
N E O N A T A L   N E T W O R K
7 8 	 © 2 0 1 6  S p r i n g e r  P u b l i s h i n g  C o m p a n y � M A R C H / A P R I L  2 0 1 6 ,  V O L .  3 5 ,  N O .  2
	 http://dx.doi.org/10.1891/0730-0832.35.2.78

Accepted for publication  
November 2015.

Continuing 
Nursing Education 
(CNE) Credit

A total of 4.3 contact 
hours may be earned as CNE credit 
for reading the articles in this issue 
identified as CNE and for completing 
an online posttest and evaluation. 
To be successful the learner must 
obtain a grade of at least 80% on 
the test. Test expires three (3) years 
from publication date. Disclosure: 
The author/planning committee 
has no relevant financial interest 
or affiliations with any commercial 
interes ts related to the subjects 
discussed within this article. No 
commercial support or sponsorship 
was provided for this educational 
activity. ANN/ANCC does not 
endorse any commercial products 
discussed/displayed in conjunction 
with this educational activity.

The Academy of Neonatal Nursing is 
accredited as a provider of continuing 
nursing education by the American 
Nurses Credentialing Center ’s 
Commission on Accreditation.

Provider, Academy of Neonatal 
Nursing, approved by the California 
Board of Regis tered Nursing, 
Provider #CEP 6261; and Florida 
Board of Nursing, Provider #FBN 
3218, content code 2505.

The purpose of this article is to provide 
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for the use of aEEG interpretation 
during TH, including all of the tools 
and products for the staff education.

Amplitude-Integrated 
Electroencephalography 

Interpretation During Therapeutic 
Hypothermia: An Educational 

Program and Novel Teaching Tool
Lauren Sacco, DNP, ARNP, NNP-BC, RN

Each year in the United States, there� 
are an estimated four million births.1 

Of those births, there are one to four infants 
per 1,000 who will experience an insult 
at birth that results in hypoxic-ischemic 
encephalopathy (HIE).2 Globally, up to two-
thirds of newborns who develop HIE die, 
and approximately one-fourth of those who 
survive will have severe neurodevelopmental 
sequelae.3 Brain injury caused by HIE is the 
top contributing cause of neurodevelopmen-
tal disabilities,4 the most common being cere-
bral palsy (CP).

Several tools are required in order for 
the provider and bedside nurse to accurately 
identify and quickly treat newborns affected 
by HIE. One of those tools is the amplitude-
integrated electroencephalogram (aEEG). 
The aEEG is an important adjunct in the pre-
diction of long-term neurologic outcomes for 

infants with HIE.5–7 The use of aEEG allows 
the bedside provider to identify seizure activ-
ity that is not always recognized by visual 
assessment. The aEEG use and interpreta-
tion can be incorporated into the practice 
of the bedside provider with an appropriate 
education program and adequate resources. 
With appropriate training, the provider may 
be able to identify and treat seizure activity 
that could be overlooked otherwise and may 
minimize the neurologic damage sustained 
during HIE.8,9

PATHOPHYSIOLOGY 
OF BRAIN INJURY

HIE is caused by either placental, fetal, or 
maternal insult or injury that results in neo-
natal brain hypoxia. The brain injury that 
occurs following a hypoxic-ischemic insult 
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occurs in two phases. In the first phase, the neonatal brain 
responds by converting to anaerobic metabolism, leading to 
depletion of adenosine triphosphate, increased lactic acid pro-
duction, and a disturbance in normal metabolic activity. This 
response disrupts intercellular pumps in the brain and causes 
a buildup of sodium, calcium, and water, which produces 
accumulation of fatty acids and oxygen-free radicals. These 
events, together, cause cell apoptosis. Preceding the initial 
injury to the neonatal brain, a second phase of injury will 
ensue if intervention is not initiated.4,10,11

The second phase of HIE, which involves several pro-
cesses and is not well understood, includes accumulation of 
excitatory neurotransmitters and cell apoptosis. Once the 
second phase begins, any brain injury that occurs in this 
phase is irreversible.11 

