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Abstract: Cerebral palsy describes a group of permanent disorders of movement, motor function and
posture that occur due to non-progressive insults to the developing brain. Most of the information
concerning the early diagnosis of cerebral palsy originates from studies conducted in high-income
countries. In this scoping review, we aimed to explore the tools used in low- and middle-income
countries for the early diagnosis of cerebral palsy. A systematic search was conducted using OVID
Medline and PubMed databases. “Early diagnosis” was defined as diagnosis prior to 12 months of
age, and low- and middle-income countries were classified according to the World Bank classification
system. We identified nine studies on the early diagnosis of cerebral palsy from low- and middle-
income countries. The tools featured (n = number of studies) were: General Movement Assessment
(6), neonatal magnetic resonance imaging (3), Hammersmith Neonatal Neurological Examination (2),
Hammersmith Infant Neurological Examination (1) and cranial ultrasound (1). We found a paucity of
published literature on the early diagnosis of cerebral palsy from low- and middle-income countries.
Further research is needed to determine the tools that are accurate and feasible for use in low-resource
settings, particularly since cerebral palsy is more prevalent in these areas.

Keywords: cerebral palsy; cranial ultrasound; diagnosis; general movement assessment; Ham-
mersmith infant neurological examination; low and middle income; magnetic resonance imaging;
developmental delay

1. Introduction

Cerebral palsy is defined as a group of permanent disorders of movement, posture
and motor function that occur due to non-progressive insults within the immature brain [1].
It is recommended that cerebral palsy, or high risk of cerebral palsy, is diagnosed early
in life to help to facilitate access to early targeted interventions and support services [2].
The 2017 guidelines published by Novak et al. [2] recommend two distinct pathways for
the early diagnosis of cerebral palsy: infants with risk factors identified in the newborn
period (newborn-detectable risk factors), such as prematurity, low birth weight or hypoxic
ischaemic encephalopathy, should be assessed for cerebral palsy prior to five months of age,
with detailed history and clinical examination, and a combination of neonatal magnetic
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resonance imaging (MRI), General Movement Assessment (GMA) and the Hammersmith
Infant Neurological Examination (HINE); infants with no known neonatal risk factors and
delayed motor milestones identified in the infantile period (infant-detectable risk factors)
should be assessed for cerebral palsy between 5 to 24 months of age, using a combination of
neonatal MRI, the HINE and standardised motor assessments, such as the Developmental
Assessment of Young Children, the Alberta Infant Motor Scale, or the Neuro Sensory Motor
Development Assessment [2].

High-risk infant follow-up clinics that incorporate the 2017 guidelines by Novak
et al. [2] have been established in American and Australian healthcare centres in recent
years [3-5]. These follow-up clinics have been shown to decrease the average age of cerebral
palsy diagnosis and allow earlier access to targeted interventions and support for affected
infants and families. To our knowledge, there is no current published literature on the
establishment of high-risk infant follow-up clinics in low- and middle-income countries
(LMIC), nor is it known whether it is appropriate to implement similar clinics in these areas.
However, a recent study from Bangladesh (a typical LMIC) suggested that population-based
surveillance of children with cerebral palsy enables early diagnosis and intervention [6].

Despite a higher prevalence of cerebral palsy reported by LMICs compared to high-
income countries (HIC) [1,7-10], most of the literature concerning the early diagnosis of
cerebral palsy originates from studies conducted in HICs. Tools used for the early diagnosis
of cerebral palsy in HICs may not automatically translate into LMICs due to differences in
population characteristics, healthcare system structure and utilisation, as well as issues with
cost and resource availability. For example, preterm birth is underrepresented in children
with cerebral palsy from LMICs compared to HICs due to a lack of access to perinatal care
and survival bias in the living cohort [7]. In comparison, potentially modifiable perinatal
risk factors, such as neonatal respiratory depression, encephalopathy and infection, are
overrepresented in LMICs compared to HICs [7]. Further, the use of postnatal health
services has been shown to be limited in LMICs due to socioeconomic status, educational
level and geographical distance from services [11].

Several previous reviews have explored the tools used for the diagnosis of devel-
opmental delay in LMICs [12,13]. Developmental delay incorporates a broad range of
neurodevelopmental conditions that may affect one or more of the developmental domains.
It is likely that many children with cerebral palsy are incorporated within this diagnosis.
Providing a diagnosis of cerebral palsy or high risk of cerebral palsy is advantageous over
a diagnosis of developmental delay, as it helps to facilitate access to targeted interventions
and support services [2].

To our knowledge, there is currently no published review on the tools used to diagnose
cerebral palsy early within LMICs specifically. We feel this is an area that warrants research,
given: the higher prevalence of cerebral palsy in LMICs compared to HICs [1,7-10]; the
population and societal differences between LMICs and HICs, which may impede the
ability for tools used in HICs to be successfully implemented into LICs [7,11], and the
benefits that arise from diagnosing cerebral palsy early, including earlier access to targeted
interventions and support [2]. We performed a scoping review to answer the following
research question: what tools are currently being used to diagnose cerebral palsy early in
LMICs? We aimed to systematically map the available research on the early diagnosis of
cerebral palsy in LMICs, compare the tools used in LMICS to those used in HICs, and to
identify gaps in knowledge and areas for further research.
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2. Methods

A scoping review was conducted using the framework outlined by the Preferred
Reporting Items for Systematic Reviews and Meta-analysis Protocols for Scoping Reviews
(PRISMA-5cR) [14]. For the purpose of the review, the “early diagnosis” of cerebral palsy
was defined as diagnosis prior to 12 months of age. Countries were classified as low and
middle income using the World Bank classification system where low income, low-middle
income, and upper-middle income countries are defined as countries with a gross national
income per capita (in USD) of 1045 or less, 1046 to 4095, and 4096 to 12,696, respectively [15].

