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ABSTRACT
Background

Obstructive sleep-disordered breathing (0SDB) is a condition that encompasses breathing problems when asleep, due to an obstruction
of the upper airways, ranging in severity from simple snoring to obstructive sleep apnoea syndrome (OSAS). It affects both children and
adults. In children, hypertrophy of the tonsils and adenoid tissue is thought to be the commonest cause of 0SDB. As such, tonsillectomy
- with or without adenoidectomy - is considered an appropriate first-line treatment for most cases of paediatric oSDB.

Objectives

To assess the benefits and harms of tonsillectomy with or without adenoidectomy compared with non-surgical management of children
with oSDB.

Search methods

We searched the Cochrane Register of Studies Online, PubMed, EMBASE, CINAHL, Web of Science, Clinicaltrials.gov, ICTRP and
additional sources for published and unpublished trials. The date of the search was 5 March 2015.

Selection criteria

Randomised controlled trials comparing the effectiveness and safety of (adeno)tonsillectomy with non-surgical management in children

with 0SDB aged 2 to 16 years.
Data collection and analysis

We used the standard methodological procedures expected by The Cochrane Collaboration.
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Main results

Three trials (562 children) met our inclusion criteria. Two were at moderate to high risk of bias and one at low risk of bias. We did
not pool the results because of substantial clinical heterogeneity. They evaluated three different groups of children: those diagnosed
with mild to moderate OSAS by polysomnography (PSG) (453 children aged five to nine years; low risk of bias; CHAT trial), those
with a clinical diagnosis of 0SDB but with negative PSG recordings (29 children aged two to 14 years; moderate to high risk of bias;
Goldstein) and children with Down syndrome or mucopolysaccharidosis (MPS) diagnosed with mild to moderate OSAS by PSG
(80 children aged six to 12 years; moderate to high risk of bias; Sudarsan). Moreover, the trials included two different comparisons:
adenotonsillectomy versus no surgery (CHAT trial and Goldstein) or versus continuous positive airway pressure (CPAP) (Sudarsan).

Disease-specific quality of life and/or symprom score (using a validated instrument): first primary outcome

In the largest trial with lowest risk of bias (CHAT trial), at seven months, mean scores for those instruments measuring disease-specific
quality of life and/or symptoms were lower (that is, better quality of life or fewer symptoms) in children receiving adenotonsillectomy
than in those managed by watchful waiting:

- OSA-18 questionnaire (scale 18 to 126): 31.8 versus 49.5 (mean difference (MD) -17.7, 95% confidence interval (CI) -21.2 to -
14.2);

- PSQ-SRBD questionnaire (scale 0 to 1): 0.2 versus 0.5 (MD -0.3, 95% CI -0.31 to -0.26);
- Modified Epworth Sleepiness Scale (scale 0 to 24): 5.1 versus 7.1 (MD -2.0, 95% CI -2.9 to -1.1).
No data on this primary outcome were reported in the Goldstein trial.

In the Sudarsan trial, the mean OSA-18 score at 12 months did not significantly differ between the adenotonsillectomy and CPAP
groups. The mean modified Epworth Sleepiness Scale scores did not differ at six months, but were lower in the surgery group at 12

months: 5.5 versus 7.9 (MD -2.4, 95% CI -3.1 to -1.7).
Adverse events: second primary outcome

In the CHAT trial, 15 children experienced a serious adverse event: 6/194 (3%) in the adenotonsillectomy group and 9/203 (4%) in
the control group (RD -1%, 95% CI -5% to 2%).

No major complications were reported in the Goldstein trial.

In the Sudarsan trial, 2/37 (5%) developed a secondary haemorrhage after adenotonsillectomy, while 1/36 (3%) developed a rash on
the nasal dorsum secondary to the CPAP mask (RD -3%, 95% CI -6% to 12%).

Secondary ourcomes

In the CHAT trial, at seven months, mean scores for generic caregiver-rated quality of life were higher in children receiving adenoton-
sillectomy than in those managed by watchful waiting. No data on this outcome were reported by Sudarsan and Goldstein.

In the CHAT trial, at seven months, more children in the surgery group had normalisation of respiratory events during sleep as measured
by PSG than those allocated to watchful waiting: 153/194 (79%) versus 93/203 (46%) (RD 33%, 95% CI 24% to 42%). In the
Goldstein trial, at six months, PSG recordings were similar between groups and in the Sudarsan trial resolution of OSAS (Apnoea/
Hypopnoea Index score below 1) did not significantly differ between the adenotonsillectomy and CPAP groups.

In the CHAT trial, at seven months, neurocognitive performance and attention and executive function had not improved with surgery:
scores were similar in both groups. In the CHAT trial, at seven months, mean scores for caregiver-reported ratings of behaviour were
lower (that is, better behaviour) in children receiving adenotonsillectomy than in those managed by watchful waiting, however, reacher-
reported ratings of behaviour did not significantly differ.

No data on these outcomes were reported by Goldstein and Sudarsan.
Authors’ conclusions

In otherwise healthy children, without a syndrome, of older age (five to nine years), and diagnosed with mild to moderate OSAS by
PSG, there is moderate quality evidence that adenotonsillectomy provides benefit in terms of quality of life, symptoms and behaviour
as rated by caregivers and high quality evidence that this procedure is beneficial in terms of PSG parameters. At the same time, high
quality evidence indicates no benefit in terms of objective measures of attention and neurocognitive performance compared with
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watchful waiting. Furthermore, PSG recordings of almost half of the children managed non-surgically had normalised by seven months,
indicating that physicians and parents should carefully weigh the benefits and risks of adenotonsillectomy against watchful waiting in
these children. This is a condition that may recover spontaneously over time.

For non-syndromic children classified as having oSDB on purely c/inical grounds but with negative PSG recordings, the evidence on
the effects of adenotonsillectomy is of very low quality and is inconclusive.

Low-quality evidence suggests that adenotonsillectomy and CPAP may be equally effective in children with Down syndrome or MPS
diagnosed with mild to moderate OSAS by PSG.

We are unable to present data on the benefits of adenotonsillectomy in children with oSDB aged under five, despite this being a
population in whom this procedure is often performed for this purpose.

PLAIN LANGUAGE SUMMARY
Tonsillectomy with or without adenoidectomy versus no surgery for obstructive sleep-disordered breathing in children
Review question

This review compared the benefits and harms of surgical removal of the tonsils (tonsillectomy) with or without removal of the adenoids
(adenoidectomy) against non-surgical management in children with disturbed sleep caused by breathing problems due to blockage of
the upper airways (called obstructive sleep-disordered breathing; 0SDB). We included any studies in which children were randomly
allocated to surgery or no surgery published up to March 2015.

Background

0SDB can occur in both children and adults. It ranges in severity from simple snoring to obstructive sleep apnoea syndrome (OSAS),
where episodes of complete blockage of the upper airways and restricted breathing can cause oxygen levels in the blood to drop,
waking the child from sleep. Enlargement of the tonsils and adenoids is thought to be the most common cause in children. As such,
tonsillectomy with or without adenoidectomy ((adeno)tonsillectomy) is considered a valuable first-line treatment for most children.

Study characteristics

We included three studies, with a total of 562 children. Two were at moderate to high risk and one at low risk of bias. We did not
combine the results of the studies because the trials differed substantially; they evaluated three different groups of children: those with
mild to moderate OSAS (453 children aged five to nine years; CHAT trial), those who had symptoms and signs suggestive of 0SDB (29
children aged two to 14 years; Goldstein) and children with Down syndrome or mucopolysaccharidosis and mild to moderate OSAS
(80 children aged six to 12 years; Sudarsan). The studies compared: adenotonsillectomy versus no surgery (CHAT trial and Goldstein)
or adenotonsillectomy versus a breathing mask (continuous positive airway pressure; CPAP) during sleep (Sudarsan).

Key results

In the largest trial with lowest risk of bias (CHAT trial), at seven months, mean scores for disease-specific quality of life and/or symptoms
were lower (meaning better quality of life or fewer symptoms) in children receiving adenotonsillectomy than in those managed by
watchful waiting.

In the Sudarsan trial, the mean OSAS quality of life score at 12 months did not differ significantly between the adenotonsillectomy
and CPAP groups. The mean modified Epworth Sleepiness Scale score did not differ at six months, but was lower in the surgery group
at 12 months.

Adverse events

In the CHAT trial, 15 children experienced a serious adverse event: 6/194 (3%) in the adenotonsillectomy group and 9/203 (4%) in the
control group. No major complications were reported by Goldstein. In the Sudarsan trial, 2/37 children (5%) developed a postoperative
bleed in the surgery group and 1/36 (3%) in the CPAP group developed a rash due to the breathing mask.

Secondary ourcomes

In the CHAT trial, at seven months, mean scores for general quality of life were higher in children receiving adenotonsillectomy than
those managed by watchful waiting.
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In the CHAT trial, at seven months, more children in the surgery group had normalisation of overnight sleep study findings than those
assigned to watchful waiting. At six months, sleep study recordings were similar between groups in the Goldstein trial and resolution
of OSAS based on overnight sleep study findings did not significantly differ between the adenotonsillectomy and CPAP groups in the
Sudarsan trial.

In the CHAT trial, at seven months, neurocognitive performance and attention and executive function scores were similar in both
groups.

In the CHAT trial, at seven months, mean scores for caregiver-reported ratings of behaviour were lower (meaning better behaviour) in
children receiving adenotonsillectomy than in those managed by watchful waiting. However, teacher-reported ratings of behaviour did
not significantly differ.

Quality of the evidence

Moderate quality evidence is available that children without a syndrome who have been diagnosed with mild to moderate OSAS do
benefit from early adenotonsillectomy in terms of quality of life, symptoms and behaviour as reported by caregiver and high quality
evidence in terms of overnight sleep study findings. The evidence on the effects of adenotonsillectomy in children without a syndrome
who were diagnosed as having 0SDB but who had a normal overnight sleep study is of very low quality. The evidence for children with
Down syndrome or MPS diagnosed with mild to moderate OSAS is of low quality.
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SUMMARY OF FINDINGS FOR THE MAIN COMPARISON [Explanation]

(Adeno)tonsillectomy compared with non-surgical management for obstructive sleep-disordered breathing in children

Patient or population: children with obstructive sleep-disordered breathing
Settings: secondary or tertiary care

Intervention: adenotonsillectomy

Comparison: no surgery (including CPAP in one trial)

Outcomes

No surgery Adenotonsillectomy RR (95% Cl) or MD (95%CI) No of participants

(studies)

Quality of the evidence
(GRADE)

Children diagnosed with mild to moderate OSAS by PSG (comparator: no surgery)

Disease-specific quality of life or OSA-18:49.5 (SD 10.3) OSA-18:31.8 (SD 14.9) MD -17.7 (-21.2 to -14.2) 395 (1) SDDO
symptoms[mean total scores PSQ-SRBD: 0.5 (SD 0.2) PSQ-SRBD: 0.2 (SD 0.2) MD -0.3 (-0.31 to -0.26) 396 (1) moderate !
at 7 months] Epworth Sleepiness Scale: Epworth Sleepiness Scale: MD -2.0 (2.9 to -1.1) 398 (1)
7.1(SD5.1) 5.1 (SD 4.4)
Adverse events, complications 91203 (4%) 6/194 (3%) RR0.70 (0.25 to 1.92) 397 (1) ODDO
and morbidity associated with moderate 2
(adeno)ronsillecomy and com-
pﬂ?’ﬂtﬁ?’&
Expressed as the propor-
tion of children experienc-
ing a serious adverse event
[7 months]
Respiratory events during sleep 5.9 (SD 10.1) 1.6 (SD 3.0) MD -4.3 (-5.7 to -2.9) 407 (1) DDDD
as measured by the AHI using high
PSG[mean AHl at 7 months]
Neurocognitive performance [T The General Conceptual Ability score from the DAS-Il did n/a 397 (1) 3 CODD
months] not change significantly in either group (crude data not high
reported)
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Attention [mean NEPSY at 7 106.2 (SD 15.0) 108.6 (SD 15.5) MD 2.4 (-0.6 to 5.4) 397 (1) DODD
months] high
Behaviour[mean scores at 7 CR Conners: 52.4 (SD 10.5) CR Conners: 49.6 (SD 10.8) MD 2.8 (-4.9 to -0.7) 392 (1) SISLe)
months] TR Conners: 53.7 (SD 12.2) TR Conners: 51.6 (SD 12.0) MD-2.1 (-5.3t0 1.2) 212 (1) moderate 4
CRBRIEF: 50.5 (SD11.9)  CRBRIEF:46.8 (SD11.6)  MD-3.7 (-6.0 to -1.4) 392 (1)
TRBRIEF: 55.4 (SD13.5)  TRBRIEF:54.2 (SD13.6) MD-1.2 (4.9 t0 2.5) 207 (1)
Children with a clinical diagnosis of 0SDB but negative PSG recordings (comparator: no surgery)
Adverse events, complications 0/9 0/11 n/a 20 (1) DOOO
and morbidity associated with very low !
(adeno)tonsillectomy and com-
parators [6 months]
Respiratory events during sleep 0 (range 0 to 8.4) 0.4 (range 0 to 3.1) n/a (P value = 1.0) 20 (1) DOOO
as measured by the AHI using very low !
PSG[median Al at 6 months]
Children with Down syndrome and MPS diagnosed with mild to moderate OSAS by PSG (comparator: CPAP)
Disease-specific quality of life or OSA-18:75.0 (SD 2.5) OSA-18:73.6 (SD 4.1) MD -1.4 (-3.0t0 0.2) 73 (1) SDO0O
symptoms [mean score at 12 Epworth Sleepiness Scale: Epworth Sleepiness Scale: MD 2.4 (-3.1t0 -1.7) 73 (1) low ¢
months] 7.9 (SD1.7) 5.5 (SD 1.4)
Adverse events, complications 1/36 (rash) 2/37 (secondary haemor- RR1.95 (0.18 to 20.5) 73 (1) SO00O
and morbidity associated with rhage) very low 7
(adeno)ronsillecomy and com-
pﬂﬂltﬁ}’&
Expressed as the proportion
of children experiencing ad-
verse events [12 months]
Respiratory events during sleep 1.1 (SD 0.6) 1.1 (SD0.7) MD 0.0 (-0.3 to 0.3) 73 (1) BDOO
as measured by the AHI us- low ©

ing PSG [mean AHI at 12
months]
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AHI: Apnoea/Hypopnoea Index; BRIEF: Behavior Rating Inventory of Executive Function (caregiver-rated scores range from 28 to 101, and teacher-rated scores range from 37
to 131, with higher scores indicating worse functioning); CAS: clinical assessment score; Conners: Conners Rating Scale Revised: Long Version Global Index (CR T-scores
range from 38 to 90, and TR T-scores range from 40 to 90, with higher scores indicating worse functioning); CPAP: continuous positive airway pressure; CR: caregiver-
rated; DAS: Differential Ability Scales (scores range from 30 to 170, with higher scores indicating better functioning); Epworth Sleepiness Scale: Epworth Sleepiness Scale
modified for children (scores range from 0 to 24, with higher scores indicating greater daytime sleepiness); MD: mean difference; MPS: mucopolysaccharidosis; NEPSY:
Developmental Neuropsychological Assessment (scores range from 50 to 150, with 100 representing the population mean and higher scores indicating better functioning);
OSA-18: Obstructive Sleep Apnoea-18 (scores range from 18 to 126, with higher scores indicating worse quality of life); OSAS: obstructive sleep apnoea syndrome; oSDB:
obstructive sleep-disordered breathing; PedsQL: Pediatric Quality of Life Inventory (scores range from 0 to 100, with higher scores indicating better quality of life); PSG:
polysomnography; PSQ-SRBD: Paediatric Sleep Questionnaire Sleep-Related Breathing Disorder Scale (scores range from 0 to 1, with higher scores indicating greater severity)
: RR: risk ratio; SD: standard deviation; TR: teacher-rated

GRADE Working Group grades of evidence

High quality: Further research is very unlikely to change our confidence in the estimate of effect.

Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.

Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.
Very low quality: We are very uncertain about the estimate.

'We downgraded the evidence from high to moderate quality due to risk of detection bias (subjective outcome measures
based on parental observation while parents were not blinded to treatment allocation).

2We downgraded the evidence from high to moderate quality due to imprecision of the effect estimate.

3This is the number quoted in the study for the number of participants that completed the primary analysis.

4 We downgraded the evidence from high to moderate quality due to risk of detection bias (subjective outcome measures

based on parental and teacher observation while parents were not blinded to treatment allocation and it was unclear whether

teachers were blinded).

>We downgraded the evidence from high to very low quality due to the small sample size, the high rate of attrition leading to a

high risk of bias and the uncertainty as to whether the treatment received in the control group was adequate and represented

current practice.

®We downgraded the evidence from high to low quality due to uncertainties around the method of randomisation and allocation

concealment, and the unblinded outcome assessment leading to a high risk of bias.

’We downgraded the evidence from high to very low quality due to uncertainties around the method of randomisation and

allocation concealment, the unblinded outcome assessment leading to a high risk of bias, and imprecision of the effect

estimate.



BACKGROUND

Description of the condition

Obstructive sleep-disordered breathing (0SDB) is a condition that
encompasses problems breathing when asleep due to an obstruc-
tion of the upper airways and ranges in severity from simple snor-
ing to obstructive sleep apnoea syndrome (OSAS). It affects both
children and adults. Simple snoring, the mildest expression of
oSDB, is not associated with arousal from sleep or episodes of
low oxygen saturation in arterial blood. In contrast, OSAS, the
most severe expression of 0SDB, involves repeated episodes of re-
stricted breathing (hypopnoea) and/or complete obstruction (ap-
noea) with reduction in the normal levels of oxygen saturation in
arterial blood and arousal during sleep (Nespoli 2013).

0SDB isa common condition in the paediatric population, with an
estimated prevalence of primary snoring in children ranging from
8% to 27% and of OSAS from 1% to 5% (Marcus 2012; Shine
2005). Obesity is a well-established risk factor for oSDB (Shelton
1993; Shine 2005). Since childhood obesity rates are rising in
many Western countries, the prevalence of 0SDB is expected to
increase in the coming years.

In children, hypertrophy of the tonsils and adenoid tissue is
thought to be the most common cause of 0SDB; it causes narrow-
ing of the airway, which is a particular problem during sleep when
the muscles of the pharynx relax, leading to partial or complete
obstruction of the airway (Marcus 2005).

An overnight sleep study (polysomnography; PSG) is consid-
ered the most comprehensive investigation for diagnosing OSAS
(Marcus 2012). In many countries, however, this test is not rou-
tinely performed in children with a suspected diagnosis of OSAS
because of its high cost and limited availability (Friedman 2013;
Marcus 2012; Pringle 2013). Moreover, the correlation between
clinical parameters including quality of life scores and PSG param-
eters is poor (Baldassari 2014). Clinical signs and symptoms are
unable to accurately predict paediatric OSAS as diagnosed by PSG
(Certal 2012), while a recent study found that clinical parameters
such as demographics, physical examination findings and parent-
reported questionnaires do not robustly discriminate between dif-
ferent levels of OSAS based on PSG parameters (Mitchell 2015).
Therefore, in everyday practice the severity of 0oSDB is usually
assessed with a clinical history and examination, with some clini-
cians relying on overnight pulse oximetry (Pringle 2013).

0SDB may have a considerable impact on children’s quality of life,
comparable in some aspects to that of juvenile rheumatoid arthritis
(Baldassari 2008), and has been linked with behavioural and neu-
rocognitive morbidities (Beebe 2006; Owens 2009; Sedky 2014;
Tauman 2011). Cognitive assessments of children with 0SDB (ei-
ther based on symptoms or on PSG) have shown a six-point lower
score on the Wechsler Preschool and Primary Scale Intelligence IQ
test compared with those without 0SDB (Gottlieb 2004). Chil-

dren with 0SDB have also been shown to be more likely to suffer

from behavioural problems such as hyperactivity, emotional la-
bility and aggression than children without 0SDB (Rosen 2004).
Furthermore, children with untreated OSAS, the most severe form
of 0SDB, are at risk of severe health problems, including failure to
thrive and cardiovascular diseases such as hypertension, cor pul-
monale and left ventricular hypertrophy (Marcus 2001).

Description of the intervention

Intervention

Surgical removal of the palatine tonsils with or without removal of
the adenoids, called (adeno)tonsillectomy, is a common surgical
procedure in children (Erickson 2009; Patel 2014). By tonsillec-
tomy, the palatine tonsils are removed from their investing tissue in
the oropharynx. The operation can be performed by various tech-
niques including blunt dissection, guillotine knife, bipolar elec-
trocautery, laser, microdebrider or coblation, according to the sur-
geon’s preference. Adenoidectomy involves the removal of the ade-
noids (pharyngeal tonsil) from the nasopharynx; common tech-
niques include curettage or suction cautery. The operation involves
a general anaesthetic and can be performed as a day case or with an
overnight stay (Cooper 2013; Lalakea 1999; Marcus 2012). Cer-
tain children undergoing surgery for oSDB are at increased risk
of peri- and postoperative respiratory compromise (Baugh 2011;
Fung 2010; Robb 2009; Schwengel 2009; Statham 2006). Guide-
lines from the American Academy of Pediatrics (Marcus 2012)
and the UK Royal College of Paediatrics and Child Health (Royal
College of Paediatrics and Child Health 2009) therefore recom-
mend overnight observation for high-risk cases such as young chil-
dren (below four years of age), those with certain comorbidities
(cardiovascular, craniofacial, neuromuscular conditions) or chil-
dren with severe OSAS (e.g. an oxygen saturation level in arterial
blood of 80% or lower or an Apnoea/Hypopnoea Index (AHI)
greater than 24).

Throat pain and reduced oral intake are common following
(adeno)tonsillectomy with over 50% of children still experienc-
ing pain three days after the operation despite analgesia. Vom-
iting and nausea occur less frequently with one in 10 children
reporting vomiting several days postoperatively (Stanko 2013).
An important complication is postoperative bleeding, which may
occur in up to 5% of children (Baugh 2011). A recent retro-
spective study reviewing the case notes of children presenting to
the Accident & Emergency Department within four weeks of
(adeno)tonsillectomy suggested that the secondary bleed rate may
be higher among those operated because of OSAS than among
those receiving surgery because of recurrent tonsillitis (Achar
2015). Over the past decade there has been increasing interest in
partial removal of the tonsils, known as tonsillotomy, which may
be associated with lower postoperative morbidity and fewer com-
plications than complete removal of the tonsils (tonsillectomy).

Tonsillectomy or adenotonsillectomy versus non-surgical management for obstructive sleep-disordered breathing in children (Review) 8
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Several randomised controlled trials (RCTs) have compared tonsil-
lectomy and tonsillotomy for oSDB in children, but this compar-
ison will be addressed in a separate Cochrane review (Blackshaw

2014).

Comparator

We included all types of non-surgical management of oSDB that
are commonly used in daily clinical practice.

e Lifestyle interventions: dietary advice, exercise programmes.

e Medical management: intranasal and oral corticosteroids,
leukotriene receptor antagonists.

e Mechanical interventions: continuous positive airway
pressure (CPAP).

o Watchful waiting: observation and monitoring.

Recent evidence has suggested that children with OSAS have raised
local and systemic inflammatory markers, which causes prolifer-
ation of lymphoid tissue within the tonsils and adenoids (Kim
2009). Intranasal and oral corticosteroids aim to increase airway
patency by reducing the inflammatory response occurring in the
oropharynx. Leukotriene levels have also been shown to be higher
in the adenotonsillar tissue of children with OSAS compared to
those with tonsillitis (Goldbart 2004). This is why the use of
leukotriene receptor antagonists such as montelukast has been sug-
gested to have beneficial effects in children with 0SDB (Friedman
2011). Other non-surgical management options for oSDB involve
non-invasive ventilatory support (e.g. CPAP or nasal insufflation)
and reducing the effort of breathing by weight loss regimes.

How the intervention might work

In children, hypertrophy of the tonsils and adenoid tissue is
thought to be the most common cause of 0SDB. Therefore, sur-
gical removal of the adenoid tissue and palatine tonsils, i.c. ade-
notonsillectomy, is widely considered an effective treatment for
0oSDB in children. Uncontrolled and non-randomised studies have
shown improvements in objective and subjective measures of sleep,
behaviour, cognition and quality of life (Garetz 2008). A 2009 sys-
tematic review, however, showed that (adeno)tonsillectomy may
not be curative, with only two out of three children achieving
complete polysomnographic resolution (Friedman 2009).

Why it is important to do this review

There is substantial evidence of an association between child-
hood oSDB and adverse health outcomes, particularly in those
with OSAS. Consequently, the identification and implementa-
tion of an effective treatment for this condition should prevent
those outcomes and improve health. In uncontrolled and non-
randomised studies (adeno)tonsillectomy demonstrates significant
improvements in sleep as measured by subjective measures (e.g.

caregiver reporting) and objective measures such as respiratory
events during sleep as measured by the AHI using PSG. The op-
eration is nowadays considered a valuable first-line treatment for
most cases of 0SDB in children. However, the potential benefits of
(adeno)tonsillectomy in children, a surgical procedure performed
under a general anaesthetic, should be carefully balanced against
the risks, including the risk of adverse events. A systematic review
of the current literature to identify and summarise the results of
randomised controlled trials comparing the clinical effectiveness
and/or safety of (adeno)tonsillectomy with non-surgical manage-
ment in children with oSDB is therefore highly warranted.

OBJECTIVES

To assess the benefits and harms of tonsillectomy with or without
adenoidectomy compared with non-surgical management of chil-

dren with oSDB.

METHODS

Criteria for considering studies for this review

Types of studies

Randomised controlled trials (RCTs) comparing the effectiveness
of (adeno)tonsillectomy with non-surgical management in chil-

dren with oSDB.

Types of participants

Children aged two years up to the age of 16 years with 0SDB. We
included RCTs where the diagnosis of 0SDB is based upon clinical
history and examination alone as well as those where overnight
pulse oximetry and/or PSG is carried out to confirm the diagnosis.
We excluded RCTs in children with central SDB (e.g. SDB related
to neurological conditions or brain injury) and in children with
combinations of central and obstructive SDB.

Types of interventions

Intervention

(Adeno)tonsillectomy, irrespective of the surgical technique used.

Tonsillectomy or adenotonsillectomy versus non-surgical management for obstructive sleep-disordered breathing in children (Review) 9
Copyright © 2015 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Comparator

Non-surgical management. We included all types of non-surgical
management of oSDB such as lifestyle interventions, including
those aimed at weight reduction, medical treatments such as in-
tranasal and oral corticosteroids and leukotriene receptor antago-
nists, mechanical interventions including CPAP, and no treatment
(watchful waiting).

Types of outcome measures

We analysed the primary and secondary outcomes listed below
in this review, but we did not use these outcomes as a basis for

including or excluding studies.

Primary outcomes

o Disease-specific quality of life (using any validated
instrument, such as Obstructive Sleep Apnoea 18 (OSA-18) or
Obstructive Sleep Disorders 6-survey (OSD-6) - see the Spruyt
2011 review for a comprehensive list) and/or a disease-specific
symptom score (using any validated instrument, such as the
Paediatric Sleep Questionnaire - see the Spruyt 2011 review for a
comprehensive list).

e Adverse events, complications and morbidity associated
with (adeno)tonsillectomy and comparators. We extracted data
on intraoperative and (severity of) postoperative bleeding
(requiring attention and/or intervention and/or hospitalisation),
(severity of) postoperative infection (requiring attention and/or
intervention and/or hospitalisation), (severity of) postoperative
dehydration (requiring attention and/or intervention and/or
hospitalisation), (severity of) postoperative pain (using a
validated instrument) and days until no longer requiring
analgesia.

Secondary outcomes

o Generic quality of life (using any validated instrument - see
the Hullmann 2011 review for comprehensive list).

o Respiratory events during sleep as measured by the AHI
using PSG.

o Other measures of respiratory events during sleep (e.g.
Respiratory Disturbance Index (RDI), oxygen desaturations,
respiratory event-related arousals).

e Cardiovascular disease, including hypertension, right and
left ventricular dysfunction, pulmonary hypertension.

e Neurocognitive performance (using a validated instrument).

Attention (using a validated instrument).
Behaviour (using a validated instrument).

.
.

e School performance.
e Absence from school.
[ ]

Weight changes.

Search methods for identification of studies

The Cochrane ENT Trials Search Co-ordinator (TSC) conducted
systematic searches for randomised controlled trials. There were
no language, publication year or publication status restrictions.
The date of the search was 5 March 2015.

Electronic searches

The TSC searched:

e the Cochrane Register of Studies Online (searched 5 March
2015);

e Ovid MEDLINE (1946 to March Week 1 2015)

o Ovid MEDLINE (In-Process & Other Non-Indexed
Citations);
o PubMed (as a top up to searches in Ovid MEDLINE);

o Ovid EMBASE (1974 to 2015 week 9);
EBSCO CINAHL (1982 to 5 March 2015);
LILACS (searched 5 March 2015);
KoreaMed (searched 5 March 2015);
IndMed (searched 5 March 2015);
PakMediNet (searched 5 March 2015);

e Web of Knowledge, Web of Science (1945 to 5 March
2015);

e CNKI (searched via Google Scholar 5 March 2015);

e ClinicalTrials.gov, www.clinicaltrials.gov (searched via the
Cochrane Register of Studies 5 March 2015);

o ICTRP (searched 5 March 2015);

o ISRCTN, www.isrctn.com (searched 5 March 2015);

e Google Scholar (searched 5 March 2015);

e Google (searched 5 March 2015).

The TSC modelled subject strategies for databases on the search
strategy designed for CENTRAL. Where appropriate, they were
combined with subject strategy adaptations of the highly sensitive
search strategy designed by Cochrane for identifying randomised
controlled trials and controlled clinical trials (as described in the
Cochrane Handbook for Systematic Reviews of Interventions Version
5.1.0, Box 6.4.b. (Handbook 2011)). Search strategies for major
databases including CENTRAL are provided in Appendix 1.

Searching other resources

We scanned the reference lists of identified publications for ad-
ditional trials and contacted trial authors where necessary. In ad-
dition, the TSC searched Ovid MEDLINE, TRIP database, 7he
Cochrane Library and Google to retrieve existing systematic re-
views relevant to this systematic review, so that we could scan their
reference lists for additional trials. The TSC conducted a PubMed
related articles search and Science Citation Index search for the
already included studies (Goldstein 2004; Marcus 2013; Sudarsan
2014), to identify any additional articles of relevance.
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Data collection and analysis

Selection of studies

Two review authors (RPV, BJH) independently screened the titles
and abstracts obtained from the database searches and citations
of relevant systematic reviews to assess their potential relevance
for full review. The same review authors (RPV, BJH) indepen-
dently reviewed the full text of potentially relevant titles and ab-
stracts against the pre-defined inclusion and exclusion criteria. Dis-
agreements were resolved by discussion with a third review author
(DC). We documented the exclusion of any studies from the re-
view and described the reasons for exclusion in the Characteristics
of excluded studies table.

