
VU Research Portal

Survivors of Neonatal Insults

Magai, D.N.

2020

document version
Publisher's PDF, also known as Version of record

Link to publication in VU Research Portal

citation for published version (APA)
Magai, D. N. (2020). Survivors of Neonatal Insults: Perspectives on developmental outcomes and associated
factors. [PhD-Thesis - Research and graduation internal, Vrije Universiteit Amsterdam].

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

            • Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
            • You may not further distribute the material or use it for any profit-making activity or commercial gain
            • You may freely distribute the URL identifying the publication in the public portal ?

Take down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

E-mail address:
vuresearchportal.ub@vu.nl

Download date: 23. May. 2023

https://research.vu.nl/en/publications/c623ec51-6a2f-4169-8340-8b24e0c1dee1


Patterns of Neurobehavioral Functioning 

87 

 

 

 

 

 

Chapter 5 

 

 

 

 

 

Patterns of Neurobehavioral Functioning in 

School-aged Survivors of Neonatal Jaundice and 

Hypoxic-ischemic Encephalopathy in Kilifi, 

Kenya: A cross-sectional study 

 

 

 

 

 

 

 

Dorcas N. Magai, Charles R Newton, Paul Mwangi, Hans M. Koot, Amina Abubakar 

 

 

 

Wellcome Open Research 2020, 4:95. 

https://doi.org/10.12688/wellcomeopenres.15200.2 



Chapter 5 

88 

 

Abstract 

 

Background: Studies in high-income countries have reported that school-aged children 

who survive neonatal jaundice (NNJ) and hypoxic-ischemic encephalopathy (HIE) 

develop long-term neurocognitive problems. However, less is known about the patterns 

of functioning in school-aged survivors of NNJ and HIE in sub-Saharan Africa. This study 

examined patterns of functioning in school-aged children who survived NNJ and HIE in 

Kilifi, Kenya. 

Methods: This is a cross-sectional study that included 107 survivors of NNJ/HIE (64 with 

NNJ and 43 with HIE), aged 6-12 years, admitted to Kilifi County Hospitalon the Kenyan 

Coast. The Gross Motor Function Classification System (GMFCS), Adapted 

Communication Profile, Raven’s Coloured Progressive Matrices (RCPM) and an epilepsy 

screening tool were used to assess gross motor function, communication function, 

intellectual functioning, and epilepsy, respectively. 

Results: Most of the survivors of NNJ (95.2%) and HIE (95.3%) had no impairments in 

gross motor functioning. A small percentage of the children in the NNJ and HIE groups 

had profound problems in their communication (4.7% and 4.7%); expressive 

communication function (4.7% and 4.7%); social functions (3.1% and 2.3%); receptive 

communication (4.7% and 2.3%); and communicative effectiveness (4.7% and 2.3%). 

Cognitive impairment was reported in 10.9% and 11.9% for NNJ and HIE survivors, 

respectively. Active epilepsy was detected in 1.6% of survivors of NNJ and 2.3% of 

survivors of HIE. All children had normal hearing and visual functioning except one 

participant who presented with mild visual acuity problems. 

Conclusions: Most school-aged children who survive with NNJ and HIE have normal 

motor and communication function; however, one in ten are likely to present with 

lowered intellectual functioning compared to the normative sample.  

Keywords: Neonates, jaundice, hypoxic-ischemic encephalopathy, cognition, motor, 

communication, disability, sub-Saharan Africa 
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1.2 Introduction 

Neonatal jaundice (NNJ) and hypoxic-ischemic encephalopathy (HIE) are common 

insults during the neonatal period. These insults have both short-term and long-term 

impact on children’s functioning (Gordon, English, Dzombo, et al., 2005; Ogunlesi et al., 

2007; Olusanya et al., 2009; Pappas et al., 2015; Perlman & Shah, 2011; van Handel et al., 

