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Introduction: Amplitude-integrated electroencephalogram (aEEG) is widely used in

Neonatal Intensive Care Units (NICUs) to monitor neonatal seizures. This method is still

not well established compared to conventional electroencephalogram (cEEG), the diagnostic

gold standard. However, aEEG can be a good screening tool for the diagnosis of seizures in

infants. Our aim in this review study is to evaluate aEEG diagnostic accuracy in comparison

with cEEG, for detection of neonatal seizures.

Methods: In this work, we studied the published articles which used EEG and aEEG in the

evaluation process of seizures in neonates and compared these techniques to obtain an

approach for the detection of neonatal seizures.

Results: Seventeen articles were included. Using aEEG with raw trace to detect individual

seizures showed median sensitivity of 78% (range: 68–85) and median specificity of 78%

(range: 71–84). The median sensitivity and specificity were 54% (range: 25–95) and 81%

(range: 50–100), respectively, in case of using aEEG without raw traces. Brief duration

seizures and those occurring away from aEEG leads were less detected.

Conclusion: Studies showed that aEEG has variable sensitivity and specificity. Based on the

evidences, aEEG cannot be recommended as the only way for diagnosis and management of

seizures in neonates; however, it could complete the diagnosis of seizures in the infant and

could be a very good tool for screening seizures.

Keywords: conventional electroencephalography, amplitude-integrated EEG, neonatal

seizures

Introduction
Neonatal seizures are the most common neurological manifestations in newborns

and often the first sign of neurological dysfunction.1–3 Neonatal seizures usually

occur within the first 4 weeks of life in a full-term infant and up to 44 weeks from

conception for premature infants. Seizures are more common in neonatal period

than other periods of life, particularly in the first 1–2 days to the first week after

birth. The incidence of neonatal seizures varies by weight; it is only 2.8 per 1000

for infants with birth weights of 2500 to 3999 g and 57.5 per 1000 in infants with

birth weights lower than 1500 g. In Neonatal Intensive Care Units (NICUs), the

incidence is as high as 8–15%.1–3

Neonatal seizures may occur because of many different etiologies, such as

hypoxic–ischemic encephalopathy which is the most common cause, stroke, intra-

cranial infection, cardiac surgery, extracorporeal membrane oxygenation, etc.4–6

Correspondence: Elahe Movahedi
Moghadam
Neonatal Health Research Center,
Research Institute for Children Health,
Shahid Beheshti University of Medical
Sciences, Tehran, Iran
Email elahehmovahedi@protonmail.com

Medical Devices: Evidence and Research Dovepress
open access to scientific and medical research

Open Access Full Text Article

submit your manuscript | www.dovepress.com Medical Devices: Evidence and Research 2019:12 489–496 489

http://doi.org/10.2147/MDER.S214662

DovePress © 2019 Kadivar et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.
php and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the

work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

http://www.dovepress.com
http://www.dovepress.com
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
http://www.dovepress.com/permissions.php


It seems that seizures may affect the maturation and

development of the brain in the critical period of life and

are associated with a significant incidence of brain injury

and long-term neurodevelopmental delay.1–3 They may be

short-lived events lasting for a few days only. However,

they often imply severe damage or malfunction of the

immature brain and they are considered as neurologic

emergency conditions which needed urgent diagnosis and

management.1–3

Neonatal seizures are usually difficult to recognize as

seizure activity in newborns may not be clinically appar-

ent. Clinical observation alone could reduce the successful

diagnosis of neonatal seizures because about 80% of the

seizures are occult.7 Besides, over-diagnosing of seizure is

possible because clinical paroxysmal movements do not

correlate with EEG seizure activity which can often

be misdiagnosed.8–10 Therefore, electroencephalography

(EEG) is an important investigation to accurately identify

epileptiform events. Nowadays, two main methods for the

detection of neonatal seizures are amplitude-integrated

EEG (aEEG) and conventional EEG (cEEG).11–13

In spite of being the diagnostic gold-standard for

epileptic seizures, cEEG is of limited availability

because of difficult access and the need for neurophy-

siologists in the clinical centers.14,15 In addition, the

results are not available online to help the clinician

with patient management.16–18 In contrast, a simple

method to gather EEG information (amplified, filtered,

and compressed) using a fewer number of electrodes is

aEEG, which could detect seizures and provide informa-

tion on brain electrical activity in real-time. AEEG is

increasingly used in the NICUs.19 Several studies have

attempted to determine outcomes in babies with neona-

tal seizures using EEG.20–23

AEEG can be a good screening tool for the diagnosis

of seizures in infants. Although it is reported to have less

sensitivity and specificity as compared to the cEEG, its

sensitivity and specificity make it acceptable to be used as

a screening method. Notably, aEEG has an acceptable

effect in predicting the neonatal seizure outcome when

the background is mildly or severely abnormal.