The scoping search was performed using OVID Medline and PubMed databases,
and cross-checking the reference lists of relevant papers. The search strategy used in the
databases is attached as an appendix (Appendix A). Two authors (AK and MA) performed
the initial screen of articles by titles and abstracts. If there was a disagreement between
the two authors, a third author (AM) was used to resolve conflicts. A single author (AK)
performed the screen by full text. Peer-reviewed, original articles were included if they:
included infants with no prior diagnosis of cerebral palsy; assessed the diagnosis of cerebral
palsy prior to 12 months of age; were conducted in LMICs; were published in English; were
published between November 2011 and November 2021, and included human participants.
We excluded articles that assessed for cerebral palsy as an outcome of an intervention;
studies conducted in HICs; published in languages other than English, and review articles,
letters to editors, correspondence, study protocols or editorial comments. From the eligible
articles identified in the search, we extracted data on the country in which the study was
performed, the population studied, the follow-up rate of infants, and the tools used for
early diagnosis. We summarised our findings in the form of a narrative synthesis.

3. Results

Figure 1 demonstrates the PRISMA flow chart for the scoping review. We identified
nine articles on the early diagnosis of cerebral palsy in LMICs. Table 1 displays the studies
identified within the search and Figure 2 provides pictorial representation of the tools used
within these studies. Five of the nine studies were from upper-middle-income countries and
four were from lower-middle-income countries. All identified studies were conducted in
populations with newborn-detectable risk factors and none were conducted in populations
with infant-detectable risk factors. Six of the nine studies utilised a neonatal intensive
care follow-up program for recruitment of infants. The follow-up rates of neonates within
these programs varied greatly from 50% to 95%. The guidelines by Novak et al. [2] were
referenced in three of the five papers published after 2017 [16-18].
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Table 1. Tools used for the early diagnosis of cerebral palsy in low- and middle-income countries.

Year

Author

Population

NICU Follow Up

Country (City/State)
Income Level

Tools Used

Age of Assessment

Main Findings

2021

Aker [17]

Term/near term infants
with moderate to severe
hypoxic ischaemic
encephalopathy

Yes

India
(Vellore/Tamil Nadu)
Lower-middle

MRI
GMA

MRI at 5 days of life
GMA at 10 to 15 weeks
corrected age

MRI brain had a sensitivity of 62% and
specificity of 90% for predicting adverse
outcomes including cerebral palsy when

compared to Bayley-III.
Absent fidgety movements on GMA had
a sensitivity of 60% and
specificity of 89%.

2021

Apaydin [16]

Term infants with
moderate to severe
hypoxic ischaemic
encephalopathy treated
with hypothermia

No

Turkey (Ankara)
Upper-middle

MRI
GMA
HINE

MRI 7 to 14 days
after cooling
GMA 12 weeks of age
HINE 12 to 42 weeks

MRI had a sensitivity of 83% and
specificity of 95% for predicting cerebral
palsy diagnosis at 2 years of age when
compared to the Bayley-II.
Absent fidgety movements had a
sensitivity of 83% and
specificity of 100%,

HINE had a sensitivity of 83% and
specificity of 88%.

2020

Venkata [19]

Preterm infants and
term infants admitted to
the NICU with
significant risk factors
for cerebral palsy

Yes

India (Kerala)
Lower- middle

HNNE

Early assessment
performed after NICU
care completed.
Recommended
assessment performed
at 2 weeks of age (term)
or 40 weeks
corrected (preterm).

HNNE performed early had sensitivity
of 64% and specificity of 73% for
predicting neurodevelopmental

disability, including cerebral palsy when

compared to Development Assessment
Scale for Indian Infants.
HNNE performed at the recommended
age had sensitivity of 50% and
specificity of 77%.

2019

Einspieler [18]

Infants exposed to acute
maternal zika infection

No

Brazil (Rio de Janeiro)
Upper-middle

GMA

9 to 20 weeks
corrected age

100% of infants with maternal
zika-infection and microcephaly had
abnormal or absent fidgety movements
observed in infancy and developed
bilateral spastic cerebral palsy at
12 months of age.
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Table 1. Cont.

Year Author Population

NICU Follow Up

Country (City/State)

Income Level Tools Used

Age of Assessment

Main Findings

Preterm infants with
birth weights between
500 and 2000 g

2019 Medina-Alva [20]

Yes

Cranial ultrasound
Head circumference
HNNE

Peru (Lima)
Upper-middle

38 to 42 weeks
corrected age

Cranial ultrasound had a sensitivity of
31% and specificity of 96% for detecting
neurodevelopmental delay, including
cerebral palsy at 24 months of age when
compared to Mullen Scales of
Early Learning.

Abnormal HNNE score had a sensitivity
of 69% and specificity of 54%.
Microcephaly had sensitivity of 34% and
specificity 97%.

Preterm infants born

2016 Dimitrijevic [21] < 37 weeks gestation

No

Serbia (Novi Sad)

Upper-middle GMA

4 to 12 weeks
corrected age

Cramped synchronised movements had
a sensitivity of 82% and specificity of
99% for predicting cerebral palsy at
24 months of age, when compared to
paediatric examination.

Absent fidgety movements had a
sensitivity of 100% and
specificity of 96%.

Infants with hypoxic
ischaemic
encephalopathy

2015 Soleimani [22]

Yes

Iran (Zanjan)

Lower-middle GMA

12 to 20 weeks
corrected age

Absent fidgety movements had a
sensitivity of 80% and specificity of 100%
for detecting abnormal
neurodevelopment including cerebral
palsy, when compared to the Infant
Neurological International Battery at 12
to 18 months of age.

