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Study Objectives: Polysomnographic respiratory events in children
should be scored using pediatric respiratory rules. However, due to a lack
of data on adolescents, recently revised rules allow children aged 13-18
years to be scored by adult or pediatric criteria. To clarify which criteria to
use, we describe the evolution of respiratory events with Tanner stage,
and we compare events in children aged 13-18 years with the new Amer-
ican Academy of Sleep Medicine adult and pediatric respiratory rules.
Design: Cross-sectional

Setting: Academic hospital

Participants: Healthy subjects aged 8-18 years recruited for research
purposes

Interventions: Physical examination to determine Tanner stage, over-
night polysomnogram, and determination of sex hormones.

Results: Sixty-eight subjects (Tanner 1-5) were studied, mean age
[SD] = 13 + 3 years, median apnea hypopnea index (AHI) = 0.1 (range:
0-1.2)/h. The median percentages of total sleep time (TST) with SpO,

< 92% were 0.1 (0-4.2)%, and with end-tidal CO, > 50 torr was 0.1
(0-88.6)%. Thirty-two subjects were aged 13-18 years, (Tanner 3-5).
The difference between AHI scored by pediatric (median = 0 [0-0.9]/h)
and adult (median = 0 [0 — 0.5]/h) criteria was statistically significant
(P =0.043), but not clinically relevant.

Conclusions: Respiratory events in normal children aged 8-18 years
are rare and unrelated to Tanner stage. Adult or pediatric respiratory
rules can be used for scoring polysomnograms in asymptomatic sub-
jects approaching adulthood. Further studies are needed in symptom-
atic children within this age group.
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POLYSOMNOGRAPHY IS THE GOLD STANDARD FOR
THE ASSESSMENT OF CHILDREN WITH SUSPECTED
SLEEP DISORDERED BREATHING.'* BECAUSE OF well-
recognized differences in epidemiology* and pathophysiology**
of sleep disordered breathing in children and adults, respiratory
events in children should be scored using pediatric respiratory
criteria.'® However, there is little information as to which re-
spiratory rules should be used for scoring polysomnograms in
adolescents between 13 and 18 years of age. Even the recently
published “American Academy of Sleep Medicine manual for
the scoring of sleep and associated events” states that there is no
consensus for this age group.’

Adolescence is a dynamic transition process from childhood
to adulthood. It is characterized by simultaneous but asynchro-
nous development that starts with puberty, the onset of which is
variable,'"'* and ends with adulthood.'> Therefore, it is reason-
able to infer that respiratory polysomnographic scoring criteria
and normal reference values would transition from pediatric to
adult during adolescence.

We present this cross-sectional study primarily aimed at ex-
amining the evolvement of respiratory events with Tanner stage
in a population of 68 children aged 8—18 years, recruited as part
of a research study directed at investigating the effects of pu-
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berty on upper airway dynamics during sleep.'® Because of the
lack of data regarding which respiratory rules to use in children
aged 13—18 years, we further analyzed a subset of 32 subjects
within this age group to identify a possible rationale for the
use of pediatric or adult scoring criteria in children approaching
adulthood. We rescored the respiratory events of these subjects
according to the new American Academy of Sleep Medicine
guidelines for children and adults.

MATERIALS AND METHODS
Subjects

Subjects were selected from a population of asymptomatic,
healthy children recruited by means of advertisement to inves-
tigate the effects of puberty on upper airway dynamics during
sleep at The Children’s Hospital of Philadelphia during a 2-year
period (2004-2006)."® Healthy, non-snoring males between 9
and 18 years old and females between 8 and 18 were included.
The age criteria were designed to recruit adolescents with Tanner
stages 1-5.""!35 Exclusion criteria included significant medical
conditions, significant medications, history of upper airway sur-
gery, family history of obstructive sleep apnea syndrome, and
a body mass index > 95th percentile. The Institutional Review
Board of The Children’s Hospital of Philadelphia approved the
study. Informed consent was obtained from 18-year-old subjects
and the parents guardians of subjects younger than 18, as well as
assent from those subjects younger than 18 years.

All subjects underwent a physical examination to determine
Tanner stage, followed by a polysomnogram. Tanner stage was
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corroborated with serum hormone levels, which were obtained
first thing in the morning following the polysomnogram, to min-
imize circadian variability. Ultra-sensitive luteinizing hormone
was obtained in all subjects, follicular stimulating hormone and
estradiol in females, and testosterone in males.