Seizures occur in this population as a result of the brain 
injury sustained during a hypoxic event. Seizures are one of 
the most common signs of neurologic dysfunction and can 
occur very early, even before the second phase, postnatally. 
If left unnoticed or untreated, frequent seizures can further 
increase the amount of damage to the neonatal brain. The 
diagnosis of neonatal seizures can be challenging because as 
many as 80 percent of infants have clinical signs that are subtle 
or absent. This can be especially difficult in seizures that are a 
result of brain injury from HIE because many of these infants 
require intubation and paralytics, further masking the clini-
cal signs of seizure activity.12,13

Treatment for HIE must occur rapidly to avoid further 
damage. Therapeutic hypothermia (TH) for treatment of 
HIE has become the gold standard and has demonstrated 
positive outcomes for mild to moderate cases of HIE.4,11,14 
Currently, there are two forms of cooling: selective head 
cooling15 and total body cooling.16 Both methods have 
proven effective with minimal side effects. The benefits of 
this intervention outweigh the side effects and, therefore, 
this intervention has been implemented in many centers after 
proper training has occurred.2,17,18 Specific protocols have 
been developed for each method of cooling, which have been 
easily translated to practice in both community and academic 
centers. Infants who meet HIE criteria, as defined in each 
protocol, are cooled to 33.5°–35°C within six hours after 
birth and are maintained at that temperature for 72 hours, 
following a slow rewarming process.15,16,19

Infants are monitored closely by various methods, includ-
ing aEEG. The aEEG is a cerebral function monitor that 
time-compresses, rectifies, and filters the conventional elec-
troencephalogram (cEEG), which can be visualized and 
interpreted by the bedside provider. The aEEG is easily set 
up at the bedside and can be applied by the bedside nurse.8,20 
Although cEEG is considered the gold standard for the accu-
rate detection of seizure activity in the neonate, it is tedious 
to apply and requires evaluation by a neurologist or neuro-
physicist specially trained in reading the neonatal cEEG.

In this article, the importance of aEEG for bedside seizure 
identification in infants will be established, the lack of existing 

publications regarding nursing care for these infants iden-
tified, the mechanics of how aEEG is used described, and 
models of teaching about aEEG and cooling therapy to other 
clinical groups reviewed. A broad educational program for 
neonatal nurses, including innovative teaching tools, imple-
mentation, and systems change, will be presented.

SIGNIFICANCE
The use of the aEEG monitor by bedside providers for early 

identification and detection of seizure activity is an important 
aspect in the management of infants with HIE undergoing 
TH. Because TH is offered in institutions of different levels, 
aEEG monitoring by bedside providers is especially benefi-
cial within institutions, where neurologists or neurophysicists 
are not readily available to assess the infant and evaluate for 
seizure activity.18,21

When abnormal background and seizure activity is iden-
tified, monitored, and treated effectively and efficiently, the 
associated negative outcomes are significantly reduced.5,6 
Because of increased risk of seizure activity associated with 
HIE, it may be advantageous for the bedside nurse to have 
the ability to assess with aEEG. The bedside nurse provides 
ongoing care and assessment of these infants on a contin-
ual basis, making him or her critical for the identification of 
changes in aEEG. It is imperative that nurses are educated 
regarding aEEG use and interpretation to correctly identify 
the subtle changes that can occur on the aEEG and report to 
the provider quickly and efficiently.

It has been demonstrated that nurses who are provided 
with critical thinking education and subsequent protocols are 
the most effective caregivers for the neonatal population.22–24 
Although there are many published articles related to the use 
of aEEG for seizure identification in infants treated with TH, 
there are no published articles in which innovative tools for 
teaching interpretation of aEEG are presented.

EVIDENCE APPRAISAL
The focus of the review and appraisal of the literature is 

on the aEEG, including its benefits for infants with HIE who 
receive TH, interpretation, and training with the focus on 
neonatal data. This evidence appraisal was the basis for the 
approach and content of the development of the educational 
program. The literature search was performed between 
January 2013 and June 2014. Many searches were done 
using PubMed, Cochrane Database of Systematic Reviews, 
Academic Search Complete (EBSCO), and Cumulative 
Index for Nursing and Allied Health Literature databases. 
The search terms included neonates/newborns/infants, 
HIE, TH, aEEG, interpretation, nurses, and training. 
Included in this evidence appraisal are one meta-analysis, five 
randomized controlled trials, one nonrandomized controlled 
trial, three systematic reviews, and three retrospective chart 
reviews.
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BENEFITS OF aEEG DURING 
THERAPEUTIC HYPOTHERMIA

