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Supplemental Methods

Study Design and Participating Sites

The study included 3 centers and was
a randomized controlled trial that
recruited children with symptoms of
OSA at the time of their referral to
sleep medicine services and
otolaryngology or at their first review
in these departments. Children were
recruited at 3 tertiary sleep centers in
Australia (The Sydney Children’s
Hospital Network, CHW, New South
Wales; Mater Children’s Hospital,
Brisbane, Queensland; and Women’s
and Children’s Hospital, Adelaide,
South Australia). During the study,
the Mater Children’s Hospital
relocated and was renamed the Lady
Cilento Children’s Hospital and is now
Queensland Children’s Hospital with
a broader referral base for intake.

Apart from a change in principal
investigator at that center, the same
team remained on the study.

As detailed in the article, initial
screening used the PSQ,13 and for
most children the study sequence was
that those with positive PSQ results
then underwent polysomnography. In
some early cases, children were
recruited through sleep medicine
services if they met age and AHI
criteria, and then the PSQ was
undertaken after the sleep study.
Regardless, the baseline assessment
for all children included
polysomnography, cognitive and
behavioral testing, and other clinical
assessments to evaluate cognition,
behavior, quality of life, sleep
parameters, blood pressure, and
growth at baseline, and these
assessments were repeated at the 12-
month follow-up.

The baseline visits included
evaluation for comorbid conditions
that could exacerbate OSA. After
polysomnography excluded severe
OSA, children were randomly
assigned to either early
adenotonsillectomy (early surgery or
adenotonsillectomy; surgery within
2 months of random assignment) or
to the routine surgery waitlist
(NoAT). For children assigned to the
routine surgical wait time, which was
set at 12 months for the study, the 12-
month review was planned for
12 months after random assignment.
Usual timing for follow-up in the
adenotonsillectomy group was
12 months after the surgery. Children
randomly assigned to the routine wait
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group were scheduled for repeat
polysomnography and cognitive and
behavioral testing ahead of surgery,
which was planned to be undertaken
after their 12-month review, hence
the assignment “NoAT.” Evaluation at
the 12-month follow-up included
repeat polysomnography and
cognitive and behavioral testing and
repeat clinical evaluation by the
otolaryngologist. Only 1 child in the
NoAT group did not go on to
adenotonsillectomy.

The primary outcome was change in
the brief intelligence score (BIA) of
the WJ-III. The WJ-III Test of
Cognitive Abilities, a standardized
test validated for individuals aged 2
to 90 years of age, was used to assess
cognitive functioning.31 Because of
the age range of the children being
studied and the intention to evaluate
a subset of children further as they
aged, the WJ-III was chosen because it
is currently the only cognitive test
that permits repeated measurements
using the same indices in children as
young as 2 years of age and
continuing above 8 years of age. As
we were undertaking longitudinal
analyses, vertically equated item
response theory–scaled scores were
used to ensure that scores could be
treated as equivalent over time (ie, W
scores that reflect an individual’s
deviation from a criterion score).32

Again, because of the age of the
participants, more children
completed the BIA than the GIA score,
so both are reported. Young children
are known to vary in the motivation
and engagement with testing, and
qualified testers were used in all
cases. This test was chosen because of
its applicability to the age group we
wanted to study, compared with other
tests that are only suitable for
children once they reach school age,
and it has established stability along
with developmental curves for
children in our age group of interest.
There is good correlation between the
GIA and the BIA and strongest
support for its use in children of

normal development, such as our
study group. Limitations, recognized
in the guides, include the fact that
younger children cannot include all
domains of the test. The reliability of
test results on verbal ability meant
we included audiology testing in the
protocol and had to exclude children
if they failed audiology testing
(hearing loss) or were not sufficiently
fluent in English to undertake the
testing, which excluded some
children from non–English-speaking
homes.33

Quality Control

A block randomization strategy was
established by a supervising
statistician, and the randomization of
successive subjects was allocated by
an administrative assistant who was
not otherwise involved in the project.
Personnel conducting psychometric
evaluations were blinded to the
randomization of the subject, and
parents were coached to ensure that
this was not disclosed to them.
Polysomnography analysis was also
centralized, with the technologist
analyzing the studies also blinded to
the randomization of the subjects.
Study quality control included
a centralized meeting to review study
analysis methods and concordance
and site visits. A data safety
monitoring committee was formed
and available to access, but no event
discussed during the regular
meetings of the investigators was
considered sufficient to call the
committee to session.

