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Short-term feeding outcomes after neonatal brain injury 

 

ABSTRACT  

Background 

Although brain injury is known to be associated with feeding outcomes in preterm and unwell 

neonates, these groups are frequently excluded from studies of neonatal feeding 

development. This paper aims to identify the short-term feeding outcomes of infants with 

neonatal brain injury. 

Methods 

A retrospective cohort analysis was undertaken to ascertain the incidence of feeding disorders 

(full/partial tube feeding at 40 weeks) among infants with brain injury admitted to a UK 

neonatal unit between 2013-2017.  

Results 

202 surviving infants with neonatal brain injury were included in the study. Feeding disorders 

were common among infants with brain injury (preterm 34%, term 34%) compared to infants 

without significant neurological comorbidities (preterm 9%, term 3%). The likelihood of 

feeding disorders increased with injury severity. 

Conclusions 

All infants with neonatal brain injury should have access to specialist feeding therapist to 

maximise their feeding potential and provide support to families. 
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INTRODUCTION 

Brain injuries occur during or soon after birth in 5.19 per 1000 live births in England 

(Gale et al., 2018). The impact of these brain injuries on infant health and 

neurodevelopment is dependent on a range of factors, including the type and severity 

of injury and the gestational age at which the injury occurs. Brain injuries in preterm 

infants typically result from haemorrhage, most commonly intraventricular 

haemorrhage (IVH) stemming from the germinal matrix (Gale et al., 2018; Webster, 

2020). In term infants, the most common form of brain injury is hypoxic ischaemic 

encephalopathy (HIE) (Gale et al., 2018). Other causes of neonatal brain injury 

affecting both term and preterm infant include infections of the central nervous 

system, non-IVH forms of intracranial haemorrhage (ICH), and stroke (Gale et al., 

2018). Areas known to be damaged by neonatal brain injury include the cortex, basal 

ganglia and thalamus, brain stem, subcortical white matter, and the cerebellum (Bano 

et al., 2017; Fumagalli et al., 2015; Inder et al., 2018; Jeong et al., 2016; Rutherford et 

al., 2010; Tam et al., 2011). These are areas of vital importance to the control of 

feeding and swallowing (Ahn & Musso, 2018; Kashou et al., 2017; Mourão et al., 2017). 

It is therefore unsurprising that brain injury is one of several important predictors of 

feeding outcomes in infants admitted to a neonatal unit (Edney et al., 2019; Harding et 

al., 2012, 2015; Hawdon et al., 2000).  

 



 

There is increasing recognition that early therapy interventions can capitalise on the 

potential for neuroplastic change and improve outcomes for infants at risk of 

neurodisability (DeMaster et al., 2019; Hutchon et al., 2019; Khurana et al., 2020; Kolb 

& Gibb, 2011; Morgan et al., 2013). Such interventions may improve feeding outcomes 

for infants with neonatal brain injuries; however, this group is typically excluded from 

studies of neonatal feeding development and feeding interventions. This exclusion has 

resulted in a lack of understanding about neonatal feeding disorders specific to 

neurological impairment, hindering intervention development and clinical practice. 

The most detailed studies in this area have focused on HIE and stroke and provide 

evidence that neonatal brain injury can result in impaired oral motor skills and 

pharyngeal swallow function, reduced opportunities for consistent oral practice and 

associated motor learning, and prolonged reliance on tube feeding (Barkat-Masih et 

al., 2010; Harding et al., 2015; Krüger et al., 2019; Martinez-Biarge et al., 2012). 

However, comparison of the feeding disorders reported in these groups is hampered 

by a lack of agreed definitions, differences in the methods used to measure outcomes, 

and limited descriptions of the severity, characteristics, and associated physiology of 

the feeding disorder.  

 

A consensus definition statement and conceptual framework has been published that 

identifies the medical, nutritional, feeding skill, and psychosocial aspects of oral intake 

disturbance that define a paediatric feeding disorder (Goday et al., 2019). Use of such 

a framework in neonatal brain injury research would clarify which types of brain injury 

are most associated with feeding disorders, what pathophysiology underlies these 



 

disorders, and how these disorders impact on infants and their families. These data, in 

reliable form, are needed to develop appropriate interventions that target the specific 

feeding and swallowing disorders experienced by these groups.   

This study aims to identify the incidence and types of brain injuries experienced by 

infants admitted to a Level 3 neonatal unit (including intensive care, high dependency, 

and special care) and the feeding outcomes of neonates with brain injuries at 40 weeks 

corrected age and at discharge. The findings of this study will be used to inform 

targeted intervention development and studies of intervention effectiveness. 

 

METHODS 

Design 

Retrospective cohort study. 

 

Setting 

A Level 3 Neonatal Unit in an acute hospital in north-west England. 

