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Abstract
Preterm birth is the leading cause of neonate mortality and the second cause of death 

for children under 5 years of age in the world. The neonates born with very low birth weight 
(< 1500 g) and extremely low birth weight (< 1000 g), as well as neonates born very preterm 
and extremely preterm are at high risk for neurodevelopmental disabilities. Three common 
and frequent forms of brain injury in preterm neonates are intraventricular hemorrhage, 
white and gray brain matter injury. Motor developmental delay is early identified in premature 
neonates, especially during the first three years of life. The major motor deficit is cerebral 
palsy, but in school age, minor motor dysfunctions are diagnosed and named developmental 
coordination disorder. The second domain in which developmental delays are identified is 
cognitive development. Children born prematurely have lower intelligence quotient and a 
high risk of speech and language disabilities. The low gestational age and low birth weight 
are the risk factors for emotional disorders, attention deficit/hyperactivity disorders and 
autism spectrum disorders. The frequency of visual impairment and hearing loss decreased 
with enlarging gestational age at birth. Intracranial hemorrhage and neonatal seizures 
are identified as prominent risk factors for later-onset epilepsy. A key strategy to reduce 
neurodevelopmental disability is the prevention of preterm delivery. Transport of pregnant 
women with a risk of preterm delivery and delivery in tertiary centers, prenatal administration 
of glucocorticoids and magnesium sulfate decreases the risk of preterm brain injury and 
improves neurodevelopmental outcomes. Also, the program “Neonatal Individualized 
Developmental Care and Assessment Program” and the application of the “skin-to-skin 
contact” method (Kangaroo Mother Care) have favorable effects on the neurodevelopmental 
outcome in premature neonates. Future research should make new recommendations for 
neuroprotection of the preterm neonates.
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Prevremeno rođenje je vodeći uzrok smrtnosti novorođenčadi i drugi uzrok 
smrtnosti dece mlađe od 5 godina u svetu. Novorođenčad rođena sa vrlo malom (< 1500 g) 
i ekstremno malom telesnom masom (< 1000 g), kao i ona koja su rođena kao vrlo pre-
terminska (28 - 32 nedelje gestacije) i ekstremno preterminska (< 28 nedelje gestacije) u 
visokom je riziku za neurorazvojne smetnje. Tri uobičajena i česta oblika oštećenja mozga 
prematurusa su intraventrikularno krvarenje, oštećenje bele i sive moždane mase. Zastoj u 
motornom razvoju kod preterminske novorođenčadi identifikuje se rano, posebno tokom 
prve tri godine života. Najveći motorni deficit je cerebralna paraliza, ali se u školskom 
uzrastu dijagnostikuje manja motorna disfunkcija, označena kao poremećaj razvojne ko-
ordinacije. Drugi domen u kome se identifikuje razvojno kašnjenje je kognitivni razvoj. 
Prevremeno rođena deca imaju niži koeficijent inteligencije i visok rizik od kašnjenja u 
razvoju govora i jezika. Niska gestacijska starost i niska telesna masa na rođenju faktori su 
rizika za emocionalne poremećaje, poremećaj pažnje i hiperaktivnost i poremećaje iz au-
tističnog spektra. Incidencija oštećenja vida i gubitka sluha opada sa porastom gestacijske 
starosti na rođenju. Intrakranijalna hemoragija i neonatalne konvulzije identifikovane su 
kao istaknuti faktori rizika za kasniju pojavu epilepsije. Ključna strategija za smanjenje ne-
urorazvojnog kašnjenja je prevencija prevremenog porođaja. Transport žena sa rizikom od 
prevremenog porođaja i porođaj u tercijarnom centru, prenatalna primena glukokortikoi-
da i magnezijum sulfata smanjuju rizik od oštećenja mozga kod prematurusa i poboljšava-
ju neurorazvojni ishod. Takođe, program „Neonatalna individualizovana razvojna nega i 
program procene” i metoda „kontakt koža-na-kožu” (engl. Kangaroo Mother Care) imaju 
povoljan efekat na neurorazvojni ishod preterminske novorođenčadi. Buduća istraživanja 
trebalo bi da donesu nove preporuke za neuroprotekciju preterminske novorođenčadi.

