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In March 2014, the American Academy of Sleep Medicine (AASM) Board of Directors requested the Scoring Manual Editorial Board develop rules,
terminology, and technical specifications for scoring sleep/wake states in full-term infants from birth to 2 mo of age, cognizant of the 1971 Anders, Emde, and
Parmelee Manual for Scoring Sleep in Newborns. On July 1, 2015, the AASM published rules for scoring sleep in infants, ages 0-2 mo. This evidence-based
review summarizes the background information provided to the Scoring Manual Editorial Board to write these rules. The Anders Manual only provided criteria
for coding physiological and behavioral state characteristics in polysomnograms (PSG) of infants, leaving specific sleep scoring criteria to the individual
investigator. Other infant scoring criteria have been published, none widely accepted or used.

The AASM Scoring Manual infant scoring criteria incorporate modern concepts, digital PSG recording techniques, practicalities, and compromises.
Important tenets are: (1) sleep/wake should be scored in 30-sec epochs as either wakefulness (W), rapid eye movement, REM (R), nonrapid eye movement,
NREM (N) and transitional (T) sleep; (2) an electroencephalographic (EEG) montage that permits adequate display of young infant EEG is: F3-M2, F4-M1,
C3-M2, C4-M1, 01-M2, 02-M1; additionally, recording C3-Cz, Cz-C4 help detect early and asynchronous sleep spindles; (3) sleep onsets are more often R
sleep until 2-3 mo postterm; (4) drowsiness is best characterized by visual observation (supplemented by later video review); (5) wide open eyes is the most
crucial determinant of W; (6) regularity (or irregularity) of respiration is the single most useful PSG characteristic for scoring sleep stages at this age; (7) trace
alternant (TA) is the only relatively distinctive EEG pattern, characteristic of N sleep, and usually disappears by 1 mo postterm replaced by high voltage slow
(HVS); (8) sleep spindles first appear 44—48 w conceptional age (CA) and when present prompt scoring N; (9) score EEG activity in an epoch as “continuous”
or “discontinuous” for inter-scorer reliability; (10) score R if four or more of the following conditions are present, including irregular respiration and rapid eye
movement(s): (a) low chin EMG (for the majority of the epoch); (b) eyes closed with at least one rapid eye movement (concurrent with low chin tone); (c)
irregular respiration; (d) mouthing, sucking, twitches, or brief head movements; and (e) EEG exhibits a continuous pattern without sleep spindles; (11) because
rapid eye movements may not be seen on every page, epochs following an epoch of definite R in the absence of rapid eye movements may be scored if the
EEG is continuous without TA or sleep spindles, chin muscle tone low for the majority of the epoch; and there is no intervening arousal; (12) Score N if four or
more of the following conditions are present, including regular respiration, for the majority of the epoch: (a) eyes are closed with no eye movements; (b) chin
EMG tone present; (c) regular respiration; and (d) EEG patterns of either TA, HVS, or sleep spindles are present; and (13) score T sleep if an epoch contains
two or more discordant PSG state characteristics (either three NREM and two REM characteristics or two NREM and three REM characteristics).

These criteria for ages 0-2 mo represent far more than baby steps. Like all the other AASM Manual rules and specifications none are fixed in stone, all
open for debate, discussion and revision with the fundamental goal to provide standards for comparison of methods and results.

Commentary: A commentary on this article appears in this issue on page 291.
Keywords: infant sleep scoring, neonatal sleep scoring, polysomnography, sleep scoring criteria, neonatal polysomnography
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published rules for scoring sleep/wake states in infants 0—2

INTRODUCTION

At increasingly younger ages, children are being referred to
sleep specialists, technologists, laboratories, and centers in
the United States. Criteria for scoring sleep in children devel-
oped by the American Academy of Sleep Medicine (AASM)
are for children 2 mo of age or older.! Members of the AASM
requested rules and recommendations for scoring sleep in neo-
nates and infants. In March 2014, the AASM Board of Direc-
tors requested the Scoring Manual Editorial Board develop
rules, terminology, and technical specifications for scoring
sleep/wake states in full-term infants from birth to 2 mo of
age,? cognizant of the 1971 Anders, Emde, and Parmelee Man-
ual for Scoring Sleep in Newborns (Anders Manual).® Rules for
scoring respiratory events or arousals in infants this age were
not devised, reflecting a belief that the current rules for scor-
ing these would suffice for now. On July 1, 2015, the AASM

mo of age.” This review summarizes the background informa-
tion provided to the Scoring Manual Editorial Board to write
these rules.

DEFINITIONS OF AGE

Knowing an infant’s conceptional age (CA) is crucial for inter-
preting the normalcy, immaturity, or abnormality on an elec-
troencephalogram (EEG) or polysomnogram (PSG) because
the brain and the EEG continue to develop and mature at a
similar rate independent of whether the infant is in utero or
post-delivery. Except when stressed, or in situations involving
encephalopathy, seizures, or medication-related factors, the
PSG in infants 6 mo or younger reflects the developmental age
of the brain.* ¢ The PSG of a normal low-risk premature infant
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born at 32 w gestational age (GA) whose chronological or legal
age is 8 w should resemble that of a normal infant of 40 w GA
born 2 days earlier.

CA is the GA at birth plus the number of weeks postpartum.”’
GA is the time elapsed between the first day of the mother’s
last menstrual period and the day of delivery expressed in
completed weeks. If the pregnancy was achieved using as-
sisted reproductive technology, GA is calculated by adding 2 w
to the CA. Chronological age (or postnatal or legal age) is the
time elapsed since birth (and can be expressed in days, months,
or years). The American Academy of Pediatrics recommends
postmenstrual age (PMA) be used instead of CA, but CA is
used here (and in the scoring criteria) because the evidence
cited uses CA.7 At birth, an infant is classified as being born
premature (< 37 w gestation), full-term (37—42 w); or postterm
(born after 42 w). A neonate is a child during the first 28 days
after birth; an infant is a child between 1-12 mo of age.’

METHODS USED TO WRITE THIS REVIEW

To write this review, the author did a literature search using
PubMed and searching for terms: infant or neonatal or fetal
AND sleep OR polysomnography. The author additionally
searched for development and sleep, sleep spindles, eye move-
ments and sleep, and infant. More than 3,000 abstracts and pa-
pers were found. The author reviewed the abstracts of these,
and then identified relevant papers. From references contained
in some of these, the author found other papers that were then
reviewed. The author wrote a preliminary version of this re-
view, which was submitted to the Scoring Manual Editorial
Board to assist them in writing the rules. Illustrative figures of
PSG epochs were provided from the author’s sleep laboratory
demonstrating wakefulness (W), rapid eye movement (REM,
R), nonrapid eye movement (NREM, N) and transitional sleep
(T), and different EEG patterns seen in these states.

The author later suggested preliminary scoring rules and
technical recommendations to the Scoring Manual Editorial
Board for their consideration. The Scoring Manual Board re-
viewed these and wrote the rules and recommendations, sub-
mitting these to the AASM Board of Directors for revision and
approval. The author reviewed the final rules and recommen-
dations and revised this paper, summarizing these. The Scor-
ing Manual Board requested only rules for scoring sleep/wake
states in from 0—2 mo of age. Rules for scoring respiratory
events or arousals were not requested, nor were rules for scor-
ing sleep/wake states in premature infants.

HISTORY OF DEVELOPMENT OF NEONATAL AND
INFANT POLYSOMNOGRAPHY AND INFANT SLEEP

SCORING CRITERIA

The earliest studies of sleep and waking in infants were based
on observations of caregivers watching bedside.* '* The first
observations of cyclic fluctuating levels of arousal and motor
behavior in humans were studied in infants, not adults. The
discovery of REM sleep was made possible by Aserinsky and
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Kleitman," who decided to simultaneously record eye move-
ments (electro-oculography, EOG) and EEG in infants because
they thought eye movements were a better marker of state
changes than EEG. To their surprise, clusters of REMs were
observed when infants fell asleep. In 1955, they published their
findings that infants when sleeping exhibited regularly recur-
ring periods of eye motility and other concomitant motor be-
haviors."? This discovery soon led to the recognition of REM
sleep and its association with dreaming in adults by Dement
and Kleitman in 1957."

Beginning in the late 1950s, neonatal electroencephalogra-
phers'*'” and infant sleep researchers'®?* systematically stud-
ied the EEG, PSG and behaviors of sleep and wake in full-term
infants. Dreyfus-Brisac et al.,'” Dreyfus-Brisbac and Monod,"
Monod and Pajot,'® and Parmalee et al.””* identified REM and
NREM sleep states, respectively, terming them active sleep
(AS) and quiet sleep (QS). Infants during QS/NREM were
“very quiet” with regular respiration and heart rates, preserved
chin electromyography (EMQG) activity, and no or rare verti-
cal eye movements. Whereas, during AS/REM sleep, REMs,
small movements of the limbs or face, irregular respiration
and heart rates, and no chin muscle activity were noted. They
identified and named four different EEG patterns seen in term
infants when sleeping: tracé alternant (TA), high voltage slow
(HVS), activité moyenne (mixed, M), and low voltage irregular
(LVID)'322 (Figure 1). They recognized that normal infants
had many periods (or epochs) of sleep that were not easily
categorized as a particular sleep state because of discordant
features between the physiological markers of sleep/wake
states (EEG, EOG, chin EMG, respiration, and body move-
ments).'*2%?° These were variously called transitional, indeter-
minate, or intermediate sleep.