 

Sample 

Data were collected for all infants admitted to the neonatal unit from 1st January 2013 

to 31st December 2017 who experienced HIE, IVH, ICH, PVL, stroke, or central nervous 

system infection prior to or during their admission. Infants were excluded if data 

regarding gestational age at birth, diagnostic group, or feeding outcome were not 

available. Infants with diagnoses in addition to brain injury were included. Comparative 

data for term and preterm infants admitted to the neonatal unit with no significant 



 

neurological co-morbidities were obtained via a previously collected dataset of 

admissions to the same unit. Infants in the comparison cohort were admitted from 1st 

January 2015 to 30th June 2015, a six-month period occurring in the middle of the five-

year brain injury data collection timeframe. The comparison cohort was obtained via 

secondary analysis of previously reported data (Edney et al., 2019) and included 

infants with IVH of grades I-II but no other brain injuries or neurological conditions.  

 

Data collection 

Data were collected from BadgerNet, a patient data management system that is 

routinely used to record clinical information for all infants in neonatal units within the 

United Kingdom. The data include diagnoses, procedures, clinical reports, and a daily 

nursing record from which it is possible to determine progression from parental feeds 

to gavage feeds to full oral feeding. Discharge reports and daily notes were used to 

determine gestational age at birth, type of brain injury, and whether the infant was 

fully oral feed by 40 weeks corrected age and at discharge. For infants with IVH and 

HIE, severity scores were allocated by their treating doctor according to standard 

criteria (Papile et al., 1978; Sarnat & Sarnat, 1976). BadgerNet discharge reports and 

daily notes were used to obtain gestational age at birth, medical history, and feeding 

outcomes for the term and preterm non-brain injured comparison groups. Methods 

for the comparative study are described in detail elsewhere (Edney et al., 2019). 

 

Gestational age at birth was categorised according to World Health Organisation 

definitions: term (>37 weeks), moderate to late preterm (32-36+6 weeks); very 



 

preterm, (28-31+6 weeks); or extremely preterm (<28 weeks) (Quinn et al., 2016). 

Feeding outcomes were categorised as the presence or absence of a feeding disorder, 

and the presence or absence of tube feeding at discharge. A feeding disorder was 

defined as inability to achieve full oral feeding by 40 weeks corrected age (due date), 

or by discharge home if this occurred earlier than 40 weeks, or by one-week 

chronological age if born at or over 39 weeks. This definition represents a need for 

tube feeding beyond what may be expected for gestational age and acute illness and 

therefore reflects Goday et al.’s (2019) consensus definition of feeding disorder. To 

preserve anonymity, a detailed analysis of other co-morbidities and reasons for 

prolonged tube feeding was not undertaken.  

 

Analysis 

Counts and proportions were calculated for each type of brain injury, severity level 

(HIE and IVH only), and feeding outcome. Odds ratios for risk of feeding disorders were 

calculated by comparing feeding outcomes for infants with IVH (grades III-IV) and HIE 

(all grades) to the outcomes of term and preterm infants admitted to the same 

neonatal unit without significant neurological comorbidities. Odds ratios for IVH grades 

I-II could not be calculated due to the inclusion of these mild brain injuries in the 

comparison cohort. Odds ratios for other brain injury types were not calculated due to 

the small number of cases in each category.  

 

Ethical considerations 



 

The study design and procedures were approved by North East - Tyne & Wear South 

Research Ethics Committee (Approval number: 19/NE/0273). The data utilised were 

routinely collected and were gathered retrospectively and in anonymous coded format 

by a member of the clinical team. Parent/guardian consent was not sought to prevent 

the need for collection of personal data and for reasons of practicality. As only one site 

was included and data was collected by a member of the clinical team, these methods 

were approved without the need for confidentiality advisory group approval 

procedures. 

 

RESULTS 

Sample 

After removal of duplicates, 2499 infants were admitted to the unit during the 5-year 

study period and screened for inclusions. A total of 202 infants with brain injury were 

identified and included in the study (8% of admissions). Brain injury types included: IVH 

(53%), HIE (30%), infection (7%), stroke (3.5%), multiple brain injury types (3%), PVL 

(2%), and ICH (1.5%). IVH, PVL, and ICH occurred only in preterm infants, while HIE and 

stroke tended to affect term born infants (Table 1). Data from 110 preterm and 99 

term infants admitted to the same neonatal unit without significant neurological 

comorbidities were also included in the study (Table 2).  

 

Feeding outcomes 

Of the 135 preterm infants with brain injury, 46 (34%) had feeding disorder, and 23 of 

the 67 term infants had a feeding disorder (34%). Feeding disorders were more 



 

common among infants with neonatal brain injury (Table 3) than infants admitted to 

the neonatal unit without neurological comorbidities (Table 4). In infants with IVH and 

HIE, feeding disorders became more likely with increasing injury severity. Infants with 

Grade 1 HIE had four times the odds of having a feeding disorder when compared to 

term infants admitted to the neonatal unit with no neurological co-morbidities, though 

this did not reach statistical significance (odds ratio = 4.00, 95% CI = 0.76 to 21.07, p = 

0.102), and odds were 30 times as high for Grade 2 HIE (odds ratio = 29.71, 95% CI = 

7.51 to 117.52, p < 0.0001). Although the sample number was small, all infants with 

Grade 3 HIE had feeding disorders. For this group, the odds of feeding disorder was 

significantly greater than the term-born comparison cohort (odds ratio = 358.43, 95% 

CI = 16.67 to 7704.55, p = 0.0002) and only one of the six infants achieved full oral 

feeding prior to discharge. Infants with Grade III-IV IVH had 12 times the odds of 

having a feeding disorder when compared to preterm infants admitted to the neonatal 

unit without significant neurological co-morbidities (odds ratio = 12.14, 95% CI = 4.65 

to 31.74, p < 0.0001). Although odds ratios for Grade I-II IVH could not be calculated 

due to infants with mild IVH already being included in the comparison group, it is 

interesting to note that 23% of the cohort of infants with Grade I-II IVH experienced 

feeding disorders compared to only 9% in the comparison preterm cohort.  

