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Abstract
Introduction  With global improvements in neonatal 
survival, more small and sick newborns in low-income 
and middle-income countries (LMICs) are at increased 
risk of neurodevelopmental disability and delay. While 
there is increased recognition of the importance of early 
identification of neurodevelopmental differences and timely 
initiation of therapy, little is known about standardised 
neonatal neurodevelopmental screening tools in these 
settings.
Methods  We performed a systematic review to 
determine what standardised neurodevelopmental 
assessments had been used in LMICs for neonates before 
44 weeks corrected gestational age and published in the 
literature. We excluded short-term clinical assessments 
designed for specific pathologies. We performed the 
search across seven databases, screened studies for 
eligibility and inclusion and extracted bibliographic data, 
country, patient characteristics, assessments and study 
aims. Results were summarised in tabular and graphical 
presentation.
Results  There were 2477 records screened, yielding 67 
studies for inclusion. Studies in Asian countries made up 
65.7%, while Latin America and Africa made up 19.4% 
and 16.4%, respectively. Physicians and paramedical staff 
performed the screening assessments in only 16.4% of 
studies, and 92.5% of studies used inpatient recruitment. 
The Neonatal Behavioural Neurological Assessment 
(25.4%) was the most frequently used screening tool 
followed by the General Movements Assessment (22.4%), 
the Hammersmith Neonatal Neurological Examination/
Dubowitz (16.4%) and the Neonatal Behavioural 
Assessment Scale (10.4%).
Conclusions  We did not identify any one neonatal 
neurodevelopmental screening assessment that is rapid, 
globally validated, identifies targets for intervention, 
has high predictive prognostic value and does not 
require neonatal or kinesiologic expertise or uncommon 
equipment. Such an assessment, in concert with evidence-
based intervention, therapeutic delivery platforms, 
established referral pathways and trained personnel would 
improve functional outcomes for high-risk small and sick 
neonates in LMICs.

Introduction
With global improvements in neonatal 
survival, the number of children experiencing 
neurodevelopmental delay and disability may 
be increasing.1 2 Since the early 2000s, when 
neonatal survival was signalled as a neglected 
area, it has become a global health priority 
and neonatal mortality rates have decreased 
significantly.3–6 More neonates at high risk 
for neurodevelopmental delay and disability 
(neonates born small for gestational age, 
with low birth weights, preterm and who 
experienced early infection or perinatal 
asphyxia) are surviving beyond the perinatal 
and neonatal periods.7 In 2019, the WHO 
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published Survive and Thrive: transforming care for 
every small and sick newborn, signalling an extension 
in global neonatal health thinking towards neurode-
velopmental flourishing.8 Beyond survival, a newborn’s 
neurodevelopmental health in the critical first days of life 
is an important indicator of their developmental outlook 
across the lifespan.9 Concurrent with these increases in 
survival, there is evidence of increased prevalences and 
incidences of neurodevelopmental disability such as 
cerebral palsy (CP).10 11 It is estimated that conditions 
arising in the neonatal period are the number one cause 
of disability-adjusted life-years globally.12 While CP preva-
lence in many high-income countries has declined, there 
is little published data on the trend in low-income coun-
tries because of a lack of population surveillance, rare 
routine developmental screening, weak healthcare provi-
sion systems and stigma.13 However, secondary evidence 
suggests that as neonatal mortality continues to decline 
with improvements in care for infants born preterm and 
with birth asphyxia, increasing numbers of surviving 
infants have neurodevelopmental delays and disabili-
ties.11 14–16