Data extraction and management

Two review authors (RPV, BJH) independently extracted data
from the included studies using standardised forms. We extracted
the following information from each study:

e characteristics of trials: setting, design, method of data
analysis;

e participants: study population, number of participants in
each group, patient characteristics such as age, gender, ethnicity,
body mass index (BMI) and the way a diagnosis of 0SDB was
made;

e interventions: type of surgical procedure including
technique and pre- and postoperative treatment, type of non-
surgical management;

e outcomes: primary and secondary outcomes recorded, time
points, treatment failure, adverse events associated with
treatment and comparator.

We extracted data in a manner that would allow us to perform an
intention-to-treat (ITT) analysis.

Assessment of risk of bias in included studies

Two review authors (RPV, BJH) independently assessed the
methodological quality of the included trials. Any disagreements
were resolved by discussion with a third review author (DC). We
performed 'Risk of bias’ assessment using the ’Risk of bias’ tool as
described in Chapter 8 of the Cochrane Handbook for Systematic
Reviews of Interventions (Handbook 2011). We judged the follow-
ing domains as high, low or unclear risk of bias:

sequence generation (selection bias);

allocation concealment (selection bias);

blinding of participants and personnel (performance bias);

incomplete outcome data (attrition bias);

.
o
o
e blinding of outcome assessment (detection bias);
.
e selective outcome reporting (reporting bias); and
o

other sources of bias.

We presented the results in a "Risk of bias’ summary figure and a

‘Risk of bias’ graph.

Measures of treatment effect

We proposed to express dichotomous outcomes as risk ratios (RR),
risk differences (RD) with accompanying 95% confidence inter-
vals (CI) and number needed to treat to benefit (NNTB) and
continuous outcome variables either as mean differences (MD)
if reported on the same scale or as standardised mean differences
(SMD) if different continuous scales had been used, with accom-

panying 95% Cls.

Unit of analysis issues

We identified no studies with non-standard designs, such as cross-
over and cluster-randomised trials.

Dealing with missing data

In the case of missing data, we contacted the trial authors to request
further data or conducted an available case analysis where neces-
sary. In primary analyses, we analysed the available data based on
the ITT principle, whereby participants are analysed in the groups
to which they were randomised. For continuous outcomes, we cal-
culated missing statistics, such as standard deviations (SDs), from
other available statistics (e.g. P values) according to the methods
described in Chapter 7 of the Cochrane Handbook for Systematic
Reviews of Interventions (Handbook 2011).

We proposed to assess the impact of incomplete data reporting
on our meta-analyses findings by performing scenario analyses
(best-case and worst-case scenarios) for dichotomous data, but
the available data did not allow us to perform such analyses (see
Assessment of heterogeneity section).

Assessment of heterogeneity

We assessed the level of clinical diversity between trials by review-
ing the differences in the types of participants recruited, the way
a diagnosis of 0SDB was made, the interventions used and the
outcomes measured between trials.

We found the clinical heterogeneity between the included trials
to be substantial since the study populations varied from children
with a clinical diagnosis of 0SDB but negative PSG parameters
(Goldstein 2004) to syndromic (Sudarsan 2014) and non-syn-
dromic children (Marcus 2013) diagnosed with mild to moderate
OSAS by PSG. As such, we considered that pooling of the trial
results was not justified and decided to refrain from performing
meta-analyses.

Tonsillectomy or adenotonsillectomy versus non-surgical management for obstructive sleep-disordered breathing in children (Review) I
Copyright © 2015 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Assessment of reporting biases

For each study, we searched the internet and ClinicalTrials.gov
(www.clinicaltrials.gov) for available study protocols. Whenever
possible, we assessed whether the outcomes reported in the publi-
cations of the trials were listed in the registered trial protocol. More
formal assessments using funnel plots would have been conducted
if sufficient studies had been available.

Data synthesis

Performing a meta-analysis of individual trials is only meaningful
and justified when trials show satisfactory clinical homogeneity in
terms of study population, setting, intervention and comparator,
and outcome measures. However, since we decided to refrain from
pooling the trial results because of substantial clinical diversity
between the trials (see Assessment of heterogeneity section), we
reported the effect estimates as presented by the individual trials.

Subgroup analysis and investigation of heterogeneity

We planned to perform subgroup analyses for the following char-
acteristics, if sufficient data were available:

e 0SDB severity (OSAS versus less severe 0SDB);

e body weight (obese versus non-obese children);

e age (younger than three, three to seven and above seven
years);

e race (African-American versus other).

Sensitivity analysis

To assess the robustness of the review findings we planned to per-
form a sensitivity analysis including only RCTs classified as hav-
ing a low risk of bias. If sufficient data were available we planned
to assess whether the following variations are factors affecting the
outcome:

e 0SDB definition (clinical diagnosis alone or SDB diagnosis
based on respiratory events during sleep as measured by
polysomnography);

e type of surgery (tonsillectomy with or without
adenoidectomy);

e type of non-surgical management (lifestyle intervention,
corticosteroid or leukotriene receptor antagonist treatment,
CPAP, no treatment or watchful waiting).

GRADE approach and ’Summary of findings’ for the
main comparison

We used the GRADE approach to rate the overall quality of ev-
idence for each outcome. There are four possible ratings: high,
moderate, low and very low. A ’high quality of evidence’ rating
implies that we feel confident about the effect estimate and that
further research is very unlikely to change our confidence in the
effect estimate. In contrast, a very low quality of evidence’ rating
implies that our confidence in the effect estimate is very uncertain.

Evidence from RCTs that do not have serious limitations are rated
as "high quality’. However, several factors can contribute to down-
grading of the evidence to moderate, low or very low. The degree
of downgrading depends on each of the following factors:

o study limitations (risk of bias);

e indirectness of evidence;

e imprecision;

e inconsistency; and

.

publication bias.

We included a ’Summary of findings table for the main compari-
son (Summary of findings for the main comparison), constructed
according to the description in Chapter 10 of the Cochrane Hand-
book for Systematic Reviews of Interventions (Handbook 2011).
We included the following outcomes in the ’Summary of findings’
table:

o disease-specific quality of life and/or disease-specific
symptom score;

e adverse events, complications and morbidity associated
with (adeno)tonsillectomy and comparators;

e respiratory events during sleep as measured by the AHI
using PSG;

e neurocognitive performance;

e attention;

e behaviour.

RESULTS

Description of studies

For details of the included trials see the ’Characteristics of included
studies’ table. The main reasons for excluding studies from the
review are shown in the ’Characteristics of excluded studies’ table.
Details of ongoing studies are presented in the ’Characteristics of
ongoing studies’ table.

Results of the search

We retrieved a total of 1660 records from our electronic database
searches and we identified eight records through other sources.
Removing duplicates left 866 unique records. After screening titles
and abstracts we identified 13 potentially eligible publications. We
obrtained the full text of these papers and excluded one study since
it was a quasi-randomised trial (Xie 2010), one paper as it was a
summary of the results of the Marcus 2013 trial (Witmans 2013),
and five papers that were commentaries on the Marcus 2013 trial
(Brouillette 2013; Ebell 2013; Ramsden 2014; Rodriguez 2014;
Schilder 2014). Three papers reported on additional findings of
the Marcus 2013 trial (Katzetal 2014; Quante etal 2014; Garetz et
al 2015) and we included them in this review as part of the Marcus
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2013 trial. This left three trials eligible for inclusion (Goldstein
2004; Marcus 2013; Sudarsan 2014). We identified no additional
eligible trials after screening the reference lists of the full-text papers
and relevant systematic reviews. We identified four ongoing stud-
ies (ChiCTR-TRC-10001136; NCT01918007; NCT02315911;
POSTA Child Study).

A flow chart of the number of studies found in the original searches
and those included or excluded in the review process is shown in

Figure 1.
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Figure 1. Process for sifting search results and selecting studies for inclusion.
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Included studies

Details of the methods, participants, interventions and outcomes
of the included studies are presented in the *Characteristics of
included studies’ table.

Design

We included three parallel-group RCTs in the review (Goldstein
2004; Marcus 2013; Sudarsan 2014). Two were investigator-
blinded trials (Goldstein 2004; Marcus 2013), while one was an
open-label trial (Sudarsan 2014).

Participants and setting

In the first trial, children with OSAS defined as an AHI score
of 2 or more events per hour or an Obstructive Apnoea Index
(OAI) score of 1 or more events per hour as assessed by overnight
PSG, aged five to nine years, were recruited from six US clinical
sites, each headed by an experienced paediatric sleep specialist
or otolaryngologist (Marcus 2013). A total of 463 children were
randomised; the mean age was 6.5 years, 49% of the children were
boys, 34% were obese, 53% were African-American and the mean
AHI score was 6.7. The study was supported by grants from the
National Institute of Health.

In the second trial, children with a clinical diagnosis of 0SDB
(clinical assessment score of 40 or more) but negative PSG record-
ings, aged 2 to 14 years, were recruited from paediatric otolaryn-
gology private offices and clinics of a tertiary care centre and oto-
laryngology and paediatric pulmonary clinics of a secondary care
centre in the USA (Goldstein 2004). A total of 29 children were
randomised; the mean age was 5.8 years, 48% of the children were
boys and 76% were African-American. Within the surgery group
20% of children had a BMI > 95th percentile compared with
14% of patients in the no surgery group. The study was supported
by a research grant from the National Institute of Child Health
and Human Development.

In the most recent trial, syndromic children (Down syndrome and
mucopolysaccharidoses (MPS)) with OSAS defined as an AHI
score of 1 or more events per hour as assessed by overnight PSG,
aged 6 to 12 years, were recruited from the MPS support and
DS Society, Chennai India, along with individual referral cases
(Sudarsan 2014). A total of 80 children were randomised; the
mean age was 8.3 years, 66% of the children were boys, 44% had
MPS and the mean AHI score was 3.6 (76% mild OSAS and 24%
moderate OSAS).

Interventions and comparators

In Marcus 2013, 226 children were randomly allocated to early
adenotonsillectomy (surgery within four weeks after randomi-
sation; method of surgical technique used not specified) and
227 children to the watchful waiting with supportive care group
(WWSC, comprising conservative medical management). In both
groups children received (referral for) treatment for comorbidities
such as asthma and allergic rhinitis, education regarding general
sleep hygiene and healthy behaviours, and nasal saline spray as
needed. In the surgical group, 19 children used intranasal corticos-
teroids compared with eight children in the WWSC group while
montelukast was used in seven and eight children, respectively.
In Goldstein 2004, 15 children were randomly allocated to ade-
notonsillectomy (method of surgical technique used not specified)
and 14 children to no surgery (no further details were provided
on whether children received any other treatment in this group).
In Sudarsan 2014, 40 children were randomly allocated to adeno-
tonsillectomy (coblation) and 40 children to CPAP.

Outcomes

Reassessment of children occurred at seven months in the Marcus
2013 trial, at six months in the Goldstein 2004 trial, and at six
and 12 months in the Sudarsan 2014 trial. Whether the included
trials did (or did not) report on our pre-specified outcomes can be

found in Table 1.

Excluded studies

After reviewing the full text, we excluded seven articles; see also
’Characteristics of excluded studies’ table. Furthermore, we iden-
tified three papers reporting on additional findings of the Marcus
2013 trial (Katz 2014; Quante 2014; Garetz 2015) and we in-
cluded these in this review as part of the Marcus 2013 trial.

Ongoing studies
We identified four ongoing studies (ChiCTR-TRC-10001136;
NCT01918007; NCT02315911; POSTA Child Study); see ’

Characteristics of ongoing studies’ table.

Risk of bias in included studies

Summary assessment of risk of bias

We judged the risk of bias to be low in one trial (Marcus 2013),
and moderate to high in two trials (Goldstein 2004; Sudarsan
2014). Details of the ’Risk of bias’ assessment of the included trials
are presented in a "Risk of bias’ graph (Figure 2) and a ’Risk of
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bias’ summary figure (Figure 3). While participants and person-
nel cannot be blinded in any trial comparing surgery with non-
surgical management (performance bias), assessors can be blinded
(detection bias).

Figure 2. ’Risk of bias’ graph: review authors’ judgements about each risk of bias item presented as
percentages across all included studies.
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Figure 3. ’Risk of bias’ summary: review authors’ judgements about each risk of bias item for each included
study.
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Allocation

The method of random sequence generation was adequately de-
scribed in two trials (Goldstein 2004; Marcus 2013), while this
was unclear in one trial (Sudarsan 2014). Allocation concealment
was adequately described in one trial (Marcus 2013), and unclear
in two trials (Goldstein 2004; Sudarsan 2014).

Blinding

Due to the nature of the interventions and the comparators,
surgery versus no surgery, participants and personnel were not
blinded. In two trials follow-up assessments were performed by
investigators who were blinded to the treatment group assignment
of trial participants (Goldstein 2004; Marcus 2013), while this
was not the case in one trial (Sudarsan 2014). In one trial teachers

were asked to score several of the outcome measures and it was
unclear whether they were blinded (Marcus 2013).

Incomplete outcome data

All trials reported the number of participants who failed to com-
plete the trial and the number of participants that were excluded
(Goldstein 2004; Marcus 2013; Sudarsan 2014). In Goldstein
2004, nine of the 29 (31%) randomised children were not in-
cluded in the analyses; in Marcus 2013 and Sudarsan 2014 these
percentages were 12% (56/453) and 9% (7/80), respectively. In
the Marcus 2013 trial, a sensitivity analysis was performed on
the primary outcome to assess the possible effect of these missing
data and the results remained unchanged. No such analysis was
reported in Goldstein 2004 and Sudarsan 2014.

Selective reporting

We had access to the study protocol for one trial (Marcus 2013).
All outcomes reported in the publication were listed in the reg-
istered trial protocol. As such, we judged the risk of bias from
selective reporting to be low for this trial. We had no access to
the study protocol for the other trials (Goldstein 2004; Sudarsan
2014), so we judged the risk of bias from selective reporting to
be unclear for these trials. As we could only include three studies,
we refrained from conducting more formal methods of selective

reporting assessment using funnel plots.

Other potential sources of bias

Baseline characteristics appeared to be balanced in the Marcus
2013 trial, while (slight) imbalances for baseline characteristics
were observed in the trials of Goldstein 2004 and Sudarsan 2014.
Intention-to-treat analyses was performed in one trial (Marcus

2013), but not in Goldstein 2004, while this was unclear in the
Sudarsan 2014 trial.

There is a risk of underestimating the effects of surgery when a
large number of patients in the non-surgery group also undergo
surgery during the course of the trial. In the Marcus 2013 trial,
16 children (7%) in the control group underwent surgery, while
16 children (7%) allocated to the surgical group did not undergo
adenotonsillectomy. In the Goldstein 2004 trial, one child under-
went adenoidectomy in the control group, but this child was ex-
cluded from analyses. No information on the number of children
that underwent surgery in the control group was reported in the
Sudarsan 2014 trial.

Effects of interventions

See: Summary of findings for the main comparison

The study populations differed substantially between the trials, i.e.
non-syndromic (Marcus 2013) and syndromic (Down syndrome
and mucopolysaccharidosis (MPS)) (Sudarsan 2014) children di-
agnosed with mild to moderate obstructive sleep apnoea syn-
drome (OSAS) by polysomnography (PSG) and non-syndromic
children clinically classified as having obstructive sleep-disordered
breathing (0SDB) but with negative PSG recordings (Goldstein
2004). We therefore present the results of the studies separately.
The available data did not allow us to assess whether variations in
surgery (tonsillectomy with or without adenoidectomy) or varia-
tions in non-surgical management affected the outcome. We care-
fully looked for and, where possible, extracted subgroup data for
oSDB severity, body weight, age or race for each of the individual
trial outcomes.

