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CURRENT INSIGHTS IN BRAIN PROTECTION FOR THE SICK NEWBORN INFANT
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Abstract. This paper presents an overview of the modern antenatal and postnatal strategies in brain protection for both preterm
and term born infants. It is known, that the two most common causes of neonatal brain injury are prematurity and hypoxic-
ischemic encephalopathy (HIE) in the term born infant. Approximately one in nine babies is born before term. Nowadays these
preterm born infants more often survive the neonatal period due to developments in treatment options in the last decades.
They are however at a high risk for developing brain damage and neurodevelopmental impairment later in life. Approximately
40 % of survivors develop long-term intellectual or physical impairment, including cerebral palsy (CP). Term born infants born
after perinatal asphyxia may also survive with a variety of neurocognitive disorders due to brain damage as a result from
the hypoxic ischemic encephalopathy (HIE). Untreated, the sequelae of moderate to severe HIE includes a 60 to 65 % risk of
mental retardation, CP, hydrocephalus, seizures, or death. The main goal in neonatal care for these surviving but vulnerable
infants is to preserve brain function and prevent further brain damage, in order to improve neurocognitive outcome and the
subsequent quality of life. In preterm brain protection antenatal strategies besides educating and supporting pregnant women
regarding life style and healthy food intake, centralization of care for extreme preterm born infants, fetal monitoring in high risk
pregnancies, administration of antenatal steroids for lung maturity, the use of intravenous magnesium sulfate administration to
mothers just before preterm delivery are of great importance. In the postnatal strategies setting optimal oxygen saturation, the
avoidance of prolonged artificial mechanical ventilation, hypoglycemia, hypocapnia electrolytic imbalances, hyperbilirubinemia,
blood pressure shifts, stress and pain, inflammation, necrotizing enterocolitis as well as adequate feeding strongly predict
neurocognitive outcome. In the term asphyxiated infants the brain experiences a cascade of problems occurring after energy
failure which in fact are the basis of neuroprotective strategies. These strategies consist of anti-oxidative, anti-inflammatory,
anti-excitatoxic and anti-apoptotic agents, and in the future possibly neurogenetic approaches, including stem cell therapy.
In antenatal strategies prevention of asphyxia starts at promoting a healthy pregnancy and of an early recognition of fetal,
placental or perinatal risk factors for hypoxia. Recent experimental trials have shown a possible beneficial effect of antenatal
administration of the anti-oxidative agent allopurinol in a HIE. In postnatal strategies two methods to achieve therapeutic
hypothermia were evaluated in newborn infants with HIE: whole body cooling and selective head cooling with mild systemic
hypothermia with the conclusion: hypothermia should be instituted in term infants with moderate-to-severe hypoxic
ischemic encephalopathy if identified before six hours of age. Monitoring of brain activity by means of amplitude integrated
electroencephalography to identify infants with HIE is promising. Potential agents with either anti-oxidative, anti-inflammatory,
anti-excitatoxic or anti-apoptotic capacities are currently being investigated in various phases of research.

Kniouesblie cnosa: newborn; hypoxic-ischemic encephalopathy; preterm born infants; antenatal prophylaxis and therapies;
postnatal prophylaxis and therapies.

COBPEMEHHbBIE NOAXO0AbI K 3AWLUTE MO3rA BOJIbHbIX HOBOPOXAEHHbIX OETEN

© E.M.B. Koou
YHMBEPCUTETCKMIA MEAMLIMHCKUI LLIEHTP B AETCKOM rocnuTane beatpucel, [péHnHreH, Huaepnanapl

