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Purpose of Review: Review published studies and critiques
which evaluate the impact and effects of the American Acad-
emy of Sleep Medicine (AASM) Sleep Scoring Manual in the
four years since its publication.

Findings: Using the AASM Manual rules to score sleep and
events in a polysomnogram (PSG) resullts in: (1) very large dif-
ferences in apnea-hypopnea indexes (AHI) when using the rec-
ommended and alternative rule for scoring hypopneas in adults;
(2) increases in NREM 1 and sleep stage shifts with compensa-
tory decreases in NREM 2 in children and adults when following
rule 5.C.b. for ending NREM 2 sleep; (3) increases in NREM 3
in adults scoring slow wave activity in the frontal EEG deriva-
tions; (4) improved interscorer reliability; and (5) successfully
identified fragmented sleep in children with obstructive sleep
apnea (OSA) from primary snorers or normal controls because

they had more NREM 1 and stage shifts using rule 5.C.b. Criti-
cism of the Manual most often cited: (1) two rules for scoring
hypopneas; (2) alternative EEG montage cancellation effects;
(3) scoring stages 3 and 4 as NREM 3; and (4) too few rules for
scoring arousals and REM sleep without atonia.

Summary: Four years have passed since the AASM Scoring
Manual was published with far less criticism than those who
developed it feared. The AASM Manual provides a foundation
upon which we all can build rules and methods which identify
the complexity of sleep and its disorders.
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our years have passed since the American Academy of

Sleep Medicine (AASM) published The AASM Manual
for the Scoring of Sleep and Associated Events.' The Manual
represents a brave effort to standardize how a comprehensive
in-laboratory polysomnogram (PSG) performed in the United
States should be recorded, scored, analyzed, and reported.?
Before it, we were never certain that sleep study data across
city, state, country, or sea were comparable. Based on digital
video-PSG recording techniques, the Manual incorporates the
effects of age and disease on sleep and provides rules for vi-
sual scoring of sleep stages, arousals, movements, respiratory
and cardiac events during sleep.>® Driving goals in develop-
ing it were: simplicity, ease of implementation, likelihood of
improving interscorer reliability, and avoiding radical changes
unless sufficient evidence existed to do so. Every effort was
made to make the Manual evidence-based, but when insuffi-
cient, the committee used the UCLA/Appropriateness Method
to develop consensus recommendations.* This paper reviews
studies and critiques which evaluate the impact and effects of
the AASM Manual Sleep Scoring Manual in the four years
since its publication.

Two Definitions for Scoring Hypopneas in Adults

The greatest criticism has been directed at the AASM’s deci-
sion to permit two different ways for scoring hypopneas in a
PSG in adults." Why two? The Respiratory Scoring Task Force
detailed in its review paper’® convincing level I and II evidence
that apnea-hypopnea indexes (AHI) which define hypopneas as
only a discernible amplitude reduction but were associated with
a > 4% desaturation correlated significantly with: (1) preva-

lent and incident blood pressure;*’ (2) lower neurocognitive
test scores;® and (3) automobile crashes due to sleepiness.” The
respiratory review paper also provided sufficient evidence for
scoring hypopneas which caused as little as > 20% to 30% fall
in airflow and/or > 2% or > 3% desaturations.'*"

However, the AASM wanted rules for scoring hypopneas
which had substantial or excellent interscorer reliability. Inter-
rater reliability (IRR) as it relates to scoring sleep in a PSG
measures how closely individuals score the same sleep study.
IRR when scoring a PSG depends upon the: (1) skill, experi-
ence, and training of scorer; (2) technical quality of study; (3)
clarity and simplicity of scoring rules; (4) diligence with which
scoring rules are applied; and (5) degree of physiological ambi-
guity of the sleep/wake patterns.'* When two or more individu-
als score a stage of sleep or an event in a PSG differently, it can
introduce enough variability to lead to a false positive or false
negative for a particular diagnosis.