2009; Wolf et al., 1999; Wolf et al., 1997). The global incidence of severe NNJ is 

estimated at 9.9 per 10,000 live births among children (Slusher et al., 2017). Africa has 

the highest burden of severe NNJ with incidence rates of 667.8 per 10,000 live births 

(95% CI 603-738) (Slusher et al., 2017). HIE is caused by different factors, such as uterine 

rupture, placenta abruption, cord prolapse, maternal hypotension, and obstructed 

labour, which either impair the supply of blood and oxygen to the brain before, during 

or immediately after the birth of the baby (Byford, Weaver, & Anstey, 2014; WHO, 

2013). The incidence of HIE globally is estimated at 1.5 per 1000 live births (95% CI 1.3-

1.7) (Kurinczuk, White-Koning, & Badawi, 2010), and it is associated with poor 

neurocognitive outcomes (Bhunia & Saharia, 2015; Boo & Cheah, 2016; Hayakawa et al., 

2014; Pappas et al., 2015; Perez et al., 2013; Perlman & Shah, 2011; Simiyu et al., 2017). 

The overall burden of NNJ and HIE in neonates admitted to Kilifi County 

Hospital in Kenya increased between 1990 and 2008 significantly by 6% and 11%, 

respectively (Mwaniki et al., 2010). They were the second and third most common 

neonatal conditions after sepsis (13%) (Mwaniki et al., 2010). In 2015, 32% of neonatal 

mortality was caused by HIE and birth trauma in Kenya (WHO, 2005).  

Studies in high-income countries have reported that school-aged children who 

survive NNJ and HIE develop adverse long-term neurocognitive outcomes (Barnett et 

al., 2002; Chen et al., 2014;Chen, Wong, & Wong, 2006; Culley et al., 1970; Hayes et al., 

2018; Hirvonen et al., 2017; Hokkanen et al., 2014; Ishikawa et al., 1987; Lindström, 

Lindblad, & Hjern, 2011; Marlow et al., 2005; Pappas et al., 2015; Perez et al., 2013; van 

Handel et al., 2009; van Kooij et al., 2010), although long-term outcomes of NNJ tend to 

be less severe. However, to the best of our knowledge, there are no studies on long-

term neurocognitive outcomes in school-aged children who survived NNJ and HIE in 

sub-Saharan Africa (SSA) despite the high burden of NNJ and HIE in this context. This 
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study investigated the patterns of functioning in school-aged children who survived 

NNJ or HIE in Kilifi, Kenya.  

1.3 Methods 

5.2.1 Study Design 

This is a cross-sectional study that examined the neurobehavioral patterns of 

functioning of school-aged children (6-12 years) who survived NNJ and HIE. 

5.2.2 Study Site 

This study was conducted at the Centre for Geographic Medicine Research-

Coast (CGMR-C) located in Kilifi County, at the North Coast of Kenya. The study used 

the Kilifi Health and Demographic Surveillance System (KHDSS) to identify and recruit a 

well-defined cohort of school-aged children who were admitted to the Kilifi County 

Hospital in the first 28 days of life with NNJ or HIE and for whom neonatal data were 

available. Participants were recruited and assessed from September to December 2017. 

Assessments were carried out by trained research assistants under the supervision of a 

psychologist (DM) at the CGMR-C neuro-assessment unit, during which participants 

were accompanied by their mother or a primary caregiver in the absence of the mother. 

5.2.3 Participants and Procedures 

We utilized the KHDSS to identify and trace survivors. Participants were 

recruited in the study if they had a diagnosis of NNJ or HIE during the first 28 days of 

life; were aged between 6 to 12 years at the time of follow-up; parental consent was 

obtained, and they were living within the area covered by the KHDSS.  Participants were 

excluded if they did not consent to the study. None of the participants in this study had 

a diagnosis of both NNJ and HIE. Some of the participants had sepsis and preterm birth 

as a secondary diagnosis. For NNJ 23 had neonatal sepsis, and 6 were preterm and for 

