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ABSTRACT: Objective: To examine how the introduction of amplitude-integrated electroencephalography (aEEG) to our neonatal
intensive care unit (NICU) influenced clinical practice. Methods: This was a retrospective study examining clinical practice three years
before and three years after the introduction of aEEG monitors to our NICU. A time series analysis was performed to explore whether
aEEG introduction was associated with changes in the rates of conventional EEGs performed, neurology consultations and neonates
diagnosed with seizures. Results: Following aEEG introduction, the total number of conventional EEGs performed remained constant;
however, there was significant shift in conventional EEG utilization towards neonates receiving fewer multiple EEGs and more single
EEGs. There was no change in the rate of neurology consultations or the number of neonates diagnosed with seizures. Conclusions:
Introduction of aEEG monitors to our NICU has led to less reliance on conventional EEG as a tool for the serial evaluation of brain
function. Since the number of neonates diagnosed with seizures did not increase, aEEG monitoring did not appear to uncover a
significant subgroup of patients with subclinical seizures that would previously have gone undetected. Conventional EEG and aEEG are
complementary tools for the assessment of newborn cerebral function.

RESUME: Impact de I'électroencéphalographie 2 amplitude intégrée sur la pratique 2 I'unité néonatale de soins intensifs. Objectif : Le but de
I'étude était d'examiner comment 1'introduction de 1'électroencéphalographie a amplitude intégrée (EEGa) dans notre unité néonatale de soins intensifs
(UNSI) a influencé la pratique clinique. Méthode : Nous avons procédé a une étude rétrospective de la pratique clinique au cours des trois années qui
ont précédé l'introduction de moniteurs EEGa dans notre UNSI et des trois années qui ont suivi son implantation. Nous avons effectué une analyse de
séries chronologiques pour évaluer si l'introduction de I'EEGa était associée a un changement dans les taux d'EEG conventionnels effectués, de
consultations en neurologie et de diagnostic de crises convulsives chez les nouveaux-nés. Résultats : Suite a I'implantation de 'EEGa, le nombre total
d'EEG conventionnels effectués est demeuré constant. Cependant, nous avons observé un changement important dans l'utilisation de 1'EEG
conventionnel chez les nouveaux-nés qui ont subi moins d'EEG multiples et plus d'EEG uniques. Il n'y a eu aucun changement dans le taux de
consultations en neurologie ou dans le nombre de nouveaux-nés chez qui on a diagnostiqué des crises convulsives. Conclusions : Suite a l'installation
de moniteurs EEGa dans notre UNSI, nous avons noté que I'EEG conventionnel était moins utilisé comme outil pour I'évaluation en série de la fonction
cérébrale. Comme le nombre de nouveaux-nés chez qui un diagnostic de crises convulsives n'a pas augmenté, la surveillance EEGa ne semble pas avoir
détecté un sous-groupe important de patients qui présentent des crises subcliniques qui n'auraient pas été détectées antérieurement. L'EEG conventionnel
et 'EEGa sont des outils complémentaires dans I'évaluation de la fonction cérébrale chez le nouveau-né.
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Amplitude-integrated electroencephalography (aEEG), also
termed cerebral function monitoring (CFM) is a bedside brain
monitoring tool that has gained widespread acceptance in
neonatal intensive care units (NICUs) around the world. aEEG
technology is based on a 1- or 2-channel EEG signal transformed
into a time-compressed depiction of the range of EEG
amplitudes, providing an overview of trends in cerebral
background activity and the occurrence of seizures. Applications
of aEEG have included selecting candidates for therapeutic
hypothermia', evaluating severity of injury and cerebral
recovery after a hypoxic-ischemic insult?, predicting
neurodevelopmental outcome®®, and diagnosing clinical and
subclinical seizures’$.

