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Background and Objectives Respiratory scoring guidelines for children and adults have
been used for evaluating adolescents both in the 2007 and 2012 American Academy of Sleep
Medicine (AASM) scoring manuals. We compared the scoring methods of polysomnography
used in these scoring manuals, where pediatric and adult scoring rules were adopted for the
diagnosis of sleep apnea in adolescents.

Subjects and Method 106 Korean subjects aged between 13 and 18 years were enrolled.
All subjects underwent overnight polysomnography in a sleep laboratory. Data were scored ac-
cording to both pediatric and adult guidelines in the 2007 and 2012 A ASM scoring manuals.
Results Both pediatric and adult apnea hypopnea index (AHI) using the 2012 method were
significantly higher than those using the 2007 method. The difference in AHI compared be-
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nea in the 2012 method. However, there was significant discordance in the diagnosis between
pediatric and adult scoring guidelines in the 2012 AASM manual, probably due to different
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Introduction tion or intermittent complete obstruction that disrupts nor-
mal ventilation.” Sleep apnea is a relatively common disorder
Obstructive sleep apnea (OSA) is a sleep breathing disor-  in children with a prevalence of 1% to 5%.” It is the most com-

der characterized by prolonged partial upper airway obstruc-  mon pediatric sleep disorder, which is associated with seri-
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Overnight polysomnography (PSG) in a sleep laboratory
is the gold standard diagnostic method for childhood sleep
apnea.”” Adolescence is a period of transition from child-
hood to adulthood with dynamic physical, developmental,
and psychological changes.” No specific scoring method is
available for PSG-based diagnosis of sleep apnea in adoles-
cents. The American Academy of Sleep Medicine (AASM)
published the AASM manual for the evaluation of sleep and
associated events in 2007.” The 2007 manual recommended
that respiratory scoring rules for children applicable for chil-
dren under 18 years. It also recommended that an individual
sleep specialist may prefer adult criteria to score children
aged above 13 years.”

A few studies have reported that apnea-hypopnea index
(AHI) is higher in adolescents when using the pediatric rules
compared with the adult rules under the 2007 system.” The
revised 2012 AASM scoring manual suggested fewer differ-
ences in AHI for adolescents when using adult rather than
pediatric rules because of similarities between adult and pe-
diatric hypopnea in the revised scoring manual."” Studies eval-
uating the differences between 2007 and 2012 methods for
diagnosis of sleep apnea in adolescents have yet to be pub-
lished. Therefore, the objective of this study was to evaluate
the differences in scoring with overnight PSG using both
2007 and 2012 AASM scoring manuals comparing the effi-

cacy of pediatric and adult scoring rules for the diagnosis of
sleep apnea in adolescents.

Subjects and Method

Subjects

A total of 106 Korean subjects aged between 13 and 18
years and suspected of sleep disorders were enrolled in this
study. For evaluation of sleep apnea, all subjects underwent
overnight PSG in a sleep laboratory at Ajou University Hos-
pital from Jan 2011 to Jan 2015. Anthropometric parameters
including height and weight were measured in all study sub-
jects at the time of PSG. Body mass index was calculated as
kilograms per square meter. Subjects with prior surgical his-
tory of upper airway, congenital anomalies of face and upper
airway, narcolepsy, and neuropsychiatric disorders were ex-
cluded from this study. This study was approved by the Insti-
tutional Review Board of Ajou University Hospital (IRB No.
AIRB-MED-MDB-15-006). Informed consent was waived
because this study was a retrospective study without inter-

ventions.

Overnight polysomnography
All participants were examined with an Embla N7000 sys-
tem (Embla systems, Broomfield, CO, USA) in a sleep labo-

Table 1. Summaries for pediatric and adult rules in 2007 and 2012 AASM scoring manuals for diagnosing OSA

