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Background:

Critically ill neonates are at high risk for adwersgeurologic sequelae but the
bedside evaluation of a neonate’s neurologic stasecially cortical functioning, is
extremely limited. In such circumstances, contirsueidleo EEG provides particularly
useful information about brain function and camitifg electroencephalographic seizures
without clinical correlaté:? For these reasons, continuous video EEG monitdsiag
useful tool in the intensive care nursery (ICN)eTmerican Clinical Neurophysiology
Society (ACNS) has recently produced guidelinesurdigg methods and indications for
continuous EEG monitoring in neonates.

A challenge in EEG monitoring of neonates is toarsthnd the clinical
significance of various EEG patterns. In the atitili population, there has been
extensive debate, for example, regarding the inapeo# of fluctuating rhythmic
patterns’”’ The ACNS Critical Care Monitoring Committee hasigted standardized
terminology of rhythmic EEG patterns in the critigall in order to facilitate multicenter
collaborations to determine whether these patteans clinical significanc® Neonates
have distinctive EEG patterns that necessitateragpterminology.

This document is the consensus of experts to ésftedthndardized neonatal EEG
nomenclature aimed at improving consistency antlititing collaborative research.
Where evidence exists to support a particular dafim it is noted. For terms with
historically variable definitions, alternative nonuéature is referenced but a single
definition is proposed. We anticipate that futteeisions will incorporate feedback and
emerging research building upon this initial effdany of the studies upon which these
criteria are based utilized routine-length EEG rdiaws and in this limited context,
values such as acceptable duration of interburestvals have been offered. However,
greater variability may be expected in recordinig®oger duration. Our hope is that this
document provides groundwork for collaboration ébedmine the clinical significance of
various EEG patterns in continuous monitoring @f ¢htically ill neonate.

DETAILS TO BE REPORTED

Characterization of a 24 hour period of continuaideo EEG recording should include:
(Box 1)
1. Documentation of patient’s postmenstrual age (PMyastational age, measured from
the time of the last menstrual period + chronolabage) at the time of recordird.
a) Term = 37 up to 44 weeks PMA
b) Preterm = less than 37 weeks PMA
c) Postterm = 44 to 48 weeks PMA
2. Documentation of neuroactive medications at the tifhrecording. This includes
sedatives, hypnotics, anxiolytics, general aneshasd anti-epileptic drugs. An

#We use the term PMA here in accordance with thedean Academy of Pediatrics policy statement on
age terminology in the perinatal period. Howeveg,recognize that historically, many seminal
investigations of EEG ontogeny calculated gestatiage from the time of conception rather thanldise
menstrual period. This has been traditionally tetmenceptional age (CA).The LMP occurs about 2 week
before conception.



ideal report would also document when these mdditaiare administered during the
recording.

3. Documentation of the depth and duration of hypathi@rduring the recording, and
whether it is spontaneous or induced.

4. An ideal report would also document clinical chantieat have the potential to
impact cerebral function. These would include simdgemodynamic instability, rapid
changes in respiratory function or cardiorespirafailure.

5. Documentation of the number of hours of recordirag tannot be interpreted due to
technical problems.

6. Detailed characterization of the background EE@uies during the first hour of
recording. Presence or absence of state changssbmincluded.

7. Characterization of one hour of background recagraithin each 24 hour period of
EEG monitoring.

8. Characterization of additional epochs of backgrowhén there are relevant changes.
Relevant changes include not only evidence foreasing encephalopathy but also
the new development of episodic state changes.

9. Documentation of seizure onset, seizure burdensarmlire resolution. When
present, specific note should also be made ofeélgenhing and end of status
epilepticus.

The normal neonatal EEG evolves as the brain mgtueélecting both antenatal and
postnatal experiences. All else being equal, tvalthg infants with the same PMA
should have very similar appearing EEG recordifigpgre should be no visible
differences between an EEG recorded from a 5 week®ological age infant born at 35
weeks EGA (PMA = 40 weeks) compared to a 1 weekrabingical age baby born at 39
weeks EGA (PMA is also 40 weeks). However, in casttto the older child or adult, a
few weeks’ age difference can cause visible chamgeermal EEG features. The
following text proposes nomenclature to describenmab and abnormal features of the
EEG in the preterm and term infant. Where releviamgfers to the specific PMA at
which various features are seen. We focus spatifion normal state changes,
background features, graphoelements (or named te &G features), seizures, and
rhythmic or periodic patterns.

BEHAVIORAL STATE

Standardized descriptions of the behavioral statesteep-wake cycling are particularly
useful in considering whether a neonatal recortisnal or abnormal. Features of a full
term neonatal EEG and polysomnographic recordingrgenover time in the premature
infant. A behavioral state is said to be presédmmfeatures of that state are present for
one minute or longer (Box 2)

Awake

Term. A healthy term neonate is awake when the eyes@er and the EEG background
has continuous, low to medium voltage (25-50 p\kgeapeak (pp)) mixed frequency

® All voltages included in this manuscript refepteak-to-peak (pp) values.



activity with a predominance of theta and delta enerriding beta activity.(Figure 1)
This is traditionally calledctivité moyenneroughly meaning “average or medium” EEG
background activity. During wakefulness, term imfahave irregular respirations and
there are spontaneous movements of the limbs aay bo

Preterm. A healthy preterm infant is considered awake wiheneyes are open. This
remains its premier clinical characteristic unft34 weeks PMA, when other
polysomnographic signs (irregular respiratory patephasic or tonic chin EMG
activity, and the presence of small and large bndyements) are also reliably
concordant with wakefulness. Brief portions of dveake EEG are continuous at 28
weeks PMA. The awake background is even more aootis by 32 weeks and
persistently continuous by 34 weeks and thereafter.

Sleep

Sleep in the neonate is classified as active, gmaisitional, and indeterminate. Each
has distinctive EEG and polysomnographic features.

Active Sleep

Term. The healthy term neonate in active sleep hasytbe @osed, intermittent periods
of rapid eye movements (REM), and irregular resjins with small and large body
movements. The EEG background shows activité maydndistinguishable from that
of normal wakefulness.