Infants with hypoxic
ischaemic
encephalopathy

2014 Lally [23]

Yes

India (Kerala)

Lower-middle MRI

1 to 3 weeks
chronological age

Abnormality on MRI imaging had a
sensitivity 57% and specificity of 79% for
diagnosing cerebral palsy or low Bayley

III scores at 3 years of age, when
compared to Bayley examination.

Preterm infants

2011 Burger [24] weighing </=1250 g

Yes

South Africa
(Western Cape) GMA
Upper-middle

12 weeks corrected age

Absent fidgety movements had a
sensitivity of 89% and specificity of 89%
for diagnosis neurodevelopmental delay

and cerebral palsy at 12 months of age
when compared to Pea Body
Developmental Motor Scale and Alberta
Infant Motor Scale.

CP—Cerebral palsy; GMA—General movement assessment; HINE—Hammersmith infant neurological examination; HNNE—Hammersmith neonatal neurological examination;
MRI—Magnetic resonance imaging; NICU—Neonatal intensive care unit.
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Figure 1. PRISMA flow diagram for scoping review.
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Figure 2. Tools used to diagnose cerebral palsy early in low- and middle-income countries.

GMA was the most frequently studied tool for the early diagnosis of cerebral palsy
and was included in six of the nine studies. Three studies reported on the accuracy of
absent fidgety movements in predicting composite adverse outcomes, including cerebral
palsy and developmental delay [17,22,24]. The sensitivity and specificity ranged from 62%
to 89%, and 89% to 100%, respectively. Two studies reported on the accuracy of absent
fidgety movements in diagnosing cerebral palsy specifically [16,21]. The sensitivity was
83% to 100%, and specificity was 96% to 100% [16,21]. One study reported on the accuracy
of cramped synchronised movements in diagnosing cerebral palsy. The sensitivity and
specificity were 82% and 99%, respectively [21].

The Hammersmith Neonatal Neurological Examination (HNNE) was featured in
two of the nine studies. The sensitivity and specificity of the HNNE ranged from 50%
to 69%, and 54% to 73%, respectively, for diagnosis of developmental delay and cerebral
palsy [19,20]. The HINE featured in one of the nine studies. HINE scores of less than 67
were shown to have a sensitivity of 83% and specificity of 88% for diagnosing cerebral
palsy [16].

Neonatal MRI featured in three of the nine studies. Two studies reported on the
accuracy of MRI for predicting adverse developmental outcomes, including cerebral
palsy [17,23]. The sensitivities and specificities ranged from 57% to 62%, and 79% to
90%, respectively. One study assessed the accuracy of MRI in predicting cerebral palsy
specifically and found MRI to have sensitivity of 83% and specificity of 95% [16]. Neonatal
cranial ultrasound featured in one study. It was shown to have a sensitivity and specificity
of 31% and 96%, respectively, for diagnosing developmental delay and cerebral palsy [20].
Only one study included all three diagnostic tools recommended by Novak et al. [2] for the
early diagnosis of cerebral palsy in infants with newborn-detectable risk factors [16]. The
predictive abilities of all three tools in combination were not reported.

4. Discussion

To the best of our knowledge, this is one of the first scoping reviews to analyse the early
diagnosis of cerebral palsy in LMICs exclusively. Current published reviews have largely
focused on studies conducted in HICs, on singular diagnostic tools, or on developmental
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delay more broadly [12,13,25-27]. Overall, we identified few articles relating to the early
diagnosis of cerebral palsy in LMICs. We identified a paucity of published research on the
implementation of diagnostic tools into clinical practice and a lack of research concerning
the early diagnosis of cerebral palsy in infants with infant-detectable risk factors.

4.1. General Movement Assessment

GMA involves recording and analysing the movement patterns of infants during
periods of calm wakefulness to assess for impairments in the immature nervous system [28].
Two abnormal movement patterns can predict the development of cerebral palsy: persistent
cramped synchronised movements observed during the writhing phase from preterm age
to nine weeks post-term age, and absent fidgety movements observed during the fidgety
phase, most prevalent at 12 weeks and persistent until 16 to 20 weeks post-term age [28].

All identified studies on GMA assessed infants during the fidgety phase. Absent
fidgety movements were frequently observed in infants who later went on to be diag-
nosed with cerebral palsy [16,18,21,24] and normal fidgety movements were frequently
observed in infants who later went on to have neurotypical development [17,18,22,24].
Studies conducted in HICs on high-risk infants found that absent fidgety movements
had a sensitivity and specificity ranging from 90% to 98% and 90% to 94%, respectively,
for predicting cerebral palsy [29,30]. We found similar high accuracy for absent fidgety
movements in LMICs. A 2016 Australian study found that in high-risk infants, abnormal
or absent fidgety movements had a sensitivity and specificity of 54% and 97%, respectively,
for diagnosing adverse neurological outcomes [29]. Our review identified a similar trend
in LMICs, where studies assessing for composite adverse outcomes, including cerebral
palsy and developmental delay, reported much lower sensitivities than those assessing for
cerebral palsy alone. This suggests that absent fidgety movements may not be a suitable
diagnostic tool to detect milder developmental impairments.

One of the identified studies on GMA also assessed infants during the writhing
phase. Dimitrijevi¢ et al. found that cramped synchronised movements had a sensitivity
of 82% and specificity of 99% for diagnosing cerebral palsy in infants born preterm [21].
This study found the sensitivity of cramped synchronised movements to be lower when
compared to absent fidgety movements. This fits with results from a 2018 systematic review,
which demonstrated that cramped synchronised movements have a similar specificity
but lower sensitivity for diagnosing cerebral palsy when compared to absent fidgety
movements [31]. Although the sensitivity of cramped synchronised movements is lower,
it has the advantage of being performed earlier in life while the infant is admitted to
a neonatal care unit. Repeated assessments of cramped synchronised movements may,
therefore, be more practical in areas with a neonatal care unit and result in less loss to
follow up in LMICs, where the uptake of postnatal health services is limited [11]. Further
research should focus on this area.

