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Introduction

“.... the matter of being born is such a physiologic adventure and the hazards to the brain so obvious that
one would expect to find evidence of cortical electrical abnormality in those newcomers who have not
survived too well the physical and chemical stresses incident to labour and delivery” Hughes et al. 1948

Am J Dis Child. 76(5):503-12)

The primary focus on foetal to neonatal transition has been defining the significant cardiorespiratory
changes that occur over the first postnatal minutes and subsequent hours. Our understanding of this
complex process continues to evolve, providing opportunities to enhance adaptation and initiate
interventions when physiology may be compromised. More recently animal models have focussed on the
role of ventilation in the setting of immediate and delayed cord clamping (1). This has provided insights
into the importance adequate ventilation plays in reducing pulmonary vascular resistance and enhancing
pulmonary blood flow, thus facilitating adaptation. However, studying the complex mechanisms of
cardiorespiratory adaptation in the newborn infant remains somewhat challenging. Assessing real time
changes in pulmonary compliance, pulmonary blood flow, systemic vascular resistance and cardiac output
are all readily achievable in an instrumented animal model, but are more difficult in the newborn infant,
particularly in the delivery room.

Assessment of newborn neurological adaptation has changed little over the last 30 years. The newborn
brain is at a critical stage of development around the time of birth and is vulnerable to brain injury
particularly in early prematurity or as a result of hypoxia-ischaemia, infection and haemorrhage (2, 3).
Immediate objective information about the function of the newborn brain is needed but is rarely available.
As a result, many caregivers are operating without valuable information about neurological function.
Animal models, predominantly fetal sheep, have provided insights into the complications of labour such
as acute (e.g., cord occlusion) and chronic intrauterine hypoxia. However, neurological assessment of the
newborn has remained predominantly subjective, as timely objective monitoring methods to date have

been limited. A general assessment of tone, level of activity and primitive reflexes provides a crude



overall assessment of neurological status but this method of assessment remains subjective. The early
neurological examination may be less useful than later examinations, particularly in neonatal
encephalopathy when a neurological examination at discharge is often the most predictive of later
neurodevelopmental outcome (4).

However, we would contend that it is relatively easy to objectively determine neurological wellbeing in
the delivery room. Whilst we have very little objective information on neurological adaptation to date,
and more importantly on how to determine when neurological adaptation may be compromised, this is an
important area of newborn care that has garnered very little attention. One prime area where this is
relevant is in relation to term newborn encephalopathy and the ever-increasing move towards
commencing therapeutic hypothermia in babies with mild encephalopathy. The limitations of our current
ability to objectively determine this needs to be acknowledged and efforts made to ensure the appropriate
therapy is commenced early, but in the appropriate group of infants.

In this review we present details on neurological assessment of newborn infants in the delivery room and
over the first hours of life, discussing the potential benefits and limitations of these assessment methods
and providing an insight into potential future monitoring modalities in the early transitional period. This
is not an attempt to prioritise one area of assessment over another; it is merely an attempt to highlight the

current lack of objective neurological evaluation.

Subjective Assessment of Neurological Wellbeing

The Apgar score is the most commonly utilised score to assess adaptation at birth. With the exception of
heart rate the remaining variables included in the Apgar score are based on visual inspection of the infant.
This raises concerns about subjectivity, and a number of studies have highlighted issues around inter-rater
variability (5-7). The Apgar score continues to be utilised as a method of assessing general well-being at
birth, with two relatively poorly defined subjective criteria assessing neurological wellbeing, namely tone
and the response to suctioning. Whilst these have not been individually evaluated in terms of variability, it

is easy to appreciate how these two criteria are prone to significant variability in assessment. The Apgar



score remains one of the main criteria included in determining the need for therapeutic hypothermia and

thus highlights the need for more objective assessment criteria.

