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ABSTRACT  The efficacy of adenotonsillectomy for treating obstructive sleep apnoea syndrome (OSAS)
in children has been established, but its precise effects on inspiratory effort are not well documented.

In 353 children enrolled in the Childhood Adenotonsillectomy Trial, randomised to undergo either
early adenotonsillectomy (n=182) or a strategy of watchful waiting with supportive care (WWSC) (n=171),
thoraco-abdominal asynchrony (TAA) was analysed during quiet, non-apnoeic and non-hypopnoeic
breathing during sleep at baseline and at 7 months using overnight polysomnography.

Children who underwent early adenotonsillectomy demonstrated a reduction in TAA post-surgery while
the WWSC arm showed no change. On assessing TAA with regard to normalisation of clinical
polysomnography findings at follow-up, TAA was reduced in children who had surgical resolution of
OSAS (based on apnoea-hypopnoea index), but not in children who displayed spontaneous normalisation
of apnoea-hypopnoea index. In the latter group, TAA was inversely correlated with quality of life.

We conclude that adenotonsillectomy reduces TAA during quiet sleep. Monitoring of instantaneous
TAA may yield additional insight in the dynamic changes of inspiratory effort. In combination with
traditional indices of obstruction, TAA may more accurately characterise the degree of sleep-disordered
breathing in children.
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Introduction

Upper airway obstruction during sleep is relatively common during childhood, with a reported prevalence
between 3 and 15% [1]. Its severity ranges from primary snoring to obstructive sleep apnoea syndrome
(OSAS), with the majority of children showing symptoms at the milder end of the spectrum. While
clinical concerns have focused largely on the associated behavioural and cognitive deficits, mounting
evidence suggests that OSAS during childhood also affects the cardiovascular system, which if untreated
may develop into cardiovascular disease later in life [2, 3].

In otherwise normal children, OSAS is most frequently observed when the tonsils and adenoids are
enlarged and a family history of OSAS exists. It is characterised by increased upper airway collapsibility
and upper airway loading. Consequently, adenotonsillectomy (AT) is commonly the first line of treatment.
The efficacy of AT in treating the range of adverse health outcomes reported in children with OSAS,
particularly for milder OSAS, has remained largely untested. Additional concerns pertain to post-surgical
complications and the healthcare costs of performing large numbers of ATs [4-6].

Clinically, the severity of OSAS is assessed by using overnight polysomnography (PSG) and observing the
rate of respiratory events (apnoea and hypopnoea). Although the limitations of simple indices derived
from discretely scored events, such as the apnoea-hypopnoea index (AHI), have been debated within the
sleep community, they are considered useful in current clinical practice [7, 8]. However, since the
frequency of respiratory events is low in children with mild OSAS, the AHI may not reflect the overall
impact on respiratory loading. Thus, other PSG measures that quantify inspiratory effort might add a
useful dimension to the assessment of breathing disturbance. While AT has been shown to effectively
reduce the number of incidents of apnoea and hypopnoea, it is less clear cut whether it also reduces
inspiratory effort during respiratory-event-free periods of sleep [9].

The aim of this study was to investigate the effects of AT for treatment of OSAS on an indirect marker of
inspiratory effort, namely the phase shift between thoracic and abdominal movements (thoraco-abdominal
asynchrony (TAA)), by utilising data from the Childhood Adenotonsillectomy Trial (CHAT). The CHAT study
is a landmark multicentre controlled trial evaluating health and behavioural outcomes in children with OSAS
randomised into early AT (eAT) or watchful waiting with supportive care (WWSC) [10, 11]. We hypothesised
that AT reduces inspiratory effort throughout respiratory-event-free sleep and thereby reduces TAA.

Methods

Study sample

Detailed particulars of the CHAT protocol have been published [11]. Data are publicly available at https:/
sleepdata.org/datasets/chat. Children between 5.0 and 9.9 years of age with PSG-confirmed OSAS
(i.e. obstructive AHI >2 events-h™! or an obstructive apnoea index (OAI) >1 events-h_l), a history of
snoring and considered to be surgical candidates for AT were recruited from paediatric sleep centres/sleep
laboratories, paediatric otolaryngology clinics, general paediatric clinics and the general community from
six clinical centres. Exclusion criteria included comorbidities, medications for psychiatric or behavioural
disorders, recurrent tonsillitis, extreme obesity and severe OSAS (AHI >30 events-h™!, OAI >20 events-h™!
or oxyhaemoglobin saturation <90% for >2% of total sleep time). The study was approved by the
Institutional Review Board of each institution. Informed consent was obtained from caregivers, and assent
from children >7 years of age. The study was registered at Clinicaltrials.gov (¥NCT00560859).

