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Abstract 

 

Background: The Millennium Developmental Goals ensured a significant reduction in 

childhood mortality. However, this reduction simultaneously raised concerns about the 

long-term outcomes of survivors of early childhood insults. This systematic review 

focuses on the long-term neurocognitive and mental health outcomes of neonatal 

insults (NNI) survivors who are six years or older. 

Methods: Two independent reviewers conducted a comprehensive search for empirical 

literature by combining index and free terms from the inception of the databases until 

10th October 2019. We also searched for additional relevant literature from grey 

literature and using reference tracking. Studies were included if they: were empirical 

studies conducted in humans; the study participants were followed at six years of age or 

longer; have an explicit diagnosis of NNI, and explicitly define the outcome and 

impairment. Medians and interquartile range (IQR) of the proportions of survivors of the 

different NNI with any impairment were calculated. A random-effect model was used to 

explore the estimates accounted for by each impairment domain. 

Results: Fifty-two studies with 94,978 participants who survived NNI were included in 

this systematic review. The overall prevalence of impairment in the survivors of NNI was 

10.0% (95% CI 9.8-10.2%). The highest prevalence of impairment was accounted for by 

congenital rubella (38.8%: 95% CI 18.8-60.9%), congenital cytomegalovirus (23.6%: 95% 

CI 9.5 – 41.5%), and hypoxic-ischemic encephalopathy (23.3%: 95% CI 14.7 – 33.1%), 

while neonatal jaundice has the lowest proportion (8.6%: 95% CI 2.7-17.3%). The most 

affected domain was the neurodevelopmental domain (16.6%: 95% CI 13.6-19.8%). The 

frequency of impairment was highest for neurodevelopmental impairment [22.0% (IQR 

= 9.2-24.8%)] and least for school problems [0.0% (IQR = 0.0-0.0%)] in any of the 

conditions. 

Conclusion: Neonatal insults also cause long-term consequences in survivors who are 6 

years or older, with impairments mostly experienced in the neurodevelopmental 

domain. However, there are limited studies on long-term outcomes of NNI in sub-

Saharan Africa despite the high burden of NNI in this region. 
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1.2 Introduction 

Neonatal insults (NNI), defined as an injury during the first 28 days of life, are 

associated with neonatal mortality, morbidity, and adverse neurodevelopmental 

outcome (Gordon, English, Tumaini Dzombo, et al., 2005). Globally, 5.9 million child 

deaths occur annually during the perinatal and neonatal periods (Haider & Bhutta, 

2006; Padayachee & Ballot, 2013), accounting for 43% of deaths in children younger 

than 5 years of age (You, Wardlaw, Salama, & Jones, 2010). Out of the total child-deaths 

that occur during this period, almost three-quarters occur in sub-Saharan Africa (SSA) 

and South Asia (Lawn, 2004). As part of the Millennium Developmental Goals, there was 

a global commitment to reduce childhood mortality by two-thirds between 1990 and 

2015 (Sachs & McArthur, 2005). Although the target was not fully achieved, there was a 

significant reduction in annual childhood mortality from 12.7 million in 1990 to 5.7 

million in 2015 (Rajaratnam et al., 2010). This reduction has increased attention about 

the long-term outcomes that may affect the functioning and quality of life of those 

children who survived early childhood conditions, and especially NNI (Lawn, 2004). 

Globally, the most common NNI include sepsis, congenital meningitis, hypoxic-

ischemic encephalopathy (HIE), preterm birth, neonatal jaundice (NNJ), cytomegalovirus 

infection (CMV), herpes, congenital rubella, and toxoplasmosis (Mwaniki et al., 2012). 

Children who survive NNI are likely to develop adverse long-term outcomes such as 

neurocognitive impairment, developmental delay, hearing and visual impairment, 

cerebral palsy, and behavioral and emotional problems (Bartlett, McMullan, Rawlinson, 

& Palasanthiran, 2017; Conway et al., 2018; Edmond et al., 2010; Levine et al., 2014; 

Lopez et al., 2017; McGuire, 2007; Slusher et al., 2017). For instance, children who 

survived CMV were reported to develop sensorineural hearing loss and 

neurodevelopmental impairment (Bartlett et al., 2017), while congenital rubella is 

associated with hearing impairment (McIntosh & Menser, 1992; Menser, Dods, & 

Harley, 1967). Intrauterine growth restriction (IUGR) is associated with 

neurodevelopmental impairment in the early years (Levine et al., 2014); HIE was 

associated with motor and developmental delay during infancy (Conway et al., 2018), 

and NNJ was associated with adverse neurodevelopmental outcomes (Mwaniki et al., 
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2012; Ogunlesi et al., 2007; Olusanya et al., 2009; Owa & Dawodu, 1990; Wolf et al., 

1999; Wolf et al., 1997). 

There are few systematic reviews on the long-term outcomes of NNI. A review by 

Mwaniki et al. included 153 studies with 22161 survivors of intrauterine insults with a 

follow-up period of at least 6 months and found that 39% of children who survive 

intrauterine or neonatal insults develop at least one long-term sequelae(Mwaniki et al., 

2012). The authors found that the survivors are likely to develop neurocognitive 

problems (cognitive impairment, developmental delays, and learning difficulties), visual 

and hearing impairment, and cerebral palsy. Mwaniki and colleagues also reported that 

congenital rubella and HIE had the highest prevalence of long-term sequelae (37% and 

81% respectively) while NNJ has the lowest risk for long-term sequelae (18%). 

Mwaniki et al.’s study reviewed studies with both short-term and long-term 

outcomes (from 6-months-old infants and older children); however, less is known about 

the long-term outcomes in school-aged children or older age groups globally who 

survived NNI (Mwaniki et al., 2012). As children grow older, their brains may 

compensate for brain injury during the neonatal period – a phenomenon termed brain 

plasticity (Kolb & Gibb, 2014). Therefore, NNI-associated impairments reported during 

early childhood may resolve as children grow older; it is, therefore, essential to identify 

on the residual neurodevelopmental sequelae at school-age and older age, which may 

persist and interfere with education, employment, and social functioning. This 

systematic review focuses on the long-term neurocognitive and mental health 

outcomes of NNI survivors who are six years or older.  