Children diagnosed with mild to moderate OSAS by
PSG

The Marcus 2013 trial included 397 of the 453 randomised chil-
dren (194 in the surgery group and 203 in the no surgery group)
in their primary analyses and reported on the following outcomes:

Disease-specific quality of life and/or symptom score

At baseline, mean total OSA-18, PSQ-SRBD and modified Ep-
worth Sleepiness Scale scores were comparable in the adenoton-
sillectomy and watchful waiting with supportive care (WWSC)
groups: 53.2 (standard deviation (SD 17.7)) versus 54.1 (SD
19.2), 0.5 (SD 0.2) versus 0.5 (SD 0.2), and 7.1 (SD 4.6) versus
7.4 (SD 5.1) respectively.

At seven months, mean scores for those instruments measuring
disease-specific quality of life and/or symptoms were lower (that
is, better quality of life or fewer symptoms) in children receiving
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adenotonsillectomy than in those managed by watchful waiting.
Respectively they were:

e OSA-18 questionnaire (scale 18 to 126): 31.8 (SD 14.9)
versus 49.5 (SD 20.3) (mean difference (MD) -17.7, 95%
confidence interval (CI) -21.2 to -14.2);

e PSQ-SRBD questionnaire (scale 0 to 1): 0.2 (SD 0.2)
versus 0.5 (SD 0.2) (MD -0.3, 95% CI -0.34 to -0.26);

e Modified Epworth Sleepiness Scale (scale 0 to 24): 5.1 (SD
4.4) versus 7.1 (SD 5.1) (MD -2.0, 95% CI -2.9 to -1.1).

Subgroup analyses revealed no interaction between OSAS sever-
ity, obesity or age and treatment with respect to any of the dis-
ease-specific quality of life or symptom score instruments. An in-
teraction was found between race and treatment for PSQ-SRBD
scores. The relative improvement associated with surgery was sig-
nificantly lower in African-American children compared with chil-
dren of other races. The change from baseline was -0.24 (SD 0.19)
versus -0.04 (SD 0.19) for adenotonsillectomy versus WWSC in
African-American children, and -0.32 (SD 0.16) versus -0.02 (SD
0.18) for others; interaction between race and treatment (P value
<0.01).

Quality of the evidence

We judged the evidence for this outcome to be of moderate qual-
ity; we downgraded it from high to moderate quality due to risk
of detection bias (subjective outcome measures based on parental
observation while parents were not blinded to treatment alloca-
tion).

Adverse events, complications and morbidity associated
with adenotonsillectomy and comparators

During the seven-month follow-up period, a total of 15 children
experienced a serious adverse event: 6/194 (3%) in the adenoton-
sillectomy group (three had tonsillar bleeding, one had postopera-
tive pain, one had a lower respiratory tract illness and one suffered
from vomiting/dehydration) versus 9/203 (4%) in the WWSC
group (one had tonsillar bleeding, one had postoperative pain,
three had an asthma exacerbation, one had an upper respiratory
tract illness, one suffered from vomiting/dehydration, one had hy-
persomnolence and one had hypertension) (risk difference (RD)
-1%, 95% CI -5% to 2%). In eight of the 236 children (3%) that
underwent adenotonsillectomy during follow-up, serious periop-
erative complications occurred (defined as bleeding, dehydration
or pain requiring an additional surgical procedure, hospitalisation
or prolonged hospitalisation). A total of nine children were clas-
sified as treatment failures (defined as serious change in clinical
status potentially related to inadequately treated OSAS that might
require additional intervention); all of these nine children were
randomised to WWSC (9/203 (4%)) and were recommended for
early adenotonsillectomy because of increased problems with sleep
quality or sleepiness (three children), school behavioural problems

(one child), morning headaches (one child), asthma exacerbation
(one child), hypertension (one child) and bacterial infections (two

children).

Quality of the evidence

We judged the evidence for this outcome to be of moderate qual-
ity; we downgraded it from high to moderate quality due to im-
precision of the effect estimate.

Generic quality of life

Generic quality of life as assessed by the mean total caregiver-rated
PedsQL scores at baseline was 77.3 (SD 15.3) in the adenotonsil-
lectomy group and 76.5 (SD 15.7) in the WWSC group. At seven
months, children receiving adenotonsillectomy had a significantly
higher mean total caregiver-rated PedsQL score at seven months
than those managed with WWSC (with higher scores indicating
better quality of life): 83.3 (SD 15.1) versus 77.4 (SD 14.9) (MD
5.9, 95% CI 3.0 to 8.8).

Subgroup analysis for generic quality of life results revealed no
interaction between OSAS severity, obesity, age or race.

Quality of the evidence

We judged the evidence for this outcome to be of moderate qual-
ity; we downgraded it from high to moderate quality due to risk
of detection bias (subjective outcome measures based on parental
observation while parents were not blinded to treatment alloca-
tion).

Respiratory events during sleep as measured by the
Apnoea/Hypopnoea Index (AHI) using PSG

At baseline, mean AHI scores were 6.9 (SD 5.7) in the surgery
group and 6.6 (SD 5.6) in the control group. At seven months,
the mean AHI score was significantly lower in the surgery group
compared with the control group: 1.6 (SD 3.0) versus 5.9 (SD
10.1) (MD -4.3, 95% CI -5.7 to -2.9).

Subgroup analyses revealed no interaction between obesity, age or
race and treatment for AHI scores. AHI scores of children with
more severe OSAS at baseline who underwent adenotonsillectomy
improved more compared with those with less severe OSAS at
baseline (interaction P value < 0.05).

More children in the early adenotonsillectomy group had normal-
isation of respiratory events during sleep as measured by PSG at
seven months than those allocated to WWSC: 153/194 (79%)
versus 93/203 (46%) (RD 33%, 95% CI 24% to 42%).

PSG recordings of African-American children, obese children and
children with more severe OSAS at baseline normalised less fre-
quently irrespective of the assigned treatment.

Tonsillectomy or adenotonsillectomy versus non-surgical management for obstructive sleep-disordered breathing in children (Review) 19
Copyright © 2015 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Quality of the evidence
We judged the evidence for this outcome to be of high quality.

Other measures of respiratory events during sleep

In the adenotonsillectomy and WWSC groups, the mean Oxygen
Desaturation Index (ODI) scores at baseline were 8.6 (SD 7.6) and
8.2 (SD 7.2), respectively. At seven months, the mean ODI score
was significantly lower in the children receiving surgery compared
with those allocated to control treatment: 3.88 (SD 4.1) versus
7.2 (SD 10.7) (MD -3.4, 95% CI -5.0 to -1.8).

At baseline, the mean percentage of sleep time with CO; above 50
mm Hgwas 12.0 (SD 19.9) in the surgery group and 9.0 (SD 19.1)
in the control group. At seven months, the mean percentage of
sleep time with CO; above 50 mm Hg was lower in children who
underwent adenotonsillectomy compared with those allocated to
WWSC: 7.3 (SD 14.6) versus 9.5 (SD 18.5) (MD -2.2, 95% CI
-6.0 to 1.6).

The relative improvements in mean ODI score and mean per-
centage of sleep time with CO; above 50 mm Hg associated with
adenotonsillectomy were significantly larger in children with more
severe OSAS at baseline compared with those children with less
severe OSAS at baseline (interaction terms P value < 0.01 and P
value < 0.05, respectively). Subgroup analyses revealed no inter-
action between obesity, age or race and treatment for mean ODI
scores and mean percentage of sleep time with CO; above 50 mm

Hg.

Quality of the evidence
We judged the evidence for this outcome to be of high quality.

Cardiovascular disease

There was no significant change in blood pressure and heart rate
during the seven months follow-up period in children receiving
surgery compared with those allocated to watchful waiting. Base-
line OSAS severity was associated with higher overnight heart rate

(average increase in heart rate of three beats per minute for an AHI
of 2 versus 10).

Quality of the evidence
We judged the evidence for this outcome to be of high quality.

Neurocognitive performance

Generalised intellectual functioning as measured by the General
Conceptual Ability score from the Differential Ability Scales-II
(DAS) did not change significantly in either the adenotonsillec-
tomy group or in the WWSC group (crude data not reported in
the manuscript).

Quality of the evidence
We judged the evidence for this outcome to be of high quality.

Attention

At baseline, mean attention and executive function scores on
the Developmental Neuropsychological Assessment (NEPSY) at
baseline were comparable between the adenotonsillectomy and
WWSC group (101.5 (SD 15.9) versus 101.1 (SD 14.6) respec-
tively) and did not substantially differ from the normative mean
(100 (SD 15)). Children in the surgery group had a higher mean
NEPSY score at seven months than those in the no surgery group
(with higher scores indicating better functioning) but the differ-
ence was not statistically significant: 108.6 (SD 15.5) versus 106.2
(SD 15.0) (MD 2.4, 95% CI -0.6 to 5.4).

No interaction between obesity, age or race and treatment for mean
NEPSY scores was observed in subgroup analyses.

Quality of the evidence
We judged the evidence for this outcome to be of high quality.

Behaviour

At baseline, mean Conners Rating Scale scores as rated by care-
givers and teachers did not substantially differ between the ade-
notonsillectomy and WWSC group: 52.5 (SD 11.6) versus 52.6
(SD 11.7) and 56.4 (SD 14.4) versus 55.1 (SD 12.8), respectively.
At seven months, mean scores for those instruments measuring
caregiver-reported ratings of behaviour were lower (that is better
behaviour) in children receiving adenotonsillectomy than in those
managed by watchful waiting:

e Conners Rating Scale scores (scale 38 to 90): 49.6 (SD
10.8) versus 52.4 (SD 10.5) (MD -2.8, 95% CI -4.9 to -0.7);

e BRIEF (scale 40 to 90): 46.8 (SD 11.6) versus 50.5 (SD
11.9) (MD -3.7, 95% CI -6.0 to -1.4).

However, at seven months, mean scores for those instruments mea-
suring feacher-reported ratings of behaviour did not significantly
differ between the two groups:

e Conners Rating Scale scores (scale 38 to 90): 51.6 (SD
12.0) versus 53.7 (SD 12.2) (MD -2.1, 95% CI -5.3 to 1.2);

e BRIEF (scale 40 to 90): 54.2 (SD 13.6) versus 55.4 (SD
13.5) (MD -1.2, 95% CI -4.9 t0 2.5).

Subgroup analyses revealed no interaction between OSAS sever-
ity, obesity or age and treatment with respect to any of the be-
haviour scores. An interaction between race and treatment was
found for Conners Rating Scale and BRIEF scores as completed by
caregivers. The relative improvement associated with adenoton-
sillectomy was significantly lower in African-American children
than in children of other race: Conners Rating Scale scores -1.06

(SD 10.85) versus -0.98 (SD 9.53) for adenotonsillectomy versus
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WWSC in African-American children, and -4.84 (SD 9.49) ver-
sus 0.61 (SD 9.22) for others (interaction between race and treat-
ment P value < 0.01) and BRIEF scores -1.82 (SD 8.86) versus -
0.30 (SD 9.27) for adenotonsillectomy versus WWSC in African-
American children, and -4.98 (SD 7.69) versus 1.17 (SD 8.29)

for others (interaction P value < 0.05).

Quality of the evidence

We judged the evidence for this outcome to be of moderate quality;
we downgraded it from high to moderate quality due to risk of
detection bias (subjective outcome measures based on parental and
teacher observation while parents were not blinded to treatment
allocation and it was unclear whether teachers were blinded).

Weight changes

Mean weight and body mass index (BMI) were comparable at
baseline in the adenotonsillectomy and WWSC groups: 31.2 kg
(SD 13.0) versus 30.5 kg (SD 12.4) and 19.1 kg/m? (SD 5.0)
versus 18.9 kg/m2 (SD 4.8), respectively. At seven months, mean
weight and BMI were larger in the surgery group than in the no
surgery group but the differences were not statistically significant:
34.6 kg (SD 14.1) versus 32.8 kg (SD 12.6) (MD 1.8, 95% CI -
0.8 to 4.4) and 20.0 kg/m? (SD 5.3) versus 19.3 kg/m?* (SD 4.7)
(MD 0.7, 95% CI -0.3 to 1.7), respectively.

Subgroup analyses revealed no interaction between baseline weight
status, age or race and treatment with respect to mean weight and

BMI at follow-up.

Quality of the evidence
We judged the evidence for this outcome to be of high quality.

Children with a clinical diagnosis of oSDB but
negative PSG recordings

The Goldstein 2004 trial included 20 of the 29 randomised chil-

dren (11 in the surgery group and nine in the no surgery group)
in the final analyses and did report on the following outcomes:

Adverse events, complications and morbidity associated
with adenotonsillectomy and comparators

No major complications, including postoperative respiratory com-
plications, postoperative bleeding or readmissions to the hospital,
were reported.

Respiratory events during sleep as measured by the AHI
using PSG

At baseline, median AHI scores did not substantially differ be-
tween children receiving adenotonsillectomy and those allocated

to no surgery: 0.5 (range 0 to 3.6) versus 0.6 (range 0 to 2.0).
At six months, no significant difference was observed between the
groups in median AHI scores: 0.4 (range 0 to 3.1) versus 0 (range
0 to 8.4) with a P value of 1.00.

Other measures of respiratory events during sleep

At baseline PSG, median Respiratory Disturbance Index (RDI)
scores and median percentages of the night with oxygen saturation
levels below 90% were comparable for the adenotonsillectomy and
control group: 1.5 (range 0 to 4.7) versus 1.3 (range 0 to 2.6) and
0 (range 0 to 5.6) versus 0 (range 0 to 0.7), respectively. At six
months, median RDI scores and median percentages of the night
with oxygen saturation levels below 90% did not differ between
the groups: 0.6 (range 0 to 4.2) versus 1.2 (range 0 to 13) and 0
(range 0 to 0.5) versus 0 (range 0 to 0.5), respectively.

Cardiovascular disease

Systemic hypertension was found initially in one of the 11 children
(9%) in the adenotonsillectomy group compared with one the nine
children (11%) in the non-surgical group. At six months follow-
up none of the 20 children had hypertension. No children had
echocardiograms suggestive of pulmonary hypertension at initial
assessment or at follow-up.

Weight changes

At baseline, mean body mass index (BMI) scores did not substan-
tially differ between the adenotonsillectomy and the no surgery
group: 2.2 (standard deviation (SD) 3.0) versus 2.0 (SD 3.0).
Compared to baseline, mean BMI scores at follow-up were higher
in both groups, but there was no significant difference between
the two groups at follow-up: 3.1 (SD 3.0) versus 2.4 (SD 3.0)
(MD 0.7, 95% CI -1.9 to 3.3). The number of children defined
as obese (BMI greater or equal to 95th percentile) increased by
9% in the adenotonsillectomy group compared with no increase
in the control group.

Quality of the evidence

We judged the evidence for these outcomes to be of very low
quality; we downgraded it from high to very low quality due to
the small sample size, the rate of attrition leading to a high risk of
bias and the uncertainty as to whether the treatment received in
the control group was adequate and represented current practice.

Children with Down syndrome and MPS diagnosed
with mild to moderate OSAS by PSG

The Sudarsan 2014 trial included 73 of the 80 randomised chil-
dren (37 in the surgery group and 36 in the no surgery group) in
the final analyses and did report on the following outcomes:

Tonsillectomy or adenotonsillectomy versus non-surgical management for obstructive sleep-disordered breathing in children (Review) 21
Copyright © 2015 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Disease-specific quality of life and/or symptom score

At baseline, mean total OSA-18 and modified Epworth Sleepiness
Scale scores were comparable in the adenotonsillectomy and con-
tinuous positive airway pressure (CPAP) group: 117.0 (SD 2.3)
versus 116.9 (SD 1.3) and 13.8 (SD 1.3) versus 14.4 (SD 2.2),
respectively.