Early neurodevelopmental assessment of neonates 
in low-income and middle-income countries (LMICs) 
can improve functional outcomes and provide essential 
epidemiological data in these settings. However, very little 
is known about neurodevelopmental screening tools and 
practices used by clinicians and researchers for neonates 
in LMICs. Early screening is crucial for early identifica-
tion of neurological differences and timely initiation of 
therapy. The first months to years of life may be the most 
dynamic brain plasticity period of the human lifespan, 
and developmental outcomes may be most optimised 
with earlier therapy.1 17 18 Yet, in many global settings, 
barriers including long distances, absence of transporta-
tion, weather, seasonal work patterns, financial barriers 
and absence of local paediatric developmental exper-
tise prevent access to routine periodic developmental 
screening. Consequently, many families struggle to bring 
their infants to healthcare facilities for developmental 
surveillance. Predischarge identification of neonates 
who may benefit from early therapy is highly desirable 
because (1) families may not be able to identify and seek 
care for developmental concerns until much later, (2) 
earlier identification and intervention improve neuro-
developmental outcomes and (3) early identification of 
developmental differences can make it possible for fami-
lies to provide some therapy at home.17 19–23

Over the last 70 years, a wide array of clinical assess-
ments to evaluate early neonatal central nervous system 
function and development have been promulgated.1 24–26 
Since the 1960s, when the first systematic neurolog-
ical assessments of newborns appeared, new tools have 
subsequently been elaborated to evaluate global devel-
opment and neurologic function, particular develop-
mental domains (ie, gross motor skills) and to identify 
relevant therapeutic indications.26 Despite the applica-
tion of numerous standardised screening instruments 

in different populations globally, there is little published 
data on the uses of neonatal neurodevelopmental assess-
ments in LMICs.10 11

Our main objective was to determine which stan-
dardised neonatal neurodevelopmental screening exam-
inations had been used and published for neonates 
before 44 weeks corrected gestational age in LMICs to 
determine which, if any, would be most appropriate 
for wide-scale clinical screening. Further, we aimed to 
examine published assessment use through time, across 
geographical regions and to characterise the types of 
assessments and how they were used.4 27 Lastly, an explor-
atory aim was to contextualise these findings in relation 
to early intervention therapies.

Methods
Literature search
We conducted a systematic search using a combination 
of controlled vocabulary and natural language keywords 
following best practices from the Cochrane Handbook 
for Systematic Reviews of Interventions.28 The search 
strategy was designed by a health sciences librarian (ER) 
and encompassed the concepts of neurological examina-
tions, screenings or assessments; neonates; and LMICs 
and resource-poor settings. The Cochrane EPOC Review 
Group’s LMIC search filter29 was adapted for use in this 
search strategy. See online supplemental appendix A for 
the verbatim search strategy with Boolean operators. The 
search strategy was developed in Ovid MEDLINE and then 
translated and executed across six additional databases 
and registers from their inception to 30 January 2023: 
Embase via OVID (final search executed on 22 February 
2023), Scopus, Web of Science, Cochrane Library, Global 
Index Medicus and ​ClinicalTrials.​gov.

Eligibility criteria
All studies, regardless of date or language of publication, 
that took place in LMICs defined by the World Bank30 
in which a neurological, neurobehavioural or neurode-
velopmental assessment was performed on neonates less 
than 44 weeks corrected gestational age were included. 
We did not include Sarnat, Thompson or Bilirubin 
Induced Neurological Dysfunction score examinations as 
these were designed for short-term clinical information 
rather than general neurological functioning.

Study selection
The search results from all databases were compiled on 
22 February 2023 and deduplicated in EndNote V.X931 
by ER, then imported into Covidence.32 Records were 
screened independently against the eligibility criteria by 
two reviewers (BJSa-H and EB) and conflicts were resolved 
through consensus discussion. After title and abstract 
screening, ER retrieved full texts for the remaining 
records. Two authors, BJSa-H and EB, reviewed the full 
texts against the inclusion criteria, with discrepancies 
resolved by consensus. The screening and inclusion 
process is shown in figure 1.33

https://dx.doi.org/10.1136/bmjgh-2024-017683
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Figure 1  PRISMA diagram. Figure shows the number of studies identified, screened and included in the systematic review. 
LMIC, low-income and middle-income country; PRISMA, Preferred Reporting Items for Systematic Reviews and Meta-
Analyses.