The IRR for scoring respiratory events in a PSG is particu-
larly affected by the: (1) duration of the event; (2) degree of
reduction in the amplitude of the measured signal(s); (3) level
of the oxyhemoglobin desaturation associated with it; and (4)
presence and duration of arousal which accompanies it.’

Ayappa et al. found the percent scoring agreement for scoring
apneas using a nasal pressure sensor was excellent (0.91) but
only moderate for hypopneas (0.69) or flow limitation events
(0.64)." The more subtle the reduction in airflow, the more dif-
ficult to achieve good interscorer agreement: one scorer identi-
fied 35% more flow limitation events than the other. Whitney
et al. found a hypopnea associated with 2% to 5% desaturations
could be scored with IRR of 0.90, but scoring agreement in-

Journal of Clinical Sleep Medicine, Vol. 8, No. 3, 2012



Downloaded from jcsm.aasm.org by 49.145.224.186 on March 25, 2022. For personal use only. No other uses without permission.

Copyright 2022 American Academy of Sleep Medicine. All rights reserved.

MM Grigg-Damberger

creased only 0.04 to 0.94 if an arousal accompanied the hypop-
nea."s Scoring agreement for hypopneas which did not cause an
arousal or desaturation was only 0.74, and 0.77 for those which
only caused an arousal.

After reviewing this evidence, the respiratory task force pro-
posed that hypopneas in adults were most likely to be scored
with excellent IRR (IRR > 0.80) if associated with > 50%
fall in airflow and > 3% desaturation or > 3-sec EEG arousal.
However, concerns were expressed that this more “liberal” hy-
popnea definition might not be readily accepted by the Cen-
ters for Medicare and Medicaid Services (CMS). It had taken
the AASM years to convince CMS that a hypopnea was as
pathologic as an apnea. Hypopneas which caused > 30% re-
duction in nasal pressure accompanied by > 4% desaturation
could be used to calculate an AHI to obtain financial support
for a positive airway pressure therapy to treat adult OSA. To
avoid a reimbursement hiatus and billing chaos, the committee
decided to offer two hypopnea definitions. They proposed that
the 50%/3%/AR rule be the recommended criteria for scor-
ing hypopneas in an adult, with the 30%/4% an alternative
scoring choice. However, the AASM Board of Directors chose
the reverse, selecting the 30%/4% rule as the recommended
rule Several months after the Manual was published, the
Manual Steering Committee advised that: (1) investigators use
the alternative hypopnea (50%/3%/AR) rule in all prospective
epidemiological and outcome studies; (2) for clinical purposes,
sleep specialists may select either the recommended (page 46,
4.A) or alternative (page 46, 4.B) rule; and (3) for comparison
purposes in clinical research or practice, both methods may be
reported (FAQ, www.aasmnet.org).'¢

Impact of Two Hypopnea Definitions on the Apnea-
Hypopnea Indexes

Ruehland et al. were first to evaluate how AHI and hypopnea
indexes (HI) would be significantly different depending upon
which AASM hypopnea definition was used to score an adult
PSG."” They rescored 328 adult PSGs using the AASM Manual
respiratory scoring criteria. These PSGs had originally been
scored using hypopnea rules recommended by the AASM in
1999 (and often called the Chicago criteria).'®"” The Chicago
criteria permit scoring a hypopnea in an adult if there was a >
50% airflow reduction alone or a lesser airflow reduction as-
sociated with > 3% desaturation or > 3-sec EEG arousal (50%
or less/3%/AR).