Polysomnogram

Subjects were studied in the sleep laboratory at The Chil-
dren’s Hospital of Philadelphia as previously described.!” Poly-
somnography data were digitally recorded using Somnostar Al-
pha (SensorMedics, Yorba Linda, CA) or Rembrandt (Medcare,
Buffalo, NY). The electroencephalogram was recorded using 4
scalp electrodes (C3/A2, C4/A1, O1/A2, and O2/A1), and the
right and left electrooculograms were recorded via 2 electrodes
at the lateral canthi. Muscle tone of the chin was measured by
submental electromyography. Oxyhemoglobinsaturation (SpO,)
was measured by pulse oximetry (Masimo Rad-9, Irvine, CA),
set at 2-sec averaging. Nasal pressure was measured by can-
nula (Pro-Tech, Mukilteo, WA). As a back-up, oronasal airflow
was measured by an oronasal thermistor (Pro-Tech, Mukilteo,
WA). End-tidal CO, was measured by sidestream sample (No-
vametrix Medical Systems, Wallingford, CT). Movements of
the chest and abdomen were measured by respiratory inductive
plethysmography (SensorMedics, Yorba Linda, CA). The elec-
trocardiograph was recorded by a modified lead 1. Leg move-
ments were recorded by electromyographic leads placed over
the anterior tibialis muscles of both legs.

Sleep architecture, arousals from sleep, respiratory variables,
and periodic limb movements were determined using the Amer-
ican Academy of Sleep Medicine new criteria.’ In brief, arous-
als were defined as an abrupt shift in EEG frequency >3 sec
duration, preceded by a period > 10 sec of stable sleep. During
REM sleep, a concurrent increase in submental electromyog-
raphy > 1 second was required. The arousal index represented
the number of arousals per hour of sleep. Respiratory events
were scored with pediatric respiratory rules. For each type of
respiratory event (central apnea, obstructive apnea, mixed ap-
nea, hypopnea, and respiratory effort related arousal), an index
that represented the number of events per hour of sleep was cal-
culated. Respiratory effort related arousals were scored using a
nasal pressure sensor, as recommended by The AASM Manual
for the Scoring of Sleep and Associated Events.® The apnea/hy-
popnea index (AHI) included the sum of all obstructive and
mixed apneas, hypopneas, and respiratory effort related arous-
als divided by total sleep time (TST). The total duration of time
with SpO, below 92% was expressed as a percentage of TST.
The total duration of time with end-tidal CO, > 50 torr was
expressed as a percentage of TST. We excluded SpO, and end-
tidal CO, measurements associated with poor waveforms or ar-
tifacts. The periodic limb movement index was the number of
periodic limb movements per hour of sleep.

In addition, all the respiratory events of subjects with ages
between 13 and 18 years old were rescored by one of the au-
thors (I.T.) using the new respiratory rules for adults of The
AASM Manual for the Scoring of Sleep and Associated Events,’
and results were compared. The main difference between the
apnea scoring criteria is the duration of the event. Specifically,
an event must last > 10 sec to be scored as an apnea using adult
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Table 1—Racial Distribution by Tanner Stage

Tanner Stage

1 2 3 4 5 Total
African American (N) 5 6 3 9 9 32
Caucasian (N) 6 1 3 7 7 24
Asian (N) 2 2 0 3 0 7
Mixed (N) 2 1 1 0 1 5
Total 15 10 7 19 17 68

rules. The respiratory rules for children mandate that an event
must last > 2 missed breaths to meet the apnea criteria, regard-
less of its duration in seconds. The adult rules give 2 options
for scoring hypopneas; both require the duration of the event to
be > 10 sec. The recommended option establishes that at least a
30% drop in nasal pressure and at least 4% in oxyhemoglobin
saturation from baseline are necessary to meet the hypopnea
criteria. The alternative is identical to pediatric criteria, except
for the duration of the event. The pediatric rules dictate that a
> 50% drop in nasal pressure and a > 3% in oxyhemoglobin
saturation from baseline or an associated arousal are needed to
score an event as a hypopnea. We used both adult hypopnea
rules.

