
PERINATOLOGY • Vol 18 • No. 3 • Oct–Dec 2017

95

Review Article

Antenatal Interventions To 
Improve Neurologic Outcomes 
of Preterm Infants
Arpit Gupta*, Shilpa Kalane, Umesh Vaidya

*Correspondence 
Dr Arpit Gupta 
Fellow in Neonatology (IAP) 
Department of Neonatology 
Deenanath Mangeshkar Hospital 
and Research Centre 
Near Mhatre Bridge, Erandawne 
Pune 411004, Maharashtra 
India

E-mail: arpitgupta11@gmail.com

Abstract
Neuroprotection of the perinatal brain is a healthcare priority 
in terms of both suffering and economy. Injury to the perinatal 
brain is a leading cause of death and disability in children. 
Although the survival rate of preterm infants has improved, 
the prevalence of cerebral palsy has risen. The incidence of 
cerebral palsy decreases significantly with increasing gesta-
tional age. Studies on possible risk factors of cerebral palsy in 
preterm children are abundant. Evidence now suggests that 
in 70% to 80% of the cases, cerebral palsy is associated with 
antenatal factors, with birth asphyxia playing a relatively minor 
role. Therefore, antenatal interventions to improve the neuro-
logic outcomes of preterm infants should be considered and 
implemented, if showed to be effective, to reduce the effects 
of this disabling condition on individuals, families, healthcare, 
and society. This article reviews potential antenatal neuropro-
tective approaches, including the future perspectives. 

Key Words: Brain injury, hypoxic–ischemic encephalopathy, 
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Introduction
Neuroprotection of the perinatal brain is a healthcare 
priority both in terms of suffering and economy. Injury 
to the perinatal brain is a leading cause of death and 
disability in children. Despite major improvements in 
perinatal care, the incidence of neurologic disabilities 
related to perinatal brain damage has not decreased 
significantly over the last decades.1,2 

The fetal brain rapidly increases in size, shape, and 
complexity during the second and third trimesters.3 
Neurodevelopmental compromise can result from an 
interruption in the normal developmental process or 
from damage to existing tissues. Brain development 
during this period is vulnerable to hypoxia–ischemia 
(HI), oxidative stress, inflammation, excitotoxicity, 
and poor nutrition. Exposure to these can result in 
structural, biochemical, and cell-specific injury.4 Preo-
ligodendrocytes, which emerge and mature between 
24 and 32 weeks of gestation, are particularly suscep-
tible to injury, and damage to these cells can result in 
white matter injury.5 Although intracranial hemor-
rhage, periventricular leukomalacia (PVL), inflamma-
tory conditions, and male sex are known risk factors for 
poor outcomes, little is known about how to improve 
these outcomes.

Infants born preterm are especially vulnerable to cere-
bral palsy. Preterm birth is one of the principal risk 
factors for cerebral palsy and associated neurosen-
sory disabilities.6,7 The degree of prematurity is associ-
ated with vulnerability of cerebral white matter and is 
predictive of an increased risk of white matter injury 
(such as PVL) and intraventricular hemorrhage,8 
which are established risk factors for the development 
of cerebral palsy.9 Although, with advances in the 
medical field, even at the extremes of viability, many, 
if not most, preterm infants survive, the contribution 
of prematurity to the overall burden of cerebral palsy is 
substantial.

Epidemiological and experimental data have made it 
possible to decipher the pathophysiology of perinatal 
brain damage and, therefore, to identify potential 
targets for neuroprotection. Several prenatal, perinatal, 

and postnatal factors have been implicated and, in 
addition, recent clinical studies support the existence 
of genetic factors of susceptibility.10,11 Although some of 
the potentially noxious factors are present in utero and 
are known to be sufficient to cause permanent injury 
to the developing brain before neonatal life, several 
groups have hypothesized that some of these factors 
act as predisposing or sensitizing factors, increasing 
the susceptibility to injury when a second unfavorable 
event occurs.12,13 Promising neuroprotective strategies 
are emerging, and some clinical trials using magne-
sium sulfate (MgSO4) in preterm neonates have been 
completed and some are in progress.2

This article offers a timely review of the preclinical and/
or clinical status of many studies on this topic.