An aEEG, when applied prior to initiation of TH, pro-
vides an assessment of baseline brain background pattern 
after suspected HIE. Once TH is initiated, the effectiveness 
of the cooling treatment can be continuously evaluated with 
aEEG. Once aEEG is applied, it provides valuable informa-
tion on brain function and neonatal sleep–wake cycles.5,25–27 
The review of the literature performed yielded three articles 
documenting the ability of the aEEG to predict neurologic 
outcomes in neonates treated with TH for HIE: one meta-
analysis that included eight articles and two retrospective 
chart audits.

Abnormalities in the aEEG at initiation of TH are not 
predictive of negative neurologic outcomes. In neonates 
with mild to moderate HIE who are treated with TH within 
the therapeutic window, these abnormalities in aEEG trac-
ings have been shown to dramatically decrease and cease 
in many cases consistent with improved neurologic func-
tion.5,7,25 However, if abnormalities in the aEEG are seen 
continuously throughout cooling and rewarming, there is 
a 100 percent positive predictive value of severe neurologic 
disabilities.6,28–30

Spitzmiller and colleagues performed a meta-analysis to 
evaluate the accuracy of aEEG in predicting developmental 
outcomes for infants with HIE.6 Eight articles were included 
from a literature search from 1966 to 2005, with the primary 
outcomes of interest being abnormal neurologic exam per-
formed by a pediatric neurologist, HIE as defined by the 
Sarnat scoring system31 CP, or a documented developmen-
tal quotient ,85 based on Griffiths32 Developmental Scale. 
There were 543 infants with gestational ages 36 weeks. 
The authors found that severe aEEG tracings are accurate in 
predicting poor outcomes with 91 percent pooled sensitivity 
and 0.09 pooled negative likelihood ratio. A weakness of this 
study is that the effect size of the included articles is relatively 
small; however, the authors believed that they had enough 
information to accurately contribute to the analysis. Also, not 
all infants in the articles included in this analysis were cooled. 
Strengths of this study include blinded tracing interpret-
ers, the window at which aEEG is applied was similar in all 
studies, and aEEG interpretation was done by one criteria set.

Hallberg and colleagues conducted a retrospective study 
to evaluate aEEG data during TH and their ability to predict 
long-term outcomes at one year of life.25 From December 1, 
2006, to December 31, 2007, 23 infants qualified for cooling 
based on the Swedish national guidelines for induced 
hypothermia in newborn infants 36 gestational weeks fol-
lowing perinatal asphyxia. The aEEG data were assessed by 
blinded independent researchers at 6, 12, 24, 36, 48, and 
72 hours after birth using Hellström-Westas criteria.33 These 
infants were given neurologic exams at 2, 6, and 12 months 
of age. They also received a neuromotor assessment at four 
months of age with the Alberta Infant Motor Scale (AIMS). 
This study revealed that infants treated with TH for moderate 

to severe birth asphyxia with normal aEEG data after 24 hours 
of life had normal outcomes at one year of life. Limitations 
to this study are the small sample size and lack of long-term 
follow-up evaluation beyond one year of life. Strengths include 
blinded researchers, evaluation of aEEG at specific times, and 
all infants were followed up with at one year of life.

Massaro and colleagues retrospectively reported on aEEG 
data from infants with HIE treated with TH.29 Seventy-
five infants were included in this study from May 2006 to 
May 2009. Abnormal outcomes were defined as death or 
clinical/radiologic evidence of brain injury before discharge 
from the hospital. Data from the aEEG were reviewed by 
an experienced reader using Hellström-Westas criteria.33 
Interrater reliability was measured and presented. This review 
demonstrated that absence of aEEG recovery and sleep–wake 
cycling is predictive of negative outcomes in HIE infants 
treated with TH. Limitations to this study are the small 
sample size and the inability to assess aEEG before 12 hours 
of life and lack of long-term follow-up.

