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Background: Neonatal Hypoxic-ischemic encephalopathy (HIE) is a major cause of neonatal morbidity
and mortality. The electroencephalogram (EEG) is widely used in full-term infants with HIE, and its
prognostic value has been confirmed by several studies. Magnetic resonance imaging (MRI) of the brain has
also been applied in these patients, and increasing numbers of reports affirmits prognostic reliability.

Objective: To investigate the correlation between an early EEG and MRI findings in infants with HIE
and to relate these findings to the neurodevel opment outcome at 12 months of age.

Subjects and methods: Twenty-five full-term infants with HIE were enrolled. HIE severity was assessed
according to Sarnat and Sarnat's staging system All infants had an EEG recorded within the first 72 hours
after birth and a neonatal brain MRI scan after the end of the first week and before 1 month of age. Head
circumference, Denver Developmental Screening Test-11 and neurological examination were performed at
12 months of age, RESULTS. Three patients had mild HIE (12%), 19 had moderate HIE (76%). 3 infants
(12%) had severe HIE. All infants survived and were followed for at least 12 months of age. Both EEG and
MRI were predictive of outcome. A normal MRl was always associated with normal EEG background
activity and normal outcome. Severe abnormalities on MRI (ie, severe basal ganglia and thalami with diffuse
or subcortical white matter lesions) were associated with marked EEG abnormalities (extreme discontinuity
and low voltage) and an abnormal outcome. Abnormalities in EEG background activity had a sensitivity of
100%, specificity of 100% , whereas, abnormal MRI scans had a sensitivity of 100% and specificity of 42%
in predicting poor outcome.

Conclusions: Both EEG and MRI are valuable tools that gives early and valuable prognostic
information in infants with HIE. (int. J. Ch. Neuropsychiatry, 2005, 2(1): ??-??)
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which are more prevalent among surviving
children in developing countries than in

Hypoxic-ischemic encephaopathy (HIE) is
yp ephalopathy (HIE) developed countries. @

the most common neurologic disorder in the
full-term newborn infant.? It is associated
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Several studies have reported the use of
EEG in HIE not only for the recognition of
seizures but also as reliable predictor of
neurodevel opment outcome.

Magnetic resonance imaging (MRI) has
allowed the identification of various patterns
of brain lesions in infants with hypoxic-
ischemic encephalopathy and has improved
our knowledge of their extent and
evaluations. Whereas the prognostic value of
cranial ultrasound scans and computed
tomography is quite limited, recent
publications have shown the value of MRI
for predicting prognosis . Early changes on
MRI that are associated with a bad outcome
include abnormalities in the basal ganglia,
and extensive abnormalities in the
periventricular white matter.®”

To evaluate the different
abnormalities in early EEG (within
1% 72 hours of life) and early brain
MRI (between 1 week — 4 weeks of
life) in newborn

To correlate the early EEG and brain
MRI findings.

To evaluate the predictive value of
early EEG and brain MRI findings
for abnormal neurodevel opmental
outcome at 12 months of age.

The study was conducted during a 19-
months period from June 2002 through
December 2003. Twenty five full term
newborn infants (Gestational age: 38-42

weeks) born at Mansoura University Hospital
and referred to the neonatology unit of
Mansoura University Children’s Hospita
within the first 24hour of life with the
diagnosis of HIE were enrolled prospectively
in the study.

The diagnosis of neonatal
encephalopathy was made in infants who
showed signs of fetal distress before delivery
(including: abnormal cardiotocograph
recordings and aso meconium stained
amniotic fluid)

After delivery the following criteria
were used for the diagnosis of HIE:

Q) Abnormal Apgar score

(<6 a Sminutes ),

metabolic acidosis

(serum bicarbonate <

12 mmol /L in first

hour of life), and / or

delayed first breath

beyond 5 minutes after

birth.