Cerebral Palsy: Causes 
and Risk Factors
Studies on possible risk factors for cerebral palsy in 
preterm and term neonates are abundant. Recent 
evidence suggests that 70% to 80% of cerebral palsy 
cases are associated with antenatal factors, with birth 
asphyxia playing a relatively minor role.14-16 Literature 
reports other risk factors for cerebral palsy, in addition 
to preterm birth: 
•	 Factors	before	conception: Both, very young and 

advanced maternal age, multiple gestation, history 
of stillbirth, multiple miscarriages, neonatal death 
or premature birth of the previous offspring, 
family history of cerebral palsy and other genetic 
predispositions, low socioeconomic status, and 
preexisting maternal conditions (eg, intellectual 
disability and epilepsy).

•	 Factors	 during	 early	 pregnancy: Male sex, 
multiple gestation, congenital malformations or 
birth defects, and infections (eg, TORCH infec-
tions—Toxoplasmosis [parasite], Other infections, 
Rubella infection, Cytomegalovirus infection, and 
Herpes simplex virus infection).

•	 Factors	 during	 pregnancy: Maternal disease 
(eg, thyroid disorders), pregnancy complications 
(eg, high BP, preeclampsia, placenta previa, and 
placental abruption), intrauterine infection or 
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inflammation and chorioamnionitis, intrauterine 
growth restriction, and other precursors to preterm 
birth.

•	 Factors	 during	 perinatal	 period: Acute intra-
partum hypoxic event, meconium aspiration, 
stroke, seizures, hypoglycemia, jaundice, infection, 
inborn errors of metabolism (eg, glucose-6-phos-
phate dehydrogenase deficiency), and chromo-
somal abnormalities.17-20

Potential Antenatal Neuro-
protective Approaches
A review of the aforementioned risk factors might 
inform one’s approach to the prevention of cerebral 
palsy among preterm infants.

Treatment and prevention of 
chorioamnionitis
There are significant associations between clinical 
chorioamnionitis or histologic chorioamnionitis and 
cerebral palsy: clinical chorioamnionitis has a pooled 
OR of 2.42 (95% CI: 1.52–3.84) and histologic chori-
oamnionitis has a pooled OR of 1.83 (95% CI: 1.17–
2.89). The data suggested increase risks by 140% and 
80% for neonates exposed to clinical chorioamnion-
itis and histologic chorioamnionitis, respectively. PVL 
occurs more frequently in premature neonates born 
to mothers with chorioamnionitis or premature or 
prolonged rupture of membranes (PROM). A meta-
analysis shows that chorioamnionitis is associated with 
cystic PVL (relative risk = 3.0) and cerebral palsy (rela-
tive risk = 1.9).21 Clinical chorioamnionitis is often 
the consequence of an expectantly managed preterm 
PROM. Thus, its prevention in many cases of immi-
nent preterm birth would require a foreshortening of 
expectant management, which, by lowering the gesta-
tional age, could very likely be self-defeating from the 
standpoint of cerebral palsy prevention. When clinical 
chorioamnionitis is diagnosed, standard management 
already includes the administration of broad-spectrum 
antibiotics and delivery to prevent immediate perinatal 
and/or maternal harms. Thus, presently, the potential 
to prevent and/or treat chorioamnionitis for lowering 

the subsequent risk of cerebral palsy seems limited. In 
fact, data from the ORACLE II trial suggest that in the 
setting of preterm labor, administration of certain anti-
biotics to the mother may actually increase the risk of 
cerebral palsy.22

Prevention and treatment of 
placental abruption, uterine 
rupture during labor, and cord 
prolapse
Placental abruption, uterine rupture during labor, and 
cord prolapse are generally unpredictable and are not 
preventable. When they occur and are recognized, they 
are treated as emergencies, and delivery is performed as 
quickly as possible.

Therefore, the potential to reduce the burden of cerebral 
palsy associated with these conditions is low. However, 
in certain cases, uterine rupture during attempted 
vaginal birth after a previous cesarean delivery can be 
avoided by elective repeat cesarean delivery.23

Avoidance of birth asphyxia
The avoidance of birth asphyxia is a major focus of 
labor management during all deliveries. Hence, almost 
all women in the United States undergo continuous 
electronic fetal monitoring.