HIE 5 had sepsis and 2 were preterm. However, based on another study that we 

conducted, sepsis did not appear to aggravate the developmental outcomes of children 

with neonatal jaundice and sepsis (Rosenbaum & Stewart, 2004). 
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5.2.4 Diagnosis 

The diagnosis of NNJ was based on clinical laboratory measurement of total 

serum bilirubin (TSB) as well as medical history and examination during the first 28 days 

of life. NNJ was defined as a TSB level of >85 µmols/l recorded to the clinical notes at 

admission (Avery, 2005; Ho, 1992; Kramer, 1969; Porter & Dennis, 2002). Severe 

hyperbilirubinemia was defined as TSB of >250 µmols/l. All the children with NNJ were 

admitted to KCH and were treated with phototherapy. Phototherapy was considered if 

they had any visible jaundice anywhere on the body on day one or TSB> 260 µmols/l on 

day two(WHO, 2013). HIE diagnosis was given if the child had the following problems 

after birth; convulsions, inability to suck, apnea, or poor motor tone (WHO, 2013). 

Severe disability was defined as the impairment in body structure, which results in 

significant loss and difficulty for a participant to perform a task (Rosenbaum & Stewart, 

2004). A medical officer with a bachelor’s degree in medicine and surgery made the 

diagnosis of NNJ and HIE. 

5.2.5 Screening Tools 

A set of screening tools were used to describe the level of functioning and 

patterns of disability among participating children. Anthropometric data (weight, 

height, head circumference, and Mid Upper Arm Circumference) were obtained based 

on the World Health Organization (WHO) standards (WHO, 2007). Screening 

assessments were done for gross motor functioning, communication functioning, 

intellectual disability, and epilepsy. The participants were screened for hearing and 

visual acuity using an auditory brainstem response machine-Kamplex model R17A AUD 

Type 3 (Harlor & Bower, 2009) and the Snellen and E-Chart, respectively.  For 

audiometric testing, first, we talked to the participants while walking towards the 

sound-proof assessment room to assess how well they are hearing. We then inspected 

their ear canals using an otoscope.  We then instructed the participants to push the 

button when they hear a sound through the headphones and tested to see if the 

instructions were clear. We started at 1000 Hz and decreased the level by 10dB until no 

response was obtained. We then increased the level by 5Db steps until a reply was 

captured again. We did these steps until the lowest level at which the participant 
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responded was received.  We continued with this procedure at 2000 Hz, 4000 Hz, 500 

Hz, 250 Hz, and 125 HZ for both ears. 

The Gross Motor Function Classification System (GMFCS) was used to measure 

gross motor functioning. The GMFCS tool was devised by Peter Rosenbaum and 

colleagues to determine the level that best describes a participant’s current abilities and 

limitations in gross motor function (Russell, Rosenbaum, Avery, & Lane, 2002). The 

GMFCS classifies children into 5 levels: Level I, the child can walk to various places and 

climb stairs without using rails and can jump and run with ease, although some children 

might have limitations in motor coordination while performing such gross motor 

functions; Level II, the child has limitations in outdoor activities; Level III, the child needs 

support to move; Level IV, the child needs technological assistance to move; Level V, the 

child’s movement is completely restricted, and they need complete assistance to move. 

The caregiver is asked to choose the best description of their child, which shows the 

child’s level of gross motor functioning. The GMFCS has good interrater agreement 

[Kappa 0.76 to 0.88; intraclass correlation coefficient (ICC) ranging from 0.89 to 0.95] 

(Palisano, Avery, Gorter, Galuppi, & McCoy, 2018).  

Communication functioning was assessed using the Adapted Communication 

Profile(Hartley, Baker, & Bunning, 2014). This tool captures the child’s language abilities 

through a caregiver report. The caregiver is asked questions about the child’s 

communication abilities and asked to indicate the level of problems his/her child has for 

the subscales social communication functions, receptive communication functions, and 

communication effectiveness, and this is rated using scores of 0= not a problem, 1= a 

bit of a problem, and 3= a big problem. The scores are then summed for each 

participant. The Adapted Communication Profile is contextually relevant and has 

previously been used with children in Kilifi (Bunning, Gona, Newton, & Hartley, 2014); 

however, its psychometric properties in Kenya are yet to be established. 