(2 Clinical  neurological
sequelae in the
immediate neonatal
period including

seizures, abnormal tone

and reflexes, poor

feeding and altered

level of consciousness.
(3) Multi-organ failure.

Exclusion criteria included congenital
malformations, metabolic disorders, central
nervous system anomalies, chromosomal
disorders, and prematurity (Gestational age <
37 weeks).
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All studied newborns were subjected
to:

(A) History taking:-

1. Maternal history: Gravidity and
parity, maternal age, complications of the
present  pregnancy [e.g.  antepartum
hemorrhage, pre-eclamptic toxemia and
premature rupture of membranes (PROM)],
maternal illness, and maternal intake of
drugs.

2. Delivery history: Documented
history suggestive of perinatal asphyxia,
Apgar score a 1 minute and 5 minutes.
Mode of delivery, amniotic fluid (normal,
offensive or meconium stained), analgesia or
anesthesia, and the need of resuscitation by
oxygen ambu bag, endotracheal intubation,
chest compressions and medications.

(B) Clinical evaluation:-

1- General examination:

Gestational age using Ballard Score.®
Vital signs, body weight and head
circumference.

2-Neur ological assessment:

Within the first 24 hours after birth. The
clinical examination was used to characterize
the infants into 3 grades of severity of HIE
according to Sarnat and Sarnat (1976)® :-

Mild HIE:- Hyperalert, normal tone and
activity ,exaggerated Moro and absence of
autonomic dysfunction.

Moderate HIE:- Lethergy, decreased
activity, hypotonia, weak primative reflexes,
constricted pupils, convulsions, bradycardia
or periodic breathing.

Severe HIE:- Stupor, coma, decerebrate
posture, absent spontenuous activity, flaccid,
absent reflexes ,and non reactive pupils or
apnea.

3-Cardiovascular, respiratory; renal
and other systems assessment.
(C) EEG:-

EEGs were performed in the
first 72 hours after birth by means of digital
computerized easy  apparatus supplied by
Cadwell laboratories (USA). The EEG was
recorded using bipolar and referentia
montages at a paper speed of 30 mm/s with
filter at 0.3 and 50, and a gain of 70 puV/mm.
The recording was done for minimum
duration of 15min.

Electrodes were attached to the
scalp according to the international 10-20
system of electrodes placement.™

In each EEG the occurrence of
background and paroxysmal abnormalities
was evaluated.

Background abnormalities :-

Three different types of background
abnormalities were observed according to the
classification used by Biagioni et al.
(1999)“Y. Constant low voltage, constant
discontinuity, and dysmaturity.

A tracing was defined as: -

1. Constant low voltage when the
detected background activity amplitude was
constantly <20 .

2. Congtantly discontinuous tracing,
so defined when there was a constant
dternation of relatively high-amplitude
bursts and low voltage (at least <45 V)
interval, were classified according to the
following criteria: -

Extreme discontinuity: maximum
interval duration > 40 seconds.
Severe  discontinuity:  maximum
interval duration 20 to 40 seconds.
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Moderate discontinuity: maximum
interval duration <20seconds.

3. Dysmature tracing, so defined when
the observed maturational features were not
appropriate for the postmenstrual age of the
patient, resembling those of younger infants.
The established limit for considering an EEG
as dysmature was a difference of >2
weeks.™?

Paroxysmal abnormalities: -

The incidence  of paroxysmal
abnormalities (i.e., abnormal EEG transients)
was evaluated.

In particular, sharp waves, apha
discharges and sharp rhythmic delta and
theta activities were considered all together
(e.g., the occurrence of a sharp wave was
counted as the occurrence of a rhythmic
sharp theta activity) and their incidence was
scored according to the following
classification of (Biagioni et al., 1996)™3.

1. Absent: no abnormal transients detected.

2. Very rare: < abnormal transient per 5
minutes.

3. Rare at least 1 abnormal transient per
S5minutes but< abnormal transient per 1
minute.

4, Moderately frequent: a least 1
abnormal transient per 1 minute but
<labnormal transient per 10 seconds.