Unfortunately, evidence that such monitoring reduces 
the risk of cerebral palsy is lacking. Indeed, in a multi-
center trial of continuous electronic fetal monitoring 
versus periodic auscultation conducted among women 
who delivered prematurely, the risk of cerebral palsy 
was higher among children who had been monitored 
electronically than among those who had undergone 
periodic auscultation (20% vs 8%; P < .03).24

Avoidance of maternal smoking
Maternal cigarette smoking during pregnancy increases 
the risk of low birth weight, stillbirth, and to a lesser 
degree, premature birth.25 The secondary analysis 
by Leveno26 suggests that, independently, it almost 
doubles the risk of cerebral palsy. There appears to be 
valid reasons beyond personal health to encourage and 
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support pregnant women to stop smoking; a reduction 
in the risk of cerebral palsy among their offspring might 
well be another one.26

Administration of antenatal 
corticosteroids
Antenatal corticosteroids lead to reduced risk of 
intraventricular hemorrhage (RR = 0.54; 95% CI: 
0.43–0.69; 13 studies, 2872 infants), necrotizing entero-
colitis (RR = 0.46, 95% CI: 0.29–0.74; 8 studies, 1675 
infants), neonatal mortality (RR = 0.69, 95% CI: 0.58–
0.81; 18 studies, 3956 infants), and systemic infection in 
the first 48 hours of life (RR = 0.56, 95% CI: 0.38–0.85; 
5 studies, 1319 infants). In a pooled analysis of 5 studies 
that included 904 children with follow-up from 2 to 
6  years, corticosteroids were associated with a nonsig-
nificant 40% reduction in the risk of cerebral palsy 
(RR = 0.60, 95% CI: 0.34–1.03).27 A  standard course 
of corticosteroids (reserved for women at imminent risk 
of preterm delivery, before 34 weeks of gestation) clearly 

has short-term neonatal benefits, and the nearly signifi-
cant reduction in the rate of cerebral palsy is suggestive 
of long-term neuroprotective benefit as well. 

Administration of magnesium 
sulfate
Mothers at imminent risk of preterm delivery should 
be treated for preventing cerebral palsy in the offspring. 
The number of women to be treated with MgSO4 for 
preventing cerebral palsy is in line with the current use 
of MgSO4 for the prevention of eclamptic convulsions: 
treating 63 women with imminent risk of preterm 
delivery at < 32 weeks of gestation will prevent 1 case of 
moderate or severe cerebral palsy. In contrast, approx-
imately 100 women with preeclampsia need to be 
treated to prevent 1 eclamptic convulsion. If treatment 
were limited to ≤ 28 weeks of gestation, the NINDS/
NICHD MFMU Network trial suggests that treating 
only 29 women would prevent 1 case of moderate or 
severe cerebral palsy.28 For comparison, approximately 

Figure 1. Effect of Magnesium Sulfate on Cerebral Palsy

Source: Conde-Agudelo et al.33

Study Relative	Risk	(Fixed),		
95%	CI

Magnesium,	
n/N

Control,		
n/N

Weight,		
%

Relative	Risk		
(95%	CI)

Mittendorf, 1997a 3/30 0/29 0.3 6.77 (0.37–125.7)

Mittendorf, 1997b 0/55 3/51 2.4 0.13 (0.01–2.51)

Crowther, 2003 36/629 42/626 27.7 0.85 (0.56–1.31)

Magpie, 2007 2/404 3/401 2.0 0.66 (0.11–3.94)

Marret, 2008 22/352 30/336 20.2 0.70 (0.41–1.19)

Rouse, 2008 41/1188 74/1256 47.4 0.59 (0.40–0.85)

Combined 104/2658 152/2699 100.0 0.69 (0.55–0.88)

Test for heterogeneity r2 = 4.4%

 0.1 0.2 0.5 1 2 5 10

aNeuroprotective arm 
bTocolytic arm

Favors magnesium Favors no magnesium
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100 women with preeclampsia need to be treated with 
MgSO4 to prevent eclampsia.29