By the 1960s, neonatal electroencephalographers had de-
lineated how the characteristic EEG patterns of AS and QS
evolve in premature infants with increasing CA based on hun-
dreds of neonatal EEG studies.”**% These studies found that
the behavioral correlates (and cycles) of REM sleep are seen
as carly as 25-30 w CA when the EEG was still undifferenti-
ated.’>* Recognizable EEG patterns of REM and NREM sleep
first appeared at 32-34 w CA.*' In 1968, Parmelee et al.”” pub-
lished a seminal catalog of EEG patterns observed in infants at
each CA. With the catalog, the authors were able to predict an
infant’s CA within 2 w in 85% of infant EEGs scored blindly."”
In 2010, Andre et al.*? published a comprehensive and well-
illustrated glossary of the EEG features and neonatal behav-
ioral states at different CA, which incorporates digitized EEG
tracings and cites available evidence for the patterns of both
normal and pathological neonatal EEGs, a worthy tool when
reading PSGs in children this age.

During the same period, infant sleep researchers Pre-
chtl'8203435 and Anders et al.*** developed scales for “stag-
ing” sleep in infants solely based on behavioral observations
(Table 1). They argued that particular combinations of be-
haviors more reliably identified sleep/wake states and even
normalcy of development than EEG. Although this approach
continues to be used by Anders and his colleagues, the two
schools merged into one to develop the Anders Manual for
scoring sleep in newborn infants published in 1971.}
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Figure 1—Electroencephalogram (EEG) patterns of sleep in infants 0—2 mo of age.
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Thirty-second epochs of each of the four sleep EEG patterns seen in infants between ages 0-2 mo: (A) mixed (M) EEG pattern characterized by both high
voltage slow (HVS) and low voltage polyrhythmic components intermingled with little periodicity; (B) high voltage slow (HVS) EEG pattern characterized by
continuous synchronous symmetrical predominantly high voltage (100-150 pV) 1-3 Hz delta activity, which often has an occipital or central predominance;
(C) trace alternant (TA) pattern characterized by > 3 alternating runs of bilaterally symmetrical synchronous high voltage (50-150 pV) bursts of 1-3 Hz
delta activity lasting 5-6 sec (range, 3-8 sec) alternating with periods of lower amplitude (25-50 pV) 4-7 Hz theta activity (range, 4-12 sec); and (D) low
voltage irregular (LVI) EEG pattern characterized by continuous low voltage mixed-frequency activity with delta and predominantly theta activity. The only
EEG pattern distinctive of a particular sleep/wake state is trace alternant (TA) which when present suggests NREM sleep. The other three EEG patterns
can be observed in more than one sleep/wake state. The (M pattern can be seenin W or R, rarely N; LVl in either R or W; and HVS most often in N, rarely
R. The EEG pattern of R sleep before a period of R is often M, and LVI after a period of N (respectively termed AS1 and AS2).

Table 1—Anders and Chalemian methodology for scoring sleep in infants solely based on behavioral observations.

State Particular State Characteristic Features

Wakefulness | Fussy-cry (FC)

Vigorous diffuse motor activity and varying intensities of vocalization (crying)

Wakeful activity (WA)

Frequent spurts of diffuse motor activity, open eyes, and occasional grunts and whimpers

Alert inactivity (Al)

Occasional directed motor actions and wide open eyes that pursued targets

Drowsy (DR) Relative immobility, absence of focused attention, and opening and closing of the eyelids
Sleep Active/REM (AR) Rapid eye movements, facial grimacing, writhing body movements, isolated limb twitches, and irregular
respiration
Quiet NREM sleep Absence of eye movements and body movements except for an occasional startle or burst of nonnutritive
(@S) sucking, and the presence of regular respiration

Scoring criteria summarized from Anders and Chalemian 1974'°%; who used behavioral criteria for drowsiness from Wolff 1966% and for sleep from Anders

etal. 19713

The Anders, Emde, and Parmelee Manual for Scoring
Sleep in Newborns

In 1969, the Association for the Psychophysiological Study of
Sleep (APSS, the earlier name of the Sleep Research Society)
chartered an ad hoc committee to develop a guide for scoring
sleep in infants.* This committee (chaired by Anders, Emde,
and Parmelee) developed consensus-derived terminology,
criteria for coding sleep/wake states, and a manual contain-
ing illustrative examples for scoring sleep in healthy normal
full-term infants. The authors of 4 Manual for Standardized

Terminology, Techniques, and Criteria for Scoring of States
of Sleep and Wakefulness in Newborn Infants emphasized
it was meant only to provide criteria for coding physiologi-
cal and behavioral parameters in PSGs of healthy full-term
infants, leaving “specific criteria for scoring states...to the
investigator.”?

Anders et al’® reported they “had considerable difficulty
reaching a consensus on the criteria for scoring states” in
part because of debates about recognizing or ignoring inde-
terminate or transitional sleep with discordant features for the
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particular sleep state. Committee members used to scoring
sleep primarily in adults “were inclined to ignore indetermi-
nate sleep” while infant sleep researchers did not. By hard-won
consensus, the Committee agreed to score either 20- or 30-sec
epochs from lights out to lights on as either wakefulness (W),
quiet (Q), active (A), or indeterminate (I) sleep. Anders et al.?
presumed that QS and AS, respectively, were antecedents of
NREM and REM sleep.

Contained within the Anders Manual are important obser-
vations that continue to serve when scoring sleep/wake in new-
borns. Transitions from W to sleep are particularly difficult to
score in neonates because (1) sleep onset is most often REM
sleep; (2) there is no dominant posterior rhythm in wakeful-
ness to drop out; (3) the EEG backgrounds of W and REM
sleep are quite similar, both “continuous” mixed frequencies;
and (4) short periods of drowsiness often alternate with REM
sleep. Epochs of indeterminate or transitional sleep are most
often observed at sleep onset, upon arousal, and especially in
transitions from REM to NREM sleep. The EEG pattern of
TA is only seen in NREM sleep, LVI in REM sleep, but HVS
and M can be seen in either NREM or REM sleep. Regularity
(or irregularity) of respiration is the single PSG characteristic
most useful for scoring sleep states in infants. They defined
regular respiration (characteristic of NREM sleep) as a period
in which the respiratory rate varies by <20 breaths per minute;
irregular respiration > 20 breaths per minute.>'® They thought
regularity of respiration could usually be determined by visual
inspection.’ If more precise measurement was needed, they
advised measuring the longest and shortest respiratory cycles
in an epoch, and extrapolating the respiratory rates of each of
these for 1 min.

Other Earlier Infant Sleep Scoring Criteria

Since the publication of the Anders manual in 1971, several
groups have published criteria for scoring sleep in PSG of new-
borns and young infants, but none have been widely accepted
or used.***® All said these were based on the Anders Manual
criteria. In 1987, Hoppenbrouwers et al.’® published criteria for
scoring sleep/wake in infants between birth and 6 mo of age
using 60-sec epochs and recognizing four states: wakefulness
(AW), active sleep (AS), quiet sleep (QS), indeterminate sleep
(IS). In 1997, Crowell et al.** developed detailed PSG record-
ing and sleep/wake scoring criteria for the Collaborative Home
Infant Monitoring Evaluation (CHIME) study (a prospective
multicenter collaborative home infant monitoring study of 415
healthy infants ages 34—64 w CA). These criteria use C4-Al as
the primary EEG derivation and C3-A2 as a “back-up channel”
in case the first malfunctioned. A particular EEG pattern was
scored if it occupied > 50% of a 30-sec epoch. Wakefulness
they thought was most easily scored when the infant’s eyes
were open, crying, or being fed. Transitional (T) sleep was
scored if a 30-sec epoch contained too many discordant state
markers (e.g., three NREM + two REM state characteristics or
two NREM + three REM state characteristics). They recom-
mended ignoring respiratory pauses lasting > 3 sec and small
movements when assessing regularity or irregularity of respi-
ration in a given epoch. Table 2 summarizes the definitions of
sleep EEG patterns in different infant sleep scoring criteria.
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INFANT POLYSOMNOGRAPHY TECHNICAL
SPECIFICATIONS

In general, the technical specifications for recording PSG in in-
fants 0—2 mo of age are much the same as those recommended
by the AASM Manual for scoring children 2 mo to 18 y of age.
However, a few important differences should be mentioned.
Infant EEG is often of much higher voltage requiring sensitiv-
ity settings of 10—15 uV/mm (but an initial gain of 7 uV/mm
is appropriate).®* It is important to record EEG over the mid-
line (Cz, vertex) because sleep spindles appear here first, and
wise to display left and right central EEG derivations because
sleep spindles are more often asynchronous at this age. An
EEG montage that permits adequate display of young infant
EEG is: F3-M2, F4-M1, C3-M2, C4-M1, O1-M2, O2-M1, add-
ing C3-Cz, Cz-C4 to optimize detection of asynchronous sleep
spindles. Figure 2 shows a PSG montage the author’s labora-
tory uses to record infants 0—2 mo of age. Lead I electrocardio-
graphic electrodes are placed on the right and left arms which
permits simultaneous recording of electrocardiographic as
well as arm movements. Recording video to correlate behav-
iors with other PSG features is crucial for recognizing sleep/
wake states, especially W. However, even more important are
real time observations and detailed documentation of behav-
iors by the sleep technologist during collection to confirm if a
restless baby is in W, R, or T.

