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Abstract

Background: Amplitude-integrated electroencephal ogra-
phy (aEEG) is amethod for continuous monitoring of brain
activity that isincreasingly used in the neonatal intensive
care unit. In its simplest form, aEEG is a processed single-
channel electroencephalogram that is filtered and time-
compressed. It is useful to monitor cerebral background
activity, diagnose and treat seizures and predict neurodevel-
opmental outcome.

Aim of the Work: Isto identify therole of aEEG in
neonates with different gestational ages, diseases, circum-
stances.

Patients and Methods: The study was carried out on 40
neonates) 20 patients & 20 controls) admitted in International
Tanta University Hospital NICU. Amplitude integrated EEG
was done by Nicolet EEG v32. aEEG was recorded from 2
channels: F3-F4 & P3-P4.

Results: All controls had normal aEEG while 14 of 20
patients had normal aEEG and 6 had abnormal aEEG. The
sensitivity of aEEG for detection of neurological abnormalities
was 71.4% and specificity was 92.3%. There was significant
difference between aEEG in preterm and full term as regards
background activity and sleep wake cycling. Normal aEEG
corresponded with normal EEG in 92.85% of the patients,
and abnormal aEEG corresponded with abnormal EEG in
83.34% of the patients. 66.67% of patients with abnormal
aEEG died and 33.33% had been discharged while 92.85%
of patients with normal aEEG had been discharged and 7.15%
died.

Conclusion: aEEG is a simple, inexpensive bedside mo-
dality that has a great role in monitoring brain function in
neonates, predicting neurological outcome and demonstrating
brain maturation.
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Introduction

AMPLITUDE -integrated el ectroencephal ography
(aEEG) was first introduced in the 1960s by May-
nard et al., as an instrument to study cerebral
activity in resuscitated patients with suspected
brain damage. Referred to as the cerebral function
monitor (CFM), its application evolved over the
next two decades to include neonates, both term
and preterm [1].

Amplitude-integrated el ectroencephal ography
(aEEG) is a bedside brain monitoring tool that has
gained widespread acceptance in neonatal intensive
care units (NICUs) around the world [2] . aEEG
uses a limited number of channels to record raw
EEG signal that isthen filtered, rectified, processed,
and displayed on a semilogarithmic amplitude and
time-compressed scaled, providing an overview
of trends in cerebral background activity and the
occurrence of seizures [3]. Continuous aEEG mon-
itoring offers a possibility to directly monitor the
functional state of the brain over hours and days
[4.

Typically, leads are placed on asingle pair of
biparietal locations (P3 and P4) or modified to add
an additional lead on each side (C3 and C4) ac-
cording to International 10-20 system modified
for neonates [5].

aEEG interpretation is to evaluate background
pattern, seizure activity and sleep-wake cycles:

The background activity is the dominant pattern
of electrical activity inthe aEEG tracing. It is
classified by the lower margin amplitude and upper
margin amplitude of the activity band to Continuous
(©), Discontinuous (DC), Burst Suppression (BS),
Low voltage (LV) & Hat (FT) [g].
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Seizuresin aEEG appear as an abrupt risein
minimum and maximum amplitude, often followed

by a postictal phase of decreased amplitude [7].

Sleep-wake cycling refersto cyclic fluctuation in
the amplitude as the neonate enters various stages
of sleep or wakefulness. On aEEG, thisis reflected
by the presence of smooth sinusoidal variation,
mostly in the minimal amplitude [8g].

Aim of thework: Isto identify therole of &
EEG in neonates with different gestational ages,
diseases, circumstances.

Patients and M ethods

This case control study was conducted on 40
neonates (20 patients & 20 controls) at the Inter-
national Tanta University Hospital NICU from 1
march to 31 august 2016.

All patients were subjected to:

A- Full history taking and thorough clinical exam-
ination.
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B- Investigations. Complete blood count, renal
functions, liver functions, C reactive protein
(CRP), capillary blood gases, serum electrolytes
(Na, K, Ca, Mg), sepsiswork up and neuroim-
aging when indicated.