Studies show that when used appropriately, MgSO4 
is very safe: there were no life-threatening events in 
more than 3000 maternal exposures in the Cochrane 
Review.30 During use, maternal reflexes should be 
closely monitored (neuromuscular depression occurs at 
Mg concentrations ≥ 10 mEq/L), as should urine output 
(as Mg is renally excreted). A high level of vigilance is 
necessary when MgSO4 is used in women with renal 
dysfunction. If hypermagnesemia is suspected, serum 
Mg concentration should be measured and discontinu-
ation of the MgSO4 infusion should be considered.31

Respiratory depression and cardiopulmonary arrest, 
which is very rare, are treated with 1 g of intrave-
nous calcium gluconate, MgSO4 is discontinued, and 
ventilatory support is provided as necessary. MgSO4 
for neuroprotection is highly cost-effective.32 The 
effect of  MgSO4 has been proved in various studies 
(Figure 1).33

Prevention of preterm birth
A strategy that reduces preterm birth will also reduce 
the occurrence of perinatal brain injury. Unfortu-
nately, the ability to predict or prevent preterm birth is 
extremely limited, and most of the preterm deliveries 
occur in women who were not identified to be at high 
risk of premature delivery prenatally. There has been 
recent improvement in preventing recurrent preterm 
birth and preterm delivery in women with a prena-
tally diagnosed short cervix. Over the last 5 years, a 
number of well-conducted randomized controlled trials 
have demonstrated the benefit of progesterone supple-
mentation for the prevention of preterm birth among 
certain high-risk women. Meis et al,34 at the National 
Institute of Child Health and Human Development, 
showed that women with a history of prior preterm 
delivery treated with 17-hydroxyprogesterone acetate 
had reduced risk of recurrent preterm delivery at all 
gestational ages, with an RR for delivery at < 32 weeks 
of estimated gestational age of 0.58 (95% CI: 0.37–
0.91). Romero et al35 performed a meta-analysis that 
included 5 trials and 775 women and investigated the 

role of vaginal progesterone in women who had ultra-
sound evidence of decreased cervical length. The 
authors demonstrated a significant reduction in preterm 
birth at all gestational ages, with an RR of 0.5 (95% CI: 
0.3–0.81) for delivery at < 28 weeks. Currently, proges-
terone for at-risk women is the only available strategy 
to prevent perinatal brain injury, by preventing preterm 
births. Unfortunately, techniques to stop or prevent 
spontaneous preterm labor are lacking, and studies 
evaluating routine cervical length screening, uterine 
monitoring, and other techniques in low-risk women 
have been unsuccessful.

Potential Therapeutic 
Interventions for the 
Future: Targeting the Injury 
Response Antenatally
The basic cascade of HI injury is independent of age 
and severity of insult. Cell death occurs in 2 main 
phases: primary death from hypoxia and energy deple-
tion, followed by reperfusion and increased free radical 
formation, excitotoxicity, and nitric oxide produc-
tion with secondary energy failure and delayed death 
(Figure 2).
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Figure 2. The Injury Cascade as it Occurs Over Time. 
Potential Therapeutics Are Inserted Over the Course 
of the Cascade

Epo, erythropoietin; WMD, white matter damage. 
Source: Juul et al.36

Antiexcitotoxic agents
The uses of MgSO4 has already been discussed earlier. 
Xenon is another potent antiexcitotoxic agent. It acts 
against N-methyl-D-aspartate receptors.37 It lacks  
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dopamine-releasing properties and does not cause 
increased apoptotic cell death. Its most promising 
aspect is that it  increases the translational efficiency 
of hypoxia-inducible factor-1 alpha (HIF-1a).38 The 
prolonged increase in expression of HIF-1a causes 
upregulation of cytoprotective proteins such as eryth-
ropoietin (Epo), vascular endothelial growth factor, 
and glucose transporter 1 protein. When xenon is 
given with sevoflurane during labor to rats, it precon-
ditions the fetal brain against a subsequent HI insult.39 
When given to neonatal rats in combination with hypo-
thermia, it improves both functional and structural 
outcomes, even when hypothermia is delayed, and the 
effect is sustained through adulthood.40

