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Abstract

The aim of this review is to summarise evidence that became available after publication of the 2017
European Respiratory Society statement on the diagnosis and management of obstructive sleep apnoea
syndrome (OSAS) in 1- to 23-month-old children. The definition of OSAS in the first 2 years of life
should probably differ from that applied in children older than 2 years. An obstructive apnoea—hypopnoea
index >5 events-h™ may be normal in neonates, as obstructive and central sleep apnoeas decline in
frequency during infancy in otherwise healthy children and those with symptoms of upper airway
obstruction. A combination of dynamic and fixed upper airway obstruction is commonly observed in this
age group, and drug-induced sleep endoscopy may be useful in selecting the most appropriate surgical
intervention. Adenotonsillectomy can improve nocturnal breathing in infants and young toddlers with
OSAS, and isolated adenoidectomy can be efficacious particularly in children under 12 months of age.
Laryngomalacia is a common cause of OSAS in young children and supraglottoplasty can provide
improvement in children with moderate-to-severe upper airway obstruction. Children who are not
candidates for surgery or have persistent OSAS post-operatively can be treated with positive airway
pressure (PAP). High-flow nasal cannula may be offered to young children with persistent OSAS
following surgery, as a bridge until definitive therapy or if they are PAP intolerant. In conclusion,
management of OSAS in the first 2 years of life is unique and requires consideration of comorbidities and
clinical presentation along with PSG results for treatment decisions, and a multidisciplinary approach to
treatment with medical and otolaryngology teams.

Background

Obstructive sleep apnoea syndrome (OSAS) is characterised by recurrent events of partial or complete
upper airway obstruction (hypopnoeas and obstructive or mixed apnoeas) accompanied by intermittent
hypoxaemia and frequent arousals during sleep [1]. In 2- to 18-year-old children, OSAS is defined as a
polysomnography (PSG)-obtained obstructive apnoea-hypopnoea index (0AHI) >2 events-h™' or an
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obstructive apnoea index >1 events-h™ of total sleep time in the presence of sleep disordered breathing
(SDB) symptoms. Alternatively, OSAS can be defined as SDB symptoms in combination with an AHI
>1 events-h™* of total sleep time [2]. AHI and 0AHI are expected to be numerically similar in otherwise
healthy children aged 2—18 years without OSAS or control of breathing disorders, as central sleep apnoeas
are uncommon in this age group [3]. In addition, central sleep apnoeas frequently accompany OSAS and
they resolve post-adenotonsillectomy [4].

In 2017, a European Respiratory Society (ERS) Task Force prepared a statement summarising published
literature on the diagnosis and management of OSAS in 1- to 23-month-old children [1]. Subsequently,
several new studies provided evidence which may modify the clinical approach to OSAS in young
children. Accumulating evidence suggests that the definition of OSAS in children 2 years of age or
younger should differ from that applied in children older than 2 years affected by SDB symptoms due to
the evolving characteristics of the sleep—wake state and their effects on respiratory parameters in
combination with the predisposition of young children to obstructive and central respiratory events during
sleep [5]. Neonates manifest fragmented sleep that progressively consolidates to night-time sleep and two
daytime naps by late infancy [6]. Each sleep cycle in neonates lasts 30~70 min with predominantly active
(rapid eye movement (REM)) sleep onset, in contrast to infants older than 2 months and children who have
cycles of 75-90 min duration with non-REM sleep onset [7]. Full-term neonates spend 50-80% of total
sleep time in active (REM) sleep that decreases gradually to <50% by the first year of life [8]. Active
(REM) sleep predisposes young infants to respiratory events [5, 9—-12]. Therefore, reference values for PSG
respiratory parameters and OSAS definition and severity classification in children 2 years of age or
younger should probably differ from those applied in older children [2, 13]. In a survey of sleep medicine
physicians practising mostly in the USA, there was no agreement on the oAHI cut-off value defining
OSAS in neonates and infants [14]. Proposed values varied from 1 to 20 events-h™'. Both OSAS definition
and severity classification are of clinical importance when indications for treatment are discussed.
Therefore, the aims of the present review article are: 1) to summarise studies reporting reference values for
parameters of PSG, polygraphy and nocturnal oximetry in the first 2 years of life; 2) to emphasise the need
for age-adjusted cut-off values of PSG, polygraphy and nocturnal oximetry parameters for the diagnosis
and severity classification of OSAS in the first 2 years of life; 3) to review the application of diagnostic
modalities like drug-induced sleep endoscopy (DISE) for determining the pathogenesis and severity of
upper airway obstruction in young children and indications for treatment; and 4) to discuss progress in the
nonsurgical and surgical therapeutic interventions for OSAS in young children, such as high-flow nasal
cannula (HFNC), positive airway pressure (PAP) therapy and supraglottoplasty.