 

 

 

 

 

 

 



 

 

 

 

 

 

 

Table 1: Sample characteristics by gestational age at birth in weeks (infants with brain injury) 

 <28 

n (%) 

28-31+6 

n (%) 

32-36+6 

n (%) 

37+ 

n (%) 

TOTAL 

n 

IVH Grade I-II 41 (53) 29 (38) 7 (9) 0 77 

 

IVH Grade III-IV 21 (68) 8 (26) 2 (6) 0 31 

 

Total IVH 62 (57) 37 (34) 9 (8) 0 108 

 

HIE Grade 1  0 3 (11) 2 (7) 22 (81) 27 

 

HIE Grade 2 0 1 (4) 1 (4) 25 (93) 27 

 

HIE Grade 3 0 0 2 (33) 4 (67) 6 

 

Total HIE 0 4 (7) 5 (8) 51 (85) 60  

 

Infection 1 (7) 3 (21) 2 (14) 8 (57) 14 

 

Stroke 0 0 0 7 (100) 7 

 

Multiple injuries 3 (50) 2 (33) 0 1 (17) 6 

 

PVL 1 (25) 2 (50) 1 (25) 0 4 

 

ICH 1 (33) 0 2 (67) 0 3 

 



 

TOTAL 68 (34) 48 (24) 19 (9) 67 (33) 202 

 

 

 

 

Table 2: Sample characteristics by gestational age at birth in weeks (comparison cohort: 

neonatal admissions with no significant neurological comorbidities) 

 <28 

n (%) 

28-31+6 

n (%) 

32-36+6 

n (%) 

37+ 

n (%) 

TOTAL 

n 

Preterm comparison  19 (17) 20 (18) 71 (65)  110 

Term-born 

comparison 

   99 (100) 99 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

Table 3: Feeding outcomes (neonatal admissions with brain injury) 

 No feeding 

disorder 

n (%) 

Feeding 

disorder 

n (%) 

Feeding 

disorder + 

tube fed at 

discharge 

n (%) 

Total 

IVH Grade I-II 59 (77) 18 (23) 6 (8) 77 

 

IVH Grade III-IV 14 (45) 17 (55) 5 (16) 31 

 

Total IVH 73 (68) 35 (32) 11 (10) 108 

 

HIE Grade 1  24 (89) 3 (11) 0 27 

 

HIE Grade 2 14 (52) 13 (48) 1 (4) 27 

 

HIE Grade 3 0 6 (100) 5 (83) 6 

 

Total HIE 38 (63) 22 (37) 6 (10) 60 

 

Infection 11 (79) 3 (21) 0 14 

 

Stroke 5 (71) 2 (29) 0 7 

 

Multiple injuries 2 (33) 4 (67) 1 (17) 6 

 

PVL 2 (50) 2 (50) 1 (25) 4 

 



 

ICH 2 (67) 1 (33) 1 (33) 3 

 

TOTAL 133 (66) 69 (34) 20 (10) 202 

 

 

Table 4: Feeding outcomes (comparison cohort: neonatal admissions with no brain injury) 

 No feeding 

disorder 

n (%) 

Feeding 

disorder 

n (%) 

Feeding 

disorder + 

tube fed at 

discharge 

n (%) 

Total 

Term  96 (97) 3 (3)  0 99 

 

Preterm  100 (91) 10 (9)  1 (1) 110 

 

 

 

 
DISCUSSION  

In this study, infants with neonatal brain injury were found to be at increased risk of 

being partially or fully reliant on non-oral nutrition at 40 weeks corrected age and at 

discharge when compared to preterm or unwell term infants without significant 

neurological co-morbidities. It is interesting to note the trend towards higher risk of 

feeding disorders in infants with milder forms of brain injury. This is in keeping with an 

increasing body of literature suggesting that milder forms of intraventricular 

haemorrhage and hypoxic ischaemic encephalopathy may not be as benign as 

previously thought, with studies demonstrating increased rates of cerebral palsy, 

neurosensory impairment, neuromotor impairment, cognitive impairment, 



 

behavioural difficulties, and other neurodevelopmental disabilities in these groups 

(Bolisetty et al., 2014; Finder et al., 2020; Hayes et al., 2018; Hollebrandse et al., 2020; 

Mukerji et al., 2015; Pfahl et al., 2018; Reiss et al., 2019). Potential mechanisms for the 

influence of lower grade IVH on neurodevelopmental outcomes include their negative 

impact on neural migration, injuries to the caudate nucleus and the destruction of cells 

destined for the subcortical structures, white matter injury and hypomyelination, and 

impaired cerebellar development (Bolisetty et al., 2014; Briana & Malamitsi-Puchner, 

2019; Jeong et al., 2016; Volpe, 2019). In brain injuries related to the less severe 

categories of hypoxic ischaemic encephalopathy, worsened neurodevelopmental 

outcomes may be due to white matter injuries and watershed infarcts affecting the 

cortex and white matter (Annink et al., 2020; Bano et al., 2017). 