The aEEG has been documented to accurately predict 
negative outcomes as well as cEEG in several randomized 
controlled trials.34,35 This gives the provider valuable infor-
mation throughout cooling that allows them to more accu-
rately inform parents and caregivers of outcomes for their 
newborn. It also allows for time to discuss care options and 
make decisions regarding palliative care if appropriate.

AMPLITUDE-INTEGRATED 
ELECTROENCEPHALOGRAPHY 
INTERPRETATION DURING 
THERAPEUTIC HYPOTHERMIA

The TH affects the newborn’s normal body processes in 
several ways. As a result, the aEEG is altered during cooling, 
and interpretation evolution is essential in determining 
patient outcomes. Once a baseline is established, cooling 
should commence immediately.5,6,25,28,29 There are three 
main aspects of the aEEG that can be evaluated prior to and 
during TH and rewarming: pattern and voltage deviations, 
sleep–wake cycles, and seizure activity.

There are two classification systems for interpretation of 
the aEEG during cooling in term infants. Hellström-Westas 
and colleagues established a classification system based on 
pattern recognition for HIE infants defined as continuous 
normal voltage (CNV), discontinuous (DC), burst suppres-
sion (BS), low voltage (LV), and flat (FT).33 al Naqeeb and 
colleagues developed a voltage classification system defined as 
normal amplitude, moderate abnormal amplitude, and sup-
pressed or severely abnormal amplitude.20 These two clas-
sification systems are summarized in Table 1. Both of these 
classification systems have been used by providers in random-
ized controlled studies and have demonstrated accurate inter-
pretation of the aEEG during TH.7,18,21 These classification 
systems are used to identify abnormal patterns that can aid in 
the determination of outcomes for infants with HIE.
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Another aspect of the aEEG is the ability to evaluate 
sleep–wake cycling (SWC). A SWC is present in all normal 
term infants and can be used to evaluate and predict prog-
nosis in infants undergoing TH. A SWC involves many 
areas of the brain and reflects integrity, maturity, and orga-
nization of the entire brain.27 A SWC is demonstrated by 
continuous activity on the aEEG with regularly cycling 
patterns. These cycling patterns consist of intervals of con-
tinuous activity during awake and active sleep periods and 
periods of slightly lower voltage during quiet sleep. For a 
term infant, the broadest bandwidth should be a minimum 
of 6–8 mV and maximum of 15–20 mV, and the narrowest 
bandwidth should be a minimum of 6–8 mV and maximum 
of 9–15 mV.7 Massaro and colleagues did a retrospective 
chart audit of 75 newborns treated with TH.29 Of the 
infants with favorable outcomes, SWC were present on Day 
of Life (DOL) 1 in 5 percent and by DOL 4 in 58 percent. 
Conversely, no infants with negative outcomes had SWC.29 
Takenouchi and colleagues did a retrospective chart audit of 
31 infants treated with TH.27 In the 22 infants with normal 
outcomes, 14 had return of SWC by 120 hours of life.27 
Return of an abnormal aEEG to a CNV pattern with rec-
ognizable SWC has been shown to positively predict normal 
outcomes for infants with moderate to severe HIE.5,27,29

Seizure activity can also be identified using the aEEG and 
follows the cEEG pattern recognition definitions. The newer 
aEEG machines present both the aEEG background pattern 
along with the raw EEG pattern. Small changes in the aEEG 
can be compared with the raw EEG in real time, can repre-
sent seizure activity, and should be evaluated immediately. 

This quick evaluation ability and the presentation of both 
backgrounds simultaneously increase the likelihood that brief 
seizure activity will be identified.34 In a study by Bourez-
Swart and colleagues, 12 term infants were monitored with 
both the aEEG and cEEG during TH and rewarming.35 The 
aEEG was interpreted by two experienced neonatologists, 
and the cEEG was interpreted by two neurophysiologists and 
one technician; both were blinded to the results. The observ-
ers were able to identify seizure patterns with 100 percent 
sensitivity using the multichannel aEEG. The aEEG corre-
lates with a very high positive predictive value with the cEEG 
for identification of seizure activity.35 Not all seizure activity 
can be recognized on the aEEG, especially brief focal sei-
zures that do not occur in the sections of the brain that are 
picked up by the two-channel aEEG. This is why aEEG is 
an important adjunct, and cEEG should still be used and 
evaluated by a neurologist at some point during the cooling 
process.