4.2. Hammersmith Neonatal Neurological Examination and Hammersmith Infant
Neurological Examination

The Hammersmith neurological examinations are multi-item examinations that assess
the neurological status of neonates and infants. There are two different examinations: the
HNNE, a 34-item examination performed in the neonatal period [32] and the HINE, a
26-item examination performed between 2 to 24 months of age [33]. Global optimality
scores are considered to be scores within the 90th centile range for healthy infants [25]. A
HINE score of less than 57 at three months and less than 66 at 12 months is highly sensitive
for diagnosing cerebral palsy [25].

The HNNE showed moderately low predictive ability in discerning neurodevelopmen-
tal delay or cerebral palsy in LMICs [19,20]. A 2016 Australian study found that suboptimal
HNNE scores less than the 10th centile in moderate-to late-preterm infants were associated
with higher odds of cognitive delay at 2 years, but there was little evidence of a relationship
between HNNE scores and language or motor outcomes [34]. Venkata et al. compared the
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diagnostic ability of the HNNE performed early, pre-discharge from the neonatal intensive
care unit to the HNNE performed at recommended age [19]. Variations in the timing of the
examination did not appear to impact upon the accuracy of the test. Performing the HNNE
earlier, pre-discharge resulted in fewer infants being lost to follow-up. Earlier timing of
assessments may be more suitable in LMICs where follow-up is limited.

The HINE was shown to have good predictive ability to diagnose cerebral palsy in
term infants with hypoxic ischaemic encephalopathy, with a reported sensitivity of 83%
and specificity of 88% [16]. This sensitivity is lower than that reported by a 2015 systematic
review on HINE use in HICs [25]. The lower sensitivity may be due to issues with the
follow-up of infants (only 80% of infants were followed up at two years of age), survival
bias in LMICs, or differences in the population characteristics between infants from LMICs
and HICs.

Both Hammersmith neurological examinations rely on optimality scores and cut-offs
to predict cerebral palsy. There are known differences between the optimality scores of
healthy infants from LMICs and healthy infants from HICs [35,36]. This highlights that
optimality scores from HICs will not automatically translate into LMICs, and demonstrates
the need for further targeted research on HINE use in LMICs specifically.

4.3. Neuroimaging

The neuroimaging techniques used to assist in the early diagnosis of cerebral palsy
include neonatal MRI and cranial ultrasound. The most common neuroimaging finding in
infants with cerebral palsy is white matter injury, followed by basal ganglia lesions, cortical
and subcortical lesions, malformations and focal infarcts [37].

Medina-Alva et al. examined the cranial ultrasound findings at term age of very-low-
birth-weight infants in Peru and reported that cranial ultrasound had a sensitivity of 31%
and specificity of 96% for diagnosing developmental delay and cerebral palsy [20]. The
sensitivity reported in this study is significantly lower than that reported by a meta-analysis
(sensitivity of 74%) [26]. This may be secondary to Medina-Alva et al., using a composite
outcome instead of assessing for cerebral palsy alone. It highlights that cranial ultrasound
in isolation may not be a suitable tool for diagnosing milder development impairments.

Neonatal MRI was found to be an accurate tool for predicting cerebral palsy in LMICs,
with a sensitivity of 83% and specificity of 95% [16]. Similarly high accuracy has been
demonstrated for neonatal MRI in HICs [38]. Cranial US has been shown to be less
sensitive than MRI in predicting cerebral palsy in HICs [26,38]. While less accurate, cranial
ultrasound may be more suitable for use in LMICs, as it is less expensive to perform and
more accessible. Further studies should focus on the use of cranial ultrasound to assist in
the diagnosis of cerebral palsy in LMICs.

4.4. Implementation into Clinical Practice

The studies identified within this scoping review used the diagnostic tools in a research
capacity to define their accuracy and feasibility of use. We did not identify any published
literature on the implementation of these tools into clinical practice within LMICs. Similarly,
most of the studies focused on the use of a singular diagnostic tool in isolation. Only one
study included all three of the recommended diagnostic tools for infants with newborn-
detectable risk factors (GMA, HINE and neonatal MRI) [16]. Unfortunately, this study did
not report on the accuracy of all three tools used in combination for diagnosing cerebral
palsy. High-risk infant follow-up clinics that incorporate the guidelines by Novak et al. [2]
have been established in HICs to aid in diagnosing cerebral palsy earlier [3-5]. While we
did not identify any published literature on the establishment of similar clinics in LMICs,
we did identify two study protocols from India, examining the use of community-based
cerebral palsy detection programs [39,40]. This highlights that this is an area of emerging
research within LMICs. Three of the five recent papers published after 2017 referenced
the guidelines by Novak et al. [2], indicating that there is beginning to be uptake of these
guidelines in LMICs.
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4.5. Populations Studied

As previously described, the guidelines by Novak et al. [2] included two arms: infants
with newborn-detectable risk factors, such as prematurity, low birth weight or hypoxic
ischaemic encephalopathy, and infants with infant-detectable risk factors, such as delayed
motor milestones [2]. In this review, all of the identified studies were conducted on infants
with newborn-detectable risk factors. Most of these studies used neonatal intensive care
follow-up programs to recruit participants. The follow-up rates of these programs varied
greatly, with some studies reporting follow-up rates as low as 50% [20,22]. The poor follow-
up of infants was impacted upon by survival rates in LMICs. Other factors that may be
contributing to low follow-up rates include geographical distance from services, health
literacy, and socioeconomic status. It is likely that the poor follow-up of infants impacted
upon the validity of the results reported in this review. Community-based early-detection
models may help to improve the follow-up of these infants [39,40].