The Raven’s colored progressive matrices (RCPM) (Raven, Court, & Raven, 1995) 

was administered to assess intellectual functioning. The RCPM is made up of a series of 

patterns with a missing part, which the participant completes by choosing from several 

options. The multi-choice items require abstract reasoning. This test has been validated 
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and previously used in children in Kilifi, Kenya (Kitsao-Wekulo, Holding, Taylor, 

Abubakar, & Connolly, 2013) and has good internal consistency (Cronbach alpha = 

0.81) and test-retest reliability (ICC = 0.77) (Kitsao-Wekulo et al., 2013). The test has 

good construct validity in the Kenyan population (Costenbader & Ngari, 2001). 

The epilepsy screening tool(Ngugi et al., 2012) was used to screen for epilepsy 

in this study sample. This tool was validated using a three-stage screening methodology 

for detecting active epilepsy in Kilifi, Kenya (Ngugi et al., 2012). Active epilepsy was 

defined as two or more unprovoked seizures occurring within the last 12 months 

(Mung’ala-Odera et al., 2008), or on anti-epileptic treatment. 

5.2.6 Study Size 

As per the KHDSS records by December 2017, of the 280 cases with NNJ 

admitted between 2005 and 2012, 17 (6.1%) children died before discharge, 15 (5.4%) 

died after discharge, while 67 (23.9%) had migrated from the KHDSS and their survival 

could not be determined. Of the 378 neonates who were admitted with HIE between 

2005 and 2012, 117 (31.0%) died before discharge, and 16 (4.2%) died after discharge. 

However, 79 (20.9%) had migrated from the KHDSS, and their survival could not be 

determined. The recruitment and assessment processes are indicated in Figure 5.1. Out 

of the 658 survivors of NNJ and HIE, 347 survivors were identified, 121 were followed up 

and visited at home for recruitment, and 107 participants aged 6-12 years were 

included in this study.  
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Figure 5.1 Participants visited, recruited, and assessed. 

 

5.2.7 Statistical Analysis 

Data were collected, entered, and managed using REDCap, an electronic data 

capture tool hosted at the CGMR-C, and analyzed using STATA (version 15) (StataCorp, 

2017). The anthropometric variables Weight-for-Age (WAZ) and Height-for-Age (HAZ) 

were standardized using WHO Anthro plus (WHO, 2015). An abnormal nutritional status 

(stunted growth or underweight) was considered if the z-scores obtained from WHO 

Anthro plus were below -2 standard deviation (SD). Descriptive statistics such as means, 

medians, and percentages were used to describe sample characteristics and to 

summarize gross motor, language, and intellectual functioning and history of epilepsy. 

The cognitive and epilepsy outcomes of these children were compared to the normative 

data obtained from a study conducted in 2016 with 11,223 children aged 6 to 9 years 

randomly selected from the Kenyan community to estimate the burden of neurological 

impairments (Newton, 2018). Cognitive impairment was defined as total Ravens Z-

scores below -2 SD. The 95% confidence interval (CI) were calculated using the Clopper-

Pearson exact method. A sub-analysis was conducted with 25 participants with severe 

hyperbilirubinemia on all outcomes, and comparable results were obtained. Therefore, 

we report data with all participants with TSB of >85 µmols/l. 

