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Abstract

Hypoxic-ischemic encephalopathy (HIE) is
an important cause of acute neurological dam-
age in newborns at (or near) term. Several tri-
als in recent years have shown that moderate
hypothermia by total body cooling or selective
head is an effective intervention to reduce
mortality and major disability in infants sur-
vived a perinatal hypoxic-ischemic attack.
Follow-up in these patients is very important to
establish neurodevelopmental outcome, and
specific markers can lead us to detect predict-
ing sign for good or poor outcome. We reported
a few cases of newborn with HIE treated with
hypothermia, in whom the comparison
between electroencephalogram (EEG) and
magnetic resonance imaging (MRI) repre-
sents the first marker for neurodevelopment
outcome prediction. The continuous EEG mon-
itoring showed a depressed EEG activity with
diffuse burst depression in 7 patients. No
epileptic abnormalities were registered. In 10
out of 20 patients no abnormalities of the back-
ground activity and no epileptic abnormalities
were observed. We found that a depressed EEG
activity during the first 72 h of life and a dif-
fused alteration of basal ganglia at MRI were
correlated with a poor neurodevelopmental
outcome at 18 months of follow-up.

Introduction

Hypoxic-ischemic encephalopathy (HIE) is
an important cause of acute neurological dam-
age in newborns (NB) at or near term. Its inci-
dence in developed countries is low, affecting
approximately 2-3 cases per 1000 live NB at
gestational age of =36 weeks, leading to impor-
tant consequences, in terms of neonatal mor-
bidity and long-term neurological disability.!
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Throughout the 20th century, we have had no
approach and specific therapeutic allow to pre-
vent or minimize the brain damage associated
with hypoxic-ischemic aggression of the peri-
natal brain. In recent years, several trials have
shown that reducing the body temperature of
3-4°C (moderate hypothermia) by total body
cooling or selective head, if commenced early
(before 6 h of life) and maintained for 72 h, is
an effective intervention to reduce mortality
and major disability in infants who survive a
perinatal hypoxic-ischemic attack.23

Electroencephalogram (EEG) has a major
role in detecting severe HIE brain dysfunction.
In particular, its background abnormalities
including amplitude, presence of discontinuity,
length of inter-burst interval, absence of sleep-
wake cycling and presence of seizures are relat-
ed to the dysfunction severity both in non-
cooled and cooled infants with HIE.511
Moreover, EEG is also an useful predictor of HIE
infants prognosis, as several studies confirmed
the prognostic value of serial EEGs modifica-
tions or long lasting monitoring and neu-
roimaging techniques.5>-11 A brain magnetic res-
onance imaging (MRI) adds detailed informa-
tion about the various lesion patterns that have
been described in HIE.12-16 Lesions vary accord-
ing to the kind of predominant HI insult: an
acute severe global hypoxic-ischemic event
affects mostly the basal ganglia (BG), the thala-
mi (T), and the posterior limb of the internal
capsule (PLIC). On the other hand, when a pro-
longed partial hypoxia-ischemia predominates,
lesions usually involve WM and cortex but spare
the BG-T and PLIC.12 The presence of BG-T
lesions is highly associated with death or cere-
bral palsy (CP), predominantly spastic or dys-
tonic quadriplegia.3-16 The severity of BG-T
lesions defines CP severity and nature.16 The
most severe forms of BG-T injury can involve
also the brainstem and often associate with
early death. On the contrary, infants without
MRI BG-T damages have a largely normal out-
come.16 Matching the two techniques usually
provides more reliable diagnostic and prognos-
tic indications.17 We reported on our experience
in a small series of newborn with HIE treated
with hypothermia in whom a comparison
between EEG and MRI was used as first marker
for predicting neurodevelopment outcome. We
observed that a depressed EEG activity in the
first 72 h of life and a diffused alteration of basal
ganglia at MRI were related with a poor neu-
rodevelopmental outcome at the 18 months fol-
low-up.

Materials and Methods

Study population-setting

Full term newborns delivered at gestational
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age higher than 36 weeks and with birth
weight higher than 1800 g admitted for HIE to
the Neonatal Intensive Care Units (NICUs)
and Pediatric Intensive Care Units (PICUs) of
the La Sapienza University of Rome, Italy. All
parents gave their informed consent and the
study protocol was approved by the Sapienza
University committee on human research.