 

1.3 Methods 

2.2.1  Literature Search 

I led the comprehensive search for empirical literature in the following 

databases: PubMed, PsycINFO, Web of Science, Embase, and CINHAL. Relevant grey 

literature was searched in: ERIC, Open Grey, The Health Care Management Information 

Consortium (HMIC) database, the National Technical Information Service, and 

PsycEXTRA. We also used reference tracking to search for additional relevant literature. 
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The detailed search terms (formulated by DNM and AA) comprised the index, and free 

terms of the different neonatal insults and the outcome measures combined with 

Boolean operators (“OR” and “AND”) were used each database (see below). The 

literature search included studies conducted from 1947 to 10th October 2019. This 

systematic review is 

registered in PROSPERO 

(https://www.crd.york.ac.uk/prospero/display_record.php?RecordID=82119); registration 

number CRD42018082119. 

Search terms 

Jaundice OR Hyperbilirubinemia OR Sepsis OR Birth asphyxia OR Hypoxic-

ischemic encephalopathy OR Preterm birth OR Tetanus OR Meningitis, OR Herpes OR 

Rubella or Cytomegalovirus OR Syphilis, OR HIV or Malaria AND Neonatal OR 

Congenital OR intrauterine AND Deficit OR Sequela OR Effect OR Consequence OR 

Disability OR Impairment AND Neurologic OR Neurocognitive OR Neurobehavioral 

Manifestations OR Behavioral problems OR Mental problems OR Neuromuscular OR 

Neurosensory OR Pain OR Dyskinesia OR Meningism OR Paralysis OR Seizures OR 

Sensation disorder.” 

2.2.2  Inclusion and Exclusion Criteria 

Four reviewers (DNM, CN, EC, and AMM) independently screened the articles 

by titles, abstract, and full text for eligibility. Criteria for eligible studies were: i) empirical 

studies conducted in humans; ii) the study participants had follow-up data coinciding 

with the age bracket at 6 years or older (we considered children from six years as this is 

the age where most children join elementary school, especially in low-and-middle-

income countries); iii) explicit diagnostic criteria for the neonatal insult, and iv) precise 

definition of the outcome and impairment (based on either on a comparison to a 

control or a standardized test). Studies were excluded if: i) it was not clear if the children 

had the diagnosis of NNI during the neonatal period (i.e., the first 28 days of life); ii) 

participants had another comorbid neural tube defect conditions, e.g. spina bifida; and 

iii) if the studies did not make a comparison to either a control or standardized test to 

define impairment in the outcomes.  
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2.2.3  Data Extraction and Quality Assessment 

Information extracted from the studies included: the author’s name and year of 

publication, the country where the study was conducted, the sample size, age of 

participants at follow-up, study design, the type of NNI, the assessment tools used, the 

neuro-cognitive or mental health outcome assessed, and a general summary of the 

study findings (see Table 2.1). Quality assessment of the studies in this review was 

guided by the Newcastle-Ottawa scale (NOS) for assessment of the quality of cohort 

studies (Wells et al., 2016). This quality assessment tool assigns a maximum of four 

points for selection, two points for comparability, and three points for exposure or 

outcome. The ranking of the total scores is as follows: 0-3 for low-quality studies, 4-6 

for moderate quality, and 7-9 for high-quality studies. Both data extraction and quality 

assessment of the studies were independently done by two reviewers (DNM and AMM). 

In cases where the reviewers disagreed on articles included, disagreements were 

resolved by a reassessment of the studies, discussions, and a third reviewer (EC) where 

necessary.  

 

1.4 Data Analysis 

 Descriptive statistics such as frequencies and percentages were used to 

describe the outcomes in different impairment domains for each neonatal insult, the 

geographic distribution of studies, and the NNI reported. Medians and interquartile 

range (IQR) of the proportions of survivors of the different NNI with any impairment 

were calculated.  

The outcome was categorized into 6 major domains of impairment: i) 

neurodevelopmental impairment (cognition, language, developmental delay, memory); 

ii) hearing impairment; iii) vision impairment; iv) neurological impairment (cerebral 

palsy, clinical, and motor impairment); v) epilepsy; and vi) mental/behavioral problems. 

The criteria for the outcomes assessed and instruments used are provided in Table 2.1. 

The variation in effect sizes attributed to heterogeneity was explored using 𝐼2 statistic 

of the DerSimonian and Laird method (DerSimonian & Kacker, 2007).  



Long-term Outcomes of Survivors of Neonatal Insults: A Systematic Review and Meta-Analysis 

35 

 

 

The 95% confidence interval (95% CI) around the 𝐼2 was used to express the 

uncertainty associated with the 𝐼2. A random-effect model was then used - after 

Freeman-Turkey Double Arcsine transformation - to explore the estimates accounted 

for by each impairment domain. Impairment domains represented by less than 3 

studies per condition were excluded from this analysis. Data were analyzed using STATA 

[version 15] (StataCorp, 2017). To explore the confounding effects of follow-up periods 

(6-12 years, 13-18 years, and >18 years), study design (prospective vs retrospective), 

and region (North America, Asia, Europe, and Oceania) on the risk of impairment, a 

meta-regression was conducted for preterm birth only as other conditions had less than 

ten studies. To identify extreme findings, a visual inspection of the funnel plot was 

done, and Begg’s adjusted rank correlation explored. 

 

1.5 Results 

Fifty-two eligible studies were included in this systematic review following a 

screening process that involved 80,038 articles (see Figure 2.1). Of the 52 eligible 

studies, 44.2% had an unexposed comparison group, while 55.8% only included an 

exposed group. For studies that had control groups, we report only on the case group 

(i.e. children who were diagnosed with NNI). 

More than half of the eligible studies were conducted in Europe (59.6%), 26.9% 

were conducted in North America, 7.7% were conducted in Asia, 5.8% were conducted 

in Oceania countries, and none in Africa. Most of the studies (76.9%) had a prospective 

study design, while 23.1% used a retrospective study design. A table with a summary of 

the characteristics of the studies is provided in Table 2.1. The quality assessment of the 

52 eligible studies indicates that 30 studies (57.7%) were categorized as “medium” 

quality while 22 studies (42.3%) were categorized as “high” quality (see Table 2.2).  

Overall, 94,978 survivors of NNI were included in the studies in this review. The 

median number of participants per study was 125 (IQR = 78.5-281.5). The median age 

at follow-up was 8 years (6.0 to 10.0) years. The proportion of impairment among study 

participants aggregated by the form of NNI is summarized in Table 2.3. The most 
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examined or studied NNI were HIE (15.4%), NNJ (15.4%), and preterm birth (42.3%). The 

overall prevalence of impairment in the survivors of NNI was 10.0% (95% CI 9.8-10.2 %). 

