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Objectives After completing this article, readers should be able to:

1. Understand the amplitude-integrated electroencephalography (aEEG) method and its
utility and limitations.

2. Classify and interpret typical aEEG background patterns.
3. Identify epileptic seizure activity in the aEEG.
4. Describe features in the aEEG recording that are associated with prognosis.

Introduction
Amplitude-integrated electroencephalography (aEEG) is a method for continuous mon-
itoring of brain function that is used increasingly in neonatal intensive care units (NICUs).
The method is based on filtered and compressed EEG that enables evaluation of long-term
changes and trends in electrocortical background activity by relatively simple pattern
recognition. The cerebral function monitor (CFM) was created by Prior and Maynard in
the 1960s for use in adult intensive care. Prior and Maynard aimed for a brain monitoring
system that had the following features: simplicity, reasonable cost, reliability, direct
information about neuronal function, noninvasiveness and wide applicability, quantifica-
tion and output, automatic operation, and flexibility. (1) The method was applied to
newborns in the late 1970s and early 1980s. (2)(3)(4) The original CFM concept has been
developed, and several new machines are now available, all including the aEEG trend
recording with simultaneous display of the raw EEG. We and others have chosen to call the
method aEEG to distinguish it from a special monitor. Published studies on neonatal
aEEG include both clinical and experimental investigations. (5) The finding that the aEEG
is suitable for very early prediction of outcome after perinatal asphyxia has resulted in more
widespread use of the method, not least since abnormal aEEG readings were an inclusion
criterion in one of the recently published hypothermia studies. (6)

For new users of aEEG, the potential of this method is usually striking when clinical
aEEG monitoring reveals abnormal brain activity that would otherwise pass unrecognized,
such as subclinical seizure activity or transient background deterioration during hypogly-
cemia or pneumothorax. (7) However, it is also extremely important to be aware of
limitations and risks of overinterpretation of aEEG readings. (8)(9) The possibility of
detailed evaluation is lost at the same time as another important feature is gained: the
possibility to follow continuously online long-term trends and changes in cerebroelectrical
activity. In this context, the aEEG could be compared with monitoring the electrocardio-
gram (ECG) in the NICU; the ECG monitor shows trends in cardiac activity but cannot
be used for detailed analysis of rhythms and blocks or evaluation of ST-segment and
electrical axis. We recommend recording at least one standard EEG, preferably including
a period of quiet sleep, in infants monitored with aEEG.

This review summarizes recent knowledge on practical aEEG in the newborn period,
discusses classification of aEEG recordings, and provides some tutorial examples of aEEG.

Correlation Between aEEG and EEG
aEEG is derived from a reduced EEG; usually one (from a pair of biparietal electrodes) or
two channels (from four electrodes, one channel from each hemisphere) are used. The
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EEG processing includes an asymmetric band pass filter
that strongly attenuates activity below 2 Hz and above
15 Hz, semilogarithmic amplitude compression, rectify-
ing, smoothing, and time compression. The bandwidth
reflects variations in minimum and maximum EEG am-
plitude. The amplitude display is linear between 0 and 10
mcV and logarithmic from 10 to 100 mcV. This semi-
logarithmic display enhances identification of changes in
low-voltage activity and avoids overloading of the display
at high amplitudes. The aEEG recording previously was
printed on paper, but it is digitally stored and displayed
on a computer screen in the newer monitors. The elec-
trode impedance is monitored continuously to supervise
the technical quality of the recording.

The aEEG has been compared with the EEG in terms
of background features and epileptic seizure detection.
In general, there is good correlation between primary
findings in the aEEG/CFM and EEG. Although all
seizures with durations of more than 30 seconds could be
identified in the biparietal single-channel CFM, when
five channels of tape-recorded EEG are recorded simul-
taneously, some focal, low-amplitude, and brief seizures
may be missed by the aEEG, as well as continuous
spiking. (3)(8)(9)(10) The possibility that some seizures
will be missed with a reduced number of electrodes is also
evident from EEG studies. (11)(12) The recognition of
background activity sometimes differs slightly between
the aEEG and the EEG; the most common discrepancy is
probably that a discontinuous aEEG with low interburst
amplitude is classified as a burst-suppression pattern in
the EEG. This difference is usually due to either the high
sensitivity of the aEEG for recording very low-amplitude
electrocortical activity that is difficult to visualize in the
EEG or to interference from ECG or electrical equip-
ment that is picked up by the aEEG.

Practical aEEG in the NICU
Normal aEEG

The normal aEEG changes with gestational age. (2)(4)
(13)(14)(15)(16) In parallel with the EEG, the aEEG in
the very preterm infant is primarily discontinuous and
becomes gradually more continuous with increasing ges-
tational age. (17) The normal discontinuous EEG in very
preterm infants is called “tracé discontinu” and should be
distinguished from the abnormal burst-suppression
pattern. (18)

One primary difference between the two background
patterns is the inactive (isoelectric) suppression period in
burst-suppression compared with the low-voltage period
in tracé discontinu that contains low-amplitude activity.
This difference frequently is possible to distinguish in the

aEEG, with the burst-suppression pattern having a gen-
erally straight lower margin at 0 to 1 (to 2) mcV and the
tracé discontinu EEG pattern corresponding to an aEEG
that has a lower margin varying between 0 and 5 (to 6 to
7) mcV. Cyclic variations in the aEEG background sug-
gestive of immature sleep-wake cycling (SWC) can be
seen in healthy infants from around 26 to 27 weeks’
gestation. SWC also develops with increasing matura-
tion, and from 31 to 32 weeks’ gestation, quiet sleep
periods are clearly discernible in the aEEG as periods that
have increased bandwidth. At term, the more discontin-
uous aEEG pattern during quiet sleep represents the
tracé alternant pattern in the EEG.