Hypothermia

All newborn were treated with moderate
(33.5°C) hypothermia for 72 hours. Outborn
patients were initially cooled to 35°C at the
birth hospital, avoiding heating and using ice
packs during the transfer to NICU. In all the
centers a cooling blanket with an esophageal
probe was used to induce hypothermia; the
esophageal temperature was then lowered by
the blanket’s servomechanism. Rectal temper-
ature was monitored by a rectal probe connect-
ed to a cardiomonitor. After 72 hours of
hypothermia, all newborns were gradually re-
warmed up to 36.5-37°C over the following 6-
12 hours (0.5°C/h). During the hypothermia,
vital parameters were continuously monitored.

Neurological follow-up

The needed follow-up duration for neuro-
motor disabilities and cognitive loss monitor-
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ing was 18 months. Every newborn was evalu-
ated beyond the neonatal period, at 1, 3, 6, 12
and 18 months of life. Standard EEG were eval-
uated within one week and repeated if abnor-
mal. Within the first week and three months of
age, newborns were studied with Neonatal
Hammersmith neurological examination and
General Movement (GMs) assessment. The
Hammersmith Infant Neurological
Examination was performed between 3 and 6
months of life. An evaluation of mental and
motor development was performed with the
Bayley Scales of Infant and Toddler
Development 3rd edition measure at 12 and 18
months.

Bayley scales were used to measure major
areas: cognitive, language, motor, social-emo-
tional and adaptive functioning.

Neuroradiologic follow-up

Standard cerebral MRI, diffusion tensor
imaging (DTI) and spectroscopy were per-
formed at the end of the hypothermic treat-
ment within the first week, at 3 and 18 months.

Inclusion criteria

The treatment with therapeutic hypother-
mia was reserved to newborns with gestational
age =36 weeks and birth weight =1800 g who
fulfilled the following criteria: i) metabolic cri-
teria: Apgar score <5 at 10 min, or persisting
need for resuscitation, including endotracheal
intubation or mask ventilation for more than
10 min after birth, or acidosis (pH <7.0 and/or
base deficit =—16 mmol/L. in umbilical cord
blood or arterial, venous, or capillary blood)
within 60 min from birth; ii) neurological cri-
teria (modified from Sarnat and Sarnat): mod-
erate to severe encephalopathy consisting of
impaired state of consciousness (irritability,
lethargy, stupor, or coma) and =1 of the follow-
ing signs: hypotonia, or abnormal reflexes
including oculomotor or pupil abnormalities,
or absent or weak suctioning, or clinical
seizures.

Exclusion criteria

They are: i) newborns with gestational age
less than 36 weeks, with birth weights less
than 1800 g, or admitted at the NICU after 6
hours of life; ii) newborns with major congen-
ital abnormalities or other syndromes includ-
ing brain; malformations, congenital viral
infections or evidence of encephalopathy other
than HIE; iii) informed consent refused.

Outcome

Outcome was based on combined frequency
of mortality and severe neurodevelopmental
disability in survivors at 18 months of age.
Severe disability is defined as Bayley III cogni-
tive development index 3 SDs below mean or

any one of the components of severe sensori-
motor disability (e.g. inability to walk, sit, feed
using hands, communicate (Bayley III lan-
guage development index 3 SDs below mean),
hear (80 dB sensory neural hearing loss) or
see. At 18 months of life the following out-
comes were also assessed: i) multiorgan dys-
function (adverse events in three or more
organ systems); ii) bilateral sensorineural
hearing loss more than 40 dB; iii) epilepsy
(recurrent seizures beyond the neonatal, peri-
od requiring anticonvulsant treatment); iv)
developmental delay; v) multiple disabilities
(epilepsy, cortical visual impairment, sen-
sorineural hearing loss, developmental delay).

Finally, the neuroradiologic outcome was
assessed by comparing images of standard
cerebral MRI, DTI and spectroscopy performed
within the first 7 days, at 3 months and 18
months of age. Brain injuries were classified
as isolated lesions of the white matter (WM),
of basal ganglia and thalami (BGT), with or
without involvement of posterior limb of
2.3.the internal capsule (PLIC), of cortex
(COR), or various combinations of such
lesions.