Pestome. Cratbs npenctaBnseT coboil 0630p COBPEMEHHbIX CTpaTeruit aHTe- M MOCTHATANIbHOW 3alMUThl FONIOBHOMO MO3ra
AOHOLWEHHbIX N HEAOHOLWEHHbIX }J,ETEVI. MBBECTHO, 4YTO OCHOBHbIMM MPUYNHAMU NOPAXKEHUA MO3ra B HEOHATAJ/IbHOM nepuoae
SBNAKOTCA HELOHOLWEHHOCTb M TUMNOKCMYeCKU-MeMmnyeckas sHuedanonatus (TM3). MpubnnsuTenbHO Kaxabld LeBATbIN
pebeHOK poxAaeTcs HeAOHOLWeHHbIM. B HacTosiwee Bpems 6naropaps ycnexam B Tepanuu, AOCTUIHYTbIM B nociefHue
necaTuneTus, HeLOHOWEHHble AEeTW 4alie 6naromnosyyHo nepexMBaT HeoHaTaNbHbIA nepuon. TeM He MeHee pUCK
NMOpaXeHWs roJI0OBHOMO MO3ra 'y HUX BENIUK, M BEPOSTHOCTb PA3BUTUS HaPYLLUEHUI ero pa3BUTUS B NOCAEAYHOLLME FOAbl OCTaeTCs
BbICOKOW. pnbnusmtenpHo y 40 % nepexuBLIMX HEOHATaNbHI Mepuoj HeLOHOLWEHHbIX AeTei pa3BMBaKTCA LNUTENbHbIE
UHTeNNeKTyanbHble Uan dusnyeckme HapyLleHus, B TOM ymcne uepebpanbHbiit napanuy (LLM). B nocTHeoHaTanbHOM nepuose
Y AOHOLUEHHbIX AeTel, POAUBLUMXCS B MEPUHATANIbHOM aCHUKCMM, M3-3a NOPAXKeHMS MO3ra BcneacTeme M3 Toxe MoryT octaBaTthea
HEMPOKOrHUTMBHbIE HapylweHus. pu OTCYTCTBUM NedveHus Taxenas u cpepHen Taxectn TM3 ¢ 60-65% BeposaTHOCTbIO
NPpUBOAMT K 3ajepxke yMCTBEHHOro passutus, LM, ruppouedanuum, cynoporam unm cMeptn. OCHOBHOW LeNb0 NeyveHms
B HEOHATa/bHOM MepuoLe 3TUX XM3HECNOCOOHbIX, HO OYeHb PaHMMbIX LeTel, ABNSeTC COXpaHeHWe MYHKLMIA ronoBHOMO
MO3ra, NpefoTBpalleHne AanbHEWLLEro ero NopaxeHus, ynyyleH1e nporHo3a no COXpaHHOCTU HEMPOKOTHUTUBHbBIX GYHKLMIA
M MOBbIWEHWE KayecTBa Mocienytolen XusHu. B cTpaternm aHTeHaTalbHOM 3almTbl FOJIOBHOMO MO3ra HELOHOLWEHHbIX,
KpoMe 00y4yeHus U NoALepPXKKM BepeMeHHbIX XEHLWMH B YacTM 3L0pPOBOro 06pasa XM3HM M NPaBUAbHOIO MUTAHWUS, BaXHO
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npeAycMOTPeTb LLIeHTPaan3aLmio NOMOLLM HEAOHOLWEHHbIM C 3KCTPEMANbHO HU3KOW MaCcCoM TeNna, MOHUTOPUHI N1oAa B Cnyyae
6epeMeHHOCTH BbICOKOTO PUCKaA, aHTeHaTalbHOe Ha3HaueHue CTepoM 0B A9 obecneyeHns Co3peBaHUs NErkux, BHyTPUBEHHOE
BBefeHue cynbdaTa MarHus XeHLWmMHe nepes npexaeBpeMeHHbIMU poaamu. B ctpatermm nocTHaTanbHOM 3awwmTel 06ecneyeHme