Literature search

Several studies including infants were performed between 1981 and 2001, and scoring of recordings was
not based on the American Academy of Sleep Medicine (AASM) scoring rules or hypopnoeas were not
identified [15]. The literature search for the current article was focused on studies published after 1 January
2016 because older literature was reviewed in the ERS statement on the diagnosis and management of
OSAS in 1- to 23-month-old children [1].

An initial literature search was completed using the terms “(polysomnography and reference values) or
(polysomnography and normative values) or (polygraphy and reference values) or (polygraphy and
normative values) or (oximetry and reference value) or (oximetry and normative values)” with filters
“birth-18 years”, “1/1/2016-2/28/2023” and “English”. We obtained 102 records and retained seven of
them that provided reference values in healthy children 2 years of age or younger [16-22]. Studies on
pre-term infants or those with fewer than 10 participants were excluded. A pilot study determining
reference data for overnight oximetry in neonates was also excluded because recordings were collected
both during sleep and wakefulness [22].

The second literature search included the term “sleep apnoea” with filters “1/1/2016-2/28/2023”, “birth-23
months” and “English”, and provided 752 references, of which six provided longitudinal PSG or
polygraphy data of subjects with OSAS [23-28]. The third literature search included the terms “sleep
apnoea”, “nasopharyngeal airway”, “continuous positive airway pressure”, “non-invasive ventilation”,
“high flow nasal cannula”, “drug induced sleep endoscopy”, “adenotonsillectomy”, “adenoidectomy”,
“tonsillectomy” and “supraglottoplasty” with the same filters.

AHI or oAHI for the diagnosis of OSAS in 1- to 24-month-old children? Are there published
reference values?

In the ERS statement for OSAS in young children, it was emphasised that the 95th percentile for the
central apnoea index (CAI) varies widely according to age and for this reason it has been suggested that
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the definition of OSAS in 1- to 23-month-old children is usually based on the oAHI [1]. This concept has
been reinforced in a recent study by Steranovski et al. [21] which showed that 39% of the AHI value in
1-month-old infants can be attributed to the CAI and a similar finding has been reported in an older study
by DaFrtaRry et al. [17]. At the age of 5 months, mean AHI decreased by 75% and a third of this reduction
was secondary to a decreased CAI. PSG scoring in both cohorts of healthy infants was consistent with the
most recent AASM rules for the scoring of sleep and associated events [29].

However, the 0AHI also incorporates hypopnoeas as demonstrated by DarTarY et al. [17]. Hypopnoeas
may be of the obstructive or of the central type, with the former corresponding to 53% of the oAHI value
in neonates [21]. SteraNovski et al. [21] showed that at the age of 1 month, total AHI consists of central
apnoeas (36%), obstructive and mixed apnoeas (24%), obstructive hypopnoeas (30%), and central
hypopnoeas (10%). In several publications involving infants and frequently in everyday clinical practice,
0oAHI incorporates both obstructive and central hypopnoeas.

Since obstructive events in healthy infants are overall brief in duration, DaFTARY et al. [30] have proposed
the calculation of the time in airway obstruction (TAO) during PSG to quantitate the obstructive
component of the AHI. TAO during PSG is calculated as: ((total number of obstructive apnoeasxmean
duration (s) of obstructive apnoeas)+(total number of hypopnoeasxmean duration (s) of hypopnoeas))/total
sleep time (s) [30]. Few studies providing reference values for PSG, polygraphy and nocturnal oximetry
parameters from otherwise healthy children aged 2 years or younger have been published (table 1). Based
on these limited data which were collected using heterogeneous methodology (i.e. nocturnal PSG versus
nocturnal polygraphy versus nap PSG), it is apparent that an 0AHI >5 events-h™ may be normal in the
first month of life, while the same value corresponds to moderate-to-severe OSAS in children older than
2 years and necessitates treatment [2]. This finding reflects the progressive reduction in the frequency of
upper airway obstructive events during sleep in the first 6 months of life. A similar trend is evident for
central apnoeas (table 1).

Although the study by BrockmaANN et al. [28] was published in 2013, it has been included in table 1
because it provides reference values for polygraphy parameters in 1- and 3-month-old infants.
Additionally, hypopnoeas in the specific study were defined as a reduction in nasal flow by >30% relative
to the pre-event baseline with a corresponding decrease in arterial oxygen saturation measured by pulse
oximetry (Spo,) by >3% or an arousal, a definition that is consistent with the current AASM Manual
scoring criteria [29]. Of note, scoring of arousals was not based on encephalogram or submental
electromyogram recordings. Reference values for PSG parameters in the second year of life have been
presented in a study by ScHoLLE et al. [3] that has two methodological limitations: 1) only 22 subjects
aged 1.1-1.9 years were studied and 2) hypopnoeas were scored if there was a >50% fall in the amplitude
of the nasal pressure signal compared with the pre-event baseline (2007 AASM Manual) [31]. The 90th
percentiles for the AHI and CAI were 4.3 and 2.1 events-h™*, respectively, and there were no hypopnoeas.
Nevertheless, these values are not directly comparable with PSG results obtained using scoring criteria
from the most recent version of the AASM Manual [29].