Introduction

Preterm delivery (PD) means delivery before 
37 weeks of gestational age (GA). The World Health 
Organization (WHO) defines subcategories of preterm 
neonates: extremely preterm (EPT) (< 28 weeks GA), 
very preterm (VPT) (28 - 31 + 6/7 weeks GA), moderate 
preterm (MPT) (32 - 33 + 6/7 weeks GA) and late preterm 
(LPT) (34 - 36 + 6/7 weeks GA). About 15 million children 
are born before term every year, i.e. 1 out of 10 neonates. 
Approximately one million children die each year due to 
complications of PD. Also, preterm birth is the leading 
cause of neonate mortality and the second cause of death 
for children under 5 years of age in the world (1). 

Over the past several decades, medical scientific and 
technological advances, including the use of mechanical 
ventilation (MV), exogenous surfactants, and antenatal 
glucocorticoid therapy, have contributed to the enlar-
gement in survival of preterm neonates. With enlarged 
survival of these neonates increases the risk of neurode-
velopmental disorders. The preterm neonates have several 
risk factors, which can affect all aspects of neurologic de-
velopment (2, 3). The neonates born with very low birth 
weight (VLBW) (< 1500 g) and extremely low birth weight 
(ELBW) (< 1000 g), as well as neonates born VPT and EPT 
are at high risk for neurodevelopmental disabilities (4, 5).

This review article focuses on the recent research 
into the neurologic consequences of prematurity. The 
aim of our study is to summarize neurologic disorders in 
preterm neonates, risk factors, neurologic development, 
as well as interventions that can improve the development 
of children born before term.

Preterm brain injury

Preterm brain injury (PBI) occurs as a result of the 
influence of a large number of factors, including hypoxia 
and ischemia, inflammation, infection, MV, and exposure 
to glucocorticoids, sedatives or drugs of abuse. Three 
common forms of PBI are: intraventricular hemorrhage 
(IVH), white matter injury (WMI) and gray matter injury 
(GMI) (6, 7). 

Intraventricular hemorrhage originates from small 
blood vessels in the subependymal germinal matrix. The 
frequency and severity of IVH enlarge with decreasing GA 
and occurred in 40 - 60% of VLBW neonates. According 
to Papile’s grading system, there are four grades of severity 
of IVH (table 1). Long-term neurodevelopmental delay is 
associated with a greater degree of IVH, especially with 
degree III of IVH with posthemorrhagic ventriculomegaly 
and degree IV of IVH with intraparenchymal hemorrhage 
(7-9).

Sažetak

Ključne reči: 
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Table 1. Papile’s grading system of intraventricular 
hemorrhage (8).

Grades Finding
Grade 1 Germinal matrix hemorrhage

Grade 2
Intraventricular hemorrhage without 

ventricular dilatation

Grade 3
Intraventricular hemorrhage with 

ventricular dilatation

Grade 4
Intraventricular hemorrhage with 

ventricular dilatation and parenchymal 
hemorrhage
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In immature brains of preterm neonates, WHI 
occurs as a periventricular leukomalacia (PVL) and diffuse 
WHI. Periventricular leukomalacia implies focal necrosis 
that is localized periventricularly and is associated with 
diffuse reactive gliosis and activation of microglia in the 
white matter of the brain. These necroses can be large, 
easily visualized by transfontanellar ultrasound, known 
as “cystic PVL” and observed in less than 5% of VLBW 
neonates. Much more often, white matter necrosis is 
small and leads to glial scarring that is not easily seen by 
neuroimaging, and this form is termed “non-cystic PVL”. 
(10, 11).