aEEG in the Term Infant
In term infants, aEEG is an excellent method for evalu-
ating cerebral function and cerebral recovery after
hypoxic-ischemic insults such as perinatal asphyxia and
apparent life-threatening events (ALTE). (3) Besides
contributing to the clinical evaluation, the immediately
available information provides early data for the parents.
Infants who need intensive care treatment are at higher
risk for cerebral complications due to circulatory instabil-
ity (eg, sepsis), hypoxia (eg, persistent pulmonary hyper-
tension, meconium aspiration, cardiac malformations, or
diaphragmatic hernia), hypoglycemia, or seizures.
(7)(19) Clinical symptoms of cerebral dysfunction can be
difficult to detect due to the illness itself or because
sedatives or analgesics have been administered. In such
infants, electrocortical background activity usually re-
mains unaffected or only moderately depressed unless
high doses of antiepileptic medicines or sedatives have
been administered. A continuous aEEG with amplitudes
between 10 and 25 mcV, some smooth or cyclic varia-
tion, or fully developed SWC is usually a reassuring sign
of noncompromised brain function.

The aEEG has proven to be very sensitive for early
prediction of outcome in asphyxiated term newborns.
(20)(21)(22)(23)(24)(25)(26)(27) A continuous or
slightly discontinuous aEEG pattern during the first
6 hours is associated with a high chance of cerebral
recovery and normal outcome. Presence of SWC in the
aEEG within the first 36 hours in infants who have
moderate hypoxic-ischemic encephalopathy (HIE) was
associated with a favorable outcome compared with in-
fants in whom the SWC appeared later. (26) Presence of
seizures in aEEGs of asphyxiated infants have not been as
clearly associated with outcome as has background activ-
ity. This may be due to the clinical demeanor of HIE, in
which fewer seizures are seen in the most severely asphyx-
iated infants who have poor outcome (HIE grade 3) than
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in more moderately asphyxiated infants (HIE grade 2).
However, it is our impression that recurrent seizure
activity, or status epilepticus, is associated with a worse
outcome, but this has not been studied from a perspec-
tive that includes quantification of seizures.

There are no published studies on the use of aEEG
during extracorporeal membrane oxygenation in new-
borns. An abstract, indicating that aEEG is of value in
these infants, was presented recently, (28) and this also
has been our experience. Brain function may be affected
by prior hypoxia-ischemia and seizures, often without
clinical signs, which is not uncommon.

aEEG in the Preterm Infant
Although the aEEG has not been evaluated in preterm
infants as extensively as in term infants, several studies
have shown its utility in this population. Two prospective
evaluations of aEEG in very preterm infants during the
first postnatal days have been published. Both showed
correlation between degree of intraventricular hemor-
rhage (IVH) and depressed aEEG background activity
expressed as amount of activity (“continuous activity”)
over 3 mcV. Most infants developing IVH had epileptic
seizure activity, often subclinical. (29)(30) Burst density
was associated with outcome in preterm infants who
already had large (grade 3 to 4) IVH during the first
24 to 48 hours after birth. (31) A relatively good out-
come could be predicted when the maximum number of
bursts per hour exceeded 135. Presence of SWC during
the first week after birth was associated with better out-
come, but the presence of epileptic seizure activity was
not associated with a worse outcome in these infants.

Cyclical aEEG patterns indicating SWC are present in
some extremely preterm infants at 25 to 27 weeks’ ges-
tation. (30)(32) A recently published study evaluating
SWC in relation to standard EEG in stable preterm
infants between 25 and 30 weeks’ gestation supports the
aEEG findings. (33) Although the aEEG background
patterns correspond with different sleep states in some-
what more mature preterm infants, this finding has not
been shown in extremely preterm infants. (34)

Effect of Medications on aEEG
Administration of morphine, phenobarbital, lidocaine,
and midazolam may depress aEEG activity. (35)(36)(37)
Other medications, such as morphine and sufentanil, are
known to depress EEG activity. (38)(39) Lidocaine in-
fused for treatment of recurrent seizures often results in a
discontinuous or burst-suppression pattern that is grad-
ual and more evident when the infusion is stopped and
the aEEG background recovers to a more continuous

pattern. Our experience is that a loading dose of pheno-
barbital (10 to 20 mg/kg) may result in moderate de-
pression of background activity, but in term infants,
there is usually no major change in background activity.
The phenobarbital loading resulting in severe depression
is often a sign of more severely compromised cerebral
function. This is similar to the findings of van Leuven and
associates (37) in their evaluation of midazolam in neo-
nates who had HIE. Diazepam often results in profound
depression of aEEG activity in preterm infants, although
the effect in term infants frequently is less marked. Other
factors that have been described to cause transient de-
pression of aEEG include hypoglycemia and pneumo-
thorax. In preterm infants, surfactant administration may
result in a transient aEEG depression for about 10 min-
utes. (40) The cause of the aEEG depression is not
known; it is associated with a rise in cerebral blood
volume (as measured with near-infrared spectroscopy),
but there is no relation to transient hypotension or
changes in blood gases. (41)

Classification of aEEG Recordings
aEEG tracings are described and classified in several
different ways, depending on whether normal or abnor-
mal circumstances were evaluated and whether term or
preterm infants were studied. At least six publications
have described normal aEEGs in term and preterm in-
fants. (2)(4)(13)(14)(15)(16) A summary of normal
findings at different gestational ages, based on these
studies, is shown in Table 1.