Pediatric rule

Adult rule

2007 AASM scoring manual

Apnea Peak signal excursions drop by >90% of pre-event
baseline
Duration: >2 missed breaths
>90% of duration meets amplitude criteria
Hypopnea Peak signal excursions drop by >50% of pre-event

baseline
Duration: >2 missed breaths

>3% desaturation from pre-event baseline or an

arousal
>90% of duration meets amplitude criteria
2012 AASM scoring manual

Apnea Peak signal excursions drop by >90% of pre-event
baseline
Duration: >2 missed breaths
Hypopnea Peak signal excursions drop by >30% of pre-events

baseline
Duration: =2 missed breaths

>3% Desaturation from pre-event baseline or an

arousal

Peak signal excursions drop by >90% of pre-event
baseline
Duration: >10 seconds
>90% of duration meets amplitude criteria
Rule A:
Peak signal excursions drop by >30% of pre-event
baseline
Duration; >10 seconds
>4% desaturation from pre-event baseline
>90% of duration meets amplitude criteria

Peak signal excursions drop by >90% of pre-event
baseline

Duration; >10 seconds

Peak signal excursions drop by >30% of pre-event
baseline

Duration; >10 seconds

>3% desaturation from pre-event baseline or an
arousal

AASM: American Academy of Sleep Medicine, OSA: obstructive sleep apnea

594



ratory at Ajou University Hospital. The PSG recording chan-
nels comprised 4-channel electroencephalogram, 2-channel
electro-oculogram, 1-channel submental electromyogram,
1-channel electrocardiogram, 1-channel tibial electromyo-
gram, pulse oximetry, nasal cannula, oronasal thermistor,
thoracic and abdominal respiratory effort bands, and body-
position sensors. During the study, a technician monitored
sleep activity on a video monitor and a computer screen that
displayed all real-time data. One specialist manually scored
all the PSG data with the 2007 and 2012 AASM scoring
rules. Another specialist manually scored all the data again

Table 2. Characteristics of study participants

Characteristic Data
Number of subjects 106
Sex (male:female) 75:31
Age (year) 14.8+1.4
Body mass index (kg/m?) 22.6+4.1
Respiratory rates during stage N2 (breaths/min) 15.7£2.1

Data were presented as mean=standard deviation or number.
N2: stage 2 sleep

Table 3. Sleep architecture of study participants

Characteristic Data
TST (minutes) 395.3+55.2
Arousal index (N/h) 13.7+7.2
Stage N1 (% TST) 9.7+53
Stage N2 (% TST) 51.3+8.1
Stage N3 (% TST) 21.4+6.3
Stage R (% TST) 17.5+4.2
Sleep efficiency (%) 86.2+11.6
Sleep latency (minutes) 14.5+20.6
REM latency (minutes) 142.8+68.5

Data were presented as meantstandard deviation. TST: total
sleep time, N1: stage 1 sleep, N2: stage 2 sleep, N3: stage 3
sleep, R: stage rapid eye movement sleep, REM: rapid eye
movement

Table 4. Polysomnographic results of study subjects

Scoring of Sleep Apnea for Adolescents I Lee KS, et al.

with both scoring rules. The specialists were blinded to pa-
tients’ medical information. Manual scoring was performed
epoch by epoch according to both pediatric and adult guide-
lines recommended in the 2007 and 2012 AASM scoring
manuals (Table 1). When we scored the PSG results based
on the adult guidelines in the 2007 manual, we used the hy-
popnea rule A. AHI was defined as the sum of apneas and
hypopneas divided by total sleep time. The cut-off values of
AHI for diagnosing sleep apnea in pediatric and in adult
guidelines were defined as >1 event per hour of sleep and as

>5 events per hour of sleep, respectively."”

Statistical analysis

Statistical analyses were performed using SPSS software
(ver. 19.0; IBM Corp., Armonk, NY, USA) and MedCalc (ver.
11.2; MedCalc Software, Mariakerke, Belgium). Statistical
significance was considered when p value was less than 0.05.
Data were expressed as mean and standard deviation for con-
tinuous variables or numbers and percentages for frequency
variables. Bland-Altman plot, paired t-test, McNemar test,
chi-squared test, and kappa statistics were used to character-
ize each variable accordingly.

Results

Study participants

A total of 106 Korean adolescents (aged 13 to 18) years
were enrolled in this study. The characteristics of the partici-
pants are summarized in Table 2. Sleep architecture of par-
ticipants is shown in Table 3.