Serial EEG recordings were taken at four-to-
six hours after birth before starting hypother-
mic treatment, and prolonged for 72 h during
hypothermia, at the 7th and the 9th day of life.
A multichannel digital video EEG system
(Sirius-EBNeuro) recorded EEGs. Electrodes
were applied according to the international
10-20 system, modified for neonates. They
were applied to the scalp at Fp1-C3-T3-01-Fp2-
C4-T4-02. Other channels were used to record
electrocardiogram, pneumogram, electroculo-
gram. Each recording lasted more than 2
hours, to contain at least one sleep/wake cycle.
EEGs were evaluated and rated by an expert
child neurophysiologist, blinded to the MRI
data and not involved in these infants care
(AS). EEG abnormalities during the first days
of life were evaluated. Background activity was

ECG1+ECG1 b5

classified as stage i) normal: normal pattern
for gestational age or discrete abnormalities;
ii) mild abnormalities: continuous over more
than 50% of the time, delta activity, borderline,
maturational delay with low voltage and low
reactivity; iii) moderate abnormalities: discon-
tinuous more than 50% of the time without
fluctuations or reactivity; or iv) major abnor-
malities: inactive pattern or low voltage and
theta tracing or paroxysmal tracing.

Results

We enrolled 20 newborns (7F, 13M). The
patients’ perinatal history was characterized
by no risk factors in 13 neonates, while among
the other 7 only two had recognized risk factor
as maternal fever. The EEG was performed dur-
ing 72 hours of hypothermia and at ten days
from rewarming (Figure 1B). The monitoring
showed a depressed EEG activity with diffuse
burst depression in 7 patients. No epileptic
abnormalities were registered. In 10 out of 20
patients no abnormalities of the background
activity and no epileptic abnormalities were
observed.

In the other 3 patients we observed a
depressed activity with sporadic spike and
wave anomalies in the central-temporal
region. The presence/absence of seizures
(electrical or electro-clinical) and severity of
seizures (0 = no seizure, 1 = isolated seizures,
2 = status epilepticus) was also recorded.

A seizure was defined as a sudden, repeti-
tive, stereotyped discharge lasting at least 10 s:
intermittent (<3 per hour), frequent (P3 per
hour) or status epilepticus (P50% of 1-h epoch
containing seizure activity).

Regarding seizures, 17 infants hadno
seizure, 2 had isolated seizures and 1 had sta-
tus epilepticus.

There is no correlation with the severity of
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Figure 1. Patient 4: A) a magnetic resonance imaging-T1 weighted images: diffuse hyper-
intensity of the basal ganglia; B) electroencephalogram showing at 72 hours diffuse slow-
ing background activity with burst suppression.
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MRI lesion.

The MRI was performed at 7 days from start-
ing hypothermia (Figure 1A). MRI was normal
in 11 pts. In 7 babies a diffuse hyperintensity
of the basal ganglia was observed. In 2
neonates a lesion of the internal capsula and a
lesion of the caudate nuclei were found.

MRI spectroscopy added no valuable results.
No biochemical markers alterations were
observed. At ten days after rewarming, EEG
was performed showing no abnormalities in 10
infants; there were still present a depressed
background activity in 7 neonates and some
epileptic anomalies in 3 cases. During follow-
up we performed a new MRI at 1 months after
rewarming. The MRI was normal in 11 infants,
while confirmed the diffuse hyperintensity of
basal ganglia in 6. A neurological examination
was performed at the beginning of the study
being normal in 11 babies. In 4 children dif-
fuse hypertonus was observed while in the
remaining 5 generalized hypotonia was the
most important sign, seen in 4 patients and in
1 hemiparesis was noticed. We evaluated
infants at 3-6-12-18 months. The outcome was
good in 11 neonates, with a normal neurologi-
cal examination at 18 months of follow-up. In 4
babies hypertonia was the most important
sign; 2 patients showed hypotonia, 1 left hemi-
paresis, 2 children died at follow-up (MRI, EEG
and patients’ characteristics are summarized
in Table 1).