 

Studies of feeding outcomes in the more commonly researched forms of neonatal 

brain injury (e.g. HIE) have typically agreed that these infants are at high risk of feeding 

disorders; however, findings have been inconsistent. One reason for this is the varied 

terminology used, with feeding disorder or feeding difficulty being used as a non-

specific label for what can represent a myriad of motor and sensory impairments 

affecting the pre-oral, oral, pharyngeal, and oesophageal phases of feeding. The 

definition of feeding disorder used in this study is ongoing tube feeding beyond what 

would be expected for gestational age and acute illness. This is consistent with the 

consensus definition of feeding disorder recently published by Goday et al. (2019) and 

provides a platform on which to further build knowledge of the natural history of 

feeding problems in children with a history of neonatal brain injury. Another problem 



 

within the existing evidence base is a lack of focus on the most common types of brain 

injury. Previous studies of feeding outcomes following IVH have focused on term IVH 

(which is rare) (Afsharkhas et al., 2015; Chaoying et al., 1999; Jocelyn & Casiro, 1992) 

and IVH complicated by hydrocephalus (Gigi et al., 2019). Our study demonstrates that 

IVH, by far the most common type of neonatal brain injury affecting preterm infants, is 

associated with an increased likelihood of feeding disorders. This relationship warrants 

further research. 

 

Our study has several limitations. Sample sizes were relatively small, particularly for 

rarer causes of neonatal brain injury, and sampling was restricted to one neonatal unit. 

Non-neurological comorbidities impacting on oral feeding progression, such as chronic 

lung disease, being small for gestational age, and feeding milestones on the journey to 

full oral feeding could not be collected in this study due to the need to preserve 

anonymity. The identifier for feeding disorders used in this study (full or partial tube 

feeding at 40 weeks corrected age and at discharge) is not sensitive to the  reasons for 

feeding disorders, and not all infants requiring tube feeding have difficulties with oral 

feeding. For example, infants with cardiac conditions may require tube feeding due to 

increased calorie requirements rather than delayed or disordered oral feeding skills. 

Although prematurity and many non-neurological co-morbidities impact on feeding 

development in infants admitted to a neonatal unit (Edney et al., 2019; Giannì et al., 

2015), the increasing incidence of feeding disorders with increasing injury severity 

seen in this study suggests an independent relationship between brain injury and 

feeding outcomes. It is recognised that, although the comparison cohorts of preterm 



 

and term-born infants without neurological co-morbidities were admitted to the same 

neonatal unit during an overlapping time frame, the comparison data came from a six-

month period in the middle of five-year study period and this comparative analysis is 

therefore limited by non-contemporaneous data sets. Additionally, comparison groups 

are not directly analogous in term of key characteristics. For example, infants born 

under 28 weeks gestation age made up 53% of the IVH Grade I-II group but only 17% 

the preterm comparison group, a factor that may have influenced feeding outcomes. 

However, the comparison cohorts were likely to have been affected by many of the 

same consequences of prematurity, medical complications, and neonatal care as their 

brain-injured peers and our study supports the need for further research into the links 

between neonatal brain injury severity and worsened feeding outcomes.  

 

Despite limitations, the findings in this study provide evidence that infants with 

neonatal brain injury should be considered at high risk for feeding disorders. Feeding 

disorders are associated with choking risk, respiratory illness, long-term tube feeding, 

feeding aversions, and poor growth and nutrition and associated negative effects on 

neurodevelopment in infancy (Andrew et al., 2018; Arvedson, 2013; Dabydeen et al., 

2008; Dodrill, 2014; Sullivan et al., 2000; Tutor & Gosa, 2012). Additionally, children 

with feeding disorders and their families experience altered bonding opportunities, 

disrupted family life, reduced social participation, increased stress and anxiety, and 

reduced quality of life (Adams et al., 1999; Azios et al., 2016; Dodrill, 2014; Hawdon et 

al., 2000; Hewetson & Singh, 2009; Nelson et al., 2015; Sullivan et al., 2000). Given 

these consequences, neonatal feeding disorders need to be skilfully approached. Input 



 

from specialist feeding therapists can minimise the risk of negative feeding outcomes, 

maximise oral feeding potential, and support families to understand, anticipate, and 

manage feeding disorders during and following admission to the neonatal unit. Future 

research should include the influence of milder types of brain injury on feeding 

outcomes, identifying the natural history and pathophysiology of feeding problems 

experienced within each brain injury type, and identifying the best methods of 

preventing and treating feeding problems following neonatal brain injury.  

 

CONCLUSIONS 

Neonatal brain injury of all types and severity levels can increase the risk of feeding 

disorders in the neonatal phase, preventing progression to full oral feeding and 

prolonging admission to the neonatal unit. Access to specialist feeding therapists 

should be made available to all infants with neonatal brain injury to maximise the 

infants feeding potential and support their families, while on the neonatal unit and 

after discharge.  