Objective Assessment of Neurological Wellbeing

Transcranial Doppler (TCD)

Studies that sought to introduce neurological monitoring into the delivery room (DR) initially focused on
cerebral blood flow assessments incorporating Doppler measurements of cerebral or carotid arteries (8-
13). Monitoring was found to be technically difficult and did not provide continuous data (14).
Furthermore, there is conflicting evidence on the role of cerebral Doppler in identifying impaired cerebral
autoregulation in infants and resultant abnormal cranial ultrasound findings (15, 16). Boylan et al.
measured the gradient of the cerebral blood flow velocity (CBFV) response with TCD following
spontaneous blood pressure (BP) peaks to assess dynamic autoregulation in infants undergoing intensive
care(16). Term and preterm infants at high risk of neurologic injury were compared with a control group.
Measurements were obtained intermittently during a study period of at least 2 h. Intact cerebral
autoregulation consisted of a brief period when CBFV follows arterial blood pressure but quickly returns
to baseline value. The authors found that autoregulation was absent in high-risk term and preterm infants,
but also absent in preterm control infants. Term neurologically healthy infants undergoing intensive care
were found to have an intact autoregulatory response. Numerous studies since have focused on measures
of cerebral blood flow as determined by Doppler (17-22). Recently, Forster and colleagues measured the
CBFVs, resistive index (RI) and pulsatility index (PI) in the anterior and middle cerebral arteries (ACA
and MCA) of 38 normal neonates (22). All CBFVs in the ACA correlated with gestation. The Rl in the
ACA (0.67 +/- 0.06) and MCA (0.68 +/- 0.07) were correlated (r = 0.72, P < 0.001) (22). Resistive index,
pulsatility index and cerebral blood flow velocities of middle cerebral artery (MCA) were measured at 24
to 48h of life in two hundred newborns (>36wk) randomized to either umbilical cord milking (UCM) or
delayed cord clamping (DCC) at delivery. No differences were identified between the two groups (23).

Kaiser et al have investigated the critical closing pressure (CrCP) in preterm infants at risk of brain injury



in the first days of life. One hundred eighty-six premature infants with a GA range of 23-33 weeks were
monitored with umbilical artery catheters and TCD insonation of middle cerebral artery flow velocity for
1-h sessions. The CrCP increased significantly with GA (r = 0.47; slope = 1.4 mmHg/week gestation), an
association that persisted with multivariate analysis (p < 0.001). Higher diastolic ABP and higher GA
were associated with increased CrCP (p <0.001 for both). The authors concluded that low CrCP observed
in premature infants might explain their ability to tolerate low ABP without global cerebral infarct or
hemorrhage. Doppler thus has an important potential role to play in assessing neurological well-being in
the term and preterm infant but its limitations remain, predominantly the lack of continuous reliable data

for newborn infants.

Near Infrared Spectroscopy (NIRS)

Cerebral oxygenation and blood flow during early transition

Cerebral oxygenation after birth and during transition depends on three factors. The first is arterial oxygen
saturation (Sp02), which mainly reflects pulmonary function and the amount of oxygen administered to
the newborn. Second, haemoglobin (Hb) levels which reflect both Hb levels during fetal life and
management of the umbilical cord after birth. Finally, the infant’s capacity to self-regulate its cerebral
blood flow irrespective of changes in blood pressure or carbon dioxide levels, by cerebrovascular
autoregulation or vascular reactivity. Cerebral oxygen saturation during transition can easily be assessed
using near-infrared spectroscopy (NIRS). Several studies have measured cerebral oxygen saturation
during transition and during the first days of life, in both term and preterm infants. The focus of
previously performed studies has been on obtaining reference values for cerebral oxygenation after birth,
determining factors that may affect this, and also measuring potential effects of several antepartum or
peripartum interventions.