The mean total OSA-18 score at 12 months did not significantly
differ between the adenotonsillectomy and CPAP groups: 73.6
(SD 4.1) versus 75.0 (SD 2.5) (MD -1.4, 95% CI -3.0 to 0.2).
The mean modified Epworth Sleepiness Scale scores did not differ
at six months: 11.0 (SD 0.9) versus 10.9 (SD 1.6) (MD 0.1, 95%
CI-0.5 t0 0.7), but were lower in the surgery group at 12 months:
5.5 (SD 1.4) versus 7.9 (SD 1.7) (MD -2.4, 95% CI -3.1 to -1.7).

Adverse events, complications and morbidity associated
with adenotonsillectomy and comparators

During follow-up, 2/37 (5%) developed a secondary haemorrhage
after adenotonsillectomy, while 1/36 (3%) developed a rash on the
nasal dorsum secondary to the CPAP mask (RD -3%, 95% CI -
6% to 12%).

Respiratory events during sleep as measured by the AHI
using PSG

At baseline, mean AHI scores were 3.8 (SD 1.4) in the surgery
group and 3.5 (SD 1.5) in the control group. At six months, the
mean AHI score of children undergoing early adenotonsillectomy
was significantly higher than those of children allocated to CPAP:
2.6 (SD 0.9) versus 1.1 (0.6) (MD 1.5, 95% CI 1.2 to 1.9), but
no differences were observed between the groups in mean AHI
scores at 12 months: 1.1 (SD 0.7) versus 1.1 (SD 0.6) (MD 0.0,
95% CI-0.3 t0 0.3).

Resolution of OSAS (AHI score below 1) as measured by PSG
at 12 months was observed in 34/37 (92%) in the surgery group
versus 31/36 (86%) managed by CPAP (RD 6%, 95% CI -9% to
20%).

Quality of the evidence

We judged the evidence for the adverse events outcome to be of
very low quality and for all other outcomes to be of low quality; we
downgraded it mainly due to the uncertainties around the method
of randomisation and allocation concealment, and the unblinded
outcome assessment leading to a high risk of bias. We further
downgraded the evidence for the adverse events outcome due to

imprecision of the effect estimate.

DISCUSSION

Summary of main results

This review includes three trials comparing the effectiveness of ade-
notonsillectomy with non-surgical management in children with
obstructive sleep-disordered breathing (0SDB). The studies eval-
uated three different groups of children: those who had been diag-
nosed with mild to moderate obstructive sleep apnoea syndrome
(OSAS) based on the findings of an overnight sleep study (453
children aged five to nine years; low risk of bias; Marcus 2013),
those who had symptoms and signs suggestive of 0SDB but normal
findings during an overnight sleep study (29 children aged two
to 14 years; moderate to high risk of bias; Goldstein 2004), and
children with Down syndrome or mucopolysaccharidosis (MPS)
diagnosed with mild to moderate OSAS based on the findings of
an overnight sleep study (80 children aged six to 12 years; mod-
erate to high risk of bias; Sudarsan 2014). The studies included
two different comparisons: adenotonsillectomy versus no surgery
(Goldstein 2004; Marcus 2013), or adenotonsillectomy versus a
breathing mask (continuous positive airway pressure; CPAP) dur-
ing sleep (Sudarsan 2014).

For otherwise healthy children without a syndrome and of older
age (five to nine years) diagnosed with mild to moderate OSAS
by PSG there is moderate quality evidence that they benefit from
carly adenotonsillectomy in terms of quality of life, symptoms and
behaviour as rated by caregivers and high quality evidence that they
benefit in terms of PSG parameters, but not in terms of objective
measures of attention and neurocognitive performance compared
with watchful waiting. Furthermore, PSG recordings of almost
half of the children managed non-surgically had normalised by
seven months.

For non-syndromic children classified as having 0SDB on purely
clinical grounds but with negative recordings on PSG, the evidence
on the effects of adenotonsillectomy is of very low quality and is
inconclusive.

Low-quality evidence suggests that adenotonsillectomy and CPAP
may be equally effective in children with Down syndrome or MPS
diagnosed with mild to moderate OSAS by PSG.

Overall completeness and applicability of
evidence

We identified only three trials comparing the effectiveness of ade-
notonsillectomy with no surgery in children with 0oSDB. Based
on one large, methodologically rigorous trial (Marcus 2013), there
is moderate to high quality evidence that immediate adenotonsil-
lectomy confers overall beneficial effects compared with watchful
waiting in older (five to nine years), non-syndromic children di-
agnosed with mild to moderate OSAS by PSG. It is, however, un-
certain whether the results of this latter trial can be easily applied
to daily clinical practice:
o Children under five years were excluded, despite this being

a population in whom this procedure is often performed for this
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purpose.

e The trial included children with mild to moderate OSAS
based on PSG recordings. However, in daily ENT practice PSG
is not routinely performed in children with signs and symptoms
suggestive of oSDB (Friedman 2013; Pringle 2013), and the
decision for surgery is generally made on the basis of concerns
over signs and symptoms, whether or not complemented by
results of overnight pulse oximetry. A national UK case study
survey performed in 2005 and repeated in 2011 showed that less
than 2% of UK ENT surgeons would use PSG in assessing the
child and approximately 70% would proceed with management
of the child with no form of sleep study (Pringle 2013).

e 53% of the children were of African-American race, which
hampers the applicability of trial results to other populations,
especially since African-American children had lower rates of
normalisation of PSG recordings irrespective of assigned
treatment in the Marcus 2013 trial.

e Children with severe OSAS were excluded because of
ethical considerations and trial findings may therefore not be
extrapolated to this specific group.

e The trial did not include lifestyle interventions, medical
treatments or mechanical interventions as comparators to
adenotonsillectomy. There is some evidence supporting the use
of anti-inflammatory medications for the treatment of OSAS. A
2011 Cochrane review focusing on the effectiveness of anti-
inflammatory medications for OSAS in children found one small
trial suitable for inclusion (Kuhle 2011). This trial randomly
allocated 13 children diagnosed with mild to moderate OSAS by
PSG to intranasal corticosteroids (fluticasone nasal spray) for six
weeks and 12 children to placebo, and found intranasal
corticosteroids spray to be superior in terms of AHI
improvements over time (Brouillette 2001). A more recent
double-blind, placebo-controlled trial performed in 46 children
diagnosed with non-severe OSAS by PSG showed montelukast
(leukotriene receptor antagonist) for 12 weeks to be superior in
terms of improvement in Obstructive Apnoea Index (OAI),
symptoms and adenoid size over time (Goldbart 2012).

e Neurocognitive performance expressed as mean attention
and executive function score (NEPSY) at study enrolment did
not substantially differ from the normative mean in the surgery
and no surgery group. It is, however, unknown whether the
mean NEPSY score is sensitive enough to detect neurocognitive
impairment in children with mild to moderate OSAS or that the
condition does not impact on neurocognitive functioning at all.
Furthermore, the duration of follow-up (i.e. seven months) may
be too short to detect any significant change in NEPSY scores
between the surgery and no surgery group and children on
medication for Attention Deficit Hyperactivity Disorder
(ADHD) were excluded.

o Children with craniofacial disorders, genetic conditions
such as Down syndrome and severe health problems were
excluded, which hampers applicability of the trial findings to

these complex patients.

Current evidence on the effects of surgery for children with a
clinical diagnosis of 0SDB but with negative PSG recordings is
derived from one trial. We judged the quality of the evidence to
be very low and insufficient to draw any meaningful conclusion
(Goldstein 2004).

The third trial, with moderate to high risk of bias, compared the
effects of surgery with CPAP in a specific population diagnosed
with mild to moderate OSAS by PSG, i.e. children with Down
syndrome and MPS (Sudarsan 2014). As such, it is unknown
whether their findings also apply to non-syndromic children.

Quality of the evidence

For non-syndromic children diagnosed with mild to moderate
OSAS by PSG, we judged the data on quality of life, symptoms, be-
haviour and adverse events to be of moderate quality, and the other
outcome data to be of high quality. For non-syndromic children
with a clinical diagnosis of 0SDB but with negative PSG record-
ings, we judged the evidence to be of very low quality and insuffi-
cient to draw any meaningful conclusion. For children with Down
syndrome and MPS diagnosed with mild to moderate OSAS by
PSG, we judged the evidence for the adverse events outcome to be
of very low quality and for all other outcomes to be of low quality.

Potential biases in the review process

We strictly adhered to the pre-specified review protocol, Venekamp
2014, and made only minor changes to this protocol when draft-
ing the full review (see Differences between protocol and review
section).

We are confident that we have included all relevant randomised
controlled trials in our review since we did not identify any relevant
publications based on our iterative search strategy, including a
broad internet search and reviewing of the reference lists of all
identified studies and systematic reviews.

There was substantial clinical heterogeneity between the included
trials in terms of types of participants recruited, i.e. non-syn-
dromic (Marcus 2013) and syndromic (Down syndrome and
MPS) (Sudarsan 2014) children diagnosed with mild to moderate
OSAS by PSG and non-syndromic children clinically classified as
having oSDB but with negative PSG recordings (Goldstein 2004).
As such, we refrained from performing meta-analyses.

Agreements and disagreements with other
studies or reviews

The effects of (adeno)tonsillectomy in children with 0SDB have
been assessed in several systematic reviews and meta-analyses
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(Baldassari 2008; Costa 2009; Friedman 2009; Garetz 2008;
Jeyakumar 2011; Marcus 2012; Sedky 2014; Teo 2013).

A comprehensive systematic review related to the 2012 clinical
practice guideline recommendations on the management of pae-
diatric OSAS by the American Academy of Pediatrics (AAP) syn-
thesised the available evidence on the effects of adenotonsillec-
tomy in children with 0SDB (Marcus 2012). It was concluded
that grade B quality evidence (moderate risk of bias) is available
to conclude that “adenotonsillectomy is very effective in treating
OSAS” and that “adenoidectomy or tonsillectomy alone may not
be sufficient because residual lymphoid tissue may contribute to
persistent obstruction”. The 2012 AAP guideline therefore states
that “if a child is determined to have OSAS, has a clinical exam-
ination consistent with adenotonsillar hypertrophy, and does not
have a contraindication to surgery, the clinician should recom-
mend adenotonsillectomy as the first line of treatment” and “if
the child has OSAS but does not have adenotonsillar hypertro-
phy, other treatment should be considered” (Marcus 2012). This
recommendation is in agreement with the overall findings of our
review based on the findings of the Marcus 2013 trial, which can
be considered as level A evidence (low risk of bias).

With our search we also identified a large number of other sys-
tematic reviews of non-randomised or uncontrolled studies and
individual studies (that were not cited in these reviews) assessing
the effects of (adeno)tonsillectomy in children with 0SDB (Table
2). In general, these studies support the high quality evidence de-
rived from the Marcus 2013 trial. However, a few remarkable ob-
servations deserve further attention. First, 79% of the children un-
dergoing adenotonsillectomy had normalisation of seven-month
PSG parameters (defined as a reduction in both the AHI score
to less than 2 events per hour and the OAI score to less than 1
event per hour) in the Marcus 2013 trial. A 2009 systematic review
and meta-analysis of nine observational studies (526 children with
0SDB) reported a postoperative “cure” rate (defined as an AHI
score of less than 1 per hour) of approximately 60% (Friedman
2009). These discrepancies may be caused by differences in PSG
parameters used to define “cure”. Besides, the study populations
are also different with OSAS being less severe in the Marcus 2013
trial compared with the children that were included in the system-
atic review of Friedman 2009 (mean AHI score before surgery: 6.7
versus 6.9 to 34.1, respectively). Second, 49% of children in the
non-surgical group had normalisation of seven-month PSG pa-
rameters in the Marcus 2013 trial. This is higher than observed in
the Burstein 2013 study, which investigated 16 children undergo-
ing adenotonsillectomy for 0SDB with 16 matched non-surgery
controls. At follow-up PSG (1.4 to 2 years after the initial PSG),
44% of the adenotonsillectomy group had an AHI of less than
1 compared with 25% of the non-surgical group. The reason for
this low recovery rate may be the high prevalence of obese (75%)
and African-American children (91%) in the Burstein 2013 study.
Finally, baseline mean attention and executive function based on
the NEPSY scores in both groups was comparable with the nor-

mative mean in the Marcus 2013 trial. Although mean NEPSY
scores improved in both groups, no statistically significant differ-
ence between the two groups was observed for the change in mean
NEPSY scores from baseline. A recent systematic review exam-
ined the relationship between attention deficit hyperactivity disor-
der (ADHD) and paediatric oSDB by performing a meta-analysis
of 18 studies including 529 children and found a medium rela-
tionship between ADHD symptoms and PSG-confirmed 0SDB
(Sedky 2014). The same review included 12 studies assessing pre-
versus post-adenotonsillectomy ADHD symptoms and found a
medium decrease in ADHD symptoms at 2 to 13 months after
surgery (Sedky 2014).

AUTHORS’ CONCLUSIONS

Implications for practice

For otherwise healthy children without a syndrome and of older
age (five to nine years) diagnosed with mild to moderate obstruc-
tive sleep apnoea syndrome (OSAS) by polysomnography (PSG)
there is moderate quality evidence that children benefit from early
adenotonsillectomy in terms of quality of life, symptoms and be-
haviour as rated by caregivers and high quality evidence that they
benefit in terms of PSG parameters, but not in terms of objective
measures of attention and neurocognitive performance, compared
with watchful waiting.

It is uncertain how these findings apply to children with obstruc-
tive sleep-disordered breathing (0SDB) encountered in everyday
ENT practices in which PSG is not routinely performed in chil-
dren with signs and symptoms suggestive of 0SDB when deciding
whether or not to perform surgery. Adenotonsillectomy involves
specific surgical risks (including bleeding and infection), the risks
associated with a general anaesthetic (including an increased risk
of intra- and postoperative respiratory compromise in certain chil-
dren with 0SDB), a period in hospital and a postoperative re-
covery period (with over 50% of children still experiencing pain
three days after the operation despite analgesia). With these risks
in mind physicians and parents should carefully weigh the ben-
efits and risks of adenotonsillectomy against watchful waiting in
older children (five to nine years) diagnosed with mild to moder-
ate OSAS by PSG since the condition may recover spontaneously
over time.

Implications for research

While moderate quality evidence is available that early adenoton-
sillectomy confers benefit in terms of quality of life, symptoms
and behaviour as rated by caregivers and high quality evidence
that this procedure is beneficial in terms of PSG parameters in
otherwise healthy children without a syndrome and of older age
(five to nine years) diagnosed with mild to moderate OSAS by
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PSG, there are still important gaps in the evidence that need to
be addressed in future research. It is currently unknown whether
adenotonsillectomy is also effective in children younger than five
years of age, an important group presenting to ENT surgeons and
sleep physicians, and in those with a clinical diagnosis of 0SDB
rather than OSAS based on PSG recordings. Furthermore, the role
of medical management (as an alternative or an adjunct to surgery)

in children with oSDB has not been established.