SLEEP/WAKE PATTERNS IN HEALTHY INFANTS,
0-2 MONTHS OF AGE

Sleep is the penultimate behavioral state of the fetus, neonate,
and young infant. The ontogenetic development of sleep fol-
lows orderly reproducible patterns.**** The behavioral corre-
lates of REM sleep are seen as early as 28-30 w CA when
the EEG was still undifferentiated; recognizable EEG patterns
of REM and NREM sleep first appear at 32—-34 w CA 32334346
Piaget'” and Piers and Piaget*® thought play was the major
“work” of children, but for infants it is sleep. Newborn full-
term infants typically spend 16—18 h per day sleeping. 70—80%
of sleep time is spent in REM sleep in preterm infants and 50%
in term infants, falling to 30% by 6 mo of age, and adult levels
of 20-25% by 5 y of age.* The greater time spent sleeping
in infants and early childhood is thought to reflect the crucial
role sleep plays in fostering optimal brain development, cogni-
tion, and behavior. The time course of REM sleep development
(and decline) in humans corresponds well with critical periods
of brain maturation.®®* Why do infants spend so much time in
REM sleep? Roffwarg and Dement*® and Marks et al.’' were
first to speculate greater time spent in REM sleep could pro-
vide sensory experiences in the absence of external stimuli in
utero. Sleep in premature infants in utero is not a passive state
of rest, waiting for birth, but a time in which neuronal net-
works underlying vision, olfaction, somatosensory, and mo-
tor pathways are being devised. Infants twitch far more when
sleeping than adults, even more so when they are premature.
Premature infants from 24-35 w CA are constantly moving
and twitching, far more than those born closer to term.
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Table 2—Definitions of sleep electroencephalogram patterns in different infant sleep scoring criteria.

Scoring High Voltage Slow
Criteria Trace Alternant (TA) (HVS) Mixed (M) Low Voltage Irregular (LVI)
Parmelee et Discontinuous EEG pattern of 3-8 | Continuous EEG Continuous EEG pattern of a Continuous EEG pattern of low
al. 1969% sec bursts of moderate-to-high pattern of synchronous | mixture of high and low voltage | voltage (< 50 pV) 5-6 Hz theta
voltage 0.5-3.0 Hz slow waves and symmetric high activity including delta activity activity
intermixed with sharply contoured | voltage (50-150 pV)
2-4 Hz waveforms recurring at 0.5-4 Hz delta activity
4-8 sec intervals superimposed
upon lower amplitude mixed
frequency EEG activity
Anders et al. 3-8 sec bursts of moderately Continuous moderately | Both high voltage slow and Diffuse low voltage 14-35 pV (but
19713 rhythmic medium-to-high voltage | rhythmic medium-to- low voltage polyrhythmic generally 20-30 pV) dominated
0.5-3.0 Hz slow waves with high voltage (50-150 components intermingled with by 5-8 Hz activity intermixed
occasional superimposition of pV) 0.5-4 Hz slow little periodicity, usually lower with significant amounts of 1-5
rapid low voltage 2—4 Hz sharp activity amplitude than seen with HVS Hz, which was “quite similar in
waves separated by 4-8 sec all scalp regions, and shows little
of attenuated mixed frequency variation during an epoch”
activity
Crowell etal. | =3 alternating patterns of runs of | >50 pV 0.5-4.0 High and low voltage waves Continuous low voltage irregular
for CHIME high voltage activity lasting 3-8 Hz slow waves with little periodicity EEG activity < 35 pV =10 sec
study® sec alternating with low voltage lasting continuously to meet the > 50% criteria for a
activity IBIs lasting 4-12 seconds; | for > 10 sec and single 30-sec epoch
atleast 1> 10 second period of occupying > 50% of a
TAin an epoch to meet > 50% 30-sec epoch
criteria; could look at preceding
and following epochs to see TA
pattern
Sabine and 2-6 second bursts of HVS waves | High voltage 50-150 Mixture of HVS and LVI with Irregular mixture of 5-8 Hz and
Scholle et al. separated by 4-8 seconds of LVI | pV 0.5-4 Hz slow amplitudes lower than HVS 1-5 Hz low voltage 14-35 pV of
1999, 2012%% | orM activity 5-8 Hz and 1-5 Hz frequencies
Andre et al. Bilaterally symmetrical Continuous diffuse high | Continuous low amplitude Continuous centrally predominant
2010% synchronous high voltage voltage (50-150 pV) primarily 5-7 Hz theta activity iregular diffuse 25-50 pV
(50-150 pV) bursts of 1-3 Hz 1-3 Hz delta which has | with higher amplitude (> 100 4-7 Hz activity intermixed with
delta activity last 5-6 sec (range | an occipital or central MV) 2-4 Hz slow waves (also occasional 1-3 Hz delta activity of
3-8) alternating with IBls of lower | predominance. called AS1) a similarly low amplitude
?hn;{)alln:gt‘iavi(t%_w WV)4-7 Hz M pattern (also called AS1) LVI pattern of REM sleep most
y typically follows a period of W often seen following a period of
and contains much more delta | NREM (and called AS2)
activity than AS2

EEG, electroencephalogram; IBI, interburst interval; NREM, nonrapid eye movement; REM, rapid eye movement.

In utero muscle twitches (often tens of thousands per day)
are neither random nor purposeless. Evidence from studies in
human infants and infant animal models show feedback from a
twitching limb guides organization of spinal sensorimotor cir-
cuits and trigger 1-sec bursts of electrical activity in appropriate
regions of the developing somatosensory cortex. These bursts
of electrical activity are triggered by proprioceptive feedback
from the twitching limb.***? These bursts of EEG activity are
none other than the quintessential EEG signature of prema-
ture infants, delta brushes. Scalp EEG recorded delta brushes
reflect bursts of 8—25 Hz electrical activity within the cortex
which is most prominent and prevalent during the third trimes-
ter of gestation. Myoclonic twitching during sleep in early de-
velopment are thought to: (1) sculpt nascent neuronal circuits
in the cerebral cortex; (2) guide the formation, rearrangement,
and elimination of synapses; and (3) construct sensory maps

433

for auditory, motor, touch, and noxious topographic regions of
the brain and the infant connectome.”® Blumberg et al. (2014)
argue that myoclonic twitches during REM sleep in infants
represent a form of motor exploration which help human in-
fants and other mammals explore limb biomechanics, build
motor synergies, and lay a foundation for complex, automatic,
and goal-directed movements when awake.***

Sleep Architecture and Cycling in Healthy Infants 0-2
Months of Age

Until approximately 44 w CA, sleep cycles repeat in a polypha-
sic pattern across the 24-h day interrupted approximately ev-
ery 3—4 h by waking for care and feeding.** Sleep onset is more
often REM sleep in infants until 2-3 mo of age (Figure 3).
Sleep cycles in healthy infants at term typically last a mean of
50—60 min (range, 30—70 min).> At 43—-48 w CA, sleep cycles

Journal of Clinical Sleep Medicine, Vol. 12, No. 3, 2016



MM Grigg-Damberger. Scoring of Sleep in Infants 0 to 2 Months

Figure 2—Polysomnographic (PSG) montage for recording infants 0-2 mo of age.
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Eye channels (left eye [E1], right eye [E2]) are referenced to the midline frontopolar electrode (FPz). Electroencephalogram (EEG montage is left frontal-
right mastoid (F3-M2), right frontal-left mastoid (F4-M1), left central-right mastoid (C3-M2), right central-left mastoid (C4-M1), left occipital-right mastoid
(01-M2), right occipital-left mastoid (02-M1), left central-midline central (C3-CZ), and midline central-right central (CZ-C4). This EEG montage allows easy
recognition of low voltage 12-14 Hz sleep spindles, which may be seen as early as 43 w, usually present by 45-48 w CA. Other PSG signals recorded
include: EKG, chin electromyogram (EMG), left and right anterior tibialis (L Leg, R Leg) muscles, snore microphone, nasal pressure (NP), thermal sensor,
respiratory inductance plethysmography (RIP) thoracic, RIP abdomen, RIP SUM, pulse oxygen saturation (SpO,), R-R interval, pulse waveform, endtidal

carbon dioxide (EtCO,), capnogram, and transcutaneous carbon dioxide (tcCO,).