Homes visited

(N=121)

Refusals (n=4)

Reasons for refusal

Parents argued that their 

children were doing well 

and there was no need 

for participating

Not found at 

home after 3 

follow-ups (n=7)

Consented 

(n=110)

Did not turn up 

(n=3)

n=107 

Participated in the 

study
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1.4 Results 

5.3.1 Demographic Characteristics of Participants 

In this study, of the 107 included participants, 64 survived NNJ (31 females and 

33 males), and 43 survived HIE (29 females and 14 males). The median age at admission 

was 3 [interquartile range (IQR) = 0-8] days. The current median age of the participants 

was 10 (IQR = 5-12) years. The median TSB values of the NNJ survivors was 245 (IQR = 

144- 322)  µmols/l. These participants had normal anthropometric measures; none of 

the participants were underweight or had stunted growth. All participants had normal 

hearing and visual functioning except one who had visual acuity problems. The mean 

WAZ was -1.3 (SD = 0.9) and -1.0 (SD = 1.6), while the mean HAZ was -1.1 (SD = 1.1) 

and -0.8 (SD = 1.5) for NNJ and HIE, respectively. Table 5.1 presents a summary of these 

results.  

Table 5.1 Demographic Characteristics of Participants 

 

 

 

N= 107 

NNJ 

n (%) = 64 (59.8) 

HIE 

n (%) = 43 (40.2) 

Sociodemographic 

characteristics 

 

Age (years), Median [IQR]   10 [5-12] 10 [6-12] 8 [5-12] 

    

Sex, n (%)      

Female  45 (68.9) 31 (53.2) 29 (31.1) 

Male 62 (42.1) 33 (46.8) 14 (36.1) 

Anthropometric data, Mean (SD)  

Mid upper arm circumference 

(cm) 

17.5 (2.5) 17.7 (2.7) 17.2 (2.0) 

WAZ -1.1 (1.3) -1.3 (0.9) -1.0 (1.6) 

HAZ -1.0 (1.3) -1.1 (1.1) -0.8 (1.5) 

Note. NNJ- neonatal jaundice; HIE- hypoxic-ischemic encephalopathy; WAZ- weight-for-age; HAZ- 

height-for-age; IQR-Interquartile Range; n-number of participants. 

5.3.2 Neurobehavioral Functioning 

5.3.2.1 Gross motor functioning. As indicated in Table 5.2, almost all survivors of NNJ 

(95.2%) and HIE (95.3%) had level I gross motor functioning while 4.8% and 4.7% 

survivors of NNJ and HIE respectively had level II functioning, as assessed by the GMFCS. 



Chapter 5 

96 

 

Table 5.2 

Patterns of Functioning in Children who Survived Neonatal Jaundice and Hypoxic-

ischemic Encephalopathy 

 NNJ HIE 

Type of functioning  N (%) 

N= 64 

N (%) 

N= 43 

GMFCS Levels of functioning   

Level I 59 (95.2) 41(95.3) 

Level II 3 (4.8) 2 (4.7) 

Level III 0 (0.0) 0 (0.0) 

Level IV 0 (0.0) 0 (0.0) 

Level V 0 (0.0) 0 (0.0) 

Communication Functioning n (%)   

Communicative modes   

              Not a problem 58 (90.6) 40 (93.0) 

              A bit of a problem 1 (1.6) 1 (2.3) 

              A big problem 3 (4.7) 2 (4.7) 

Expressive communication functions   

Not a problem 60 (93.8) 41 (95.3) 

A bit of a problem 1 (1.5) 0 (0.0) 

A big problem 3 (4.7) 2 (4.7) 

Social communication functions   

Not a problem 59 (92.2) 41 (95.3) 

A bit of a problem 3 (4.7) 1 (2.3) 

A big problem 2 (3.1) 1 (2.3) 

Receptive communication functions   

Not a problem 60 (93.8) 42 (97.7) 

A bit of a problem 1 (1.5) 0 (0.0) 

A big problem 3 (4.7) 1 (2.3) 

Communicative Effectiveness   

Not a problem 60 (93.8) 42 (97.7) 

A bit of a problem 1 (1.5) 0 (0) 

A big problem 3 (4.7) 1 (2.3) 