Preterm. Tracé discontinulescribes the normal discontinuous tracing enevadtin
healthy preterm babies (Figures 1, 2a). This EE@pais characterized by bursts of
high voltage (50-300 pV pp) activity that are rexglyl interrupted by low voltage
interburst periods (< 25 uV pp}The duration of the low voltage interburst periésis
dependent on PMA, being longest in the youngest PihfiEnts. The bursts of EEG
activity have expected and recognizable constitusath as monorhythmic occipital
delta activity and other patterns that are desdriimow. Tracé discontinu predominates
before 28 weeks PMA. Brief and inconsistent perioidsontinuous EEG activity occur
first in waking state and active sleep along wihid eye movements (REM) at 25 weeks
PMA.* Movements (face and body) in active sleep tertzetsegmental myoclonus or
generalized myoclonic and tonic posturing. By 28a8%ks PMA, there are some periods
with complete features of active sleep (eyes cloR&M, irregular respirations, body
movements and continuous EEG). After 34 weeks adligep consistently has
continuous EEG activity.

Quiet Sleep

Term. In the healthy term neonate, quiet sleep is dihyacharacterized by eye closure,
absent REM, and scant body movements, except &@stnal sucking activity or
generalized myoclonic “startles”. The quiet slegg@background near terriracé
alternant,evolves from the less mature tracé discontinhénpgreterm (Figures 1, 2b)
shows the “alternating tracing” in which highertagle bursts (50-150 uV pp), comprised
predominantly of delta activity and lasting rougdlyo 10 seconds|ternatewith



briefer, lower voltage (25-50 pV pf)interburst periods composed mostly of mixed theta
and delta activity. These interburst periods ofdralternant, taken in isolation, greatly
resemble the characteristics of activité moyenrik it8 low to medium voltage, mixed
frequency activity. Tracé alternant gradually diz=grs with age and is minimal by 42
weeks and vanishes by 46 weeks. As tracé altefades, it is replaced in quiet sleep by
the more mature, fully continuous quiet sleep bamltigd comprised of non-stop, high
voltage (50-150 pV pp) delta and theta activitygepl spindles around 10-12 Hz first
appear within this continuous slow wave sleep patby 46 weeks PMA.

Preterm. In the very preterm neonate, most of the EEG haxhkyd is discontinuous in
all behavioral states. With advancing PMA, wakefsis and active sleep are
distinguished from quiet sleep by greater periddsoatinuity. Tracé discontinu is the
defining feature of quiet sleep first emerging am28 weeks PMA. By 34-36 weeks
tracé discontinu is seen only in quiet sleep. Theunt of time with a tracé discontinu
pattern decreases with increasing PMA so thatra iefant has rare, if any, periods of
tracé discontinu in quiet sleépBy 37-40 weeks, tracé alternant fully replaceséra
discontinu as described above.

Transitional Sleep

In between states of waking, active sleep and aleep, there are temporargnsitional
periods in which typical features for a specifib&eoral state are incomplete. These
transitional sleep states typically blend togettimical and EEG features of the original
and final behavioral states. Transitional sleepsdus clearly satisfy the
polysomnographic and EEG background criteria fepecific state as defined above. For
example, in the transition from active sleep teetigleep, an infant might still show some
large body movement but deep regular respiratioosrapanied by an EEG that is
between activité moyenne and tracé alternant. ddiisixture of the two states is seen
until quiet sleep fully emerges and satisfiestad ¢triteria for definite quiet sleep.
Transitional sleep can be thought of as a tempgraripd of indeterminate sleep, as
described below.

Indeterminate Sleep

Segments of the EEG in which the baby’s eyes ased (indicating sleep) but in which
other clinical and EEG features do not permit defiassignment to active or quiet sleep
are designated as indeterminate sleep. These pésickithe anticipated features for
assignment to a unique sleep state. As aboveijtioana sleep is a temporary kind of
indeterminate sleep. Much of sleep is indetermimatery preterm infants in whom
there is not a well established concordance betweeBEG background and
polysomnographic variables. Only a small amouribti#l sleep time is indeterminate in
healthy term infants. A high percentage of totakpltime that is indeterminate would be
considered abnormal at term.

Sleep-wake cycling



Sleep-wake cycling is the pattern of alteration®agnbehavioral states. Cycling is more
distinctive and easier to recognize in term baliemspared to preterm babies. It is also
easier to detect in long term recordings than bdafine tracings’

Term. In the term infant, a complete sleep and wakingectypically has a duration of
3-4 hours* An isolated sleep-only cycle typically lasts 40#ithutes and progresses in a
somewhat orderly fashion. The awake term infanallgtirst falls into an active sleep
state. This is true until about four months afeent equivalent age. Tracé alternant may
then appear in the first portion of quiet sleep gratiually be replaced by continuous
high voltage slow activity. Term neonates spend@pmately 50-60% of the sleep

cycle in active sleep, 30-40% in quiet sleep and 3% in transitional sleep.

Preterm. The proportion of time spent in any state alsdegaby age™ > The first
rudimentary evidence of sleep cycling can be s¢@d aveeks PMA. At 27-34 weeks
PMA, 40-45% is spent in active sleep, 25-30% iretjaieep, and 30% in indeterminate
sleep. Beyond 35 weeks PMA, infants spend 55-65%enfime in active sleep, 20% in
quiet sleep and 10-15% in indeterminate sleep.diination of a sleep cycle (first active
sleep, then transitional sleep and finally quieep) is 30-50 minutes for neonates <35
week PMA and increases to 50-65 minutes beyondesksyPMA.

Unspecified State Changedn a sick infant with disruption of normal backgral
features, it may be difficult or impossible to itd&ndefinite specific sleep states.
However, some infants can still have state chardgfg)ed as cycling between distinctly
different EEG patterns as indicated by the amotibbokground discontinuity, voltages
or electrical frequencies with at least one minnteach unspecified state.

EEG BACKGROUND

The constituents of normal neonatal EEG backgrawudve with PMA. In the
following section, the features of both normal abhdormal EEG backgrounds will be
defined. (Box 3)

Continuity

Normal Continuity

EEG activity is continuous when there is uninteteal non-stop electrical activity with
less than 2 seconds of voltage attenuation <25 VTjhe entire evolution of the normal
EEG background proceeds from the persistently dismoous tracing in all behavioral
states in extremely premature infants to continlela& in all states in fully mature
infants.