Verma and associates (4) studied 49 term and preterm
infants, including six infants born before 30 weeks’ ges-
tation. Recordings obtained on the second postnatal day
contained both active and deep/quiet sleep. The inves-
tigators used a monitor that is not currently available (the
Critikon CFM Critikon), which showed cerebral activity
as three continuously running lines depicting maximum,
mean, and minimum amplitudes. The general forms of
the aEEG pattern were described as “wave-form,” “flat,”
or “spiky” and included minimum, maximum, and mean
voltage. All infants had wave-form background patterns.
The amplitude of the minimum level in deep/quiet sleep
showed a significant positive correlation with gestational
age. The same investigators also studied 31 asphyxiated
preterm and term neonates after emergency support had
been started. (44) Eighteen of the 20 infants who had
normal background patterns appeared neurologically
normal at discharge, three infants who had “immature”
aEEG readings showed signs of brain injury, and all eight
infants who had flat aEEG recordings died. Viniker and
colleagues (2) recorded 107 neonates, born at 29 to
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43 weeks’ gestation, on 175 occasions. Similar to Verma,
these investigators found that the clearest change with
increasing maturation was a rise of the lower edge (am-
plitude) of the quiet sleep tracing. In 1990, Thornberg
and Thiringer (13) presented a study on normal aEEG
development in preterm and term infants who had un-
eventful neonatal periods and were neurologically nor-
mal at follow-up. Their findings were similar to the
previous two studies, and normative data for minimum
and maximum amplitude during wakefulness and sleep,
including bandwidth, was presented. Thornberg and
Ekström-Jodal (20) later published a study of 38 asphyx-
iated infants. All 17 infants who had normal outcomes
had continuous aEEG during the first 1 to 2 days after
birth; infants who either died or survived with handicap
had burst-suppression or paroxysmal tracings.

Burdjalov and colleagues (14) studied 30 infants with
gestational ages of 24 to 39 weeks serially on 146 occa-
sions, twice during the first 3 days after birth and then
weekly or biweekly. A scoring system evaluating conti-
nuity, cyclic changes, amplitude of lower border, and
bandwidth was created. The minimum and maximum
summarized scores of the variables were 0 and 13. The
total score correlated with gestational and postconcep-
tional ages, with the highest total scores attained at 35 to
36 weeks postconceptional age, although very few re-
cordings were made after 36 weeks’ gestation. Abnormal
patterns (eg, burst-suppression and seizures) were not
included in the scoring system.

Olischar and associates (15) recorded very preterm
infants, born at 23 to 29 weeks’ gestation, who had no
cerebral ultrasonography abnormalities. The recordings
were classified as: discontinuous low-voltage pattern

(lower amplitude �3 mcV and higher amplitude 15 to
30 mcV), continuous pattern (lower amplitude �5 mcV
and higher amplitude 20 to 40 mcV), and discontinuous
high voltage pattern (lower amplitude 3 to 5 mcV and
higher amplitude 20 to 40 mcV). Bursts were defined as
activity greater than 100 mcV; the median number of
bursts per hour showed an inverse correlation to gesta-
tional age, decreasing from 20.4/h at 24 to 25 weeks to
14.9/h at 26 to 27 weeks and 4.4/h at 28 to 29 weeks.
In a recent publication by Sisman and associates, (16) 31
preterm infants who had no neonatal neurologic abnor-
malities and were born between 25 and 32 weeks’ gesta-
tion were recorded biweekly from the first 24 to 48 hours
after birth to 35 postmenstrual weeks. Recordings were
evaluated for continuity, amplitude, and SWC. Clear
SWC was present from 29 gestational weeks. Amplitude
measures were very similar to the ones previously pub-
lished by Viniker and Thornberg and Thiringer.

Several studies include classification and evaluation of
abnormal aEEGs (Table 2). Bjerre and associates, (3) in
one of the earlier publications on aEEG, described back-
ground patterns as continuous or interrupted (discontin-
uous). The recorded infants included asphyxiated pre-
term infants, term asphyxiated infants, and infants up to
5 months of age who had suffered ALTE. Recovery was
associated with an initial continuous tracing or a change
in background pattern from interrupted to continuous
within 1 to 2 days of the hypoxic-ischemic incident.
Hellström-Westas and associates (21) classified aEEG
from asphyxiated term infants as continuous normal volt-
age (CNV), burst suppression (BS), continuous ex-
tremely low-voltage (CLV), and flat (FT). Toet and
colleagues (23) created a similar classification with four

Table 1. Summary of Normal Single-channel aEEG features in Newborns
at Different Gestational/Postconceptional Ages

Gestational or
Postconceptional
Age (wk)

Dominating
Background
Pattern SWC

Minimum
Amplitude
(mcV)

Maximum
Amplitude
(mcV) Burst/h

24 through 25 DC (�) 2 to 5 25 to 50 (to 100) >100
26 through 27 DC (�) 2 to 5 25 to 50 (to 100) >100
28 through 29 DC/(C) (�)/� 2 to 5 25 to 30 >100
30 through 31 C/(DC) � 2 to 6 20 to 30 >100
32 through 33 C/DC in QS � 2 to 6 20 to 30 >100
34 through 35 C/DC in QS � 3 to 7 15 to 25 >100
36 through 37 C/DC in QS � 4 to 8 17 to 35 >100
38� C/DC in QS � 7 to 8 15 to 25 >100

Modified data from references 2, 4, 13–18, 42, 43. Sleep-wake cycling: SWC (�)�imminent/immature; SWC ��developed SWC; QS�quiet/deep sleep;
DC�discontinuous background pattern, (C)�continuous
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different background patterns: continuous normal volt-
age (CNV), discontinuous normal voltage (DNV),
burst-suppression (BS), and inactive (flat, FT). Both
classifications show very high correlation with outcome.
(21)(23)(45)(46) Infants who exhibit CNV or DNV
recordings during the first 6 hours after birth are likely to
survive without sequelae; infants who have BS, CLV, or
FT tracings have a high risk for death or handicap.