 

 

 

Conflicts of interest:  

The authors declare that there is no conflict of interest in publishing this paper. 

 

Funding:  



 

This work was support by a Collaboration for Leadership in Applied Health Research 

and Care North West Coast Research Fellowship Internship.  

 

 

 

References  

Adams, R. A., Gordon, C., & Spangler, A. A. (1999). Maternal stress in caring for children with 

feeding disabilities: Implications for health care providers. Journal of the American Dietetic 

Association, 99(8), 962–966. https://doi.org/10.1016/S0002-8223(99)00228-X 

 

Afsharkhas, L., Khalessi, N., & Karimi Panah, M. (2015). Intraventricular hemorrhage in term 

neonates: Sources, severity and outcome. Iranian Journal of Child Neurology, 9(3), 34–39. 

PMID: 26401151 

 

Ahn, A. K., & Musso, M. F. (2018). Embryology and Anatomy. In J. Ongkasuwan & E. H. Chiou 

(Eds.), Pediatric Dysphagia: Challenges and Controversies (pp. 3–16). Springer, Cham. 

https://doi.org/10.1007/978-3-319-97025-7_1 

 

Andrew, M. J., Parr, J. R., Montague-Johnson, C., Laler, K., Holmes, J., Baker, B., & Sullivan, P. B. 

(2018). Neurodevelopmental outcome of nutritional intervention in newborn infants at risk of 

neurodevelopmental impairment: The Dolphin neonatal double-blind randomized controlled 

trial. Developmental Medicine & Child Neurology, 60(9), 897–905. 

https://doi.org/10.1111/dmcn.13914 

 

https://doi.org/10.1016/S0002-8223(99)00228-X
https://doi.org/10.1007/978-3-319-97025-7_1
https://doi.org/10.1111/dmcn.13914


 

Annink, K. V., Meerts, L., van der Aa, N. E., Alderliesten, T., Nikkels, P. G. J., Nijboer, C. H. A., 

Groenendaal, F., de Vries, L. S., Benders, M. J. N. L., Hoebeek, F. E., & Dudink, J. (2020). 

Cerebellar injury in term neonates with hypoxic-ischemic encephalopathy is underestimated. 

Pediatric Research. https://doi.org/10.1038/s41390-020-01173-z 

 

Arvedson, J. C. (2013). Feeding children with cerebral palsy and swallowing difficulties. 

European Journal of Clinical Nutrition, 67(2), S9–S12. https://doi.org/10.1038/ejcn.2013.224 

 

Azios, J. H., Damico, J. S., & Roussel, N. C. (2016). Experiences associated with pediatric 

dysphagia: A mother’s perspective. International Journal of Speech & Language Pathology and 

Audiology, 4(2), 50–56. 

 

Bano, S., Chaudhary, V., & Garga, U. C. (2017). Neonatal hypoxic-ischemic encephalopathy: A 

radiological review. Journal of Pediatric Neurosciences, 12(1), 1–6. 

https://doi.org/10.4103/1817-1745.205646 

 

Barkat-Masih, M., Saha, C., Hamby, D. K., Ofner, S., & Golomb, M. R. (2010). Feeding problems 

in children with neonatal arterial ischemic stroke. Journal of Child Neurology, 25(7), 867–872. 

https://doi.org/10.1177/0883073809348354 

 

Bolisetty, S., Dhawan, A., Abdel-Latif, M., Bajuk, B., Stack, J., Oei, J.-L., & Lui, K. (2014). 

Intraventricular hemorrhage and neurodevelopmental outcomes in extreme preterm infants. 

Pediatrics, 133(1), 55–62. https://doi.org/10.1542/peds.2013-0372 

 

https://doi.org/10.1038/s41390-020-01173-z
https://doi.org/10.1038/ejcn.2013.224
https://doi.org/10.4103/1817-1745.205646
https://doi.org/10.1177/0883073809348354
https://doi.org/10.1542/peds.2013-0372


 

Briana, D. D., & Malamitsi-Puchner, A. (2021). Low-grade intraventricular hemorrhage of 

preterm infants: neurodevelopmental and motor outcome. The Journal of Maternal-Fetal & 

Neonatal Medicine, 34(4), 646-652. https://doi.org/10.1080/14767058.2019.1610741 

 

Chaoying, M., Junwu, G., & Chituwo, B. M. (1999). Intraventricular haemorrhage and its 

prognosis, prevention and treatment in term infants. Journal of Tropical Pediatrics, 45(4), 237–

240. https://doi.org/10.1093/tropej/45.4.237 

 

Dabydeen, L., Thomas, J. E., Aston, T. J., Hartley, H., Sinha, S. K., & Eyre, J. A. (2008). High-

energy and -protein diet increases brain and corticospinal tract growth in term and preterm 

infants after perinatal brain injury. Pediatrics, 121(1), 148–156. 

https://doi.org/10.1542/peds.2007-1267 

 

DeMaster, D., Bick, J., Johnson, U., Montroy, J. J., Landry, S., & Duncan, A. F. (2019). Nurturing 

the preterm infant brain: Leveraging neuroplasticity to improve neurobehavioral outcomes. 