Data collection
The data extraction form function in Covidence was 
used to extract data. Extracted data were verified by two 
coauthors (BJSa-H and EO). Data extracted included 
the following: (1) title, (2) lead author, (3) year of publi-
cation, (4) country or countries in which the study was 
conducted, (5) number of study subjects, (6) gestational 
age range of subjects at birth, (7) study inclusion and 
exclusion criteria, (8) study aim(s), (9) neonatal neuro-
logic assessment tool(s) used, (10) personnel who admin-
istered the assessment, (11) corrected gestational age at 
the time of the assessment administration, (12) chrono-
logical age at the time of the assessment and (13) loca-
tion of patient recruitment. If the required data were not 
available in the English language abstract, this was noted 
as such in the data extraction table.

Analytical framework
We aimed to aggregate all the literature on standardised 
neonatal neurodevelopmental screening examinations 
for neonates before 44 weeks corrected gestational age in 
LMICs to serve as grounding for comparing assessments. 
We summarised study characteristics to understand how, 
where and by whom the examinations were conducted. 
Our focus was to enumerate assessments to consider how 
well they could be widely applied in basic newborn care 
settings outside of research and specialised care contexts.

Quality assessment
Studies were evaluated using established study quality 
criteria by two coauthors (EB and BJSa-H).34 These 
included the following: (1) study design and sampling 
methods were appropriate for the study question, (2) 
sample size calculations were used, (3) the response 
rate was reported and above >70% if applicable, (4) 
participant characteristics were clearly defined and 
presented, (5) administration of screening tool(s) 
or measure(s) was clearly defined, (6) CIs were 
reported, (7) for case–control studies: cases and 
controls were clearly defined and comparable and (8) 
for cohort studies: groups were comparable at base-
line and losses to follow-up were reported. Studies 
were categorised as low, medium or high risk of bias. 
A low risk of bias was assigned to studies where all or 
most of the above criteria were fulfilled, and those 
that were not fulfilled were thought unlikely to alter 
the conclusions of the study. Medium risk of bias was 
assigned to studies where some of the above criteria 
were fulfilled, and those not fulfilled were thought 
unlikely to alter the conclusions of the study. A high 
risk of bias was assigned to studies where few or no 
criteria were fulfilled, and the conclusions of the 
study were thought likely or very likely to alter with 
their inclusion.34
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Figure 2  Number of published studies with standardised neonatal neurodevelopmental assessments from 1990 to 2023. *The 
2020–2023 range stops in February 2023 and is shorter than the other 5-year categories.

Patient and public involvement
Patients and the public were not involved in any way in 
this study.

Results
The initial database search generated 3844 records 
(2477 after duplicates were removed). Of these, 2396 
were excluded after title and abstract screening. The 
full texts of 81 papers were subsequently assessed 
for inclusion. Out of these studies, 16 were deemed 
ineligible and were excluded, leaving a final sample 
of 65 studies. Two additional studies referenced in 
the initial 65 studies were added. See figure 1 for the 
Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses diagram. Two versions (one abbrevi-
ated (B1) and one complete (B2)) of the data extrac-
tion tables can be found in online supplemental 
appendix B.

The temporal distribution of studies demonstrated 
that six studies took place before the year 2000. 25 
of the studies took place between 2000 and 2015 and 
36 were completed after 2015. See figure  2 for the 
temporal distribution of studies. Table  1 describes 
the geographical regional distribution of studies, 
patient recruitment sources, the profession or role of 
the assessor and the evaluation instruments used in 
the included studies. Figure 3 shows the geographical 
distribution of the included studies by the assessment 
tools used. While studies varied greatly in risk of bias, 
the individual study elements that may have led to 
bias were not likely to influence the data collected 
for this review.