The highest prevalence of impairment was accounted for by congenital rubella (38.8%: 

95% CI 18.8-60.9%), CMV (23.6%: 95% CI 9.5 – 41.5%), and HIE (23.3%: 95% CI 14.7 – 

33.1%) while NNJ has the lowest proportion (8.6%: 95% CI 2.7-17.3%). The most 

affected domain was the neurodevelopmental domain (16.6%: 95% CI 13.6-19.8%). The 

frequency of impairment was highest for neurodevelopmental impairment [22.0% (IQR 

= 9.2 -24.8%)] and least for school problems [0.0% (IQR = 0.0- 0.0%)] in any of the 

conditions (Table 2.4). 
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Table 2.1 

Characteristics of Studies Included in the Review 
Author Sample size Age at 

Follow-

up (in 

years) 

Country Type of study Neonatal 

Insult 

Definition of the 

Neonatal Insult 

Assessment Tool Outcome Results 

Stevens  

et al., 2003 

273 (exposed= 

111) 

9 to 10 Canada Prospective Bacterial 

Meningitis 

Positive 

cerebrospinal 

fluid culture 

WISC, MABC, 

Sonksen-Silver acuity 

system, audiometer 

Intellectual, motor, 

visual, and hearing 

function 

3.6% had SNHL, 

2.7% had persisting 

hydrocephalus 5.4% 

of cases and 1.7% 

of controls had  

treat- ment for 

seizures 

Ishikawa, 

Ogawa, 

Kanayama, 

& Wada, 

1987 

54 10 Japan Prospective Birth 

asphyxia 

 
Tanaka-Binet 

Intellectual Test or 

WISC, Tsumori-Inage 

scales of psycho- 

motor for children 

Intellectual, 

neurological, and 

motor functions 

24% (13) of 55 

children showed 

major disability 

Korndewal 

et al., 2017 

407 (exposed 

=113) 

6 Netherlands Retrospective CMV diagnosed 

retrospectively in 

stored neonatal 

dried blood 

spots using PCR 

 
SNHL, cognitive, 

speech, language 

development. 

SNHL and cognitive, 

motor, and speech-

language 

impairment, was 

seen in 24.8% cases 

compared with 

12.0% of controls 

Lanzieri et 

al., 2017 

143 

(exposed=92) 

10 to 18 USA Prospective CMV urine culture 

collected within 3 

days of life 

Auditory brainstem 

response 

SNHL 10, 14, and 18 years; 

15,19, and 20 had 

hearing loss of the 

cases respectively. 

10,14, and 18 years; 

5,8,8 had hearing 

loss respectively for 

controls 
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Zhang et al., 

2007 

99 (exposed = 

49) 

6 China Prospective CMV Presence of 

fragment of 

HCMV-DNA was 

found using PCR 

Head circumference, 

length and weight 

and Gesell 

Developmental 

Schedule 

Physical and 

intellectual 

development 

outcomes 

The intellectual 

development was 

disproportion in 

cases compared to 

controls 

Anvar, 

Mencher, & 

Keet, 1984 

41 7 to 9 Canada Retrospective Congenital 

Rubella 

 
Auditory brainstem 

response 

Hearing loss Most children had 

normal Type A 

tympanogram6 had 

type AD and/or 

type B 

tympanograms. 

Chess, 

Fernandez, 

& Korn, 

1978 

205 8 to 9 USA Prospective Congenital 

Rubella 

  
Behavioral function at preschool, 37% 

were retarded 15% 

had reactive 

behavior disorder, 

and 7% had autism. 

Desmond et 

al., 1978 

29 9 to 12 USA Prospective Congenital 

Rubella 

 
Neurologic 

examination, physical 

examination, 

otolaryngologic, 

audio, and 

ophthalmic 

evaluations, mental 

testing, and parental 

interviews 

Neurologic 

function and 

intellectual function 

69% had motor 

problems 

66% behavioral 

disturbances 

McIntosh & 

Menser, 

1992 

40 50 UK Retrospective Congenital 

Rubella 

 
Medical review Neurological ability All had hearing 

impairing 

3-eye defects 

2 -mentally 

retarded 

3 -small mental 

handicap 



Long-term Outcomes of Survivors of Neonatal Insults: A Systematic Review and Meta-Analysis 

39 

 

 

Menser et 

al., 1967 

50 25 UK Retrospective Congenital 

Rubella 

 
 

Medical review 

 
48 deaf 

26 typical cataracts 

5 below the 10th 

percentile for- 

weight-height 

11 had congenital 

cardiovascular 

defects 

3 had systemic 

arterial 

hypertension 

1 undiagnosed 

diabetes mellitus 

5 were mentally 

defective 

Beukers et 

al., 2017 

128 

(exposed=96) 

12 Netherlands Prospective IUGR BWR <10th 

percentile was 

defined as 

growth-restricted 

WISC, Amsterdam 

Neuropsychological 

Tasks; CBCL 

Neurocognitive 

outcomes 

Parents of children 

with FGR reported 

more social 

problems 

Guellec et 

al., 2011 

1364 

(exposed=536) 

8 France Prospective IUGR classic SGA 

(<10th 

percentile) and 

also a category 

called mild- SGA 

(10th–19th 

centile) 

KABC, Mental 

Processing 

Composite scale, 

SDQ 

Neurocognitive 

outcomes 

SGA children had 

minor cognitive 

difficulties, 

inattention-

hyperactivity 

symptoms, and 

school difficulties 

compared with AGA 

children. 

Guellec et 

al., 2016 

1305 8 France Prospective IUGR SGA by birth 

weight below 2 

SD. 

medical examination, 

KABC, SDQ 

Intellectual ability 

and behavior and 

emotional 

problems 

Poor neurologic 

outcome for AGA 

and SGA preterm 

infants. SGA infants 

showed behavioral 
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problems and 

cognitive deficiency 

Leitner et 

al., 2007 

186 

(exposed=123) 

9 to 10 Israel Prospective IUGR 
 

WISC, KABC, Neurodevelopment

al 

Lower 

neurodevelopmenta

l scores for children 

with IUGR 

compared to 

controls 

Barnett et 

al., 2002 

46 

(exposed=22) 

5.5 to 

6.5 

UK Prospective HIE APGAR scores of 

5 or below at 1 

minute 

MABC, Wechsler Pre-

School and Primary 

Scale of Intelligence 

neurocognitive 

outcomes 

15%-minor 

neurological 

dysfunction, 

2 %- cognitive 

impairment 

47% were normal. 