Normal cerebral oxygen saturation in term and preterm infants during transition

Normal values of cerebral oxygen saturation and fractional tissue extraction (FTOE) in the first minutes

after birth have been determined, predominantly from the group of investigators at Graz University. First,



an increase in cerebral oxygenation was observed in a small group of healthy term infants from three
minutes after birth onwards, starting at around 44%, rising to 76% by seven minutes of age (24). Later
this was confirmed in a larger group of 381 healthy non-ventilated term infants, with a gradual increase of
cerebral oxygen saturation from two minutes after birth (41%) to 15 minutes after birth (77%). FTOE
gradually reduced from 33% at two minutes, to 18% at 15 minutes of age. Reference ranges were
obtained using the INVOS NIRS device (Medtronic, USA) (25). The same group subsequently presented
data obtained from the NIRO NIRS device (Hamamatsu) in 140 term healthy infants(26). This has shown
some differences compared with the INVOS device, highlighting the importance of using the appropriate
reference values for each specific device. This was confirmed by a study that directly compared two
different devices during transition showing different sensitivities to changes in cerebral oxygenation
between two NIRS devices (27). In another study aiming to assess the course of cerebral and peripheral
(renal and mesenteric) tissue oxygen saturation in the first-hours after birth, a similar increase in mainly
cerebral oxygen saturation during the first minutes after birth was observed. Peripheral values were lower
compared to cerebral values, possibly suggesting preferential arterial blood flow to the brain in healthy
term infants.

Reference values have been presented for cerebral oxygen saturation and extraction during the first
minutes of life in preterm infants (28, 29). We recently evaluated transitional cerebral oxygenation in
preterm infants less than 32 weeks and noted that infants requiring higher concentrations of oxygen had a
significantly higher degree of cerebral hypoxia over the first 15 minutes of age when compared with those
infants requiring lower amounts of oxygen (30) ( Figure 1). The area below 55% quantifies both the
duration and the extent of rcSO2 below the established lower limit of 55% to represent hypoxia (<55%)
.The area was calculated using the trapezoidal method, a numerical approximation of integration. The

area measures were normalized to total duration and lower limit of the INVOS recording (15%).
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Figure 1. Data for oxygen saturation (SpO2), HR, and cerebral oxygen saturation (rcSO2) recorded in the delivery suite for the
first15 minutes of life. A, SpO2, B, HR, and C, rcSO2. D, represents features of rcSO2 comparing low (FiO2 <0.3) and high
(FiO2 >0.3). Circles and diamonds represent median values; bars represent IQR for A, B, and C. D, Thick bars represent IQR
and thin bars represent 95 percentiles. Lines plotted along circles represents the low FiO2 group, and one plotted along diamond
shapes represent high FiO2 groups during resuscitation in the delivery suite. ** Statistical significance, with P < .01. Data from:
Kenosi M, O'Toole JM, Livingston V, Hawkes GA, Boylan GB, O'Halloran KD, et al. Effects of Fractional Inspired Oxygen on
Cerebral Oxygenation in Preterm Infants following Delivery. J Pediatr. 2015;167(5):1007-12 el. Used with permission from

Elsevier.

Pichler et al recently reported the results of a pilot RCT utilising continuous NIRS (cNIRS) monitoring
(COSGOD trial) in the delivery room (31). This study assessed the role of cNIRS as an adjunct to
newborn stabilisation in babies less than 34 weeks. The primary endpoint was the % mins that cerebral
oxygenation was below the 10™ percentile and above the 90" percentile over the first 15 mins of age. In
the NIRS-visible group, NIRS monitoring in addition to pulse oximetry was used to guide respiratory and
supplemental oxygen support whereas in the NIRS-not-visible group, pulse oximetry alone was used as is

standard of care. The authors noted a significant relative reduction in cerebral hypoxia in the NIRS visible



group of 55.4% (95% CI 37.6-73.2%; P = .028). Beyond the delivery room, Alderlistein and colleagues
presented values on almost 1000 preterm infants over the first 3 days of life. The values show a parabolic
curve, with an initial increase of cerebral oxygen saturation, followed by a slow decrease after 40 hours of
age (32). What is clear during transition is that the values mainly depend on gestational and postnatal age,