Among the studies included in this review, there 
were four broad categories of study objectives. 28 
studies had objectives that were exploratory, descrip-
tive or intended as benchmarking an assessment in 
a previously unpublished neonatal population. 19 
studies focused on prenatal exposures and neonatal 
neurological outcomes. 17 studies used neonatal 
neurological screening assessments to study the 

effects of perinatal and postnatal exposures. Three 
studies used neonatal assessments to predict later 
neurodevelopment.

Discussion
Summary of main results
Our objective was to generate comprehensive evidence 
of neonatal neurodevelopmental screening practices in 
LMICs to date. This systematic review found 67 publica-
tions on neurodevelopmental screening of neonates in 
LMICs. Since the initial studies appeared in the 1990s, 
there has been a steady increase in the number of articles 
published; indeed, during the 3.5-year period from 2020 
to the beginning of 2023, more articles were published 
than in any previous 5-year increment. Almost two-thirds 
of the studies took place in Asia, with most conducted 
in China and India. The most frequently published 
assessment was the Neonatal Behavioural Neurological 
Assessment (NBNA), which was exclusively used in China 
and was developed based on the Neonatal Behavioural 
Assessment Scale (NBAS) and the Amiel-Tison Neuro-
logical Assessment at Term. Only 16.4% of studies were 
performed in Africa. The most geographically widely used 
assessments were the Hammersmith Neonatal Neurolog-
ical Examination (HNNE)/Dubowitz Examination and 
the General Movements Assessment (GMA). Almost all 
the neonates in the studies were recruited from inpatient 
health facilities, and most studies did not describe the 
role or profession of the assessor. Among the remaining 
studies, healthcare providers including physicians and 
therapists only made up 16.4% of the assessors admin-
istering the examinations. Remarkably, only 4.5% of the 
studies aimed to use neonatal assessments to predict later 
neurodevelopmental outcomes.

Common standardised neonatal neurodevelopmental 
examinations
Among the 15 different neonatal neurodevelopmental 
examinations that were identified in the literature, the 
6 most geographically widespread included the HNNE/

https://dx.doi.org/10.1136/bmjgh-2024-017683
https://dx.doi.org/10.1136/bmjgh-2024-017683
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Table 1  Characteristics of included studies

Region* n %

Asia 44 65.7

Latin America 13 19.4

Africa 11 16.4

Assessor†  �   �

Not described 25 37.3

Trained/certified/expert evaluator 22 32.8

Researcher 12 17.9

Medical doctor 8 11.9

Paramedical staff‡ 3 4.5

Recruitment source§  �   �

Inpatient 62 92.5

Not described 3 4.5

Outpatient 2 3.0

Community sample 2 3.0

Assessment instrument  �   �

Neonatal Behavioural Neurological Assessment 17 25.4

General Movements Assessment 15 22.4

Hammersmith Neonatal Neurological Examination/Dubowitz 11 16.4

Neonatal Behavioural Assessment Scale (Brazelton) 7 10.4

Prechtl Neonatal Neurological Examination 5 7.5

Test of Infant Motor Performance 6 9.0

Amiel-Tison Neurological Assessment at Term 2 3.0

Other 7 10.4

*Two studies were multinational.
†Some assessments were performed by more than one role.
‡Paramedical staff included physical therapists and occupational therapists.
§Some studies used multiple recruitment sources.

Dubowitz Examination, the GMA, NBAS, the Test of 
Infant Motor Performance (TIMP), the Prechtl Neonatal 
Neurological Examination (NNE) and Screening Exam-
ination and the Amiel-Tison Neurological Assessment at 
Term (ATNAT). While not used to date outside of China, 
the NBNA has been used in at least 17 publications. 
Below, we discuss the histories and examination frame-
works for these commonly used assessments. See table 2 
for basic characteristics of neonatal assessment tools.