AMPLITUDE-INTEGRATED 
ELECTROENCEPHALOGRAPHY TRAINING

Only five articles from the literature search have been 
published in which the training that providers undergo prior 
to initiation of an aEEG monitor during TH is described. 
Whitelaw and White outlined a dedicated one-day program 
for neonatologists that requires preparation prior to the class. 
The class is only offered twice a year in Europe.9 The authors 
discussed the importance of nurse recognition of abnormal 
patterns on the aEEG and prompt reporting to providers. 

TABLE 1  n  Summary of aEEG Classification Systems

Hellström-Westas et al33 al Naqeeb et al20

Normal tracing Continuous normal voltage (CNV):

Continuous activity

Lower margin 5–10 mV

Upper margin 10–50mV 

Normal amplitude:

Upper margin .10 mV

Lower margin .5 mV

Normal tracing

Normal tracing Discontinuous (DC):

Discontinuous background

Lower margin ,5 mV

Upper margin .10 mV

Moderately abnormal amplitude:

Upper margin .10 mV

Lower margin 5 mV

Abnormal tracing

Abnormal tracing Burst suppression (BS):

Discontinuous background

Lower margin 0–2 mV

Bursts .25 mV

Suppressed amplitude:

With burst suppression

Upper margin ,10 mV

Lower margin ,5 mV

Abnormal tracing

Abnormal tracing Low voltage (LV):

Continuous background

Lower margin 5 mV

Abnormal tracing Flat (FT):

Inactive

Lower margin ,5 mV

Abbreviation: aEEG 5 amplitude-integrated electroencephalography.
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TABLE 2  n  �Course Objectives for aEEG Educational Program 
Components

Educational Component Course Objectives

aEEG history, 
development, and 
basic strip evaluation

Present the history on aEEG development 
and use

Define an aEEG

Discuss interpretation criteria

State current outcomes

Explain what is in the literature and future 
research

In-depth aEEG 
voltage and pattern 
recognition

Answer any questions regarding aEEG 
education thus far

Identify important markers on aEEG 
monitor

Define voltage criteria and patterns

Define SWC and seizures

Practice

Simulation lab Review of policy and procedure

Review of educational material to date

Practice use of equipment, procedures, 
and documentation

Simulation based on case study

Abbreviations: aEEG 5 amplitude-integrated electroencephalography; 
SWC 5 sleep–wake cycling.

In three studies, it was mentioned that it was possible for 
providers with minimal training in aEEG to accurately iden-
tify seizure activity and recognize specific patterns with high 
interobserver reliability when compared with experts, dem-
onstrated by k statistic values of .0.65.8,20,34

Griesmaier and colleagues conducted a feasibility study to 
assess several features related to the implementation of aEEG 
monitoring in preterm infants over a two-year period.36 One 
of those features was the ability of neonatal nurses and phy-
sicians to accurately interpret aEEG recordings in preterm 
infants. The physicians received three-hour-long aEEG train-
ing sessions each year that included physiology, pattern recog-
nition, and technical aspects. The nurses received education 
on application of electrodes, monitor setup, and to watch for 
sudden changes in aEEG pattern. After two years of using 
aEEG in their unit, approximately 75 percent of physicians 
and 50 percent of nurses were able to identify aEEG pat-
terns and seizure activity. Limitations to this study include a 
small number of surveys received, focus on use of aEEG on 
the preterm population, and that this study was conducted 
in Europe, where regulatory systems differ and the aEEG 
machine is able to provide different options regarding seizure 
alerts. However, the data presented demonstrate that nurses 
were able to identify seizure activity and aEEG patterns half 
the time. With regular education and evaluation, successful 
implementation and use of aEEG in the NICU is possible. 
No articles have been written to date regarding neonatal 
nurse education and use of aEEG at the bedside.