Pediatric Research, 85(2), 166–175. https://doi.org/10.1038/s41390-018-0203-9 

 

Dodrill, P. (2014). Feeding problems and oropharyngeal dysphagia in children. Journal of 

Gastroenterology and Hepatology Research, 3(5), 1055–1060. 

 

Edney, S. K., Jones, S., & Boaden, E. (2019). Screening for feeding difficulties in the neonatal 

unit: Sensitivity and specificity of gestational age vs. medical history. Journal of Neonatal 

Nursing, 25(3), 116–120. https://doi.org/10.1016/j.jnn.2018.10.004 

 

https://doi.org/10.1080/14767058.2019.1610741
https://doi.org/10.1093/tropej/45.4.237
https://doi.org/10.1542/peds.2007-1267
https://doi.org/10.1038/s41390-018-0203-9
https://doi.org/10.1016/j.jnn.2018.10.004


 

Finder, M., Boylan, G. B., Twomey, D., Ahearne, C., Murray, D. M., & Hallberg, B. (2020). Two-

year neurodevelopmental outcomes after mild hypoxic ischemic encephalopathy in the era of 

therapeutic hypothermia. JAMA Pediatrics, 174(1), 48–55. 

https://doi.org/10.1001/jamapediatrics.2019.4011 

 

Fumagalli, M., Bassi, L., Sirgiovanni, I., Mosca, F., Sannia, A., & Ramenghi, L. A. (2015). From 

germinal matrix to cerebellar haemorrhage. The Journal of Maternal-Fetal & Neonatal 

Medicine, 28(sup1), 2280–2285. https://doi.org/10.3109/14767058.2013.796168 

 

Gale, C., Statnikov, Y., Jawad, S., Uthaya, S. N., & Modi, N. (2018). Neonatal brain injuries in 

England: Population-based incidence derived from routinely recorded clinical data held in the 

National Neonatal Research Database. Archives of Disease in Childhood - Fetal and Neonatal 

Edition, 103(4), F301–F306. https://doi.org/10.1136/archdischild-2017-313707 

 

Giannì, M. L., Sannino, P., Bezze, E., Plevani, L., Di Cugno, N., Roggero, P., Consonni, D., & 

Mosca, F. (2015). Effect of co-morbidities on the development of oral feeding ability in pre-

term infants: A retrospective study. Scientific Reports, 5, 16603. 

https://doi.org/10.1038/srep16603 

 

Gigi, M., Roth, J., Eshel, R., Constantini, S., & Bassan, H. (2019). Health-related quality of life 

after post-haemorrhagic hydrocephalus in children born preterm. Developmental Medicine & 

Child Neurology, 61(3), 343–349. https://doi.org/10.1111/dmcn.14012 

 

Goday, P. S., Huh, S. Y., Silverman, A., Lukens, C. T., Dodrill, P., Cohen, S. S., Delaney, A. L., 

Feuling, M. B., Noel, R. J., Gisel, E., Kenzer, A., Kessler, D. B., Kraus de Camargo, O., Browne, J., 

https://doi.org/10.1001/jamapediatrics.2019.4011
https://doi.org/10.3109/14767058.2013.796168
https://doi.org/10.1136/archdischild-2017-313707
https://doi.org/10.1038/srep16603
https://doi.org/10.1111/dmcn.14012


 

& Phalen, J. A. (2019). Pediatric feeding disorder: Consensus definition and conceptual 

framework. Journal of Pediatric Gastroenterology and Nutrition, 68(1), 124–129. 

https://doi.org/10.1097/MPG.0000000000002188 

 

Harding, C., Frank, L., Botting, N., & Hilari, K. (2015). Assessment and management of infant 

feeding. Infant, 11(3), 85–89. 

 

Harding, C., Frank, L., Dungu, C., & Colton, N. (2012). The use of nonnutritive sucking to 

facilitate oral feeding in a term infant: A single case study. Journal of Pediatric Nursing, 27(6), 

700–706. https://doi.org/10.1016/j.pedn.2012.01.006 

 

Hawdon, J. M., Beauregard, N., Slattery, J., & Kennedy, G. (2000). Identification of neonates at 

risk of developing feeding problems in infancy. Developmental Medicine & Child Neurology, 

42(4), 235–239. https://doi.org/null 

 

Hayes, B. C., Doherty, E., Grehan, A., Madigan, C., McGarvey, C., Mulvany, S., Matthews, T. G., 

& King, M. D. (2018). Neurodevelopmental outcome in survivors of hypoxic ischemic 

encephalopathy without cerebral palsy. European Journal of Pediatrics, 177(1), 19–32. 

https://doi.org/10.1007/s00431-017-3028-3 

 

Hewetson, R., & Singh, S. (2009). The lived experience of mothers of children with chronic 

feeding and/or swallowing difficulties. Dysphagia, 3(24), 322–332. 

https://doi.org/10.1007/s00455-009-9210-7 

 

https://doi.org/10.1097/MPG.0000000000002188
https://doi.org/10.1016/j.pedn.2012.01.006
https://doi.org/null
https://doi.org/10.1007/s00431-017-3028-3
https://doi.org/10.1007/s00455-009-9210-7


 

Hollebrandse, N. L., Spittle, A. J., Burnett, A. C., Anderson, P. J., Roberts, G., Doyle, L. W., & 

Cheong, J. L. Y. (2020). School-age outcomes following intraventricular haemorrhage in infants 

born extremely preterm. Archives of Disease in Childhood - Fetal and Neonatal Edition. 

https://doi.org/10.1136/archdischild-2020-318989 

 

Hutchon, B., Gibbs, D., Harniess, P., Jary, S., Crossley, S.-L., Moffat, J. V., Basu, N., & Basu, A. P. 