OMTUMAnNbHOr0 HAaCbIWEHUS KUCNOPOAOM, OTKAa3 OT AJIMTENbHOrO WMCKYCCTBEHHOTO AblXaHUS, UCKOYEHWE TUMOMIUKEMUMY,
FMNOKaMNHUKU, 31EKTPONUTHOrO AucbanaHca, runepouUnMpybuHemMmnm, CKauykoB apTepuanbHOro AaBieHUsi, cTpecca M 6onu,
BOCMAaNieHnsl, HEKPOTU3UPYIOLLEro SHTEpOKoMTa, obecneyeHnme afeKBaTHOrO MUTaHWA B 3HAYUTENbHOM Mepe onpepensiot
NMPOrHO3 COXPaHEHUS HEMPOKOrHUTUBHbIX QYHKLMI. [010BHOM MO3T AOHOLWEHHbIX HOBOPOXAEHHbIX, MEPEXMBLUNX aCPUKCUIO
HY>X[aeTCs B OTHOCUTENbHO OOMbLWOM KOMMYECTBE 3HEpPrun. ITO NEXMUT B OCHOBE cTpaTernu ero 3awmTbl. OHa BKIOYaeT
B cebs HasHayeHWe aHTMOKCUAAHTOB, MPOTUBOBOCNANMUTENbHbBIX, AaHTUIKCAUTOTOKCUYHbBIX, aHTUANONTUYECKUX MpenapaToB
W, BO3MOXHO, B Aa/IbHEMLLEM MCMONIb30BAHWE HEMPOreHeTUYeCKMX NOAXOA0B, BK/OYAs MCNOMb30BaHWE CTBONOBbLIX KNETOK.
CTpatervs aHTeHaTaNbHOro npenynpexaeHus acGuKCMM MMeeT CBOeM OTNPaBHOM TOYKOM obecnevyeHWe HOpPMabHOro
npoTekaHus 6epeMeHHOCTU U paHHero BbiBNeHWS GAaKTOPOB PUCKA TMNOKCKMM, 06YCIOBNEHHbIX COCTOSHUEM NN0AA, NIALLEHTbI
unu ocobeHHOCTAMM MpOTEKaHUs MepuHaTanbHoro nepuopa. locnefHue 3KCMepMMEHTaNbHble MCCNef0BaHUS [OKa3anu
BbICOKYHK BEpOSATHOCTb 3PGDEKTUBHOCTM aHTEHATANIbHOrO Ha3HA4YeHUs aHTMOKCMAAHTa annonypuHona npu M3, B yactm
pa3paboTKM cTpaTernu NoCTHaTaNbHOM 3aWMTbl pe3ynbTaThl OLEHKU 3OPEKTUBHOCTM NPUMEHEeHUs 2 MeTOoAoB neyebHoM
rMNOTEPMUM HOBOPOXAEHHbIX C T3 — TOTanbHOM r’MNOTEPMUK U CENEKTUBHOM FTMNOTEPMUU TONIOBbI C NEFKOM rMnoTepMuen
Tena — no3BoAMIM CHOPMYNMPOBATb PEKOMEHAALMU: TUNOTEPMUIO Lienecoobpa3Ho MCNONb30BaTh Y AOHOLWEHHbIX AeTeN
C TSXenown u cpepHen Tsxectu MO npu ee BbiIBAEHMM B TeyeHMe MNepBbIX LECTU YAaCOB XM3HU. MHoroobeliatowmmm
SBNSIOTCS MOMbITKM MOHUTOPUPOBAHMSA aKTMBHOCTM FONOBHOrO MO3ra C MCMOJSb30BAaHWEM aMMIUTYAHO-UHTErPUPOBAHHOM
3Huedanorpadum ans BoissneHus aeteit ¢ M. B HacToswee BpeMs Ha pa3HOM CTaaMM OLEeHKM 3DDEeKTUBHOCTM HAXoaMTCs
ps4 NpenapaToB C aHTUOKCUAAHTHBIM, MPOTUBOBOCNANNTENIbHBIM, aHTUIKCAUTOTOKCUYHbBIM, aHTUANONTUYECKUM OEeNCTBUEM.