Discontinuity

Discontinuous EEG activity is broadly recognizedhagher voltage “bursts” of electrical
activity interrupted by lower voltage “interburst§he intervening periods of attenuation
are termed interburst intervals (IBI). The durasiégm seconds of the IBIs are a function



of age, being longest in very preterm infants dmttest during tracé alternant quiet
sleep at term. We define the IBI as a period incihactivity is attenuated <25-50 pV pp
for two seconds or more. The literature has hisatly proposed various definitions for
classifying EEG patterns on the basis of IBI. Teérdtions offered here are attempted
compromises from thegé.3(Table 1) The background can still be called digcmious

if there is modest activity within the IBI in a gile electrode or a single transient in
multiple electrodes.

Normal Discontinuity. There is a progressive decrease in hormal |Bitthus with
increasing PMA> 3 Tracé discontinu, as defined above, is a nornsaiditinuous EEG
pattern in preterm infants (Figures 1, 2a). Thetalmal activity within the bursts includes
age-appropriate graphoelements such as rhythmipitadalelta activity and other
specific, named patterns that are described bétagsvpresent in varying amounts from
26-40 weeks PMA. It appears first in wakefulneastive and quiet sleep (until 30 weeks
PMA), then only in quiet sleep, and is rarely sieimfants 38 weeks PMA or oldé&t.

Tracé alternant, as already defined, depicts a pbitnansition from complete
discontinuity to full continuity. It is only seen guiet sleep. In the transition from tracé
discontinu to tracé alternant, the durations ofiBie shorten while their voltages swell
until all the gaps of immature discontinuity haweh filled in. While bursts of 50-150
pV delta activity alternate with lower voltage thetctivity of 25-50 puV, these lower
voltage periods never completely attenuate. Inrashto tracé discontinu, the voltages
are never less than 25 pV ffFigures 1, 2b) Like tracé discontinu, the abumeanf
this pattern varies by age. Tracé alternant is $een at 34-36 weeks PMA, becomes
minimal by 42 weeks and is no longer seen by 4&a/EMA.

Excessive Background Discontinuity

In sick newborn infants who have experienced aetaf causes of encephalopathy
(such as HIE, intracerebral bleeding, sepsis-méisngtc.), the two main reported
categories of background abnormalities are patheddly excessive discontinuity and
abnormally low voltage for PMA® We suggest restricting the term “excessive
discontinuity” to abnormally discontinuous tracéngith bursts that contain some
normal patterns and graphoelements separated bytHBt are too prolonged or voltage
depressed for PMA, as defined by the parametéFalite 1 (Figures 1, 2¢f.This is an
area that can be addressed and better quantifigagung study using standardized
methodology to correlate 1Bl with patient outcomes.

Burst Suppression

Further disruption of EEG continuity results in there severe burst suppression pattern.
This consists of invariant, abnormally composed Biti@sts separated by prolonged and
abnormally low voltage IBls periods, strictly defthas IBI voltages <5 pV pp (Figures

1, 2d). However the definition does allow for otecerode with sparse activity during

the IBIl up to 15 pV pp, or less than two seconds wansient activity up to 15 pV pp, or
> 2:1 asymmetry in voltage in multiple electrodes.



In all cases, the EEG should be invariant, wittspontaneous discontinuity changes due
to internally mediated lability and no EEG chandeeactivity due to external noxious
stimulation of the infant. The presence of highL0® uV pp) or low (<100 pV pp)
voltage activity in the bursts should be descrilidgdte composition of the bursts of the
EEG activity is characterized by non-specific theligta, beta and admixed sharp waves
but is devoid of specific graphoelements such asaritythmic occipital delta activity,
delta brushes or other recognizable graphoeleméhis.is a key feature distinguishing
burst suppression from excess discontinity:st suppression has no normal features
within the bursts, while excessively discontinuaesrds have some normal patterns
identifiable within the burstsSimilarly, burst suppression is an invariant gt while
excess discontinuity contains some variabilityezativity.

If burst suppression occurs, typical burst andd&ilation should be recorded. Further
characterization should include a description ef‘gharpness”of the components of a
typical burst (see below “Rhythmic and Periodict&ais of Uncertain Significance”-
Modifier “Sharpness”). In some individuals, thedts are composed entirely of non-
specific frequencies but in others, unequivocabbes waves appear admixed within the
bursts.

Symmetry

Normal Symmetry. In the normal neonatal EEG, electrical voltagesjuencies, and the
distribution of specific, named graphoelements &hbe reasonably equally represented
between homologous regions of the two hemisphéitesleft and right hemispheres
should be more or less electrographic mirror imadesach other. This allows for
fleeting, transient asymmetries to occasionallyuocehile still considering the record
symmetric overall.

Abnormal Asymmetry. The persistence of more than a 2:1 differenamitages

between homologous regions of the two hemispheresclear disparity of background
features, including the fundamental electrical frracies and the distribution of specific
graphoelements between the two sides is abnoriimale $cal lesions (arterial ischemic
stroke, sinovenous thrombosis, localized bleedibgcess, etc) account for up to 10% of
acute neonatal encephalopathies, EEG backgroumdhaslyies are not rare and may be
diagnostically relevant.

Synchrony

Synchrony is defined as the onset of bursts ofiagtihat occur nearly simultaneously
between hemispheres in the discontinuous portibtteearecording. For example, a
single burst within tracé discontinu would be cdesed synchronous if the onsets of the
left and right hemisphere bursts occur within 8&osds of each other. The reader
assesses the percentage of bursts that are synokrawithin the discontinuous portions
of the study.



Normal synchrony. The percentage of synchronized bursts is nateatifunction of
PMA. Prior to 27-29 weeks PMA, EEG activity is alsh@ompletely synchronod$.*®
Between 29 and 30 weeks PMA, EEG activity may didyabout 70% synchronous.
From approximately 30 to 37 weeks PMA, more syncbus activity emerges until term
when the EEG is nearly 100% synchronous again.

Normal Asynchrony. As above, some degree of asynchrony is expectédormal
between 30 and 37 weeks PMA. By 38 weeks PMA thé ERould not show any
substantial amount of asynchrony.

Abnormal Asynchrony. This is defined as a clearly excessive percerma§EG bursts
for PMA that occur asynchronously (greater thanse&nds between onset of activity in
each hemisphere) during the discontinuous portbrise recording.