Intellectual functioning   

Raven total scores [median (IQR)] 12.8 (9.5-16.5) 13.0 (10.0-18.0) 

Cognitive impairment n (%)   

           Yes 7 (10.9) 5 (11.6) 

            No 57 (89.0) 38 (88.4) 

History of epilepsy   

Presence of active epilepsy   

             Yes 1 (1.6) 1 (2.3) 

              No 62 (96.9) 38 (90.5) 
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Note. NNJ- neonatal jaundice; HIE- hypoxic-ischemic encephalopathy; GMFCS- Gross Motor Function 

Classification System; n-number of participants; IQR- Interquartile Range 

 

5.3.2.2 Language functioning. Most of the children who survived NNJ and HIE did 

not have any problems in communication functioning (Table 5.2). Of the survivors of 

NNJ, 4.7% had profound problems in their communication modes, 3.1% in expressive 

communication functions, 3.1% in social communication functions, 4.7% in receptive 

communication, and 4.7% had profound problems in communicative effectiveness. Of 

the survivors of HIE, 4.7% had a significant problem in their communication modes, 

4.7% in expressive communication functions, 2.3% in social communication functions, 

2.3% in receptive communication, while  2.3% had a significant problem in 

communicative effectiveness (Table 5.2). 

5.3.2.3 Intellectual functioning. The median IQ score based on performance on the 

RCPM was 12.8 (IQR = 9.5 - 16.5) for children who survived NNJ and 13.0 (IQR = 10.0 – 

18.0) for the HIE group. As shown in Table 5.2, 10.9% of the children in the NNJ group 

and 11.6% of the children in the HIE group had a cognitive impairment. The prevalence 

of cognitive impairment in survivors of NNJ [10.9% (95%CI = 4.5 – 21.2) per 100] and 

HIE [11.6% (95% CI = 3.9 – 25.1) per 100] was twenty times higher than in the normative 

group [0.5% (95% CI = 0.3 – 0.6) per 100], p<0.001 (Table 5.3). 

Table 5.3 

Cognitive and Epilepsy Outcome in Neonatal Jaundice and Hypoxic-ischemic 

Encephalopathy Cases versus Normative Group 

Outcome  NNJ 

cases 

(N=64) 

Normative 

data 

(N=11,232) 

Statistical 

tests 

HIE 

cases 

(N=43) 

Normative 

data 

(N=11,232) 

Statistical 

tests 

Cognitive 

impairment 

7 51 (2 (1)= 136.8 

P < 0.001 

5 51 (2(1)= 108.1 

p< 0.001 

Active 

epilepsy 

1 54 (2(1)= 1.5 

p= 0.215 

1 54 (2(1)= 3.0 

p= 0.083 

Note. NNJ- neonatal jaundice; HIE- hypoxic-ischemic encephalopathy. 

5.3.3 History of Epilepsy 

As shown in Table 5.2, 1.6% of survivors of NNJ and 2.3% of survivors of HIE had 

active epilepsy. There was no significant difference in the prevalence of active epilepsy 
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in survivors of NNJ [1.6% (CI = 0.0 – 8.4) per 100] and HIE [2.3% (CI = 0.0 – 12.3) per 

100] versus the normative group [0.5% (CI = 0.4 – 0.6) per 100], p>0.050 (Table 5.3). 

1.5 Discussion 

This study investigated the patterns of neurobehavioral functioning in children who 

survived NNJ and HIE in Kilifi, Kenya. The results of this study show that most of the 

children who survived NNJ and HIE had normal vision, hearing, motor functioning, 

communication functioning, and no seizure disorder on screening tests. However, 

compared to the normative sample, the NNJ and HIE participants had poorer 

intellectual functioning. 

5.4.1 Patterns of Functioning of Neurobehavioral School-aged Children who 

SurvivedNeonatal Jaundice 

Our study found that children who survived NNJ have normal hearing and 

visual functioning. This finding contradicts the results of a study by Martínez-Cruz et al. 