Despite the widespread adoption of aEEG in many NICUs,
the diagnostic utility of aEEG and its role in relationship to
conventional EEG recordings remains a matter of continued
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debate’ !0, Several studies have demonstrated good agreement
between aEEG and conventional EEG in evaluating background
activity and detecting electrographic seizures, with the exception
of focal, low amplitude or brief (<30 second) seizures, which are
often missed on aBEG.”'''> Some experts have recommended
using aEEG as a monitoring device and performing intermittent
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conventional EEG whenever there is any doubt about the
classification of the aEEG!!.

Despite the extensive literature comparing the specificity and
sensitivity of aEEG versus conventional EEG for background
classification and seizure detection, little is known about the
impact of aEEG on conventional EEG utilization and NICU
practice. The objective of this study was to investigate how the
introduction of aEEG has affected NICU clinical practice at our
institution. Specifically, we examined whether the introduction
of aEEG was associated with changes in the frequency and
timing of conventional EEG recordings, the frequency of
neurology consultations, and the rates of diagnosis of neonatal
seizures.

METHODS

The goal of this population-based NICU study was to
evaluate changes in overall clinical practice before and after the
aEEG introduction to our NICU. This was a retrospective study
of all neonates admitted to the NICU at our institution during a
six year period, divided into two epochs: the three years prior to
the introduction of aEEG (Epoch 1: July 2001-June 2004) and
the three years after introduction of aEEG (Epoch 2: July 2004—
June 2007). An analysis of how conventional EEG and aEEG
influenced the care of individual patients was beyond the scope
of this study, since the retrospective data set limited our ability
to ascertain the rationale for individual clinical decisions.

The study was approved by the institutional Research Ethics
Board with a waiver of informed consent. The following data
were abstracted from the electronic patient chart, health records
database, and clinical databases of all conventional EEG and

aBEG recordings: the frequency and time of initiation of both
conventional EEG and aEEG recordings in the NICU, the
number of EEG recordings performed on each patient, the
number of neurology consultations performed in the NICU, and
the number of neonates diagnosed with seizures. Neonates
diagnosed with seizures were identified based on the following
ICD-10 discharge diagnoses (or their ICD-9 equivalents): G40
(epilepsy), G41 (status epilepticus), P90 (convulsions of
newborn) and R56 (convulsions, not elsewhere classified). We
also documented the following covariables: the monthly rate of
NICU admissions, and the monthly average Score for Neonatal
Acute Physiology — Perinatal Extension II (SNAPPE-II)"? for all
NICU admissions, as a measure of overall illness severity.

aEEG monitoring

The first aEEG machine was introduced to our NICU in July
2004, and in the intervening period (June 2005 and a third in
November 2005) two additional devices have been added. aEEG
recordings were performed by trained NICU respiratory
therapists using either a 1-channel (Olympic CFM 6000, Natus
Medical Inc., San Carlos, CA) or 2-channel system (Brainz
BRM 2, Natus Medical Inc., San Carlos, CA). Recording
electrodes for the 1-channel system were applied at C3 and C4,
whereas for the 2-channel system they were placed 1 cm anterior
and posterior to C3 and C4. Amplitude-integrated
electroencephalography recordings were routinely available
24/7, with electrode application performed by in-house
respiratory therapists. The aEEG monitoring was requested by
the NICU medical team according to clinical practice guidelines.
The clinical indications for aEEG recordings were hypoxic-
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Figure 1: Frequency of NICU admissions, and neonates receiving conventional EEG and aEEG recordings before

(Epoch 1) and after (Epoch 2) the introduction of aEEG.
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Figure 2: Frequency of conventional EEG and aEEG recordings performed during daytime and after-
hours, before (Epoch 1) and after (Epoch 2) introduction of aEEG.

ischemic encephalopathy, seizures or suspected seizures (e.g.,
apnea, episodic hypertension or tachycardia), a significant
neurologic disorder (e.g., congenital brain malformations,
stroke), cardiac arrest, inborn errors of metabolism (e.g., urea
cycle disorders, hypoglycaemia, hypocalcemia) and neonatal
abstinence syndrome (e.g., alcohol/opiate withdrawal). aEEG
recordings are interpreted by in-house NICU physicians and
nursing staff at the bedside, who have received three hours of
introductory didactic and hands-on teaching, followed by regular
learning activities as part of routine clinical care and continuing
medical education.