Figure 3—Hypnogram showing rapid eye movement (REM) sleep onset in an infant.

Sleep Stages

Epoch: 27

Sleep onsets more often are REM sleep in healthy infants until 2-3 mo postterm. Note sleep onset (purple arrow) is REM sleep (black bars). Note more

than half the sleep time is spent in REM sleep, typical for infants this age.

average 60 min, wake periods are primarily to feed, the first
half of the night sleep is more restless, and artifact more likely
to obscure sleep scoring particularly in REM sleep. Sleep at
this age is more restless in the first half of the night.> Wakeful-
ness usually accounts for only 8-10% of a 24-h day in infants
up to 48 w CA>*

Within a given REM-NREM-REM sleep cycle, REM sleep
lasts 10—45 (mean 25) min, NREM sleep 20 min, and T sleep
10 min.'*>* The EEG pattern seen in the first REM sleep of a
REM-NREM-REM sleep cycle after W is typically Mixed and
comprises 25-30% of the cycle (Figure 4A). Of note, NREM
sleep following a first period of REM sleep often begins with
a brief period of HVS for 3-5% of the cycle (Figure 4B), then
a longer period of TA (Figure 4C) for 25%. The sleep cycle
then ends with another period of REM sleep but typically with

Journal of Clinical Sleep Medicine, Vol. 12, No. 3, 2016

LVI (Figure 4D) and for 25% of the cycle. 10—15% of epochs of
sleep within the REM-NREM-REM ultradian sleep cycle are
best scored as T sleep (Figure 5); these most often occurring at
sleep onset, stage shifts (especially W to REM sleep (less often
REM to NREM sleep) and following arousals or awakenings. A
recently published study recording comprehensive home PSG
on 84 healthy normal infants 44—48 w CA scored using infant
sleep scoring they had adapted using AASM 2012 sleep scoring
criteria.’® They reported mean time in bed was 719 + 82 min,
total sleep time (TST) 477 + 59 min, and percentages of TST in
REM sleep 37 = 7%, NREM sleep 42 + 5%, and T sleep 22 +
6%. Using current AASM Manual scoring criteria, awakenings
averaged 8.5 = 2.1/h, arousals 19.3 + 3.7/h of sleep, mean apnea-
hypopnea indexes (AHI) 13.7 + 14.1/h, obstructive AHI 0.0 +
0.0/h, and 3% desaturation indexes of 20.9 + 16.9/h.



MM Grigg-Damberger. Scoring of Sleep in Infants 0 to 2 Months

Figure 4—Representative examples of polysomnographic patterns of sleep in infants 0-2 mo of age.
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(A) 30-sec epoch of rapid eye movement (REM) sleep with mixed (M) electroencephalogram (EEG) pattern, REMs and low chin electromyogram (EMG)
tone typically seen following a period of wakefulness; (B) 30-sec epoch of NREM sleep with high voltage slow (HVS) EEG pattern, no eye movements,
preserved chin EMG, and regular respiration, which often precedes longer period of trace alternant (TA) in infants at 38—42 w conceptual age (CA); (C) 30-
sec epoch of nonrapid eye movement (NREM) sleep with trace alternant (TA) EEG pattern, no eye movements, regular respiration; and (D) 30-sec epoch
of REM sleep with a low voltage irregular (LVI) EEG pattern, rapid eye movements (REMs), irregular respiration, and low chin EMG tone.

Figure 5—A 30-second epoch of sleep best scored as transitional sleep (T).
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The discontinuous EEG pattern of trace alternant, absence of eye movements and the regular heart rate suggest stage N, but irregular respiration and body
movements are more consistent with REM sleep (stage R). The AASM Scoring rules for scoring sleep in infants recommend scoring stage T if 3 NREM + 2
REM characteristics or 2 REM and 3 NREM characteristics are discordant. See Figure 2 for explanation of the various channels displayed in the montage.

Limited Reference Values for Scoring Respiratory
Events in Infants 0-2 Months of Age

Sleep studies in infants 0—2 mo of age are most often done
to evaluate for sleep disordered breathing (SDB).¢** Several

authors recently summarized current information on normal
values for SDB in PSG done neonates and young infants.* 6463
They found that: (1) apneas are common in normal infants this
age; (2) the majority of apneas observed are central in type
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Figure 6—A 30-second epoch of sleep best scored as wakefulness (W).
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The technologist noted eyes open, moving head and crying. The EEG is continuous mixed EEG frequencies, rapid eye movements are present, chin
muscle tone is high, respiration irregular and rapid, and movement and muscle artifact mar the tracing. See Figure 2 for explanation of the various channels

displayed in the montage.

(70—80%) and typically last > 3 but < 10 sec; (3) central apneas
are commonly seen in REM sleep, after a sigh breath or a body
movement, and during transition from wakefulness to sleep;
(4) apneas lasting > 10 seconds are usually mixed apneas; and
(5) periodic breathing is common typically averaging < 5% of
sleep time for infants 1 and 3 months of age. Based on these
studies (albeit limited), Ng et al.®® proposed an upper limit of
normal central apnea index (CAI) was 45 central apneas per
hour of sleep for 1-mo-olds and 30/h for 2-mo-olds. Ng et al.
emphasized that obstructive apneas are uncommon in healthy
neonates and young infants and suggested the upper limits
of normal for both obstructive and mixed apneas are indexes
of < 1.0/h of sleep. More normative data is needed.

Wakefulness (W)
The medical literature suggests the most crucial determinant
of W (Figure 6) in a normal healthy term infant is open eyes
(although transient eye closures often occur especially when
crying). Characteristic features of W in infants 0—2 mo of age
are: (1) open eyes (which sometimes pursue visual targets);
(2) elevated chin EMG tone; (3) elevated limb EMG tone; (4)
rapid and irregular heart rates; (5) rapid and irregular respira-
tory patterns; (6) spontaneous movements; (7) crying; and (8) a
continuous synchronous symmetric irregular mixed frequency
EEG with superimposed frequent movement artifacts.>*
Infants this age have a variety of eye movements when
awake, including eye blinks, conjugate 0.5-2 Hz vertical eye
movements, and conjugate irregular sharply peaked rapid eye
movements with an initial deflection of < 500 msec.” Lambda
waves have been observed as early as 2 w following birth
in calm awake newborns looking at a visual target.” These
are characterized by sharply contoured waveforms over the
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occipital regions lasting 250-350 msec.® Sucking and puck-
ering mouth movements and/or dysconjugate eye movements
are common in newborn infants when awake and are not to be
mistaken for seizures.

The EEG background in infants 37-48 w CA is continu-
ous and can include mixtures of either: (1) irregular theta and
delta activity with amplitudes up to 100 uV maximal over the
occipital regions; (2) diffuse irregular alpha and beta activ-
ity with amplitudes up to 30 uV; or (3) rhythmic theta activ-
ity with amplitudes up to 50 pV, and often maximal over the
central regions.

W at 46 w CA is characterized by mixed frequency EEG ac-
tivity, artifacts from body movements, eye movements, bursts
of muscle activity in the chin and anterior tibialis EMG, ir-
regular respiration, and pronounced heart rate variability. The
EEG background awake at this age consists of a symmetrical
continuous mixture of mixed EEG frequencies (Figure 6).

Of note, the AASM Manual recommends scoring a 30-sec
epoch as W if either a, b, or ¢ is present for the majority of
the 30-sec epoch: (a) eyes are wide open (for the majority of
the epoch); (b) vocalization (whimpering, crying, etc.) or ac-
tively feeding; and (c) all of the following conditions are met:
(1) eyes are open intermittently; (2) rapid eye movements or
scanning eye movements; (3) sustained chin EMG tone with
bursts of muscle activity; (4) irregular respiration, and (5) the
EEG shows low voltage irregular (LVI) or mixed (M) patterns.

Wake/Sleep Transitions

Recognizing sleep onset in infants 0—2 mo of age is especially
difficult. Sleep onsets are typically REM sleep (often preceded
by a few epochs of sleep best scored as T). Sustained eye clo-
sure is the best physiological marker of drowsiness in an infant



this age. Other behaviors suggestive of drowsiness are absence
of focused attention, relative immobility, and intermittent
opening and closing of eyes. If an infant’s eyes remain closed
for greater than 3 min, the infant is considered asleep.

By 44—-48 w CA, more sleep onsets may be NREM sleep.””!
REM sleep latencies at this age may be short (< 8 min) or lon-
ger (> 16 min). The EEG background in wake/sleep transitions
may show increases in the amplitudes of theta and delta ac-
tivity especially over the frontal regions. Isolated generalized
myoclonic jerks can be seen as an infant wakes from sleep, not
to be mistaken for seizures.