Polysomnography results
Results of overnight PSG according to 2007 and 2012 meth-

2007 AASM scoring manual

2012 AASM scoring manual

Pediatric score Adult score Pediatric score Adult score
AHI (N/h) 5.15+9.30 3.66+8.57 5.85+9.33 5.76+9.31
OAI (N/h) 1.21+£4.47 1.18+4.45 1.21+4.46 1.18+4.45
CAIl (N/h) 0.68+0.84 0.61+0.81 0.68+0.83 0.60+0.81
MAI (N/h) 0.20£1.13 0.20£1.13 0.20+1.13 0.20+1.13
HI (N/h) 3.06+5.38 1.68+4.43 3.74+5.58 3.76+5.59
RERA (N/h) 3.50+3.07 4.24+3.46 2.95+2.79 2.95+2.78
RDI (N/h) 8.66+10.13 7.91+9.68 8.79+10.07 8.71+£10.03
ODI (N/h) 4.27£8.02 3.12£7.16 4.32+8.01 4.31£8.01

Data were presented as mean+standard deviation. AASM: American Academy of Sleep Medicine, AHI: apnea hypopnea in-
dex, OAIl: obstructive apnea index, CAl: central apnea index, MAI: mixed apnea index, HI: Hypopnea index, RERA: respiratory
effort-related arousal, RDI: respiratory disturbance index, ODI: oxygen desaturation index
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od are summarized in Table 4. When AHI was calculated ac-
cording to both 2007 and 2012 methods, the pediatric scores
were significantly (p<0.001) higher than the adult scores
(Table 5). There were significantly (»<0.001) higher scores
of pediatric AHI,o1, (AHI using 2012 AASM scoring manu-
al) compared with the scores of pediatric AHI»7 (AHI using
2007 AASM scoring manual). Adult AHI» was significantly
(p<0.001) higher than adult AHI,007. The difference between
pediatric AHIo; and adult AHI,, was significantly (p<
0.001) less than the difference between pediatric AHI»0; and
adult AHIb7 scores (Table 6).

Agreement between pediatric and adult rules in 2007
and 2012 AASM scoring manuals

Bland-Altman plots were performed to analyze the agree-
ment between pediatric and adult guidelines in 2007 and 2012
recommendations (Fig. 1). The mean difference between pe-
diatric AHlIx0; and adult AHI»; guidelines was 1.5. The
limits of agreement ranged from —1.7 to 4.7 (Fig. 1A). The

Table 5. Comparison between pediatric AHI and adult AHI accord-
ing to 2007 and 2012 AASM scoring manuals

Pediatric rule Adult rule p-value
AHlao07 5.15+9.30 3.66+8.57 <0.001
AHl12 5.85+9.33 5.76+9.31 <0.001
p-value <0.001 <0.001

Data were presented as mean=+standard deviation. AHlz7: AHI
using 2007 AASM scoring manual, AHloi2: AHI using 2012 AASM
scoring manual, AHI: apnea hypopnea index, AASM: American
Academy of Sleep Medicine

Table 6. Comparison for difference between pediatric AHI and
adult AHI according to 2007 and 2012 AASM scoring manuals

Pediatric AHl207— Pediatric AHl012—
adult AHlzo7 adult AHlor2

1.49+1.64 0.08+0.14 <0.001

Data were presented as mean +standard deviation. AHlxo7: AHI
using 2007 AASM scoring manual, AHloiz: AHI using 2012 AASM
scoring manual, AHI: apnea hypopnea index, AASM: American
Academy of Sleep Medicine

p-value

mean difference between pediatric AHIx» and adult AHIo,
was 0.08. The limits of agreement ranged from —0.20 to 0.36
(Fig. 1B).
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Fig. 1. Bland-Altman plots for 2007 (A) and 2012 (B). AASM scoring
manual. AHlz07: AHI using 2007 AASM scoring manual; AHlzo12:
AHI using 2012 AASM scoring manual; solid line represents the
mean difference; dotted line suggests +1.96 SD. AASM: American
Academy of Sleep Medicine, AHI: apnea hypopnea index, SD: stan-
dard deviation.

