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Babies with Neonatal Abstinence Syndrome Have
Electrographic Seizures and Altered Sleep on
Amplitude-Integrated EEG
By R. Edwin Spitzmiller, DO; Tracy Morrison, RN, BSN; Robert White,
MD

tors. Polysubstance abuse concomitant with psychological comorbidities within circumstances of abuse, poor nutrition, and lack of
prenatal care appears to create significant risk for NAS.6

Abstract

Over time, understanding of the pathophysiology for infants presenting with NAS has expanded.6 Evidence suggests that fetal programming may play a significant role in whether infants will exhibit
symptoms of withdrawal as a result of in utero stressors. Proposed
is that the fetus adapts to the unfavorable intrauterine environment
by alteration of physiologic systems as a response. In utero responses result in ex utero maladaption, manifested as symptoms of
NAS.

This study examined amplitude integrated electroencephalogram
(aEEG) characteristics in term neonates undergoing treatment for Neonatal Abstinence Syndrome (NAS). Twenty mothers consented to participate and eight infants with an estimated gestational age !37 weeks
and undergoing treatment for NAS were placed on aEEG for the first 72
hours of life and then, when possible, for 48 hours every week thereafter until discharge. The average length of time for monitoring was 174
hours. Abnormal progression of cycling as well as presence of electrographic seizures was identified during the study period. The number of
aEEG seizures identified ranged from two to a maximum of nine in one
infant. The presence of aEEG seizure activity in addition to abnormal
cycling patterns without physical manifestation of seizures may provide
significant additional clinical information to withdrawal scores in infants
with NAS.
Keywords: seizure, aEEG, neonatal abstinence syndrome, drug withdrawal
Introduction
Illicit drug use is prevalent in women during pregnancy. From 20002009, 16.2% of pregnant teens and 7.4% of pregnant women between
18 and 25 years used illicit drugs in the month before participation in
drug use interviews. Concomitantly, rates of Neonatal Abstinence Syndrome (NAS) have increased in the United States from 1.3 per 1000
births in 2000 to 3.3 per 1000 births in 2009, with the approximate number of newborns with NAS in the U.S. of 13,500. From 2000 to 2009,
hospital charges for NAS increased from an estimate of $190 million to
$720 million dollars when adjusted for inflation.1
Background
The physical signs of withdrawal can be debilitating and include evidence of central nervous system and gastrointestinal dysfunction and
neurologic excitability as described in Table 1. Seizures may accompany the withdrawal process in as many as 2%-11% of infants withdrawing from opiates. Abnormal electroencephalogram (EEG) findings
have been reported; however for more than 30% of these infants, no
overt seizure activity was noted.2,3 The onset of withdrawal from opiates, including methadone, is typically within the first 24 hours to up to
72 hours of age, depending on the opiate used. First symptoms may
also occur as late as 7 days after birth.4,5
Traditionally, symptoms of NAS have been attributed to the abrupt
cessation of drug use. However, recent evidence suggests there
may be interplay of other genetic, epigenetic and environmental fac-

In 1980, Dinges, et al., studied infants born to mothers on various
amounts of narcotics. The authors performed a sleep study that recorded electroencephalogram, electrooculogram, electromyogram,
respiration, and behavioral activity to evaluate these newborns, and
found that the opiate-exposed infants exhibited less quiet sleep and
more active REM sleep than their non-exposed counterparts.7 In 1988,
Pinto, et al., published a case series report on 13 infants with neonatal
abstinence syndrome and examined their sleep at the end of their second week of life and then again in the fourth and fifth week after the
abstinence syndrome was treated. Again, NAS babies demonstrated
decreases in quiet sleep.8
In contrast, Sarfi and colleagues examined the sleep patterns of three
month-old babies who were born to mothers taking either methadone or
buprenorphine as compared to a control group and found no differences between the groups at this age.9 However, in both reports, sleep
was evaluated at only one point in time. In fact, there is no evidence
describing the progression of aEEG background pattern, bandwidth and
time to develop cycling in term infants born to a mother on opioids.
Therefore, the goal of this study was to describe aEEG characteristics
in the term neonate undergoing treatment for NAS. The study was approved by the Institutional Review Board and was not funded by any
organization or company.
Methods
All infants with an estimated gestational age (GA) of >37+0 weeks
born to mothers with known narcotic use, no prenatal care, or who
had a positive maternal urine drug screen had urine and meconium
analyzed for illicit drugs and methadone were invited to participate.
They were monitored with abstinence scores using the modified Finnegan scoring system every 8 hours.
When a diagnosis of NAS was made, the baby was admitted to the
Neonatal Intensive Care Unit (NICU). Informed parental consent for
study participation was obtained. Each subject was assigned an individual study number and aEEG was started. Day of Life (DOL) was
used to describe the number of 24 hour periods after birth with the day
of birth as DOL 0.
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emy of Pediatrics states the use of a scoring
system is necessary as it results in more
objective criteria to determine whether
pharmacologic treatment is necessary to
begin and whether the dose of the medication should be altered.4