Voltage

Few studies have defined the normal boundariegdibage (or amplitude) in premature
infants. Thus, there will be no attempt to offermal voltage criteria for abnormality in
this group. The focus of this section will therefdre the boundaries of normal voltage
for the term infant. (Figure 1) Just as with theéeslchild or adultyoltage abnormalities
should be interpreted with cauti@s many extracerebral conditions (such as poor
electrode impedance or inaccurate electrode platesealp edema, cephalohematoma,
and subdural hemorrhages) can artificially resulbiv voltage EEG activity or
interhemispheric voltage asymmetries. Strict vattdgesholds are therefore difficult to
determine.

Normal Voltage
A healthy term infant should have most EEG actiwt®5 pV pp in all behavioral states.

Borderline Low Voltage

This is defined as a continuous EEG backgroundaioing some normal activity and
graphoelements with representative voltages perdlgtat least 10 pV but less than 25
K1V. The clinical significance of borderline lowltage is not certain.

Abnormally Low Voltage

Low Voltage Suppressed

There are various definitions in the literatureanfabnormal background due to a low
voltage or “low voltage undifferentiated” patteitf' We propose a definition of
persistently low voltage activity without normalckground featuresThe fundamental
baseline voltage is less than 10 LV pp. The backgt@an be interspersed with higher
voltage £ 10 pV pp) transient activity for less than twoaeats. In addition, the record

is invariant, with no inherent lability, andnreactive with no EEG changes from external
stimulation. This pattern suggests severe neuimlogiry with diffuse death or

dysfunction of the cortical neuronal generatorEBfS activity.

Comment [TT1]: <15uV invariant
Based on Holmes 1982, monod
1972. Monod say - reactivt

T




Electrocerebral inactivity (ECI)

This terminology is used to describe the absendisokrnible cerebral electrical activity
>2 1V pp when reviewed at a sensitivity of 2 pV/ifrithe term ECI has largely
replaced the previous terms “electrocerebral sd&(ECS) and isoelectric recordings,
although their implications are the same. Publigiidelines detail the technical
requirements needed for performing an EEG to agee&CI? These are distinct from
the technical requirements for standard neonat@ Eg€ordings. If the EEG is not
performed according to these standards, the terhsk@tild not be applied. If there is no
discernible cerebral activity, but the recordingswat conducted according to the ECI
guidelines, the report should indicate that themingmaybe consistent with ECbut
should specify ECI cannot be determined withoutapgropriate technical parameters.
ECl is a pattern which, when coupled with apprdgridinical examination and/or
neuroimaging, is used to determine cerebral d&atfi*’ Clinicians are advised to
consult their institutions’ guidelines regarding tthetermination of brain death for
newborn infants, as practices vary.

Variability

Variability (lability) denotes conspicuous spontange EEG responses to internal stimuli
such as occur during typical sleep-wake cyclings first present by 25 weeks when the
EEG initially demonstrates nascent changes witbdtiavioral state. Variability should
be increasingly apparent by 28 weeks PMA and vadildished by 30-31 weeks PMA.
The EEG responses can consist of changasymlectrical domain: frequency,
continuity, or voltage. It is important to notettarousals from sleep can result in
transient attenuation of EEG voltages which showldbe mistaken for discontinuity.
Variability should be recorded as Yes, No, or Uadlenknown/not applicable. For
example, variability would obviously be presentif0 minute recording which captured
multiple behavioral states such as wakefulnesssitianal, active and quiet sleep. The
last choice might apply, for example, in a 60 méngcording that captured only an
awake state

Reactivity

EEG reactivity is demonstrated when there is agionsus cerebral EEG response to
external stimulation. Like lability, these EEGpeases also consist of changes in any
electrical domain: frequency, continuity, or vokag he clinical and behavioral
components of reactivity can include crying, movam&MG activity, and respiratory
pattern changes. It is important to note thatrafiternal or external stimulation,
behavioral responses may induce artifacts from meve: or EMG activity that may
mimic actual changes of the EEG background. Reaacfivst appears at 30-32 weeks
PMA, but might not been seen with each and evefgreal stimulation. Reactivity
should be recorded as Yes, No, or Unclear/unknostrdpplicable. Strength and/or
nature of stimulus should be noted.

Dysmaturity



The traditional scenario in which the tedysmaturitywas coined involved very
premature infants with chronic ilinesses such asidhopulmonary dysplasia. Over time,
their EEG background features sometimes faileddture at the same rate as their PMA
progressed. There was eventually a gap betweeanaitieial PMA and their maturity as
suggested by the appearance of their EEG backgsoiihis disparity in maturity
between the actual PMA and their “EEG PMA” is tedlysmaturity, defined as an
EEG that would be normal for an infant at least imaeks younger than the stated PMA.
The persistently dysmature EEG is considered abaloaind is associated with an
increased risk of abnormal neurologic outcdmé

NORMAL GRAPHOELEMENTS (DEVELOPMENTAL BACKGROUND
HALLMARKS)

In neonatal EEG, graphoelements are normal, exghespecific, named EEG
background patterns that first appear, peak andfdde during particular epochs of
neonatal development. They are characteristic @fiip PMAs. They are part of the
composition of the normal EEG background and aus tipically symmetric. Not every
known type of specific graphoelement is includekblve we have defined the most
commonly seen.(Box 4)

Monorythmic Delta Activity. This pattern occurs between 24 and 34 weeks PMIA an
consists of moderately high voltage (up to 200uYdmita activity with a relatively
stereotyped morphology. It may be predominantlyiptad, temporal and/or central, but
is rarely frontaf® Is typically synchronous and symmetric, and ofterface positive.

Delta Brushes.Delta brushes have been described under many namkesling beta-

delta complexes, spindle-delta bursts, spindleflilst waves, or ripples of prematurity.
These are most prominent between 24 and 36 weeksd®d consist of a combination

of 0.3-1.5 Hz slow waves of 50-250 pV pp with supgiosed fast activity (8-12 or 18-

22 Hz)* Their peak expression is between 32 and 34 welgs Fhey are maximal in
active sleep up to 32 weeks and after that areisegakefulness and quiet sleep then are
maximal in quiet sleep between 33 and 37 weeks PAThey are occasionally seen

in quiet sleep up to 40 weeks PMA.