In the present study, we aimed to evaluate the diag-

nostic accuracy of neonatal seizures using aEEG and

compare it with cEEG. For this aim, we investigated

original research articles in which the effectiveness of

aEEG and cEEG are compared in the diagnosis of

neonatal seizures.

Methods
This short review was conducted and reported as the result

of evaluating several studies, and finally, a conclusion

from all papers was obtained.

Study Design
Seventeen studies that compared aEEG and cEEG in

detection of neonatal seizures were reviewed. The partici-

pants in these studies were neonates with suspected sei-

zures or were at risk of seizures.

Inclusion And Exclusion Criteria
We included studies in which aEEG and cEEG have been

compared according to their effectiveness in diagnosing

seizures in term and/or preterm neonates. Only original

research articles and clinical trials were included. Neither

review articles nor meta-analyses were included. We

excluded studies in which there was no simultaneous

cEEG and studies that only focused on EEG pattern with-

out addressing the detection of neonatal seizures.

Research Strategy
PubMed and GoogleScholar databases were searched on

February 2018 using the following keywords: Infant

[Title] AND aEEG [Title] AND seizure [Title/Abstract].

This resulted in 13 papers in the first step. We also

checked the lists of references in these papers and included

4 more papers which also fulfilled the criteria.

Results
A summary of the included papers results is demon-

strated in Table 1. The sample size of individual studies

varied from 12 to 160 and the total sample size was 814.

Some of the studies included a mixed group of term and

preterm infants. In four studies, aEEG with raw trace was

recorded. One study discussed the accuracy of aEEG in

diagnosing “patients with seizures” and seven studies

reported the precision of aEEG in the detection of “indi-

vidual seizures”, and five studies reported on both issues

while two studies had evaluated aEEG and concep-

tion age.

From 40 infants in Rennie et al's (2004) study on 19

infants with and 21 without electrographic seizures, cEEG

recordings were compared with a single-channel aEEG

from the P3-P4 leads. Sensitivity for “individual seizure”

detection was 38% at 6 cm/hr, 54% at 15 cm/hr, and 55%
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Table 1 Important Characteristics Of The Included Studies

Author & Year Of

Publication

Sample

Size

Subject, Conceptional

Age

Results Conclusions

Hellstrom-Westas

199529
47 Term neonates with HIE

37–42w

Normal pattern:

Sensitivity: 89%

Specificity: 94.7%

PPV: 96.2%

Abnormal pattern:

Sensitivity: 94.7%

Specificity: 89.3%

PPV: 85.7%

aEEG monitoring at 6 hrs after

birth predicts the outcome, with a

high degree of accuracy, after birth

asphyxia

Eken 199530 31 Term neonates with HIE Seizure detection:

Sensitivity: 94.1%

Specificity: 78.6%

PPV: 84.2% NPV: 91.7%

aEEG provided the most useful data

about encephalopathy and

subsequent neurodevelopmental

outcome

Toet 200239 36 Neonate ≥ 36w PWS detection:

Sensitivity: 76%

Specificity: 100%

PPV: 100% NPV: 80%

aEEG is a reliable tool to detect

seizures as a monitoring method

Rennie 200424 40 At-risk neonate, 24–42 w Seizure detection:

Sensitivity: 38, 54, 55%

Specificity: 92, 75, 61%

About half of the seizures are not

detected by aEEG

Van Rooij 200531 160 Term neonates with

perinatal asphyxia

Seizure detection:

Sensitivity: 93%

Specificity: 85%

PPV: 88% NPV: 91%

aEEG is not enough to accurate

prediction of neurodevelopmental

outcomes.

Sisman 200540 31 Preterm, GA < 33 w,

Without neurologic

anomaly

frequency of mature SWC increased

with PMA independent of GA, while the

frequency of continuity increased with

PMA and was higher

aEEG in preterm infants may need

to be analyzed by comparing results

with standards of similar PMA and

GA

Osredkar 200642 15 Term neonates without

severe HIE, but suspicious

Seizure detection:

Sensitivity: 50%

Specificity: 100%

PPV: 100% NPV: 75%

aEEG could evaluate the presence

or absence of epileptiform activity

in term without severe HIE

Shelhaas 200741 121 Mixed group of the near-

term neonate (35–50 w)

Seizure detection:

Sensitivity: 25.5%

Patient with seizure:

Sensitivity:40.3%

aEEG is a useful supplemental tool

to detect seizure and predict of

outcome in neonates

Shah 200826 21 Term neonate with

seizure

Seizure detection:

Sensitivity: 76%

Specificity: 78%

PPV: 78% NPV: 78%

PWS detection:

Sensitivity:85%

aEEG with raw trace detected the

majority of seizures by an

experienced neonatologist

Lawrence 200927 40 Neonate with HIE, ≥36 w Seizure detection:

Sensitivity 79%

False-positive rate:26%,

PPV:73%, NPV: 99%

aEEG with raw trace can be

interpreted accurately and

compares favorably with cEEG

(Continued)
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Table 1 (Continued).