KnioueBble cnosa: HOBOPOXAEHHbIE; TMNOKCUYECKU-ULLEMUYECKAA 3HLleq3aJ'IOI'IaTVIﬂ; HEOOHOLWEHHbIE; aHTEHATA/IbHAA I'IpOCbl/IJ'IaKTVIKa

nTepanma; NnoCTaHaTallbHasa I'IpO(bl/U'IaKTMKa nTepanua.

The two most common causes of neonatal brain in-
jury are prematurity and hypoxic-ischemic encephal-
opathy (HIE) in the term born infant.

Approximately one in nine babies is born before term.
Nowadays these preterm born infants more often survive
the neonatal period due to developments in treatment op-
tions in the last decades [5, 30]. They are however at a high
risk for developing brain damage and neurodevelopmen-
tal impairment later in life [ 13]; approximately 40 % of sur-
vivors develop long-term intellectual or physical impair-
ment, including cerebral palsy (CP). The rapidly growing
brain is very vulnerable to hypoxia-ischemia, inflammation
and poor nutrition. Especially white matter is extremely
susceptible to injury when normal development is inter-
rupted from premature birth [34]. Furthermore, intracranial
hemorrhage, periventricular leukomalacia, and inflamma-
tion are risk factors for poor outcomes.

Term born infants born after perinatal asphyxia may
also survive with a variety of neurocognitive disorders
due to brain damage as a result from HIE. HIE is esti-
mated to contribute significantly to all neonatal deaths
that occur annually. Untreated, the sequelae of moder-
ate to severe HIE includes a 60 % to 65 % risk of mental
retardation, CP, hydrocephalus, seizures, or death.

The main goal in neonatal care for these surviving
but vulnerable infants is to preserve brain function and
prevent further brain damage, in order to improve neu-
rocognitive outcome and the subsequent quality of life.

In the past decade new preventive and therapeutic
strategies have emerged and are currently being applied
or being researched in perinatal medicine.

The following overview is a short presentation of a
selection of these strategies for both preterm and term
born infants.

PRETERM BRAIN PROTECTION

Antenatal strategies

Possibly the most important way to prevent mor-
tality and morbidity in newborn infants is the need
for adequate prenatal care, in order to prevent prema-
turity. This can partly be achieved, by educating and
supporting pregnant women regarding life style, such
as healthy food intake, avoidance of substance use in-
cluding smoking and alcohol, and frequent checkups by
their well trained midwifes to promptly recognize signs
of fetal distress such as intrauterine growth retardation,
or maternal hypertension.

Centralization of care for extreme preterm born in-
fants (<32 weeks of gestation) [21, 23], the administra-
tion of antenatal steroids [24] and improved knowledge
on ventilation, surfactant administration and peri- and
postpartum monitoring has probably led to the increased
survival rate for preterm infants the last decades. Fe-
tal monitoring of heart rate in high risk pregnancies and
subsequent performing cesarean section to terminate
pregnancy may not have resulted in less intrauterine fe-
tal demise, but possibly in preservation of brain function
for those infants that were at risk of brain damage due
to underperfusion by placental dysfunction or of inflam-
mation due to transcending infection; a meta analyses of
using cardiotocography during labour and subsequent ac-
tions showed a reduction in seizures in the newborn in-
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fants [1]. Also centralization of the treatment of extreme
preterm born infants without the need for transport [20,
32] by timely referring pregnant women to specialized
centers, contributes to optimal care for preterm infants
[23]. The administration of antenatal steroids for lung
maturity seems to also have neurological benefits with
mainly a lower incidence of [VH and cerebral palsy [35]
possibly partly explained by reducing the need for pro-
longed intubation and artificial ventilation.