Rhythmic Temporal Theta. This graphoelement occurs between 24 and 34 weldiks
It typically consists of 25-120 pV pp theta freqagmctivity for short (two second)
bursts over the temporal region. It is typicayrenetric, and maximal between 29 and
32 weeks PMA? 17 8\Morphologically similar activity can be seen at trertex and
occipital regions.

Anterior Dysrhythmia . Despite its somewhat misleading name, this isrenal
graphoelement. It first appears at 32 weeks ansigismuntil 44 weeks PMA. It consists
of 50-100 pV pp delta waves which may occur indoh or brief runs for a few seconds
over the frontal region¥ ‘81t is typically synchronous and symmetric.



Encoches Frontales This pattern is intimately related to anterigsihythmia and the

two are often seen admixed over the frontal regifffigure 3a) Encoches frontales occur
between 34 and 44 weeks PMA and consist of 50-AM0ppubroad diphasic transients
(0.5-0.75 sec) with a small initial negative defiec and a larger positive deflectidh?

18 Overall, they are typically synchronous and synimeThey are often present in
transitional sleep and most abundant in the triansftom active to quiet sleep.®

EEG TRANSIENT PATTERNS

As opposed to the fundamental EEG background, wibitie basic ongoing cerebral
electrical activity, there are also transient EE®qrns that may intermittently punctuate
the background. (Box 5)

Sharp Wave Transients

Many healthy neonates have normal, physiologicpshave transients while some sick
newborns show abnormal or excessive sharp wavsiéras that imply pathology. There
remains debate regarding the boundaries that depatmgsiologic from pathologic sharp
wave transients. Sharp wave transients are charddy their negative or positive
polarity, duration, abundance, spatial distributiand repetitive behavior.

A negative sharp wave transient has an initial@medominant deflection that is surface
negative. A positive sharp wave transient has aialiand predominant deflection that is
surface positive. Both need to be clearly distfrmin the background as separate
transients and not just “sharply contoured backgdoactivity”. Sharp wave transients
lasting < 100 msecs are commonly cakpikes Sharp wave transients lasting 100-200
msecs are commonly callstiarp waveslt is notable that the typical neonatal display of
15mm/seconds time compresses the appearance lmdickground, and many EEG
features will appear more sharply contoured thahafrecording were viewed at the
typical adult or pediatric display setting of 30n3et.

Quantification of the abundance of sharp wave tesms (the number of spike or sharp
waves per minute at a given location such as thaleor temporal regions) should be
undertaken in the most continuous portions of genatal EEG: wakefulness or active
sleep. In the discontinuous portions of the recpadticularly during tracé alternant, the
EEG bursts often have fleeting sharply contoureiviagcembedded within the
background, rather than truly distinct EEG trantsieseparate from the background.
Sharp wave transients can appear at any electoodédn. Sharp wave transients may
occur as single, solitary events or recur in brégfetitive runs or trains.

Physiologic Negative Sharp Waves.

Physiologic negative sharp waves lasting 100-208csiare commonly seen in the EEGs
of healthy near-term and term infants (Figure 3ley are typically observed against the
backdrop of a normal EEG background for PMA. Thegear in greatest abundance in
the mid-temporal, central and centro-temporal negjid hey are rare in the frontal,



midline vertex and occipital regions. They are syetnmoally distributed between
homologous regions of the hemispheres. They ardlyrgisgle, solitary transients but a
few may appear in brief trains or ruffs.

Abnormal Negative Sharp Wave Transients

These appear as sharp waves or true spikes (RBglr&ghey most commonly arise in the
context of an abnormal EEG background for PMA. éitbh they may also appear in the
familiar mid-temporal, central or centro-tempor@ations, they may be heavily
concentrated in one region or hemisphere, ratlzer lieing randomly or evenly
distributed spatially. They may also be seen ipiag} locations such as the frontal,
midline vertex or occipital regions. They may beamumore abundant compared to
physiologic negative sharp wave transients. Dataéonates who were assessed
developmentally at one year old indicate that negative sharp wave fiequent than
11 per hour for preterm and 13 per hour for terfarits are abnormaf;>* Abnormal
negative sharp EEG transients are more likely thigysiologic negative sharp waves to
recur in brief runs or train®.

Positive Sharp Wave Transients.

Historically, these were first described in the BB preterm infants who developed
significant intraventricular hemorrhages. Posisharp waves were described in the
Rolandic regions (positive Rolandic sharp waveBRE), represented by electrodes C3
and C4, although it was later recognized than nveeng actually maximally situated at
the midline vertex (positive vertex sharp waves-PwBh field spread to the adjacent
Rolandic regioné® It is now appreciated that PRS and PVS are mostbt
pathologically associated with underlying white teatnjury including periventricular
leukomalacia’

In the term infant, excessive positive sharp wandke mid-temporal regions can signify
underlying focal pathology such a localized hemagehor white matter injury. However,
these are more difficult to judge since rare scattéemporal sharp waves can be
occasionally seen in apparently health term infaPitsvious work su%gests up to 3 per
hour for preterm and 1.5 per hour for term neonatag be normai®®

Brief Rhythmic Discharges (BRD).

This transient EEG pattern consists of evolvinghhyic patterns of electrical activity
that share many characteristics with seizures feuvery brief, with a duration less than
ten second®*?These have previously been alternatively descriibéke literature as
BIRDs (Brief Ictal/Interictal Rhythmic/Repetitiveifcharges) and BERDs (Brief
Electrographic Rhythmic Discharges). Given thattthe significance of these
discharges is uncertain, the operational term “BRII'be used here. They are usually
seen in the context of an abnormal EEG backgroundéba confirmed electrographic
seizures. BRDs are rarely seen in isolation inramabEEG. At this time, their
pathological significance is not fully understodtbwever, recent studies in adults
suggest that clinical behavior changes can coexibtepileptiform discharges under two
seconds in duratiofi.Similarly, a case series demonstrated similar afigrtand



neurologic disability for infants with BRDs as wiskizured! Further study is needed to
better understand the basis and significance ef tiythmic discharges in the neonate.