Ongoing trials will address some of these gaps, including a wider
age range of children and a range of diagnostic criteria for oSDB

(NCT01918007; NCT02315911; POSTA Child Study).

o The ongoing Australian POSTA Child Study (POSTA 1)
includes children aged three to five years diagnosed with OSAS
by PSG (defined as a pre-operative Apnoea/Hypopnoea Index
(AHI) score of 1 to 10 events per hour), has an intellectual test
(of cognitive ability) as the primary outcome and follow-up is up
to two years (POSTA Child Study). The second Australian
POSTA Child Study (POSTA 2), which is at the development
stage, aims to randomise children who display symptoms of
oSDB during PSG (e.g. snoring and flow limitation) but have an
AHI score of less than 1.

o A Swedish trial will randomise children aged between 2 and
4.9 years diagnosed with mild to moderate OSAS by PSG
(defined as a pre-operative AHI score of 2 to 10 events per hour)
to adenotonsillectomy or active observation for six months
(NCT02315911). The primary outcome is AHI at six months
by PSG and further PSGs will be performed at three and 10

years follow-up.

e The Greek Chania Community Oximetry-Based Study
investigates whether adenotonsillectomy confers benefit over no
surgery in children with a clinical diagnosis of snoring and
adenotonsillar hypertrophy and abnormalities in oxygenation
detected by overnight pulse oximetry (NCT01918007). The
primary outcomes are change in the proportion of children with
a McGill oximetry score of 1 between baseline and three months
follow-up assessment and the proportion of children who
achieved a desaturation index (> 3% drop) of < 2 episodes per
hour at three months, if they had a desaturation index of > 3.5
episodes per hour at baseline. These trials will produce important

evidence of the benefits of surgery in children with 0SDB
encountered in daily clinical practice.

However, areas of uncertainty will continue to exist around the
diagnosis, prognosis and management of children with oSDB and
how best to organise health services for children suffering from
this condition. Important questions that deserve further investi-
gations include "how can parents, GPs, sleep physicians and ENT
surgeons distinguish simple snoring from OSAS?’, "what role does
PSG play in the diagnosis of 0SDB and how does this impact
on treatment decisions?’, ’should PSG be repeated after medical
or surgical treatment, and at which time points?’, *what is the
effectiveness of medical management in children with oSDB in
comparison or in addition to surgical management?’, what is the
impact of weight loss in children with 0SDB?’, *what is the role
of CPAP in children with 0SDB, especially in those with special
needs?’, how compliant are families with this treatment at home?
’, "'which subgroups of children benefit most from various manage-
ment strategies?’, and, importantly, 'what are the concerns of par-
ents of children with oSDB?’, and *which outcomes matter most

to the parents of children with oSDB?’.
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CHARACTERISTICS OF STUDIES

Characteristics of included studies /[ordered by study ID]

Goldstein 2004

Methods

Allocation: randomised; blocks of 2
Design: parallel groups

Participants

Number: 29 children (78 children were screened for eligibility; 59 were eligible, but in
3 children no PSG could be obtained and 27 children had positive PSG recordings)
Age: 2 to 14 years

Gender: 48% boys, 52% girls

Setting: paediatric otolaryngology private offices and clinics at the University Hospital
of Brooklyn, SUNY Downstate Medical Center, and the otolaryngology and paediatric
pulmonary clinics at the Kings County Hospital Center in Brooklyn (USA). Children
were referred to the specialty offices by their GPs for evaluation of snoring and breathing
difficulties during the night between March 1999 and May 2001

Eligibility criteria: children with a clinical assessment score of 40 or more and negative
PSG recordings

The clinical assessment score was based on the presence or absence of the following items:
night-time symptoms, daytime symptoms, history of mouth breathing, chronic rhinor-
rhoea, recurrent tonsillitis combined with findings at physical examination (including
body mass index, blood pressure and tonsil size) and findings of further investigations
(sleep tape, lateral neck radiography and echocardiogram)

Symptoms highly suggestive for OSAS (e.g. pauses, gasping, daytime sleepiness) con-
tributed more than non-specific symptoms such as morning headache and rhinorrhoea.
The more severe the symptom or the findings of physical examination or further investi-
gation, the higher the score. Further details on the clinical assessment score can be found
in Table 1 of the publication

PSG was considered positive for OSAS when the Respiratory Disturbance Index (number
of obstructive apnoeas plus obstructive hypopnoeas per hour of sleep) was at least 5, or
when oxygen saturation levels below 90% were present for at least 10% of the night.
Obstructive apnoea was defined as the cessation of oronasal airflow with continued
respiratory effort for at least 2.5 times the typical breath interval, while obstructive
hypopnoea was defined as a decrease in oronasal airflow amplitude of at least 50%
without a decrease in respiratory effort for the same duration

Exclusion criteria: children with craniofacial syndromes, neuromuscular disorders or
known cranial nerve palsies

Interventions

Intervention group: adenotonsillectomy (method not specified); n = 15
Comparator group: no surgery (no further details provided); n = 14
Use of additional interventions: none described

Outcomes

Primary outcome: change in clinical assessment score

Secondary outcomes: comparison of initial and final PSG recordings including Apnoea
Index, Respiratory Disturbance Index and percentage of the night with oxygen saturation
levels below 90%; proportion of patients with final clinical assessment score below 20
and below 40

According to protocol children would be reassessed at 6 months
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Notes Participants lost to follow-up total: 9/29 children (31%)
Participants lost to follow-up adenotonsillectomy group: 4/15 children (27%); 2
refused surgery and were lost to follow-up, 2 had surgery but were lost to follow-up)
Participants lost to follow-up no surgery group: 5/14 children (36%); 1 child received
adenoidectomy and was excluded, 4 were lost to follow-up)

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection Low risk Quote: “Randomization was performed by

bias)

using a computerized list generated by bio-
statistician in blocks of 2.”

Allocation concealment (selection bias)

Unclear risk

Not described

Comment: small block size (2 participants)
potentially allows prior knowledge of allo-
cation

Blinding of participants and personnel
(performance bias)
All outcomes

High risk

Not blinded

Blinding of outcome assessment (detection
bias)

All outcomes

Low risk

Quote: “T&A was performed ... by a pe-
diatric otolaryngologist who was not 1 of
the investigators.”

Quote: “The follow-up assessments were
performed by the investigators who were
blinded to whether the child had had
surgery.”

Comment: clinical assessment score was
partly based on presence or absence of
symptoms. Participants and parents were
unblinded for treatment allocation and this
might have had an impact on reporting of
symptoms and as such might have intro-
duced detection bias

Incomplete outcome data (attrition bias)
All outcomes

High risk

Significant number of patients not in-
cluded in analyses (31%)

Selective reporting (reporting bias)

Unclear risk

Insufficient information to permit a judge-
ment of low or high risk
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Goldstein 2004

(Continued)

Other bias

Unclear risk Baseline characteristics: imbalance for gen-
der, race and total clinical assessment score
Did not use intention-to-treat analysis
According to sample size calculation a total
of 22 children (11 children in both treat-
ment groups) were needed to detect a sta-
tistically significant difference in clinical as-
sessment scores between the treatment and
control group. In the final analyses, 20 chil-
dren were included (11 children in the ade-
notonsillectomy group and 9 children in
the no surgery group)

Marcus 2013

Methods

Allocation: randomised; stratified by site, age, race and weight
Design: parallel groups

Participants

Number: 453 children (10,519 children were screened for eligibility; 594 were eligible
based on polysomnographic screening, but 130 were excluded owing to failure to meet
other inclusion criteria and 11 were excluded owing to site withdrawal)
Age: 5 to 9 years
Gender: 49% boys, 51% girls
Comorbidities: 1 child in each group had hypertension
Setting: 6 clinical sites each headed by an experienced paediatric sleep specialist or
otolaryngologist (Children’s Hospital of Pennsylvania; Cincinnati Children’s Medical
Center; Rainbow Babies and Children’s Hospital, Cleveland; Children’s Hospital Boston;
Cardinal Glennon Children’s Hospital, St Louis; Montefiore Medical Center, New York)
Initially, paediatric sleep centres/sleep laboratories and paediatric ENT clinics were the
primary recruitment sources. However, due to a slow accrual rate recruitment was broad-
ened to general paediatric clinics and to public advertising in the general community.
Recruitment period: January 2008 through September 2011
Eligibility criteria:

1. Children aged 5 to 10 years at time of screening

2. OSAS defined as an AHI score of 2 or more events per hour or an OAI score of 1
or more events per hour assessed by overnight, laboratory-based PSG and parental
report of habitual snoring (on average > 3 nights per week)

3. Tonsillar hypertrophy of at least 1 on a standardised scale of 0 to 4

4. Deemed to be a surgical candidate for adenotonsillectomy according to ENT
surgeon
Exclusion criteria:

1. Recurrent tonsillitis: 7 episodes in 1 year, 5 episodes in each of 2 years or at least 3
episodes in 3 years

2. Craniofacial anomalies or any anatomic or systemic condition, which could
interfere with general anaesthesia or removal of the tonsils or adenoid tissue in the
standard fashion

3. Obstructive breathing while awake that merits prompt adenotonsillectomy
according to the child’s physician
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Marcus 2013 (Continued)

4. Severe OSAS or significant hypoxaemia requiring immediate adenotonsillectomy
as defined by: AHI score of more than 30 events per hour or OAI score of more than
20 events per hour or oxygen saturation levels in the arterial blood of less than 90% for
2% or more of the total sleep time

5. OAI score of less than 1 event per hour and AHI score of less than 2 events per
hour

6. Evidence of clinically significant cardiac arthythmia on PSG

7. Extremely overweight defined as a z score based on a BMI of 3 or more

8. Severe health problems including severe cardiopulmonary disorders, poorly
controlled asthma, epilepsy requiring medication, diabetes, doctor-diagnosed heart
disease or cor pulmonale, mental retardation, chronic infection or HIV

9. Psychiatric or behavioural disorders requiring or likely to require initiation of new
treatment during the 7-month trial period

10. Known genetic, craniofacial, neurological or psychiatric conditions

11. Current use of ADHD medications, psychotropic medication, hypnotics,
hypoglycaemic agents or insulin, antihypertensives, growth hormone, anticonvulsants,
anticoagulants, daily oral corticosteroids

Interventions

Intervention group: adenotonsillectomy (method not specified) within 4 weeks after
randomisation; n = 226

Comparator group: watchful waiting with supportive care (WWSC, comprising con-
servative medical management); n = 227

Use of additional interventions: treatment or referral for treatment for comorbidities
such asasthma and allergic rhinitis, education regarding general sleep hygiene and healthy
behaviours, and use of nasal saline spray as needed

Outcomes

Primary outcome: change in the attention and executive function scores on the Devel-
opmental Neuropsychological Assessment (NEPSY)

Secondary outcomes: caregiver and teacher ratings of behaviour as assessed by Con-
ners Rating Scale Revised, behaviour as assessed by the Behaviour Rating Inventory of
Executive Function (BRIEF); OSAS symptoms as assessed by the Pediatric Sleep Ques-
tionnaire Sleep-Related Breathing Disorder scale (PSQ-SRBD); sleepiness as assessed by
the Epworth Sleepiness Scale modified for children; global quality of life as assessed by
the caregiver-rated total score from the Pediatric Quality of Life Inventory (PedsQL);
disease-specific quality of life as assessed by the total score on the 18-item Obstructive
Sleep Apnoea-18 assessment tool; generalised intellectual functioning as assessed by the
General Conceptual Ability score from the Differential Ability Scales-1I (DAS); PSG
recordings

According to protocol children would be reassessed at 7 months

Funding sources

The study was supported by research grants from the National Institutes of Health

Declarations of interest

Declarations of interest provided by the authors at the end of the manuscript

Notes

Participants lost to follow-up total: 56/453 children (12%)

Participants lost to follow-up adenotonsillectomy group: 32/226 children (14%)
Participants lost to follow-up no surgery group: 24/227 children (11%)
Participants that received no surgery in treatment group: 16/226 (7%)
Participants that received surgery in control group: 16/227 (7%)
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Marcus 2013 (Continued)

Trial has been registered at

NCT00560859

ClinicalTrials.gov:  http://clinicaltrials.gov/show/

Risk: of bias

Bias

Authors’ judgement

Support for judgement

Random sequence generation (selection

bias)

Low risk

Quote: “Randomisation, stratified by ... is
performed using a web-based procedure
maintained by the DCC.”

Allocation concealment (selection bias)

Low risk

Quote: “Clinics do not have access to the
randomisation schedule, so the standard of
allocation concealment is met.”

Blinding of participants and personnel
(performance bias)
All outcomes

High risk

Not blinded

Blinding of outcome assessment (detection
bias)

All outcomes

Low risk

Quote: “Thus, an usual single blinded situ-
ation is created, whereby subjects and par-
ents are unblinded but the sleep physicians,
some of whom are responsible for the over-
all conduct of pediatric sleep medicine at
their site, are blinded. At each site, a re-
search coordinator is identified who is un-
blinded, while other staff, such as those
who perform neuropsychological testings,
are blinded.”

Comment: parents and children were told
not to discuss their treatment with study
personnel. However, a risk of unblinding
still exists. Study personnel documented all
episodes in which parents or children dis-
cussed their treatments with study person-
nel. Furthermore, risk of bias due to un-
blinding is high for the subjective outcomes
(Conners Rating Scale Revised, PedsQL,
BRIEE, PSQ-SRBD, OSA-18)

Incomplete outcome data (attrition bias)
All outcomes

Low risk

12% of patients not included in analysis;
a sensitivity analysis was performed on the
primary outcome to assess the possible ef-
fect of these missing data and the results
remained unchanged

Selective reporting (reporting bias)

Low risk

Study protocol available and all outcomes
reported in the manuscript were included
in the study protocol
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Marcus 2013 (Continued)

Other bias Low risk No other biases detected
Intention-to-treat analysis was performed

Sudarsan 2014

Methods Allocation: randomised; no further information provided
Design: parallel groups

Participants Number: 80 children (124 children were screened for eligibility; 80 were eligible, 20
were excluded because of negative PSG recordings, 17 declined study participation and
7 children had previous craniofacial corrective surgeries)
Age: 6 to 12 years
Gender: 66% boys, 34% girls
Setting: participants were recruited from the MPS support and the DS Society, Chennai
(India) along with individual referral cases
Eligibility criteria:
1. MPS and DS syndromic children aged 6 to 12 years
2. Complaints of snoring and mouth breathing, daytime hyperactivity, urinary inconti-
nence, restless sleep
3. Obstructive adenoids and tonsils (grade > 2)
4. OSAS based on positive PSG recordings (AHI > 1)
Exclusion criteria: previous history of adenotonsillectomy and/or using CPAP, history
of craniofacial reconstruction surgeries/other OSAS surgeries, central apnoea, unfit/un-
willing for surgery/medications

Interventions Intervention group: adenotonsillectomy (coblation); n = 40
Children were monitored postoperatively in an intensive care unit (ICU) setup for a
minimum of 24 hours and then discharged
Comparator group: CPAP; n = 40
Children were admitted to the Sleep Lab of the hospital for an overnight stay for demon-
stration/trial and fitting of CPAP machine
Use of additional interventions: none described

Outcomes Outcomes:
1. Cure defined as resolution of OSAS (AHI < 1) at 12 months
2. Mean AHI at 6 and 12 months
3. Parent/caregiver reported Epworth Sleepiness Scale-Children (ESS-C) with an ESS-
C > 10 set to be suggestive of OSAS at 6 and 12 months
4. Quality of life assessed by the parent/caregiver reported OSA-18 questionnaires at 12
months
5. Complications

Funding sources No information provided

Declarations of interest No information provided
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Sudarsan 2014  (Continued)

Notes Participants lost to follow-up total: 7/80 children (9%)
Participants lost to follow-up adenotonsillectomy group: 3/40 children (8%)
Participants lost to follow-up no surgery group: 4/40 children (10%)
No information provided on CPAP adherence
Risk of bias
Bias Authors’ judgement Support for judgement
Random sequence generation (selection Unclear risk Not described
bias)
Allocation concealment (selection bias) Unclear risk Not described
Blinding of participants and personnel High risk Not blinded
(performance bias)
All outcomes
Blinding of outcome assessment (detection High risk Participants, parents and outcome asses-
bias) sors were unblinded for treatment alloca-
All outcomes tion and this might have had an impact on
reporting of symptoms and as such might
have introduced detection bias
Incomplete outcome data (attrition bias) ~ Low risk 9% of children not included in the analysis