Data Analysis

The statistical analysis was performed with SigmaStat 3.0
(Systat Software Inc., San Jose, CA). The distribution of con-
tinuous data was tested with the Kolmogorov-Smirnov test.
The data that passed this normality test are presented as mean
+ standard deviation (SD). The data that failed this normality
test are presented as median and range. Differences in AHI,
central apnea index, hypopnea index, and obstructive apnea in-
dex between pediatric and adult respiratory scoring rules were
examined using the paired signed rank test. One-way ANOVA
was used to compare > 3 groups with a normal distribution
(i.e., arousal index distribution according to Tanner stages). A
post hoc analysis, when appropriate, was performed with the
Bonferroni ¢-test. The Kruskal-Wallis One-way ANOVA Ranks
test was utilized to compare > 3 groups without a normal dis-
tribution (i.e., AHI distribution according to Tanner stages). A
post hoc analysis, when appropriate, was performed with the
Dunn’s test. Associations between 2 variables were examined
using Pearson or Spearman correlation coefficients, depending
on normalcy of distribution of the data. A P value < 0.05 was
required for significance.

RESULTS
All subjects

Study Group Characteristics

Sixty-eight subjects (37 female, 54%) were recruited. The
mean age of the group was 13.2 + 2.8 years, with a range be-
tween 8.1 and 18.7 years. The racial distribution, by Tanner
stage, is shown in Table 1. Most subjects were African American
or Caucasian. Three of the Caucasian subjects (of Tanner stages
1,4, 5) were of Hispanic ethnicity. Tanner staging was consistent
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Figure 1—Sex distribution according to Tanner stage. Each bar
represents the number of subjects within each Tanner stage. The
black portion represents the males and the lined portion the fe-
males.

with hormone levels in 97% of subjects (the remaining 3% were
assigned using clinical Tanner staging). The sex distribution ac-
cording to Tanner stage is shown in Figure 1. As expected, older
subjects had more advanced Tanner stages (Table 2).

Sleep Architecture

Sleep architecture according to Tanner stage is shown in
Tables 2 a and b. Adolescents of Tanner stages 4-5 had less
percentage of stage N3 (slow wave sleep) than subjects with
Tanner stages 1-2 (Figure 2). Conversely, subjects of Tanner
stages 4-5 had a greater percentage of stage N2 sleep than sub-
jects of Tanner stages 1-2. There were no differences in regards
to sleep efficiency, sleep latency, REM latency, arousal index,
or percentage of stage R (REM) among Tanner stages.

Respiratory Events

Respiratory events according to Tanner stage are presented in
Table 3. Central apneas were rare across the Tanner stages. The
central apnea index for all the groups ranged between 0—1.5/
hour. Only 1 subject had a mixed apnea. Obstructive events
were scarce, and did not differ between Tanner stages. The me-
dian apnea/hypopnea index for the entire study group was 0.1/
hour. Respiratory effort related arousals were determined in the
66 of 68 subjects who had accurate nasal pressure measure-
ments throughout the night. Only 1 subject (a 10-year-old male,
Tanner stage 2) had 1 respiratory effort related arousal.

The respiratory rate during sleep stage N1, N2, N3, and R
is shown in Table 3. The respiratory rate during NREM and
REM sleep did not change with Tanner stage. The mean respira-
tory rate for the entire group was 16.5 + 2.1 breaths/min during
NREM sleep, and 16.9 + 2.3 breaths/min during REM sleep.

Sixty-four of 68 subjects had accurate end-tidal CO, mea-
surements during the study. The median percentage of total
sleep time > 50 torr and peak end-tidal CO, for the entire group
was 0.1% and 49 torr, respectively. Five outliers had end-tidal
CO, > 50 torr more than 25% of the total sleep time; their per-
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Figure 2—Duration of stage N3 (slow wave sleep) according to
Tanner Stage. The correlation between stage N3 (slow wave sleep,
expressed as percentage of total sleep time [TST]) according to
Tanner stage is shown. Pearson’s correlation coefficient ().

centage of total sleep time > 50 torr ranged between 39% and
88.6% with peak end-tidal CO, between 52 and 59 torr.
The median percentage of total sleep time < 92% for the en-
tire group was 0.1%, and the median nadir SpO, was 93%.
There were no significant gas exchange differences among
Tanner stages.