From the evidence presented, the information obtained 
from the aEEG is an important aspect of the management 
of infants affected by HIE. The aEEG yields details related 
to outcomes and can signify seizure activity that might be 
missed otherwise. The bedside nurse is an integral part of the 
treatment team, and his or her ability to identify changes in 
the aEEG is essential. With that being said, bedside nurses 
have to use their critical thinking skills as well as complete 
several tasks throughout their shift. The development of this 
program and innovative teaching tool assists the bedside 
nurse in gaining new knowledge and the ability to apply that 
knowledge. The innovative teaching tool acts as a job aid that 
allows for identifying changes in the aEEG and acts as a sort 
of checklist to facilitate identification of changes in the aEEG 
and decrease the amount of time spent at the monitor.

aEEG Education Program Development
A multifaceted, enduring educational program was devel-

oped with a nursing care plan to assist the cooling team 
nurses in identifying changes in the aEEG during TH and 
rewarming. This included education for, and implementa-
tion of, an innovative measuring caliper to make the inter-
pretation easier. This program content included background 
pathophysiology of HIE and instruction related to setup 
of  an aEEG monitor, placement of electrodes, evaluation 
of voltage and pattern recognition, seizure patterns, and 
appropriate reporting (Tables 1–4).

This project was designed for use at a community hospital 
Level III NICU in the Pacific Northwest, with the intention 
that the program can be easily assimilated and applicable to 
other units. Currently, this is a 20-bed Level III NICU with 
approximately 325 admissions per year, of which approxi-
mately six cases per year involve infants with HIE. The unit 
consists of 63 neonatal nurses, with most of these nurses 
having no experience with TH or aEEG use.

Neonatal Nursing Education: Therapeutic 
Hypothermia and aEEG

The aEEG education program was provided to all full-
time nursing staff and medical staff as a component of the 
TH education program developed for this unit and repre-
sented three hours of didactic material and two hours of the 
simulation lab. Class size ranged from four to eight students, 
and each class was divided into four components, which 
totaled six hours of didactic material in addition to a four-
hour simulation lab. A precourse and postcourse evaluation 
was completed for each of the aEEG educational compo-
nents. The topics included pathophysiology of HIE, devel-
opment aEEG, and basic strip evaluation; in-depth aEEG 
voltage criteria and pattern recognition; and SWC and 
seizure identification (Tables 1–3). Product representatives 
were also included in the educational components, and they 
were responsible for educating the nursing staff regarding 
recommended product use, troubleshooting, and cleaning 
and storing of equipment.
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TABLE 3  n  Outline for aEEG Educational Program Components

Educational Component Outline Teacher Credentials

aEEG history, 
development, and basic 
strip evaluation

History

What is an aEEG

Classification systems

Voltage classification

Pattern classification

Sleep–wake cycles

Seizures

Interpretation

Reporting

Outcomes

Review of evidence

Future research

NICHD recommendations

NNP-DNP student

In-depth aEEG voltage and 
pattern recognition

Markers on aEEG to help identify voltage criteria and pattern criteria

Voltage criteria: normal, moderately abnormal, and severely abnormal

Pattern criteria: CNV, DC, BS, LV, and FT

SWC identification

Seizure identification

Practice with multiple aEEG tracings to identify voltage, pattern, SWC, and seizures

NNP-DNP student

Simulation lab All RNs who care for Level III infants are required to attend one session.

All RNs must have completed the two cooling-related modules prior to attendance.

All RNs must review protocol and appendices prior to arrival at clinical simulation.

Review of algorithm and application using clinical scenarios and Sarnat scores and 
documentation

Setup of aEEG machine

Application of aEEG electrodes and documentation

Medications used during TH

aEEG pattern and voltage classification identification with use of teaching tool

Impedance/artifact recognition and acceptable parameters and documentation

Review of aEEG interpretation and documentation

Verification of competencies

NNP-DNP student, 
unit CNS

Abbreviations: aEEG 5 amplitude-integrated electroencephalography; NICHD 5 National Institute of Child Health and Human Development; 
NNP-DNP 5 neonatal nurse practitioner-doctor of nursing practice; CNV 5 continuous normal voltage; DC 5 discontinuous; 
BS 5 burst suppression; LV 5 low voltage; FT 5 flat; SWC 5 sleep–wake cycling; RNs 5 registered nurses; TH 5 therapeutic hypothermia; 
CNS 5 clinical nurse specialist.