Hammersmith Neonatal Neurological Examination
The HNNE was initially developed by Dr Lilly Dubowitz 
and Professor Victor Dubowitz in 1981 and was revised 
into the current version in 1998 by Dr Eugenio Mercuri.35 
The test is recommended to be completed at term age 
for preterm neonates and around 2 weeks of age in 
term neonates.36 It consists of 34 items divided into 6 
categories: posture and tone, tone patterns, reflexes, 
movements, abnormal signs/patterns, and orientation 
and behaviour.35 37 Items are scored from 1 to 5 and 
then converted to optimality scores based on a normal 
distribution to categorise neonates as above the 10th 

percentile or below the 10th percentile.38 The examina-
tion requires 15–20 min to administer and training for 
the HNNE requires 4 hours.35 The sensitivity and speci-
ficity of the HNNE for neurodevelopmental delay were 
64% and 73%, respectively, when performed earlier than 
recommended and were 50% and 77% when performed 
at the recommended ages.39

General Movements Assessment
The GMA was developed in the early 1990s by Professor 
Heinz Prechtl and his colleagues.40 It is a standardised, 
qualitative assessment that uses a video recording of an 
infant to observe and assess spontaneously generated 
movement patterns from birth up until 60 weeks corrected 
gestational age.41–43 The GMA evaluates the presence or 
absence of specific characteristics of general movements 
(GMs) that can then be used to assess the integrity of the 
central nervous system.44 During the preterm and writhing 
periods, GMs can be classified into one of four catego-
ries: normal, poor repertoire, cramped-synchronised 
or chaotic.43 45 If the nervous system is impaired, the 
quality of GMs differs and movement patterns appear 
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Figure 3  Geographical distribution of standardised neonatal neurodevelopmental assessments. Figure 3 illustrates the 
standardised neonatal neurodevelopmental examinations that have been published in the literature in populations from low-
income and middle-income countries.

more monotonous and may be categorised as cramped-
synchronised.43 The GMA requires 5–10 min to perform 
and has high sensitivity and specificity (reportedly up to 
100% and 92.5 to 100% over the age range, respectively) 
to predict CP at a much earlier age than was previously 
possible.40 43 46 Certification to perform the GMA requires 
a 4-day course and passing an examination administered 
through the General Movements Trust.43

Neonatal Behavioural Assessment Scale
The NBAS also known as the Brazelton NBAS was devel-
oped by Dr Berry Brazelton and his colleagues in the 
1970s to assess newborns’ neurological functioning and 
its contribution to the infant–parent interaction.47 48 The 
NBAS can be used as a neurobehavioural assessment 
and additionally as a clinical intervention instrument for 
improving mother–infant bonding.48 The instrument is 
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Table 2  Characteristics of neurodevelopmental assessment tools

Assessment
Training 
time

Administration 
time Equipment required Screening target

Estimated 
predictive 
accuracy

HNNE 4 hours 15–20 min Visual target, rattle, reflex 
hammer

Neurodevelopmental delay Sens=50%
Spec=77%

GMA 4 days 5–10 min Video recording 
equipment

Neurodevelopmental delay Sens=100%
Spec=92.5%

NBAS 1–2 days 45 min Rattle, red ball, flashlight, 
soft cloth

Neurological function and parent-
neonate bonding

–

TIMP 2 days 20–45 min TIMP Kit (rattles, balls, 
etc), stopwatch

Motor development primarily may 
predict cognitive and language 
outcomes

Sens=45%
Spec=74%

NNE – 45 min (modified 
version)

Light source, cotton ball Neurologic function Sens=44%
Spec=90%

ATNAT – 5 min Black and white Bull’s 
eye target

Neurologic function/
neurodevelopmental delay

Cohen 
kappa=0.83

NBNA 2 weeks 10 min Soft cloth, simple objects Neurodevelopmental delay Sens=84.6%
Spec=82.6%