Half of all infants with cerebral palsy have risk factors identified in the infantile
period [2]. None of the studies found in this review included infants within this group. This
appears to be an area where there is a shortage of literature globally, with most studies from
HICs also focusing exclusively on infants with newborn-detectable risk factors [2]. Infants
with infant-detectable risk factors are likely to have less structured follow-up than those
with newborn-detectable risk factors as they are often well during the newborn period, and
risk factors are only identified later in life. How we assemble cohorts of these infants for
diagnosis and research is an area that urgently requires more attention globally.

4.6. Developmental Delay

During the scoping review, we identified many studies on the early diagnosis of
developmental delay in LMICs, but few on the early diagnosis of cerebral palsy specifically.
An in-depth discussion of the tools used to diagnose developmental delay in LMICs is
outside of the scope of this paper and has been discussed previously [12,13]. It is likely that
many children with cerebral palsy are diagnosed under the umbrella term of developmental
delay. The benefit of providing infants with a specific diagnosis of cerebral palsy is that
it allows infants and families to receive targeted interventions and support services. The
use of such intervention and support services appears to be limited in LMICs, likely due
to factors including delayed diagnosis, service availability, cost, geographic distance from
services, and education levels [41].

4.7. Limitations

This is a scoping review and, as such, our search might not have captured all published
studies on the topic. Only papers published in English were included in the review, which
may have excluded further studies relating to the research question. We did not perform
statistical pooling of the results or meta-analysis, as there were no unifying outcomes.

5. Conclusions

There is an overall lack of published studies on the early diagnosis of cerebral palsy in
LMICs, when compared to HICs. In infants with newborn-detectable risk factors, GMA,
HINE and neonatal MRI have been shown to be accurate for diagnosing cerebral palsy early
in LMICs; however, further studies utilising these tools are necessary. There is a paucity of
published studies on the early diagnosis of cerebral palsy in infants with infant-detectable
risk factors globally that urgently requires addressing. With further research on the early
diagnosis of cerebral palsy in LMICs and the implementation of evidence-based medicine
into clinical practice, we hope to see a reduction in the age of cerebral palsy diagnosis in
LMICs, an increase in access to and utilisation of targeted therapies and support services,
and ultimately, improved outcomes for these children.
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Appendix A

Search Strategy
Ovid MEDLINE(R) <1946 to 11 November 2021>

1.  exp Diagnosis/ 9030218

exp Early Diagnosis/ 59539

3.  (early adj5 (diagnos$ or identif$ or detect$ or discover$)).mp. [mp=title, abstract,

original title, name of substance word, subject heading word, floating sub-heading

word, keyword heading word, organism supplementary concept word, protocol

supplementary concept word, rare disease supplementary concept word, unique

identifier, synonyms] 270347

lor2or3 9125633

exp Cerebral Palsy/ 22023

exp Developmental Disabilities/ 21441

cerebral palsymp. 26681

cp.mp. 48217

((development$ or motor$) adj5 (disorder$ or disabilit$ or condition$ or impair$ or

deficit$ or delay$)).mp. [mp = title, abstract, original title, name of substance word,

subject heading word, floating sub-heading word, keyword heading word, organism

supplementary concept word, protocol supplementary concept word, rare disease

supplementary concept word, unique identifier, synonyms] 169477

10. 5or6or7or8or9 234112

11. exp Developing Countries/ 78123

12.  (low adj2 income adj2 countr$).mp. [mp = title, abstract, original title, name of
substance word, subject heading word, floating sub-heading word, keyword heading
word, organism supplementary concept word, protocol supplementary concept word,
rare disease supplementary concept word, unique identifier, synonyms] 7949

13. (middle adj2 income adj2 countr$).mp. [mp = title, abstract, original title, name of
substance word, subject heading word, floating sub-heading word, keyword heading
word, organism supplementary concept word, protocol supplementary concept word,
rare disease supplementary concept word, unique identifier, synonyms] 19670

14. LMIC.mp. 2175

15. exp Asia/ 939643

16. exp Africa/ 293441

17.  exp South America/ 180680

18. asia$.mp. 223443

19. africa$.mp. 306178

20. (south adjl america$).mp. [mp = title, abstract, original title, name of substance word,
subject heading word, floating sub-heading word, keyword heading word, organism
supplementary concept word, protocol supplementary concept word, rare disease
supplementary concept word, unique identifier, synonyms] 31113

N

O 0N NG
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21. (low adj2 middle adj2 income adj2 countr$).mp. [mp = title, abstract, original ti-
tle, name of substance word, subject heading word, floating sub-heading word,
keyword heading word, organism supplementary concept word, protocol supple-
mentary concept word, rare disease supplementary concept word, unique identifier,
synonyms] 16066

22. 1lor12or13or14or15or16or17 or 18 or 19 or 20 or 21 1685014

23. 4and 10and 22 3861

24. limit 23 to (humans and “all infant (birth to 23 months)”) 1205

25.  limit 24 to (english language and last 10 years) 643.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Australian Cerebral Palsy Register Group. Report of the Australian Cerebral Palsy Register; Birth Years 19952012, November 2018;
Cerebral Palsy Alliance: Sydney, Australia, 2018.