gender and birthweight (Figure 2).
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Figure 2. rScO2 reference value curves for neonates of (a) 24-25 wk GA, (b) 26-27 wk GA, (c) 28-29 wk GA, and (d) 30-31 wk
GA. The line patterns depict different percentiles: dotted lines indicate p2.3 and p97.7, dash dot dot dash lines indicate p5 and
p95, dashed lines indicate p10 and p90, dash dot dash lines indicate p20 and p80, and solid lines indicate p50. GA, gestational
age. Data reproduced from Alderliesten T et al Reference values of regional cerebral oxygen saturation during the first 3 days

of life in preterm neonates. Pediatr Res. 2016;79(1-1):55-64.



The effects of carbon dioxide on cerebral saturation

One of the first to show the relationship between PaCO, and cerebral blood flow were Pryds and Greisen,
highlighting an intra-individual variation of CBF to be positively related to changes in PaCO2 and
inversely related to changes in Hb in preterm infants (33). This relation between CO, and cerebral oxygen
saturation has been seen subsequently, and recently described again, when a decrease in etCO, not only
resulted in decreased cerebral oxygenation, but also reduced brain activity in preterm infants over the first
72 hours after birth(34). Little is known about early transitional CO, cerebral vascular reactivity in both
term and preterm infants. If early transitional cerebral oxygenation relates to outcome then an
understanding of partial pressure of arterial carbon dioxide levels and their effect on cerebral oxygenation

might be crucial.

Cord clamping practice

Deferring cord clamping (DCC) for at least 1 minute after birth in preterm infants might result in higher
cerebral perfusion and improved oxygenation during transition. A small RCT randomizing 39 preterm
infants in an early versus delayed cord clamping (60-90 sec) trial , resulted in a higher mean regional
tissue oxygenation in the DCC group at the ages of 4 hours (69.9% vs 65.5%) and of 24 hours (71.3% vs
68.1%), with similar measures of cerebral blood volume in both groups(35). This suggests a better
capacity for oxygen transport to the brain, potentially through a higher haematocrit. However, a more
recent trial compared milking versus delayed cord clamping in preterm infants less than 32 weeks found
no difference in cardiac output, peripheral saturation and cerebral oxygenation between both groups (36).
The PREMOD2 (NCT03145142) study has recently commenced, aiming to recruit 400 infants (<28
weeks of gestation) into an RCT comparing cord milking versus DCC, and will assess cerebral

oxygenation over the first minutes of life in both groups.



Cerebrovascular autoregulation

Little is known about autoregulatory capacity during immediate transition in both term and preterm
infants. Given that NIRS can be used as a surrogate for cerebral blood flow, and combined with blood
pressure (invasive or noninvasive), as a surrogate for cerebral perfusion pressure, it is reasonable to
assume that it might provide an indication of autoregulatory capacity in the newborn. However, most
studies on this subject focussed on validity issues and were performed after NICU admission (37),
possibly because of the fact that arterial lines, needed for continuous BP readings, are mostly only
inserted then. Several observational studies have shown a relation between probable impaired
cerebrovascular autoregulation after birth and the development of IVH in preterm infants (38) (39). Being
able to measure cerebrovascular autoregulation during transition could possibly provide a better
understanding of  cerebral oxygenation, and possibly guide our therapeutic approach towards

hemodynamic changes immediately after birth.

Predicting outcome and intervention

In a case control study of 12 preterm infants with IVH and 12 infants without IVH, early transitional
cerebral oxygenation over the first 15 minutes after birth was associated with brain injury. Both the
duration and magnitude of centiles-deviation of cerebral oxygen saturation was more pronounced in
infants with IVH compared with non-IVH infants, while no differences were found in heart rate and SpO2
in this group of (26). Noori et al found lower systemic perfusion, CBF and cerebral oxygenation over the
first 12 hours after birth preceding the development of IVH (40). Cerbo et al found that both rSO2 <40%
and superior vena cava flow <40 ml/kg/min in the first 48 hours after birth independently increased the
risk of death (41). Recently it was observed that an increased burden of cerebral hypoxia during
immediate transition and resuscitation was associated with impaired general movement scores at term
equivalent age, suggesting that cerebral oxygenation in the first minutes of life may be an important

predictor of short term problems (42).