5. Frequent: at least 1 abnormal transient
per 10 seconds.

A train of sharp waves (or an apha
discharge or a rhythmic sharp theta or delta
activity) was considered as interictal when
lasting < 5 seconds and ictal when lasting
>5seconds, irrespective of possible clinical
correlates.

EEG discharges:-

When Ictal EEG discharges were
present, they classified according to
(Biagioni et al., 1998)™:

1- Rare: when they occupied less than
5% of the recording.

2- Moderately frequent :when they
occupied 5% to 30% of the recording.

3- Status epilepticus. when they
occupied more than 30% of the recording.

EEG score:

Recordings were graded into five
levels of severity largely on the basis of the
background activity as follow: (Zarifi et al.,
2002)",

- 0=Norma EEG background.
1 = Mild abnormal if the background
was less mature than expected for
gestational age (dysmature) or
showed excessive spikes, sharp
discharges, or dowing with normal
amplitude.
2 = Moderate abnormal EEG had
low amplitude (5-10nv).
3 = severe EEG abnormalities
included low voltage (< 5 nv), burst
suppression pattern or EEG evidence
of status epilepticus.
4 = profound EEG abnormalities
included those with an isoelectric
EEG tracing.

(D) MRI:-

Imaging of the brain was performed
using a Siemens Magnetom symphony (1.5
Tesla) made in Germany. Infants had initial
and serial MRI images .Only the initial
images obtained after the first week after
birth (range 7-28 days) were considered in
this study because by this time brain swelling
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usualy present in first days after birth, has
cleared and the pattern of lesions is more
evident and very early scans can appear
relatively normal even with severe insults.

Images were obtained in the transverse
plane with T1-weighted spin echo (SE)
(860/20), T2-weighted SE (3000/120) and
age related inversion recovery (IR)
(3800/30/950 ) sequences.

Infants were transported to the MRI unit
once they were clinically stable. Infants were
monitored with pulse oximetry and a
neonatologist was present through out the
examination .Sedation was done using oral
chloral-hydrate a dose of 50:100 mg/Kg .

The pattern of abnorma  signa
intensities observed was documented as
follows:

The posterior limb of the internal
capsule (PLIC) was assessed as normal,
equivocal, or abnormal. ©

The basal ganglia and thalami were
assessed as normal, minimal, moderate, and
severe

Minimal: Focal abnormalities but
normal signal within the PLIC.

Moderate: focal abnormalitiesinvolving
the posterior lentiform nuclei and
ventrolateral nuclei of the thalami with
equivocal or abnormal signal intensity within
the PLIC.

Severe: Widespread abnormalities in al
regions of the basal ganglia and thalami and
abnormal signal intensity within the PLIC.

"White matter abnormalities were
documented according to which lobes of the
brain were involved, whether there was a
hemorrhagic element to the lesion and

whether they were subcortical,

periventicular, or widespread.

MRI score:-

Basal Ganglia/ watershed score (BG/W)
was an attempt to combined the BG and
watershed pattern of injury into a single
score described by(Barkovitch et al.,
1998)19:

- 0=Normal .

1 = Abnorma signa in the BG or
thalamus.

2= Abnormal signal in cortex.

3= Abnormal signa in cortex and
basal nuclei.

4= abnormal signa in entire cortex
and basal nuclei.

(E) Neur odevelopmental outcome

All infants surrivied were followed up
for a minimum of 12 months, (range 12-19
months).These infants were seen in the
follow up clinic a 3,9,12 months of age and
every 3 months there after.

The neurodevelopmental outcome was
evaluated at 12 months of age by detailed
neurological examination and Denver
Developmental Screening Test Il (DDST 11).