Antioxidants
Therapies designed to reduce oxidative stress are proved 
to be efficacious both in the preterm and term injury 
states. Many antioxidants have been investigated in 
both preterm and term HI injury. Scavengers such as 
melatonin and vitamin E have shown promise. Lipid 
peroxidation inhibitors such as the lazaroids, Ginkgo 
biloba, and caffeic acid and free radical reducers such 
as ebselen and Epo have produced some ameliora-
tion of injury. Nitric oxide synthase inhibitors such as 
aminoguanidine, L-omega-nitro-argininemethyl-ester, 
7-nitroindazole, and newer derivatives are still being 
investigated.41,42

Allopurinol
Allopurinol was originally shown to be neuroprotec-
tive in rats at postnatal day 7 after HI injury,43 but in 
humans, it was not seen to improve short-term or long-
term outcomes in a small trial on birth asphyxia.44 It 
was postulated that allopurinol had to be given before 
reperfusion injury sets in, so trials are now underway to 
evaluate allopurinol’s efficacy when given to a mother 
whose fetus is suspected to have intrauterine hypoxia. 
In a randomized, double-blind, placebo-controlled, 
multicenter study that is in progress, allopurinol is 
given intravenously in the antenatal period with the 
primary outcome being serum brain damage markers 
(S100b) and oxidative stress markers (isoprostanes, etc) 
in umbilical cord blood; secondary outcome measures 

being neonatal mortality, serious composite neonatal 
morbidity, and long-term neurologic outcome.45

Melatonin
Melatonin has many targets along the injury cascade, 
including oxidative stress, inflammation, apoptosis, 
mitochondrial failure, and nuclear effects. It is also 
an anti-inflammatory agent. Its benefit is in the lack 
of significant side effects. Many trials are underway 
(MINT, ISRCTN15119574; MELIP, NCT01340417; 
and MIND, NCT01340417, NCT01695070). Animal 
studies have supported a fetal neuroprotective role for 
melatonin when administered to the mother during 
pregnancy. No trials assessing melatonin for fetal neuro-
protection in pregnant women have been completed to 
date.46 However, there is currently an ongoing rand-
omized controlled trial (with an estimated enrollment 
target of 60 pregnant women) that aims to examine the 
dosage of melatonin to be administered to women at 
risk of imminent very preterm delivery (< 28 weeks of 
gestation) in order to reduce brain damage in the white 
matter of the neonates.47 

Tetrahydrobiopterin
Loss of tetrahydrobiopterin (BH4) in the fetal brain 
decreases neuronal function. However, the patho-
physiology of genetic versus HI-induced loss of BH4 
is dissimilar in that HI-induced loss of BH4 occurs 
concomitantly with oxidant injury. Maternal treat-
ment with BH4 decreased the incidence of motor defi-
cits and number of stillbirths in an animal model. 
Although BH4 supplementation prevents HI injury, a 
full understanding of the immediate and long-term 
effects of BH4 supplementation in the prevention and 
treatment of childhood disorders warrants further 
investigation.48

Dietary Manipulations
Pomegranate juice is rich in polyphenols that can 
protect  the neonatal mouse brain against an HI  insult 
when given to mothers through drinking water.49 
w-3 Polyunsaturated fatty acid supplementation can 
reduce brain damage and improve long-term neurologic 
outcomes even 5 weeks after an HI insult in rodents.50
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Conclusions
Injury to the perinatal brain is a leading cause of 
death and disability in children. Majority of cerebral 
palsy cases are associated with antenatal factors, with 
birth asphyxia playing a relatively minor role. There-
fore, antenatal interventions to improve neurologic 
outcomes of preterm infants are important. The strate-
gies described here clearly have the potential to reduce 
the incidence and long-term consequences of perinatal 
brain injury. With greater understanding of the diverse 
risk factors and causes of cerebral palsy, there is an 
urgent need for long-term follow-up of interventions 
addressing risk factors for cerebral palsy. Antenatal 
administration of corticosteroids and MgSO4 appears 
to be beneficial according to the literature reviewed; 
other therapeutic interventions discussed need more 
studies and there remain gaps in knowledge. All of 
these must be considered in the context of the devel-
oping neonate because immune function, cell popu-
lations, specific vulnerabilities, and response to injury 
change over time. As clinicians become more knowl-
edgeable in these areas, new approaches to neuropro-
tection may become apparent.
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