Novak, I.; Morgan, C.; Adde, L.; Blackman, J.; Boyd, R.N.; Brunstrom-Hernandez, J.; Cioni, G.; Damiano, D.; Darrah, J.; Eliasson,
A.C,; et al. Early, Accurate Diagnosis and Early Intervention in Cerebral Palsy: Advances in Diagnosis and Treatment. JAMA
Pediatr. 2017, 171, 897-907. [CrossRef] [PubMed]

Maitre, N.L.; Burton, V.J.; Duncan, A.E; Iyer, S.; Ostrander, B.; Winter, S.; Ayala, L.; Burkhardt, S.; Gerner, G.; Getachew, R.;
et al. Network Implementation of Guideline for Early Detection Decreases Age at Cerebral Palsy Diagnosis. Pediatrics 2020,
145, €20192126. [CrossRef] [PubMed]

Byrne, R.; Noritz, G.; Maitre, N.L. Implementation of Early Diagnosis and Intervention Guidelines for Cerebral Palsy in a
High-Risk Infant Follow-Up Clinic. Pediatr. Neurol. 2017, 76, 66-71. [CrossRef]

King, A.; Machipisa, C.; Finlayson, F.; Fahey, M.; Novak, I.; Malhotra, A. Early detection of cerebral palsy in high-risk infants:
Translation of evidence into practice in an Australian hospital. J. Paediatr. Child. 2020, 57, 246-250. [CrossRef] [PubMed]

Al Imam, M.H.; Jahan, I.; Das, M.C.; Muhit, M.; Smithers-Sheedy, H.; McIntyre, S.; Badawi, N.; Khandaker, G. Population-based
surveillance of children with cerebral palsy enables early diagnosis and intervention. Dev. Med. Child. Neurol. 2021, 63, 883-884.
[CrossRef]

Khandaker, G.; Muhit, M.; Karim, T.; Smithers-Sheedy, H.; Novak, I.; Jones, C.; Badawi, N. Epidemiology of cerebral palsy in
Bangladesh: A population-based surveillance study. Dev. Med. Child. Neurol. 2019, 61, 601-609. [CrossRef]

Kakooza-Mwesige, A.; Andrews, C.; Peterson, S.; Wabwire Mangen, F; Eliasson, A.C.; Forssberg, H. Prevalence of cerebral palsy
in Uganda: A population-based study. Lancet Glob. Health 2017, 5, €1275-€1282. [CrossRef]

Chauhan, A.; Singh, M.; Jaiswal, N.; Agarwal, A.; Sahu, ]J.K.; Singh, M. Prevalence of Cerebral Palsy in Indian Children: A
Systematic Review and Meta-Analysis. Indian J. Pediatr. 2019, 86, 1124-1130. [CrossRef] [PubMed]

Oskoui, M.; Coutinho, F.; Dykeman, J.; Jetté, N.; Pringsheim, T. An update on the prevalence of cerebral palsy: A systematic
review and meta-analysis. Dev. Med. Child. Neurol. 2013, 55, 509-519. [CrossRef]

Langlois, E.V; Miszkurka, M.; Zunzunegui, M.V.; Ghaffar, A.; Ziegler, D.; Karp, I. Inequities in postnatal care in low- and
middle-income countries: A systematic review and meta-analysis. Bull. World Health Organ. 2015, 93, 259-270G. [CrossRef]
Faruk, T; King, C.; Muhit, M.; Islam, M.K; Jahan, I.; Baset, K.u.; Badawi, N.; Khandaker, G. Screening tools for early identification
of children with developmental delay in low- and middle-income countries: A systematic review. BMJ Open 2020, 10, e038182.
[CrossRef] [PubMed]

Marlow, M.; Servili, C.; Tomlinson, M. A review of screening tools for the identification of autism spectrum disorders and
developmental delay in infants and young children: Recommendations for use in low- and middle-income countries. Autism Res.
2019, 12, 176-199. [CrossRef]

Tricco, A,; Lillie, E.; Zarin, W.; O’Brien, K.; Colquhoun, J.; Levac, D.; Moher, D.; Peters, M.; Horsely, T.; Weeks, L.; et al. PRISMA
extension for scoping reviews (PRISMA-ScR): Checklist and explanation. Ann. Intern. Med. 2018, 169, 467-473. [CrossRef]
[PubMed]

World Bank Group. World Bank Country and Lending Groups. Available online: https://datahelpdesk.worldbank.org/
knowledgebase/articles /906519-world-bank-country-and-lending-groups (accessed on 14 September 2021).

Apaydin, U,; Erol, E.; Yildiz, A.; Yildiz, R.; Acar, $.S.; Gliciiyener, K.; Elbasan, B. The use of neuroimaging, Prechtl’s general
movement assessment and the Hammersmith infant neurological examination in determining the prognosis in 2-year-old infants
with hypoxic ischemic encephalopathy who were treated with hypothermia. Early Hum. Dev. 2021, 163, 105487. [CrossRef]
[PubMed]

Aker, K.; Thomas, N.; Adde, L.; Koshy, B.; Martinez-Biarge, M.; Nakken, I.; Padankatti, C.S.; Steen, R. Prediction of outcome from
MRI and general movements assessment after hypoxic-ischaemic encephalopathy in low-income and middle-income countries:
Data from a randomised controlled trial. Arch. Dis. Child. Fetal Neonatal. Ed. 2021, 107, 32-38. [CrossRef] [PubMed]