A) Neurological Examinations:
- Mental function.
- Cranial nerves examination.
- Motor system examination.
A) Examination of the muscle tone.
B) Examination of the reflexes including
pathological reflexes.
B) Denver Developmental Screening
Test Il (DDST 11) @
The screening test was performed to
al infants at 12 months of age.
Item score:
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Items intersected by and just
adjacent to the age line were tested. Items
were marked as "P" for pass, " F " for failed,
"No" for no opportunity, or * R " for
refused to cooperate or attempt.

Item assessment :Each item  was
assessed as one of the following:

a. Advanced: Child passes
item that falls completely to
theright of ageline.

b. Normal: Child passes, fails,
or refuses item on which the
age line falls between the
25th and 75th percentile.

c. Caution: Child fails or
refuses item on which the
age line falls between the
75th and 90th percentile.

d. Delayed: Child fails or
refuses item that falls
completely to the left of age
line.

Global assessment: when two or more
"delays’ were noted , the child was
considered to have failed the screening test.
The infant was re-evaluated in 3 months if
there was one delay and /or two or more
“cautions'. Infant were considered to be
normally passed the screening test when no
"delays" and a maximum of one "caution”.

Infant had norma outcome if passed
DDST Il and with norma neurologica
examination, while infant had abnormal
outcome if failed to pass DDST Il and/or
with abnormal neurological examination at12
months of age.

Statistical analysis:

We anayze the data using SPSS for
Windows (SPSS, Inc. Version 11, Chicago,
IL, USA).

Data were expressed as mean

SD or number (%). For comparison of
dischomatous variables we used the Chi-
square (X?) test, Chi-square (X?) test for
trend and Fisher® excat test when
appropriate.

The Kendall® tau correlation
coefficient was calculated to evauate the
correlations between different variables.

Difference were considered significant
when P value of <0.05.

The predictive values for determining an
abnormal neurodevel opement outcome using
EEG and MRI were assessed by calculation
of the sensitivity, specificity, positive and
negative predictive values.
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Table (1): Demographic data and clinical characteristics of the study

population
Variable

Sex

Male 18 (72%)

Female 7 (28%)
Mode of delivery

SvD 20 (80%)

CS 3 (12%)

Ventouse 2 (8%)
Apgar score*

1 minute 19+11

5 minute 35+05
Gestational age (weeks)* 39510
Birth weight (grams)* 3310 + 545
HIE severity

Mild 3 (12%)

Moderate 19 (76%)

severe 3 (12%)
Seizures

Yes 19 (76%)

No 6 (24%)
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Microcephaly at 12month
Yes 9 (36%)
No 16 (64%)
DDST at 12month
Failed 18 (72%)
Passed 7 (28%)
NE at 12month
Normal 7 (28%)
Abnormal : 18 (72%)
Quadriparesis 4 (16%)
Quadriplegia 14 (56%)
Values are expressed as number (%) or mean standard deviation*
HIE; Hypoxic-Ischemic Encephaopathy, DDST ; Denver Developmental

Screening Test , NE;Neurological examination, SVD; spontaneous vaginal delivery,
CS; cesarean section

Table (2): The different patterns of EEG findings of the study

population
EEG findings
EEG background
Normal 7 (28%)
Abnormal :
M oderate discontinuity 3 (12%)
Severe discontinuity 13 (52%)
Extreme discontinuity 2 (8%)
EEG transients
Rare 11 (44%)
Moderate 10 (40%)
Frequent 4 (16%)
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EEG discharges
Absent
Rare
Moderate

15 (60%)
4 (16%)
6 (24%)

Values are expressed as number (%).

Table (3): Comparative analysis between HIE severity and EEG

background activities

Mild HIE Moderate HIE SevereHIE P*
(n=3) (n=19) (n=3)
EEG BACKGROUND
Nor mal 3 (100%) 4 (21.1%) 0
M oder ate discontinuity 0 2 (10.5%) 1(33.3%)
0.0001

Sever e discontinuity 0 13 (68.4%) 0
Extreme discontinuity 0 0 2 (66.7%)

* Chi square test for trend
Values are expressed as number (%).