Conventional EEG

In contrast, conventional EEG recordings were performed by
board-certified EEG technologists and interpreted by a team of
neurologists and neurophysiologists. Conventional EEG
recordings were requested at the discretion of the NICU medical
team or the Neurology consult team, the indications being
seizures or suspected seizures and the assessment of neonatal
encephalopathy. Conventional EEG recordings were performed
by registered EEG technologists using a neonatal variant of the
international 10-20 system for durations between 30 and 60
minutes'*. Conventional EEG studies were routinely available
during regular daytime working hours (Monday to Friday from
08:00 to 16:30 hours), and EEG technologists could be called in
after-hours for urgent requests (Monday to Fridays 16:30 to
08:00 hours, plus weekends and holidays). The availability of
conventional EEG recordings remained constant before and after
the introduction of aEEG in our NICU. Conventional EEG
recordings were interpreted on the day of recording by board-
certified neurophysiologists.

Statistical Analysis

Univariate analyses were performed using paired t-tests to
test for significant differences in the average monthly rates of
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each of the above variables and covariables before and after the
introduction of aEEG. Time series analysis, using the above
variables summarized by calendar month of admission, was then
used to investigate whether the introduction of aEEG was
associated with a change in the frequency and timing of
conventional EEG recordings, a change in the number of
neurology consultations, or a change in the number of neonates
diagnosed with seizures. An indicator term was used to model
the three year epochs before and after introduction of aEEG.
Time series analyses were adjusted for the monthly rate of NICU
admissions and the average monthly SNAPPE-II scores. Since
all series investigated were found to be stationary with non-
significant autocorrelation at all lags (Ljung-Box test), a
generalized linear model using a Poisson distribution was
additionally explored on all series. Statistical significance was
set at p<0.05. All analyses were performed using SAS v9.1.2
(SAS Institute, Inc., Cary, NC).

RESULTS

The study population comprised 4421 neonates, equally
divided between Epoch 1 (before aEEG introduction) and Epoch
2 (after aEEG introduction). The number of neonates receiving
conventional EEG, aEEG or both tests is depicted in Figure 1.

Although there was some month-to-month variability, the
rates of NICU admissions and conventional EEGs performed
remained relatively stable over the six year study period.
Following the introduction of the first aEEG machine in July
2004, the monthly rate of aEEG recordings increased rapidly to
approximate the rate of monthly conventional EEGs performed.
Introduction of a second and third aEEG machines was not
associated with a change in the monthly rate of aEEGs
performed; however, there was a significant increase in the
duration of aEEG recordings (mean of 23.0 hours during the first
six months of epoch 2 versus 33.4 hours during the last six
months of epoch 2, p=0.02) Over 90% of conventional EEG
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Table 1: Univariate analyses comparing the mean monthly rates for each of the variables and
covariables studied before and after aEEG introduction

Mean Monthly Rates (SD)

Variable Before aEEG After aEEG p-value
Number of Admissions to NICU 61.6 (6.4) 61.2(7.7) 0.78
Mean SNAPPE scores 11.1(2.9) 9.3 (2.3) <0.01*
Conventional EEGs performed in NICU 15.5 (4.7) 15.2 (6.0) 0.79
Daytime 14.5 (4.4) 13.7 (5.4) 0.51
After-hours 1.0 (1.1) 1.5(1.7) 0.20
Neonates receiving conventional EEGs 11.1(3.7) 11.6 (4.9) 0.61
Single EEG 7.8 (3.2) 9.3 (4.4) 0.11
Multiple EEGs 3.3(1.7) 23(1.7) 0.02 *
Neurology Consultations 6.2 (2.5) 6.1 (3.5) 0.91
Neonates Diagnosed with Seizures 6.3 (2.2) 6.6 (2.8) 0.58

SD: standard deviation; * p < 0.05 on Student’s t-test

recordings were initiated on weekdays during daytime working
hours (Figure 2). Following the introduction of aEEG there was
a non-significant increase in the number of after-hours
conventional EEG recordings (from 6.6% to 9.7%, p=.08). In
contrast, 74% of aEEG recordings were initiated after-hours or
on weekends.