Recently, the use of intravenous magnesium sulfate
administration to mothers just before preterm delivery
(below 32 weeks of gestational age) has become stan-
dard care in large parts of Europe. When birth is immi-
nent (preferably 4 hours before), 4 grams of MgSO4 is
administered iv followed by 1 gram per hour, until birth.

A meta analyses of 5 randomized controlled trials
concluded that fetal exposure to magnesium sulfate in
women at risk of preterm delivery significantly reduces
the risk of cerebral palsy without increasing the risk of
death. The number needed to treat to prevent one case
of cerebral palsy among those who survive until age 18—
24 months is 46 in infants exposed to magnesium sul-
fate in utero before 30 weeks, and 56 in infants exposed
to magnesium sulfate in utero before 32 to 34 weeks [4].

Some concerns have risen regarding a possible in-
crease for the need for mechanical ventilation when
these infants may be breathing insufficiently from hy-
potonia after birth.

Postnatal strategies

One should avoid oxidative stress by limiting oxy-
gen administration by setting oxygen saturation lim-
its, both during transition and after admittance to the
neonatal intensive care unit. Aiming for arterial oxygen
saturation target values after birth and limiting oxygen
administration to 30 % (as opposed to >60%) tends to
decrease mortality [27].

Until recently we were unaware of the optimal arte-
rial oxygen saturation levels after admission to the neo-
natal ward. Hyperoxia was increasingly being avoided,
to prevent oxidative stress related organ damage, such
as retinopathy of the premature. Hypoxia and/or isch-
emia on the other hand is associated with white matter
damage in preterm infants. Several trials have therefore
been performed in which infants were randomly as-
signed into either a low (85-89 %) or a high (90-95 %)
oxygen saturation target range. It became clear that for
the very low birth weight infants, mortality was signifi-
cantly higher in the infants assigned to the low target
range. A meta analysis of these studies showed relative
risks (RR; 95% Cls) comparing a low versus a high
oxygen saturation target to be 1.41 (1.14—1.74) for mor-
tality at discharge or at follow-up, 0.74 (0.59-0.92) for
severe retinopathy of prematurity, 0.95 (0.86—1.04) for

physiologic bronchopulmonary dysplasia, 1.25 (1.05—
1.49) for necrotizing enterocolitis, 1.02 (0.88—1.19) for
brain injury, and 1.01 (0.95—1.08) for patent ductus arte-
riosus (RR>1.0 favors a high oxygen saturation) [27].

Of course the avoidance of (prolonged) artificial
mechanical ventilation, hypoglycemia, hypocapnia and
other electrolytic imbalances as well as hyperbiliru-
binemia also helps in preserving brain tissue. The same
probably holds true for avoiding blood pressure shifts,
avoiding stress and pain [8], prevent inflammation, sep-
sis and necrotizing enterocolitis [10, 25]. Whether the
administration of caffeine for apnea of prematurity re-
ally improves neurocoginitve outcome for these infants
remains to be seen [9, 22].

Last but not least: adequate feeding, enough proteins
and other nutrients for brain growth from day one after
birth, strongly predicts head growth and neurocognitive
outcome [2].