Ruehland et al. found very large and clinically significant dif-
ferences in median AHI and hypopnea indexes (HI) depending
upon how hypopneas were scored. The median AHI when they
scored hypopneas using Chicago criteria (50% or less/3%/AR)
was 25/h, 40% lower when they were scored using the alterna-
tive rule (AHI 15/h), and 70% lower with the recommended
(AHI 8/h). Using the AASM-recommended 30%/4% hypop-
nea rule, 36%, 43%, and 48% of patients previously classified
as positive for OSA using an AHI following Chicago (50% or
less/3%/AR) criteria would now be negative with AHI cut-
offs of 5, 15, and 30/h, respectively. Scoring hypopneas using
AASM alternative 50%/3%/AR hypopnea rule, 17%, 26%,
and 25% of patients previously classified as positive for OSA
using Chicago criteria would now be negative for the diagno-
sis if the same benchmark AHI cutoffs were followed. The au-
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thors cautioned cutoffs for abnormal AHI in a PSG to diagnose
OSA need to be adjusted: an AHI of 5/h as scored using the
recommended 30%/4% rule would correspond to 10/h using
alternative 50%/3%/AR rule and 15/h using Chicago 50% or
less/3%/AR criteria. Based upon any cut-point value of AHI,
different hypopnea definitions would result in substantial and
clinically significant differences for identifying and classifying
severity of OSA. These findings prompted the authors to rec-
ommend the AASM endorse a single adult hypopnea definition.

Guilleminault et al. rescored 35 PSGs in lean adults with
clinically symptomatic OSA who often had hypopneas which
did not cause significant desaturations.”’ Mean AHI was 27/h
when they scored these PSGs years earlier using the Chicago
(50% or less/3%/AR) hypopnea scoring criteria.'® Mean AHI
using the AASM alternative 50%/3% /AR hypopnea definition
was 22% lower (21/h), and 78% lower using the recommended
30%/4% rule (AHI 6/h). If PSGs were scored using recom-
mended 30%/4% rule, PSGs in 14 (40%) would have been
classified as normal (AHI < 5). They concluded that the AASM-
recommended hypopnea rule should not be used to score hy-
popneas in lean subjects in whom many clinically significant
hypopneas caused little/no desaturation.

Impact of Neglecting to Score Apneas or Hypopneas in
Wake on Apnea-Hypopnea Indexes

Norman et al. studied the impact of not scoring apneas or hy-
popneas during epochs of stage W had on the AHI using com-
puterized PSG scoring.?' They first manually scored sleep in
60 diagnostic adult PSGs in 30-sec epochs; then rescored them
using a method similar to adaptive segmentation.”” They found
8% of apneas or hypopneas were not scored because they oc-
curred within a single epoch of Wake (43%) or began in W but
continued into sleep (57%). The median AHI increased from
15.8 to 18.8/h when they included respiratory events in stage W.
The biggest discrepancies in AHI occurred in patients with AHI
> 40/h (and which would not change the diagnosis or clinical
management). Of note, the AASM Scoring Manual FAQ web-
site states that a respiratory event can be scored if any part of
it occurs during an epoch of sleep, so only 3% of the events in
the study PSGs would rnot have been scored using AASM rules.
The authors argue that absolute sleep scoring (a form of adap-
tive segmentation) would provide a truer measure of TST by
counting short periods of sleep in a PSG often scored as stage
W when scoring a PSG in 30-sec epochs. Lack of scoring re-
spiratory events which cause or occur in W prevents including
respiratory events that are contributing to sleep fragmentation
and clinically important symptoms in patients with OSA.

Impact of Scoring Respiratory Events in Adolescents
Using Pediatric or Adult Rules

To provide adolescents greater access to sleep laboratories,
the AASM Manual permits scoring respiration in sleep in those
> 13 years using adult scoring criteria.”> The AASM pediatric
hypopnea rule is nearly identical to the adult alternative hypop-
nea (50%/3%/AR) rule except for event duration (> 2 missed
breaths in a child vs. > 10 sec in an adult).”® Accardo et al.
retrospectively scored PSGs in 101 healthy non-obese adoles-
cents (ages 13 to 18 years) without sleep/wake complaints.?
The investigators found far lower mean AHI (0.4/h) when the
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AASM-recommended 30%/4% hypopnea rule was used to
score adolescent PSGs, compared to an AHI of 1.7/h using the
pediatric respiratory scoring rules and 1.4/h using the alterna-
tive adult criteria. They found that far fewer adolescents would
meet AHI > 5 criteria for diagnosing OSA if their PSGs were
scored using the adult recommended 30%/4% rule.