NREM Sleep (N)

Characteristic features of NREM (N, Quiet) sleep at 38—42 w
CA include: (1) no body movements; (2) no eye movements;
(3) regular respiration; (4) regular heart rate; (5) some chin
EMG activity; and/or (6) EEG pattern of either TA or HVS
activity.’*?*”> The AASM Manual recommends scoring stage
N if four or more the following are present, including regu-
lar respiration for the majority of the 30-sec epoch: (a) eyes
closed with no eye movements; (b) chin EMG tone present;
(c) regular respiration (postsigh respiratory pauses may occur);
(d) TA, HVS, or sleep spindles present; and (e) reduced move-
ment relative to wake.

Regularity of respiration during NREM/quiet sleep is reli-
ably present in infants 40 w CA.?*” However, chin EMG ac-
tivity may be inappropriately absent or low in 15-20% of the
N sleep time in infants 40 w CA.* Similar percentages of ab-
sent chin EMG tone during N sleep are also seen 6-mo-old in-
fants?*77 and even in adults.” Two PSG markers best identify
N sleep in infants 37-44 w CA: the discontinuous EEG pattern
of TA and regularity of respiration.

It is worthwhile to appreciate the distinctive features of the
TA pattern: bilaterally symmetrical and synchronous high
voltage (50—150 pV) bursts of 1-3 Hz delta activity which typi-
cally last 5-6 sec (range, 3—8 sec) alternating with lower am-
plitude (25-50 uV) 4-7 Hz theta activity inter-burst intervals
(IBIs) of similar duration (Figure 4C).* Intermixed alpha and
beta activity and isolated sharp waves in the theta range up to
100 pV are observed in the bursts of TA. Temporal asynchrony
of the EEG background for several minutes can be seen during
transition from REM to NREM sleep, and is of no pathological
significance.

The other EEG pattern of N sleep is HVS (Figure 4A) char-
acterized by continuous symmetrical and synchronous high
voltage (50—150 uV) 1-3 Hz delta which often has an occipital
or central predominance. Between 37-42 w CA, HVS accounts
for only 3—8% of the N sleep time. HVS at this age occurs as
a brief period following a REM sleep onset associated with
the mixed (AS1) EEG pattern. HVS precedes a longer period
of TA within the same NREM period. Between 42—-44 w CA,
the IBIs of TA shorten to 1-2 sec and the amplitude difference
between bursts and IBIs lessens, making it harder to recognize
and score. TA usually disappears by 44 w CA (up to 46 w)
replaced by HVS.

Sleep spindles first appear as early as 3—9 w postterm in
both infants born preterm (30-33 weeks) and term.”®”” Sleep
spindles in infants 43—48 w CA typically first appear over the
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midline central (Cz, vertex), and shift from side to side over left
and right central regions (C3 and C4). Multiple different stud-
ies have confirmed that sleep spindles are usually present by
12 w term,’® 43—48 w CA,* and 2 mo term.*'-# Studies using
quantitative frequency analysis found they usually first appear
4-9 w term.®** Three longitudinal studies using EEG, PSG,
or most recently magnetoencephalography (MEG) have con-
firmed that sleep spindles are usually present by 2 mo term.?2-34

REM Sleep (R)

Electroencephalographers are taught to recognize two types of
REM sleep EEG patterns (called AS1 and AS2). Both are con-
tinuous. AS1 typically occurs following W and AS2 following
a period of NREM sleep. AS2 consists of primarily irregular
synchronous low voltage (25-50 puV) 4—7 Hz theta activity in-
termixed with occasional similarly low voltage 1-3 Hz delta
activity and called low voltage irregular (LVI, Figure 4D).
ASI contains generous amounts of intermixed high amplitude
(> 100 puV) 2—4 Hz delta activity intermixed with lower volt-
age theta activity, is termed mixed (M, Figure 4A). Rarely,
HVS may be seen during R sleep.*

As mentioned earlier, the most reliable physiological marker
to distinguish N from R sleep in infants is the regularity or
irregularity of respiration. REM sleep is characteristically as-
sociated with irregularities in respiration including differences
in rate, depth, and minute ventilation with brief periods of rela-
tive bradypnea or tachypnea.**” REMs occur singly or in clus-
ters during R. Irregular respiration and heart rate especially
during phasic periods of REM when rapid eye movements are
more prevalent.”” Chin EMG tone is most often low or absent
during R, but may not be atonic (state dissociation reflecting
immaturity of skeletal muscle atonia development). Last, an
extraordinary panoply of motor behaviors accompany R at this
age, including: sucking; facial grimaces; clonic jaw jerks; fine
limb muscle twitches; chin, body and limb tremors; intermit-
tent stretching; and large athetoid limb movements.®®

Transitional Sleep (T)

Depending on how strictly criteria for NREM or REM sleep
are defined, 10—15% or 20—40% of 30-sec epochs of sleep in
infants at term could be scored as T sleep.® Epochs best scored
as T sleep are observed in transitions to sleep, especially tran-
sitions from W to R (less often R to N) and following arousals.
Earlier infant scoring criteria have tried to reduce the percent-
ages of T sleep scored by permitting scoring if only one, or
better yet, two PSG correlates within an epoch are discordant
for the sleep state.***° The percentage of sleep time spent in T
sleep decreases with increasing infant maturation. Figure 5
shows an example of T sleep.

AASM SCORING MANUAL CRITERIA FOR
SCORING SLEEP IN INFANTS 0-2 MONTHS OF

AGE (37-48 WEEKS CA)

The AASM published the rules for staging sleep in infants,
ages 0—2 mo, with the hope these would become widely used,
thereby permitting comparisons among sleep laboratories, test
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results, and research. These were based on the Anders Man-
ual coding criteria but rightly incorporated modern concepts,
digital PSG recording techniques, more recent knowledge,
realities, practicalities, and compromises. Table 3 compares
earlier infant sleep scoring criteria. Table 4 summarizes the
AASM Scoring Manual definitions for the four sleep EEG pat-
terns (TA, HVS, M, and LVI) and Table 5 the sleep/wake state
scoring characteristics. Table 6 shows the development of the
EEG features of sleep and wakefulness from infancy through
adolescence.

Overview of Infant Sleep Scoring Criteria

Sleep/wake should be scored in 30-sec epochs as either W,
NREM, REM, or T sleep. Scoring sleep at this age begins by
assessing whether in each 30-sec epoch: (1) eyes are open or
closed; (2) the EEG background is continuous or discontinu-
ous; (3) chin tone present, decreasing, or absent; (4) REMs are
present or absent; and (5) respiration is irregular or regular.
The most crucial behavioral determinant for scoring stage W
is eyes wide open (with or without crying) because many of the
distinctive EEG features of W are not seen until 2 mo postterm.
Knowing whether the eyes are open or closed depends upon
careful observations and notations made by the technologist
when recording the PSG, supplemented by video review.

Regularity or irregularity of respiration is the most im-
portant PSG characteristic when scoring sleep/wake states in
infants this age. Respiration is scored as regular if the vari-
ability between the slowest and fastest breaths is less than 20
breaths/min (and typical of N sleep); irregular if > 20 breaths/
min (seen in W, R, or T). However, regularity (or lack of it) is
often judged solely by visual inspection. Respiratory events or
pauses > 3 sec are not used to determine respiratory irregular-
ity. Preservation of chin EMG tone is often but not always pres-
ent in N sleep at this age, present in only 80—85% of epochs of
N sleep; its presence useful, its absence not.

Only one relatively distinctive EEG pattern in infants 02
mo of age is discontinuous TA; all the rest are continuous with
varying combinations and frequencies in either W, N, R, or
T. Given this, simply identifying EEG activity within a PSG
epoch as “continuous” or “discontinuous” might suffice when
scoring sleep in infants this age, especially because other PSG
characteristics are better markers at this age. Sleep spindles
may be seen as early as 43 w CA; if present, they warrant scor-
ing an epoch as N (not N2 at this age). Simultaneous recording
and scoring of left, right, and midline central EEG derivations
(C3, C4, and CZ) provide the greatest likelihood of these often
low amplitude rudimentary and asynchronous waveforms.

Wakefulness (W)

Given these tenets, W is scored in an epoch if either are pres-
ent: (1) eyes are open intermittently; (2) vocalization (whim-
pering, crying, etc.) or actively feeding observed; or (3) all
of the following are met: (a) eyes are open intermittently; (b)
REMs or scanning eye movements; (c) sustained chin EMG
tone with bursts of muscle activity; (d) irregular respiration;
and (e) an EEG of either continuous LVI or M. The AASM
Scoring Manual advises that: W is most reliably scored by be-
haviors observed because many of the distinctive EEG features
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of W are not seen until after 2 mo postterm. The EEG back-
ground may include: (a) irregular theta and delta activity (to
100 puV) maximal in Ol, O2; (b) diffuse irregular alpha and
beta activity (to 30 puV); (c) thythmic theta activity (to 50 puV)
often maximal in C3, Cz, C4; or (d) artifacts from body move-
ments, and eye movements.