Author & Year Of

Publication

Sample

Size

Subject, Conceptional

Age

Results Conclusions

Bourez Swart 200946 12 Term infant with HIE Single-channel aEEG:

Seizure detection:

Sensitivity: 30% (95% CI: 0.22–0.38)

PWS detection:

Sensitivity: 92% (95% CI:0.65–0.99)

Multichannel aEEG:

Seizure detection:

Sensitivity: 39% (95% CI:0.31–0.48)

PWS detection:

Sensitivity: 100% (95% CI:0.31–1)

aEEG is a reliable tool for long-

term monitoring in NICUs

Evans 201048 {Evans,

201048}

44 At-risk neonate, >31w Seizure detection:

Sensitivity: 80%

Specificity: 50%

aEEG overdiagnosed seizures.

Seizures noted on aEEG require

sEEG confirmation

Frenkel 201128 38 At-risk neonate, 24-43w PWS detection:

Sensitivity: 68%–84%

Specificity: 71%–84%

aEEG with raw trace has very high

sensitivity and specificity when

used by experienced users

Zhang 201154 62 At-risk neonates, term aEEG:

Seizure detection:

Sensitivity: 44%

PWS detection:

Sensitivity: 17%

aEEG with raw trace:

Seizure detection:

Sensitivity: 85%

PWS detection:

Sensitivity: 70%oro

aEEG and clinical observation were

not reliable in diagnosing neonatal

seizures

Mastrangelo 201351 28 High-risk neurological

insult term

Seizure detection:

Sensitivity by neurologist: 49%

Sensitivity by neonatologist: 37.5%

aEEG is used as a monitoring tool

and cEEG complemented to detect

seizures in newborns with acute

encephalopathy.

Toso 201452 21 At-risk term infants Seizure detection:

Sensitivity: 90%

Specificity: 82%

PPV: 82% NPV: 90%

In NICUs, aEEG is a useful device in

all sick infants for predicting short-

term neurological outcomes.

Meledin 201620 67 Preterm neonate,

GA<34w

EEG IBI, alpha, and theta frequencies’

amplitudes were negatively correlated

to the aEEG lower border, while

conceptional age (CA) was positively

correlated to aEEG lower border

(P < 0.001). IBI and all frequencies’

amplitude were positively correlated to

the upper aEEG border (P ≤ 0.001)

aEEG recordings in high-risk

premature neonates reflect reliably

EEG background information

related to continuity and amplitude

Abbreviations: HIE, hypoxic ischemic encephalopathy; aEEG, amplitude-integrated electroencephalogram; FSIQ, Fullscale Intelligence Quotient; cEEG, conventional

electroencephalogram; SWC, sleep-wake cycling; C.I., confidence interval; sEEG, standard EEG; CFM, cerebral function monitor; EEG, electroencephalogram; GA,

gestational age; h, hours; cm-centimeter; NPV, negative predictive value; PPV, positive predictive value; PWS, patients with seizures.
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at 30 cm/hr, while specificities were 91%, 75%, and 60%,

respectively.24

In Shellhaas et al's (2007) study, six one-year-experi-

enced neonatologists’ interpreted 144 blended strips of

single-channel aEEG (19 strips without seizure as control

records and 125 strips with seizures from 121 neonates)

randomly. The neonatologists reported 22–57% of the

“strips with seizure” and 12–38% of “individual seizures”.