Lin and Guilleminault retrospectively scored PSGs in 209
non-obese children (2-18 years) with suspected OSA using
Stanford and AASM pediatric respiratory criteria.”® They found
99% (207/209) would be diagnosed as having OSA using Stan-
ford criteria but only 19% (39/209) using AASM pediatric rules
(AHI > 1/h).>** The median AHI of PSGs scored using Stanford
criteria was 12.7/h, 0.1/h using the AASM. Based on their re-
sults, the authors asked the following questions and lodged these
complaints regarding the AASM pediatric respiratory scoring
criteria: (1) the AASM criteria identify only the most obvious
and severe cases of pediatric OSA and lead to a high number of
false-negatives; (2) why do a PSG if the scoring criteria cannot
discriminate between patients with or without OSA symptoms?;
(3) it is not acceptable for a test that is potentially demanding,
costly, and used to make important health care decisions; and (4)
if clinical symptoms and clinical evaluations are more discrimi-
nating than the test itself, they question why the test is being
performed. One could make the same complaint to the authors:
why do a PSG to diagnose OSA if 99% will be diagnosed with
it using Stanford scoring criteria? Tapia et al. studied the influ-
ence of maturation on apnea/hypopnea duration and respiratory
rates in 68 healthy non-obese 8- to 18-year-old controls (mean
age 13 + 3 years) using the AASM pediatric scoring rules, 32 of
whom were adolescents (Tanner stages 3-5).2” They re-scored
the PSGs in the adolescents using AASM adult respiratory scor-
ing criteria. These were normal controls, so they had very few
respiratory events using any scoring criteria (median AHI 0/h
using any criteria). The investigators found: (1) the majority of
the few respiratory events present lasted > 10 sec; and (2) the
mean respiratory rate for the entire group was 17 + 2 breaths per
minute during NREM and REM sleep. A total of 36 hypopneas
would have been scored in 15 of 32 adolescents using pediat-
ric rules, only 2 using adult criteria (most often because these
did not cause a > 4% desaturation, only occasionally because
they lasted < 10 sec). The authors argue that 2 missed breaths
(regardless of duration) would be a more accurate criterion for
scoring respiratory events at any age.

Differences in Sleep Architecture When Scoring Sleep
in Adults Using AASM and R & K Rules

Moser et al. had 7 sleep experts from 3 European sleep lab-
oratories re-score 72 adult PSGs using AASM sleep scoring
criteria® and compared their results to R & K scorings (based
upon consensus) done years earlier as part of the European SI-
ESTA database.?** When scored using AASM sleep scoring
rules, they found statistically different (but clinically insignifi-
cant) increases in mean Wake after Sleep Onset (WASO, +4
min), NREM 1 (+11 min, +3% TST) and NREM 3 (+9 min,
+2% TST) and decreased NREM 2 sleep (-21 min, -5% TST).

The authors further analyzed why particular epochs were re-
scored using the AASM rules. Two-thirds rescored as Wake had
been scored as Movement Time; the remaining third because
sleep onset was defined as the first epoch of any stage of sleep
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(vs. the first 3 epochs of stage 1 or any other stage of sleep
in the SIESTA database). The AASM rules require slow wave
activity of NREM 3 to be preferentially scored in the frontal
EEG derivations; R & K restricted to the central regions. The
modest increase in percent NREM 3 occurred because some
had slow wave activity that was considerably greater than 75
pV in the frontal EEG derivations, but slightly less than 75 pV
in the central.