Lindström, 

Lindblad, & 

Hjern, 2011 

43 15 to 19 Sweden Prospective HIE APGAR score <7 

at 5 minutes 

Assessed by a 

neonatologist and a 

neurologist 

neurocognitive 

outcomes 

51% had cognitive 

dysfunctions 

without CP 

19% had no 

obvious 

impairments 

Marlow et 

al., 2005 

65 7 to 9 UK Retrospective HIE 
 

British ability scales 

school-age battery 6 

and NEPSY,Griffiths 

developmental scale 

Cognition function 
 

Natarajan et 

al., 2014 

111 6 to 7 USA Prospective HIE 
 

GMCFS, CP was 

classified based on 

the Surveillance of CP 

in Europe, Wechsler 

Preschool and 

Primary Scale of 

Intelligence III 

neurodevelopment

al outcomes, CP 

33.3% had severe 

disability 

Pappas et 

al., 2015 

110 6 to 7 USA Prospective HIE 
 

Bayley Scales of 

Infant Development, 

Intelligence, 

neurodevelopment

30%- special 

education services, 
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WISC, NEPSY 

Developmental 

Neuropsychological 

Assessment, GMFCS 

al function, motor 

function, education 

achievement 

7-9% behavior 

problems, 96% with 

CP had cognitive 

impairment, 

van Handel 

et al., 2009 

134 

(exposed=47) 

9 to 10 Netherlands Prospective HIE (1) signs of fetal 

distress (2) 

APGAR score 

below seven at 

5min, (3) arterial 

umbilical pH 

below 7.10, (4) 

delay in onset of 

spontaneous 

respiration, (5) 

multiorgan 

failure 

CBCL,TRF, DSM, 

Children’s Social 

Behavior 

Questionnaire 

Behavior problems, 

anxiety disorders, 

mood disorders, 

disruptive disorders 

Cases showed more 

problematic 

behaviors than 

controls, 

van Kooij et 

al., 2010 

128 

(exposed=77) 

9 to 10 Netherlands Prospective HIE 
 

MRI, WISC, GMFCS Motor, intelligence, 
 

Boskabadi, 

Maamouri, 

Mafinejad, 

& 

Rezagholiza

deh, 2011 

759 7 Iran Prospective Neonatal 

Jaundice 

Yellowish color of 

sclera, mucosal 

and skin. 

Clinical evaluation Neurological 

functioning 

prevalence rate of 

kernicterus was 1.5 

in cases 

 Chen et al., 

2014 

10080 

(exposed=2016

) 

6 Taiwan Prospective Neonatal 

Jaundice 

ICD-9-CM codes: 

774 

 
Intellectual ability 2.5% of the cases 

and 111(1.5%) of 

the controls had 

intellectual 

disability 

Culley, 

Powell, 

371 6 UK Prospective Neonatal 

Jaundice 

 
Stanford Binet 

Intelligence scale 

Intellectual ability No relationship 

between depth of 
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Waterhouse

, & Wood, 

1970 

jaundice and IQ 

Hokkanen 

et al., 2014 

210 30 Finland Prospective Neonatal 

Jaundice 

bilirubin 

concentrations 

>340 μmol/l or 

required blood 

exchange 

transfusion 

reported psychiatric 

problems, ADHD 

Current Symptoms 

Scale as well as the 

ADHD Childhood 

Symptoms Scale, 

behavioral 

outcome, cognitive 

outcome, 

Educational 

outcome, 

Occupational 

achievement, Social 

functioning, Life 

satisfaction 

45% HB group were 

affected by 

cognitive 

abnormalities in 

childhood and 

continued to 

experience 

problems in 

adulthood 

Kuzniewicz 

& Newman, 

2009 

32808 7 to 8 USA Prospective Neonatal 

Jaundice 

 
WISC, pure tone 

audiometer 

cognitive function, 

hearing ability 

among infants with 

a TSB level of ≥25 

mg/dL, those with a 

positive DAThad 

significantly lower 

IQs compared with 

infants with a 

negative DAT 

Newman & 

Klebanoff, 

1993 

41324 7 USA Prospective Neonatal 

jaundice 

Bilirubin > 171 

m/l. Bilirubin 

measured using 

diazo method 

and 

spectrophotomet

ry 

WISC, Neurological 

examination, pure 

tone audiometry 

IQ, neurological 

function, hearing 

function 

Hearing loss and 

abnormal 

neurological 

function 

Seidman et 

al., 1991 

1948 17 Israel Prospective Neonatal 

Jaundice 

moderate NNJ-

TSB of 86 to 137 

micro mols/l; 

severe NNJ- TSB 

level exceed 

exceeding 256 

Wechsler Adult 

Intelligence Scale 

Intellectual ability the mean IQ score 

was significantly 

lower for the male 

subjects that were 

found to have 

severe NNJ 
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micro mols/l 

 

  
Vandborg 

et al., 2015 

330 5 to 10 Denmark Prospective Neonatal 

Jaundice 

TSB ≥450 lmol/L 

(26.3mg/dL) 

MABC-2, Madsen 

Micromate 304 

screening 

audiometer, BRIEF 

motor function, 

behavior function, 

hearing function 

No children had 

significant 

impairment 

Anderson et 

al., 2017 

187 7 Australia Prospective Preterm 

birth 

(<30 weeks of 

gestation or 

<1250 g) 

MRI, Wechsler 

Abbreviated Scale of 

Intelligence, Wide 

Range Achievement 

Test-4, MABC-2, SDQ 

neurological 

function, 

intelligence, 

neurocognitive 

White and grey 

matter abnormality 

scores were related 

to poorer IQ, 

spelling, math 

computation and 

motor function. 

Andrews et 

al., 2008 

261 6  to  8 UK Prospective Preterm 

birth 

23 and <32 

weeks 

WISC-IV, PPVT, Intellectual ability 

and neurologic 

function 

Children with an IQ 

< 70, cerebral palsy, 

and a major 

disability at age 6 

years had 

significantly lower 

mean delivery 

gestational ages 

and birthweights 

Bora, 

Pritchard, 

Moor, 

212 

(exposed=104) 

6 New 

Zealand 

Prospective Preterm 

birth 

≤33 weeks 

gestation) 

CBCL emotional and 

behavioral 

outcome 

VPT children had 

odds of emotional, 

inattention/hyperac



Chapter 2 

 

44 

 

Austin, & 

Woodward, 

2011 

tivity than their 

peers. 