Al Naqeeb and colleagues (24) created a classification
that includes three categories for normal and abnormal
aEEGs in term infants. The classification is based on
amplitude, with 14 healthy controls defining the normal
pattern. In the healthy infants, the median upper margin
of the widest band of aEEG activity was 37.5 mcV
(range, 30 to 48 mcV) and the median lower margin was
8 mcV (range, 6.5 to 11 mcV). The aEEG background
activity was classified as normal amplitude when the
upper margin of the aEEG activity was more than 10
mcV and the lower margin was more than 5 mcV,
moderately abnormal when the upper margin of aEEG
was more than 10 mcV and the lower margin less than 5
mcV, and suppressed when the upper margin of the
aEEG was less than 10 mcV and lower margin less than 5
mcV. Seizure activity was defined, but not SWC. This

classification was used recently in a
randomized multicenter study on
postasphyctic head cooling. The in-
tervention improved outcome in
infants who had moderately abnor-
mal aEEG patterns before
5.5 hours after birth. (6)

Recovery over time is a general
feature of electrocortical back-
ground abnormalities after an in-
sult. This is relevant for very pre-
term infants in whom the early
abnormal aEEG tracing of infants
developing IVH is characterized by
increased discontinuity, epileptic
seizure activity, and absence of
SWC. The aEEG abnormalities
correspond well with findings in
EEG studies, showing a correlation
between depression of electrocorti-
cal activity and extent of brain in-
jury. (47)(48) This was evaluated
prospectively in two aEEG studies
of very preterm infants recorded
during the first days after birth.
(29)(30) Because the normal aEEG
background in very preterm infants

is primarily discontinuous, changes in background activ-
ity were measured by counting the amount of activity
above an empirically chosen level of 3 mcV and by
counting the number of bursts per hour. There was a
clear correlation between early aEEG continuity and
brain injury, with infants who had large IVHs tending to
have a lower number of bursts per hour. The number of
bursts per hour during the first 24 to 48 hours after birth
seems to be predictive of outcome in infants who have
IVH grade 3 to 4. (31)

Proposal for a New Classification
It is clear that many of the previous classifications de-
scribe aEEG features relevant only for a certain group of
NICU patients (eg, asphyxiated term infants or normal
preterm infants). We, therefore, propose a classification
of aEEG background patterns based on EEG terminol-
ogy that could be used in all newborns (Table 3 and Fig.
1). (18)(49) In this proposal, we have used and modified
some of the classifications described previously. The clas-
sification does not include evaluation of background
patterns and amplitudes in relation to normative data for
different gestational ages because several publications
already cover this. (2)(4)(13)(14)(15) It should be

Table 2. Overview of Abnormal aEEG Background
Features and Their Association With Outcome
at Different Gestational Ages

Gestational
Age (wk) Background Pattern Outcome

<33 Reduced continuity
first 7 days

Associated with large IVH; long-term
outcome not assessed

<33 BS, LV, or FT first 48 h
after birth

Severe handicap/death in infants
with IVH 3 to 4

>37 DC Normal outcome if present only
during the first 6 to 12 h after
perinatal asphyxia

>37 LV Abnormal outcome after perinatal
asphyxia

>37 BS Abnormal outcome after perinatal
asphyxia; some infants healthy if
aEEG background becomes
continuous within 12 to 24 h

>37 FT Severely abnormal outcome (death or
major handicap) after perinatal
asphyxia

IVH�intraventricular hemorrhage, BS�burst-suppression, LV�low voltage, FT�inactive, flat,
DC�discontinuous
Note: Presence of epileptic seizure activity is always abnormal at all gestational ages. Background activity,
including sleep-wake cycling, may be depressed by medications.
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noted that many EEG terms (eg, focal, multifocal, sharp
waves, delta pattern) are not relevant for aEEG because a
trend monitor does not provide this type of information.
Similar to basic EEG interpretation, we suggest that pattern
recognition forms the base of aEEG interpretation.

The amplitude of the electrocortical activity is ex-
tremely important, but this measure must be interpreted
with caution because voltage may be affected by inter-
electrode distance, scalp edema, and extracerebral signals
such as ECG and high-frequency oscillation ventilation.
Such interference especially may disturb evaluation of

very low-amplitude activity. Never-
theless, normative values for mini-
mum and maximum amplitudes of
the aEEG at different gestational
ages have been published.
(2)(4)(13)(16) These figures are
very helpful for assisting in evalua-
tion of aEEG recordings in relation
to normal traces for a certain gesta-
tional age. The minimum ampli-
tude is especially valuable to assess
because it rises with increasing ges-
tational age up to term. Further-
more, short-time variability of the
minimum amplitude is usually a
sign that a discontinuous aEEG
corresponds to a discontinuous
EEG and not to a burst-suppression
EEG.

Discussion
aEEG is a method for continuous
long-term monitoring of brain ac-
tivity that has proved to be very
successful in newborns of all gesta-
tional ages and that probably will
gain more widespread use in NICUs.
The simplicity of the method makes
it possible to apply and interpret
around the clock by the neonatal
staff, and the interrater reliability is
usually excellent. (8)(24)(45)(46)
Due to the low number of electrodes,
single-channel aEEG also is suit-
able for monitoring the most pre-
term infants.