CHAT interventions

Children were randomly assigned to either eAT (surgery within 4 weeks after randomisation) or a strategy of
WWSC with reassessment of all the study variables at approximately 7 months. Complete bilateral tonsillectomy
and removal of obstructing adenoid tissue was performed using standard surgical techniques.

Overnight polysomnography

Each child underwent in-laboratory baseline and follow-up PSG carried out by study-certified technicians,
following American Academy of Sleep Medicine paediatric guidelines for both acquisition and scoring
[12]. The PSGs were centrally scored by registered sleep technicians. Overnight PSG was repeated
approximately 7 months after randomisation [11, 13].

Analysis of thoraco-abdominal asynchrony

PSG recordings of ribcage and abdominal inductance belts were utilised to measure the instantaneous
phase difference between thoracic and abdominal excursions (TAA). For details, see supplementary
material. Only portions of PSG that were free from discretely scored events (e.g. arousal, apnoea,
hypopnoea, limb movement) and artefacts were included in the analysis. Instantaneous TAA values were
averaged within each sleep stage. The mean+sp portion of sleep included in TAA analysis of the eAT arm
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was 76.8412.9% at baseline and 86.5+7.68% at follow-up. In the WWSC arm, the sleep portions were
77.8+11.9% and 80.4+12.3%, respectively (supplementary table S1). The TAA values for each recording
can be obtained at https:/sleepdata.org/datasets/chat

Neurophysiological tests and surveys
Neurophysiological tests and surveys were performed as part of the original CHAT study to assess behaviour,
OSAS symptoms, sleepiness, quality of life and generalised intellectual functioning (supplementary material).

Statistical analysis

Anthropometric data were compared using t-tests and Chi-squared tests as appropriate. TAA values were
log-transformed to achieve normal distribution and analysed for stages 2 (N2) and 3 (N3) in non-rapid
eye movement (NREM) sleep as well as rapid eye movement (REM) sleep (R). One-way repeated measures
ANOVA was performed to investigate the effect of sleep stage on TAA, followed by a Bonferroni test based
on the t-statistic for post hoc comparison. Two-way ANCOVA was carried out to test the effect of surgery
and time point (baseline versus follow-up; repeated measure) on TAA. Anthropometric variables that were
likely to confound statistical analysis (body mass index (BMI) z-score, BMI z-score change between
follow-up and baseline, age, sex and race) were included in the model as covariates. Subsequently,
three-way ANCOVA was conducted to investigate the effects of AHI normalisation, study arm and time
point on TAA. Spearman correlation analysis was performed to explore the relationship between AHI, the
extent of oxygen desaturation, peak end-tidal carbon dioxide and TAA. To explore whether TAA has
potential clinical value in stratifying OSAS diagnostics, we performed Spearman correlation analysis
between TAA and previously reported measures of behaviour, OSAS symptom indicators, sleepiness,
global quality of life and intellectual functioning [10] in those children whose AHI was normal during
follow-up and hence OSAS was considered resolved.

Results

Subject demographics

In total, 353 children of the original CHAT study who underwent both baseline and follow-up PSG and
whose respiratory inductance signals met the technical criteria were included in this study. Of these, 182
children underwent eAT and 171 children joined the WWSC group (figure 1). Both groups had
comparable demographic profiles (table 1). The mean age of the participants at baseline was 6.6 years and
49% were male. Approximately half (54%) of the sample were African American and 34% were obese.
Around 5% of children were treated with montelukast and ~22% received glucocorticoids for rhinitis or
asthma at the time of the baseline PSG. At follow-up, 83% of children in the eAT arm no longer had
AHI-defined OSAS, i.e. values of AHI <2 and OAI <1, while 40% of children in the WWSC arm had
spontaneous normalisation of AHI scores. Approximately 7% of children in the eAT arm and 8% in the
WWSC arm were on montelukast, and 24% (eAT) and 26% (WWSC) were on glucocorticoids at the time
of the follow-up PSG, representing a small but statistically nonsignificant increase compared with baseline.

Effect of sleep stage on TAA

Sleep stage had a significant effect on TAA (reported and analysed as log-transformed values in degrees) (N2:
3.20+0.72 log®, N3: 3.24+0.81 log®, R: 3.56+0.67 log®; p<0.001; measured on baseline PSG). Post hoc analysis
showed significantly higher TAA in REM sleep compared with both NREM sleep stages (R versus N2: p<0.001,
R versus N3: p<0.001), but no significant difference between NREM sleep stages (N2 versus N3: p=0.448).