BRAIN PROTECTION FOR THE TERM ASPHYXIATED
NEWBORN INFANT

Hypoxic ischemic neuronal damage is caused by a
lack of oxygen and therefore energy failure. The brain
needs a relative large amount of energy, which is pro-
vided by hydrolysis of ATP in the presence of oxygen.
The effect of energy depletion during a hypoxic event is
first a depolarization of the neuronal membrane and loss
of synaptic function and conductivity. This depolariza-
tion causes neurons to release high amounts of the excit-
atory neurotransmitter glutamate into the synaptic cleft.
Subsequent activation of channels causes a passive in-
flux of Cl- (and Na+) into cells causing osmotic (cyto-
toxic) edema and rapid cell death. Additional structural
damage develops hours or days later as a result of Ca™
influx into neurons. Activation of NMDA and AMPA
receptors by excess of glutamate causes massive influx
of Ca'" into neurons. Ca*" activates catabolic enzymes,
and it also activates NO synthase, resulting in forma-
tion of the free radical NO. Additional free radicals re-
sult from the impairment of oxidative phosphorylation.
Free radicals and activated catabolic enzymes destroy
structural proteins, membrane lipids, nucleic acids, and
other cellular contents, causing neuronal necrosis. DNA
damage from endonucleases and mitochondrial injury
from free radicals trigger apoptosis. After 6-12 hours
a second episode after reperfusion occurs, probably by
an increase of inflammatory cytokines inducing this
‘secondary energy failure’. A large part of the actual
brain damage occurs during this second phase, and al-
lows for a short window of time after birth for inter-
vention. HIE is the immediate result, permanent brain
damage may follow. Similar pathways, albeit more lo-
calized, probably occurs in case of neonatal cerebral
(thrombotic) stroke.
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Counteracting these events is the basis of neuropro-
tective strategies that are part of current practice or at
an experimental stage. These strategies consist of anti-
oxidative, anti-inflammatory, anti-excitatoxic and anti-
apoptotic agents, and in the future possibly neurogenetic
approaches, including stem cell therapy [16].

Antenatal strategies

Prevention of asphyxia starts at promoting a healthy
pregnancy and of an early recognition of fetal, placen-
tal or neonatal risk factors for hypoxia before, during
or after birth. Also for term pregnancies, the primary
care midwife plays a pivotal role in this early detec-
tion of at risk pregnancies. Intra uterine growth retarda-
tion, oligohydramnios, macrosomia, maternal diabetes,
high blood pressure etc. all warrant further examination
and treatment via an obstetric specialized centre. Wom-
en with these high risk pregnancies also should be gi-
ving birth at the hospital with skilful team of dedicated
doctors and nurses present, to evaluate the infant after
birth and give proper treatment, to prevent further brain
damage.

Recent trials have shown a possible beneficial effect
of antenatal administration of the anti-oxidative agent
allopurinol in a HIE induced ovine animal model [19].
Allopurinol reduces free radicals and crosses the pla-
centa readily. So far, this effect has not been success-
fully shown in humans and the agent is not routinely
being prescribed, but trials are currently being conduct-
ed [18]. Allopurinol administration after birth has not
shown to be beneficial [3].

Postnatal strategies

Therapeutic hypothermia

The most promising and effective method to decrease
brain damage after HIE is therapeutic hypothermia. Since
several large trials have shown the beneficial effect on
neurodevelopmental outcome, this strategy has widely
been accepted and implemented. A meta analysis of the
1505 infants investigated in these trials concluded that
therapeutic hypothermia is beneficial in term (and late

preterm) newborns with hypoxic ischaemic encephalop-
athy [15]. Inclusion criteria were: newborn infants with
evidence of peripartum asphyxia, with each enrolled in-
fant satisfying at least one of the following criteria:

a) apgar score of 5 or less at 10 minutes;

b) mechanical ventilation or resuscitation at 10 minutes;
¢) cord pH < 7.1, or an arterial pH < 7.1 or base deficit of
12 or more within 60 minutes, of birth AND evidence of
encephalopathy according to Sarnat staging [26]:

a) stage 1 (Mild): hyperalertness, hyper-reflexia,

dilated pupils, tachycardia, absence of seizures;

b) stage 2 (Moderate): lethargy, hyper-reflexia,

miosis, bradycardia, seizures, hypotonia with
weak suck and Moro;

c) stage 3 (severe): coma, flaccid muscle tone, apnea.

Many neonatal intensive care units currently use the
Thompson score (table 1) to identify which infant may
benefit from hypothermia. Term infants without large
congenital or syndromal abnormalities with a Thomson
scores>8 one to three hours after birth are eligible for
therapeutic hypothermia.