A common classification of pat-
terns would be beneficial and in-
crease the understanding of the
method. A number of studies have

shown that the previous classifications are relevant for
identifying abnormalities that could lead to early inter-
vention, but they all have been created for specific pur-
poses and, therefore, are limited to evaluation of certain
groups of patients (eg, asphyxiated term infants or pre-
term infants). Because the aEEG method is based on
EEG, a classification based on EEG terminology is opti-
mal, although direct interpretation or translation of fea-
tures is not possible. For example, amplitudes cannot be
extrapolated directly from the EEG to the aEEG or vice
versa. Interelectrode distance, high impedance, and ex-

Table 3. Suggested Classification of aEEG
Patterns in Preterm and Term Infants
Background Pattern

Describes the dominating type of electrocortical activity in the aEEG trace.
● Continuous (C): Continuous activity with lower (minimum) amplitude around

(5 to) 7 to 10 mcV and maximum amplitude of 10 to 25 (to 50) mcV.
● Discontinuous (DC): Discontinuous background with minimum amplitude

variable, but below 5 mcV, and maximum amplitude above 10 mcV.
● Burst-suppression (BSA): Discontinuous background with minimum amplitude

without variability at 0 to 1 (2) mcV and bursts with amplitude >25 mcV.
BS� denotes burst density >100 bursts/h, and BS� means burst density
<100 bursts/h.

● Low voltage (LV): Continuous background pattern of very low voltage (around
or below 5 mcV).

● Inactive, flat (FT): Primarily inactive (isoelectric tracing) background below 5
mcV.

Sleep-wake Cycling

Sleep-wake cycling (SWC) in the aEEG is characterized by smooth sinusoidal
variations, mostly in the minimum amplitude. The broader bandwidth represents
discontinuous background activity during quiet sleep (tracé alternant EEG in term
infants), and the more narrow bandwidth corresponds to the more continuous
activity during wakefulness and active sleep.

● No SWC: No cyclic variation of the aEEG background.
● Imminent/immature SWC: Some, but not fully developed, cyclic variation of

the lower amplitude, but not developed as compared with normative
gestational age representative data.

● Developed SWC: Clearly identifiable sinusoidal variations between
discontinuous and more continuous background activity, with cycle duration
>20 min.

Seizures

Epileptic seizure activity in the aEEG usually is seen as an abrupt rise in the
minimum amplitude and a simultaneous rise in the maximum amplitude, often
followed by a short period of decreased amplitude. The raw EEG should show
simultaneous seizure activity, with a gradual build-up and then decline in
frequency and amplitude of repetitive spikes or sharp-wave or activity with
duration of at least 5 to 10 sec.

● Single seizure: A solitary seizure.
● Repetitive seizures: Single seizures appearing more frequently than at 30-

minute intervals.
● Status epilepticus: Continuously ongoing seizure activity for >30 minutes.
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tracerebral artifacts (ECG and
high-frequency oscillation ventila-
tion) may interfere with the ampli-
tude evaluation. Still, we would like
to emphasize the finding from sev-
eral studies that a primary feature of
increasing maturation in healthy in-
fants is an increase in the minimum
amplitude during quiet sleep. We
have not included the feature
“asymmetry” in the current aEEG
classification because we believe
that this evaluation should be made
with standard EEG. However,
asymmetries in general amplitude
or burst appearance may be visible
in two-channel aEEG recordings.
(7)

The aEEG identifies subclinical
seizure activity that otherwise would
pass without detection (Figs. 2 and
3) (Video 1 VIDEO and 2 VIDEO ), al-
though we still do not know the
best treatment of clinically silent
seizure. However, for the neonatol-
ogist caring for a sick infant, knowl-
edge about such seizure activity is
of great clinical value because it may
direct further treatment and inves-
tigations. In this context, however,
all users of aEEG must be aware
that seizure identification with a
single- or two-channel monitor is
good but that some seizures may
pass unrecognized. Especially short
single or focal seizures as well as
continuous spiking may not be de-
tected by the aEEG. (8)(10) Close
collaboration with neurologists and
neurophysiologists is, therefore,
recommended, and standard EEGs
should be recorded frequently in
infants with aEEG, especially when
the aEEG tracing is abnormal.
More advanced systems for neuro-
physiologic monitoring, such as
video-EEG, also are available in the
NICU. However, to our knowl-
edge, video-EEG has not been used
for standard clinical monitoring in a
large population of high-risk new-

Figure 1. The classification of primary aEEG background patterns, as well as the three
degrees of sleep-wake cycling (SWC). a) Continuous background (C) with SWC in healthy
term infant (two channels, EEG upper panel, aEEG lower panel). b) C and discontinuous
(DC) aEEG background with immature SWC in an infant who has Dandy Walker
malformation at 35 weeks’ gestation (one channel, aEEG upper panel, EEG lower panel).
c) DC background that gradually becomes more continuous, as seen by the rise in the
minimum amplitude, in a term infant after cardiac surgery. d) DC background in normal
very preterm infant, in whom the maximum amplitude is often higher and the variability
in the minimum amplitude is larger than in term infants who have DC patterns. e)
Burst-suppression with >100 bursts/h (BS�) in a moderately sedated preterm infant. f)
Burst-suppression with <100 bursts/h (BS�) in a severely asphyxiated term infant. g)
Low voltage (LV) in a severely asphyxiated infant. h) Flat (FT) aEEG and EEG in a term
infant who has severe asphyxia. The aEEG baseline between 3 and 5 mcV is due to
interference from electrocardiography, which can be seen in the EEG trace. The burstlike
pattern is caused by movement artifacts.
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Figure 2. Classification of seizure activity and seizurelike appearance due to interference from high-frequency oscillation ventilation. a)
Three single seizures, each lasting for 2 to 4 minutes and appearing at 1- to 1.5-hour intervals on a discontinuous background. Twenty-five
seconds of EEG corresponds with the first seizure. The left margin of the blue vertical bar in the aEEG corresponds with the displayed EEG.
b) Repetitive seizures with 10- to 35-minute intervals on a continuous background aEEG. The 12-second EEG display is from the seventh
seizure (counting from left) with the blue vertical bar. c) Status epilepticus (“saw-tooth pattern”) after perinatal asphyxia. Administration
of midazolam (red arrow) results in temporary depression of seizures and background activity. The blue vertical bar in the aEEG corresponds
with the 12 seconds of EEG. d) This is not a seizure pattern! High-frequency oscillation ventilation resulted in a very variable and raised
minimum aEEG amplitude and clearly visible high-frequency interference in the EEG. The 25 seconds of EEG shows the aEEG at the blue
vertical bar in this 4-hour aEEG recording. The discontinuous background in this extremely preterm infant is still possible to appreciate,
but seizure activity, if present, probably would be missed. The risk of interference from mechanical ventilation on the aEEG is reduced if
care is taken that electrodes are not pressed against bedding.
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borns in the NICU because the method is more elabo-
rate. A period with video-EEG is probably the best
method for continuous monitoring of infants who have
severe and recurrent seizures.