ATNAT, Amiel-Tison Neurological Assessment at Term; GMA, General Movements Assessment; HNNE, Hammersmith Neonatal Neurological 
Examination; NBAS, Neonatal Behavioural Assessment Scale; NBNA, Neonatal Behavioural Neurological Assessment; NNE, Prechtl Neonatal 
Neurological Examination; Sens, sensitivity; Spec, specificity; TIMP, Test of Infant Motor Performance.

built on 28 behavioural items and 18–20 reflex items.48 
Certification for general use requires a 1-day to 2-day 
course.49 The reflex items are scored on a 4-point scale, 
and the behavioural and supplementary items are scored 
on a 9-point scale.50 The exam does not produce a single 
total score but rather assesses each developmental area 
and examines how the infant integrates these into its 
environment.51 The scale requires 20–30 min to admin-
ister, is suitable for use with healthy full-term newborns 
a few hours after birth up to 2 months postpartum and 
can also be used with stable preterm infants from 35 to 36 
weeks’ gestational age.47 51 There is little known about the 
sensitivity and specificity of the assessment for predicting 
neurodevelopmental outcomes later in childhood.

Test of Infant Motor Performance
The TIMP was developed in the late 1980s and early 
1990s by Drs Gay L Girolami and Suzann Campbell for 
use by occupational and physical therapists to assess 
motor function in infants from 32 to 34 weeks gestational 
age to 4 months after term or around 57 weeks corrected 
gestational age.52 53 The instrument was designed to 
reflect maturation, degree of medical complications, and 
to particularly assess postural control and alignment rele-
vant for early infant functional movements.52 Certifica-
tion in the TIMP requires around 15 hours of instruction 
and is primarily designed for paediatric-oriented ther-
apists.54 The TIMP consists of 42 components that test 
motor development and requires 20–45 min to admin-
ister.55 56 13 items are scored dichotomously based on 
spontaneous observation of the infant’s movements, and 
the remaining 29 items are scored on a rating scale based 
on the infants’ movements in response to examiner 

positioning manoeuvres.53 Evidence suggests that when 
performed at 7 days of age, the TIMP has sensitivity of 
45% and specificity of 74% for performance at less than 
the fifth percentile on the Alberta Infant Motor Scale at 
12 months of age.57 Although designed to focus on the 
motor domain, there is evidence that the TIMP may also 
predict cognitive and language outcomes at 2 years of 
corrected age.58

Prechtl Neonatal Neurological Examination
The NNE was published in 1964 by Professors Heinz 
Prechtl and David Beintema and outlined a detailed 
method for neurological assessment of the newborn 
designed predominantly for physicians to be used after 
2 days of life.59 Concurrent with the publication, there 
was a shorter screening examination composed of seven 
items including Moro response, resistance to passive 
movement, state, posture, eyes and spontaneous motor 
activity which could be summated to either normal, 
suspect or abnormal. There is evidence suggesting that 
the assessment sensitivity and specificity for 2-year mental 
and physical development are 44% and 90%, respec-
tively.60

Amiel-Tison Neurological Assessment at Term
The ATNAT was developed by Dr Amiel-Tison and 
published in 1982 through several iterations based in 
part on the earlier work of Drs Thomas and Saint-Anne-
Dargassies.61 62 The assessment is composed of 35 items 
in 10 domains including cranial assessment, sensory func-
tion, spontaneous motor activity, passive muscle tone, 
axial motor activity, primitive reflexes, palate and tongue 
evaluation, stability during assessment, feeding autonomy, 
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medical status and infant status at the time of the exam-
ination.63 The components are noted and then synthe-
sised into four possible results for term neonates: normal 
(or optimal), mildly abnormal, moderately abnormal 
or severely abnormal (or non-optimal).63 In contrast, 
abnormal preterm neonatal results are categorised in 
two ways: either mild/moderately abnormal or severely 
abnormal. If a neonate has a normal result with their first 
testing on day of life 1 or 2, no further assessments are 
required. However, if there are some abnormal results, 
the assessment is repeated over the next several days to 
categorise into mild, moderate or severely abnormal. The 
ATNAT is supposed to take 5 min to complete and has 
been taught in a small group setting with a master exam-
iner teaching the assessment with several neonates. The 
ATNAT performed at term has been found to have excel-
lent correlation (Cohen’s kappa coefficient=0.83) with 
moderate to severely abnormal neurological outcome 
at 12–15 months but may also have a high false positive 
rate.64