The greatest change in sleep architecture following the
AASM sleep scoring rules was a mean decrease in NREM 2
sleep (5%). This most often occurred because AASM rule 5.C.b
was consistently applied, which specifies stop scoring succes-
sive epochs as NREM 2 sleep after an arousal and not score sub-
sequent epochs as NREM 2 until a sleep spindle or K-complex
(without an arousal) occurs. The 5.C.b. rule decreased NREM
2 time, increased NREM 1 time, and provided a subtle measure
of sleep fragmentation by signaling a sleep stage shift. Figure 1
shows 60 sec of a PSG illustrating application of this rule.

The 5.C.b. rule has resulted in a renewed interest in the num-
ber of sleep stage shifts which occur in a PSG. Laffan et al. retro-
spectively analyzed whether sleep stage shifts (which they call
sleep stage transitions) were predictive of self-reported restless
and light sleep in 5,684 participants in the Sleep Heart Sleep
Study database.*’ Multivariable regression models showed that
a high overall sleep stage transition rate was associated with
restless and light sleep independent of TST, WASO, arousal in-
dex, and percentages of sleep stages. The authors found: (1)
more than 10 sleep stage shifts per hour of sleep were associat-
ed with a 1.4 odds ratio of complaints of restless or light sleep;
and (2) complaints of restless/light sleep increased linearly with
the stage shift rate, plateauing when > 12 shifts/h.

Ruehland et al. had 3 experienced scorers from different Aus-
tralian sleep laboratories score sleep stages and arousals in 30
adults with suspected OSA (mean age 51 years, BMI 34).3! The
PSGs were de-identified and presented to the scorers in random
order to eliminate any order effect. When they scored PSGs using
AASM rules, they found the mean time in NREM 1 decreased
(mean 80 vs. 71 min) and time in NREM 3 increased (mean
64 vs. 53 min). They scored more NREM 3 (at the expense of
NREM 2) because of slow wave activity being preferentially
higher over the frontal regions. They scored more NREM 2 (at
the expense of NREM 1) because K-complexes were more often
recognized and maximal over the frontal areas.****

Differences in Sleep Architecture When Scoring
Sleep in Children Using AASM and R & K Modified for
Children Criteria

Three recently published studies compare sleep stage scoring
in pediatric subjects using the age-specific AASM scoring rules
and consensus-based R & K rules modified for children.**” No-
velli et al. had 3 experienced pediatric sleep experts score PSGs
from 45 healthy normal children (mean age 8.5 = 3 years)®
using consensus-based R & K criteria adapted for children.*®
Two months later after a training lesson, they rescored them us-
ing the AASM pediatric sleep scoring rules.”® They found they
scored more NREM 1, more stage shifts, and less NREM 2 and
REM sleep using the AASM rules (Table 1). Further analysis
showed the increase in NREM 1 and stage shifts occurred when
they applied rule 5.C.b. The percent or time in NREM 3 did not
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Figure 1—NREM 1 sleep time and sleep stage shifts increase when scoring sleep studies using AASM sleep scoring rule 5.C.b.
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Figure showing a 60-sec epoch from a polysomnogram done on one of my patients. In the first 30-sec epoch, he is in NREM 2 sleep, then has an arousal
(arrow). Because no sleep spindles or K-complexes recur following the arousal, the second epoch is scored as NREM 1 because of AASM scoring rule 5.C.b
(p. 26 of the AASM Manual). Rule 5.C.b. has proved useful, increasing the amount and percent time of NREM 1 sleep and sleep stage shifts scored, providing
a clinically useful marker of sleep fragmentation. This figure is from my laboratory, no permission needed.