Bos & Roze, 

2011 

160 6 to 12 Netherlands Prospective Preterm 

birth 

24.0–31.6wk WISC-III, GMCFS, 

MABC, 

Motor function, 

intellectual ability, 

Cases had 

abnormalities in 

motor and 

intellectual 

functioning. 

Brévaut-

Malaty et 

al., 2010 

283 6 to 10 France Prospective Preterm 

birth 

<32 weeks GMCFS, battery of 

tests for rapid 

evaluation, 

motor function 68% were normal 

14% had minor 

disorders, and 18% 

had major 

disorders. 

Foulder-

Hughes & 

Cooke, 2003 

490 

(exposed=280) 

7 to 8 UK Prospective Preterm 

birth 

 
MABC, COMPS, 

Developmental Test 

of Visual-Motor 

Integration, 

WISC, and Connors’ 

Teacher Rating Scale 

for ADHD 

 
23 have motor 

disability Cases had 

inattention and 

impulsivity and 

have a diagnosis of 

ADHD. 

Geldof et 

al., 2016 

172 

(exposed=105) 

5.5 Netherlands Prospective Preterm 

birth 

<32 weeks Touwen examination, 

and MABC-2 

Neurologic 

function 

Visual and visual-

motor functioning 

accounted for 9–

11% of variance in 

MABC-2 Total, 

Manual Dexterity 

and Balance scores 

Geldof, van 

Wassenaer-

Leemhuis, 

Dik, Kok, & 

Oosterlaan, 

2015 

106 5.5 Netherlands Prospective Preterm 

birth 

<32 weeks SDQ, Children’s Social 

Behavior 

Questionnaire, 

Cerebral visual 

impairment 

Cases had lower IQ 

and visual problems 
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Hadders-

Algra, 

Huisjes, & 

Touwen, 

1988 

166 

(exposed=80) 

6 Netherlands Prospective Preterm 

birth 

<37 weeks Questionnaires, and 

neurologic 

classification based 

on Touwen 

behavior and 

school achievement 

4% of the cases 

entered a special 

school 

Heinonen et 

al., 2015 

919 

(exposed=47) 

68.1 Finland Retrospective Preterm 

birth 

34 weeks 0 days–

36 weeks 6 days 

of gestation 

Consortium to 

Establish a Registry 

for Alzheimer’s 

Disease 

Neuropsychological 

Battery, Mini-Mental 

State Exam 

Neurocognitive 

outcomes 

Cases had lower 

scores on word list 

recognition and 

lower memory 

abilities than 

controls 

Hirvonen et 

al., 2017 

1018256 

(exposed=6329

) 

7 Finland Retrospective Preterm 

birth 

<32+0 weeks Bayley Scales of 

Infant Development, 

WISC, parental 

interviews, 

observations and/or 

rating scales (e.g. 

Vineland Scales) 

intelligence 
 

Holmström 

& Larsson, 

2008 

199 10 Sweden Retrospective Preterm 

birth 

screened for 

retinopathy of 

prematurity  

visual acuity, 

strabismus, 

stereopsis, 

cycloplegic refraction, 

fundus examination, 

contrast sensitivity, 

visual fields, color 

vision, questionnaire 

on school problems 

visual function 11 had normal 

visual acuity, 19 

strabismus, and 2 

subnormal contrast 

sensitivity alone. 3 

had a combination 

of all 3 parameters, 

8 had a 

combination of 

subnormal visual 

acuity and 

strabismus 
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Jurgens-Van 

der Zee et 

al., 1979 

1507 14 to 43 Netherlands Prospective Preterm 

birth 

   
5.3% were 

neurologically 

abnormal 

Koç et al., 

2016 

90 6 to 8 Turkey Retrospective Preterm 

birth 

gestational age 

<32 weeks 

Perinatal history, 

Parent Evaluation of 

Developmental Status 

test, Pediatric 

Symptom Checklist, 

WISC-R 

Intelligence, 

Neurological 

deficit, 

22% had cognitive 

problems, and 1.7% 

with normal 

cognitive function 

also received 

special education. 

Kuban et al., 

2016 

889 10 USA Prospective Preterm 

birth 

gestational age 

<28 weeks 

Differential Ability 

Scales–II, Oral and 

Written Language 

Scales, NEPSY-II, 

GMFCS, SCQ, ADOS-

2 

Cognition 

Education, autism, 

gross motor, 

neurological status, 

communication 

function 

Gross motor 

impairment 

remained even 

when children 

identified to have 

cerebral palsy at 

age 2 years were 

excluded 

Lacey 1998 180 

(exposed=153) 

6 Australia Prospective Preterm 

birth 

 
Touwen motor 

assessment 

motor function 7% were diagnosed 

as having CP 

Luu et al., 

2009 

486 

(exposed=375) 

12 USA Prospective Preterm 

birth 

 
WISC-III, PPVT-R, 

CTOPP, CELF, VMI, 

TOWRE, GSRT, CBCL 

Cognitive, 

language, memory, 

perceptual and 

motor functioning, 

behavior problems 

25% experienced 

difficulties in 

spoken and written 

language 

comprehension 

neurosensory 

impairment 

Talge et al., 

2010 

823 

(exposed=473) 

6 USA Prospective Preterm 

birth 

34 –36 weeks’ 

gestation 

WISC-R, CBCL, TRF Cognitive function, 

behavior function 

Cases had higher 

levels of 

internalizing and 

attention problems 

Van Baar, Van 

Wassenaer, 

Briët, Dekker, 

157 5.5 Netherlands Retrospective Preterm 

birth 

<30 weeks Touwen, MABC-R 

Amsterdam 

Children’s 

Intellectual ability, 

motor, and 

behavior and 

17% had a single 

disability, and 44% 

had multiple 
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& Kok, 2005 Intelligence Test, 

CBCL, TRF 

emotional 

problems 

disabilities 

Dotinga 

 et al.,  2019 

248 7 Netherlands Prospective Preterm 

birth 
birth at 32.0–35.9 

weeks GA 

CBCL Emotional and 

behavioral problems 
22% had 

internalizing 

problems, 16.2% 

had externalizing 

problems; 19.4% 

had total problems 

Easson et 

al., 2019 

128 11 to 19 Netherlands Retrospective Preterm 

birth 

≤29 weeks of 

gestational age 

SDQ, Leiter 

International 

Performance Scale-

Revised, MABC-II 

Cognition, 

behavior, and 

motor performance 

11.8% had 

cognition deficits, 

50% had motor 

difficulties, 22.9% 

had behavioral 

problems 

Huddy, 

Johnson, & 

Hope, 2001 

117 7 USA Retrospective Preterm 32–35 weeks 

gestation 

SDQ Behavior problems 19% had abnormal 

hyperactivity 

van Schie et 

al., 2015 

25 7.6 Netherlands Prospective HIE  late 

decelerations or 

meconium-

stained 

amniotic fluid; 

umbilical cord pH 

< 7.10; 

respiratory 

insufficiency 

at birth in need 

of mechanical 

ventilation; 

APGAR score 

<5 at 5 minutes. 