The pathophysiology of the WHI includes toxicity of 
glutamate, free radical, and/or cytokine to oligodendrocyte 
precursors, GABAergic interneurons, subplate neurons 
and axonal damage. All these processes result in changes in 
the development of the cerebral cortex. Dysmyelination is 
one of the main features of chronic WMI. The cystic form 
of WMI is commonly associated with neurodevelopmental 
disabilities (7, 11, 12). 

Several studies indicate changes in gray matter are 
a substantial contributor to neurodevelopmental delay. 
A significant reduction in the growth of the gray matter 
structures of the brain, including the thalamus, globus 
pallidus, hippocampus and cerebral dentate nucleus, have 
determined by various neuroimaging techniques. The 
histopathological signs of GMI are loss of neurons and/or 
gliosis (7, 11, 13).

The association between WMI/PVL and neuronal/
axonal deficits is termed “encephalopathy of prematurity” 
introduced by Dr Joseph Volpe in 2005 (11, 14).

Motor development

Premature neonates are at risk for motor development 
disabilities. The major motor deficit in premature neonates 
is often categorized as cerebral palsy (CP), disorder of 
motor development and posture. Cerebral palsy occurs 
as a result of congenital brain anomalies or injury to the 
developing brain. Spastic diplegia is the most frequent 
subtype of CP in children born prematurely (2, 4, 15, 16).

The incidence of CP decreases in children born VPT 
(17). Arnaud et al. (16) found that about two-thirds had a 
spastic form of CP. In children born 32 - 36 weeks GA, the 
prevalence of CP significantly decreased with an average 
reduction of 4% per year. The conclusion of the study was 
that the prevalence of CP in preterm neonates continues to 
decline, except in EPT neonates. The results of EPIPAGE 
prospective cohort study were that at two years of age, 
prevalence of CP decreased with increasing GA, 20% at 27 
weeks GA, 12% at 27 to 28 weeks GA, 8% at 29 to 30 weeks 
GA, 7% at 31 weeks GA, and 4% at 32 weeks GA (18).

The diagnosis of CP is difficult to establish before 18 
to 24 months of age, especially if the neurologic signs are 
mild (19). It is very important to identify children with risk 
factors for the occurrence of CP, which include low GA, low 
birth weight (LBW), multiple gestation, low arterial pH of 
umbilical cord blood, low Apgar score (AS), intrauterine 

infection, neonatal sepsis, prolonged MV, placental 
abruption, PD, prolonged rupture of membranes, postnatal 
corticosteroid therapy, retinopathy of prematurity (ROP) 
and male gender. The risk of occurrence CP is enlarged in 
preterm neonates with cerebral lesions, such as cystic PVL 
or intraparenchymal hemorrhage (2, 4, 18, 20).

Also, preterm neonates, especially born VPT, are 
at risk of a minor motor dysfunction classified as deve-
lopmental coordination disorder (DCD). The diagnosis 
of DCD is often made only when the child starts school. 
The disorder includes delayed motor milestones, balan-
ce abnormalities, deficit in gross and fine motor control 
and visual motor integration (2, 17, 19). The prevalen-
ce of DCD estimates ranges from 2% to 20% of children 
(20). The EPIPAGE-2 is a prospective cohort study that 
evaluated children born between 22 and 34 weeks GA in 
25 French regions in 2011. The results of this study were 
that at 5½ years of age prevalence of CP was the highest 
in children born 24 - 26 weeks GA, 12.4%, compared with 
5.9% in children born 27 - 31 weeks GA and 2.4% in chi-
ldren born 32 - 34 weeks GA. Similar results were found 
for DCD; 18.8% in children born 24 - 26 weeks GA had 
DCD compared with 5.0% in children born 32 - 34 weeks 
GA (22).

Developmental coordination disorder affects acti-
vities of daily living and also have effects on academic 
attainment and mental health (20). Uusitalo K. et al. (17) 
conducted a prospective follow-up study and evaluated 
children born VPT in Finland between 2001 and 2006. 
This study found that children born VPT with DCD had 
more cognitive disabilities than children born VPT without 
motor deficits. Also, children born VPT with DCD repor-
ted lower health-related quality of life than children born 
VPT without DCD.