HI1E; Hypoxic-Ischemic Encephalopathy.
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Figure (1): EEG scorein relation to HI E severity

EEG score 0
EEG score 1
EEG score 2

The figure shows that in infants had mild HIE; 100% with EEG score
0. In infants had moderate HIE; 58% with EEG score 2, 21% with EEG score

1 and 21% with EEG score 0. In infants had severe HIE; 67% with EEG
score 1 and 33% with EEG score 2.

Table (4): The different patterns of initial MRI findings of the study
popul ation*
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MRI findings

Normal 3 (12%)
Minimal BG & thalami 3 (12%)
Moderate BG & thalami 8 (32%)
Moderate WM 5 (20%)
Severe WM 4 (16%)
Severe BG & thalami plusdiffuse 2 (8%)
WM

Values are expressed as number (%).
* Initidl MRI scans was done at a median age of 15 days (range : 8-25 days).

BG; Basa Ganglia, WM ; White Matter.
Table (5): Comparative analysis between different initial MRI findings

and different EEG background activities

EEG background
o Normal EEG Abnormal EEG p*
Findings background background
(n=7) (n=18)
Normal 3 (42.9%) 0
Minimal BG &thalami 3 (42.9%) 0
i 0
Moderate BG & thalami 0 8 (44.4%) 0.001
M oderate WM 1 (14.2%) 4 (22.2%)
Severe WM 0 4 (22.2%)
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Severe BG & thalami plus

diffuse WM

2 (11.2%)

* Chi square test

Values are expressed as number (%).
BG; Basal Ganglia, WM ; White Matter.

Figure (2): Correlation of neurodevelopmental outcome with different
MRI findings and different EEG background activities

EEG background

W

Normal
background

(n=7)

M oder ate
discontinuity
(n=3)

Severe
discontinuity
(n=13)

Extreme
discontinuity
(n=2)

Normal (n=3)

Minimal BG & thalami
(n=3)

Moderate BG &
thalami (n=8)

Moderate WM
(n=5)

Severe WM
(n=4)

Severe BG & thalami
plus diffuse WM (n=2)

=Normal outcome;

= Quadriparesis;

= Quadriplegia

Table(6): Predictive values of MRI and EEG for abnormal

neur odevelopmental outcome
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VARIABLE SENSITIVITY SPECIFICITY PPV NPV
MRI 100% 42.8% 81.8% 100%
EEG 100% 100% 100% 100%

PPV; positive predictive value, NPV; negative predictive value.
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Figure (3) EEG of case with moderate HIE recorded on 2nd day of
life
(EEG score=2).
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Figure (4) Initial brain MRI of case with moderate HIE obtained at the age of 20 days shows wide
spread abnormalitiesin the basal ganglia and thalami with abnormal posterior limb of theinternal

capsule.
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The am of this study was to evaluate the
changes that occur in early EEG and neonatal
brain MRI in term infants with HIE, to
evaluate the correlation between early EEG
and MRI findings and to assess ther
predictive values for neurodevel opmental
outcome at 12 months of age.

EEG:

In our study, severe (28%) patients had
normal EEG background activity, 3 (12%)
had moderate discontinuity, 13 (52%) had
severe discontinuity and 2 (8%) had extreme
discontinuity in EEG background activity.
We have demonstrated a consistent relation
between the severity of HIE and EEG
background activities as al patients with
mild HIE had normal EEG background
activity, whereas, patients with moderate and
severe HIE had different abnormalities in
EEG background activity. Moreover, a
significant difference was found in the EEG
background activity and neurodevel opmental
outcome, all patients with moderate to
extreme discontinuity had abnormal outcome
and all infants with normal EEG background
activity had normal outcome.