(2019). Early intervention programmes for infants at high risk of atypical neurodevelopmental 

outcome. Developmental Medicine & Child Neurology, 61(12), 1362–1367. 

https://doi.org/10.1111/dmcn.14187 

 

Inder, T. E., Perlman, J. M., & Volpe, J. J. (2018). Preterm Intraventricular 

Hemorrhage/Posthemorrhagic Hydrocephalus. In J. J. Volpe, T. E. Inder, B. T. Darras, L. S. de 

Vries, A. J. du Plessis, J. Neil, & J. M. Perlman (Eds.), Volpe’s Neurology of the Newborn (6th 

ed., pp. 637–698). Elsevier. https://doi.org/10.1016/B978-0-323-42876-7.00024-7 

 

Jeong, H. J., Shim, S.-Y., Cho, H. J., Cho, S. J., Son, D. W., & Park, E. A. (2016). Cerebellar 

development in preterm infants at term-equivalent age is impaired after low-grade 

intraventricular hemorrhage. The Journal of Pediatrics, 175, 86-92.e2. 

https://doi.org/10.1016/j.jpeds.2016.05.010 

 

Jocelyn, L. J., & Casiro, O. G. (1992). Neurodevelopmental outcome of term infants With 

intraventricular hemorrhage. American Journal of Diseases of Children, 146(2), 194–197. 

https://doi.org/10.1001/archpedi.1992.02160140060021 

 

https://doi.org/10.1136/archdischild-2020-318989
https://doi.org/10.1111/dmcn.14187
https://doi.org/10.1016/B978-0-323-42876-7.00024-7
https://doi.org/10.1016/j.jpeds.2016.05.010
https://doi.org/10.1001/archpedi.1992.02160140060021


 

Kashou, N. H., Dar, I. A., El-Mahdy, M. A., Pluto, C., Smith, M., Gulati, I. K., Lo, W., & Jadcherla, 

S. R. (2017). Brain lesions among orally fed and gastrostomy-fed dysphagic preterm infants: 

Can routine qualitative or volumetric quantitative magnetic resonance imaging predict feeding 

outcomes? Frontiers in Pediatrics, 5(73). https://doi.org/10.3389/fped.2017.00073 

 

Khurana, S., Kane, A. E., Brown, S. E., Tarver, T., & Dusing, S. C. (2020). Effect of neonatal 

therapy on the motor, cognitive, and behavioral development of infants born preterm: A 

systematic review. Developmental Medicine & Child Neurology, 62(6), 684–692. 

https://doi.org/10.1111/dmcn.14485 

 

Kolb, B., & Gibb, R. (2011). Brain plasticity and behaviour in the developing brain. Journal of 

the Canadian Academy of Child and Adolescent Psychiatry, 20(4), 265–276. PMID: 22114608 

 

Krüger, E., Kritzinger, A., & Pottas, L. (2019). Oropharyngeal dysphagia in breastfeeding 

neonates with hypoxic-ischemic encephalopathy on therapeutic hypothermia. Breastfeeding 

Medicine: The Official Journal of the Academy of Breastfeeding Medicine, 14(10), 718–723. 

https://doi.org/10.1089/bfm.2019.0048 

 

Martinez-Biarge, M., Diez-Sebastian, J., Wusthoff, C. J., Lawrence, S., Aloysius, A., Rutherford, 

M. A., & Cowan, F. M. (2012). Feeding and communication impairments in infants with central 

grey matter lesions following perinatal hypoxic–ischaemic injury. European Journal of 

Paediatric Neurology, 16(6), 688–696. https://doi.org/10.1016/j.ejpn.2012.05.001 

 

https://doi.org/10.3389/fped.2017.00073
https://doi.org/10.1111/dmcn.14485
https://doi.org/10.1089/bfm.2019.0048
https://doi.org/10.1016/j.ejpn.2012.05.001


 

Morgan, C., Novak, I., & Badawi, N. (2013). Enriched environments and motor outcomes in 

cerebral palsy: Systematic review and meta-analysis. Pediatrics, 132(3), e735–e746. 

https://doi.org/10.1542/peds.2012-3985 

 

Mourão, L. F., Friel, K. M., Sheppard, J. J., Kuo, H.-C., Luchesi, K. F., Gordon, A. M., & 

Malandraki, G. A. (2017). The role of the corpus callosum in pediatric dysphagia: Preliminary 

findings from a diffusion tensor imaging study in children with unilateral spastic cerebral palsy. 