20 mothers approached

Reduction in methadone dose or frequency
was not made more frequently than every 48
hours as was the care protocol for the NICU.
Dosage adjustments were made at the discretion of the attending neonatologist based on
Finnegan scores.

14 consented
10 babies withdrawn at
the request of the parents,
but the
IRB allowed the use of
data obtained
from the tracings

Instrumentation

5 infants were recorded
for less than 48 hours

4 babies monitored to
discharge

9 tracings available for review

Table 1: Symptoms of Neon
natal Abstinence Syndrome
Gastrointestinal
Feeding Difficulty
Vomiting
Loose Stools
Autonomic Dysfunction
Sweating
Mottling
Fever
Temperature Instability

Neurologic Excitability
High-Pitched Cry
Seizures
Sleep-Wake Disturbances
Hyperactive Primitive Reflexes
Hypertonicity
Frequent Yawning or Sneezing
Tremors
Nasal Stuffiness

Adapted from Jansson, L.M. 2008; American Aca
ademy of Pediatrics Committee on Drugs, 1998.
Amplitude integrated EEG, was monitored
using either the Natus Medical CFM-6000,
manufactured by Olympic Medical, Seattle,
Washington, USA, or the Natus Medical
BRM3 manufactured by Xltek, Oakville, Ontario, Canada. The aEEG was initially placed
by nurses for 72 hours and then reapplied by
nurses every 7 days for a 48 hour period until
discharge or withdrawal from the study. Initially the study was designed to include the
use of hydrogel and/or needle electrodes, but
the increased physical activity of infants with
NAS precluded the use of the hydrogel electrodes due to the difficulty in obtaining artifact
free tracings. To reduce measurement error,
only a small team of 12 experienced nurses
was recruited for electrode needle insertion
and maintenance. Verification of aEEG electrode application was accomplished through
simulation so that each RN used the same
application techniques.

All infants with NAS received standard of care
according to NICU protocols. Education regarding the study was provided in staff meetings, by unit newsletter, and in person by the
study nurses. Families were encouraged to
ask questions and continue to fully participate
in the care of their infants. There was always
a study team member in house or on call to
initiate study monitoring during the study period.
Infants with NAS were treated with methadone; with the dose and frequency modified
based on Finnegan scores over the previous
24 to 48 hours. The Finnegan scoring system is a list of symptoms with accompanying
numbers to reflect the severity of each system, and has been well-described and utilized. A score of 8 or more indicates the
need for treatment.10,11 The American Acad-

The (aEEG) is a bedside monitor in which
cerebral electrical activity is recorded from
either 1 or 2 channels. The aEEG has been
described in detail in several
publications.12,13,14,15,16 Briefly, the electrical
signal obtained is rectified, smoothed, and
recorded on a semi-logarithmic scale. Interpretation is based on recognition of the background pattern as defined by the height of the
upper and lower margins of the band, the
width of the electrical band, the continuity of
the signal, and the changes in the cyclical
activity in the recording.12,13 This allows for
easy interpretation at the bedside without
extensive training.17
Data Analysis
Normal sleep-wake cycling (SWC) is characterized by sinusoidal variations in the minimal and maximal amplitude of the aEEG
which reflects patterns of alternating periods
of sleep and wakefulness. A broad bandwidth represents discontinuous background
activity during quiet sleep while a narrow
bandwidth represents wakefulness and active sleep.15,18 The patterns on aEEG representing active sleep and wakefulness cannot
be easily distinguished.19
Since the aEEG monitoring system does not
provide summation scores for monitored
events, aEEG bandwidth of the aEEG tracing
was calculated by drawing lines across the
upper and lower margins of the band and
subtracting voltage of the latter from that of
the former. Sleep-wake cycling (SWC) was
defined as a regular pattern of wider bandwidth alternating with narrower bandwidth
pattern every 40–90 minutes.15,18 The quiet
portion of the cycle time was found by counting the minutes from the beginning of the
widened portion of the tracing to the end of
the same portion. Seizures were defined as
an abrupt upstroke of the lower margin in the
aEEG pattern with regularly occurring associated high amplitude spikes in the raw EEG for
a minimum of 10 seconds.20 See the accompanying screen shots from the monitors used
during the study. Below each screen shot is
the tracing type and the definition of each
tracing for definitions and screen images from
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Tracing Type: Seizure
Definition: A rapid upstroke in the lower margin.
From Subject #12. This baby was 4 weeks 5 days old.

