
et al50 describe a negative predictive value of a normal MRI of
74% in their series.

Near-infrared spectroscopy
Near-infrared spectroscopy can be used as a non-invasive bedside
tool to obtain real time information on changes in cerebral oxy-
genation and haemodynamics. Regional cerebral oxygenation
(SctO2) and cerebral blood volume are higher on day 1 in
infants with HIE with adverse outcomes compared with those
with a favourable outcome.51 52 Fractional tissue oxygen extrac-
tion remains stable in infants with normal outcome but
decreases after 24 hours in infants with adverse outcome.44

Wavelet coherence analysis has been used to assess the dynamic
status of cerebral autoregulation during therapeutic hypother-
mia in HIE. Based on this method, significant in-phase and anti-
phase coherence between spontaneous oscillations in mean
arterial pressure and SctO2 were found; both appeared to be
related to worse clinical outcomes.53 These findings support the
feasibility of using this method to assess cerebral autoregulation
in neonates with HIE as well as using this as a short-term and
long-term outcome measure. Broadband near-infrared spectros-
copy (NIRS) measures concentration changes of the cyto-
chrome c oxidase (oxCCO) redox state. CCO is the terminal
electron acceptor within mitochondrial electron transport chain
and is responsible for >95% of ATP synthesis; preclinical
studies suggest a correlation between CCO and nucleoside tri-
phosphate/phosphate pool recovery after hypoxia ischaemia.54

Prechtl
Prechtl’s method on the qualitative method of general movements
(GMsA) is non-invasive observational assessment performed using

video or direct inspection while the infant is in quiet wakefulness.
General movements (GMs) are whole body movements believed
to be important for the development of voluntary motor path-
ways, and normally progress in two predictable developmental
stages. ‘Writhing movements’ are low-moderate speed fluid move-
ments of the trunk and limbs, and occur up to 6–9 weeks. ‘Fidgety
movements’, are most evident at 12 weeks. Abnormalities of
writhing movements (poor repertoire or cramped synchronised)
and fidgety movements (absent or abnormal) predict neurodeve-
lopmental outcome.55 In 259 high-risk (preterm and NE term)
infants, absent fidgety movements at 12 weeks had 98% sensitivity
and 94% specificity for CP at 1 year.56 In smaller cohorts of term
asphyxia infants only, results are similar57 with abnormalities on
GMsA highly correlating with MRI abnormalities.58

Blood biomarkers
A key to improving outcome is the identification of early bio-
markers of brain injury that can be used to direct interventions,
gauge treatment effects and provide prognostic information for
parental counselling. There is no serum biomarker in current
clinical use for NE, however. Various biomarkers of brain injury
in blood, urine and CSF have been proposed, including S100
calcium-binding protein B (S100B), glial fibrillary acidic protein
(GFAP), ubiquitin carboxyl-terminal hydrolase L1 (UCH-L1),
creatine kinase brain band, neuron-specific enolase (NSE), mal-
ondialdehyde and proinflammatory cytokines. Massaro et al
have shown that elevated serum S100B and NSE levels mea-
sured during hypothermia are associated with neuroradiographic
and clinical evidence of brain injury in NE.59 Chalak et al60

were able to stratify HIE into mild, moderate and severe based
on cord blood GFAP and ubiquitin carboxy-terminal hydrolase

Table 2 Summary of preclinical and clinical trial studies on seven promising adjunct neuroprotective agents

Adjunct therapy Mode of action Examples of recent preclinical trials Clinical RCTs

Melatonin Endogenous hormone which entrains the circadian
rhythm at physiological doses. At high
pharmacological doses melatonin is a powerful
antioxidant and antiapoptotic agent.

Systematic review and meta-analysis of 400
adult rodents showed a 43% reduction in stroke
infarct size with melatonin.74 A piglet study
showed augmentation of brain protection with
high dose melatonin at 10 min and cooling
versus cooling alone.75

Oral melatonin (10 mg/kg/day 5 doses)
tablets crushed in 5 mL distilled water.
n=15 cooled, n=15 cooled plus
melatonin, n=15 controls.76

Erythropoietin (Epo) Acute actions: neurotrophic, anti-inflammatory,
antiapoptotic, antioxidant
Chronic actions: erythropoiesis, angiogenesis,
oligodendrogenesis, neurogenesis.

Non-human primate model—hypothermia+Epo
treatment improved outcomes in non-human
primates exposed to umbilical cord occlusion.77

NEAT trial—safety and PK.78

Phase II trial of hypothermia and Epo
showed less MRI injury and better
short-term outcome.79

Phase III trial is now underway in the
USA.

Xenon Inhibits NMDA signalling, antiapoptotic. Preclinical piglet studies showed benefit of
combined cooling and xenon compared with no
treatment.80 81

No evidence of short-term benefit with
xenon and cooling above cooling alone,
using MRS lactate/NAA as a surrogate
outcome.82

Argon GABA agonist and oxygen type properties.
Antiapoptotic.

Preclinical piglet study showed brain protection
on MRS and histology with 50% argon and
cooling compared with cooling alone.83

Phase II trials pending regulatory
approval.

Allopurinol Reduces free radical production and in high doses
acts as a free radical scavenger and free iron chelator.

Improved 31P MRS metabolites and MRI values
with allopurinol in piglets.84

ALBINO trial to start in Europe 2017—to
assess benefit of early allopurinol at
30 min plus cooling versus cooling alone.

Stem cells Paracrine signalling—not cellular integration or direct
proliferative effects.

Evidence of improved neurological outcome and
reduced histological injury.85

Autologous umbilical cord cells in HIE
demonstrated feasibility.86

Magnesium Prevention of excitatory injury by stabilisation of
neuronal membranes and blockade of excitatory
neurotransmitters, for example, glutamate.

Magnesium alone has not been protective in
piglet models of hypoxia.87 Combinations of
magnesium with cooling has shown benefit.88

Recent meta-analysis shows no evidence
of benefit.88

A multicentre pilot RCT reported safety
but no outcome data, larger RCT to
follow89

HIE, hypoxic-ischaemic encephalopathy; GABA, gamma-aminobutyric acid; MRS, magnetic resonance spectroscopy; NAA, N-acetylasparate; NMDA, N-methyl-D-aspartate; PK,
pharmacokinetics; RCT, randomised controlled trials.
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