Discussion and Conclusions

In newborns suffering from HIE, electro-
physiological and neuroimaging techniques
are useful and valuable methods both to evalu-
ate severity of cerebral dysfunction and to
establish an early and accurate prognosis.>-16
Data collected from clinical examination and
from laboratory are less reliable than those
mentioned above in assigning early and accu-
rate prognosis to these infants.17

Therapeutic mild hypothermia has been
established as a successful technique to limit
secondary cerebral damage in HIE and its use
is increasingly spreading worldwide.!-3

Following HIE, typical MRI patterns of lesion
have been previously described.12-16 An acute
severe global hypoxic-ischemic event affects
mostly BG, T and PLIC whereas a prolonged
partial hypoxic-ischemic insult affects usually
WM and cortex but spares BG, T and PLIC.12
Systemic hypothermia has been reported to
selectively protect the cortex from the hypoxic
insult and to reduce lesions in BG, T, WM and
PLIC.1213

Neurophysiological and neuroimaging data
from our sample of infants undergoing
hypothermic treatment due to HIE, are not dif-
ferent from those of previous studies. EEGs
varied from inactive background to continuous

Table 1. Electroencephalogram, magnetic resonance imaging and clinical characteristics.
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background with mild abnormalities, while
MRI varied from severe BG-T and WM lesions
to normal MRL In our study severity of EEG
background was associated with prevalent BG-
T and WM lesions at MRI. In spite of slight
methodology differences, this relationship has
been already reported both in noncooled and
cooled infants.1’.18 Nash and colleagues con-
tinuously video-EEG monitored babies from
the beginning of the cooling procedure
throughout the three cooling days and after
the rewarming.18

They found that none of the newborns with
a normal EEG background at the beginning of
cooling had moderate to severe injury.
Moreover, they found that all infants whose
EEG background showed excessively disconti-
nuity or extremely low voltage at the end of
cooling, had moderate to severe MRI lesions.
Our data are quite similar; as a matter of fact
none of our newborns with mild EEG abnor-
malities at 6 and 24 h showed MRI lesion,
whereas all infants with low voltage back-
ground at 72 h EEG exhibited moderate to
severe BG-T injuries.

The persistence of a discontinuous EEG pat-
tern after the first week of life has already
been reported to be associated with severe
neurological sequelae or death.!320 In our
sample, a persistent discontinuity was always
associated with MRI BG-T lesion which is
known to be predictive of CP.16 Burst suppres-

F DBA, BS DBA, BS BGH BGH Generalized hypertonia, hypotonia neck flexors Hypertonia
F DBA, BS DBA, BS BGH BGH Generalized hypotonia, neck flexors Hypotonia
M DBA, BS DBA, BS BGH BGH Hypertonia Hypertonia
F DBA, BS DBA, BS BGH BGH Hypertonia Hypertonia
M N N N N N N
M N N N N N N
M DBA, BS DBA, SPW BGH, lesion of the BGH Hypotonia Hypotonia

right caudate nucleus
M DBA,BS  DBA,SPW BGH BGH Hypertonia hypertonia
F N N N N N N
M N N N N N N
F N N N N N N
M N N N N N N
M N N N N N N
M N N N N N N
F N N N N N N
M DBA, SPW  DBA, SPW N N N N
F DBA, SPW  DBA, SPW Lesion of the Lesion of the

internal (right) internal capsule Left hemiparesis Left hemiparesis

M N N N N N N
M DBA, BS DBA, SPW BGH BGH Severe hypotonia Died at follow-up
M DBA, SPW  DBA, SPW Lesion of the Lesion of the

internal BGH left

internal capsule

Severe hypotonia

Died at follow-up

EEG, electroencephalogram; MRI, magnetic resonance imaging; N, normal EEG activity; DBA, depressed background activity; BS, burst suppression; SPW, sporadic spike and wave; BGH, basal ganglia hyperintensity.
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sion pattern or continuous flat EEG is a signs
of encephalopathy that can be due to several
conditions like hypoxia, anesthesia, trauma.
All these conditions lead to thalamo-cortical
network alteration through different mecha-
nisms (edema, inflammation, metabolic imbal-
ance, etc.). It is well known that acute and
deep hypoxic injury in the neonatal brain pro-
duce BG-T lesions, so it is not unexpected to
find an association between BG-T lesions
severity and EEG severity pattern.

Thus, for MRI lesions, as well as for clinical
outcomes, early EEG is an excellent prognostic
indicator if only mild abnormalities are pres-
ent. Mildly abnormal EEG loses ability to pre-
dict a good MRI as days elapse. Our data con-
firm the association between EEG background
acuteness and MRI severity lesions. The per-
sistence of discontinuity or low voltage activity
after first days is always associated with BGT
lesions. The presence of only mild EEG anom-
alies during the first 2 days predicts the
absence of BGT lesions (100%). Further study
with larger population, and collaborative proj-
ects, are needed to better clarify the role of
EEG and MRI in cooled babies
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