Univariate analyses (Table 1) demonstrated that although the
monthly rate of neonates receiving conventional EEG did not
change following aEEG introduction, the rate of neonates
receiving multiple EEGs declined significantly (3.3 vs. 2.3 per
month, p=0.02). The average rates of neurology consultations
performed in the NICU, and neonates diagnosed with seizures
did not change following aEEG introduction. There was no
significant difference in the number of NICU admissions
between the two epochs, but mean SNAPPE-II scores were
significantly lower during Epoch 2. Time series analysis (Table
2), adjusted for monthly admission rates and SNAPPE-II scores,
revealed that while the overall rate of conventional EEG
recordings performed in the NICU did not change following the
introduction of aEEG, there was a significant increase in the rate
of neonates receiving single EEGs (by 2.18 neonates/month;
p<0.01), and a concomitant decrease in the rate of neonates
receiving multiple EEGs (by 0.78 neonates/month; p=0.02).
Again, there was no significant change in the rates of neurology
consultations or neonates diagnosed with seizures.

DiISCUSSION

This study demonstrates that the introduction of aEEG to the
NICU at our institution was not associated with a significant
change in the overall frequency of conventional recordings,
however, there was a significant change in the pattern of
conventional EEG usage: fewer neonates received multiple
EEGs, and more neonates received single EEGs. We speculate
that this shift in conventional EEG utilization reflects the
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combination of two shifts in NICU practice in response to aEEG
availability. First, the availability of aEEG as a continuous
monitoring tool may have reduced the need for serial
conventional EEGs to document the temporal evolution of EEG
background activity required for accurate prognostication.
Second, availability of aEEG may have led to an increased use
of conventional EEGs as a confirmatory diagnostic test, to
evaluate suspected abnormalities detected during aEEG
monitoring. Interestingly, the rate of neurology consultations to
the NICU remained stable at an average of six consults per
month, suggesting that the availability of aEEG did not alter
neurology consultation practices in our NICU.

The introduction of aEEG to our NICU did not result in an
increase in the diagnosis of neonatal seizures. Given that the
majority of neonatal seizures detected by conventional EEG are
known to be subclinical'>'® and given that 15% of neonates
experiencing seizures may have purely subclinical seizures!”,
one might have expected aEEG to uncover a subgroup of
neonates with subclinical seizures that would have previously
gone undetected. The fact that rates of neonatal seizure diagnosis
remained stable in our NICU may reflect the lower sensitivity of
aEEG for seizure detection compared with conventional
EEG,”'® or may simply reflect a low rate of neonates with purely
subclinical seizures among population. A previous study has
demonstrated poor sensitivity of aEEG for detection of brief (<
90 seconds) or focal seizures’.

The difference in timing of conventional EEG vs aEEG
initiation was striking. Seventy-four percent of aEEG recordings
were initiated after-hours compared to 10% of conventional
EEGs. In fact, the proportion of aEEG recordings initiated after-
hours corresponds to the proportion of evening and weekend
hours (75%) that fall outside of a typical 40-hour workweek,
reflecting the 24/7 in-house availability of respiratory therapists
and medical staff responsible for aEEG initiation and trace
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Table 2: Time series analysis, estimating the change in monthly rates of each of the study
variables following the introduction of aEEG, adjusting for the rate of NICU
admissions and average monthly SNAPPE-II scores