Data were entered into a central
database that was designed
specifically for the study
(POSTAstudy.org), maintained at each
site by a research assistant. The study
was approved by the institutional
review board of each institution.
Written informed consent was
obtained from the parents or
caregivers of all participants.

Study Sample and Recruitment

When children of the appropriate age
group for this study were referred for
evaluation of OSA, tonsillar
hypertrophy, or frequent snoring to
sleep medicine or otolaryngology
clinics, their families were
approached to consider the study.
When approached, they were asked
to complete the PSQ and consent
forms either in person or by mail.
Because they were approached at the
time they were referred, this usually
expedited their time to initial
assessment compared with usual
clinical pathways.

Children with a positive PSQ
screening score indicating symptoms
of OSA then underwent baseline
assessments. The goal was for
children to be 3 to 5 years of age at
random assignment. Children had to
have demonstration of an OAHI value
of ,10.0 per hour on
polysomnography and be assessed by
an otolaryngologist as suitable for
adenotonsillectomy to participate in
the study. Details of reasons for
exclusion are listed in the article.

Subject Characteristics

Children’s nutritional status was
evaluated by using height, weight,
and BMI measurements at the time of
the clinical assessment and/or the
sleep study. BMI z scores were used
to assess weight categories as normal,
underweight, overweight, or
obese.34,35

Polysomnography

Children underwent full, in-
laboratory polysomnography. Scoring
was performed according to the 2007
American Academy of Sleep Medicine
pediatric criteria with the Australian
commentary. Technologists scoring
the study were blinded to all other
study data. The AHI was defined as
the sum of all obstructive and mixed
apneas plus hypopneas associated
with a 50% reduction in airflow and
either a .3% desaturation or EEG
arousal divided by hours of total
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sleep time; the OAHI was defined as
all obstructive apneas and hypopneas
per hour of sleep.

A maximum of 2 experienced sleep
technologists were responsible for
analysis of the polysomnography
studies in each center. Analysis
criteria were agreed on at a face-
to-face meeting of the principal
investigators, and concordance
between centers was assessed in June
2007, demonstrating concordance of
87% for sleep staging and 76% for
respiratory events.

The severity of OSA is defined by the
number of obstructive apnea and
hypopnea events that occur per hour
of sleep time expressed as the index
of events per hour (OAHI). Standard
diagnostic categories for pediatric
OSA were used and are as follows:
primary snoring, ,1 event per hour;
mild OSA, 1 to 5 events per hour;
moderate OSA, 5 to 10 events per
hour; and severe OSA, .10 events
per hour.36,37

Severe OSA was considered an
exclusion criteria, and children
identified as having severe OSA were
referred to clinical services for
management through standard
clinical pathways, including
adenotonsillectomy,

Cognitive, Behavioral, and Symptom
Evaluations

Neuropsychological testing was
performed by a qualified
neuropsychologist blinded to the
polysomnography and to the child’s
random assignment. Tests were
scheduled to suit the family schedule.
The WJ-III consists of 25 tests, 10 of
which constitute the standard battery.
These include verbal comprehension
(T1), visual-auditory learning (T2),
spatial relations (T3), sound blending
(T4), concept formation (T5), visual
matching (T6), numbers reversed
(T7), incomplete words (T8), auditory
working memory (T9), and visual-
auditory learning delayed (T10). All
participating sites administered the
standard battery. Two additional