A key question remains: is cerebral oxygen saturation during transition predictive of longer-term
outcome and does intervention result in improved outcome? The Safeboosc Il study was designed as a
phase 2 study to address this question, by first investigating whether it was possible to use NIRS to guide
cerebral oxygenation and keep it within certain limits in the first 72 hours of birth in very preterm born
infants (43). Indeed, the burden of cerebral hypoxia was reduced (44) in the intervention group but there
was no significant reduction in brain injury overall(45). However, looking at the entire group of infants
regardless of their allocation assignment, infants with a cerebral burden of hypoxia (time with cerebral
haemoglobin saturation <55%) within the fourth quartile were more often diagnosed with severe IVH,
had low burst rate on EEG or an increased mortality risk, compared to infants in the first three quartiles
(46).

In term born infants with hypoxic ischaemic encephalopathy (HIE), significantly elevated cerebral
oxygenation values and reduced cerebral fractionated oxygen extraction values have been identified in the
first 24 hours and found to correlate with poor neurodevelopmental outcomes at 2 years of age (47-49).
The rise in cerebral oxygenation most likely reflects increased cerebral perfusion, decreased oxygen
utilization and impaired cerebral autoregulation (50, 51). The possibility of using cerebral NIRS as a tool
to assess cerebrovascular autoregulation and maintain cerebral blood flow in a range that results in
optimal cerebral oxygenation might improve neurodevelopmental outcome in HIE infants and is a key
priority for future research. It is important to note that rSO2 values are dependent on cerebral metabolic
rate, which may be influenced by interventions such as therapeutic hypothermia and medication
administration. A number of recent studies have highlighted long-term adverse outcome in the setting of
mild encephalopathy (52, 53) and there is now an increasing trend towards cooling infants with mild
encephalopathy. This is where cerebral oxygenation monitoring in combination with other biomarkers of
brain injury may help individualise the approach to therapeutic hypothermia in infants with mild
encephalopathy. However, further studies are certainly warranted in this area of care.

In summary cerebral oxygen saturation in both term and preterm neonates is easy to perform during early

transition using NIRS and might help predict short term and possibly even longer term outcome.



Reference values have been presented for various devices, but it is still not known if intervening for low

or high values, and in what way, improves short and long-term outcome.

Electroencephalography (EEG)

In contrast to cerebral blood flow and NIRS, EEG monitoring has become an essential tool for the
objective assessment of neurological function in infants with neonatal encephalopathy (54) (55) (56) (47 ,
57-59)(43, 53-56) seizures (60-64) and more recently in the care of premature infants (65-67). However,
it is rarely used in the immediate minutes and hours after birth to assess neurological function, despite
limitations of the early clinical examination.

The signals measured by EEG are of the order of microvolts and represent postsynaptic neuronal activity
in the cerebral cortex. The EEG is easy to acquire using electrodes placed on the surface of the scalp in
predetermined regions and modern flat disposable electrodes can record for days undisturbed in neonates
in the NICU, even in extremely preterm neonates (68). EEG has a temporal resolution that is much higher
than functional MRI and activity is represented on a millisecond scale. EEG exhibits a rich variety of
frequencies, amplitudes and waveform morphologies from all monitored brain regions and features such
as synchrony and symmetry across cerebral hemispheres are very easily assessed (Figure 3). A knowledge