Dysphagia, 32(5), 703–713. https://doi.org/10.1007/s00455-017-9816-0 

 

Mukerji, A., Shah, V., & Shah, P. S. (2015). Periventricular/intraventricular hemorrhage and 

neurodevelopmental outcomes: A meta-analysis. Pediatrics, 136(6), 1132–1143. 

https://doi.org/10.1542/peds.2015-0944 

 

Nelson, K. E., Lacombe-Duncan, A., Cohen, E., Nicholas, D. B., Rosella, L. C., Guttmann, A., & 

Mahant, S. (2015). Family experiences with feeding tubes in neurologic impairment: A 

systematic review. Pediatrics, 136(1), e140–e151. https://doi.org/10.1542/peds.2014-4162 

 

Papile, L.-A., Burstein, J., Burstein, R., & Koffler, H. (1978). Incidence and evolution of 

subependymal and intraventricular hemorrhage: A study of infants with birth weights less than 

1,500 gm. The Journal of Pediatrics, 92(4), 529–534. https://doi.org/10.1016/S0022-

3476(78)80282-0 

 

Pfahl, S., Hoehn, T., Lohmeier, K., Richter-Werkle, R., Babor, F., Schramm, D., & Sabir, H. 

(2018). Long-term neurodevelopmental outcome following low grade intraventricular 

https://doi.org/10.1542/peds.2012-3985
https://doi.org/10.1007/s00455-017-9816-0
https://doi.org/10.1542/peds.2015-0944
https://doi.org/10.1542/peds.2014-4162
https://doi.org/10.1016/S0022-3476(78)80282-0
https://doi.org/10.1016/S0022-3476(78)80282-0


 

hemorrhage in premature infants. Early Human Development, 117, 62–67. 

https://doi.org/10.1016/j.earlhumdev.2017.12.013 

 

Quinn, J.-A., Munoz, F. M., Gonik, B., Frau, L., Cutland, C., Mallett-Moore, T., Kissou, A., Wittke, 

F., Das, M., & Nunes, T. (2016). Preterm birth: Case definition & guidelines for data collection, 

analysis, and presentation of immunisation safety data. Vaccine, 34(49), 6047–6056. 

https://doi.org/10.1016/j.vaccine.2016.03.045 

 

Reiss, J., Sinha, M., Gold, J., Bykowski, J., & Lawrence, S. M. (2019). Outcomes of infants with 

mild hypoxic ischemic encephalopathy who did not receive therapeutic hypothermia. 

Biomedicine Hub, 4(3), 1–9. https://doi.org/10.1159/000502936 

 

Rutherford, M., Malamateniou, C., McGuinness, A., Allsop, J., Biarge, M. M., & Counsell, S. 

(2010). Magnetic resonance imaging in hypoxic-ischaemic encephalopathy. Early Human 

Development, 86(6), 351–360. https://doi.org/10.1016/j.earlhumdev.2010.05.014 

 

Sarnat, H. B., & Sarnat, M. S. (1976). Neonatal encephalopathy following fetal distress: A 

clinical and electroencephalographic study. Archives of Neurology, 33(10), 696–705. 

https://doi.org/10.1001/archneur.1976.00500100030012 

 

Sullivan, P. B., Lambert, B., Rose, M., Ford‐Adams, M., Johnson, A., & Griffiths, P. (2000). 

Prevalence and severity of feeding and nutritional problems in children with neurological 

impairment: Oxford Feeding Study. Developmental Medicine & Child Neurology, 42(10), 674–

680. https://doi.org/10.1111/j.1469-8749.2000.tb00678.x 

 

https://doi.org/10.1016/j.earlhumdev.2017.12.013
https://doi.org/10.1016/j.vaccine.2016.03.045
https://doi.org/10.1159/000502936
https://doi.org/10.1016/j.earlhumdev.2010.05.014
https://doi.org/10.1001/archneur.1976.00500100030012
https://doi.org/10.1111/j.1469-8749.2000.tb00678.x


 

Tam, E. W. Y., Miller, S. P., Studholme, C., Chau, V., Glidden, D., Poskitt, K. J., Ferriero, D. M., & 

Barkovich, A. J. (2011). Differential effects of intraventricular hemorrhage and white matter 

injury on preterm cerebellar growth. The Journal of Pediatrics, 158(3), 366–371. 

https://doi.org/10.1016/j.jpeds.2010.09.005 

 

Tutor, J. D., & Gosa, M. M. (2012). Dysphagia and aspiration in children. Pediatric Pulmonology, 

47(4), 321–337. https://doi.org/10.1002/ppul.21576 

 

Volpe, J. J. (2019). Dysmaturation of premature brain: Importance, cellular mechanisms, and 

potential interventions. Pediatric Neurology, 95, 42–66. 

https://doi.org/10.1016/j.pediatrneurol.2019.02.016 

 

Webster, D. (2020). Neonatal Brain Injury. In G. Boxwell, J. Petty, & L. Kaiser (Eds.), Neonatal 

Intensive Care Nursing (3rd ed., pp. 350–373). Routledge. ISBN 9781138556843 

 

 

 

https://doi.org/10.1016/j.jpeds.2010.09.005
https://doi.org/10.1002/ppul.21576
https://doi.org/10.1016/j.pediatrneurol.2019.02.016