Studies in adult intensive care indicate that use of EEG
monitoring decreases costs, but no such studies have been
conducted in newborns. Furthermore, other than the pos-
sibility of early identification of risk for brain injury
and the possibility of intervention with hypothermia,
no studies have evaluated whether use of aEEG actu-
ally improves outcome. For comparison, we are not
aware of any studies showing that monitoring of oxy-
gen saturation or blood pressure actually improves
outcome in sick newborns.

When interpreting aEEG recordings, attention must
be paid to evaluation of possible artifacts, such as ECG
and respiratory movements. The study by Burdjalov and
associates (14) contains an excellent description of nor-
mal aEEG changes with increasing maturation, although
the definition of continuity differs from the current pro-
posal. The article is recommended for new users of aEEG
because the scoring system clearly shows how to ap-

proach and interpret aEEG trac-
ings. One drawback of the article is
that abnormal patterns were not
defined.

An important issue is how many
channels of EEG should be re-
corded. For standard monitoring,
one or two channels is probably
sufficient. When abnormalities are
found in the EEG, the number of
channels should be individualized.
For most infants, one or two chan-
nels probably still will be sufficient;
only a few infants require more ad-
vanced multichannel monitoring.
A multichannel system usually is
not feasible for standard monitor-
ing because it may disturb other
care and the patient, a particularly
important consideration in fragile
very preterm infants. Although
aEEG provides clinically valuable
information, the optimal EEG
trend measure still is not known.
The new aEEG monitors all display
the raw EEG continuously, which
increases correct identification of
seizure activity but also increases

the need for adequate training of the staff caring for the
patient. For experienced interpreters, some seizures are
easier to identify when two channels are used rather than
one. Automatic seizure detection is an issue that is being
developed for some systems.

Methods for continuous monitoring of brain function
will be developed further in the future. In this respect, it
is possible that EEG trends will be combined with other
methods such as near-infrared spectroscopy for improved
evaluation of brain function. Electrodes must be devel-
oped further; needle electrodes are easy and fast to apply
and usually give good quality recording, but they are
invasive. Silver-silver chloride disc electrodes are not
invasive and are used for standard EEG, but operators
must be trained for them to provide good quality record-
ing. Some adhesive electrodes seem to work after skin
preparation, but they should not be placed on the fore-
head because eye and temporal muscle activity probably
will interfere with findings.

In conclusion, aEEG is a standard method for simple
brain monitoring. New instruments also simultaneously
display the raw EEG signal and provide different meth-

Figure 3. A two-channel record from a term baby who has had a stroke. The EEG
waveform from the right hemisphere shows a classic epileptic pattern with monotonous
spike waves that repeat at a frequency of about 2/sec. The aEEG from the right hemisphere
shows three periods lasting about 10 minutes with markedly increased lower margin. The
EEG and aEEG from the left hemisphere show no clear evidence of seizures.
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ods of analysis. Further research may show if these op-
tions are clinically useful.