Due to the effect of sleep stage on TAA, all subsequent data analyses were performed separately for each
sleep stage.

Correlation between TAA and clinical measures of hypoxia and hypoventilation

Using TAA values obtained from baseline and follow-up PSG, statistically significant but weak positive
correlations with the extent of oxygen desaturation were observed (percentage of sleep time spent at
oxygen saturation <90%, N2: r=0.179, p<0.001; N3: r=0.135, p<0.001; R: r=0.172, p<0.001). A weak yet
statistically significant positive correlation between TAA and the percentage of sleep time at a partial
carbon dioxide pressure above 50 mmHg (log-transformed) was observed in REM sleep (r=0.082,
p<0.048). TAA also showed a statistically significant but weak positive correlation with AHI across all
three sleep stages (N2: r=0.281, p<0.001; N3: r=0.251, p<0.001; R: r=0.238, p<0.001).

Effect of surgery on TAA

No significant difference in TAA between baseline and follow-up PSG was observed in any sleep stage
(table 2). Significant study arm effects were observed in sleep stages N2 and N3. Time pointxstudy arm
interaction effects were significant across all stages of sleep, consistently pointing towards a reduction in
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453 children were randomised to eAT

or WWSC
226 children were assigned to eAT 227 children were assigned to WWSC
20 children crossed over to WWSC 18 children crossed over to eAT
v v
224 children included in the eAT arm 229 children included in the WWSC arm
18 children were lost during follow-up 35 children were lost during follow-up
v v
206 children were considered for TAA analysis 194 children were considered for TAA analysis
24 children were excluded due to missing 21 children were excluded due to missing
or partially available signals, poor signal or partially available signals, poor signal
quality, or identical ribcage and quality, or identical ribcage and
abdominal traces in baseline (8], abdominal traces in baseline (12),
follow-up (11), or both (5) PSG recordings follow-up (4], or both (5) PSG recordings
2 children were excluded due to missing
BMI z-score value at follow-up
v v
182 children were analysed for TAA 171 children were analysed for TAA

FIGURE 1 Summary of Childhood Adenotonsillectomy Trial study participants included in the thoraco-abdominal
asynchrony (TAA) analysis. BMI: body mass index; eAT: early adenotonsillectomy; PSG: polysomnography; WWSC:
watchful waiting with supportive care.

TAA in the eAT arm following AT. Post hoc comparison showed significantly lower TAA during follow-up
PSG compared with baseline in the eAT arm only across all sleep stages (N2: p<0.0001; N3: p<0.0001;
R: p<0.0001). The eAT arm displayed significantly lower TAA than the WWSC arm during follow-up PSG
throughout all sleep stages (N2: p<0.0001; N3: p<0.0001; R: p=0.031). Of the covariates included in the
model, increase in age was associated with a significant TAA reduction in REM sleep (F=8.73, p=0.003).
Sex showed a weak but significant association with TAA in sleep stage N2 (F=3.99, p=0.046), where boys
had lower TAA than girls.

TABLE 1 Baseline characteristics of subjects grouped according to study arm and apnoea-
hypopnoea index (AHI) normalisation at 7 months

Characteristic Study arm AHI at 7 months
eAT WWSC Normalised Not normalised

Subjects 182 171 219 134
Age years 6.64+1.46 6.60+1.40 7.10+1.46 7.31£1.43
Male n (%) 83 (45.6%) 89 (52%) 102 (46.6%) 70 (52.2%)
Race n (%) #

African American 95 (52.2%) 97 (56.7%) 105 (47.9%) 87 (64.9%)

Caucasian 67 (36.8%) 59 (34.5%) 90 (41.1%) 36 (26.9%)

Other 20 (11%) 15 (8.8%) 24 (11%) 11 (8.2%)
BMI z-score 0.91+£1.36 0.86+1.26 0.94+1.20 1.38+1.25
Weight class n (%) 1

Overweight 92 (50.5%) 79 (46.2%) 104 (47.5%) 86 (64.2%)

Obese 63 (34.6%) 58 (33.9%) 70 (32%) 68 (50.7%)
Montelukast n (%) 8 (4.4%) 9 (5.3%) 12 (5.5%) 15 (11.2%)
Glucocorticoids n (%) 40 (22%) 37 (21.6%) 52 (23.7%) 37 (27.6%)