C- Amplitude integrated EEG and conventional
EEG were done by Nicolet EEG v32. Recording
was done using caps including el ectrodes of
10-20 system modified for neonates. Recording
was done for varying duration with minimum
of 3 hours and maximum of 24 hours with speed
of 30mm/sec, sensitivity 70uv/cm and imped-
ance threshold 20 kohm. aEEG was recorded
from 2 channels: F3-F4 & P3-P4.

Results

This study was carried out on 40 neonates (20
patients & 20 controls). All controls had normal
aEEG while 14 of patients had normal aEEG and
6 had abnormal aEEG Table (1).

Table (1): Abnormal aEEG findingsin the studied patients.

Patients Background

Seizures activity

Sleep wake cycles

Male full term infant aged 3
dayson MV with HIE grade
3 & convulsions

Burst suppression

Female full term infant aged Discontinuous
25 days with cyanotic
congenital heart disease &

convulsions

Female full term infant aged Continuous
40 days with disturbed

consciousness due to

traumatic intracranial

hemorrhage

Male full term infant aged 3 Discontinuous
days with disturbed
consciousness due to

inborn error of metabolism

Male full term infant aged 5
dayson MV with HIE grade
3 & convulsions

Burst suppression

Male full term infant aged 30 Discontinuous
days with operated TOF &

sepsis

Yes

Yes

Yes

No

Yes

No

No

Developed

No

Immature

No

No
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There was significant difference between pa-
tients with normal and abnormal aEEG as regard
the presence of abnormal neurological examination.
The sensitivity of aEEG for detection of neurolog-
ical abnormalities was 71.4% and specificity was
92.3%. There was significant difference between
patients with seizures activity in aEEG as regards
the presence of clinical seizures (p-value <0.05)
as 75% of patients with seizures activity in aEEG
had clinical seizures and 25% of them had no
clinical seizures, while 100% of patients with no
seizures activity in aEEG had no clinical seizures
Table (2).

There was significant difference between aEEG
in preterm and full term as regards background
activity and sleep wake cycling. Figs. (1,2).
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We performed aEEG and simultaneously re-
corded EEG and revealed that normal aEEG cor-
responded with normal EEG in 92.85% of the
patients, and abnormal aEEG corresponded with
abnormal EEG in 83.34% of the patients. aEEG
sensitivity for detection of seizure activity in cEEG
was 80% and the specificity was 100%. Table (3).

There was significant difference between pa-
tients with normal and abnormal aEEG as regard
short term outcome (p-value <0.05) as 66.67% of
patients with abnormal aEEG died and 33.33%
had been discharged while 92.85% of patients with
normal aEEG had been discharged and 7.15% died.

Table (2): Seizures activity in aEEG and clinical seizures of the studied patients.

Seizures activity in aEEG

. Chi-Square
Clinical
Seizures Yes No Total
N % N % N 26 X? p>-vaue
No 1 25.00 16 100.00 17 8
Yes 3 75.00 0 0.00 3 15 8.848 0.003*
Total 4 100.00 16 100.00 20 100.00

Table (3): Comparison between conventional EEG and aEEG of the studied patients.

EEG Normal aEEG ~ Abnormal aEEG Total Chi-Square
c
N % N % N % X2 p-value
Normal 13 92.85 1 16.66 14 70.00
Abnormal 1 7.15 5 83.34 6 30.00 15.522 <0.00*
Total 14 100.00 6 100.00 20 100.00
90 70
80
70 60
60 50
0 40
; 38 % 30
30
20 20
10 10
0 0
Continuous Discontinuous Burst No SWC Immature Developed
suppression SwcC SWC
Preterm Full term Preterm Full term

Fig. (1): Background activity in preterm and full term.