Variable Change in monthly rate following p-value

aEEG introduction (95% CI)

Conventional EEGs performed in NICU 0.74 (-1.03, 2.50) 0.42
Daytime 0.29 (-0.83, 1.41) 0.61
After-hours 0.44 (-0.73, 1.62) 0.46

Neonates receiving conventional EEGs
Single EEG 2.18 (1.38, 2.99) <0.01*
Multiple EEGs -0.78 (-1.39, -0.17) 0.02 *

Neurology Consultations -0.11 (-0.58, 0.35) 0.64

Neonates Diagnosed with Seizures 0.72 (-0.14, 1.58) 0.11

SD: standard deviation; * p < 0.05 on Student’s t-test

interpretation. Although conventional EEG recordings were also
available 24/7, after-hours requests required a neurology
consultation and calling in the EEG technologist from home.
Interestingly, once aEEG became available in our NICU, after-
hours requests for conventional EEG did not decline. Rather,
there was a non-significant trend towards more after-hours
conventional EEG use (6.6% of conventional EEGs before vs.
9.7% after aEEG introduction), possibly reflecting an increased
interest in brain monitoring, or the desire to confirm aEEG
findings on an urgent basis.

Our findings support the notion that conventional and
amplitude-integrated EEG are complementary tools for the
assessment of newborn cerebral function. Contrary to the
expectation of some neurologists, the introduction of aEEG to
our NICU has not supplanted conventional EEG: 72.8% of
newborns monitored with aEEG also underwent conventional
EEG recording. Rather, the two techniques appeared to play
different roles. Given that aEEG was available 24/7 in-house,
neonatologists often appeared to rely on aEEG for after-hours
assessments, and conventional EEG during daytime hours,
perhaps as a confirmatory tool. This appears to be a reasonable
strategy in the absence of 24/7 availability of full-montage
continuous video-EEG monitoring. Interestingly however,
following the introduction to our NICU in 2008 of continuous
full-montage video-EEG monitoring with real-time remote
review, the majority of continuous brain monitoring in our NICU
is still conducted using 1- or 2-channel aEEG machines (data not
shown). This suggests that our neonatologists have a continued
preference for aEEG over continuous video-EEG recordings,
possibly because of greater familiarity with the bedside aEEG
display, or greater ease of access to aEEG since this service is
provided by in-house NICU personnel.

This study has limitations. Our observations on the impact of
aEEG introduction may not be representative of other similar
tertiary care institutions, due to institutional differences in the
working relationship between neonatologists and neurologists,
the availability of conventional EEG recordings or other factors.
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Although our analyses controlled for illness severity, there may
have been other secular trends in neonatal practice that are
unaccounted for, and may have biased our results. Because our
data on the diagnosis of neonatal seizures were based on ICD-10
coding, we were unable to examine the proportion of clinical
versus subclinical seizures. Diagnostic criteria for neonatal
seizures were not standardized in our NICU. Thus, there may
have been differences in diagnostic approach between attending
physicians; however, the attending physicians working in our
NICU remained largely the same over the course of the study,
limiting the potential for bias. Finally, because this study
employed a population-level analysis, we could not examine the
impact of aEEG on the management of individual patients. A
prospective study would be required to measure the impact of
aEEG on clinical decision-making at an individual patient level
and neonatal outcomes, because the rationale for clinical
decision making is difficult to ascertain from a retrospective
review of patient charts.

We conclude that aEEG introduction in our NICU led to less
reliance on conventional EEG as a tool for serial evaluation of
brain function; but this is offset by an increase in requests for a
single conventional EEG, which we hypothesize is to confirm
abnormalities detected on aEEG. Since the number of neonates
diagnosed with seizures did not increase, aEEG monitoring did
not appear to uncover a significant subgroup of patients with
subclinical seizures that would previously have gone undetected.
The effect of aEEG on individual clinical decision-making such
as seizure management requires further prospective study.
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