References
1. Maynard D, Prior PF, Scott DF. Device for continuous monitoring
of cerebral activity in resuscitated patients. Br Med J. 1969;4:545–546
2. Viniker DA, Maynard DE, Scott DF. Cerebral function moni-
tor studies in neonates. Clin Electroenceph. 1984;15:185–192
3. Bjerre I, Hellström-Westas L, Rosén I, Svenningsen NW. Mon-
itoring of cerebral function after severe birth asphyxia in infancy.
Arch Dis Child. 1983;58:997–1002
4. Verma UL, Archbald F, Tejani N, Handwerker SM. Cerebral
function monitor in the neonate. I. Normal patterns. Dev Med
Child Neurol. 1984;26:154–161
5. Hellström-Westas L, Rosen I. Amplitude-integrated electroen-
cephalogram in newborn infants for clinical and research purposes.
Acta Paediatr. 2002;91:1028–1030
6. Gluckman PD, Wyatt JS, Azzopardi D, et al. Selective head
cooling with mild systemic hypothermia after neonatal encephalop-
athy: multicentre randomised trial. Lancet. 2005;365:663–670
7. Hellström-Westas L, de Vries LS, Rosén I. An Atlas of
Amplitude-Integrated EEGs in the Newborn. London,UnitedKingdom:
Parthenon Publishing; 2003:1–150
8. Toet MC, van der Meij W, de Vries LS, van Huffelen AC.
Comparison between simultaneously recorded amplitude inte-
grated EEG (cerebral function monitor) and standard EEG in
neonates. Pediatrics. 2002;109:772–779
9. Rennie JM, Chorley G, Boylan GB, Pressler R, Nguyen Y,
Hooper R. Non-expert use of the cerebral function monitor for
neonatal seizure detection. Arch Dis Child Fetal Neonatal Ed.
2004;89:F37–F40
10. Hellström-Westas L. Comparison between tape-recorded and
amplitude-integrated EEG monitoring in sick newborn infants.
Acta Paediatr. 1992;81:812–819
11. Bye AM, Flanagan D. Spatial and temporal characteristics of
neonatal seizures. Epilepsia. 1995;36:1009–1016
12. Tekgul H, Bourgeois BFD, Gauvreau K, Bergin AM. Electro-
encephalography in neonatal seizures: comparison of a reduced
montage and full 10/20 montage. Pediatr Neurol. 2005;32:
155–161
13. Thornberg E, Thiringer K. Normal patterns of cerebral func-
tion monitor traces in term and preterm neonates. Acta Paediatr
Scand. 1990;79:20–25
14. Burdjalov VF, Baumgart S, Spitzer AR. Cerebral function
monitoring: a new scoring system for the evaluation of brain
maturation in neonates. Pediatrics. 2003;112:855–861
15. Olischar M, Klebermass K, Kuhle S, et al. Reference values for
amplitude-integrated electroencephalographic activity in preterm
infants younger than 30 weeks’ gestational age. Pediatrics. 2004;
113:e61–e66. Available at: http://pediatrics.aappublications.org/
cgi/content/full/113/1/e61
16. Sisman J, Campbell DE, Brion LP. Amplitude-integrated EEG
in preterm infants: maturation of background pattern and ampli-
tude voltage with postmenstrual age and gestational age. J Perina-
tol. 2005;25:391–396
17. Connell JA, Oozeer R, Dubowitz V. Continuous 4-channel
EEG monitoring: a guide to interpretation, with normal values, in
preterm infants. Neuropediatrics. 1987;18:138–145
18. Lombroso CT. Neonatal polygraphy in full-term and prema-

ture infants: a review of normal and abnormal findings. J Clin
Neurophysiol. 1985;2:105–155
19. Hellström-Westas L, Rosén I, Svenningsen NW. Silent sei-
zures in sick infants in early life. Acta Paediatr Scand. 1985;74:
741–748
20. Thornberg E, Ekström-Jodal B. Cerebral function monitor-
ing: a method of predicting outcome in term neonates after severe
perinatal asphyxia. Acta Paediatr. 1994;83:596–601
21. Hellström-Westas L, Rosén I, Svenningsen NW. Predictive
value of early continuous amplitude integrated EEG recordings on
outcome after severe birth asphyxia in full term infants. Arch Dis
Child. 1995;72:F34–F38
22. Eken P, Toet MC, Groenendaal F, de Vries LS. Predictive
value of early neuromaging, pulsed Doppler and neurophysiology
in full term infants with hypoxic-ischaemic encephalopathy. Arch
Dis Child. 1995;73:F75–F80
23. Toet MC, Hellström-Westas L, Groenendaal F, Eken P, de
Vries LS. Amplitude integrated EEG at 3 and 6 hours after birth in
fullterm neonates with hypoxic ischaemic encephalopathy. Arch Dis
Child. 1999;81:F19–F23
24. Al Naqeeb N, Edwards AD, Cowan F, Azzopardi D. Assess-
ment of neonatal encephalopathy by amplitude integrated electro-
encephalography. Pediatrics. 1999;103:1263–1271
25. Shalak LF, Laptook AR, Velaphi SC, Perlman JM. Amplitude-
integrated electroencephalography coupled with an early neuro-
logic examination enhances prediction of term infants at risk for
persistent encephalopathy. Pediatrics. 2003;111:351–357
26. Osredkar D, Toet MC, van Rooij LGM, van Huffelen AC,
Groenendaal F, de Vries LS. Sleep-wake cycling on amplitude-
integrated EEG in full-term newborns with hypoxic-ischemic en-
cephalopathy. Pediatrics. 2005;115:327–332
27. van Rooij LG, Toet MC, Osredkar D, van Huffelen AC,
Groenendaal F, de Vries LS. Recovery of amplitude integrated
electroencephalographic background patterns within 24 hours of
perinatal asphyxia. Arch Dis Child Fetal Neonatal Ed. 2005;90:
F245–251
28. Pappas A, Shankaran S, Stockmann PT, Bara R. Changes in
amplitude integrated EEG background activity during neonatal
ECMO [abstract]. PAS. 2005;57:2664
29. Greisen G, Hellström-Westas L, Lou H, Rosén I, Svenningsen
NW. EEG depression and germinal layer haemorrhage in the new-
born. Acta Paediatr Scand. 1987;76:519–525
30. Hellström-Westas L, Rosen I, Svenningsen NW. Cerebral
function monitoring during the first week of life in extremely small
low birthweight (ESLBW) infants. Neuropediatrics. 1991;22:
27–32
31. Hellström-Westas L, Klette H, Thorngren-Jerneck K, Rosén I.
Early prediction of outcome with aEEG in preterm infants with
large intraventricular hemorrhages. Neuropediatrics. 2001;32:
319–324
32. Kuhle S, Klebermass K, Olischar M, et al. Sleep-wake cycles in
preterm infants below 30 weeks of gestational age. Preliminary
results of a prospective amplitude-integrated EEG study. Wien Klin
Wochenschr. 2001;113:219–223
33. Scher MS, Johnson MW, Holditch-Davis D. Cyclicity of neo-
natal sleep behaviors at 25 to 30 weeks’ postconceptional age.
Pediatr Res. 2005;57:879–882
34. Greisen G, Hellström-Westas L, Lou H, Rosén I, Svenningsen
NW. Sleep-waking shifts and cerebral blood flow in stable preterm
infants. Pediatr Res. 1985;19:1156–1159
35. Hellström-Westas L, Westgren U, Rosén I, Svenningsen NW.