Wakefulness/Sleep Transitions

Sleep onsets are more often R sleep until 2-3 mo postterm.
Drowsiness is best characterized at this age by visual observa-
tion (supplemented by video recordings) during which the in-
fant appears relatively immobile, lacks focused attention, and
may exhibit brief intermittent opening and closing of eyes. By
consensus, the Committee decided if a healthy infant’s eyes
remain closed for > 3 min, it was reasonable to consider the
infant asleep.

NREM Sleep (N)

NREM sleep is scored if four or more of the following condi-
tions are present, including regular respiration, for the major-
ity of the epoch: (1) eyes are closed with no eye movements;
(2) chin EMG tone present; (3) regular respiration (postsigh
respiratory pauses may occur); and (4) EEG patterns of either
TA, HVS, or sleep spindles are present. The AASM Scoring
Manual emphasizes that EMG in stage N is variable; it is gen-
erally lower than W and higher than in stage R. So, if chin
EMG activity is present (higher than stage R) this favors scor-
ing the epoch as NREM. However, stage N can still be scored
with low EMG tone provided more than four other criteria for
stage N including regular respiration are met.

REM Sleep (R)

REM sleep is scored in epochs with four or more of the fol-
lowing criteria present, including irregular respiration and
REM(s): (1) low chin EMG (for the majority of the epoch); (2)
eyes closed with at least one REM (concurrent with low chin
tone); (3) irregular respiration; (4) mouthing, sucking, twitches,
or brief head movements; and (5) EEG exhibits a continuous
pattern without sleep spindles. In infants younger than 3 mo,
the first epoch of sleep is commonly REM sleep. Given the dif-
ficulty in determining sleep onset, an epoch of definite stage R
is required to begin scoring REM sleep. Because REMs may
not be seen on every page, epochs following an epoch of defi-
nite REM sleep in the absence of REMs may be scored if all of
the following conditions are present: (a) EEG shows low or me-
dium voltage mixed frequencies without TA or sleep spindles;
(b) chin muscle tone is low for the majority of the epoch; and (c)
there is no intervening arousal using the same rules for scoring
arousal in children and adults. Epochs of REM sleep contain-
ing REM sleep without atonia are not unusual in infants.

Transitional Sleep (T)

The AASM Scoring Editorial Board thought recognizing and
scoring T sleep was needed because it is common in develop-
ing infants (accounting for 10-40% of epochs of sleep depend-
ing upon how stage T is defined) and a marker of development
and maturation.*” They chose to call indeterminate sleep T be-
cause it most often occurs in transitions from W to R, before
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Table 3—Earlier infant sleep/wake scoring criteria.

et al. Sleep/wake
scoring criteria
for infants from

(1) sustained EMG tonus
with activity bursts; (2) eyes
open; (3) respiratory rate

least 3 of 4 criteria: (1) at least
one REM independent of chin
and gross body movements; (2)

present: (1) eyes closed
with < 1 isolated eye
movement; (2) breathing

Scoring Criteria | Wakefulness (W) REM (R) Sleep NREM (N) Sleep Transitional (T) Sleep
Anders et al. EEG: LVI, M, frequent EEG: LVI, M, or rarely HVS EEG: TA HVS, or M Certain 20- or 30-sec epochs
Sleep scoring artifacts EOG: REMs. SEMs. blinks EOG: no REMs which do not meet REM and
criteria for EOG: eves wide open o ' ” o NREM criteria
newborn full- . -y P Chin EMG: low actllvely Chin EMG: present More likely to be seen in
term |n3fants Chin EMG: present suppressed when infant not Respiration: regular with ransition from REM to NREM
(1971) Respiration: irregular with moving respiratory rate varies < 20 sleep, than NREM to REM
respiratory rate varies >20 | Respiration: irregular with breaths/min sleep
breath.S/mm . rb?:gltlﬁ;?n?ilnrate varies > 20 Be.haviors: behavior.al Some investigators may
Behaviors: quiet quiescence, regularity of require only 3 of 4, or 4 of 5
wakefulness, active or Behaviors: periods of quiescence | physiological activity, eyes parameters to code an epoch
crying; vigorous diffuse with eyes closed overshadowed in | closed, no body movements as a particular state, choice left
motor activity of varying time by large amounts of activity; save occasional startles and to individual investigator
intensities; may whimper, smiles, grimaces, frowns, bursts episodes of mouth movements
occasional directed motor | of sucking, small digit or limb
actions movements, brief vocalizations
(cries, grunts, whimpers), slow
writhing or sudden jerky body
movements, and penile erections
Hoppenbrouwers | Required = 3 of 5 criteria: Absent chin EMG tone and at Requires all 4 of following Epochs of sleep in which

criteria for wakefulness
(AW), active sleep (AS), and
quiet sleep (QS) not fulfilled,

34-64 weeks CA
(1997)*

Behaviors: alert, crying and/
or feeding

EOG: REMs

Chin EMG: reduced
Respiration: irregular
Behaviors: mouth, sucking

Respiration: regular
(respiratory events or pauses
lasting > 3 sec discounted
when determining regularity of
respiration

Behaviors: None save
mouthing, startles or sucking

birth to 6 months | variation > 25 breaths/min; | respiratory rate variation > 25 variation < 25 breaths/min; and | or minutes in which these

of age® (4) vocalization; and/or (5) | breaths/min; (3) twitches and (3) sustained chin EMG tone; | criteria are fulfilled for < 30
sustained gross movements | brief head movements, and/or (4) | and (4) TA, sleep spindles or consecutive seconds (state

absence of TA or sleep spindles. both transitions)

Crowell et al. EOG: eyes open EEG: Fast (= LVI, < 35 pV) or EEG: HVS (> 50 V), TA, or M | Score if a 30-sec epoch

CHIME sleep : . Mixed (combination of HVS and ) contains either 3 NREM +

scoring criteria Chin EMG: present LVI) EOG: no eye movements 2 REM codes or2REM + 3

for infants Respiration: irregular Chin EMG: present NREM codes

If one or more variables were
unavailable (e.g., EMG and/or
eye movements) to determine
state, then the rules changed
to3of4,0or30f3

Brief period of another state
(often T) interrupting an
ongoing period of a given
sleep state by 30 seconds
should be scored the same as
the surrounding epoch

Scholle and
Schéfer. Criteria
for scoring sleep
in normal infants
(1999, 2012)*

EEG: LVI, M, frequent
artifacts

EOG: eyes open, eye
movements, blinks
Chin EMG: high muscle

tone with phasic bursts of
EMG activity

Respiration: irregular

Heart rate: irregular high
baseline

Motor activity: different than
that seen in REM sleep

EEG: LVI, M, rarely HVS

EOG: REMs (single or bursts)
behind closed eyelids

Chin EMG: low baseline tone with
phasic bursts of activity related to
movements

Respiration: irregular, sometimes
short central apneas, sometimes
irregular periodic breathing

Motor activity: Frequent motor
activities, interrupted by short
periods of rest, slow movements,
sometimes rapid, jerky startles,
frowning, smiles, sucking and
vocalizations

EEG: TA, HVS,M
EOG: No REMs

Chin EMG: medium to high
muscle tone, sometimes
increasing with sucking

Respiration: regular,
sometimes with regular
periodic breathing

Motor activity: no major body
movements, rare startles,
periodic sucking

Epochs which do not meet
other criteria for W, N or R

CHIME, Collaborative Home Infant Monitoring Evaluation; EEG, electroencephalogram; EMG, electromyogram; EOG, electrooculogram; HVS, high voltage
slow; LVI, low voltage irregular; M, mixed; NREM, nonrapid eye movement; REM, rapid eye movement; TA, trace alternant.
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Table 4—American Academy of Sleep Medicine Scoring Man
wake in infants 0-2 months.

ual definitions of electroencephalogram patterns of sleep and

EEG Pattern | AASM Manual Definition Sleep Stages Seen | Representative Electroencephalogram Sample and Comments

Trace 2 3 alternating runs of Nonrapid eye B e = g R g Y. P e P

alternant (TA) | bilaterally symmetrical movement (NREM) | e 'nf’f,w iy g M A g e 0 oy R R PN
synchronous high voltage o | R e i L e
(50-150 pV) bursts of 1-3 Hz
delta activity lasting 5-6 sec + Permissable to look at preceding and following epochs to see TA pattern.
(range 3-8 sec) alternating « TAfirst appears 37 w CA, prominent pattern at 40 w CA, disappears after
with periods of lower amplitude 44 w CA, after 44 w CAreplaced by HVS.

(25-50 pV) 4-7 Hz theta * Interburst intervals (IBls) last 46 sec 35-36 w CA, 2-4 sec 37-44 w.
activity (range 4-12 sec). Amplitude of IBls increases with increasing CA.