Cognitive and language development

Cognitive outcomes after PD are heterogeneous. 
The frequency of severe cognitive disabilities is higher 
in populations of neonates born VPT and EPT (23,  24). 
Pascal A. et al. (25) in a systematic review reported a 
prevalence of cognitive disabilities in VPT and VLBW 
neonates was estimated at 16.9%. The prevalence of mild 
cognitive disabilities was higher (14.3%) than moderate-
to-severe cognitive disabilities (8.2%). Also, these authors 
reported that the estimated pooled prevalence of cognitive 
disabilities was higher in neonates born EPT and VPT, 
29.4% and 14.3%, respectively.

Children born prematurely have lower intelligence 
quotient (IQ), lower executive functioning and lower pro-
cessing speed than FT children (2). In addition to low GA 
and LBW, other risk factors are small for GA (SGA), ce-
rebral lesions (IVH and cystic PVL), presence of seizures, 
low AS, metabolic acidosis, male gender, bronchopulmo-
nary dysplasia, low socio-economic status of parents and 
lack of breastfeeding (2, 3, 24, 26). 

Children born EPT are at high risk for comor-
bid intellectual and learning disabilities. This fact was 
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confirmed by the study of Johnson S. et al.; at 11 years 
old, children born EPT (47%) have a higher prevalence 
of intellectual and learning disabilities than children born 
at term (4.6%). Also, these children have three times 
increased risk for special educational needs. Difficulties 
with mathematics are especially common (27, 28).

Preterm neonates are at an increased risk of speech 
and language disabilities (19). Language impairments in 
preterm neonates include mild to moderate disabilities in 
the development of vocabulary and grammar, as well as 
language comprehension (29, 30). Cohen-Foster et al. fo-
und that at 4 years old, children born VPT had significantly 
lower receptive and expressive language ability than 
full-term (FT) children. The main predictors of children’s 
overall language development were the social status of a 
family, the severity of WMI and mental health of parents 
(29). Asztalos et al. reported to exist positive association 
between primary caregiver education and cognitive and 
language development at 18 to 21 months of corrected age 
in neonates born EPT (31).

Mental health

Several studies have shown PD as a significant 
risk factor for psychiatric disorders, and emotional and 
behavioral problems, especially infant born VPT and 
EPT (32 - 34). As well as other neurologic consequences 
of prematurity, low GA and LBW are the main risk 
factors for specific psychiatric disorders, including 
emotional disorders (anxiety, depression), attention 
deficit/hyperactivity disorders (ADHD), and autism 
spectrum disorders (ASD). This pattern of behavioral and 
emotional disabilities is named the “preterm behavioral 
phenotype” (32).

Leviton A. et al. (35) identified prenatal, perina-
tal and postnatal risk factors for ADHD. The risk factors 
associated with diagnosed ADHD were: low mater-
nal age at delivery, obesity before pregnancy, and smo-
king during pregnancy. Other identified risk factors for 
ADHD include magnesium for seizure prophylaxis, male 
gender, birth of only one child, administration of drugs 
(sedative or antibiotic), ventriculomegaly, ROP, recovery 
of Mycoplasma spp. from the placenta parenchyma, MV 
on postnatal day 7 and “surgical” necrotizing enterocolitis 
(NEC).

The results of a national cohort study by Crump C. 
and al. (36) showed that neonates born EPT and VPT have 
an increased risk of ASD, 6.1% for EPT (22 - 27 weeks), and 
2.6% for VPT to MPT (28 - 33 weeks) than 1.6% for early 
FT (37 - 38 weeks), and 1.4% for late FT (39 - 41 weeks). 
The overall prevalence of ASD in preterm neonates was 
2.1%.

These emotional and psychiatric disorders can 
affect academic achievement and social integration 
(37, 38). Also, a study by Davies C. et al. (39) reported that 
several prenatal and perinatal factors, including PD, LBW 
and SGA, are associated with the later onset of psychosis, 
such as schizophrenia.