All outcomes

Selective reporting (reporting bias)

Unclear risk

Insufficient information to permit a judge-
ment of low or high risk

Other bias

Unclear risk

Baseline characteristics: imbalance for gen-
der and number of children with MPS
Unclear whether they used intention-to-
treat analysis

No formal sample size calculations were
performed

No information provided on CPAP adher-

ence

ADHD: attention deficit hyperactivity disorder; AHI: Apnoea/Hypopnoea Index; BMI: body mass index; CPAP: continuous positive

airway pressure; DCC: Data Co-ordination Centre; DS: Down syndrome; GP: general practitioner; MPS: mucopolysaccharidosis;

OALI: Obstructive Apnoea Index; OSAS: obstructive sleep apnoea syndrome
PSG: polysomnography; WWSC: watchful waiting with supportive care
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Characteristics of excluded studies /[ordered by study ID]

Study Reason for exclusion

Brouillette 2013 This article was a commentary on the Marcus 2013 trial
Ebell 2013 This article was a commentary on the Marcus 2013 trial
Ramsden 2014  This article was a commentary on the Marcus 2013 trial
Rodriguez 2014  This article was a commentary on the Marcus 2013 trial
Schilder 2014 This article was a commentary on the Marcus 2013 trial

Witmans 2013

This article was a summary of the results of the Marcus 2013 trial

Xie 2010

ALLOCATION
We judged this study to be a quasi-randomised trial as 30 children with odd numbers were assigned to group A
(treatment group) while 30 children with even numbers were assigned to group B (control group)

Characteristics of ongoing studies /ordered by study ID]

ChiCTR-TRC-10001136

Trial name or title

*Effect of adenotonsillectomy on behavioural problems in children with mild obstructive sleep apnoea: a
randomized controlled trial’

Methods Parallel, open randomised controlled trial

Participants Hong Kong Chinese prepubertal children aged between 6 and 11 years with mild OSA confirmed by nocturnal
PSG (AHI between 1 and 5) and parental report of habitual snoring (at least 3 nights per week)

Interventions Intervention: adenotonsillectomy
Comparison: no surgery; parents of children allocated to this group will be given instructions to allow close
monitoring of their child for any disease deterioration. They will also be provided with direct contact to the
research team and an earlier follow-up appointment will be scheduled if necessary

Outcomes Primary outcome: behavioural and psychosocial changes assessed by Child Behaviour Checklist (CBCL) at

6 months

Secondary outcomes: polysomnographic findings at 6 months; 24-hour blood pressure at 6 months; attention
assessed by Conners Continuous Performance Test IT (CPT-II) at 6 months; symptoms of attention deficiency
hyperactivity disorder (ADHD) assessed by ADHD rating scale-IV parents version at 6 months; daytime
sleepiness assessed by the modified Epworth Sleepiness Scale (ESS) at 6 months; fasting insulin and glucose,
serum lipid profile and serum inflammation

Starting date

December 2010
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ChiCTR-TRC-10001136 (Continued)

Contact information

Dr. Albert Martin Li, Department of Paediatrics, Prince of Wales Hospital, Shatin, NT

Notes http://apps.who.int/ trialsearch/Trial2.aspx? TriaID=ChiCTR-TRC-10001136
hetp://www.nhs.uk/ Conditions/ Snoring/Pages/ clinical-trial-details.aspx? Trial[d=ChiCTR-TRC-
10001136& Condition=Snoring-Children& pn=1&Rec=08& CT=0
NCT01918007

Trial name or title

’Adenotonsillectomy for obstructive sleep-disordered breathing in childhood: The Chania Community
Oximetry-Based Study’

Methods Parallel, investigator-blinded randomised controlled trial

Participants Children with snoring and adenotonsillar hypertrophy and abnormalities in oxygenation detected by nocturnal
pulse oximetry

Interventions Intervention: adenotonsillectomy
Comparison: no adenotonsillectomy for 3 months after the baseline study evaluation

Outcomes Primary outcomes:

1. Change in proportion of participants with a McGill oximetry score = 1 between 3 months and 0
months

2. Proportion of participants who achieved a desaturation index (> 3% drop) of < 2 episodes/hour at 3
months, if they had a desaturation index of > 3.5 episodes/hour at baseline
Secondary outcomes: somatic growth; abnormalities predisposing OSA and OSA symptoms; sleepiness;
behavioural abnormalities; enuresis; quality of life; cardiovascular effects; systemic inflammation; effects on
sympathetic nervous system activation; improvement in baseline oxygen saturation

Starting date

June 2013

Contact information

Chania General Hospital *St. George’

Notes

heep://clinicaltrials.gov/show/NCT01918007

NCT02315911

Trial name or title

’Randomized control trials of surgery for pediatric OSA’

Methods Parallel randomised controlled trials
Participants Children aged between 2 and 4.9 years with:
e mild to moderate OSAS confirmed by PSG (AHI between 2 and 9.9)
e severe OSAS confirmed by PSG (AHI above 10)
Interventions Children with mild to moderate OSAS:
Intervention: adenotonsillectomy
Comparison: expectant observation for 6 months
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NCT02315911 (Continued)
Children with severe OSAS:
Intervention: adenotonsillectomy
Comparison: adenotonsillectomy and suturing of the tonsillar pillars (adeno-pharyngoplasty)
Outcomes Primary outcome: AHI at 6 months PSG

Secondary outcomes: ODI at 6 months PSG, postoperative pain, number of days until normal diet, speech
or swallowing difficulties after surgery, per- and postoperative bleeding, disease-specific quality of life (SDQ
and OSA-18), innate lymphoid cells in tonsils, PSG findings at 3 and 10 years follow-up

Starting date

December 2014

Contact information

Danielle Friberg, Assistant Professor, Karolinska University Hospital (Sweden)

Notes

hteps://clinicaltrials.gov/ ct2/show/NCT02315911

POSTA Child Study

Trial name or title

"The POSTA Child Study (Preschool Obstructive Sleep Apnoea (OSA) Tonsillectomy, Adenoidectomy Child
Study)’

Methods Parallel, open randomised controlled trial
Participants Preschool aged children (age range 3 to 5 years) with mild to moderate OSA (defined as a pre-operative AHI
score of 1 to 10 events per hour), enlarged adenoids and tonsils and suitable for adenotonsillectomy
Interventions Intervention: adenotonsillectomy within 2 months of randomisation
Comparison: delayed intervention group (usual 12 months waiting list for adenotonsillectomy)
Outcomes Main outcomes: IQ assessed by neurocognitive and behavioural testing

Starting date

July 2010

Contact information

Prof Karen Waters, Department of Respiratory Medicine, The Children’s Hospital at Westmead Locked Bag
4001 Westmead NSW 2145, Australia

Notes

htep://apps.who.int/ trialsearch/Trial2.aspx? TrialID=ACTRN12611000021976
hetps://www.anzctr.org.au/ Trial/ Registration/ Trial Review.aspx? ACTRN=12611000021976

AHI: Apnoea/Hypopnoea Index; ODI: Oxygen Desaturation Index; OSA: obstructive sleep apnoea; OSAS: obstructive sleep apnoea

syndrome; PSG: polysomnography; SDQ: Sleep Disorders Questionnaire.
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https://pim.umcutrecht.nl/owa/redir.aspx?C=mdLr1Lu2nEusjMRaK1eSw15r64aEq9EIzfMG8rTBHyZ3QOFkkzgKTydzhsZszkfn8LWXur6G2zk.%26URL=https%3a%2f%2fwww.anzctr.org.au%2fTrial%2fRegistration%2fTrialReview.aspx%3fACTRN%3d12611000021976

DATA AND ANALYSES

This review has no analyses.

ADDITIONAL TABLES

Table 1. Overview of the outcomes reported in the included studies

Marcus 2013 Goldstein 2004 Sudarsan 2014
Disease-specific quality oflife x X
and/or symptom score (vali-
dated)
OSA-18 X X
PSQ-SRBD -
Epworth Sleepiness Scale x x
Adverse events X X X
Generic quality of life (vali- x
dated)
PedsQL X
PSG - AHI X X X
PSG - other parameters X X
ODI X
% of sleep time with CO; > 50 x
mm Hg
RDI X
Medsian % of the night with O2 X
< 90%
Cardiovascular disease X X
Neurocognitive performance x
DAS X
Attention X
NEPSY X
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Table 1. Overview of the outcomes reported in the included studies

(Continued)

Behaviour

CR-Conners

TR-Conners

CR BRIEF

TR BRIEF

School performance

Absence from school

Weight changes

X

AHI: Apnoea/Hypopnoea Index; BRIEF: Behavior Rating Inventory of Executive Function; Conners: Conners Rating Scale Revised:
Long Version Global Index; CR: caregiver-rated; DAS: Differential Ability Scales-II; NEPSY: attention and executive function scores
on the Developmental Neuropsychological Assessment; ODI: Oxygen Desaturation Index; OSA-18: obstructive sleep apnoea-18;
PedsQL: Pediatric Quality Of Life Inventory; PSG: polysomnography; PSQ-SRBD: Pediatric Sleep Questionnaire Sleep-Related
Breathing Disorder Scale; QoL: quality of life; RDI: Respiratory Disturbance Index; TR: teacher-rated

Table 2. Agreements and disagreements with other studies and reviews

Systematic reviews

No. of studies Participants Intervention Comparison Outcomes Results
Baldassari 2008 9 N = 1470 AT n/a QoL1to6mo (7 Significant
Age: 110 18 studies) improve-
OSAS ment in OSA-18

scores after AT

QoL 6 to 16 mo
(2 studies)

Significant
improve-

ment in OSA-18
scores after AT
No signif-
icant differences
OSA-
18 scores after
AT in short and

long term

between

Garetz 2008 25

N = 19 to 297 AT Children with-

QoL 6 and 9 to

Significant

(range) out SDB symp- 23 mo (13 stud- improvements in
Age: 0to 18 toms ies) OSD-6, OSA-
oSDB
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Table 2. Agreements and disagreements with other studies and reviews (Continued)
18 and CHQPF-
28 scores after
AT
Behaviour (12 Larger improve-
studies) ment
on Conners scale
in AT versus con-
trol children
Significant
improvement in
CBCL
and BASC scores
after AT
Neurocogni- CPT, DAS and
tive functioning K-ABC  scores
(9 studies) improved signif-
icantly after AT
versus matched
control children
scores. Only
NEPSY ver-
bal scores were
lower versus con-
trols and these
improved  after
surgery
Costa 2009 4 N=110 AT n/a AHI Mean AHI de-
Age: 0to 18 crease after AT:
Obese 18.3 events/hour
OSAS
Cure rate us- 38.5%
ing the individ-
ual study criteria
(AHI < 5 or AHI
<2
Friedman 2009 23 N =1079 AT Different control Treat- 66.3%
Age: 0 to 20 groups used in ment success as
OSAS individual stud- defined per each
ies individual study
(23 studies)
Treat- 59.8%
ment success de-
fined as AHI < 1
(9 studies)
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Table 2. Agreements and disagreements with other studies and reviews (Continued)
Treat- 66.2%
ment success de-
fined as AHI < 5
(16 studies)
PSG cure rate in  73.8%
uncom-
plicated children
(19 studies)
PSG cure rate in  38.7%
children with co-
morbidi-
ties (e.g. obesity,
severe OSAS) or
in high-risk pop-
ulations (e.g. age
< 3) (9 studies)

Jeyakumar 2011 9 N =795 T or AT n/a Change in BMI BMI increase af-
Age: 0to 18 (3 studies) ter surgery of 7%
Normal weight
or overweight Change in Increase in stan-
Surgery for any weight (3 stud- dardised
reason ies) weight scores af-

ter surgery: 46%
to 100%

% weight gain (3 50% to 75%

studies) gained  weight,
28% lost weight
and 22% to 31%
unchanged after
surgery

Teo 2013 14 N =418 AT n/a Blood pressure Improvement af-
Age: 2 to 12 (3 studies) ter AT
oSDB

Mean Improvement af-
pulmonary ter AT
artery pressure (6
studies)
Echocar- Improvement af-
diographic find- ter AT
ings (7 studies)
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Table 2. Agreements and disagreements with other studies and reviews (Continued)
Pulse rate and Decrease after
pulse rate vari- AT
ability (1 study)
Sedky 2014 12 N =529 AT n/a ADHD Medium
Age: 0to 18 symptoms improvement
oSDB in ADHD symp-
toms after AT
Individual studies not cited in systematic reviews
Study design Study popula- Intervention Comparison Outcomes Results
tion
Arrarte 2007 Non- Brazil AT n/a Nocturnal pulse Significant
controlled obser- N =27 oximetry (ODI)  decrease in ODI
vational study Age: 2 to 10 after AT
Respira-
tory obstructive oSDB symptoms  92.6% of
symptoms  dur- children noticed
ing sleep Symiptom
improvement af-
ter AT
Apostolidou Prospective con- Greece AT in obese chil- AT in non-obese OAHI < 1 No dif-
2008 trolled study N =70 dren children ferences between
Age: 0 to 16 the 2 groups be-
OSAS fore and after AT
Habitual snoring
Adenoidal and/
or tonsillar hy-
pertrophy
Mitchell 2009 Prospective con- USA AT in obese chil- AT in non-obese OSA-18 Most OSA-
trolled study N =89 dren children 18 scores were
Age: 310 18 higher in obese
OSAS (AHI >2) versus non-obese
children after AT
BASC No signif-
icant difference
between groups
after AT
Attia 2010 Prospective co- Egypt AT Healthy children AHI Significant
hort study N =87 improvement in
Age: 2 to 16 AHI after AT
OSAS with postopera-
tive val-
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Table 2. Agreements and disagreements with other studies and reviews

(Continued)

ues matching the
control group

Ezzat 2010 Cohort study Egypt AT - Healthy chil- IQ (S-BIS) Significant
N =184 dren improve-
Age: 3 t0 16 - AT for other ment in IQ after
OSAS  symp- reasons AT with postop-
toms with posi- - No ENT erative val-
tive OPO surgery ues matching the
control groups
Parental symp- 99%  reported
tom question- symptom  im-
naire (not vali- provements after
dated) AT
Fung 2010 Case-control Canada Tor AT inobese T or AT in non- Postoperative Obese children
study N =98 children obese children  respiratory com- had more com-
Age <17 plications plica-
0oSDB symptoms tions than non-
with  positive obese children
OPO
Mean length of Obese
stay in hospital ~ versus non-obese
children: 18 ver-
sus 8 hours
Randhawa 2011  Prospective co- UK AT Healthy children CHQPF-28 (4 Significant im-
hort study N =258 years) provements after
Age: 6to 16 AT in 9/13 do-
OSAS (AHI >1) mains
Goldstein 2012  Non- USA AT n/a CAS-15 (notval-  Significant
controlled obser- N =100 idated) improvement af-
vational study Age: 2 to 12 ter AT
Snoring and dis-
ruptive sleep for OSA-18 Significant
3 mo improvement af-
OSAS ter AT
PedsQL Significant
improvement af-
ter AT
CBCL Significant
improvement af-
ter AT
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Table 2. Agreements and disagreements with other studies and reviews (Continued)
AHI Mean AHI de-
crease after AT:
15.9 events/hour
Tagaya 2012 Non- Japan AT n/a AHI (1.5 years)  Pre- and postop-
controlled obser- N =49 erative AHI were
vational study Age: 1 to 10 sig-
OSAS (AHI > 5) nificantly higher
Normal weight in symptomatic
versus  asymp-
tomatic children
Abreu 2013 Prospective con- Brazil AT Other paediatric TAVIS-3 visual Sig-
trolled study N =60 surgery attention test nificantly greater
Age: 6to 17 improvements in
Symp- AT group ver-
toms of airway sus other surgery
obstruction group
Modified Ep- Marked
worth Sleepiness reduction in day-
scale time sleepiness
in AT group ver-
sus other surgery
group
Burstein 2013 Matched, histor- USA AT No treatment CAS-15 (notval- Mean CAS-
ical cohort study N =33 idated) 15 was signifi-
Age: 1to 12 cantly lower in
OSAS AT group
CBCL Mean  CBCL
scores were sig-
nificantly lower
in AT group
AHI Sig-
nificantly greater
decrease in AHI
among the
AT group versus
control group
Huang 2014 Non- Taiwan AT n/a AHI (0 mo) Mean AHI 13.5
controlled obser- N = 88 (SD7.2)
vational study Age: 8.9 (SD 2.
7)
OSAS
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Table 2. Agreements and disagreements with other studies and reviews (Continued)

