35) 27/111 (24)

  Other 1/84 (1) 0/111 (0)
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Maternal characteristics Resuscitated Non-resuscitated

 Birth attendant - n/N (%)

  Physician 9/84 (11) 9/111 (8)

  Nurse/midwife/health worker 41/84 (49) 48/111 (43)

  Traditional Birth Attendant 34/84 (40) 49/111 (44)

  Family/Unattended 0/84 (0) 5/111 (5)
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Table 2

Bayley Scales of Infant Development-II Scores, Other Major Neurodevelopmental Outcomes by Resuscitation
Status, and Ages and Stages Questionnaires Score

Resuscitated (n=81) Not Resuscitated (n=107) RR (95% CI)

MDI <85 – n/N (%) 15/81 (18) 13/107 (12) 1.52 (0.77, 3.02)

MDI <70 – n/N (%) 5/81 (6) 1/107 (1) 6.60 (0.79, 55.44)

MDI – mean ± SD 96 ± 16 98 ± 13 --

PDI <85 – n/N (%) 24/81 (30) 27/107 (25) 1.17 (0.74, 1.87)

PDI <70 – n/N (%) 11/81 (14) 11/107 (10) 1.32 (0.60, 2.89)

PDI – mean ± SD 96 ± 22 95 ± 20 --

Hearing impairment – n/N (%) 1/81 (1) 0/107 (0) --

Visual impairment – n/N (%) 1/81 (1) 0/107 (0) --

Moderate/severe impairment – n/N (%) 28/81 (35) 34/107 (32) 1.09 (0.72, 1.64)

Severe impairment – n/N (%) 18/81 (16) 11/107 (10) 1.56 (0.74, 3.30)

ASQ – Total score

 mean ± SD 234 ± 66 247 ± 47 --

 median (25%ile – 75%ile) 263 (195–280) 260 (220–280) --

Domain score indicating referral needed – n/N (%)

Communication (≤ 15.8) 2/58 (3) 0/90 (0) --

Gross motor (≤ 18.0) 9/58 (16) 9/90 (10) 1.55 (0.65, 3.68)

Fine motor (≤ 28.4) 10/58 (17) 6/90 (7) 2.59 (0.99, 6.73)

Problem solving (≤ 25.2) 6/58 (10) 7/90 (8) 1.33 (0.47, 3.76)

Personal – social (≤ 20.1) 7/58 (12) 6/90 (7) 1.81 (0.64, 5.12)

(BSID-II) Bayley Scales of Infant Development 2nd Edition; (MDI) Mental Development Index; (PDI) Psychomotor Development Index; (ASQ)
Ages and Stages Questionnaire
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