Using multivariate analyses, the authors concluded that the

significant factors in the correct detection of neonatal

seizures by aEEG were the seizure duration, aEEG inter-

pretation, amplitude, and frequency.25

In the study of Shah et al (2008), 21 neonates with

clinical seizures were studied. In this study, neurologists

interpreted the cEEG and neonatologists interpreted two-

channel aEEG with the raw trace. Two-channel “aEEG

with raw trace” had a specificity of 78% and sensitivity

of 76% for seizures detection. The results showed that if

an experienced neonatal EEG reader interprets two-chan-

nel “aEEG with raw trace”, the majority of electrical

seizures could be detected.26

In a randomized controlled trial study, Lawrence et al

(2009) tried to evaluate the impact of aEEG monitoring in

infants of more than 36 weeks old with the risk of seizures.

cEEG and “aEEG with raw trace” were simultaneously

recorded from 34 infants with hypoxic–ischemic encepha-

lopathy (HIE). An epileptologist interpreted the cEEG and

another reader interpreted the “aEEG with raw trace”

independently. “AEEG with raw trace” detected 323/426

(76%) of seizures.27

The study of Frenkel et al (2010) compared two meth-

ods of cEEG and aEEG by clinicians with different levels

of expertise. A total of 265 paired epochs cEEG/aEEG

with raw trace were recorded in 38 infants at risk for

seizures. The sensitivity and specificity of “aEEG with

raw trace” for the detection of seizures ranged from 68%

to 84% and 71% to 84%, respectively.28

Meledin et al (2016) have performed a prospective

cohort study with 67 infants less than 34 weeks of gesta-

tion. cEEG and aEEG were recorded and assessed sepa-

rately by a single investigator. A total of 1679 aEEG/EEG

pairs of 10-min segments from 189 recordings were ana-

lyzed. The authors found a relationship between EEG and

aEEG. Accordingly, they suggested that these two meth-

ods should be complementary and should be used accord-

ing to the needs and situations in NICUs.20

The rest of the results of the selected studies has been

shown in Table 1.

Discussion
In this study, we have extracted and studied 17 papers

(including a total of 814 neonates), in which aEEG and

cEEG were compared for the detection of seizures in

neonates. Seizures in neonates are relatively common and

are associated with poor neurodevelopmental outcomes if

not diagnosed early and treated properly. Neonatal seizures

which lead to increased morbidity and mortality are

usually found in NICU. Newborns with seizures are at

risk for neonatal death, neurological impairment, develop-

mental delay, and later epilepsy.32

Predicting outcomes can be very difficult in babies

with neonatal seizures. In this regard, etiology, clinical

profile, EEG background, and neuroimaging have all

been considered for prognostication. Neonatal seizures

can or cannot have clinical correlates and, therefore, are

difficult to be recognized. We analyzed the predictive

value of the aEEG background for the neurodevelopmental

outcomes.32

Neonatal seizures are still associated with significant

mortality and morbidity even in advanced NICUs.

Etiologies of neonatal seizures play a primary role in

long-term sequelae.33 In Anand et al's study, the mortality

outcome of babies with seizures was 17.2%,34 whereas in

Nagarajan et al's study, the mortality outcome reached

21%,6 similar to Pisani et al's reports that showed mortal-

ity outcome of 19%.35 It was slightly higher than 15%

reported from Brazil and Da Silva’s groups or 7% in the

study by Tekgul et al.36 The lower mortality in Tekgul’s

and Da Silva’s groups may be as a result of babies identi-

fication based on clinical seizures.36,37 It is essential to

select a test with a very high sensitivity to detect “indivi-

dual seizures” and to enable the correct identification of

seizures as many as possible. In Nagarajan et al's study,

babies with neonatal seizures had significant neurodeve-

lopmental consequences: neurodevelopmental impairment

in 63%, cerebral palsy in 30%, vision and hearing impair-

ment in 23%, and epilepsy in 33%. Legido et al reported

cerebral palsy and developmental delays in about two-

thirds of the survivors of babies in which EEG documen-

ted seizures38 and severe neurological impairment was

reported in Anand’s group (18.5%).34 Probably, the under-

lying etiology (influencing the background) and the sei-

zures have an additive detrimental effect on prognosis. The

occurrence of epilepsy on follow-up has varied from 27%

to 56%.39,40 Various causes such as different patient

groups, probable etiology identification of seizures by
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video EEG or clinical, gestational ages and geographical

location affect these variations.41,42 Postnatal epilepsy is

known as a significant neurological consequence in several

studies on the follow-up of babies with neonatal seizures.