Tracing Type: Bandwidth
Definition: The difference between the upper and lower margins of
the tracing.

the two monitors used. All infant tracings were reviewed by the two
physician investigators. In the event of a disagreement, all aspects of
the tracing measurement or interpretation were discussed until an
agreement between the two reviewers was reached.
Results
Twenty mothers between May 1, 2009 and April 30, 2011 were approached to participate in the study and fourteen consented to participation of their infants. Infants were enrolled in the study for 5 to 66 days
with a mean of 27.4 days, a standard deviation of 18.5 days and a median of 15 days. The average length of monitoring was 174 hours with a
range of 95 – 344 hours. Subjects not included for analysis were one
infant determined to be 36 weeks gestation by exam and ten babies
were withdrawn from monitoring prior to discharge at the request of their
parent(s). After request, the IRB granted permission to use the data obtained from early study withdrawal babies for analysis. Five infants had
recordings for less than 72 hours; therefore, information from these tracings was not used in the final analysis. Three babies were monitored
until discharge. For the final analysis, aEEG results were used for analysis from a total of 8 infants, as described in Figure 1.
All eight babies had background patterns consistent with continuous
normal voltage (CNV) on Day One of monitoring. The bandwidth ranged
from 10 to 15 microvolts ("v) with a mean of 12 "v. Seven of the eight
(88%) babies had electrographic seizure activity, without clinically apparent seizures. The seizures were not treated due to retrospective review of the tracings. The number of aEEG seizures seen ranged from 1
to a maximum of 9 seizures in 1 baby.
Evidence of cycling was seen on DOL 1 in 3 babies, DOL 2 in 3 babies,
and DOL 3 in 2 babies. There was no change in cycling for the duration
of monitoring in 5 babies; however, in 3 babies the pattern changed over
time, with prolonged active sleep/awake pattern in the first 24 hours,
which then normalized over a period of days to weeks. All babies spent
more time in either awake or active sleep than in quiet sleep during
monitoring. The average awake/active sleep period was approximately
67% of the total recorded time which is summarized in Table 2. There
did not appear to be a correlation between the presence of seizure activity and the timing of the appearance of a normal sleep-wake cycling pattern or the total awake time and the NAS scores.
Discussion
To our knowledge, the current descriptive study is the first study to
document abnormal quiet-active cycling as well as the presence of sub-

Tracing Type: Continuous Normal Voltage
From Subject #12. This also demonstrates normal sleep-wake
cylcing.
clinical seizure activity on aEEG in term newborns undergoing treatment
for NAS.
We found the basic and predominant background tracing to be continuous normal voltage in all subjects. One of the most surprising findings,
however, was the number of seizures seen on aEEG. As described,
88% of the babies had at least one aEEG seizure during the monitoring
period without a physical manifestation. One infant had up to 9 seizures
without overt clinical evidence. This is the first time electrographic seizures via aEEG monitoring have been described in the infant with NAS.
The SWC was not consistent in these infants. Some of the babies developed a regular SWC from the time the aEEG was first placed, and
then became irregular; other babies did not develop a regular SWC pattern until much later. There did not appear to be any distinct correlation
between the NAS scores the development of regular SWC. These findings are consistent with the literature; however this is the first time it has
been described using aEEG.
There are 5 conscious states of the term newborn: wakefulness,
drowsiness, active sleep, quiet sleep, and indeterminate sleep. To
properly determine the sleep/wake state of the newborn, Kidokoro,
et al., concluded that one must use physiological parameters such
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as rapid eye movement, body movements, and respirations in addition to the aEEG.18 The development of the sleep cycle of the normal newborn infant has been well reviewed.18,21 An infant at 39-41
weeks’ gestation spends approximately 65% of its time in active
sleep, which steadily decreases as the infant ages. The two monthold spends approximately 55% of its sleep time in active sleep. It is
possible that if more babies remained enrolled for the duration of
their hospitalization, there would have been an even higher percentage of time in active sleep/awake.
Polydrug-exposed infants have been shown to have more total awake
time, less total sleep time and more arousals during active sleep than
non-exposed infants.22, 23 Although the babies in our study did spend
about 67% of the time either in active sleep or awake, this figure represents an average. We did not differentiate based on the age of the
baby or whether the baby was asleep or awake. Several of the tracings
showed prolonged active sleep/awake time in the earlier part of the
study, which then transitioned to a normal cycle over time.
Polydrug-exposed infants have been shown to have more total awake
time, less total sleep time and more arousals during active sleep than
non-exposed infants.22,23 One study utilized aEEG sleep recordings for
2 hours at two time points22 while the other observed respiratory control and behavior overnight on postnatal days 3, 4 and 5. 23 Both studies involved babies exposed to polydrug abuse including cocaine.
The presence of abnormal cycling should be considered in the treatment of the withdrawing infant. In our study, four of the eight infants
had periods of normal cycling interspersed with periods of prolonged
active phase. The presence of these prolonged active patterns, when
paired with physical signs of wakefulness, could be used to determine medication adjustments during treatment.
The incidence of visible seizures in the newborn is 1 to 3.5 per 1000
live births. Electrographic-only seizures are not uncommon; one report quotes 80% of electrographic seizures were not associated with
clinical findings and they occurred in 1% of 1200 neonates considered high risk for seizures.24 Although clinically apparent seizures are
known to occur during opiate withdrawal we observed solely
electrographic-only seizures.2, 3, 25
Implications
One limitation of this study is the small number of infants enrolled.
Our results need to be duplicated on a larger scale. Another limita-