Table 1—Significant differences in sleep study statistics when scoring pediatric polysomnograms using AASM and R & K rules
adapted for children from study by Novelli et al.*

Sleep Stage Statistic Difference AASM (Mean, % TST) R & K Adapted for Children (Mean, % TST)

NREM 1 sleep 50 min (+10% TST) 18 min (4% TST)
NREM 2 sleep 236 min (46% TST) 263 min (51% TST)
REM sleep 110 min (21% TST) 120 min (23% TST)
Stage shifts per hour 9+2h 712/

increase because slow wave activity in children was typically
> 150 to 400 pV over either the frontal and/or central regions,
far greater voltages than the > 75 uV needed to score it.** The
authors concluded the increased NREM 1 time and resultant
stage shifts using AASM sleep scoring rules provided useful
polysomnographic measures for fragmentation of sleep in chil-
dren, not seen when scoring pediatric PSGs using R & K.
Miano et al. prospectively studied whether the AASM sleep
scoring rules better differentiated sleep fragmentation in chil-
dren with OSA or primary snoring from controls.* They scored
PSGs in 75 prepubertal children (39 with OSA defined as an
OAHI > 1: 26 primary snorers and 10 age-matched normal
controls) using AASM and modified R & K.*® They found the
AASM rules better differentiated children with OSA from pri-
mary snorers or healthy age-matched controls (Table 2). Using
the AASM rules, children with OSA had more NREM 1 and
stage shifts per hour of sleep than primary snorers or controls
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(again because of rule 5.C.b). The more severe the OSA, the
higher the percent time spent in NREM 1 using the AASM
(but not the R &K) criteria. Primary snorers could also be dis-
tinguished from controls by a significantly higher percent of
NREM 1 sleep time using AASM (but not R & K) criteria.

Two studies have been published which provide normative
first-night PSG data using the AASM rules for scoring sleep in
infants and children.?”*° The prospective longitudinal study by
Sankupellay et al. confirmed that stages NREM 2 and 3 sleep
could be scored in infants 3 months or older.”” Figure 2 shows
sleep spindles best seen in the Fz-Cz channel recorded in a
3-month-old infant.

Interscorer Reliability Improved Using AASM Sleep
Scoring Criteria

The AASM Visual Scoring of Adults review paper*' cited 7
studies as evidence regarding IRR of humans to visually score
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Table 2—Percent of agreement scoring polysomnograms using adult AASM and R & K sleep stage scoring rules according to
study by Danker-Hopfe et al.®

Percent agreement of PSGs
scored with different rules

Percent agreement between
individual scorers using AASM

Percent agreement between
consensus scored R & K

Excellent agreement (k > 0.80) 42% 23%
Substantial agreement (x = 0.61-0.79) 42% 66%
Moderate agreement (k = 0.41-0.59) 14% 1%
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Figure 2—Sleep spindles in a 3-month-old infant
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Note well-developed sleep spindles in this 30-sec epoch from a PSG recorded on a 3-month-old infant. Sleep spindles between 3-4 months of age often last
5-8 sec and are maximal over Cz. Sensitivity 500 pV peak-to-peak, LFF 0.3 Hz, HFF 35 Hz.

Table 3—AASM Pediatric sleep stage scoring rules better identified abnormalities in sleep architecture in children with obstructive

sleep apnea shown in a study by Miano et al. *

1) Controls 2) Primary Snorers 3) OSA Statistical Significance
(n=10) (n =26) (n=39) (<)
NREM 1 (% of TST) 8+5% M+4% 14 £5% 1vs.2:0.01
1vs. 3:0.005
2vs. 3:0.01
NREM 3 (% of TST) 37 4% 39+7% 32+9% 1vs. 2:NS
1vs. 3:0.05
2vs. 3:0.005
Stage stage shift 12+ 3/h 12 £4/h 16 £ 8/h 1vs. 2:NS
(n/h) 1vs. 3:0.05
2vs. 3:0.005

15,42-47

sleep in a PSG using R & K rules, including 2 graded level
I, and 2 level II evidence.***” When PSGs were scored using
R & K rules, interscorer agreement was highest for REM (78%-
94%) and stage 2 (79%-90%) sleep; 68%-89% for Wake; 23%-
74% stage 1, 44%-60% stage 3; 45%-80% stage 4; and 69% for
slow wave sleep (stages 3 and 4 combined).!3#4-5! NREM 2
and NREM 3 were most likely to be interchanged, followed by
stage NREM 1 and NREM 2.3