tests, retrieval fluency (T12) and
picture recognition (T13), were
administered to a subset of children.
From the standard battery, the
measures derived included the
following: (1) comprehension
knowledge (T1), (2) long-term
retrieval (T2, T12), (3) visual-spatial
thinking (T3, T13), (4) auditory
processing (T4), (5) processing speed
(T6), and (6) short-term memory
(T7). In addition, functional measures
were derived, including GIA (T1–T7),
BIA (T1, T5, T6), verbal ability (T1),
thinking ability (T2–T5), cognitive
efficiency (T6, T7), phonemic
awareness (T4, T8), and working
memory (T7, T9). In the analysis, any
results ,10 were excluded as invalid
because values (generally 0) were
entered for scales that children could
not complete.

Within the BIA, the verbal
comprehension scores indicate
language skills, the concept formation
scales provide information on
categorical reasoning and flexibility,
and visual mapping addresses the
discrimination of symbols in a timed
format.

At the baseline and follow-up
examinations, caregivers were asked
to complete standardized survey
instruments for behavioral
assessment of the child, a parenting
stress index (PSI), and changes in
summary or composite scores
measuring behavior, symptoms, and
parenting stress.

1. Behavior was measured by using
the BASC 2–PRS.

2. Executive function in everyday
activities was assessed by using
the BRIEF and BRIEF-P.

3. Parenting stress was assessed by
using the PSI.

4. A social risk score was assessed by
using questions to evaluate family
structure (eg, dual or single
parent), education level of the
primary caregiver, occupation and
employment status of the primary
income earner, language spoken at

home, and maternal age at birth.
Each domain is scored on a 3-point
scale in which 0 represents the
lowest risk.38

Behavioral parameters and fluid skills
incorporated in executive function are
deleteriously affected by OSA, and
these were tested by using the PRS of
the BASC 2 for the preschool age
group. Executive function in everyday
activities was assessed by the BRIEF-
P. The BRIEF-P is valid for children
aged 2.0 to 5.11 years and includes
63 items whereas the BRIEF is valid
for ages 5 to 18 years and includes 86
items. Age-appropriate
questionnaires were used, with
scores for the respective domains
collated to 1 file for analysis. Results
are presented in 8 clinical scales
(inhibit, shift, emotional control,
initiate, working memory, plan and
organize, organization of materials,
monitor) and 2 validity scales
(inconsistency and negativity).
Questionnaire results with
inconsistency scores of $7 were
excluded as invalid. Clinical scales of
behavioral regulation and
metacognition and an overall score,
the Global Executive Composite, were
also evaluated.

The rating scale from the BASC
contains 160 items and uses a 4-
choice response format. In the 3- to 6-
year age range, the PRS provides
information about a range of areas of
functioning, including emotional and
psychological functioning (eg, anxiety,
depression), behavior (eg, aggression,
activity levels), social skills and
interaction, attention, and activities of
daily living. It is reported to possess
high test-retest reliability, high
internal consistency, and a robust
factor structure. It has been normed
on a representative population
sample with T scores and percentiles
available for the general population.
Scores include the Behavioral and
Emotional Risk Index, Externalizing
Risk Index, Internalizing Risk Index,
and Adaptive Skills Risk Index. It
includes validity indices to identify
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responses that may be overly
negative or inconsistent, so analysis
tests with inconsistency scores of $7
were excluded.

The BRIEF-P consists of 63 items and
uses a 3-choice response format and
provides information about executive
function in everyday settings,
including skills such as behavioral
and emotional control, planning and
organization, and attention and
information processing. It is reported
to possess high internal consistency
and reliability, good convergent and
discriminant validity, and a robust
factor structure. The BRIEF for ages
$7 years has 86 items, and
equivalent scales from the BRIEF and
BRIEF-P were evaluated to provide
the group data. In analysis, tests with
consistency scores of .20 were
excluded as invalid.