The prognostic value of early EEG in full-
term infants with HIE has been evaluated in
many studies. Constantly discontinuous
patterns, sometimes defined as burst-
suppression, have already been related to an
unfavorable outcome.®™ This applies not
only to the full EEG but aso to EEG
recordings from a limited number of leads
and also to amplitude integrated EEG.®*89
In a previous study by (Biagioni et al.,
1999)™Y  moderate  discontinuity was

sometimes followed by norma neuromotor
development: this was not confirmed in our
cohort, possibly because of small numbers.
On the other hand, abnormal EEG transients
and discharges were found in the majority of
infants enrolled in our study but their
frequency within a trace was relatively rare
both in infants with normal background and
good outcome and in those with extreme
EEG background abnormalities. No relation
was found between EEG transients and EEG
discharges with HIE severity. They were not
predictive of outcome. This is in agreement
with the findings reported by Biagioni et al
(2001).2

We choose to analyze the EEG performed
within 3 days after birth as its diagnostic and
prognostic accuracy is best soon after an
insult.?® Our study was not designed to test
the value of EEG within 6 hours of delivery
“Therapeutic Window phase’, and thus
provides no direct data on the value of the
technique in selecting infants for trials of
neural rescue therapy, which need to be
applied within this time. However, the
predictive value of studies at a median age of
5 hours was greater than in later studies,
which suggests that very early EEG may be
useful as a selection method for clinica
trials.

MRI:

MRI of the brain in infants with HIE was
able to detect early patterns of injury that are
associated with permanent structural change
to the brain and was a powerful tool for
predicting neurodevel opmental outcome after
HIE @Y. Distinct patterns of injury in infants
with HIE have been described, % and two
major areas of damage have been identified:

++
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the deep-gray nuclei (basal ganglia) and the
intervascular boundary (watershed) zone.
The predilection for deep-gray matter injury
is based on the concept of selective
vulnerability.®” The basal ganglia and
thalami manifest a high metabolic activity
during the first months of life. In addition,
the basal ganglia are rich in N-methyl-
aspartate receptors and neural nitric oxide
synthase-containing neurones early in
development. These cellular patterns can
result in excytotoxic damage when this
system is overloaded, resulting in injury.®

Distribution of MRI signal abnormalities can
be further subdivided according to the
severity of hypoxiaischemia. Cases with
mild to moderate hypoperfusion are
characterized by parasagital lesions,
involving vascular border zones between
anterior, middle, and posterior cerebral
arteries, whereas profound hypotension
involves primary lateral thalami, posterior
ggtamen, hippocampi, and perirolandic gyri.

We only analyzed the MRI scans performed
at the end of the first week after birth and
before 1 month. Imaging techniques do not
reflect the full extent of injury for some days.
The pattern of injury is most easily seen
between 1 and 4 weeks after birth, when
brain swelling has settled, and before atrophy
becomes obvious. It has been reported that
this is the best time for predicting both the
type and severity of outcome. 2"

Three (12%) of our patients had normal MRI
scans, 3 (12%) had minimal basal ganglia
and thalamic lesions, 8 (32%) had moderate
basal ganglia and thalamic lesions, 5 (20%)
had moderate white matter lesions, 4 (16%)
had severe white matter lesions and 2 (8%)
had severe basal ganglia and thalamic lesions
plus diffuse white matter lesions. We have

demonstrated a significant difference in MRI
findings in patients with different grades of
HIE severity. Patients with severe HIE had
the most severe lesions especialy in basal
ganglia and thalami. Similar to our findings,
Kaufman et al. (2003)® have demonstrated
that worsening clinical encephalopathy
correlates with more severe basal ganglia
abnormalities on MRI. All patients with
normal MRI had normal outcome, wheress,
only 4 (18%) of patients with abnormal MRI
had normal outcome. All patients with severe
white matter lesions, moderate basal ganglia
and thalamic lesions and severe basal ganglia
and thalamic plus diffuse white matter
lesions had abnorma outcome. These
findings indicate that affection of the basal
ganglia and thalami mainly imposes a poor
prognostic indicator.