Table 7. McNemar tests for pediatric and adult rule in 2007 and 2012 AASM scoring manuals

Sleep apnea using adult rule (+) Sleep apnea using adult rule (—) Total (n, %)
2007 AASM scoring manual
Sleep apnea using pediatric rule (+) 16 59 75 (70.8)
Sleep apnea using pediatric rule (-) 0 31 31(29.2)
Total (n, %) 16 (15.1) 90 (84.9) 106
2012 AASM scoring manual
Sleep apnea using pediatric rule (+) 33 51 84 (79.2)
Sleep apnea using pediatric rule () 0 22 22 (20.8)
Total (n, %) 33(31.1) 73 (68.9) 106

AASM: American Academy of Sleep Medicine
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Diagnostic discordance for adolescent sleep apnea

Results of McNemar tests comparing pediatric and adult
rules according to the 2007 and 2012 methods are summa-
rized in Table 7. A total of 75 subjects (70.8%) were diagnosed
with sleep apnea according to the pediatric guidelines in 2007
AASM scoring system. A total of 84 (79.2%) were diagnosed
with sleep apnea according to pediatric guidelines in the 2012
system. Sixteen subjects (15.1%) were diagnosed with sleep
apnea according to adult guidelines in the 2007 scoring rec-
ommendations for adult patients, whereas 33 subjects (31.1%)
were diagnosed with sleep apnea according to adult rules in
the 2012 method.

Discussion

We evaluated the differences in scoring with overnight PSG
using both 2007 and 2012 AASM scoring manuals when pe-
diatric and adult scoring guidelines were adopted for adoles-
cents for the diagnosis of sleep apnea. This study showed sig-
nificant differences among AHIs calculated according to the
AASM guidelines (2007 and 2012 for the diagnosis of sleep
apnea) in adolescents using overnight PSG. Pediatric AHIx1»
was higher than pediatric AHI»7. Adult AHI,, was also
significantly higher than adult AHI,o; in this study. Ba
Hammam, et al."” reported that AHIe, was higher than
AHI,07 in adults. These differences were mainly attributed
to altered hypopnea definition for oxygen desaturation (from
>3% or >4% to >3% desaturation from pre-event baseline)
in the 2012 recommendations. No study has compared the
difference between pediatric AHI»007; and AHLo1.. Higher pe-
diatric AHI» compared with pediatric AHI7 in this study
might be ascribed to revised hypopnea criteria for peak sig-
nal excursion drop (from >50% to >30%)).

Even though PSG is the most important diagnostic tool for
sleep apnea, there is no scoring method for PSG for diagno-
sis of sleep apnea specifically in adolescents. Scoring guide-
lines for adolescents were based on both pediatric and adult
rules in the 2007 and 2012 recommendations. A few studies
investigating adolescent sleep apnea have reported higher pe-
diatric AHIx0; than adult AHLgs,”" which is similar to our
study results. Our results revealed that the difference be-
tween pediatric AHI»» and adult AHI», was much less
than the difference between pediatric AHI»0; and adult
AHIgo7. Bland-Altman plot showed that the mean difference
between pediatric AHI, and adult AHI,, decreased from
1.5 to 0.08 compared with the mean difference between pe-

Scoring of Sleep Apnea for Adolescents I Lee KS, et al.

diatric AHIx07 and adult AHIo07.

According to the pediatric hypopnea criteria in the 2012
system, the revised definition for peak signal excursions
(30% decline compared with pre-event baseline) was similar
to the adult hypopnea criteria in 2012 method. This change
was probably the key factor that markedly decreased the dif-
ference between pediatric and adult AHI2. Our results
support the contention that the 2012 AASM manual resulted
in fewer differences in AHI between pediatric and adult rec-
ommendations compared with the 2007 recommendations in
diagnosing sleep apnea among adolescents."” Despite a marked
decrease in differences between pediatric and adult AHI
scores under the 2012 method compared with earlier method,
our results showed that pediatric AHI», was still slightly
higher than adult AHIL.. However, the difference between
pediatric AHIx; and adult AHI,, was only 0.08+0.14. We
believe that this small difference of AHI between mean pe-
diatric and adult AHIs was not clinically significant in diag-
nosing sleep apnea in adolescents. Therefore, both pediatric
and adult guidelines can be used for the diagnosis of adoles-
cent sleep apnea using the 2012 method without significant
limitations compared with the 2007 method.