Parent stress is associated with sleep
and behavior difficulties in children,
so this was assessed by using the PSI.
The PSI consists of 120 questions and
yields a total stress score, a child
domain score, a parent domain score,
and a life stress score. Child
characteristics are measured on 6
subscales: distractibility and
hyperactivity, adaptability, reinforces
parent, demandingness, mood, and
acceptability. Parent personality and
situational variables are measured on
7 subscales: competence, isolation,
attachment, health, role restriction,
depression, and relationship with
spouse. The PSI has satisfactory
internal consistency and robust test-
retest reliability.

Intervention: Adenotonsillectomy

Complete bilateral tonsillectomy and
removal of the adenoid tissue was
performed by standard surgical
techniques, including cold dissection,
monopolar electrocautery, coblation,
or microdebrider, with variation
according to surgeon preference and
not by patient characteristics.

Other Outcomes

Other outcomes included parent
answers to a list of 7 questions that
were established to standardize the
follow-up phone call content and
asked at follow-up phone calls in 2-
month intervals. The specific
(scripted) questions are listed in
Supplemental Table 4.

Safety Monitoring

Face-to-face meetings or
teleconferences were held among the
senior investigators at a minimum of
bimonthly intervals to monitor,
discuss, and develop strategies to
deal with any difficulties managing
the protocol. Families were contacted
by telephone every 2 months to
evaluate each child’s progress and to
elicit reports of adverse events.
Research coordinators at each center
identified potential treatment failures
through those regular phone calls
with the participants’ families,
including assessment of changes in
the child’s clinical status, using those
standard questions as the framework
of the interview.

Statistical Considerations

The initial target for recruitment was
208 children to account for dropouts.
The study recruitment ended at 190
at the conclusion of the grant and to
ensure that follow-up of all
participants would be completed. The
final numbers in our analysis
provided power to detect a difference
of 0.5 SDs in the primary outcome.
The SDs for the BIA at ages 3, 4, and
5 years are 8.99, 12.73, and 12.28,
respectively (WJ-III technical
manual). The SDs for the GIA at ages
3, 4, and 5 years are 7.57, 11.16, and
110.99, respectively. To detect this
difference, with a power of 0.9 and
a significance of 0.05, we required 64
children in each group at the 12-
month follow-up or 128 in total. No
interim analyses were undertaken,
although oversight of the study was
provided by the statistician at CHW.

Final analysis numbers are provided
in the flow diagram in the article
(Fig 1). Although 72 children from the
adenotonsillectomy group and 69
from the NoAT group attended the
12-month follow-up, not all of the
tests undertaken provided results
that could be used in the analysis. For
W scores of the WJ-III, when children
were unable to complete a testing
a scale, it was scored as 0, and all
scores ,10 were excluded from the
analysis. For analysis of the BASC
questionnaire, all scores for the child
were excluded from the analysis if the
inconsistency score was $7. For
analysis of the BRIEF questionnaire,
all scores for the child were excluded
if the consistency score was .20.
Several children agreed to complete
neurocognitive testing at the 12-
month follow-up but did not agree to
sleep studies.

Primary outcomes were corroborated
by using a second set of statistical
analyses with analysis of GIA and BIA
score differences across time, using
a linear mixed model analysis with
patients as random effect (random
intercept) and study center and
interaction between time and study
group as fixed effect. Modelling was
also performed with and without
research center as a fixed effect for
each subscore. There was an overall
significant difference between
baseline and 12 months (ie, without
distinction between groups) for 8
subscores: thinking ability, cognitive
efficiency, long-term retrieval,
phonemic awareness, sound blending,
incomplete words, visual-auditory
learning (delayed), and picture
recognition. The change in z score
from baseline to 12 months was also
considered instead of the raw scores,
using a simple Mann-Whitney test to
assess the difference in score change
between early and routine
intervention, with no
differences found.

Following the intention to treat
principle, children who remained in
the study but crossed over to the
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alternative treatment were included
in their assigned treatment groups for
both primary and secondary analyses.