MABC-II, CBCL  Motor and 

behavior 

8 had cerebral 

palsy, 9 had motor 

impairment, 4 had 

behavior problems 
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Note. WISC- Wechsler Intelligence Scale for Children; MABC- Movement Assessment Battery for Children; SNHL-Sensorineural hearing loss; CMV-

Cytomegalovirus infection; HCM-DNA- hypertrophic cardiomyopathy deoxyribonucleic acid; PCR- Polymerase Chain Reaction; USA- United States 

of America; UK- United Kingdom; IUGR-Intrauterine growth restriction; BWR- birth weight ratio; CBCL-child behavior checklist; SGA- Small for 

gestational age; KABC-Kaufman Assessment Battery for Children; SDQ-Strengths and Difficulties Questionnaire; AGA-Appropriate for gestational 

age; MABC-Movement Assessment Battery for Children; APGAR- Appearance, Pulse, Grimace, Activity, and Respiration; HIE-hypoxic-ischemic 

encephalopathy; CP- cerebral palsy; NEPSY- NEuroPSYchological Assessment; GMFCS-gross motor function classification system; TRF- teacher 

report form; DSM- diagnostic and statistical manual of mental disorders; pH-power of hydrogen; MRI-magnetic resonance imaging; ICD-9-CM- 

International Classification of Diseases, Ninth Revision, Clinical Modification; ADHD-attention deficit hyperactivity disorder; HB-

hyperbilirubinemia; TSB- total serum bilirubin; DAT-direct antiglobulin test; NNJ- neonatal jaundice; IQ- intelligence quotient; CTOPP-

Comprehensive Test of Phonological Processing; CELF-Clinical Evaluation of Language  

Fundamentals; VMI-visual motor integration; TOWRE-Test of Word Reading Efficiency; GSRT-Gray Silent Reading Test.
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Figure 2.1 Flow Chart Showing the Selection of Studies on Long-term Outcomes of Neonatal 

Insult 

 

 

In this meta-analysis, the highest prevalence of neurodevelopmental 

impairment was accounted for by HIE (31.6%: 95% CI 19.6-45.0%) (Figure 2.3) and 

preterm birth (25.2%: 95% CI 15.1-36.8%) (Figure 2.5). The prevalence of 

neurodevelopmental impairment in NNJ was 10.3% (95% CI 2.2-23.2%) (Figure 2.4). 

Hearing impairment was most prevalent in congenital rubella (78.6: 95%CI 16.4 -

100.0%) (Figure 2.6), while visual impairment was common in preterm birth (27.6%: 95% 

CI 20.6-35.2%) (Figure 2.5). We conducted a subgroup analysis of 15 preterm birth 

studies with extremely low birth weight participants, and similar results were obtained. 

The least affected domains were mental health problems for fetal growth restriction 

(17.1%: 95% CI 12.6 - 22.2%) (Figure 2.2) and neurological impairment in preterm birth 

(11.1%: 95% CI 6.1 – 17.2%) (Figure 2.5). The meta-analysis was not possible for CMV 

due to the limited number of studies.  

We did not find any statistically significant results from the meta-regression of 

the pooled proportion of impairment in preterm birth when the predictive factors of 

age at follow-up, region, and study design were included in the model. The funnel plot 
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indicated an asymmetric plot confirming publication bias. The studies also had high 

heterogeneity which explains the asymmetry observed in the funnel plots.  
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Table 2.2 

Assessment of Quality of Studies 

Author Representativeness 

of the exposed 

cohort 

Selection 

of the 

non-

exposed 

cohort 

Ascertainment 

of exposure 

Demonstration 

that outcome 

of interest was 

not present at 

start of study 

Comparability 

of cohorts on 

the basis of 

the design or 

analysis 

Assessment 

of outcome 

Was follow-

up long 

enough for 

outcomes to 

occur 

Adequacy of 

follow up of 

cohorts 

Total 

Stevens, 2003 X X X X XX X X X 9 

Ishikawa,1987 X 0 X X 0 X X X 5 

Korndewal,2017 X X X X X X X X 8 

Lanzieri,2017 X X X X X X X X 8 

Zhang, 2006 0 X X X XX X X X 7 

McIntosh,1992 X 0 X X 0 X X X 6 

Menser,1967 X 0 X X 0 X X X 6 

Anvar,1984 X 0 X X 0 X X X 6 

Chess,1978 X 0 X X 0 X X 0 5 

Desmond,1978 0 0 X X 0 X X 0 4 

Leitner,2007 X X X X X X X X 8 

Beukers,2017 X X X X X X X X 8 

Guellec, 2011 X X X X X X X X 8 

Guellec, 2016 X X X X 0 X X X 6 

Marlow,2005 X 0 X X 0 X X X 6 
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Natarajan,2014 X 0 X X 0 X X X 6 

Pappas,2015 X X X X 0 X X X 7 

Lindström,2008 X 0 X X 0 X X X 6 

Van Kooij, 2010 X X X X 0 X X X 7 

Van Handel,2010 X X X X X X X X 8 

Barnet,2002 X 0 X X 0 X X X 6 

Newman,1993 X 0 X X 0 X X X 6 

Hokkanen,2014 X 0 X X X X X X 7 

Kuzniewicz,2009 X 0 X X 0 X X X 6 

Vandborg, 2015 X X X X X X X X 8 

Seidman, 1991 X 0 X X 0 X X X 6 

Boskabad,2011 X 0 X X 0 X X X 6 

Chen, 2014 X 0 X X X X X 0 7 

Culley,1970 X X X X X X X X 8 

Heinonen,2015 X 0 X X X X X X 8 

Hirvonen,2016 X X X X X X X X 8 

Holmstrong,2008 X X X X 0 X X X 6 

Jurgens,1979 X 0 X X 0 X X X 6 

Luu, 2002 X 0 X X X X X X 8 

Koc, 2016 X X X X 0 X X 0 5 
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Kuban,2016 X 0 X X 0 X X 0 5 