High voltage | Continuous synchronous NREM, rarely rapid | o, o o[ iy ™ s i Al o

slow (HVS) symmetrical predominantly eye movement T L I T T L P LY
high voltage (100-150 pV) (REM) St o Ve e i e el A\
1-3 Hz delta activity, which )
often has an occipital or + HVS precedes TAwhen 2 patterns present during same NREM period
central predominance. + HVS is the more mature EEG pattern of stage N sleep at term.

+ May see low voltage 12-14 Hz sleep spindles over Cz, C3 and/or C4 in
HV as early as 43—-48 weeks CA.

Mixed (M) Both HVS and low voltage Wake, REM, rarely 7y U U5 SO0 7y P A PP U P < sy P A Y PP P S R N
polyrhythmic components NREM M AP P o g AP A P\ e Al S e i
intermingled with little P e e AP A A S PN
periodicity; lower amplitude
than seen in HVS. + Continuous irregular synchronous symmetrical low amplitude (< 50 pV)

5-7 Hz theta intermixed with occasional > 100 puV 2-4 Hz slow waves;
+ Mtypically seen in REM sleep after period of W.

Low voltage | Continuous low voltage REM, Wake e P s 5 A O A S O O S A = AU Sy Y P 0 B 8 S

irregular (LVI) | mixed-frequency activity with B [ AP o P A A N L e e
delta and predominantly theta e e e e e B e i e A i
activity.

+ Continuous irregular centrally predominant 25-50 pV 4-7 Hz activity
intermixed with occasional 1-3 Hz delta of similarly low amplitude
+ LVl seen in REM sleep typically after a period of NREM sleep.

TA (trace alternant) characterized by bilaterally symmetrical and synchronous high voltage 50-150 pV bursts of 1-3 Hz delta activity. Bursts last 5-6 sec.
HVS (high voltage slow) EEG pattern of continuous diffuse high voltage 50-150 pV 1-3 Hz delta which may have an occipital or central predominance.
AS1 = (after W) continuous irregular synchronous symmetrical low amplitude (< 50 pV) 5-7 Hz theta intermixed with occasional > 100 pV 2-4 Hz slow
waves. AS2 (after NREM period) continuous irregular centrally predominant 25-50 pV 47 Hz activity intermixed with occasional 1-3 Hz delta of similarly
low amplitude. W (Wake) characterized by an electroencephalogram background of continuous mixed electroencephalogram frequencies which often
include: (1) irregular theta and delta activity (to 100 pV) maximal O1, O2; 2) diffuse irregular alpha and beta activity (to 30 uV); and 3) rhythmic theta activity
(to 50 pV), often maximal C3, Cz, C4. REMs: rapid eye movements (conjugate sharply peaked eye movements with initial deflection < 500 msec). SEMs:
conjugate 0.5-2 Hz vertical EMs. Lambda waves over O1, 02 may be first seen 2 w postterm. Regular respiration: respiratory rate between slowest and
fastest breaths varies < 20 breaths/min within a 30-sec epoch Irregular respiration: respiratory rate between slowest and fastest breaths varies > 20 breaths/

min within a 30-sec epoch.

awakening, and at sleep onset. They further recommended
scoring a 30-sec epoch as T if it contains either three NREM
and two REM characteristics or two NREM and three REM
characteristics. However, an epoch can be scored as stage N,
stage R, or stage W if only one PSG characteristic is discordant
for the sleep state.

CHALLENGES AND COMPLEXITIES WHEN
SCORING INFANT SLEEP STUDIES

Sleep specialists and technologists with little experience in
scoring sleep and wakefulness in infants 0—2 mo of age are
challenged by: (1) many epochs of sleep are better identified by
regularity or irregularity of respiration and other behavioral

Journal of Clinical Sleep Medicine, Vol. 12, No. 3, 2016

correlates than the EEG background; (2) EEG transients,
which are sharply contoured but not epileptic in nature, espe-
cially prominent in NREM sleep in infants 38—42 w CA; and
(3) tendency for infants when stressed, sick, or born premature
to exhibit EEG patterns that would classify them as younger
than their CA (termed dysmature).

EEG of full-term newborns contains a variety of distinc-
tive EEG transients that are often sharply contoured, easily
mistaken by the inexperienced as epileptiform in appearance.
Frontal sharp transients (FSTs) are isolated or repeated bursts
of unilateral or bilateral 50-200 uV biphasic waves each last-
ing 0.5—0.75 sec over the frontal regions in infants, especially
between 35—-44 w CA, which are often more frequent and of
higher amplitude during N sleep (especially at onset), but can
be seen in W or R (especially ASI) sleep. FSTs disappear by
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Table 5—Summary of American Academy of Sleep Medicine Manual sleep/wake state characteristics for scoring sleep in

infants 0-2 months of age.

State EEG patterns Eye Movements Chin EMG Respiration Behavioral
Wakefulness LVIorM Eyes open (sometimes | Present, movement Irregular Quiet wakefulness (QW):
(W) pursue visual targets); | artifact eyes open, crying, feeding,
eye blinks, rapid and/ active, or crying; vigorous
or scanning eye diffuse motor activity of
movements; transient varying intensities; may
eye closure especially whimper, occasional
when crying. directed motor actions.
REM (R) sleep | LVIor M (rarely HVS) | Eyes closed with rapid | Low (absent or at lowest | Irregular Sucking; facial grimaces;
eye movements amplitude in PSG) (sometimes clonic jaw jerks; fine limb
with periods of muscle twitches; chin,
tachypnea or limb, and body tremors;
periodic breathing) | intermittent stretching; large
athetoid limb movements.
NREM (N) sleep | TA, HVS, sleep Eyes closed, not moving | Present: 1) could be lower | Regular Reduced movement relative
spindles, or M than wakefulness; 2) to wakefulness (eye closed,
periodic breathing may be periodic sucking, occasional
absent 15-20% of NREM startle)
epochs entire PSG.
Transitional (T) | Scored when 3 NREM
sleep and 2 REM or 2 NREM
and 3 REM sleep state
characteristics present
same 30-sec epoch.

HVS, high voltage slow; LVI, low voltage irregular; M, mixed; NREM, rapid eye movement; PSG, polysomnogram; REM, rapid eye movement; TA, trace

alternant.

49 w CA. Sharp transients are also observed in infants 0-2
mo of age over the central and temporal regions. These are
more likely to be considered abnormal if: excessively frequent
for CA; appear in short runs; are consistently unilateral, occur
frequently during the IBI of TA; and/or persist during R or W.

Delta brushes, an EEG transient most abundant in premature
infants, are still seen at term, but usually in rare numbers mostly
during N sleep and then usually localized to the occipital regions.
At 38 w CA, the number of delta brushes observed in 30 min of N
sleep are 60—125, only 6—8 in 30 min of R sleep. By 40 w, delta
brushes average 0—24 in 30 min of N sleep, 0—6 in NREM. Delta
brushes are normally only seen in N sleep in healthy infants 42
weeks then averaging 0—12 in 30 minutes of recording. Slow an-
terior dysrhythmia (short bursts of regular or irregular 50-100 puV
1-3 Hz delta waves are another EEG transient observed between
38—41 w CA, especially in ASI-REM sleep.

IMPACT OF POOR SLEEP IN INFANTS ON LATER
COGNITIVE FUNCTIONING

Poor-quality sleep in premature and term infants has lasting
effects on later cognitive functioning.”'** Sleep architecture of
infants born premature may lag behind that of infants of a sim-
ilar CA born at term with longer sleep cycles, more TA, less
REM sleep, fewer and shorter duration arousals, fewer body
movements, and less REMs.® How well sleep architecture is
organized in a neonatal EEG or PSG may predict long-term

cognitive outcomes.”** Less REM sleep time in 81 infants
born 32-36 w CA was associated with poorer developmental
outcomes on the Bayley II at 6 mo.”" Whereas premature infants
who had longer periods of sustained sleep, more time spent in
REM sleep, and more periods of REM sleep with REMs had
better cognitive outcomes. Another prospective study of 65 in-
fants born premature found those who slept poorly as neonates
exhibited poorer attention and greater distractibility at 4 and
18 mo than those who slept well.”?> Another study of 143 infants
born mean age 32 w CA that particular sleep/wake transitions
predicted neurobehavior, emotional and cognitive growth at
age 5 y.” Sleep/wake transitions from NREM to wake were
associated with greater neonatal neuromaturation, less nega-
tive emotionality, and better verbal, symbolic, and executive
competences at age 5 y. Whereas, short episodes of REM and
NREM sleep or REM sleep to wakefulness with cry were as-
sociated with poorer outcomes. Such findings have prompted
interventions to improve premature sleep in neonatal intensive
care units including environmental noise reduction, ear muffs
when sleeping, lights on from 07:00—19:00 (and off the rest of
the time) and nonpharmacological treatments for pain.”>~*

INTERSCORER RELIABILITY WHEN SCORING
SLEEP IN INFANTS

Very few studies have been published evaluating reliability
of individuals scoring sleep studies in infants. Crowell et
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Table 6—Development of electroencephalogram features of sleep and wakefulness: infants to adolescents.