Supplemental Results

Subscale Analysis

The detailed list of results for IQ test
subscales, including W scores of the
WJ-III and sex-specific T scores for
the BASC and BRIEF, are listed in
Supplemental Table 6.

Baseline risk and stress assessment
results are listed in Supplemental
Table 5.

Study Flow

As detailed in Fig 1, a total of 1218
families were approached for their
child to participate in the study. Of
these, 447 parents completed the PSQ
screening for symptoms of OSA,
which identified 396 children as
meeting the study OSA eligibility
criteria. The majority (377 or 95.2%)
went on to have ENT assessments,
which excluded a further 51 (28 not
suitable for adenotonsillectomy and
23 with abnormal audiograms). A
total of 250 children had sleep
studies, which excluded 64 as having
obstructive apnea and hypopnea
indices outside the range for study
inclusion. WJ-III testing was not
possible in 18 children who were not
fluent in English (an interpreter
would have been required for
testing). After accounting for those
who did not consent to surgery or
further participation in the study but
completed the baseline WJ-III, 99
were randomly assigned to early
surgery, and 91 were randomly
assigned to surgery with routine
waiting times.

Of the 190 children initially
participating, 40 children were lost to
follow-up or withdrew from the
study, whereas 5 were randomly
assigned but subsequently unable to
complete their complete baseline
testing. Of these, 145 (76.3%)
children attended the 12-month
follow-up visits. Participants were
considered to have dropped out if the

family became uncontactable or
stopped returning calls. Families
were considered to have withdrawn
when they provided an explanation
for no longer attending. Among those
lost to follow-up was a proportion of
children who were randomly
assigned during the feasibility study
but not contacted in time for their 12-
month follow-up assessments
because of a gap in the funding of the
study coordinator. A comparison of
children who completed the study
with those who did not complete
showed no differences in age, sex, or
the values for PSQ or WJ-III results
during the initial assessment. The
racial origin of the participants was
diverse, with no 1 group large enough
to permit any post hoc analyses for
any effects attributable to race.

The time from randomization to
surgery was 6.7 6 8.4 weeks in those
assigned to early surgery (range:
0–45.9 weeks); 6 waited longer than
6 months for surgery after random
assignment. One subject had surgery
only 5 weeks before their 12-month
assessment and is therefore listed as
“crossover.” For those 4 assigned to
the routine group who crossed to
“early” surgery, the average delay
between surgery and repeat WJ-III
was 29.5 6 8.6 weeks. WJ-III
assessments were 48.9 6 8.2 weeks
after surgery for the early surgery
group and 50.4 6 11.7 weeks after
randomization for those assigned to
the routine track (not significant).
Early in the protocol, several children
randomly assigned to early surgery
had delays to surgery after being
placed on hospital waiting lists. All
analysis was according to intention to
treat so that regardless of the timing
of surgery, they were retained in the
group randomly assigned to them.

Intervention Effects Among Those
Treated Per Protocol: Adverse Events
and Treatment Failures

Postrandomization in the early
surgery group, we had 7
perioperative events, 3 primary

hemorrhage that required return to
theater from recovery, and 1
secondary hemorrhage that required
readmission for 24 hours. Three other
children were readmitted to the
hospital and monitored for fevers.
None of the children in the early
surgery group failed to undergo
surgery and also continued in the
study to the 12-month follow-up.
Three children from the early surgery
group had revision adenoidectomies
after their 1-year follow-up.

In the group randomly assigned to
routine surgery, 1 child was admitted
to the hospital with an episode of
acute tonsillitis and airway
obstruction. A total of 3 children
(including the 1 admitted) went to
early surgery but continued in the
analysis in the routine group (ie, as
crossovers).

