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Abstract

As the evolution of neonatal intensive care has
resulted in dramatic improvements in the survival of
extremely preterm infants, there is major concern
about the increasing rates of neurodisability among
those at the limits of viability, Among the infants
with parenchymal brain injury such as intraven-
tricular hemorrhage grades llI-IV, ventriculomegaly
and cystic periventricular leukomalacia, more than
1 out of 3 have one of the cerebral palsy syndrome,
However, research examining neuroprotection for
brain injury in extremely preterm infants is limited.
This review was focused on brain injury and recent
strategies for neuroprotection addressing both
white matter injury and gray matter dysfunction in
infants born (26 weeks' gestation and/or with birth
weight less than 750 g,
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Fig. 1. Schematic diagram of the three major forms of white
matter abnormality in premature infants. Cystic (A1, A2) and
non-cystic (B) PVLexhibit the two components of the lesion—
that is, focal necrosis deep in the white matter and more diffuse
injury characterised by a loss of pre-oligodendrocytes and
marked astrogliosis. In cystic disease (A1, A2) the focal necrotic
lesions are macroscopic and evolve to cysts, whereas in
non-cystic disease (B) the focal lesions are microscopic and
evolve to glial scars. Diffuse white matter gliosis (DWMG)
(without focal necrosis) (C1, C2) may represent the mildest form
of the spectrum of cerebral white matter injury.(From Khwaja
O, Volpe JJ?)
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Fig. 2. Imaging of infants with IVH grades Ill & IV. A, Sonographic image
of an infant with IVH grade IIl born at GA 24" weeks and scanned
at 35 weeks. B, Image of an infant with IVH grade IV born at GA 25"
weeks and scanned at 38 weeks. GA, gestational age.
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Fig. 3. Summary diagram comparing gray matter sites with a significantly higher
incidence (percentages) of neuronal loss (A) and gliosis (B) in PVL (left of panel)
and DWMG (right of panel) cases. Gliosis of the cerebral and cerebellar white
matter, basis pontis, brainstem tegmentum and inferior olives is depicted by small
red dots, and focal, periventricular necrosis in the cerebral white matter (PVL)
is denoted by a large red periventricular circle.(From Pierson CR, Folkerth RD,
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Table 1. White and grey matter scoring system for the eight items assessed during the MRI evaluation in premature infants

(él;a;(; 11/ Grade 2/Score 2 Grade 3/Score 3
WM WM signal changes Normal Focal (one region) Extensive (>one region)
Reduction in WM volume Normal Mild Diffuse loss
Cystic changes Normal Focal (one region) Extensive (>one region)
CC & myelination Normal Marked thinning of CC  Marked thinning of CC & impaired PLIC myelination
Ventricular dilatation Normal Mild-moderate Marked dilatation
GM Subarachnoid space Normal Mildly enlarged Mod-severely enlarged

Cortical GM signal abnormalities Normal
Gyral maturation Normal

Focal (one region)
Delay 2~4 wks

Extensive (>one region)
Delay >4 wks

Abbreviations : WM, white matter; CC, corpus callosum; GM, grey matter; PLIC, posterior limb of the internal capsule

(From Horsch S, Hallberg B, et aI.“)
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Table 2. Basic elements of the management of neonatal hypoxic-ischemic encephalopathy

Prevention of intrauterine asphyxia

Antepartum assessment & identification of high-risk pregnancy

Electronic fetal monitoring
Fetal blood sampling
Appropriate interventions (e.g., cesarean section)
Maintenance of adequate ventilation
Appropriate O, & CO-
Maintenance of adequate perfusion
Recognition of pressure-passive cerebral circulation
Recognition of “normal” arterial blood pressure level
Avoidance of systemic hypotension (— ischemic injury)

Avoidance of systemic hypertension (— hemorrhagic complications)

Avoidance of hyperviscosity

Maintenance of adequate blood glucose levels
Maintain blood glucose concentration of 75~100 mg/DI
Avoid hypoglycemia because it may cause neuronal injury

Avoid marked hyperglycemia because it may provoke hemorrhage or may worsen cerebral lactic acidosis

Control of seizures
Recognition of seizure phenomena

Urgency of treatment related to potentially deleterious effects of seizures

Phenobarbital preferred drug as first agent

Potential future therapies: phenobarbital & bumetanide, topiramate

Control of brain swelling

Prevention of fluid overload: Recognize inappropriate antidiuretic hormone secretion
Consider therapies for brain swelling if vertebral perfusion is threatened by increased ICP (CPP~MABP-ICP) or if signs
of impending transtentorial or transmagnal herniation are present

Neuroprotective interventions
Phenobarbital
Calcium channel blocker
Magnesium
Free radical scavenger
Indomethacin
Mild hypothermia

Abbreviations : CPP, cerebral perfusion pressure; ICP, intracranial pressure; MABP, mean arterial blood pressure

(From Volpe JJZO)
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Fig. 4. Topiramate protects against hypoxic-ischemic white matter injury in vivo.

(A) Hematoxylin and eosin staining of a coronal brain section from a pup killed at P11 after
UCL (unilateral carotid ligation)-hypoxia at P7, demonstrating ipsilateral white matter injury with
relative sparing of the overlying cortex. Inset demonstrates regions shown in C-F. B, Dose-
response to topiramate in vivo, demonstrating attenuation of MBP injury at P11 with systemic
topiramate treatment after hypoxia-ischemia at P7. C, D, Loss of MBP is seen in the P11 pup
ipsilateral to a carotid ligation (C), after UCL-hypoxia at P7, and compared with the contralateral
side (D). Systemic treatment post-insult with topiramate (30 mg/kg) attenuates this injury in
a littermate pup, ipsilateral (E) and contralateral (F). (From Follett PL, Deng W, et al.38)
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