(Martínez-Cruz, García Alonso-Themann, Poblano, & Cedillo-Rodríguez, 2014) who 

evaluated the frequency of sensorineural hearing loss (SNHL) in children aged 2 to 10 

years with a history of exchange transfusion (Martínez-Cruz et al., 2014). The authors 

reported a high frequency (15%) of SNHL in survivors of NNJ. However, the children in 

that study were also reported to have a substantial risk of comorbidities such as 

cerebral palsy (20%) and epilepsy (20%), unlike in our study where 1.6% of the NNJ 

survivors had active epilepsy. The difference in the prevalence of epilepsy in these two 

studies could be because of the difference in the severity of NNJ. Unlike in the current 

study where severe hyperbilirubinemia was defined as TSB of >250 µmols/l, the 

participants in Martínez-Cruz and colleagues’ study had severe NNJ defined as an 

increase in bilirubin by >44 µmols/l and >27 µmols/lper hour in term and preterm 

infants, respectively, and required exchange transfusion. Therefore, the SNHL could be a 

result of the loss and alterations of neurons caused by the motor disorders and 

deposition of bilirubin in the nuclei involved in the auditory pathway. Similar to the 

findings of Kara et al. (Kara, Yalniz-Akkaya, Yeniaras, Örnek, & Bilge, 2017) who 

evaluated children aged 3 to 5 years who survived NNJ, the current study did not find 

any visual abnormality in survivors of NNJ.   
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Additionally, the findings of this study are consistent with results by Chen et al. 

(Chen et al., 2006) who report normal motor and neurodevelopmental outcomes after 

three years of age in a five-year follow-up study of 128 survivors of NNJ. A few studies 

have reported poor long-term cognitive functions in survivors of NNJ (Boskabadi et al., 

2011; Hokkanen et al., 2014; Kuzniewicz & Newman, 2009). The results that survivors of 

NNJ have poor cognitive outcomes corroborate findings by Hokkanen et al.(Hokkanen 

et al., 2014) who reported that at 30 years, 40% of survivors of severe NNJ had poor 

cognitive functions that continued from childhood to adulthood. 

5.4.2 Patterns of Neurobehavioral Functioning of School-aged Children who 

Survived Hypoxic-ischemic Encephalopathy 

The findings of this study suggest that children who survived HIE have normal 

vision, hearing, motor functioning, and communication functioning, but have poorer 

intellectual functioning compared to the normative sample. The finding that survivors of 

HIE have normal vision and hearing functioning corroborates the results of Mietzsch et 

al. (Mietzsch, Parikh, Williams, Shankaran, & Lasky, 2008) who investigated auditory 

function in neonates treated with hypothermia. These authors report that although 

peripherical acoustic functions were altered for the neonates in their study during the 

first week, they normalized by week 3. A follow-up of the cohort at 18 to 30 months 

also showed normal visual functioning in these children. In contrast to Mercuri and 

colleagues (Mercuri et al., 1999), who investigated the visual function in infants aged 5 

to 31 months and reported multiple ocular abnormalities in children who survived HIE, 

our study found normal vision functioning in the survivors of HIE. However, the 

difference in findings could be due to the differences in the age of participants in these 

two studies (5 to 31 months in the Mercuri et al. study versus 6 to 12 years in our study) 

and that many of neonates discharged following HIE in the current study died in the 

community.  

These findings are similar to those reported by Hayes et al. who did not find 

any motor, language, and emotional and behavioral problems impairments among 146 

survivors of HIE without cerebral palsy(Hayes et al., 2018). Similarly, van Kooij et al. 

(2010) and Robertson et al. (1989) did not find significant impairment in survivors of 
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mild HIE motor and school performance respectively compared to the control groups. 