The simulation lab was taught using a format similar to 
what is used during Neonatal Resuscitation Program.37 This 
approach gave the nurses in this unit the ability to practice 
their knowledge and skills in a real-life situation while also 
providing the opportunity to ref lect, ask questions, and 
debrief on the learning process and contribute to what is 
needed to support further learning.

A follow-up survey was completed once the program 
concluded to assess the nurse’s opinion of the program’s 
effectiveness.

System Change
This program was initiated by conducting meetings with 

the primary stakeholders from the agency. These stakehold-
ers included the neonatal nursing staff, respiratory therapy 
(RT) lead, medical staff, nursing manager, vice president of 

Nursing Services, perinatal clinical nurse specialist (CNS), 
and lead neonatal nurse practitioner (NNP). A “cooling 
team” was also developed, which consisted of ten neonatal 
nurses, the perinatal CNS, neonatal CNS, neonatologist, 
and the author. A few obstacles were encountered during the 
development of the systems change. Supplies necessary for 
the aEEG use took several weeks to arrive, delaying inclu-
sion of manufacturer recommendations as well as manu-
facturer product education into the curriculum for aEEG 
interpretation.

The electronic record required changes for additional 
charting needs. The electronic record was changed to 
incorporate initiation time of the aEEG, initial baseline 
pattern, pattern noted during shift, changes in background 
pattern, and when notification of the provider took place. 
Thus, collaboration with information technology (IT) was 
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TABLE 4  n  Schedule for Educational Program Components

Educational Component Schedule

aEEG history, development, 
and basic strip evaluation

1.5 h of classroom didactic to 
cooling team members; rest of 
staff completed training online

In-depth aEEG voltage and 
pattern recognition

1.5 h of classroom didactic taught 
to entire unit in several sessions

Simulation lab 4 h of simulation taught to all staff 
members in several sessions

Abbreviation: aEEG 5 amplitude-integrated electroencephalography.

needed to make these changes which delayed education and 
simulation further.

Prior to implementation of this project, this hospital 
did not have a current policy and procedure (P & P) for 
use of aEEG. Best evidence was used to develop a P & P 
that included aEEG use, review of strips, documentation 
and reporting, and follow-up. The responsibilities of those 
involved in the care of these patients were also outlined. This 
P & P was created to provide detailed and consistent care for 
infants undergoing TH with the use of aEEG to create the 
best possible outcomes for this population.

Cooling Kit for Access of Necessary Equipment
Within the P & P, there is a detailed list of necessary 

equipment needed to effectively manage the aEEG during 
the cooling and rewarming process. However, during case 
reviews, it was established that there were some infants who 
were not identified as TH candidates until the last hour of 
eligibility,38 which posed a significant concern for the group; 
this was identified as a deficiency within the plan. The impor-
tance of being able to work efficiently in that last hour of 
eligibility to set up the aEEG monitor required that many 
supplies be gathered from several different areas within the 
unit.

To solve this problem, a “cooling kit” was created that 
contained all of the identified materials necessary to set up 
the aEEG within one hour. The bag contained materials 
and a laminated restocking checklist and is kept in the desig-
nated “cooling” cabinet in the admit room. Members of the 
cooling team assisted in creating this list.

Neonatal Nursing Education: Program  
Implementation

Nursing education was an incredibly important aspect 
of the implementation process of this program. Most of the 
nursing, medical, respiratory, and management staff had no 
experience with HIE, TH, or the use of the aEEG, which 
created stress and uneasiness within the unit regarding caring 
for this population. Therefore, it was necessary to create a 
broad and comprehensive nursing education program and 
training. The education program was provided to all full-
time nursing staff and medical staff. Class size ranged from 
four to eight students, and each class was divided into three 

components, which totaled six hours of didactic material 
in addition to a four-hour simulation lab. A precourse and 
postcourse evaluation that was typically provided to nurses 
in this institution, to assess the accuracy of the nurse’s inter-
pretation and comprehension, was completed for several of 
the educational components. Each educational component 
was created in a manner that encouraged participation and 
focused on knowledge-based topics to allow the nurses to 
gain the necessary tools to care for this specific population. 
The topics included pathophysiology of HIE and overview of 
National Institute of Child Health and Human Development 
(NICHD) recommendations; case study reviews and appli-
cation of TH eligibility algorithm; history, development of 
aEEG, and basic strip evaluation; in-depth aEEG voltage cri-
teria and pattern recognition; and SWC and seizure identifica-
tion (Tables 1–3). Product representatives were also included 
in the educational components, and they were responsible for 
educating the nursing staff regarding recommended product 
use, troubleshooting, and cleaning and storing of equipment.