Periodic Limb Movements

Periodic limb movements during sleep were infrequent.
Only 22 subjects had periodic limb movements, and of those,
only 2 (a 14-year-old female [Tanner stage 4] and a 10-year-old
male [Tanner stage 1]) had a periodic limb movement index
> 5/h. The periodic limb movement index for the group ranged
between 0 and 13.1/h. The median periodic limb movement in-
dex was O0/hour. There was a statistically significant difference
between Tanner stages in regard to the periodic limb movement
index. However, after adjusting the P value to account for the
multiple pairwise comparisons, none of the pairwise tests were
statistically significant.

13-18 Year Old Subset

Respiratory Events

We further analyzed the respiratory events of the subjects
between 13—18 years old (N = 32; Tanner stages 3—5, mean age
15.8 = 1.4 years). The results are shown in Table 5. Sixteen sub-
jects had central apneas, with a median duration of 12.2 (5.7-21)
sec; the median central apnea index was 0.06 (0-0.6)/h. Since
all of our subjects were normal and asymptomatic, only 15 of
them had obstructive events. All 15 subjects had hypopneas,
with a median duration of 15.5 (6-24.8) sec. Two subjects also
had obstructive apneas, with a mean duration of 13.7 sec. The
median apnea hypopnea index was 0 (0-0.9)/h. Of 32 subjects,
31 had accurate nasal pressure measurements; no subject in this
age group had respiratory effort related arousals.
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Table 2a—Sleep Architecture and Periodic Limb Movements During Sleep (PLMS) According to Tanner stage. Data with Normal Distribu-
tion. Values are Displayed as mean =+ SD.

Tanner Stage

1 2 3 4 5 P value

Number of patients 15 10 7 19 17

Age (years) 10.1£0.9 10.9+0.9 123+1.3 147+1.8 16.1+1.8 <0.001
Arousal index (N/hour) 11.5+44 94+34 104+3.2 95+34 10.6 4.0 0.532
Stage N1 (% TST) 6.8+3.7 45+23 53+£29 6.7+4.0 6.9+5.6 0.545
Stage N2 (% TST) 482+42 49.7+7.3 52.3+8.6 56.6+7.2 59.7+7.9 <0.001
Stage N3 (% TST) 26.1+4.9 27.8+7.8 254+84 189+73 15.7+6.0 <0.001
Stage R (% TST) 189+44 17.4+5.0 170+ 6.4 17.7+4.5 17.8+5.7 0.922

TST, total sleep time. Stage N3 (slow wave sleep) decreased with increased Tanner stage. Consequently, stage N2 increased with Tanner stage.
Since older subjects were in more advanced Tanner stages, this represents the well recognized reduction of stage N3 with age.

Table 2b—Sleep Architecture and Periodic Limb Movements During Sleep (PLMS) According to Tanner Stage. Data Without Normal Dis-
tribution. Values are Displayed as Median (Range).

Tanner Stage

1 2 3 4 5 P value

Number of patients 15 10 7 19 17
Sleep efficiency (%) 85.0 86.0 87.0 89.0 89.0 0.719

(71-94) (74-95) (66-92) (43-97) (56-98)
Sleep latency 19.0 22.5 14.0 14.5 16.5 0.862
(minutes) (0-42) (3.5-76) (5.0-33.5) (1.0-83.5) (2.5-72.0)
REM latency 154.5 102.0 194.5 136.5 116.5 0.106
(minutes) (60.5-267.0)  (53-325)  (133.5-329) (69.0-392.0) (44.5-287.0)
PLM index 0.0 0.0 0.6 0.2 0.0 0.025
(N/hour) (0.0-7.2) (0.0-0.9) (0.0-2.4) (0.0-13.1) (0.04.1)

REM, rapid eye movement; PLM, periodic limb movements. No significant differences were observed between the different Tanner stages in
regards to sleep efficiency, sleep latency, and REM latency. There was a statistically significant difference between the groups in regards to
the PLM index. However, after adjusting the P value to account for the multiple pairwise comparisons none of the pairwise tests were statisti-

cally significant.

Table 3—Respiratory Rate During Sleep Stage N1, N2, N3, and REM, According to Tanner Stage.

Respiratory Rate (breaths/min) Tanner Stage P value
1 2 3 4 5

Stage N1 17.7+£2.3 172+1.9 16.7+2.1 18.0+3.1 16.5+2 0.38

Stage N2 16.0£1.9 17.1+£1.8 16.1£1.8 163+£2.8 155+1.9 0.43

Stage N3 16.6 1.9 17.7+1.8 16.7+2.3 17.1+£2.7 16.6+2.3 0.75

Stage R 16314 179+ 1.7 159+23 17.5+3.1 16.6 £2.1 0.24

Values are displayed as mean + SD. There were no significant differences in respiratory rate between the different Tanner stages.