The incidence of postnatal epilepsy increases when more

abnormality is seen in EEG backgrounds.23,39,40,43,44

EEG remains one of the most useful tools for the diag-

nosis and prognosis of neonatal seizures. A large number of

previous studies have shown that EEG is a very

good predictor of neurodevelopmental outcomes,1,23,43

while a few studies suggested limited value in predicting

outcome.45,46 Severely abnormal EEG background activity

was associated with severe injury and neurodevelopmental

outcome,47,48 while a mild-to-moderate impairment in EEG

background was not a significant prognostic value.47,48

aEEG is a simplified online bedside neurophysiological

monitoring tool. The data of aEEG data are processed

through EEG signals recorded from one or more channels

that reflect the EEG background.47,48

A meta-analysis study conducted by Spitzmiller in

2007 on eight papers, which was performed on

asphyxiated full-term infants, showed the sensitivities

and specificities of severely abnormal aEEG tracings in

prediction of poor outcome (the predicted poor outcome

was from 73% to 100%, and a negative likelihood ratio

was 0.09 (0.06–0.15 95% CI)). This meta-analysis con-

cluded that aEEG is an excellent screening bedside tool in

term hypoxic–ischemic encephalopathic infants to predict

a long-term neurodevelopmental outcome.45 In contrast,

Osredkar et al reported that the sensitivity of seizure

detection of aEEG to standard EEG was 50%, the specifi-

city was 100%, the positive predictive value was 100%,

and the negative predictive value was 75%.42 These find-

ings are possibly obtained due to the target groups (ie,

infant without severe HIE but at risk for seizure).

In a systematic review article in 2015, Rakshasbhuvankar

et al studied 10 papers including 433 neonates and evaluated

aEEG and cEEG for seizure detection. Sensitivity and spe-

cificity were 76% (range: 71–85) and 85% (range: 39–90),

respectively, when aEEG was investigated with raw trace,

while sensitivity and specificity were reported low if aEEG

was investigated without raw trace (39% and 95%,

respectively).5

Chandrasekaran et al (2017) reviewed a total of nine

articles (total sampling=529) in a meta-analysis. Sensitivity

and specificity of aEEG at 6 hrs of age were 96% (95% CI,

91 to 98) and 39% (95% CI, 32 to 46), respectively. The

highest diagnostic odds ratio of an abnormal trace was 48

hrs (66.9 (95% CI 19.7, 227.2)). Adverse neurodevelop-

mental outcome was associated with persistently abnormal

aEEG at 48 hrs or more. Normal 6 hr aEEGs had high

negative predictive value, but did not exclude adverse

outcomes.49

The median sensitivity for the detection of the neonate

with seizures was 80% (range: 76–85, four studies) and it

was reasonably good when it was “aEEG with raw trace”.

Thus, it could be helpful to identify neonates who might

benefit most from doing continuous EEG. aEEG back-

ground activity trends are good indicators for prediction

of long-term outcome and neurodevelopmental prognosis

which was confirmed by many articles.12,15,34,50 Therefore,

in the NICUs, the aEEG is appropriately used to evaluate

the background activity of the aEEG.

Although it is very easy to implement by the clinicians,

shorter seizures are missed due to time compression in the

aEEG. Moreover, focal seizures often remain unnoticed due

to the limited number of used electrodes. Some of the

unique characteristics that make seizures identifiable in

neonates, such as spatial evolution, may not be evident on

aEEG. Considering the inherent technical limitations, it is

illogical to expect aEEG to detect all the seizures. If aEEG

is to be used for making treatment decisions, high specifi-

city is also important, because wrong diagnosis and too

much treatment could be potentially harmful to the devel-

oping brain.51–53 It has been made clear that EEG artifacts

(such as electrocardiography (ECG) or high-frequency ven-

tilation) occur frequently despite the filtering process and

can influence the aEEG recording significantly.54

Even though cEEG is the gold standard for seizure detec-

tion, many neonatologists tend to use aEEG for diagnosis,

monitoring, and management of seizures. A recent survey of

American neonatologists found that nearly 80% of those who

used aEEG used it for deciding to treat seizures.

This review suffers from some limitations including

heterogeneity between studies, different times of perform-

ing aEEG, post-conceptional age, and underlying diseases.

Further projects and research need to be done to obtain a

generalizable conclusion about the diagnostic accuracy of

aEEG.

Although the gold standard for neonatal seizure detec-

tion is conventional video-EEG monitoring, it is expen-

sive, needs expert EEG reading and technologist, the data

collection procedure is complex and restricted to be per-

formed everywhere and also it prevents nursing work.

These factors have limited their use. The use of aEEG on

sick neonates has clinical value in NICUs but does not
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replace the standard EEG. Finally, it is worth noting that

while aEEG can be used as a complementary technique,

further research is still required with a focus on improving

the sensitivity and specificity of the technique to advance

its utility in clinical practice.

Conclusion
Short studies showed that aEEG has variable sensitivity and

specificity. By all this information, it is suggested that aEEG

is a very good screening tool for detecting neonates who need

cEEG in the NICU but is not recommended for primary

diagnosis and management of neonates with seizure.
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