Fig. (2): Sleep wake cycling in preterm and full term neonates.
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Fig. (3): Abnormal aEEG of afemale neonate with GA 38
weeks & CA 44 weeks with disturbed consciousness
due to traumatic intracranial hemorrhage on mechan-
ical ventilator showing seizures activity.

Discussion

Our study revealed that there was significant
difference between patients with normal and ab-
normal aEEG as regard neurological examination.
The sensitivity of aEEG for detection of neurolog-
ical abnormalities was 71.4% and specificity was
92.3%. Thisis very important as infants with severe
respiratory distress can manifest decreased activity,
poor tone, and sluggish response to stimuli. As-
sessment of consciousness level can be performed
in very sick infants, but is often obscured by the
sedative-hypnotic agents used in conjunction with
respiratory support. The aEEG provides an attrac-
tive means to assess the integrity of the central
nervous system of infants who are critically ill as
proved by Toso et al., [9].

This study showed that there is a great role of
aEEG in diagnosis and management of neonatal
seizures as 75% of patients with seizures activity
in aEEG had clinical seizures and 25% of them
had no clinical seizureswhich is similar to results
found by Shellhaas and Barks & Hellstrom-Westas
etal., [1011].

Shellhaas and Barks demonstrated that the
introduction of aEEG did not change some aspects
of clinical care, such as anticonvulsant drug treat-
ment and the number of neuroimaging studies
performed. However, they did find that fewer
patients were diagnosed clinically with seizures,
without el ectrographic confirmation, following the
introduction of aEEG into NICU [10].

Hellstrom-Westas et a ., also found that differ-
entiating epileptic seizures from non-epileptic
movements in severely ill newborns was possible
with the use of aEEG [11].

In our study, aEEG sengitivity for detection of
seizure activity in cEEG was 80% and the specif-
icity was 100%. Similar to our findings, Bourez-

Fig. (4): Normal aEEG of a male neonate with GA 37 weeks
& CA 39 weeks with Down syndrome on mechanical
ventilator: continuous background, no epileptic ac-
tivity, developed SWC. The two aEEG channels (p3-
p4 & f3-f4) are shown .

Swart et al. reported that even a single-channel

aEEG may help identify most newborns with severe
neonatal seizure patterns with the sensitivity of
92%, however, the use of multiple channels cEEG,
resultsin identification of all patients with seizure
patterns (sensitivity of 100%) [12].

Shah DK et a., aso reported 76% accuracy of
aEEG versus EEG in non-status epilepticus sei-
zures. This sengitivity is adequate, and suggests
aEEG could be used for detection of seizure activity,
but aEEG isless accurate at detecting short, focal
or low amplitude seizures [13].

In the present study, there was significant dif-
ference between aEEG in preterm and full term as
regards background activity and sleep wake cycling.
We found that in preterm the discontinuous back-
ground was most common (63.16%) while in full
terms the continuous background dominated
(85.71%). Developed slegp wake cycling was de-
tected in 66.67% of full term neonates but in
preterms, immature sleep wake cycling was detect-
ed in 52.63%, similar findings were reported by
Griesmaier et a., and Ter Horst et a., [14,15].

In the present study, we performed aEEG and
simultaneously recorded EEG and revealed that
normal aEEG corresponded with normal EEG in
92.85% of the patients, and abnormal aEEG corre-
sponded with abnormal EEG in 83.34% of the
patients. Thisissimilar to Toet et a., who found
that a normal aEEG corresponded with a normal
or adepressed EEG in 90% of the cases. The
positive predictive value for a severely abnormal
aEEG to correspond with a severely abnormal EEG
was 100% [16].

The main limitation of our study isthe small
sample size and it did not follow-up the patients
to predict long term outcome. Klebermass et a .,
reported that the presence of an abnormal aEEG-



Sara A.S Eltelb, et al.

pattern-score within the first 2 weeks of life was
highly predictive for adverse long term outcome
with a specificity of 94% and sensitivity of 81%
[17].

Conclusion:

aEEG has agreat role in monitoring brain
functions in neonates and should be included in
all NICUs.
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