After rescoring the events with the new adult rules,’® there
was no significant difference in the median central apnea in-
dex with pediatric (0.05, range: 0-0.6/h) and adult ( 0, range:
0-0.4/h) criteria (P = 0.13). However, the difference between
AHI index values as scored by pediatric and adult respirato-
ry rules did attain statistical significance (P = 0.04, Figure 3),
which was caused by a decrease in the distribution range from
0.1-0.9/h with pediatric rules to 0—-0.5/h with adult rules, since
short hypopneas did not meet the adult criteria. The median
AHI however, did not change (pediatric criteria = 0, adult cri-
teria = 0). This observed difference (mean difference = 0.048,
SD = 0.14, 95% confidence interval = —0.001 to 0.098) is so
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small that it would not be of clinical relevance. We did not find
differences between the 2 adult hypopnea rules. Specifically,
15 subjects had 36 hypopneas with pediatric rules, but only 23
hypopneas lasted > 10 sec. Those 23 hypopneas were character-
ized by drops in nasal pressure > 50% and > 4% desaturation
from pre-event baseline. Therefore, the described events met
the 2 adult hypopnea rules. In addition, 15 hypopneas were as-
sociated with arousal.

Twenty-nine of 32 subjects had accurate end-tidal CO, mea-
surements. The 3 outliers with high CO, levels from this sub-
set were described in the previous section. Gas exchange data
are shown in Table 3. Since the percentages of total sleep time
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Figure 3—Apnea hypopnea index in subset of subjects aged 13-
18 years scored by pediatric and adult criteria. Apnea hypopnea
index results using pediatric and adult respiratory scoring criteria.
The boundaries of the boxes represent the 25th and 75th percen-
tiles. The line within the boxes marks the medians. The whiskers
indicate the 10th and 90th percentiles, and the points represent the
range. The apnea hypopnea index obtained with adult respiratory
rules was significantly lower than with pediatric respiratory rules.
However, the observed difference (mean difference = 0.048, SD =
0.14, 95% confidence interval =—0.001 to 0.098) is so small, that
it would not be of clinical relevance.

with end-tidal CO, >50 torr and SpO, <92% failed the normal-
ity test, the cut-off values were calculated at the 95th percentile
(Table 4).

DISCUSSION

The American Academy of Sleep Medicine published The
AASM Manual for the Scoring of Sleep and Associated Events?
in 2007 to encourage standardized polysomnogram scoring
based on the medical literature. Since there was no study com-
paring adult and pediatric criteria in adolescents,’ the recent
rules allow children aged 13—18 years to be scored with either
pediatric or adult criteria, based on empiric observations.

This is the first study analyzing the polysomnographic respi-
ratory parameters of healthy non-obese asymptomatic adoles-
cents between 13 and 18 years old, comparing the new pediatric
and adult scoring criteria. We have shown no clinically signifi-
cant apnea hypopnea index differences using either set of crite-
ria in normal, asymptomatic subjects. We have also confirmed
that healthy, asymptomatic, non-obese children and adolescents
between 8 and 18 years rarely have obstructive events (includ-
ing respiratory effort related arousals) during sleep. This result
is independent of the Tanner stage. Additionally, this study has
also corroborated that slow wave sleep (stage N3) decreases
during puberty.'®!?

Adolescents have been underrepresented in the sleep litera-
ture.’ They have been analyzed either with younger children®*?'
or with young adults,? but rarely as a solo group. Acebo et al.
described sleep architecture, respiratory variables and cepha-
lometrics in healthy boys and girls aged 9.7-16.8 years along
with young adults.”? The subjects were characterized by Tanner
stage, but the results were analyzed according to age. Uliel et al.
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reported 70 healthy children and adolescents between 1 and 15
years,?! and Verhulst reported 60 subjects between 616 years.?
However, Tanner staging was not included in their methods.
Therefore, the main difference between our study and previ-
ous publications describing normal populations®* is that we
focused our analysis on the changes in respiratory parameters
with Tanner stage to clarify whether there was a rationale for the
use of pediatric or adult scoring criteria in children approaching
adulthood. In addition, we included data on respiratory rate dur-
ing sleep, respiratory effort related arousals, and periodic limb
movements, and used the recommended nasal pressure signal
rather than thermistor flow as the primary signal for determin-
ing respiratory events.