Tracing Type: Continuous normal voltage
Definition: Voltage margins between 10 and 50 microvolts
From Subject #6. This shows lower and upper margins above 10
and 50 µV. There is not sleep-wake cycling present during this 4 hour
tracing.
tion was the inability to monitor all infants until discharge due to
parental withdrawal of consent in the later stages of their treatment.
A third limitation is that we did not specifically evaluate the amount
of active sleep time, awake time or time in quiet sleep; rather, we
compared active sleep/awake versus quiet sleep. While there has
been no study validating aEEG for quantification of sleep-wake cycling, Kidokoro, et al state the presence of cycling on aEEG corresponds to the presence of alternate changes of continuous and
discontinuous patterns on conventional EEG.18 Since the aEEG
trace is the result of a filtered, amplified, rectified, smoothed and
compressed raw EEG displayed on an semilogrithmic scale, it is the
best way to follow cycling for a prolonged period while a baby is in
the NICU. Our findings of electrographic-only seizures and the abnormal SWC patterns are the first to be described. These findings
should be considered an additional, previously undescribed manifestation of NAS, with possible implications for treatment. More
studies with larger numbers of subjects need to be done.

Tablle 2: Demographic
cs of Babies Who Were Used in the
e Final Analysis
ID

EGA
(weeks+
days)

BW
(grams)

Postmenstral
age at time of
entry
(days)

Length of stay
(days)

Total duration
of monitoring
(days)

Total number
of seizures

Average NAS per day of
monitoring

#2

40+2

3455

0

81

5

0

10, 14, 13, 12, 7

#5

40+2

3410

2

71

4

3

13, 15, 12, 7, 7, 6

#7

39+3

2935

2

36

9

2

11, 7, 6, 5, 8

#8

38+6

3120

1

34

4

2

8, 6, 5,

#9

38+4

2635

3

13

5

0

8, 4, 5, 5, 7, 10

#11

38+4

3275

0

48

9

6

5, 8, 8, 6, 5, 6, 3, 3, 7, 6

#12

37+6

3400

2

66

14

5

10, 11, 5, 6, 8, 8, 8, 8, 7, 7, 6,
9, 11, 7, 6, 6, 7,5, 5, 6, 8, 4

#14

40+4

3289

1

23

7

9

8, 4, 6, 8, 3, 3, 3, 4, 5
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Conclusion

4.

The aEEG may be a useful adjunct tool in the
evaluation of the full-term neonate who is exhibiting signs of NAS. Some of these babies
have less sleep – wake cycling and many babies exhibit electrographic-only seizure activity,
the significance of which is yet to be established. More studies with larger numbers of
infants are needed to answer these questions.
We propose the aEEG be used as an adjunct
during the treatment of Neonatal Abstinence
Syndrome. The presence of seizures on aEEG
or the absence of a normal sleep wake cycling
pattern should provide added information to
the withdrawal score and may be valuable to
determine pharmacologic therapy adjustment.
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