Two studies have been published which evaluate whether
IRR improved when sleep was scored using AASM sleep scor-
ing criteria.’">* Danker-Hopfe et al. took those same 72 SIESTA
database PSGs that had been scored by consensus®® and com-

pared them with “first scorings” by individuals using AASM
rules.”® Using arbitrary agreement benchmarks according to
Landis and Koch, k agreement was perfect (x> 0.80) in 42% of
the Manual scoring vs. 23% scored using R &K (Table 3). Using
Cohen and Koch « coefficients, the overall IRR was statistically
higher using AASM (82% agreement, k = 0.75, p = 0.02) vs.
80.6% (x = 0.72) following R & K. Percent scorer agreements
increased using AASM for all sleep stages save NREM 2 (again
because of rule 5.C.b). Discrepancies in scoring were found in
18% of all epochs using Manual rules compared with 19% us-
ing R & K; 60% of these were between slow wave sleep/NREM
3 and stage 2/NREM 2. Levels of agreement decreased with in-
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Figure 3—Cancellation effects of the bipolar linkage Fz-Cz on slow wave activity of NREM 3 sleep
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Note how much lower the amplitude is in the Fz-Cz and Cz-Oz channels compared to F3-M2, C3-M2, and O1-M2 due to cancellation effects of bipolar
linkages over frontocentral regions where slow wave activity is often synchronous and of each amplitude.

Figure 4—Advantages and disadvantages of recom-
mended and alternative EOG montages
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creasing age of the patient, and this was more pronounced in the
R & K scorings (p = -0.008). The authors compared interscorer
agreement epoch-by-epoch between 2 epochs; agreement was
greatest for REM, followed by Wake, NREM 3, NREM 2, and
NREM 1 sleep. In summary, interscorer reliability in this study
was greater using AASM rules.

However, the study by Ruehland et al. found no statistically
significant differences in interscorer or intrascorer reliability
for sleep or arousals using AASM and R & K sleep scoring
criteria.* They reported a trend for better IRR scoring sleep and
arousals using the AASM rules and questioned small sample
size and/or that their study population were patients (rather than
normal controls), led to the lack of significant differences be-
tween criteria.

Technical Considerations Recommended by
the AASM Manual

The AASM Scoring Manual allows for 2 different EEG and
EOG montages. Why two of each? The recommended EEG
montage is similar to R & K, except for adding electrodes over
the frontal and occipital regions. The recommended EEG mon-
tage references the frontal, central, and occipital electrodes to
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contralateral mastoid—referential derivations are the best way
to measure amplitude in EEG. The occipital EEG derivations
were added because the dominant posterior alpha rhythm used
to identify stage W is usually maximal over this region. Fron-
tal derivations were added because K-complexes and NREM 3
slow wave activity are often of highest amplitude there. Sleep
spindles, vertex waves, and sawtooth waves are usually best
seen over the central EEG derivations.

The alternative EEG and EOG montages have been used
for years at the Mayo Clinic. Advantages of the alternative
EEG montage cited by its proponents were: (1) the PSG sig-
natures of sleep are maximal over Fz, Cz, and Oz; (2) link-
ing biologically active electrodes (Fz to Cz, Cz to Oz) often
results in “cleaner” EEG signals; and (3) Fz-Cz often useful
for identifying electrographic seizure activity because of less
muscle artifact over midline central regions. A single study by
van Sweden et al. found overall intra- and interscorer agree-
ment were similar when sleep stages in a PSG were scored us-
ing Fz-Cz/Cz-Pz or C4-A1.% They further reported a trend for
more reliable scoring of NREM 3 using the alternative EEG
placement.