Sleep Architecture

We found that slow wave sleep stage decreased significantly
with Tanner stage, with a concomitant increase in stage N2.
Since our older subjects were at a more advanced puberty stage,
the result is concordant with previous studies'®** showing that
stage N2 increases and stage N3 (slow wave sleep) decreases
with age. Feinberg et al.> have demonstrated in a longitudinal
study that slow wave sleep decline starts at age 12 years, and is
independent of Tanner stage.

Our results on sleep latency and sleep efficiency are similar
to other publications.?>**?¢ We did not find stage R (REM sleep)
differences with Tanner stage, which is also concordant with
other publications.'**’

Arousal Index

The arousal index increases linearly from childhood to old
age® but remains unchanged during adolescence.” Similarly,
we did not find differences in the arousal index across the dif-
ferent puberty stages.

Respiratory Parameters According to Tanner Stage

We add to the field further data that normal adolescents have
infrequent respiratory events, and no gas exchange abnormality.
Our results are concordant with the published data in younger
children®* and provide evidence that biological maturation
expressed by Tanner staging is not associated with respiratory
events. As previously reported,?® hypopneas were the most fre-
quent obstructive event observed.

In addition, this is the first study, to our knowledge, reporting
respiratory rates during sleep in association with Tanner stage.
Carskadon et al previously studied 22 children aged 9—13 years,
but without Tanner staging, and found similar mean respiratory
rate values.*® The respiratory rate during sleep is the cause of
the main difference in scoring criteria between children and
adults.? Since children have faster respiratory rates than adults
and a lower functional residual capacity that could lead to rapid
desaturation with short respiratory events, the AASM pediat-
ric committee considered that the 10-second rule would over-
look many respiratory events in children. We expected older
and more biologically mature children to have a respiratory rate
during sleep close to 12 breaths/minute, since with that rate the
10-second adult apnea scoring rule would be appropriate (2

Polysomnographic Scoring and Puberty—Tapia et al



Table 4—Respiratory Events According to Tanner Stage

. Values are Displayed as Median (Range)

Tanner Stage

1 2 3 4 5
Apnea hypopnea index (N/h) 0.1 0.0 0.1 0.1 0.0
(0.0-0.9) (0.0-0.5) (0.0-0.5) (0.0-1.2) (0.0-0.7)
Obstructive apnea index (N/h) 0.0 0.0 0.0 0.0 0.0
(0.0-0.0) (0.0-0.0) (0.0-0.3) (0.0-0.3) (0.0-0.5)
Hypopnea index (N/h) 0.1 0.0 0.0 0.1 0.0
(0.0-0.9) (0.0-0.5) (0.0-0.4) (0.0-1.0) (0.0-0.3)
Central apnea index (N/h) 0.1 0.0 0.1 0.0 0.1
(0.0-1.3) (0.0-1.5) (0.0-1.3) (0.0-0.4) (0.0-0.6)
% TST with end-tidal CO,>50 torr 0.1 0.5 0.0 0.4 0.0
(0.0- 88.6) (0.0-79.0) (0.0-0.2) (0.0-59.4) (0.0-64.6)
Peak end-tidal CO, (torr) 50.0 51.5 47.0 50.0 48.5
(47-59) (43 -59) (45-55) (51-59) (45-53)
% TST with SpO, <92% 0.4 0.4 0.0 0.0 0.0
(0.0-2.3) (0.0-4.2) (0.0-1.0) (0.0-1.5) (0.0-1.0)
Nadir SpO, 93.0 93.5 93.0 94.0 93.0
(90-97) (88 -98) (89-96) (88-96) (89-97)

were observed.