AHI (6 mo) Mean AHI 3.5
(SD 8.1)

AHI>1 (6 mo) 53%

AHI (36 mo) Mean AHI 6.5
(SD 5.6)
Residual OSAS
after AT was as-
sociated
with BMI, AHI,
enuresis and al-
lergic rhinitis be-
fore surgery

AHI >1 (36 mo) 68%

Kang 2014 Non- Taiwan AT n/a AHI (3 mo) Mean AHI de-
controlled obser- N =119 crease after AT:
vational study Age: 6.9 (SD 3. 13.8 events/hour

3

(;S AS OSA-18 (3 mo)  Significant
improvement af-
ter AT

Kobayashi 2014  Non- Japan AT n/a AHI (3 to 6 mo) Significant
controlled obser- N =45 improvement af-
vational study Age< 13 ter AT

OSAS
OSA-18 (3 to 6 Significant
mo) improvement af-
ter AT

Lee 2014 Non- Taiwan AT n/a OSA-18 (3 mo) Improvement
controlled obser- N = 144 in mean OSA-18
vational study Age:2t0 18 scores after AT

Primary snoring increased as dis-

(AHI < 1) and ease severity in-

OSAS (AHI > 1) creased and was
not affected by
gender, age or
adiposity

Volsky 2014 Prospective non- USA AT Observation OSA-18 (3 mo) Mean
randomised con- N = 64 OSA-18 signifi-
trolled study Age: 3 0 16 cantly improved

OSAS (AHI 1 to in AT group ver-
5) and tonsillar sus no significant
hypertrophy change in obser-
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Table 2. Agreements and disagreements with other studies and reviews

(Continued)

vation group

OSA-18 (8 mo)

No sta-
tistically ~ signif-
icant difference
between the 2

groups

CHQPF-28 (3

mo)

No statistical dif-
ference between
the 2 groups

CHQPF-28 (8

mo)

No sta-
tistically ~ signif-
icant difference
between the 2

groups

Feng 2015

Prospective  co-
hort study

China
N =35
Age: 4o 8
OSAS

A and AT

Healthy children

OSA-18

Significant
improvement af-
ter AT with post-
operative  val-
ues matching the
control groups

C-WISC

Significant
improvement af-
ter AT with post-
operative  val-
ues matching the
control groups

Hamada 2015

Non-
controlled obser-
vational study

Japan AT
N = 147

Age: 11 mo to 6
years

OSAS

n/a

AHI in infants
and toddlers (N
=50)

Mean AHI be-
fore AT: 13.5
(SD 7.1);

Mean AHI after
AT: 4.7 (SD 3.4)

AHI in
preschool  chil-
dren (N = 97)

Mean AHI be-
fore AT: 16.0
(SD 10.2);

Mean AHI after
AT: 4.4 (SD 2.2)

Lee 2015

Non-
controlled obser-
vational study

Taiwan AT
N = 144
Age: 210 18

n/a

OSA-18 (3 mo)

Significant
improvement af-

ter AT
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Table 2. Agreements and disagreements with other studies and reviews

Primary snoring
(AHI < 1) and
OSAS (AHI > 1)

(Continued)

OSA-18 (6 mo)  Significant

improvement af-
ter AT.

No differences
between 3 and 6
mo mean total
OSA-18 scores

A: adenoidectomy; ADHD: attention deficit hyperactivity disorder; AHI: Apnoea/Hypopnoea Index; AT: adenotonsillectomy; BASC:
Behavioural Assessment System for Children test; BMI: body mass index; CAS-15: Clinical Assessment Score-15; CBCL: Child
Behavior Checklist; CHQPF-28: Child Health Questionnaire Parent Form-28; Conners: Conners rating scale; CPT: continuous
performance test; C-WISC: Chinese Wechsler Intelligence Scale For Children; DAS: Differential Abilities Scale; ENT: ear, nose
and throat; K-ABC: Kaufman Assessment Battery For Children; mo: months; n/a: not applicable; N: number; NEPSY: Develop-
mental Neuropsychological Assessment; OAHI: Obstructive Apnoea/Hypopnoea Index; ODI: Oxygen Desaturation Index; OPO:
overnight pulse oximetry; OSA-18: Obstructive Sleep Apnoea-18; OSAS: obstructive sleep apnoea syndrome; OSD-6: Obstruc-
tive Sleep Disorders 6-Survey; 0SDB: obstructive sleep-disordered breathing; PedsQL: Pediatric Quality of Life Inventory; PSG:
polysomnography; QoL: quality of life; S-BIS: Stanford-Binet Intelligence Scales; SD: standard deviation; T: tonsillectomy; TAVIS-

3: 3rd version of a computerised test of visual attention

APPENDICES

Appendix |. Search strategies

Cochrane Register of Studies (Online)

Ovid MEDLINE

EMBASE (Ovid)

#1 MESH DESCRIPTOR Sleep Apnea
Syndromes

#2 MESH DESCRIPTOR Sleep Apnea,
Obstructive EXPLODE ALL TREES

#3 MESH DESCRIPTOR Snoring EX-
PLODE ALL TREES

#4 (sleep* near (apnea* or hypopnea* orap-
neahypopnea* or apnoea® or hypopnoea*
or apnoeic)): TL,AB,KY

#5 (sleep* near3 disorder* near3 breath*):
TLAB,KY

#6 (OSA or OSAS or OSAHS or SDB or

1 Sleep Apnea Syndromes/

2 exp Sleep Apnea, Obstructive/

3 exp Snoring/

4 (sleep* adj5 (apnea* or hypopnea* or ap-
neahypopnea* or apnoea® or hypopnoea*
or apnoeic)).ab,ti

5 (sleep* adj3 disorder* adj3 breath*).ab,ti.
6 (OSA or OSAS or OSAHS or SDB or
SRBD or OSDB or SAHS).ab,ti

7 ((hypertroph* or hyperplasia or obstruc-
tive) adj3 (tonsil* or adenoid* or adenoton-

sil*)).ab,ti

1 Sleep Apnea Syndromes/

2 exp Sleep Apnea, Obstructive/

3 (sleep* adj3 (apnea* or hypopnea* or ap-
neahypopnea* or apnoea® or hypopnoea*
or apnoeic)).ab,ti

4 (sleep* adj3 disorder* adj3 breath*).ab,ti.
5 (OSA or OSAS or OSAHS or SDB or
SRBD or OSDB or SAHS).ab,ti

6 ((hypertroph* or hyperplasia or obstruc-
tive) adj3 (tonsil* or adenoid* or adenoton-

sil*)).ab,ti

Tonsillectomy or adenotonsillectomy versus non-surgical management for obstructive sleep-disordered breathing in children (Review) 50
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(Continued)

SRBD or OSDB or SAHS): TI,AB,KY

#7 ((hypertroph* or hyperplasia or obstruc-
tive) near3 (tonsil* or adenoid* or adeno-
tonsil*)): TLAB,KY

#8 snoring: TI,AB,KY

#9 ((nighttime or sleep™ or “night time”)
near (((breath* or airway*) near (obstruct*
or restric*)) or (mouth near3 breath*))):TI,
AB,KY

#10 #1 OR #2 OR #3 OR #4 OR #5 OR
#6 OR #7 OR #8 OR #9

#11 MESH DESCRIPTOR Tonsillectomy
EXPLODE ALL TREES

#12 MESH DESCRIPTOR Palatine Ton-
si EXPLODE ALL TREES WITH
QUALIFIERS SU

#13 (tonsillectom* or tonsilectom* or ade-
notonsillectom™*): TI,AB,KY

#14 MESH DESCRIPTOR Palatine Ton-
sil EXPLODE ALL TREES

#15 (tonsil* or adenotonsil*): TL,AB,KY
#16 #14 OR #15

#17 MESH DESCRIPTOR  Surgical
Procedures, Operative EXPLODE ALL
TREES

#18 (surg™ or laser® or extract® or resect™ or
excis® or operat* or dissect* or remov* or
coblat* or ablat*): T[,LAB,KY

#19 #17 OR #18

#20 #16 AND #19

#21 #11 OR #12 OR #13 OR #20

#22 #10 AND #21

8 snoring.ab,ti.

9 ((nighttime or sleep® or “night time”)
adj3 (((breath* or airway*) adj5 (obstruct*
or restric*)) or (mouth adj3 breath*))).ab,
ti

10 1or2or3or4or5or6or7or8or9
11 exp Tonsillectomy/

12 exp Palatine Tonsil/su [Surgery]

13 (tonsillectom* or tonsilectom™* or ade-
notonsillectom*).ab,ti

14 exp Palatine Tonsil/

15 (tonsil* or adenotonsil*).ab,ti.

16 14 or 15

17 exp Surgical Procedures, Operative/

18 (surg* or laser® or extract™ or resect® or
excis* or operat* or dissect* or remov* or
coblat* or ablat*).ab,ti

1917 or 18

20 16 and 19

21 11 or 12 or 13 or 20

22 10 and 21

7 ((nighttime or sleep® or “night time”)
adj3 (((breath* or airway*) adj5 (obstruct*
or restric*)) or (mouth adj3 breath*))).ab,
ti

8lor2or3or4or5or6or7

9 exp *tonsillectomy/

10 exp Palatine Tonsil/su [Surgery]

11 (tonsillectom™ or tonsilectom™ or ade-
notonsillectom™).ab,ti

12 exp Palatine Tonsil/

13 (tonsil* or adenotonsil*).ab,ti.

14 exp Surgical Procedures, Operative/

15 (12 or 13) and 14

16 (surg* or laser® or extract® or resect™ or
excis® or operat* or dissect* or remov* or
coblat* or ablat*).ab,ti

17 (14 or 16) and 12

18 ((tonsil* or adenotonsil*) adj5 (surg* or
laser® or extract® or resect® or excis* or op-
erat*® or dissect™ or remov* or coblat* or ab-
lat*)).ab,ti

19 15 0r 17 or 18

209 o0r10or 11 or19

21 8 and 20

CINAHL (EBSCO)

‘Web of Science (web of Science)

Trial Registries

S22 S10 AND S21

S$21 S11 OR S12 OR S13 OR S20

S20 S16 AND S19

S$19 S17 OR S18

S18 TX surg™ or laser® or extract® or resect™
or excis* or operat* or dissect* or remov*
or coblat* or ablat*

S17 (MH “Surgery, Operative+”)

S$16 S14 OR S15

S15 TX tonsil* or adenotonsil*

S14 (MH “Tonsil”)

S13 TX tonsillectom™ or tonsilectom™ or
adenotonsillectom*

S12 (MH “Tonsil/SU”)

#1 TOPIC: (sleep* near/5 (apnea* or hy-
popnea* or apneahypopnea* or apnoea* or
hypopnoea* or apnoeic))

#2 TOPIC: (sleep* near/3 disorder* near/
3 breath*)

#3 TOPIC: (OSA or OSAS or OSAHS or
SDB or SRBD or OSDB or SAHS)

#4 TOPIC: ((hypertroph* or hyperplasia
or obstructive) near/3 (tonsil* or adenoid*
or adenotonsil*))

#5 TOPIC: (snoring)

#6 TOPIC: (((nighttime or sleep* or “night
time”) near/5 (((breath* or airway*) near/
5 (obstruct® or restric*)) or (mouth near/3

ClinicalTrials.gov

sleep AND (apnea OR hypopnea OR ap-
neahypopnea OR apnoea OR hypopnoea
OR apnoeic OR (disordered AND breath-
ing)) AND (tonsilectomy OR adenotonsil-
lectomy OR tonsillotomy)

ICTRP

sleep AND disorder* AND breath* AND
tonsil* OR sleep AND apnea* AND tonsil*
OR sleep AND apnoea* AND tonsil* OR
sleep AND hypopnea* AND tonsil* OR
sleep AND hypopnoea* AND tonsil*
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(Continued)

S11 (MH “Tonsillectomy”)

S10 S1 OR S2 OR S3 OR S4 OR S5 OR
S6 OR §7 OR S8 OR S9

S9TX (nighttime or sleep™ or “night time”)
N5 (((breath* or airway*) N5 (obstruct* or
restric®)) or (mouth N3 breath*))

S8 TX snoring

S7 TX (hypertroph* or hyperplasia or ob-
structive) N3 (tonsil* or adenoid* or ade-
notonsil*)

S6 TX OSA or OSAS or OSAHS or SDB
or SRBD or OSDB or SAHS

S5 TX sleep* N3 disorder* N3 breath*

S4 TX sleep* N5 (apnea* or hypopnea*
or apneahypopnea*® or apnoea* or hypop-
noea* or apnoeic)

S3 (MH “Snoring”)

S2 (MH “Sleep Apnea, Obstructive”)

S1 (MH “Sleep Apnea Syndromes”)

breath*))))

#7 #6 OR #5 OR #4 OR #3 OR #2 OR #
1

#8 TOPIC: (tonsillectom™ or tonsilectom™*
or adenotonsillectom*)

#9 TOPIC: (((tonsil* or adenotonsil*)
near/5 (surg* or laser® or extract® or resect*
or excis® or operat* or dissect* or remov*
or coblat* or ablat*)))

#10 #9 OR #8

#11 #10 AND #7
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DIFFERENCES BETWEEN PROTOCOL AND REVIEW
Recently, our group has published a Cochrane review protocol on tonsillectomy or tonsillotomy for children with 0SDB (Blackshaw
2014). To maximise agreement between these reviews we made the following changes to our protocol (Venekamp 2014):

e we changed the age range of included children from “children up to the age of 16 years” to “children aged two years up to the

age of 16 years”;

e we further specified the definition used in our second primary outcome (“adverse events, complications and morbidity associated
with (adeno)tonsillectomy and comparators”);

o we defined “race (African-American versus other)” as the fourth subgroup of interest.

Finally, we originally stated that three independent review authors would perform data extraction and ’Risk of bias’ assessment of
included studies, but for our full review two review authors (RPV, BJH) independently completed these tasks and any disagreements
were resolved by discussion with a third review author (DC).

NOTES

Split from ’Adenotonsillectomy for obstructive sleep apnoea in children’ (Lim 2009) (to be withdrawn on completion of this review).

INDEX TERMS

Medical Subject Headings (MeSH)

Adenoidectomy [adverse effects; * methods]; Randomized Controlled Trials as Topic; Sleep Apnea, Obstructive [* surgery]; Tonsillectomy
[adverse effects; *methods]
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MeSH check words
Adolescent; Child; Child, Preschool; Humans
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