of the gestational age of the infant is essential as the EEG varies quite dramatically with maturity (65).
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It is well known that cerebral electrical activity is essential to drive gene expression in the brain and
morphological neuronal development (69). During development, up to a trillion cortical neurons establish
specific synaptic connections so that highly organized cortical networks are formed (70) (71) (Figure 2).
Any interruptions in neuronal activity will disrupt connectivity and cortical excitation/inhibition balance
which will be reflected as abnormal patterning on the neonatal EEG (72). Studies in newborn rodents
have shown that transient changes in electrical activity are associated with changes in activity regulated
protein expression, neuronal morphology and cortical plasticity (73). If an infant is exposed to hypoxia
and/or ischaemia, neuronal firing ceases very quickly (an adaptive shut down response to preserve
energy), as shown in both human neonates and animal models ref (73, 74). After restoration of
oxygenation, activity can return rapidly if the period of hypoxia is short (75). However, if the period of
hypoxia is long, it may take some time for neuronal firing to recommence. In addition, the initial EEG
patterns that emerge may be disrupted and may take some time to recover (Figures 5-8) (55). The
evolving patterns of EEG recovery commonly seen post moderate and severe hypoxic ischaemic
encephalopathy (HIE) are prognostic for later neurodevelopment (52, 76). In addition, serial EEGs
starting soon after birth have been shown to be of use in determining the timing and severity of brain
injury (77). Therefore, the EEG is critical for diagnosis, treatment and prognosis in the newborn period.
Seizures occur most frequently during newborn transition and in neonates with moderate and severe
hypoxic ischaemic encephalopathy seizures peak around 18-24 hours of age (78). Multichannel EEG is
the gold standard tool for the accurate diagnosis and monitoring of all neonatal seizures.

In preterm infants, the EEG develops from the most immature neonates of approximately 23 weeks’
gestational age (GA) through to full term age with 3 major trends; increasing continuity, with defined
periods of normal EEG quiescence for specific GAs; appearance of several normal transient waveforms of
prematurity; and the appearance of sleep cycling (67) (79). Assessment of an infant’s EEG against these

parameters can indicate whether the maturity of the brain is appropriate for GA (Figure 9).



Despite the obvious benefits of EEG monitoring, it has long been considered too difficult to deploy within
the first minutes and hours after birth. However, in the 1970s and early 1980s huge efforts were made to
record the EEG during labour and many of these were successful. The Pioneering work of Rosen and
colleagues clearly demonstrated that the fetal EEG recorded during an uncomplicated labour in the term
fetus is very similar to the EEG recorded within 30 minutes and 3 days of birth in the same infants (80).
This is an important observation and demonstrates that continuous mixed frequency activity is anticipated
in the term fetus immediately after birth and throughout transition.

Recently there has been a renewed interest in monitoring the fetal brain during labour using EEG and this
is an exciting development. Using animal models, a new algorithm for fetal EEG as a predictor of
academia has been developed and abnormal EEG changes were seen to emerge at a pH < 7.20 (81). A
clinical study using this algorithm and a bespoke fetal EEG electrode is now underway (NCT03013569).
Fetal EEG monitoring is now evolving rapidly but is still very much in the research phase. Therefore,
EEG monitoring in the immediate transition period should be easier. However, a number of perceived
barriers still exist such as determining the most appropriate EEG electrodes and application method; the
best EEG recording system and how to interpret the EEG signals.

In order to assess the baseline activity of the newborn brain, only a few electrodes are needed. Multiple
sensors are needed for seizure detection but this is not the goal of early EEG monitoring. The goal is to
establish if the newborn has continuous (term) or semi-continuous EEG activity (preterm). Therefore,
only a small number of electrodes are needed to provide 1 or ideally 2 channels of EEG. A full-term
infant with continuous activity in the first minutes after birth has not been exposed to hypoxic ischaemia.
Korotchikova et al. demonstrated that healthy term newborns who had EEG monitoring within 6 hours of
birth had continuous mixed frequency patterns with well-developed sleep cycling (82). Two recent
studies have shown that single channel amplitude integrated EEG (aEEG) monitoring is feasible in the
immediate newborn period.(25, 83, 84). However, the aEEG does have limitations as it displays a very
processed EEG signal, which has been filtered, rectified and compressed, and artefacts can be difficult to

recognise (85-87).