Correlation between EEG and MRI:

We have demonstrated a good correlation
between EEG and MRI findings. Normal
MRI scans and minimal basal ganglia lesions
were always associated with a normal EEG
background, while EEG background was
aways abnormal when the MRI showed
severe lesions such as severe basal ganglia
and/or white matter lesions. The most
abnormal EEG findings (extreme
discontinuity, low voltage) were only found
in patients with most severe MRI
abnormalities (ie, severe basal ganglia and
thalami with diffuse or subcortical white
matter lesions). In contrast, moderate white
matter and/or basal ganglia lesions were
associated with variable degrees of
continuity of background activity. This is
consistent with the findings of Biagioni et al,
(2001).® There was only 1 infant in whom
there was an obvious discrepancy between
the EEG and the MRI findings. This was an
infant with moderate white matter lesions
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who had a normal EEG background activity.
The other 4 infants with this type of lesion
had an abnormal EEG background activity.
Predective value of early EEG and MRI:
The 2 techniques were both highly predictive
of outcome. Even with a reduced number of
leads, the early EEG background activity was
a reliable predictor of norma or abnormal
outcome. All of the infants with a normal
EEG background had a normal outcome. The
exception was 1 of the 3 infants with very
focal basal ganglia and thalamic lesions. All
infants with discontinous EEG background
activity had an abnorma outcome and those
with an extremely discontinoius EEG
background activity or low voltage had
severely abnormal outcome. However,
moderate and severe discontinuity in EEG
background activity was associated with
various degrees of severity of abnormal
outcome, ranging from mild to severe
abnormalities.

In our study we have shown that
abnormalities in EEG background activity
had a sensitivity of 100%, specificity of
100%, positive predictive value of 100% and
a negative predictive value of 100% in
predicting poor neurodevel opmental
outcome. Abnormal MRI scans had a
sensitivity of 100%, specificity of 42.8%,
positive predictive value of 81.8% and a
negative predictive value of 100% in
predicting poor neurodevel opmental
outcome.

Limitations of the study:

Our study had some limitations. For instance
small sample size, we had strict inclusion
criteria, only infants born in Mansoura
University Hospital and admitted within first
24 of life were enrolled. The magjority of
infants enrolled in our study (76%) had
moderate HIE. Many patients with severe

HIE could not be enrolled in this study
because they died or were clinically unstable
to transport them for MRI imaging in the first
month of life. However, infants with
moderate HIE are the most difficult
regarding prediction of neurodevelopmental
outcome. As clinical encephalopathy scores
may predict clinical outcome in newborns
with severe and mild HIE®3Y, but they are
not predictive of neurologic outcome in
infants with moderate encephalopathy. Also,
Infants with mild HIE had a good prognosis
with no reports of a severe outcome,
whereas, those with severe HIE are known to
have a probability between 75% and 100% of
suffering neurodevelopmental  impairment.
Infants with moderate HIE present more
difficulties with up to 25% having a poor
outcome of severe handicap and a more
accurate diagnostic test would be particularly
valuable.™ Increased numbers of patients
with a range of HIE severities will be
necessary to define the clinical relevance of
different injury patterns.

We utilized only conventiona MRI, these
imaging studies are of limited value in the
very early management (hours and days) of
patients with HIE because conventional MRI
performed before the first week of life have
limited value in prediction of outcome of
patients with HIE."® More recent studies
have been directed to the early assessment of
the brain after perinatal brain injury using
advanced MR techniques such as diffusion-
weighted MRI and MRS ®?

The mean age at imaging in our study was 15
days. The time to imaging must be reduced
for early diagnosis and intervention to be
meaningful, a challenge in unstable neonates.
In summary, the combination of early EEG
and dlightly later neonatal brain MRI scans
provides an important contribution to the

/
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prediction of outcome of full-term infants
with HIE.
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