There is a significant discordance in diagnosis for adoles-
cent sleep apnea between pediatric and adult rules in both
2007 and 2012 methods. Comparison of the 2012 and 2007
recommendations revealed an increase in the rate of positive
diagnosis from 70.8% to 79.2% in pediatric guidelines, and
from 15.1% to 31.1% in adult guidelines (Table 7). The rate of
diagnostic discordance of sleep apnea in adolescents between
pediatric and adult guidelines in the 2007 recommendations
was 55.7% [95% confidence interval (CI): 15.1% to 70.8%].
On the other hand, the discordant rate between the two sys-
tems decreased to 48.1% (95% CI: 31.1% to 79.2%) under the
2012 method, suggesting improvement without any statisti-
cal significance between the two discordant rates (p=0.332).
Overall, the results indicate poor agreement between pediat-
ric and adult rules in both 2007 and 2012 methods for diag-
nosis of adolescent sleep apnea [kappa=0.137 (95% CI: 0.063
to 0.211) and 0.212 (95% CI: 0.116 to 0.308) respectively].

For the diagnosis of sleep apnea, the commonly used cut-
off value of AHI for pediatric patients is >fand >5 for adult
patients.”""” Because of these different cut-off values, the di-
agnostic discordance among these rules may occur even when
pediatric AHI is similar to adult AHI. Although adolescents
are physically more similar to adults than children, their growth
and development are not fully complete. Sleep problems in
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adolescence may have a deleterious effect on physical and
mental health: behavioral problems, poor academic achieve-
ment, and impaired emotional regulation.'” Because adoles-
cence is a dynamic transition period from childhood to adult-
hood, adolescents share a few common features with children
or adults in sleep-related breathing disorder. In adolescents,
obstructive apneas rarely last more than 10 s. Most obstructive
events do not terminate in a respiratory arousal as in younger
children."" Adenotonsillar hypertrophy is an important risk
factor in adolescent OSA. However, obesity is a more impor-
tant risk factor than adenotonsillar hypertrophy in adoles-
cent OSA owing to the increased prevalence of obesity.””"
There is no sexual difference in prevalence of OSA in young-
er children. However, in adolescents, the prevalence of OSA
is higher in boys than in girls as in adults.”**” The respiratory
rate of adolescents during sleep is slower than in early child-
hood. It is similar to the respiratory rate of middle-aged

15,24 . .
29 and consistent with our results.

adults,

Various features of adolescent sleep apnea complicate the
diagnosis of adolescent sleep apnea. There are many studies
for children and adult in sleep apnea. However, studies for
adolescents are limited. The pathophysiology of adolescent
sleep apnea has not been completely established. Currently,
there is no specific scoring method for PSG in diagnosing
sleep apnea in adolescents. Diagnosis and management of
adolescent sleep apnea are difficult and challenging prob-
lems. Our results showed that even if pediatric hypopnea rules
are revised similar to adult rules in the 2012 recommenda-
tions, differences in sleep apnea diagnosis in adolescents are
still apparent under pediatric or adult guidelines. The differ-
ent cut-off values of AHI for diagnosis of sleep apnea using
the two scoring guidelines may be the primary factor. Both
cut-off values of AHI are clinically significant. However, it is
important to determine the cut-off value of AHI that is more
reasonable for the diagnosis of sleep apnea in adolescents.
Further studies and consensus of study groups are needed.

This study has a few limitations. We evaluated polysom-
nographic results. However, we did not evaluate other im-
portant factors for sleep apnea in adolescents such as devel-
opmental aspects, especially Tanner stages. In addition, we
studied Korean adolescents in a single center. We did not eval-
uate the differences in other racial or ethnic populations or
countries. The number of female subjects was only 31. Data
from female subjects were limited compared with data de-
rived from males.

In conclusion, the differences in AHI scores between pedi-
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atric and adults under the 2012 AASM scoring recommenda-
tions were substantially lower than in the 2007 AASM scor-
ing guidelines. Both pediatric and adult guidelines in the
2012 manual are appropriate for the diagnosis of adolescent
sleep apnea without significant challenges compared with
the 2007 recommendations. However, the pediatric guideline
is still associated with a higher rate of diagnosis for sleep ap-
nea in adolescents than the adult guideline in 2012 recom-
mendations. Different cut-off values for diagnosing sleep
apnea between pediatric and adult systems may contribute
to the discrepancy. Further studies are needed to decide the
cut-off value that is more reasonable for diagnosis of sleep

apnea in adolescents.
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