Two methods to achieve hypothermia were being
evaluated in newborn infants with HIE: whole body
cooling and selective head cooling with mild systemic
hypothermia. Various devices with continuous feed-
back loop for maintaining a constant core temperature
are now on the market. Infants in all studies were ran-
domized within six hours of age. Five studies used head
cooling devices in conjunction with mild systemic hy-
pothermia while the other six used whole body cooling.
The duration of hypothermia was 72 hours in all but
one study that cooled infants for 48 hours and one that
cooled from 48 hours to 72 hours depending on neuro-
logical recovery. Figure 1 is a forest plot from the meta
analysis showing a risk reduction of 33-38 % on major
neurodevelopmental disability.

Therapeutic hypothermia also resulted in a statisti-
cally significant and clinically important reduction in the
combined outcome of mortality or major neurodevelop-
mental disability to 18 months of age (relative risk of

Table 1
HIE score according to Thompson [31]. LOC: level of consciousness, IPPV: intermitted positive pressure ventilation
. Score
Sign 0 3 3
Tone Normal Hyper Hypo Flaccid
LOC Normal Hyper alert stare Lethargic Comatose
Fits None Infreq< 3/day Frequent>2/day
Posture Normal Fisting, cycling Strong distal flexion Decerebrate
Moro Normal Partial Absent
Grasp Normal Poor Absent
Suck Normal Poor Absent +bites
Respiration Normal Hyperventilation Brief apnea IPPV (apnea)
Fontanel Normal Full, not tense Tense
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Review: Cooling for newborns with hypoxic ischaemic encephalopathy

Comparison: 1 Therapeutic hypothermia versus standard care: subgroup analysis by method of cooling

Outcome: 3 Major neurodevelopmental disability by method of cooling

Study or subgroup Hypothermia Standard care Risk Ratio Weight Risk Ratio
n/N n/N M-H,Fixed,95% CI M-H,Fixed,95% C|
1 Selective head cooling with mild systemic hypothermia
Cool Cap Study 2005 23/108 31/110 —— 184 % 0.76 [047,1.21)
Gunn 1998 4/18 1/13 0.7% 2.89[0.36, 22.94)
Zhou 2010 11/100 19/94 —— 11.7% 0.54[0.27,1.08)
Subtotal (95% Cl) 226 217 - 30.9 % 0.72 [ 0.50, 105 )
Total events: 38 (Hypothermia), 51 (Standard care)
Heterogeneity: Chiz = 2.41, df = 2 (P = 0.30); ? =17%
Test for overall effect: Z = 1.68 (P = 0.092)
2 Whole body cooling
Eicher 2005 4/27 7125 e———f———— 44% 0.53[0.18,1.59)
ICE Study 2011 28/107 25/101 —— 154 % 1.06[0.66,1.68)
neo.nEURO Study 2010 7/53 15/58 il 8.6% 0.51[0.23,1.16)
NICHD Study 2005 21/102 26/103 —— 155% 0.82[0.49,1.35)
TOBY Study 2009 32/163 42/162 - 25.3% 0.76 [0.50,1.14)
Subtotal (95% Cl) 452 449 <> 69.1% 0.79 [ 0.62, .01 )
Total events: 92 (Hypothermia), 115 (Standard care)
Heterogeneity: Chi* = 3.16, df =4 (P = 0.53); I? =0.0%
Test for overall effect: Z = 1.89 (P = 0.059)
Total (95% CI) 678 666 L 4 100.0 % 0.77 [ 0.63, 0.94 )
Total events: 130 (Hypothermia), 166 (Standard care)
Heterogeneity: Chiz = 5.80, df = 7 (P = 0.56); I* =0.0%
Test for overall effect: Z = 2.50 (P = 0.012)
Test for subgroup differences: Chiz = 0.16, df =1 (P = 0.69), ? =0.0%
0.05 0.2 1 - 20

Favours hypothermia

Favours standard care

Fig. 1. Relative strength of treatment effects in multiple quantitative scientific studies (from [15])

0.75 (95 % confident interval: 0.68 to 0.83). The number
needed to treat for an additional beneficial outcome was
7 (95% confident interval: 5 to 10). This meta analysis
also showed that cooling reduces mortality without in-
creasing major disability in survivors. The conclusion
therefore was that hypothermia should be instituted in
term infants with moderate-to-severe hypoxic ischemic
encephalopathy if identified before six hours of age.