Lacey,1998 X 0 X X X X X X 7 

Van Baar,2005 X X X X 0 X X X 6 

Talge,2010 X X X X XX X X X 9 

Anderson, 2017 X 0 X X 0 X X X 6 

Andrews, 2008 X 0 X X X X X 0 5 

Bora,2011 X 0 X X X X X 0 6 

Bos,2011 X 0 X X 0 X X 0 5 

Bre ́vaut-Malaty, 

2015 

0 0 X X 0 X X X 5 

Foulder-Hughes, 

2003 

X 0 X X 0 X X 0 5 

Hadders-Algra, 

1998 

X 0 X X X X X X 7 

Geldof,2016 X 0 X X 0 X X X 6 

Gedolf,2015 X 0 X X 0 X X 0 6 

Dotinga,2019 X 0 X X X X X X 7 

Easson, 2019 X 0 X X 0 X X X 6 

Huddy, 2001 X 0 X X 0 X X X 6 

Van Schie, 20015 X X X X 0 X X X 7 
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Note. X- a mark obtained if the information is provided in the study. 
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 Table 2.3 Summary of Proportion of Impairment in Survivors of Neonatal Insults 

Neonatal 
insult  

Participants 
Assessed 

Impaired 
n (%) 

Type of Impairment  n (%) 

   Neuro- 
developmental 

Clinical Mental Hearing Vision Motor Cerebral palsy Behavior Epilepsy School 
problems 

Bacterial 
Meningitis  

111  41 (36.9%) 41(36.9%) - - - - - - - - - 

Birth 
Asphyxia  

54 
 

13 (24.1%) 13 (24.1%) - - - - - - - - - 

CMV 254 
 

191 
(75.2%) 

57 (22.4%) - - 71 (27.9%) 21 (8.3%) 38 
(15.0%) 

2 
(0.8%) 

- 2 
(0.8%) 

- 

Congenital 
Rubella 

365 
 

322 
(88.2%) 

79 (21.6%) 15 
(4.1%) 

8 
(2.2%) 

108 (29.6%) 29 (7.9%) - - 83 (22.7%) - - 

Fetal Growth 
Restriction  

2060 
 

552 
(26.8%) 

194 (9.4%) - 14 
(0.7%) 

- - - 10 (0.5%) 54 (2.6%) - 280 
(13.6%) 

HIE  500 292 
(58.4%) 

128 (25.6%) - 70 
(14.0%) 

4 
(0.8%) 

3 (0.6%) 26(5.2%) 23(4.6%) 12 (2.4%) 26 (5.5%) - 

Neonatal 
Jaundice  

79,356 
 

6586 
(8.3%) 

6212 (7.8%) - - 374 (0.5%) - - - - - - 

Preterm birth  12,278 
 

1531(12.5
%) 

1068 (8.8%) 2(0.0) 5(0.04) 6 
(0.1) 

108 (0.9%) 133 
(1.08%) 

69 (0.6%) 117(1.0%) 5 
(0.1%) 

3 
(0.1%) 

Note. CMV- Congenital cytomegalovirus infection 
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Table 2.4 

Medians and Interquartile Range (IQR) of the Proportions of Impairment in Survivors of Neonatal Insult 

Type of 

Impairment 

Overall Neonatal Insults 

  Bacterial 

Meningitis 

Birth Asphyxia CMV Congenital 

Rubella 

Fetal Growth 

Restriction 

HIE Neonatal 

Jaundice 

Preterm birth 

Neurodeve- 

lopmental 

22.0 (9.2 -24.8) 36.9 (36.9 - 

36.9) 

24.1 (24.1-24.1) 27.5 (8.2-46.9) 32.7 (5.0-34.5) 26.1 (15.6-31,7) 34.1(19.8-48.1) 11.6 (0.9-

19.4) 

25.1 (14.1-42.0) 

Clinical 0.0 (0.0 – 0.0) - - - 30.0 (30.0-30.0) - - - 2.2 (2.2) 

Mental 0.0 (0.0 -1.4) - - - 8.8 (7.5-10.0) 11.4 (11.4-11.4) 86.1 (86.1-86.1) - 5.6 (5.6-5.6) 

Hearing 0.3 (0.0 -13.2) - - 36.9 (15.0-58.7) 72.1 (31.5-98.0) - 3.6 (3.6-3.6) 0.5 (0.0-0.9) 6.7 (6.7-6.7) 

Vision 0.3 (0.0 – 4.4) - - 18.6 (18.6-18.6) 29.8 (7.5-52.0) - 2.7 (2.7-2.7) - 24.6 (23.3-35.8) 

Motor 2.7 (0.0-3.1) - - 33.6 (33.6-33.6) - - 25.7 (15.3-36.0) - 10.0 (8.2-22.5) 

Cerebral 

palsy 

0.8 (0.0 - 0.4) - - 1.8 (1-8-1.8) - 1.9 (1.9-1.9) 27.5 (23.1-32.0) - 5.5 (4.2-7.2) 

Behavior 0.5 (0.0-2.5) - - - 41.0 (33.7-48.3) 10.1 (10.1-10.1) 11.6(7.3-16.0) - 19.1 (18.1-21.0) 

Epilepsy 0.0 (0.0- 0.4) - - 1.8 (1.8-1.8) - - 13.9 (13.5-14.3) - 5.6 (5.6-5.6) 

School 

problems 

0.0 (0.0- 0.0) - - - - 14.2 (11.9-16.6) - - - 

Note. CMV- congenital Cytomegalovirus infection; HIE – Hypoxic Ischemic Encephalopathy; Entries are median (IQR). 
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Figure 2.2 Individual and pooled estimates and 95% confidence intervals for random-effects 

model examining the long-term outcomes of Fetal Growth Restriction. 

Note. 𝐼2- heterogeneity statistic; ES- effect size; % - percent; sub-groups with (𝐼2 =. %, p =.) 

indicate that the number of studies were too few for the estimates to be calculated. 

 



Chapter 2 

 

58 

 

 
Figure 2.3 Individual and pooled estimates and 95% confidence intervals for random-effects 

model examining the long-term outcomes of Hypoxic-ischemic encephalopathy. 