However, unlike the findings of Hayes et al. (2018), who did not find any cognitive 

impairment in their sample, our results show that survivors of HIE have poorer cognitive 

outcomes compared to the normative sample. The difference in results could be due to 

the difference in age groups in the two samples. Since the current study had an older 

age group, the cognitive deficits likely reflect a cumulative effect. It should be noted 

that the cognitive outcomes for this sample (median age 10 years) were compared to 

normative data from a younger sample (age 6-9 years), which implies that the number 

of children with cognitive impairment found in our study may be an underestimation.  

Lastly, it should be noted that the normal functioning reported in this study 

was found in a sample consisting of children who survived beyond age 6 years. There is 

a possibility that the cases with worse outcomes died before age 6 years; thus, their 

data are unavailable for this study. The mortality rates of children with neonatal insults 

in SSA are high due to limited quality care. For instance, in severe NNJ needing 

exchange transfusion or HIE requiring hypothermia, provision of adequate personnel, 

monitoring facilities, and finances are limited, unlike in high-income countries where 

there are available resources and personnel to provide quality care. Therefore, it is likely 

that most children with mild impairment survived the neonatal insults.  

Moreover, the information on the attribution of neonatal insults to cause of 

death of children admitted to hospital in this setting is difficult due to lack of 

investigations. The children in this retrospective study were treated in a busy rural 

district hospital, and the signs for acute bilirubin toxicity were poorly recorded. Despite 

all the challenges mentioned above, the information provided in our study is the best 

we could obtain. The study provides evidence on the neurobehavioral patterns of 

children who have inadequate information at birth but are presented in the hospital and 

diagnosed with NNJ or HIE. Given that the challenges in medical records are very 

common in many settings in Low- and Middle-Income countries this question is 

important to answer as it addresses the day to day reality of the children in this context. 
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5.4.3 Limitations of the Study 

These study findings should be interpreted, taking several limitations into account. 

First, most of the children with severe disabilities may have died before they reached 

the age of 6-12 years; thus, this represents a survivor cohort. Given that this study was 

designed to screen out children with severe disability (they could not be able to carry 

out tasks during assessment) and only two out of the 107 participants were severely 

disabled, the prevalence of severe disability in the sample was 1.9% (95% CI 0.46 -

7.32%). Data collection on severe disability was discontinued. Second, the motor and 

communication assessment tools used in this study were screening instruments, which 

may not have captured important aspects of these outcomes. Third, potential risk 

factors such as socioeconomic factors, maternal education and maternal mental health, 

and parenting factors that are likely to affect neurodevelopmental outcomes were not 

considered in this study. Lastly, due to inconsistencies in clinical documentation of 

bilirubin levels at admission and APGAR scores, it was not possible to add estimates of 

the severity of illness in the children we followed up and those whom we were not able 

to follow-up.  

During the period when the participants of this study were born (2005 to 2012), 

most of the births occurred at home and local dispensaries. Therefore, most of the 

children were either referred to the hospital from the dispensaries or were brought to 

the hospital when the caregivers noted signs of sickness in their child. Thus, it was 

impossible to obtain APGAR scores (generally captured at the first 1, 5, and 10 minutes 

of life) for most of the children. For this reason, we are unable to indicate the degree of 

HIE in this sample. Lastly, a few participants had missing data on their TSB levels which 

is an explicit limitation that hampers conclusions on the outcomes related to NNJ. 

However, our results allow for conclusions about the outcomes of children referred to 

the Kilifi County hospital some years ago. Future studies should ensure that TSB 

measurements are consistently recorded and obtain reliable TSB assessments on 

patients suspected of NNJ in future referrals. 
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1.6 Conclusion 

Based on the screening tools used, survivors of HIE and NNJ in Kilifi, Kenya, do not 

experience challenges in motor and communication functioning. Additionally, their 

nutritional status was normal. However, a substantial proportion of them are likely to 

have impaired cognition compared to the normative sample. It is likely that the children 

who were followed up had mild impairment while those with severe outcomes did not 

survive. Future research will attempt to investigate these issues using a more 

comprehensive assessment to estimate the existence of mild to moderate impairments.     

 

 

 

 