Data are presented as meanzsp unless otherwise stated. eAT: early adenotonsillectomy; WWSC: watchful
waiting and supportive care; BMI: body mass index. #: reported by caregivers; T: overweight was defined as
BMI >85th percentile, obese as BMI >95th percentile.
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TABLE 2 Comparison of thoraco-abdominal asynchrony (TAA) between time points and study arm across sleep stages

Parameter eAT (n=182) WWSC (n=171) p-value
Baseline Follow-up Baseline Follow-up Time point Study arm Study armxtime point
N2 TAA* (degree) 3.23+0.72 2.89+0.72 3.17£0.72 3.21+0.73 0.326 0.025 <0.0001
N3 TAA* (degree) 3.26+0.83 2.92+0.86 3.21£0.78 3.29+0.83 0.175 0.019 <0.0001
R TAA¥ (degree) 3.62+0.70 3.29+0.67 3.49+0.63 3.4420.67 0.687 0.739 0.0019

Data are presented as group meanssb. p-values were obtained by using two-way ANCOVA adjusted for likely confounding factors of age
(5-9 years), race (black, white, other), body mass index (BMI] z-score, BMI z-score change and sex. eAT: early adenotonsillectomy; WWSC:
watchful waiting with supportive care; N2: stage 2 non-rapid eye movement sleep; N3: stage 3 non-rapid eye movement sleep; R: rapid eye
movement sleep. #: reported and analysed as log-transformed values.

Effect of AHI normalisation and surgery on TAA

No significant TAA differences between baseline and follow-up, between eAT and WWSC groups, or
study armxAHI normalisation interactions were observed in any of the sleep stages (table 3). AHI
normalisation and time pointxstudy armxAHI normalisation interactions were significant in stages N2
and N3. StudyxAHI normalisation interaction effects were significant across all sleep stages, consistently
pointing towards a reduction in TAA in the normalised group post-AT. However, the time pointxstudy
arm interaction effect was significant only within stage N2. Of the covariates included in the model,
increase in age was associated with a significant TAA reduction in REM sleep (F=8.99, p=0.003). Sex
showed a weak but significant association with TAA in sleep stage N2 (F=4.96, p=0.027), where boys had
lower TAA than girls.

When comparing baseline TAA with follow-up TAA for both arms (figure 2), significant differences were
found only in the subgroup of children in the eAT arm whose AHI normalised during follow-up. This was
consistent across all sleep stages (N2: p<0.00001; N3: p<0.00001; R: p<0.00001).

Post hoc comparisons of the follow-up data showed a significant TAA decrease in children whose AHI
normalised compared with children whose AHI remained abnormal (figure 3). This was observed within
the WWSC and eAT arms across all sleep stages (WWSC: N2: p=0.0078; N3: p=0.0044; REM: p=0.0254;
eAT: N2: p=0.0007; N3: p=0.0023; R: p=0.0200) (figure 3). The TAA reduction was more pronounced in
children of the eAT arm compared with the WWSC arm (N2: p=0.028).

Correlation between TAA and cognitive, behavioural and 0SAS symptom indicators in children

with normal AHI

Among those children that were classified as normal on clinical PSG score during follow-up, statistically
significant negative correlations were observed between the parent total scale score of the Paediatric
Quality of Life Inventory and TAA during NREM sleep (N2: r=—0.183, p<0.01; N3: r=-0.147, p<0.05),
but not with AHI. In addition, the total obstructive sleep apnoea-18 (OSA-18) survey score was positively
correlated with TAA during NREM sleep (N2: r=0.151, p<0.05; N3: r=0.149, p<0.05), but not with AHL
No correlations were found between TAA and behaviour, OSAS symptom measures or sleepiness. When
analysing the eAT and WWSC arms separately, correlations between the parent total scale score of the
Paediatric Quality of Life Inventory and TAA were evident in the WWSC arm (N2: r=-0.360, p<0.005;
N3: r=—0.314, p<0.01; R: r=—0.246, p<0.05) (figure 4), but not in the eAT arm. Correlations between
OSA-18 score and TAA were no longer significant.