Note. ES- Effect size. 
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Figure 2.4 Individual and pooled estimates and 95% confidence intervals for random-effects 

model examining the long-term outcomes of Neonatal Jaundice. 

Note. ES- Effect size. 
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Figure 2.5 Individual and pooled estimates and 95% confidence intervals for random-effects 

model examining the long-term outcomes of Preterm Birth. 

Note. 𝐼2- heterogeneity statistic; ES- effect size; % - percent; sub-groups with (𝐼2 =. %, p =.) 

indicate that the number of studies were limited for the estimates to be calculated. 

 

 



Long-term Outcomes of Survivors of Neonatal Insults: A Systematic Review and Meta-Analysis 

61 

 

 

 
 

Figure 2.6 Individual and pooled estimates and 95% confidence intervals for random-effects 

model examining the long-term outcomes of Congenital Rubella. 

Note. 𝐼2- heterogeneity statistic; ES- effect size; % - percent; sub-groups with (𝐼2 =. %, p =.) 

indicate that the number of studies were limited for the estimates to be calculated. 

 

1.6 Discussion 

This systematic review identified 52 studies that evaluated the long-term outcomes 

of NNI in school-aged children and older groups. Despite the limited data in these age 

groups, our study found 10% overall prevalence of impairment in survivors of NNI at 

age 6 years and above. Neurodevelopmental domain was the most commonly affected 

domain. Congenital rubella and HIE accounted for the highest frequency of impairment, 

while NNJ accounted for the least impairment. 

 

Our findings that the neurodevelopmental domain is the most affected are similar 

to the results by Mwaniki and colleagues (Mwaniki et al., 2012), however, the frequency 
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was higher in their study (59% compared to 16.6% in the present study), and their 

samples comprised younger age-groups. These differences potentially demonstrate that 

neurodevelopmental impairment diminishes with age in most survivors due to the 

plasticity of the brain (Mwaniki et al., 2012). Another plausible reason may be that 

children with severe neuro-developmental impairment did not survive to older age, 

thereby leading to a diminished proportion observed in older ages. It is also likely that 

the burden of neurodevelopmental impairment in low and middle-income resource 

settings like SSA may not be well represented by existing research. Moreover, not all the 

studies in this current review have reported on all domains of impairment; it is possible 

that the burden in certain domains is underestimated. There is a need for more 

comprehensive longitudinal studies from SSA to characterize the impact of NNI better. 

Similar to the results by Mwaniki and colleagues (Mwaniki et al., 2012), 

congenital rubella and HIE were associated with the most frequent adverse long-term 

outcomes. A possible explanation regards to the pathogenesis of these conditions. 

Congenital rubella affects the systemic organs of neonates (Van Nguyen & Abe, 2015) 

and causes cell and tissue damage, and is associated with ocular, heart, and hearing 

impairment. In individuals affected by HIE, the blood circulation or blood flow to the 

brain is impaired, leading to decreased oxygen and energy to the brain. This decrease in 

oxygen and energy can result in brain cell death and additional scar to the white matter 

or neuronal cell death in severe hypoxia (Allen & Brandon, 2011), which may result in 

irreversible brain damage. 

Although three-quarters of child deaths occur in SSA and South Asia, many of 

which are related to NNI, studies in Africa that examine the long-term outcome of NNI 

are scarce, and none was included in this review. The lack of research in these age 

groups could be attributed to the lack of appropriate assessment tools, inadequate 

access to health-care, or lack of research expertise in this area. Moreover, most 

hospitals in SSA are characterized by poor health records which make it difficult to 

follow-up survivors of NNI. The lack of long-term studies of NNI in SSA is unfortunate 

and has serious implications as school-aged children, or older age groups who survived 

NNI, but live with some degree of impairment may not receive the needed care and 
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attention. Therefore, their potential outcomes are not fully optimized; hence, they may 

miss required support, such as getting specialized education and continue to be 

marginalized.  

The major strengths of this study are the use of multiple databases and a focus 

on long-term outcomes that are often not well studied. Additionally, the study utilized a 

rigorous study design for systematic reviews and meta-analysis. Lastly, the study 

focuses on a global perspective and further sub-categorizes the domains of 

impairment, making it comprehensive. However, this study has several limitations. First, 

the study inclusion criteria were strict and may have omitted some studies that could be 

included, e.g. studies that did not include a confirmed diagnosis in the first 28 days of 

life (e.g., vertical HIV infection). Second, the inclusion of all children with a diagnosis of 

NNJ or HIE in the study without considering the severity levels might have diluted our 

sample. 

Third, in this review, a few studies reported multi-domain impairments in the 

patients. For instance, many participants with cerebral palsy will also have motor 

impairment and learning difficulties, which we found complex to conduct subgroup 

analysis. Fourth, the studies included were highly heterogeneous. However, we used the 

random effect model, which accounted for unexplained heterogeneity observed in the 

studies (Riley, Higgins, & Deeks, 2011). Lastly, the results of this study should be 

cautiously interpreted as we found publication bias indicated by the asymmetry forest 

plot, which may imply that studies with significant results were more likely to be 

published than those with non-significant results. The publication bias could also reflect 

the high heterogeneity in the studies included in this systematic review and meta-

analysis. 

These results have several implications for research and prevention strategies. The 

review identifies that various forms of NNI have several adverse long-term outcomes, 

which necessitates further management and close monitoring of survivors of NNI. 

Despite the improvements in neonatal care and management of birth complications to 

prevent child mortality, there is still need for treatment and improved care for child 

survivors of NNI to protect the central nervous system and prevent adverse long-term 
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outcomes. More resources should be allocated for longer follow-ups of survivors of NNI 

and preventive and rehabilitative services provided to them to optimize their outcomes. 

Long-term follow-up research is also needed to better understand the outcomes of 

NNI, especially in SSA, where there is a high burden of NNI, and proper medical care is 

limited.  

 

1.7 Conclusion 

Neonatal insults have long-term consequences that are experienced far beyond early 

childhood to older ages. The major impairments arising from NNI are recorded in the 

neurodevelopmental domains (cognition, language, developmental delay, and 

memory). However, this finding is based on studies from high-income countries such as 

Europe and North America with the state of art of care for children. There are no robust 

studies on long-term outcomes of NNI in SSA despite the high burden of NNI in this 

region. Therefore, more investment of longer follow-ups of survivors of NNI is needed 

in SSA to optimize their outcomes fully. 

 