neurology amplitude-integrated electroencephalography

NeoReviews Vol.7 No.2 February 2006 e85



Lidocaine treatment of severe seizures in newborn infants. I. Clin-
ical effects and cerebral electrical activity monitoring. Acta Paediatr
Scand. 1988;77:79–84
36. Bell AH, Greisen G, Pryds O. Comparison of the effects of
phenobarbitone and morphine administration on EEG activity in
preterm babies. Acta Paediatr. 1993;82:35–39
37. van Leuven K, Groenendaal F, Toet MC, et al. Midazolam and
amplitude-integrated EEG in asphyxiated full-term neonates. Acta
Paediatr. 2004;93:1221–1227
38. Nguyen The Tich S, Vecchierini MF, Debillon T, Pereon Y.
Effects of sufentanil on electroencephalogram in very and extremely
preterm neonates. Pediatrics. 2003;111:123–128
39. Young GB, da Silva OP. Effects of morphine on the electroen-
cephalograms of neonates: a prospective, observational study. Clin
Neurophysiol. 2000;111:1955–1960
40. Hellstrom-Westas L, Bell AH, Skov L, Greisen G, Svenningsen
NW. Cerebroelectrical depression following surfactant treatment in
preterm neonates. Pediatrics. 1992;89:643–647
41. Skov L, Hellström-Westas L, Jacobsen T, Greisen G, Sven-
ningsen NW. Acute changes in cerebral oxygenation and cerebral
blood volume in preterm infants during surfactant treatment. Neu-
ropediatrics. 1992;23:126–130
42. Selton D, Andre M, Hascoet JM. Normal EEG in very premature
infants: reference criteria. Clin Neurophysiol. 2000;111:2116–2124

43. Hayakawa M, Okumura A, Hayakawa F, et al. Background
electroencephalographic (EEG) activities of very preterm infants
born at less than 27 weeks gestation: a study on the degree of
continuity. Arch Dis Child Fetal Neonatal Ed. 2001;84:
F163–F167
44. Archbald F, Verma UL, Tejani NA, Handwerker SM. Cerebral
function monitor in the neonate. II. Birth asphyxia. Dev Med Child
Neurol. 1984;26:162–168
45. Thorngren-Jerneck K, Hellstrom-Westas L, Ryding E, Rosen
I. Cerebral glucose metabolism and early EEG/aEEG in term
newborn infants with hypoxic-ischemic encephalopathy. Pediatr
Res. 2003;54:854–860
46. Ter Horst HJ, Sommer C, Bergman KA, Fock JM, Van Weer-
den TW, Bos AF. Prognostic significance of amplitude-integrated
EEG during the first 72 hours after birth in severely asphyxiated
neonates. Pediatr Res. 2004;55:1026–1033
47. Watanabe K, Hakamada S, Kuroyanagi M, Yamazaki T, Takeu-
chi T. Electroencephalographical study of intraventricular hemor-
rhage in the preterm infant. Neuropediatrics. 1983;14:225–230
48. Clancy RR, Tharp BR, Enzman D. EEG in premature infants
with intraventricular hemorrhage. Neurology. 1984;34:583–590
49. Mizrahi EM, Hrachovy RA, Kellaway P. Atlas of Neonatal
Electroencephalography. Philadelphia, Pa: Lippincott Williams &
Wilkins; 2004:1–235

NeoReviews Quiz

4. Amplitude-integrated electroencephalography (aEEG) is based on filtered and compressed
electroencephalography (EEG) that enables evaluation of trends in electrocortical activity by simple pattern
recognition. Of the following, the aEEG feature contributing most to its widespread use in neonates is:

A. Automatic operation.
B. Early prediction of neurologic outcome.
C. Noninvasiveness with wide applicability.
D. Reasonable cost.
E. Reliability of recording.

5. aEEG is derived from processing of the raw EEG. Of the following, the most important aspect of aEEG is
that it:

A. Filters frequency around 10 Hz and rectifies zero scale.
B. Compresses several hours of monitoring into one display.
C. Incorporates activity in all (alpha, beta, delta, and theta) bands.
D. Integrates signals from several electrodes.
E. Smoothes signals by filtering technical artifacts.

Continued
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6. The aEEG pattern changes with advancing gestational age of the newborn. Of the following, the most
common aEEG pattern in a healthy infant at 36 weeks of postmenstrual age is:

A. Burst suppression.
B. Continuous.
C. Continuous low voltage.
D. Continuous with sleep-wake cycling.
E. Discontinuous.

7. An infant is delivered by cesarean section at 27 weeks of gestational age. The maternal history is
significant for worsening pregnancy-induced hypertension necessitating the delivery. The infant’s Apgar
scores are 7 and 9 at 1 and 5 minutes, respectively. At 24 hours of age, the infant is breathing
spontaneously in room air, has normal neurologic examination results, and shows no abnormalities on
cranial ultrasonography. The infant has received no sedatives or anticonvulsants. aEEG is obtained. Of the
following, the aEEG pattern in this infant is most likely to be:

A. Burst suppression.
B. Continuous.
C. Continuous low voltage.
D. Continuous with sleep-wake cycling.
E. Discontinuous.
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