TST, total sleep time; SpO,, oxyhemoglobin saturation. No significant differences in respiratory events between the different Tanner stages

Table 5—Respiratory Events with Pediatric Criteria in the Subset
of Subjects Aged 13-18 Years (32 Patients)

Median Range Limit of
normality
Age (years) 15.8 13.3-18.7
Apnea hypopnea index (N/h) 0.0 0.0-09 0.8
Obstructive apnea index (N/h) 0.0 0.0-0.5 0.1
Hypopnea index (N/h) 0.0 0.0-0.9 0.8
Central apnea index (N/h) 0.06 0.0-0.6 0.4
% TST with end-tidal
CO,>50 torr 0.2 0.0-64.6 24.0
Peak end-tidal CO, (torr) 50.0 45.0-54.0 53.0
% TST with SpO, <92% 0.0 0.0-15 1.0
SpO, Nadir (mm Hg) 93.0 88.0-97.0 89.0

TST, total sleep time; SpO,, oxyhemoglobin saturation. The limit
of normality was calculated as the 95th percentile for all the pa-
rameters, except for SpO, nadir that was calculated as the Sth per-
centile.

missed breaths = 10 seconds). However, we found that the re-
spiratory rate did not change significantly with biological matu-
ration during adolescence. Few studies have analyzed age-relat-
ed changes in respiratory rate during sleep in adults.***¢ Shore
et al studied 12 healthy young adult subjects (19-29 years) and
12 elderly (> 65 years) subjects during sleep, and found that
that the elderly had a significantly lower respiratory rate dur-
ing wakefulness (13.1 breaths/min) and sleep stages N1 and N2
(12.4 breaths/min) compared to the younger group (16.4 and
14.9 breaths/min respectively).*® However, the results from the
younger adults were similar to the adolescents reported in the
current study. Data from middle-aged adults reported in the
literature**** and summarized by Krieger,”” also suggest that
adults have a respiratory rate during sleep (mean respiratory
rate of 15 breaths/min) that is similar to that of the adolescents
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in the current study. Thus, in these adults, an apnea that is 2
missed breaths in duration would last for 8 seconds.

Our SpO, results are in agreement with Gries and Brooks,*
Verhulst,* Poets,*® and Marcus.? Virtually all our subjects had
SpO2 > 92% throughout the night.

Similar to Uliel,*! the majority of the subjects did not have any
period of total sleep time with end-tidal CO, > 50 torr. This result
is also in agreement with previous data in younger children,*'-*
and our previous data measuring end-tidal CO, with mass spec-
trometry.”® This observation did not change with Tanner stage.
However, the 95th percentile for total sleep time with end-tidal
CO, > 50 torr was 24%. Therefore, we recommend that patients
with values above this cut-off point should be assessed to rule
out clinical hypoventilation. The outliers in this study spent most
of the night with end-tidal CO, in the low 50s.

Respiratory Parameters in Subjects 13-18 Years Old

We did not find significant differences in the central apnea
index after rescoring the respiratory events with pediatric and
adult respiratory rules. The statistically significant difference
observed in the AHI after scoring with adult respiratory rules
was due to a decrease in the number of hypopneas since short
hypopneas did not meet adult criteria. Despite attaining statisti-
cal significance, this difference is so small that it would not be
of clinical relevance. However, the results in adolescents with
the obstructive sleep apnea syndrome may be very different.
Further studies are warranted.

Limitations

Study limitations include a relatively small number of sub-
jects per Tanner stage, but larger than most other normative
studies.?*?>2 Qur research was based on normal children, who
we know rarely have respiratory events.?'">*° The subjects were
mostly African American or Caucasian, with only a few Asians
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and Hispanics. Thus, these data may not be applicable to other
racial ethnic groups. The results are also limited by our cross-
sectional study design. Future longitudinal studies are desirable.

CONCLUSIONS

This study has confirmed that apneas and hypopneas in
normal adolescents are rare. We add to the field evidence that
respiratory effort related arousals are virtually non-existent in
normal subjects, that the respiratory rate and the frequency of
respiratory events does not change with Tanner stage, which is
a marker of biological maturation, in normal subjects.

Since we did not find a rationale for the scoring of respira-
tory events with pediatric or adult criteria in children, we rec-
ommend using either rule for scoring respiratory events in poly-
somnograms of normal adolescents between 13 and 18 years
old recruited for research purposes. However, further studies
are needed in patients with respiratory conditions, such as the
obstructive sleep apnea syndrome, within this age group.

In addition, we suggest that adult apnea duration criteria should
be reconsidered, based on the fact that the respiratory rate during
sleep in adults is similar to that of adolescents. We suggest that 2
missed breaths, regardless of the duration in seconds, may be a
more accurate criterion to score respiratory events at any age.

ABBREVIATIONS

AHI Apnea hypopnea index
SpO,  Oxyhemoglobin saturation
TST Total sleep time

REM  Rapid eye movement
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