SEIZURES AND STATUS EPILEPTICUS

Neonatal Seizures

Neonatal seizures are traditionally classifiedlasaal-only, electroclinical or
electrographic-only seizures. dinical-only seizureconsists of a sudden paroxysm of
abnormal clinical changes that dot correlate with a simultaneous EEG seizure, These
clinical changes may include unnatural posturirmigatory stereotyped movements,
sudden arrested behaviors or autonomic dysfun¢tpisodic tachycardia or
hypertension, flushing, pallor or salivation, eté\ electroclinical seizurdeatures
definite clinical seizure signs simultaneously dedpwith an EEG seizuf®.An EEG-
only seizureefers to the presence of a definite EEG seiwatdoes not provoke any
specific outwardly visible clinical signs. For therposes of this document, the term
"seizure" hereafter refers to electrographic seizuwith or without coupled clinical
signs of seizure.

An electrographic seizure is a sudden, abnormal E¥ght defined by a repetitive and
evolving pattern with a minimum 2V pp voltage ahdtation of at least ten seconds. A
seizure is always an abnormal pattern and shouldenconfused with transient
background changes, such as those associatedmitlsidess or arousal from sleep.
“Evolving” is defined as an unequivocal evolutianfiequency, voltage, morphology or
location. In contrast, brief rhythmic repetitivesdnarges lasting less than ten seconds but
with evolution would be considered BRDs and nozwess. Likewise, rhythmic,
repetitive activity lasting more than ten secondsviithout evolution would be
considered periodic discharges or rhythmic actjuityt not a seizure (Figure 3c). While
21V pp defines the boundaries of the beginningeardiof each seizure, the voltages
predictably increase as the seizure evolves antbeap to 1504V pp or more. Unlike
seizures in older children and aduttegre is no minimum electrical frequency required
in the definition of seizure. To be classifiedsaparate seizuresen seconds or more
must separate two distinct seizure evént®.

Several aspects of a seizure can be quantifigtielolder child and adult, the ACNS
standardized research terminology describes thealypninimum and maximum
frequency (Hz) during a seizut&his is of uncertain significance in the neon&teizure
location can be described in terms of the focue (i onset) and maximal spread,
represented by the greatest number of electrodest/ead. Recommended terminology
to describeseizure spreadhcludes:

« Diffuse (D) - asynchronous involvement of all electrodes afseizures of
extensive geographic distribution. This contrasts whildren and adults who can
have truly generalized, synchronous and symmettieity.

« Bilateral independen(Bl) — a seizure with activity occurring simultansly in
two regions but which begin, evolve and behavepeddently of each other.

« Migrating (Mig) - seizure moves sequentially from one hemaspto another




« Lateralized (L)- all of the seizure propagates within a singlmisphere (LH or
RH).

* When a seizure is restricted to a confined regtargan be further described as
frontal (F), central (C), temporal (T),occipital @ Vertex (Z) or it can be
described more broadly as anterior quadrant (Avdterior quadrant (Post).

« When multiple seizures arise from a single genagibn, they can be classified
as_unifocalonset.

« Multifocal (Mf) onset seizures originate from at least thinekependent foci with
at least one in each hemisphere. It is not uncomfimolocalized lesions such as a
stroke to precipitate unifocal seizures, while us# insults such as meningitis
may provoke multifocal onset seizures.

Seizure burden has been quantified in various Ways'"“**We propose quantifying

seizure burden for clinical purposes using ondneffollowing definitions:

1) Frequency: the number of seizures per hour, or

2) Percent of the record with seizures: the tatairaed duration of all the seizures

divided by the entire duration of an epoch of iesty or

3) Temporal-spatial quantification: The most dei@imetric of seizure burden that could

be used for research purposes includes the tatahsa durations of seizures in each

region of interest, per had?.In this case, the neonatal montage could be @#thinto - { Comment [TT2]: should reference
five non-overlapping regions of interest: Fp3-T3;Q1, Fp4-T4, C4-02 and Fz-Pz (or M?r‘gﬁ_papfer EEDL i”te"later -
alternatively Fp3-C3, T3-0O1, Fp4-C4, T4-O2 and E}-Fhus, each single electrode is ;ifnt};fgagoﬁnfy;$§r§°fa spata
counted only once. The total summed seizure duraitan be calculated separately for

each of the five regions of interest, which progidetemporal-spatial metric of seizure

burden. Future work is needed to determine theivelatility of these more labor

intensive methods.

Status Epilepticus

The traditional definition of status epilepticuscinildren and adults is a single seizure
lasting more than 30 minutes or a series of sesdasing at least 30 minutes between
which baseline brain function has not been rest&t@tiese criteria are difficult to apply
to neonates, given the difficulty assessing theintal status and the high incidence of
co-existing acute encephalopathy. Consequentlgratéfinitions of neonatal status have
been offered® In consensus with the current literature, we psepe definition of status
epilepticus as present wheére summed duration of seizures comprisé8% of an
arbitrarily defined one hour epoclhn other words, if half or more of any given hafir
recording shows seizures, status epilepticus efdsthat epoch.

In a population of neonates with recorded electplgic seizures, the percentage of
recording time in which seizures are detecteddcoahge from 1% to 100%. It is
recognized that our definition of status is a sotmvarbitrary and that there are no data
that specifically justify the choice of 50% overyasther percentage value as especially
meaningful or significant. Alternative researchididons of status could be explored
based on available data regarding typical duratidredectrographic neonatal seizures. In



two studies in neonates, the median EEG seizugthemas one minute, with 75% of
seizures lasting2.5 minute$® *®In these and another study, the range of individua
seizure duration was 10 seconds-46 minutes, anchéa®m seizure length was 2-4
minutes.*> 6 *8|n future studies it will be useful to characteriifferent categories of
seizure burden and duration of status epileptisubey relate to outcomes.

RHYTHMIC AND PERIODIC PATTERNS OF UNCERTAIN SIGNIFI _CANCE

Some rhythmic patterns do not demonstrate the uvecpl evolution in frequency,
morphology or location characteristic of seizur@hese are targets of active
investigation in the older ICU population as theg e@mmon and their clinical
significance is unclear. Pathologic rhythmic aedigdic patterns do occur in preterm
and term neonates but are not commfonit is unclear whether research terminology that
has been developed in adults is applicable to ¢eaate® We discuss below the patterns
from the adult terminology which have been desctipeeviously in neonatal literature.