Neonatal Behavioural Neurological Assessment
The NBNA was developed in China by Dr Bao et al. in 1991 
and was based on the assessments developed by Brazelton 
and Amiel-Tison with some additional items. The NBNA 
is composed of 20 items including 6 behavioural compo-
nents, 4 passive tone components, 4 active tone compo-
nents, 3 primary reflex items and 3 general assessment 
items. Each component is scored as 0, 1 or 2 for a possible 
total of 40 points. The assessment was standardised across 
12 cities in China and was designed for clinical assessment 
of asphyxiated newborns. The creators of the NBNA state 
that it takes 10 min to complete and requires 2 weeks of 
training and an examination for proficiency.65 Published 
evidence suggests that the assessment has 84.6%–88.9% 
sensitivity and 82.6%–97.4% specificity for delay at 1–2 
years among high-risk neonates who experienced peri-
natal asphyxia.66

Contrasting neonatal neurodevelopmental screening tools for 
widespread clinical screening implementation
Our findings suggest that there is currently no single 
validated clinical screening instrument that can be easily 
deployed at a low cost across diverse neonatal popula-
tions in LMICs. While no neonatal neurodevelopmental 
assessment (and screening) tool is comprehensive, 
several characteristics of the current tools are important 
in considering the design of a future ideal assessment 
tool for use in low-resource settings. First, the assessment 
should not require neonatal or kinesiologic expertise or 
special training to administer. All the major assessments 
discussed required specialised training lasting from 
4 hours for the HNNE to 2 weeks for the NBNA and were 
targeted at therapists or medical practitioners. In many 
LMICs, there are very few trained physical and occupa-
tional therapists and even fewer therapists trained in 
neonatal assessment. For example, as of 2017 there were 
16 educational programmes for occupational therapy 

and 31 for physical therapy in Anglophone sub-Saharan 
Africa, with 9 countries without education programmes 
for either profession.67 While developing the neonatal 
and infant therapy expertise pool within LMICs is crucial 
for realising the objectives of the Survive and Thrive 
agenda, these rare resources may be best deployed 
in providing therapy for neonates and infants rather 
than in screening sick and small newborns for signs of 
delay. Second, the ideal assessment should not require 
uncommon equipment to administer. Some exami-
nations required minimal equipment to administer, 
including the NNE and ATNAT, while others like the 
TIMP required proprietary kits (see table 2). Ministries 
of Health and communities in many low-resource settings 
lack the resources to devote to specialised purchases. 
Third, the assessment should be fast enough to allow for 
healthcare workers to administer easily prior to discharge 
without adding a large burden to staff that may already 
be overworked. In considering the reported time needed 
to perform the assessment, the tools ranged from 5 min 
for the ATNAT to up to 45 min for the TIMP. Fourth, 
the assessment should be based on universal human 
development principles and be standardised to a broad 
global neonatal population. The assessments consid-
ered in this work were validated in variable breadths of 
populations. Lastly, the assessment should have a high 
predictive value for intervenable developmental delay. 
From the perspective of the ability to predict neurode-
velopmental outcomes in the first years of life, the assess-
ments performed variably with sensitivities and specifici-
ties for outcomes at 12 months and beyond ranging from 
44% sensitivity and 90% specificity for the NNE to 100% 
sensitivity and 100% specificity for the GMA.40 43 46 60 To 
begin to improve neurodevelopmental outcomes for 
high-risk neonates and to generate standardised and 
comparable data, there is a need to create a valid, reliable 
and accessible neonatal neurodevelopmental screening 
instrument that is feasible to use across low-income and 
middle-income contexts.