Einspieler, C.; Utsch, F,; Brasil, P.; Panvequio Aizawa, C.Y.; Peyton, C.; Hydee Hasue, R.; Frangoso Genovesi, F.; Damasceno, L.;
Moreira, M.E.; Adachi, K.; et al. Association of Infants Exposed to Prenatal Zika Virus Infection with Their Clinical, Neurologic,
and Developmental Status Evaluated via the General Movement Assessment Tool. JAMA Netw. Open 2019, 2, e187235. [CrossRef]
[PubMed]


http://doi.org/10.1001/jamapediatrics.2017.1689
http://www.ncbi.nlm.nih.gov/pubmed/28715518
http://doi.org/10.1542/peds.2019-2126
http://www.ncbi.nlm.nih.gov/pubmed/32269135
http://doi.org/10.1016/j.pediatrneurol.2017.08.002
http://doi.org/10.1111/jpc.15191
http://www.ncbi.nlm.nih.gov/pubmed/32940939
http://doi.org/10.1111/dmcn.14861
http://doi.org/10.1111/dmcn.14013
http://doi.org/10.1016/S2214-109X(17)30374-1
http://doi.org/10.1007/s12098-019-03024-0
http://www.ncbi.nlm.nih.gov/pubmed/31300955
http://doi.org/10.1111/dmcn.12080
http://doi.org/10.2471/BLT.14.140996
http://doi.org/10.1136/bmjopen-2020-038182
http://www.ncbi.nlm.nih.gov/pubmed/33234622
http://doi.org/10.1002/aur.2033
http://doi.org/10.7326/M18-0850
http://www.ncbi.nlm.nih.gov/pubmed/30178033
https://datahelpdesk.worldbank.org/knowledgebase/articles/906519-world-bank-country-and-lending-groups
https://datahelpdesk.worldbank.org/knowledgebase/articles/906519-world-bank-country-and-lending-groups
http://doi.org/10.1016/j.earlhumdev.2021.105487
http://www.ncbi.nlm.nih.gov/pubmed/34673463
http://doi.org/10.1136/archdischild-2020-321309
http://www.ncbi.nlm.nih.gov/pubmed/34112719
http://doi.org/10.1001/jamanetworkopen.2018.7235
http://www.ncbi.nlm.nih.gov/pubmed/30657537

Brain Sci. 2022, 12, 539 13 of 13

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Venkata, S.; Pournami, F; Prabhakar, J.; Nandakumar, A.; Jain, N. Disability Prediction by Early Hammersmith Neonatal
Neurological Examination: A Diagnostic Study. J. Child. Neurol. 2020, 35, 731-736. [CrossRef]

Medina-Alva, P; Duque, K.R.; Zea-Vera, A.; Bellomo, S.; Carcamo, C.; Guillen-Pinto, D.; Rivas, M.; Tori, A.; Zegarra, J.; Cam, L.;
et al. Combined predictors of neurodevelopment in very low birth weight preterm infants. Early Hum. Dev. 2019, 130, 109-115.
[CrossRef]

Dimitrijevi¢, L.; Bjelakovi¢, B.; Colovi¢, H.; Mikov, A.; Zivkovi¢, V.; Koci¢, M.; Luki¢, S. Assessment of general movements and
heart rate variability in prediction of neurodevelopmental outcome in preterm infants. Early Hum. Dev. 2016, 99, 7-12. [CrossRef]
Soleimani, F,; Badv, R.S.; Momayezi, A.; Biglarian, A.; Marzban, A. General movements as a predictive tool of the neurological
outcome in term born infants with hypoxic ischemic encephalopathy. Early Hum. Dev. 2015, 91, 479-482. [CrossRef]

Lally, PJ.; Price, D.L.; Pauliah, S.S.; Bainbridge, A.; Kurien, J.; Sivasamy, N.; Cowan, EM.; Balraj, G.; Ayer, M.; Satheesan, K,;
et al. Neonatal Encephalopathic Cerebral Injury in South India Assessed by Perinatal Magnetic Resonance Biomarkers and Early
Childhood Neurodevelopmental Outcome. PLoS ONE 2014, 9, e87874. [CrossRef] [PubMed]

Burger, M,; Frieg, A.; Louw, Q.A. General movements as a predictive tool of the neurological outcome in very low and extremely
low birth weight infants—A South African perspective. Early Hum. Dev. 2011, 87, 303-308. [CrossRef] [PubMed]

Romeo, D.M,; Ricci, D.; Brogna, C.; Mercuri, E. Use of the Hammersmith Infant Neurological Examination in infants with cerebral
palsy: A critical review of the literature. Dev. Med. Child. Neurol. 2016, 58, 240-245. [CrossRef]

Bosanquet, M.; Copeland, L.; Ware, R.; Boyd, R. A systematic review of tests to predict cerebral palsy in young children. Dev. Med.
Child. Neurol. 2013, 55, 418-426. [CrossRef] [PubMed]

Tomantschger, I.; Herrero, D.; Einspieler, C.; Hamamura, C.; Voos, M.C.; Marschik, P.B. The general movement assessment in
non-European low- and middle-income countries. Rev. Saude Publica 2018, 52, 6. [CrossRef]

Darsaklis, V.; Snider, L.M.; Majnemer, A.; Mazer, B. Predictive validity of Prechtl’s Method on the Qualitative Assessment of
General Movements: A systematic review of the evidence. Dev. Med. Child. Neurol. 2011, 53, 896-906. [CrossRef] [PubMed]
Morgan, C.; Crowle, C.; Goyen, T.-A.; Hardman, C.; Jackman, M.; Novak, I.; Badawi, N. Sensitivity and specificity of General
Movements Assessment for diagnostic accuracy of detecting cerebral palsy early in an Australian context. J. Paediatr. Child. Health
2016, 52, 54-59. [CrossRef] [PubMed]

@berg, G.K.; Jacobsen, B.K,; Jorgensen, L. Predictive Value of General Movement Assessment for Cerebral Palsy in Routine
Clinical Practice. Phys. Ther. 2015, 95, 1489-1495. [CrossRef] [PubMed]

Kwong, A K.L,; Fitzgerald, T.L.; Doyle, L.W.; Cheong, J.L.Y.; Spittle, A.J. Predictive validity of spontaneous early infant movement
for later cerebral palsy: A systematic review. Dev. Med. Child. Neurol. 2018, 60, 480-489. [CrossRef] [PubMed]

Dubowitz, L.M.; Dubowitz, V.; Mercuri, E. The Neurological Assessment of the Preterm and Full-Term Newborn Infant; Cambridge
University Press: Cambridge, UK, 1999.