Patterns

Periodic. Periodic discharges (PD) are defined in the aeéuathinology as a pattern in
which waveforms have a relatively uniform morphgl@nd duration, there is a
guantifiable interval between consecutive wavefoamd the waveforms recur at nearly
regular intervals: Discharges” are defined as waveforms with no mioaa three phases
[i.e. crosses the baseline no more than twicehgnveaveform lasting 0.5 seconds or less,
regardless of number of phases). In contrastibare defined as waveforms lasting
more than 0.5 seconds and having at least fouregtas. crosses the baseline at least
three times]. “Nearly regular intervals” is defthas having a cycle length (i.e., period)
varying by <50% from one cycle to the next in thajonity (>50%) of cycle pairs.(Figure
3c). PD are not common in neonates, but can ogithracute destructive processes such
as HSV encephalitis, stroke or global hypoxia isciae™ >

Rhythmic. Rhythmic delta activity (RDA) is defined in the didierminology as the
repetition of a waveform with relatively uniform mpdology and duration but without an
interval between consecutive waveforms. To qua#yhythmic, the duration of one
cycle (i.e., the period) of the rhythmic patternsinvary by <50% from the duration of
the subsequent cycle for the majority (>50%) ofieyaairs. Importantly, this EEG
pattern may not be abnormal in neonates and isstenswith some normal neonatal
graphoelements: rhythmic occipital delta activibganterior dysrhythmia.

Duration
The periodic or rhythmic pattern must be presenafdeast six cycles (e.g. 1/second for
six seconds or 3/second for two seconds).

Location

Location can be described in terms of the focus (i onset) and maximal spread
(maximal electrodes involved). Location can be talteed (L) or Diffuse (D).
Lateralized includes unilateral focal/regional/hsphieric and bilateral asymmetric
activity. In Diffuse activity (D), there is asynamous involvement of all electrodes. The



term Diffuse can be applied to bilateral hemispgh@wolvement even if the activity has
a restricted field (e.g. bifrontal). Patterns nadgo be Bilateral Independent (BI) or
Multifocal (Mf).

Additional localizing information may include a degtion of the predominant location.
For diffuse (D), one can specify frontally-predomnim, occipitally-predominant, midline
predominant or ‘generalized, not otherwise spedifierontally predominant is defined
as having an amplitude in anterior derivations ibait least 50% greater than that in
posterior derivations on an ipsilateral ear, averag non-cephalic referential recording.
Occipitally predominant is defined as having an ktungbe in posterior derivations that is
at least 50% greater than that in anterior devation an ipsilateral ear, average, or non-
cephalic referential recording. Midline predominendefined as having an amplitude in
midline derivations that is at least 50% greatantin parasagittal derivations on an
average or non-cephalic referential recording. |&@ralized (L), bilateral independent
(BI) or multifocal (Mf) patterns, one can specihetarea(s) most involved (F,C, T, 0O, Z
or hemispheric if more specific localization is patssible) and whether the activity is
bilateral asymmetric or unilateralf activity is bilateral but asymmetric (Bl orfj the
most involved areas (F, C, T, O, Z or hemisphearar) be specified over both
hemispheres.

Modifiers

Rhythmic patterns can be further described usingdifrer” terms according to the
ACNS Standardized Critical Care EEG Terminology20The modifier “evolving”
does not apply to neonates since this defines mata&icseizure. Three other modifiers
which differ from the adult terminology are discaddelow.

Duration
If the pattern is not continuous, then the typahadation of pattern is specified. Duration
categories are provided, and the adult terminollgy recommends recording the
longest continuous duration.

e >1 hour (“Very long”)

e 5-59 minutes (“Long”)

e 1-4.9minutes (“Intermediate duration”)

e 10-59 seconds (“Brief”)

e <10 seconds (“Very brief”; distinct from BRDs flack of evolution)

In one study, periodic discharge duration in thetgnm infant was less than one minute
and more than one minute for term infatit<Only 4/592 preterm and term infants had
duration>10 minutes. Thus, while we define duration to besistent with terminology
used in the ICU for adult EEG, we recognize very feeonatal EEG patterns will fall
into the “long” or “very long” categories.

Polarity
In neonatal recordings, polarity should be deteeaiiim the traditional bipolar montage
and should be specified for the predominant phalsasg with the greatest amplitude)



only for atypical discharge. Polarity applies only to PDs and flikegsharp component
of SW, not RDA. Polarity is categorized as posifimegative, or unclear.

Sharpness

Sharpness applies only to PDs and the spike/stmanpa@nent of SW, but not to RDA.
Sharpness should be specified for a typical digghéor both the predominant phase
(phase with greatest amplitude) and the sharpestepifi different. Sharpness categories
include:

« Spiky waveforms have a duration measured at the E&S8line <100 msecs.

e Sharp waveforms have a duration of 100-200 msecs.

* Sharply contoured theta and delta waveforms hasleag wave morphology
(steep slope to one side of the wave and/or paininflection point[s]) but are
too long in duration to qualify as a sharp wave.

¢ Blunt waveforms have a smooth or sinusoidal morpinl

CONCLUSION

This document is a collaborative effort to standardhe neonatal EEG terminology. We
hope this common language fosters more effectiviéiaenter collaboration to determine
the significance of continuous EEG findings inicatly ill neonates. Future work may
build upon this framework to establish the utilitijthe proposed terms and definitions,
both in the research and clinical realms. This teohogy will be revised and updated
based upon feedback and future research.
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Figure legends
Box 1. DETAILS TO INCLUDE IN DAILY EEG REPORT

Box 2. BEHAVIORAL STATE
Figure 1. Examples of EEG background classificaigivoltage.

Figure 2. Examples illustrating the contrasts betwi&acé discontinu, tracé alternant,
excessive discontinuity, and burst suppressionG EBcings courtesy of Clancy, RR and
Wusthoff, CJ. Brain monitoring: Normal Neonatal EBMloberg Multimedia. Ambler,

PA. 2011

Figure 2a. In tracé discontinu, the bursts arersgpd by very low voltage, suppressed
interburst intervals. There are no artifacts froM@& activity or movement and the
respiratory pattern is quite regular.

Figure 2b. In this example of tracé alternant, hawethere is an alternating pattern of
high and low voltages, but no periods that are isterstly suppressed. There are no
artifacts from EMG activity or movement and thepiestory pattern is quite regular.