However, a disadvantage when linking Fz to Cz in the al-
ternative EEG montage is that it can produce cancellation ef-
fects when NREM 3 slow wave activity or K-complexes are of
similar amplitude over the frontal and central regions. Figure 3
shows an example of cancellation effects using Fz-Cz to score
slow activity of NREM 3. Soon after the Manual was pub-
lished, queries appeared in the Frequently Asked Questions
for the Manual website, asking how to score NREM 3 using
the alternative EEG montage. The Manual Steering Committee
recommended E1-FPz when using the alternative EOG mon-
tage (which can work) or C4-M1 if using recommended EOG
derivation (which does not solve the problem of using a frontal
derivation). Fz-M1 might also suffice. Figure 4 summarizes the
advantages and disadvantages of recommended and alternative
EOG montages. Figure 5 illustrates how the alternative EOG
montage is much more sensitive than the recommended for de-
tecting eye movements
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Figure 5—The alternative EOG montage better identifies eye movements
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montage (Figure provided by Michael Silber, M.D.)

Other Complaints, Requests for Clarification, and
Suggested Revisions
The Italian Association of Sleep Medicine voiced concern that
only 3 of the 29 rules for visual scoring of sleep had sufficient
evidence to warrant a recommendation as a standard, that the vast
majority were based on consensus.*® They questioned discarding
PSG data collected for years without first performing multicenter
validation studies to confirm the rules and recommendations, es-
pecially “given the low levels of evidence offered as reasoning.”
Schulz criticized the AASM sleep scoring rules because they
reduce the “multilayer and time-varying physiologic processes
of sleep” to a “rule-based set of a few sleep stages” and ignore
“shifting levels of vigilance and arousal across a night of sleep”.”’
The AASM Visual Scoring Task Forces reviewed and debated
the evidence for adopting alternative methods such as adaptive
segmentation, cluster quasi-stationary segments of varying dura-
tion, or a wavelet transform in which the signal is localized in the
time-frequency plane. However, compelling evidence remains to
be published then or now that alternative methods that are usu-
ally more time-consuming improve clinical outcome or diagnos-
tic acumen than fixed duration 30-sec epoch-by-epoch scoring.’
Miano et al. questioned why we fail to provide rules for scoring
cortical arousals from NREM 3.% Figure 6 shows an arousal from
NREM 3 sleep in a 13-year-old child. Pediatric electroencepha-
lographers would identify this as a hypnapompic EEG arousal and
the EEG background shift into the delta EEG frequency range as

NREM 1. The pediatric scoring task force debated at length as to
whether EEG shifts into delta frequencies should be scored as an
arousal. They voted no because the IRR for scoring delta EEG
shifts from NREM sleep was suboptimal and because they were
uncertain how “arousing” a delta EEG arousal was.

Scholle et al. propose we revise the rules for scoring arousals in
children to permit a second arousal to be scored after only 5 (not
10) seconds of stable sleep because respiratory events in young
children often last only 5.5 to 8.5 seconds.*’ Last but not least, sev-
eral pediatric sleep specialists decry lumping stages 3 and 4 into
NREM 3 sleep*364° because it dilutes it as a robust marker of ho-
meostatic drive, sleep debt, pathology, and sleep development.>-¢*

No studies have been published evaluating or contesting the
validity or reliability of AASM rules for scoring periodic limb
movements of sleep, cardiac events, or REM sleep without ato-
nia in a PSG. Researchers are studying which muscles are best
to record REM sleep without atonia in a PSG, the cut-off points
for it, and whether changes in heart rate and periodicity of
PLMS can differentiate limb movements in patients with rest-
less legs from those seen in narcolepsy with cataplexy, REM
sleep behavior disorder, and asymptomatic older adults.*-¢8

In Closing

Four years have passed since the AASM Scoring Manual
was published with far less criticism than those who developed
it feared.® Perhaps the paucity of printed criticism reflects the
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Figure 6—An EEG arousal from NREM 3 sleep in a 13-year-old
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