Beyond screening: context, opportunities and challenges
While screening and identification are essential first steps 
in the provision of care for neonates who may benefit 
from therapy, identification is not sufficient. To connect 
identification of pathology with therapy, broader health-
care system components including evidence-based inter-
vention, therapeutic delivery platforms, referral pathways 
and trained personnel must also be addressed. Consid-
ering CP as a key example, evidence from developmental 
basic neuroscience and randomised controlled trials 
demonstrate that early identification and intervention 
improve functional outcomes over the life course. Early 
therapy with active movement is important for continued 
development of the motor cortex and likely takes advan-
tage of the tremendous neural plasticity at younger ages.42 
Evidence suggests that infant–environment interactions 
stimulate and regulate the joint development of muscu-
loskeletal and neuromotor systems.19 42 With CP-specific 
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early interventions, infants have the greatest chance of 
gaining the most lifelong function, reducing their disa-
bility burden and that of their family over the long term. 
Evidence shows that infants who receive regular surveil-
lance and therapies like constraint-induced movement 
therapy or goals-activity-motor enrichment therapy have 
improved outcomes and less morbidity.19–23 42 68 69 Impor-
tantly, all these effective therapy modalities can be, in 
major part, delivered by parents and caregivers in the 
home without costly equipment. Despite these promising 
therapies, the body of evidence for neonatal-specific ther-
apies is small in low-income, middle-income and high-
income countries.

In addition to the need for progress in evidence-
based gold-standard therapies for neonates, consider-
ations of how therapy may be delivered are essential. 
Models of therapeutic delivery platforms exist in 
low-resource settings. For example, in rural Uganda, 
community-based interventions have been developed 
for infants with moderate to severe disability where 
parents and caregivers receive training on how to 
provide specialised care and physical therapy for their 
infants.70 Relatedly, many healthcare facilities where 
sick and small newborns are treated may need to 
establish or strengthen pathways for referral to inter-
vention. When there are effective referral networks 
in place, the subsequent challenge may be to have 
a qualified cadre of physical and occupational ther-
apists and other developmental healthcare profes-
sionals prepared to provide therapy, teach parents 
how they might provide therapy at home and oversee 
functional progress. Ultimately, there is a need for 
large-scale integration of early neurodevelopmental 
care for neonates and infants in the health systems 
of LMICs.

In addition to improved functional outcomes, 
earlier identification and intervention may also bring 
significant economic benefits to families, communi-
ties and countries. While evidence on the economic 
effects of any early intervention programme is 
exceedingly rare in low-resource settings, one recent 
study of early intervention in Kenya demonstrated a 
high return on investment when considering cogni-
tive outcomes.71 More evidence is likely to appear in 
the coming years.72 73

Limitations
There are some limitations that need to be consid-
ered when interpreting the findings of this review. 
First, the current review focused on published journal 
articles and abstracts and did not include a systematic 
review of grey literature. Second, publication bias 
may limit the conclusions that can be drawn from 
this review as studies that used internationally recog-
nised, standardised screening instruments may be 
more likely to be published than those that applied 
locally made tools or clinical screening procedures.

Conclusions
Over the last 30 years, improvements in neonatal survival 
have opened up new opportunities for improving the 
neurodevelopmental outcomes of high-risk newborns. 
Increasing numbers of studies are being conducted 
and published assessing neonatal neurodevelopment 
in LMICs for a variety of uses. While there is no one 
ideal assessment tool, these studies are evidence of the 
growing importance accorded to neonatal brain health 
for infants, families, communities and economies. There 
exist tremendous opportunities for improvements in 
both how neonatal neurodevelopmental screening is 
conducted and in the development of neurodevelop-
mental care in LMICs.
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