We recently performed a pilot study on the feasibility of conventional EEG monitoring in the delivery
room in healthy full term infants following elective CS. Six sterile disposable flat surfaced EEG
electrodes were attached to the infants’ scalp over frontal and central regions (F4, C4, F3, C3, ground, and
reference) bilaterally. We recorded the EEG within 10 minutes of birth in 49 infants. Good quality EEG,
with continuous mixed frequency activity in the range of 25-50uV, was observed in all infants (88).
Another barrier to early adoption of early neonatal EEG has been the lack of appropriate EEG technology
for the acute environment. Traditional paper based EEG machines were very large, cumbersome, and
non-digital, making them difficult to use in an acute setting. However, technology has evolved
dramatically in the last decade and EEG machines capable of continuous multi-channel video EEG
monitoring can now be laptop based and unobtrusive. In addition, new EEG amplifiers have excellent
common mode rejection and can work very well in electrically noisy environments even when surrounded
by other monitoring equipment. This has certainly helped to advance the adoption of conventional EEG in
the NICU in recent years (89).

EEG interpretation, particularly neonatal EEG, has always posed difficulties for non-neurophysiologists
and neurologists. This area is advancing rapidly due to huge leaps in machine learning and artificial
intelligence techniques which will soon be able to provide non EEG experts with the help needed to assist
in the interpretation of EEG patterns on a 24/7 basis. Indeed the first ever clinical investigation of an
algorithm for neonatal seizure detection, developed using machine learning, has recently completed
recruitment in a multicentre study across Europe (The ANSeR study - NCT02431780). Algorithms for
automated baseline neonatal EEG interpretation in term and preterm neonates are advancing at a rapid
pace and it is likely that a version ready for clinical deployment will soon be available (90-96).

It is clear that EEG provides objective information about newborn brain function and technological
barriers that previously made it difficult to deploy in the minutes and hours after birth are no longer a
concern. The time is now right to advance our understanding the neurological function in the immediate
newborn period and urgent research is clearly warranted. More EEG studies from healthy term and

preterm newborns in the immediate postnatal period are required to establish normative reference ranges.



Advances in machine learning will provide the much need support to interpret these signals in the acute

setting and we look forward to further studies in this area.
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Figure 51: aEEG and multichannel EEG in a full term infant with mild encephalopathy during the first 12 hours of age. Some

short duration suppressed periods are evident with disrupted sleep cycling.
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Figure 62: aEEG and multichannel EEG in a full term infant with moderate encephalopathy during the first 12 hours of age.

EEG shows general discontinuity and no sleep cycling.
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Figure 7: aEEG and multichannel EEG in a full term infant with severe encephalopathy during the first 12 hours of age. Overall

suppressed amplitude but a burst suppression pattern and no evidence of variability or sleep cycling.
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Figure 8: aEEG and multichannel EEG in a full term infant with severe encephalopathy during the first 12 hours of age. The

EEG is the most severe form, showing complete suppression of all electrocortical activity (isoelectric).
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Figure 9: aEEG and multichannel EEG in a premature infant of 25 weeks gestation during the first 12 hours of age. The EEGs
shows a typical Trace Discontinu pattern with bursts of high amplitude activity interspersed with periods of quiescence

(interburst intervals).



Summary

In this review, we have presented the most recent advances in neonatal CBFV, NIRS and EEG for both
term and preterm infants and have described their suitability for use in the early transitional period. An
accurate objective measure of neurological function is required as soon as possible after birth in order to
initiate the most appropriate therapeutic interventions. This is particularly the case for infants with HIE
where rapid identification of those infants who will benefit most from therapeutic hypothermia is
imperative. Rapid advances in technology and machine learning have now made the information obtained
using neuromonitoring devices more accessible and this may prove very useful for simultaneous
multimodality neuromonitoring using combinations of CBFV, NIRS and EEG. Clearly, this rapidly
developing field of research is urgently needed in order to increase our understanding of transitional

neurology and improve longer term outcomes.
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