Discussion

Our main finding is a reduction in TAA during quiet, event-free sleep in children with OSAS following
AT, indicating an overall reduction in inspiratory effort. However, this was not observed in children whose
OSAS resolved spontaneously (as measured by the clinical diagnostic marker, i.e. AHI). Outcome-specific
analysis suggests that normalisation of AHI, in particular in those children who underwent AT, is
associated with TAA reduction at 7-month follow-up. In children whose AHI normalised without surgical
intervention and hence were clinically diagnosed as OSAS free at follow-up, high TAA values were
associated with poorer quality of life. This indicates that increased inspiratory effort, even in the absence of
frank apnoea or hypopnoea, has adverse health outcomes.

TAA measures the phase angle between thoracic and abdominal excursions and is considered a
noninvasive measure of inspiratory effort [9]. We have recently devised a robust, fully automated method
of TAA measurement that can be easily implemented in PSG analysis [14]. Although TAA cannot provide
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TABLE 3 Comparison of thoraco-abdominal asynchrony (TAA) between time points, study arm and apnoea—-hypopnoea index (AHI) normalisation across sleep stages

Parameter eAT (n=182) WWSC (n=171) p-value
AHI AHI not AHI AHI not Time point Study arm Normalisation Time Study Time Study
normalised normalised normalised normalised pointxstudy arm armxAHI pointxAHI armxtime
(n=151) (n=31) (n=68) (n=103) normalisation normalisation  pointxAHI

normalisation

N2 TAA# (degree)

Baseline 3.25£0.72 3.15£0.71  3.06:0.71  3.25:0.73 0.743 0.633 0.001 0.043 0.924 0.005 0.050
Follow-up 2.81£0.69 3.261£0.75  3.04:0.73  3.33:0.72

N3 TAA* (degree)
Baseline 3.31+0.79 3.02¢0.97  3.09+0.74  3.28+0.80 0.595 0.305 0.011 0.169 0.388 <0.001 0.016
Follow-up 2.8410.81 3.35:0.97  3.06:0.81  3.44:0.82

R TAA* (degree)
Baseline 3.65£0.71 3.47+0.66  3.47+0.65  3.500.62 0.337 0.701 0.110 0.306 0.789 0.002 0.272
Follow-up 3.25+0.68 3.47:0.61  3.31:0.67  3.53:0.67

Data are presented as group meanso, unless otherwise stated. p-values were obtained using three-way ANCOVA adjusted for likely confounding factors of age (5-9 years), race (black,
white, other), body mass index (BMI) z-score, BMI z-score change and sex. eAT: early adenotonsillectomy; WWSC: watchful waiting with supportive care; N2: stage 2 non-rapid eye
movement sleep; N3: stage 3 non-rapid eye movement sleep; R: rapid eye movement sleep. *: reported and analysed as log-transformed values.
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FIGURE 2 Thoraco-abdominal asynchrony (TAA] across sleep stages in children who underwent early adenotonsillectomy (eAT) (d-f] versus
watchful waiting with supportive care (WWSC) (a-c] at baseline and follow-up polysomnography grouped by apnoea-hypopnoea index (AHI)
normalisation. TAA values are reported and analysed as log-transformed values (degrees). Data are presented as mean+sem. N2: stage 2 non-
rapid eye movement sleep; N3: stage 3 non-rapid eye movement sleep; R: rapid eye movement sleep. *: p<0.05; **: p<0.01; ***: p<0.001; ****:

p<0.0001.
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a direct measure of increase in workload in terms of energy expenditure, it reflects changes in inspiratory
effort due to airway obstruction [9]. Upper airway obstruction leads to increased inspiratory effort in order
to maintain airway patency; this manifests as asynchronous or paradoxical inward motion of the ribcage
[15-17] and hence increased TAA. TAA has been demonstrated in children with increased inspiratory
effort due to upper airway obstruction and OSAS [18, 19].

Our study suggests that TAA adds important information towards the diagnosis of OSAS by quantifying
overall inspiratory effort. In children with mild symptoms, in whom frank apnoeic events are rare, measuring
the rate of events may not represent the full extent of respiratory disturbance during sleep. Children who
snore have to overcome an increased respiratory load, but may not necessarily display frank respiratory
events, desaturation or cortical arousals [20, 21]. TAA was also associated with standard PSG measures of
hypoxia (percentage of sleep time spent at <90% oxygen desaturation) and with increased AHI throughout
all stages of sleep. Presumably, children with more frequent/severe respiratory events also experience higher
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FIGURE 3 Thoraco-abdominal asynchrony (TAA] during follow-up polysomnography across sleep stages aJ N2, b) N3, cJ R in children who
underwent early adenotonsillectomy (eAT) versus watchful waiting with supportive care (WWSC] grouped by apnoea-hypopnoea index (AHI)
normalisation. TAA values are reported and analysed as log-transformed values (degrees). Data are presented as meanssem. N2: stage 2 non-
rapid eye movement sleep; N3: stage 3 non-rapid eye movement sleep; R: rapid eye movement sleep. *: p<0.05; **: p<0.01; ***: p<0.001.
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FIGURE 4 Relationship between thoraco-abdominal asynchrony (TAA] averaged across all sleep stages and
Paediatric Quality of Life Inventory Parent Total Scale Score. TAA values are reported and analysed as
log-transformed values (degrees]. Lines indicate the linear regression function (solid) and 95% confidence
intervals (dashed).