Supplemental Discussion

Safety and Treatment Failures

Surgery has a known association with
a low rate of adverse perioperative
complications that can require
additional operative procedures,
hospitalization, or prolonging
hospitalization. The rate we observed
in this study was consistent with the
recent reviews of rates for
postoperative bleeding, which are
known to be higher in children older
than those in this study group.39

There were no deaths or
complications that resulted in
persistent disability in any child. The
requirement for admission of 1 child
assigned to routine surgery supports
the need for ongoing clinical
monitoring of children while they
have medical management or wait for
surgery, which fits with current
clinical practice.

Ethical Considerations

The study was designed to answer
residual questions about whether IQ
is affected by access to
adenotonsillectomy or not. Literature
available at the time of the study
design suggested that younger
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(preschool) children may be more
vulnerable to IQ deficits than the
previously studied age groups. This
(POSTA) study was designed and
funded before the CHAT study results
were available, but participating
investigators agreed that there was
equipoise for the study question.

Another consideration was access to
surgery. First, the treatment received
by the group assigned to routine
therapy met our clinical standards;
we had confirmed that typical waiting
times for routine adenotonsillectomy
were not being further delayed by
participation in the study. By allowing
enrollment at the time the patients
were referred, we ensured that the
assessments required for the study
did not result in any additional delays
to surgery and were comfortable that
participation in the study ensured
that children had earlier access to all
clinical assessments and therefore to
surgery than would be possible
through our usual clinical system. To
ensure that children assigned to early
surgery were not given unfair access
to theater times, theater times were
arranged in affiliated hospitals rather
than tertiary centers where the
demand for theater time is high.

To guard against any perception of
coercion to participate in the study,
participants could withdraw at any
time. This was deemed to be effective
because parents did withdraw,
including after random assignment
but before treatment was
implemented, if they had any
uncertainty about the assigned
treatment. A number did seek
alternative opinions and/or clinical
pathways, including private medical
pathways, which, in the Australian
health system, allowed them to
bypass the waiting times in public
hospitals if they had private health
insurance or could afford to pay the
costs directly. Unsurprisingly, parents
who withdrew and sought private
medical assessments tended to be in
the group assigned to routine care.
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SUPPLEMENTAL FIGURE 4
Distribution of apnea indices. A, Total AHI. B, OAHI. Values are grouped by severity and by study track and are shown for baseline and 12-month follow-up.
The figure demonstrates a shift to lower AHI values that is more marked in the adenotonsillectomy group, where few had OAHI values.1 at the 12-month
follow-up visit and none had OAHI values of 5 to 10 per hour. AHI12, value of AHI at 12 month follow-up study, Nil, AHI or OAHI value of “0”; OAHI12, value of
OAHI at 12 month follow-up study.

SUPPLEMENTAL TABLE 4 Parent Questions

Question Answer

Has sleeping changed? Yes or No
Is the child snoring? Yes or No
Are they having trouble sleeping during the night? Yes or No
Are they sleeping during the day? Yes or No
If yes, are they having trouble breathing when they are asleep? Yes or No
Is the child eating well? Yes or No
On a scale of 1–10, how would you rate your child at the moment? 1–10

SUPPLEMENTAL TABLE 5 Baseline Social Risk and PSI Assessments

Score Early Routine

PSI T scores
Total 50.6 (9.4) 50.6 (11.1)
Parent 49.7 (10.2) 49.4 (9.3)
Child 51.7 (9.1) 51.9 (10.2)

Risk score (out of 10) 2.5 (2.3) 1.9 (1.9)
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Sound blending 66:63 2.07 .51
Concept formation 66:65 3.15 .40
Visual matching 60:61 0.88 .74
No. reversed 40:34 0.28 .97
Incomplete words 38:34 3.32 .33
Auditory working memory 29:25 23.04 .70
Auditory learning delayed 25:28 2.59 .39
Retrieval fluency 47:46 1.51 .21
Picture recognition 47:49 4.12 .26

BRIEF, T scores
Combined inhibition 52:46 21.86 .28
Combined shifting 47:46 22.20 .29
Combined emotional control 50:47 21.14 .63
Combined working memory 51:44 22.35 .29
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