Other strategies

aEEG

Continuous awareness of brain activity and occur-
rence of seizures by means of amplitude integrated elec-
troencephalography (aEEG, fig. 2) may be helpful in-
dentifying infants with HIE. Abnormal low activity can
be another criterion to decide to start hypothermic ther-
apy [28]. Especially in sedated infants, the assessment
of presence of encephalopathy can be impossible using
Sarnat or Thompson scores. Furthermore, in these in-
fants at risk of seizures, aEEG is a very usefull tool in
detecting subclinical seizures and differentiating actual
seizures from other forms of muscle contractions such
as myoclonic jerks [29].

Proper treatment of actual seizures is an important
part of brain protection in these infants [12].

Promising agents [17]
Other potential agents with either anti-oxidative,
anti-inflammatory, anti-excitatoxic or anti-apoptotic

capacities are currently being investigated in various
phases of research.

A promising agent is melatonin, an anti-oxidant.
The first beneficial effects of administrating five daily
enteral doses of melatonin 10 mg per kg, in combina-
tion with hypothermia, have recently been published.
In a relative small group of post asphyxia infants with
HIE, the administration of melatonin led to fewer sei-
zures, less MRI abnormalities, and an improved sur-
vival without neurological abnormalities, compared
to hypothermia alone. This seems to be a promising
additive to the hypothermia treatment, and will with
accumulation of evidence possibly be implemented in
clinical protocols.

A potential but expensive anti-excitotoxic
agent is Xenon, a noble gas used as an anesthetic agent.
It counteracts the NMDA receptor and has been shown

Fig. 2. aEEG
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to be an effective agent against hypoxic-ischemic insult
both to cortical neurons in vitro and in several in vivo
models [6]. The first feasibility study in human neonates
has been conducted and showed no adverse respiratory
or cardiovascular effects. Furthermore, 7 of 11 sur-
vivors had mental and physical developmental index
scores>70 at follow-up at 18 months [7].

One of the agents with neurotrophic capacities is
erythropoietin (Epo). Epo and its receptor are essen-
tial in brain development [36]. The anti-inflammatory,
anti-excitotoxic, anti-oxidant and anti-apoptotic effects
on neurons and oligodendrocytes probably account
for its positive effects in brain injury. Some evidence
now shows that Epo has neuroprotective qualities: it
reduces learning impairment after brain injury, and im-
proves behavioral outcome [14, 33]. When combining
hypothermia with Epo, a small study in rats showed a
borderline additive effect of Epo [11].

CONCLUSION

The most susceptible newborn infants for brain
damage are preterm infants and (near)term infants born
after perinatal asphyxia. Preterm infants whose brain
development is interrupted from preterm birth benefit
the most from centralization of care, avoiding post-
natal transportation, avoiding hypoxia and hyperoxia,
mechanical ventilation, stress, blood pressure shifts,
and imbalances in metabolic processes. Adequate nutri-
tion and prevention of inflammatory events furthermore
support optimal brain development.

Preventing neurodevelopment impairment in post
asphyxia infants with HIE is still being under thor-
ough investigation. The most promising medical de-
velopment in the last decade is providing these infants
with therapeutic hypothermia, in order to reduce mor-
tality and improve neurodevelopmental outcome. Many
agents counteracting the processes occurring during
hypoxic-ischemic events and the reperfusion phase are
currently being investigated. Allopurinal, melatonin,
and Epo may be promising future additives to hypo-
thermia in the treatment of infants with HIE.
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