The simulation lab was taught using a format similar to 
what is used during Neonatal Resuscitation Program.37 This 
approach gave the nurses in this unit the ability to practice 
their knowledge and skills in a real-life situation while also 
providing the opportunity to ref lect, ask questions, and 
debrief on the learning process and contribute to what is 
needed to support further learning.

Innovative Teaching Tool
An innovative teaching tool (Figure 1) was used during 

simulations to assist the nurse at the bedside in determining 
voltage classification and pattern classification based on the 
criteria created by al Naqeeb and colleagues20 and Hellström-
Westas and colleagues.33 Based on these classif ication 

FIGURE 1  n  �Innovative teaching tool for use with aEEG 
interpretation.

Abbreviation: aEEG 5 amplitude-integrated electroencephalography.
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systems, a tool was designed so that, when placed over the 
aEEG monitor, a red line could be seen at 5 mV and 10 mV. 
Both classification systems use 5 mV and 10 mV as bench-
marks for determining which category the voltage or pattern 
falls into. Lines were also created to designate each hour of 
aEEG recording for charting purposes. The tool is created 
with medical grade plastic that can be cleaned with the 
hospital-specific cleaning product. It can also be written on 
with erasable marker to aid the nurse in marking areas of 
concern or change. The nurses were first exposed to these 
two different criteria during didactic education in which 
several aEEG strips were presented. During the didactic 
portion of the education, the nurses were taught to first iden-
tify the lower margin of the aEEG strip and then the upper 
margin using the tool; from there, they were able to easily see 
what voltage the upper and lower margins used most of the 
time. They then could use the classification systems described 
in Table 1 to establish the tracing of the aEEG strip. The 
strips where then followed through the process of cooling 
and rewarming to demonstrate the evolution of brain func-
tion. The group was asked to first determine the voltage clas-
sification and then identify the pattern classification for each 
individual strip. They were then asked to decide if SWC were 
present and if seizure activity could be seen.

Learner Responses
Based on pretest and posttest questionnaires and evalu-

ations of aEEG knowledge and interpretation skills, it was 
perceived that the development and dissemination of this 
program was well received by the nursing staff. The educa-
tional components of this program demonstrated improved 
learner knowledge, with pretest scores averaging 60 percent 
and posttest scores averaging 95 percent. These scores are 
only suggestive of short-term learner retention which indi-
cates long-term follow-up and education should be pro-
vided. Course evaluations from participants were positive, 
providing feedback that encouraged continued education in 
similar format with more frequent simulation opportunities. 
Feedback from participants also demonstrated that the simu-
lation experience increased comfort level and knowledge with 
this patient population and new equipment.

Future Work
Future work should include studies related to nurses’ 

knowledge and skill retention as it relates to program devel-
opment such as this. It should also include nurse satisfaction 
with educational training and materials to further develop 
educational material and knowledge retention.

Implications
Now that TH has become a standard of care in Level III 

NICUs, more and more units across the nation are incorpo-
rating cooling that includes the use of the aEEG. Many of 
these Level III NICUs are in community hospitals that might 
not have the experience that regional centers do, and that is 

why an evidence-based program such as this one can be easily 
implemented and sustained in other Level III NICUs. The 
collaborative development of this program, including the P 
& P, multifaceted educational materials, and ongoing educa-
tion and skill retention, suggest that this program may be an 
effective approach to program implementation. Even though 
this program was developed for use in a community tertiary 
NICU, it has the capability of being adapted into other units 
and areas within the hospital.

CONCLUSION
The TH has become a standard of care in Level III NICUs. 

Although there are standard TH protocol recommendations 
based on large multicenter randomized controlled trials, it is 
important that an evidence-based approach for the education 
of the nursing staff is used in NICUs in which these therapies 
are introduced. The introduction of an educational program 
related to nursing care for infants who are treated with TH 
for HIE with aEEG may improve knowledge, comfort with 
the technology, and health care outcomes.
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