Figure 2c. This excessively discontinuous recoothfa term infant with an acute
encephalopathy shows prolonged interburst intertlatsigh with some normal features
present during bursts, such as the conspicuouskedmntale seen near its onset
(arrow).

Figure 2d. Burst suppression, in contrast, containkonged, extremely suppressed
interburst intervals and bursts comprised exclugigéabnormal electrical activity.

Box 3.EEG BACKGROUND

Table 1. Normal interburst interval (I1BI) duratiand amplitude. Values for 1BI
duration and amplitude vary with postmenstrual age.

Box 4. NORMAL GRAPHOELEMENTS

Box 5. EEG TRANSIENT PATTERNS

Figure 3. Examples illustrating the contrasts betwencoches frontales, physiologic
sharp waves, and pathologic sharp waves.

Figure 3a. Encoches frontales are present and symais in both frontal regions.

Figure 3b. A physiologic sharp wave is seen inliBin second on this page, in the right
mid-temporal region (T4).



Figure 3c. Pathologic periodic sharp waves are setre left anterior quadrant. These
occur frequently, and repetitively in the same timra The first three are highlighted
with arrows.

Box 6. SEIZURES AND STATUS EPILEPTICUS

Box 7. RHYTHMIC AND PERIODIC PATTERNS OF UNCERTAISIGNIFICANCE



Figures and Tables
Box 1

DETAILS TO INCLUDE IN DAILY EEG REPORT
* Patient Postmenstrual Age
* Neuroactive medications in use during recording
* Use of hypothermia during recording
* C(linical changes that may impact cerebral function
* Documentation of duration of recording (in hours) uninterpretable due to technical problems
e Characterization of background features during first hour of monitoring
* Characterization of one hour of background within each subsequent 24 hour epoch
* Characterization of additional epochs when background changes
e Seizure onset, burden, and resolution
* Presence, onset, and resolution of status epilepticus



Box 2

BEHAVIORAL STATE
* Awake
* Asleep

0 Active Sleep
0 Quiet Sleep
* Transitional Sleep
* Indeterminate Sleep
* Sleep-wake Cycling



Figure 1.
Figure 1. Examples of EEG background classification by voltage.
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Figure 2. Examples illustrating the contrasts between tracé discontinu, tracé alternant, excessive discontinuity, and burst

suppression. EEG tracings courtesy of Clancy, RR and Wusthoff, C]. Brain monitoring: Normal Neonatal EEG. Moberg

Multimedia. Ambler, PA. 2011.

Figure 2a. In tracé discontinu, the bursts are separated by very low voltage, suppressed interburst intervals. There are no
artifacts from EMG activity or movement and the respiratory pattern is quite regular.
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Figure 2b. In this example of tracé alternant, however, there is an alternating pattern of high and low voltages, but no periods
that are consistently suppressed. There are no artifacts from EMG activity or movement and the respiratory pattern is quite
regular.
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Figure 2c. This excessively discontinuous record from a term infant with an acute encephalopathy shows prolonged interburst
intervals, though with some normal features present during bursts, such as the conspicuous encoche frontale seen near its
onset (arrow).
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Figure 2d. Burst suppression, in contrast, contains prolonged, extremely suppressed interburst intervals and bursts comprised
exclusively of abnormal electrical activity.
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Box 3

EEG BACKGROUND
* Continuity
- Normal Continuity
- Normal Discontinuity
- Excessive Discontinuity
- Burst Suppression
* Symmetry
e Synchrony
* Voltage
- Normal voltage
- Borderline low voltage
- Abnormally low voltage
= Low Voltage Suppressed
= Electrocerebral inactivity
e Variability
* Reactivity
e Dysmaturity



Table 1. Normal interburst interval (IBI) duration and amplitude. Values for IBI duration and amplitude vary with
postmenstrual age.

Postmenstrual Age | Maximum Voltage of
interburst interburst
interval

< 30 weeks 35 seconds <25uVv

30-33 weeks 20 seconds <25uV

34-36 weeks 10 seconds ~25uV

37-40 weeks 6 seconds >25uV




Box 4

NORMAL GRAPHOELEMENTS
*  Monorhythmic Delta Activity
* Delta Brushes
e Rhythmic Temporal Theta
* Anterior Dysrhythmia
* Encoches Frontales



Box 5

EEG TRANSIENT PATTERNS
* Negative Sharp Wave Transients
0 Physiologic Negative Sharp Waves
0 Abnormal Negative Sharp Waves
* Positive Sharp Transients
* Brief Rhythmic Discharges (BRD)



Figure 3. Examples illustrating the contrasts between encoches frontales, physiologic sharp waves, and pathologic
sharp waves.

Figure 3a. Encoches frontales are present and synchronous in both frontal regions.
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Figure 3b. A physiologic sharp wave is seen in the 13th second on this page, in the right mid-temporal region (T4).
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Figure 3c. Pathologic periodic sharp waves are seen in the left anterior quadrant. These occur frequently, and
repetitively in the same location. The first three are highlighted with arrows.
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Box 6

SEIZURES AND STATUS EPILEPTICUS

e Seizures

- Duration = 10 seconds
- Location

Diffuse (D)
Lateralized (L)

* Hemispheric- left (LH), right (RH)
Focal

* Frontal (F)

* Central (C)

e Temporal (T)

* Occipital (0)

* Vertex (Z)

* Quadrant- anterior (Ant), posterior (Post)
Bilateral Independent (BI)
Multifocal (Mf)
Migrating (Mig)

- Seizure Burden

Number of seizures per hour or
Summed duration of seizures divided by duration of epoch

» Status Epilepticus- summed duration of seizures totals = 50% of a 1hr epoch



Box 7

RHYTHMIC AND PERIODIC PATTERNS OF UNCERTAIN SIGNIFICANCE
* Pattern
- Periodic discharges (PD )
- Rhythmic delta activity (RDA)
* Duration
* Location
- Lateralized (L)
= Focal
» Hemispheric- left (LH), right (RH)
= Bilateral asymmetric
- Diffuse (D)
- Bilateral Independent (BI)
- Multifocal (Mf)
* Modifiers (subset of ACNS Standardized Critical Care EEG Terminology 2012)
- Duration
- Polarity
- Sharpness