Vision and auditory development

Children born prematurely have an enlarged risk of 
various visual impairments, such as strabismus, refractive 
errors, reduced visual acuity and deficits in cortical 
visual processing. The ROP is a proliferative vascular 
disease of the retina and the main risk factor for visual 
impairment in premature neonates which can cause 
blindness. (24, 40, 41). Numerous visual impairments 
may be consequences of abnormal brain development 
or cerebral injury. Development of the cerebral visual 
system is susceptible to injury through the last trimester 
of pregnancy (2, 40).

Preterm neonates admitted to the neonatal inten-
sive care unit (NICU) are at higher risk of deafness. Also, 
neonates born VPT and VLBW neonates, exposures to 
ototoxic drugs (gentamicin, furosemide) have been re-
ported as risk factors for hearing impairment. Common 
conditions, such as hyperbilirubinemia or hypoglycemia, 
are also risk factors for hearing impairment in neonates 
admitted to NICU (24, 42, 43).

The study of Hirvonen M. et al. (44) found that the 
frequency of visual and hearing impairments enlarged 
with decreasing GA at birth. The identified risk factors for 
these impairments were maternal smoking during pre-
gnancy, AS < 4 at the first minute of age, NICU admission, 
SGA, MV, intracranial hemorrhage (ICH) and neonatal 
seizures. Also, neonates born VPT and LPT were associa-
ted with an enlarged risk of deafness, and neonates born 
VPT had an enlarged risk of visual impairment.

Epilepsy and prematurity

Preterm neonates are susceptible to seizures in the 
first weeks of life. The reported incidence of seizures in 
this population varies from 4% to 48%. Seizures during 
the neonatal period, especially in preterm neonates, are 
more often to contribute to poor neurodevelopmental 
outcomes (45-47).

Hirvoven M. et al. (47) reported that the incidence 
of epilepsy was 2.53% in the neonates born VPT, then 
0.51% in the FT neonates. This study reported that ICH 
and neonatal seizures were identified as prominent risk 
factors for later-onset epilepsy. The overall incidence 
of epilepsy was 0.54% and it decreased with increasing 
GA up until 41 weeks. A similar result was reported in 
the study of Chou IC et al. (48); the overall incidence 
of epilepsy in preterm neonates was 2.96%. In groups 
of preterm neonates with ICH, hypoxia-ischemia and 
cerebral congenital anomalies, the overall incidence of 
epilepsy was 15.9%, 6.92% and 14.3%, respectively.

Neuroprotective interventions

A key preventive and treatment strategy to 
reduce PBI focuses on different adverse factors that 
these neonates can be exposed to before, during or after 
delivery. First of all, the most important is the prevention 
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of PD. Primary prevention includes weight optimization, 
healthy nutrition, vitamin and mineral supplementation, 
and smoking cessation. Secondary prevention efforts are 
directed at women who are at higher risk of PD. These 
forms of prevention include administration of progesterone, 
cervical cerclage and treatment of infections (12, 49). 

Tocolytic therapy is used to extend the pregnancy 
and the most often used are calcium channel blockers, 
such as nifedipine. These drugs can prolong pregnancy 
by 48 hours and reduce the frequency of IVH in preterm 
neonates (8, 50). 

Transport of preterm neonates (≤ 32 weeks GA) in 
the first 48 hours of life between hospitals is a risk factor 
for developing acute PBI, especially severe IVH. The in-
creased risk of acute PBI born outside tertiary centers may 
relate to medical staff who may lack specific training and 
expertise for resuscitation of preterm neonates. The best 
way to transport premature neonates is transport in the 
womb (transport in utero) to ensure that optimal obstetric 
and neonatal care is received (50-52). The impact of mode 
and timing of birth on IVH incidence is unclear. There is 
no proof that routine cesarean section (CS) has decreased 
the risk for mortality and IVH, than vaginal delivery. The 
studies suggest that emergency delivery has a higher risk 
for PBI than delivery mode. Routine CS is recommended 
only if the fetus is in the breech position. The pregnant 
woman and her gynecologist make the final decision on 
how to end the delivery (8, 51). 