Haataja, L.; Mercuri, E.; Regev, R.; Cowan, E; Rutherford, M.; Dubowitz, V.; Dubowitz, L. Optimality score for the neurologic
examination of the infant at 12 and 18 months of age. J. Paediatr. 1999, 135, 153-161. [CrossRef]

Spittle, A.J.; Walsh, ].M.; Potter, C.; McInnes, E.; Olsen, ].E.; Lee, K.J.; Anderson, PJ.; Doyle, L.W.; Cheong, J.L. Neurobehaviour at
term-equivalent age and neurodevelopmental outcomes at 2 years in infants born moderate-to-late preterm. Dev. Med. Child.
Neurol. 2017, 59, 207-215. [CrossRef]

Lawford, H.L.S.; Nuamah, M.A ; Liley, H.G.; Lee, A.C.; Kumar, S.; Adjei, A.A.; Bora, S. Neonatal neurological examination in a
resource-limited setting: What defines normal? Eur. ]. Paediatr. Neurol. 2020, 29, 71-80. [CrossRef]

Hagmann, C.F; Chan, D.; Robertson, N.J.; Acolet, D.; Nyombi, N.; Nakakeeto, M.; Cowan, EM. Neonatal neurological examination
in well newborn term Ugandan infants. Early Hum. Dev. 2015, 91, 739-749. [CrossRef] [PubMed]

Bax, M.; Tydeman, C.; Flodmark, O. Clinical and MRI Correlates of Cerebral PalsyThe European Cerebral Palsy Study. JAMA
2006, 296, 1602-1608. [CrossRef] [PubMed]

Mirmiran, M.; Barnes, P.D.; Keller, K.; Constantinou, J.C.; Fleisher, B.E.; Hintz, S.R.; Ariagno, R.L. Neonatal brain magnetic
resonance imaging before discharge is better than serial cranial ultrasound in predicting cerebral palsy in very low birth weight
preterm infants. Pediatrics 2004, 114, 992-998. [CrossRef]

Benfer, K.A.; Novak, I.; Morgan, C.; Whittingham, K.; Khan, N.Z.; Ware, R.S; Bell, K.L.; Bandaranayake, S.; Salt, A.; Ghosh, A.K,;
et al. Community-based parent-delivered early detection and intervention programme for infants at high risk of cerebral palsy in
a low-resource country (Learning through Everyday Activities with Parents (LEAP-CP): Protocol for a randomised controlled
trial. BMJ Open 2018, 8, e021186. [CrossRef] [PubMed]

Toldo, M.; Varishthananda, S.; Einspieler, C.; Tripathi, N.; Singh, A.; Verma, S.K.; Vishwakarma, K.; Zhang, D.; Dwivedi, A.; Gupta,
R.; et al. Enhancing early detection of neurological and developmental disorders and provision of intervention in low-resource
settings in Uttar Pradesh, India: Study protocol of the G.A.N.E.S.H. programme. BM] Open 2020, 10, e037335. [CrossRef]

Jahan, I.; Muhit, M.; Hardianto, D.; Laryea, E; Chhetri, A.B.; Smithers-Sheedy, H.; McIntyre, S.; Badawi, N.; Khandaker, G.
Epidemiology of cerebral palsy in low- and middle-income countries: Preliminary findings from an international multi-centre
cerebral palsy register. Dev. Med. Child. Neurol. 2021, 63, 1327-1336. [CrossRef]


http://doi.org/10.1177/0883073820930487
http://doi.org/10.1016/j.earlhumdev.2019.01.019
http://doi.org/10.1016/j.earlhumdev.2016.05.014
http://doi.org/10.1016/j.earlhumdev.2015.05.007
http://doi.org/10.1371/journal.pone.0087874
http://www.ncbi.nlm.nih.gov/pubmed/24505327
http://doi.org/10.1016/j.earlhumdev.2011.01.034
http://www.ncbi.nlm.nih.gov/pubmed/21334148
http://doi.org/10.1111/dmcn.12876
http://doi.org/10.1111/dmcn.12140
http://www.ncbi.nlm.nih.gov/pubmed/23574478
http://doi.org/10.11606/S1518-8787.2018052000332
http://doi.org/10.1111/j.1469-8749.2011.04017.x
http://www.ncbi.nlm.nih.gov/pubmed/21679361
http://doi.org/10.1111/jpc.12995
http://www.ncbi.nlm.nih.gov/pubmed/26289780
http://doi.org/10.2522/ptj.20140429
http://www.ncbi.nlm.nih.gov/pubmed/26023214
http://doi.org/10.1111/dmcn.13697
http://www.ncbi.nlm.nih.gov/pubmed/29468662
http://doi.org/10.1016/S0022-3476(99)70016-8
http://doi.org/10.1111/dmcn.13297
http://doi.org/10.1016/j.ejpn.2020.08.010
http://doi.org/10.1016/j.earlhumdev.2015.08.005
http://www.ncbi.nlm.nih.gov/pubmed/26386608
http://doi.org/10.1001/jama.296.13.1602
http://www.ncbi.nlm.nih.gov/pubmed/17018805
http://doi.org/10.1542/peds.2003-0772-L
http://doi.org/10.1136/bmjopen-2017-021186
http://www.ncbi.nlm.nih.gov/pubmed/29934387
http://doi.org/10.1136/bmjopen-2020-037335
http://doi.org/10.1111/dmcn.14926

	Introduction 
	Methods 
	Results 
	Discussion 
	General Movement Assessment 
	Hammersmith Neonatal Neurological Examination and Hammersmith InfantNeurological Examination 
	Neuroimaging 
	Implementation into Clinical Practice 
	Populations Studied 
	Developmental Delay 
	Limitations 

	Conclusions 
	Appendix A
	References