Infancy (2-12 mo) Early Childhood (12-36 mo) | Preschool (3-5y) | Older children (6-12y) | Adolescents (13-20y)
Sleep onset | REM sleep onset NREM sleep NREM sleep NREM sleep NREM sleep
lessening after 3 mo;
uncommon after 6 mo
Dominant DPR first seen 3-5mo | DPR varies from 6-8 Hz By age 3, most DPR more often 10 Hz Average DPR 10 Hz,
posterior as irregular 50-100 pV | rarely up to 9.5 Hz typically children have DPR | by 10 years intermixed range 9-11.5 (only 5%
rhythm (DPR) | 3-5 mo; 5-6 Hz by intermixed with slower activity | 8 Hz, amplitude with posterior slow waves | have > 11.5 Hz); 5-10% of
5-6mo; 7 Hz by 12 mo; Asymmetric mu (unreactive to increases fromage | of youth normal supjects no DPR;
DPR <5 Hz by 1 y eye opening) beginning age 2y 3-8 years, often Mu activity over central Gr_adual filsappearanc'el
abnormal. reactivity of 100 pVv ; ; of intermixed slow activity
. over central region most prominent ) ; ;
DPR to eye opening second decade of life in DPR which occupies
first seen 3—-6 mo 10-15% of DPRIin
adolescence. Mature wake
EEG observed by 16 y to
aslateas 30y
Drowsiness | Hypnagogic Marked hypnagogic Hypnagogic Gradual alpha dropout Gradual alpha dropout with
and NREM 1 | hypersynchrony hypersynchrony continuous or | hypersynchrony with increasing slow stretches of low voltage
(4-6 Hz first seen age | in bursts disappearing, rare in | activity; rhythmic anterior | mostly slow activity.
6-8 mo maximum normal children after | theta (6-7 Hz) may be Rhythmic anterior theta
frontocentral regions age6y. seen seen but declining as
approach adulthood
Sleep If no sleep spindles, 70% of sleep spindles are Symmetrical 12-15 | Symmetrical vertex Sleep spindles now
spindles score all NREM sleep | synchronous by 1y; 100% by 2 | Hz sleep spindles maximal 12-15 Hz sleep | maximal vertex, central
as NREM (N); once y; sleep spindles often sharply | | maximal vertex spindles; slower 10-12 and parietal regions; frontal
sleep spindles are contoured, maximal over but may see Hz frontal spindles; sleep | spindles disappearing after
present, score N1, central and parietal regions independent 11-12 | spindles often associated | age 13 y. Sleep spindles
N2 and N3; 12-14 Hz | 12-15Hz Hz frontal spindles | with K-complexes often associated with
sleep spindles first K-complexes
seen 44-46 w CA
over midline central;
sleep spindles often
last 8 up to 10-15
sec especially around
3-4 mo
Vertex K-complexes first Mature vertex waves by 16 mo | K-complexes occur | K-complexes maximal K-complexes maximal
waves and appear 5-6 mo maximal central in rapid runs (3-9in | frontal, vertex waves frontal, vertex waves
K-complexes | maximal frontal 1-3 seconds) ages | central central
Rare broad vertex 3-9y predominantly
waves maximal central surface-negative
first seen 6 mo component
REM (R) 4-5Hz with bursts of | Slow activity (2-5 Hz) at times | Prolonged runs Less slow activity Mature REM sleep
sleep saw tooth waves 5 mo | desynchronization seen or bursts of often more low voltage pattern of low voltage
notched 5-7 Hz desynchronized EEG desynchronized EEG, may
theta activity see alpha activity often
1-2 Hz slower than DPR

al.® calculated inter-reliabilities and intra-reliabilities for

sleep parameters and sleep stages for three senior investi-

gators and four sleep technologists scoring 408 randomly
selected 30-sec epochs from overnight home PSG recorded
in 15 CHIME home PSG records.** They found the kappa

statistics (k) for agreement in scoring among the investiga-
tors were 0.56 for EEG, 0.51 EOG, 0.54 body movements,

and 0.67 respiration. After intensive training, K agreement
for the technologists was 0.76 for EEG, 0.62 EOG, 0.68
body movements, and 0.73 for respiration. Crowell et al.
found that intensive uniform training and careful attention
to specification of scoring criteria improved inter-scorer

reliability.
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Stefanski et al.'” reported an overall inter-scorer agreement
of 87% for scoring sleep EEG patterns in 23 infants using a
scoring system they developed and validated.'”® The great-
est inter-scorer disagreement occurred when scoring prema-
ture infants. Hoppenbrouwers® analyzed scoring agreement
in their work and others.™'”" The following conditions were
found: (1) infant scoring criteria that required three or four of
five criteria to score N sleep significantly altered the percent-
age of N scored; (2) scoring agreements were “uniformly low”
(50%) when scoring indeterminate sleep; (3) correctly scoring
N sleep in infants 1-2 mo of age was especially challenging
because TA had disappeared and sleep spindles were usu-
ally absent; and (4) using behavioral observations including
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respiration may have helped reduce inter-scorer disagreement
when faced with distinguishing the M EEG background of
REM sleep from HVS of NREM sleep at this age.

Satomaa et al.’” scored comprehensive home PSGs in 84
healthy 1-mo-old infants using sleep scoring criteria they
adapted from the 2012 AASM criteria.®’ Infants ranged in age
from 44-48 w CA. Inter-scorer agreement between two inde-
pendent scorers was 80.6% and a kappa score of 0.73 indicat-
ing substantial agreement. Scoring agreement was > 80% for
REM, NREM, and W, but only 46% for T sleep. The most com-
mon mismatch between sleep stages were: T/REM (26.5%), Tl/
NREM (16.1%), and T/W (8.9%). W/ REM, REM/NREM, and
W/NREM mismatches accounted for only 10%, 5%, and 2% of
all mismatches, respectively.

Time and again when AASM scoring rules are written,
pragmatism wins. Rules are developed (and later revised) to
be as simple as possible. Some pediatric sleep specialists and
researchers lament the AASM Manual lumping stages 3 and 4
sleep into NREM 3, saying the “richness and complexity” of
slow wave activity is lost. However, inter-scoring reliability is
far better when stages 3 and 4 are combined, and so reason
overruled wish. The Scoring Manual Editorial Board’s bold
decision the EEG in infant PSG be scored as continuous or
discontinuous (rather than LVI, HVS, M) reflects recognition
that TA is the only neonatal EEG pattern that can be reliably
recognized even by experts.

FUTURE DIRECTIONS

These criteria for scoring sleep/wake states between ages 0—2
mo represents far more than baby steps. These rules, like all
the other AASM Scoring Manual rules, are not fixed in stone,
and are open for debate, discussion, and revision. Future stud-
ies are needed to: (1) evaluate inter-scorer and intra-scoring
reliability of these sleep staging rules for ages 0—2 mo; (2) con-
firm or refute that scoring simply as continuous or discontinu-
ous will suffice; (3) confirm whether these rules can be used
in infants when stressed, sick or born premature; and (4) de-
velop normative data for these by comparing results between
patients, laboratories, and research.

ABBREVIATIONS

Al, left auricular electrode

A2, right auricular electrode

AASM, American Academy of Sleep Medicine

AHI, apnea-hypopnea index (mean number of apneas and
hypopneas per hour of sleep)

APSS, Association for the Psychophysiological Study of Sleep

A, active (REM) sleep

AS, active (REM) sleep

ASI, REM sleep EEG pattern following wakefulness

AS2, REM sleep EEG pattern following a period of NREM sleep

AW, wakefulness

CA, conceptional age

CAl, central apnea index
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C3, left central electrode

C4, right central electrode
CHIME, Collaborative Home Infant Monitoring Evaluation study
Cz, vertex electrode

EEQG, electroencephalogram
EMG, electromyogram

EOQG, electro-oculogram

F3, left frontal electrode

F4, right frontal electrode

FST, frontal sharp transients
GA, gestational age

HVS, high voltage slow

Hz, hertz

IBIs, interburst intervals

IS, indeterminate (transitional) sleep
LVI, low voltage irregular EEG pattern
K, kappa statistics

uV, microvolts

mm, millimeter(s)

M1, left mastoid electrode

M2, right mastoid electrode

M, mixed EEG pattern

MEG, magnetoencephalography
mo, month(s)

N, nonrapid eye movement sleep
NREM, nonrapid eye movement sleep
Ol, left occipital electrode

02, right occipital electrode
PMA, post menstrual age

PSG, polysomnogram

Q, quiet (NREM) sleep

QS, quiet (NREM) sleep

R, rapid eye movement sleep
REM, rapid eye movement sleep
REMs, rapid eye movements
SDB, sleep disordered breathing
sec, second(s)

T, transitional sleep

TA, trace alternant

TST, total sleep time

W, wakefulness

w, week(s)

¥, year(s)
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