According to the American College of Obstetricians 
and Gynecologists (ACOG), a single dose of betamet-
hasone or dexamethasone is recommended to all wo-
men who are at risk for PD before 35 weeks GA, within 
7 days. Antenatal corticosteroids were shown to reducing 
the incidence of IVH, severe IVH and WMI (12, 51-53). 
A Cochrane systemic review in 2016 evaluated 30 studies 
and showed that treatment with antenatal glucocorticoids 
is associated an overall reduction neurologic consequence 
of prematurity, including: death in perinatal and neonatal 
period, respiratory disorders, IVH, NEC, need for MV and 
sepsis in the first 48 hours of life (54). A single dose of 
glucocorticoids in neonates born before 34 weeks GA has 
a beneficial effect on neurodevelopmental outcome (55).

Several studies found that the administration of 
magnesium sulfate (MgSO4) to pregnant women in PD 
was associated with a significant reduction the risk motor 
disabilities in early childhood (56-58). The use of MgSO4 
for women at risk of imminent PD before 32 weeks GA is 
recommended by WHO and ACOG with the Society for 
Maternal Fetal Medicine (59, 60).

According to American Academy of Pediatrics 
(APP) and ACOG, delayed cord clamping (DCC) is 
recommended for 30 to 60 seconds in term and preterm 
neonates who has good muscle tone, active breathing 
efforts and heart rate more than 100. Several studies 
reported that DCC decreases the incidence of all degrees 
of IVH, but not with severe IVH specifically. Also, DCC 
appears to protect against motor impairment later during 
life (8, 51, 61, 62). 

It is very important to prevent hypothermia in 
premature neonates in the delivery room, because it 
has been associated with enlarged risk for acute PBI 
(8, 51). Hypercapnia, defined as the partial pressure of 
carbon dioxide blood levels of more than 60 mmHg, is 
a risk factor for acute brain injury in neonates born EPT. 
Volume-targeted ventilation is recommended to be used in 
premature neonates in the first 72 hours after birth, since 
this mode of ventilation has been shown to reduce the 
incidence of severe IVH (63, 64). Caffeine is used to treat 
apnea of prematurity. Several clinical trials have reported 
that caffeine has a favorable effect on the brain in premature 
neonates. The effects of caffeine depend on the dose, but 
also on the length of administration (51, 52, 62, 65, 66). 
Also, midline position and elevation of the infant’s head 
have been reported as protective factors for developing 
IVH (8, 51). Several studies have reported favorable effects 
of breastfeeding on the neurological development of the 
preterm infant (52, 62).

A special intervention program “Neonatal 
Individualized Developmental Care and Assessment 
Program” (NIDCAP) was developed to improve the 
neurodevelopmental outcome of premature neonates. 
The implementation of the NIDCAP program includes 
adequate positioning and handling, minimizing pain and 
stress, introducing the mode “day-night”, noise reduction, 
skin protection, nutrition and family involvement in 
treatment and care. The presence of parents is important 
for reducing stress in premature neonates, especially 
skin to skin contact between mother or father and infant 
(Kangaroo Mother Care) (62, 67, 68).

Despite the challenges associated with PBI and 
intervention that can improve neurodevelopmental 
outcomes, there are a large number of other agents 
with potential neuroprotective effects currently in 
various stages of trials. Future research should make 
new recommendations for reducing PBI and improving 
neurodevelopmental outcomes.

Conslusion

Prematurity is associated with a high risk of 
neurodevelopmental and lifelong disability. Prevention 
is extremely important. Numerous preventive strategies 
are aimed at PD, but also at factors that can have a 
harmful effect on premature neonates. Applying all these 
preventive measures reduces PBI, which decreases the risk 
of developing neurodevelopmental disabilities.
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