inspiratory loads during event-free periods of sleep. While the detailed effects of increased TAA in the
absence of frank apnoea or hypopnoea and underlying mechanisms have not been fully elucidated, studies in
children with primary snoring have shown elevated blood pressure and reduced arterial distensibility [22,
23], subtle dysregulation of glycaemic homeostasis [24] and neurocognitive impairments [25]. Pre-pubescent
rats subjected to increased upper airway loading (without hypoxia) demonstrated reduced production of
growth hormone and insulin-like growth factor I and impaired longitudinal growth [26].

As has been shown previously, AT is effective at resolving clinical PSG markers of OSAS (83% of the
children in the eAT arm had AHI normalisation). However, 40% of the children in the WWSC arm,
primarily those with mild OSAS, had AHI values below the clinical cut-off during follow-up, raising
important questions about whom to treat and when. Our analyses show that children who underwent
surgery and subsequently normalised their AHI values also demonstrated reduced TAA. This suggests a
benefit of AT on inspiratory effort by enlarging the upper airway (figure 2), as the decrease in upper
airway volume is related to the increase in respiratory effort during sleep [27]. Within the WWSC arm,
spontaneous AHI normalisation did not coincide with TAA reduction, but children who had normal AHI
values at follow-up demonstrated lower TAA at baseline, possibly because their OSAS was milder [28].
Interestingly, in children whose AHI normalised spontaneously during follow-up, TAA was inversely
correlated with quality of life, suggesting that increased inspiratory effort persists in some of these children
and has adverse effects on their well-being.

We have previously measured TAA during quiet, event-free sleep in children with sleep-disordered
breathing undergoing AT in comparison to normal children, and observed increased TAA levels at
baseline that were no longer different from TAA of normal children 6 months post AT [29], providing
further evidence for the beneficial effect of AT on inspiratory effort. Our study also confirms that TAA
values are higher in REM sleep than in NREM sleep [29]. This difference is possibly caused by the
reduction in intercostal muscle activity, contributing to distorted ribcage movement [30] and/or decreased
pharyngeal muscle activity associated with upper airway obstruction [31]. Interestingly, we observed an
inverse association between TAA and age during REM sleep. Paradoxical inward ribcage motion in REM
sleep and its lessening with age has been well documented in infants and toddlers [32]. Although the chest
wall and ribcage are fully developed at the age of 5 years, neural respiratory control may still undergo
maturation, explaining our observation [33]. Our analysis also demonstrated sex differences in TAA; to our
knowledge this has not been reported previously in pre-pubescent children.

Our study has several limitations. Children in this study had only mild to moderate OSAS as defined by
AH]I, and the follow-up time was relatively short. More severe OSAS is likely to result in higher inspiratory
effort. Although our results are based on a large randomised control trial with racially diverse groups, and
included standardised measurements and high follow-up rates, there are limitations with respect to their
interpretation. Several of the recordings from the original study were omitted due to poor signal quality
and the per-protocol design. Sleep position is known to affect TAA [29]. We were not able to retrieve
reliable information on body position from the PSG database. In addition, anti-inflammatory medication
may have affected TAA in some children.
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We conclude that, in addition to its well-established effectiveness for resolving frank respiratory events in
children with OSAS, AT also reduces inspiratory effort throughout quiet respiratory-event-free sleep.
Surgery may therefore have an additional, previously unrecognised benefit. TAA appears to be a sensitive
marker of increased inspiratory effort that is inversely associated with quality of life in children with
symptomatic OSAS. Monitoring TAA over time may yield additional insight into the dynamic changes of
inspiratory effort during sleep and, in combination with traditional indices of obstruction, more accurately
characterise the degree of sleep-disordered breathing in children. Furthermore, our findings demonstrate
that spontaneous AHI normalisation does not necessarily indicate that OSAS has resolved, highlighting the
need for more sensitive measures.
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