Decline of obstructive and central events in the first year of life in infants with upper airway
obstruction

The declining frequency of obstructive events during sleep in infancy has been confirmed by a
retrospective cohort of 38 subjects without craniofacial or upper airway anomalies or genetic syndromes
who had serial PSGs at median ages of 4 and 11 weeks [23]. An interesting speculation by the authors of
the study is that at least some of the obstructive events recorded by PSG may be due to nasal obstruction
induced by the nasal airflow prongs that were introduced into the narrow infant nostrils [23].

Moreover, the frequency of obstructive events may decline with age even in infants with comorbidities. In
another retrospective cohort study, 26 children younger than 3 years (median age 7.2 months) who were
diagnosed with mild OSAS (0AHI 1-5 events-h™) and did not receive any treatment had at least two
PSGs performed 3-12 months apart [24]. Comorbidities included trisomy 21, cardiac disease, reactive
airway disease/asthma, hypertension and prematurity [24]. In follow-up PSG, the oAHI decreased
significantly from 2.7 to 1.3 events-h™; OSAS resolved in eight children (30.8%) and deteriorated in only
one (3.8%).

Similarly, a retrospective analysis of data from 13 infants with central AHI >5 events-h™* diagnosed at
0.6-1.6 months of life who had a history of apnoeas and oxygen desaturations requiring admission or
evaluation but without any confirmed underlying disease demonstrated that at a median age of
12.4 months, the central AHI decreased from 26.1 to 4.2 events-h™! [25].
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TABLE 1 Comparison of reference values of polysomnography (PSG), polygraphy and nocturnal oximetry respiratory parameters from recent

studies that recruited healthy infants and used American Academy of Sleep Medicine scoring rules

Study [ref.] (method) Mean age

<1 month 1 month 3 months 5 months 12 months

Satomaa et al. (2016) [16] (nocturnal PSG)

AHI, events-h™* 13.7 (0.5-81.7)
OAHI, eventsh™* 0 (0-0.3)
ODI3, events-h™ 20.9 (0-79.5)
Dartary et al. (2019) [17] (nocturnal PSG)
AHI, events-h™* 14.5 (1-37.7)
CAl, events-h™ 3.3 (0-27.2)
Hypopnoea index, events-h™* 5.9 (0.7-12.9)
Mean Spo,, % 98.2 (95.5-99.7)
ODI3, events-h™* 16.6 (0.5-41)
Kanack et al. (2022) [18] (nap PSG)
AHI, events-h™* 6.9 (2-23)
OAHI, eventsh™* 49 (1.7-19.1)
CAl, events-h™? 0.7 (0.0-12.4)
Steranovski et al. (2022) [21] (nocturnal PSG)
AHI, events-h™* 16.9 41
OAHI, eventsh™? 10.2 1.9
CAl, events-h™* 6.6 22
OHI, events:h™ 5.4 13
Mean Syo,, % 97.9 98.6
BrockmanN et al. (2013) [28] (nocturnal polygraphy)
AHI, events-h™! 7.8 49
(95th percentile 25.5)  (95th percentile 26.4)
OAHI, eventsh™* 15 0.9
(95th percentile 5.8) (95th percentile 3.4)
CAl, events-h™* 5.5 4.1
(95th percentile 20.5)  (95th percentile 24.2)
0DI3, events-h™* 8.2 7.5

(95th percentile 24.9)  (95th percentile 24)
Evans et al. (2018) [19] (nocturnal oximetry)
Mean Syo,, % 97.05 97.65"
0DI3, events:h™* 25.4 13.9
Vezina et al. (2020) [20]
(nocturnal polygraphy)

AHIY, events-h™* 4.2

(90th percentile 10.7)
CAl, events-h™* 25

(90th percentile 7.1)
OAl, events-h™* 0

(90th percentile 0.5)
Median S,0,, % 97.1

(10th percentile 95.5)
ODI3, events-h™* 6.7

(90th percentile 15.8)

Data are presented as median (range), mean or median (95th, 90th or 10th percentile). AHI: apnoea—hypopnoea index; oAHI: obstructive apnoea—
hypopnoea index (obstructive and mixed apnoeas and obstructive hypopnoeas per hour of total sleep time); ODI3: oxygen desaturation (>3%)
index; CAl: central apnoea index; Syo,: arterial oxygen saturation measured by pulse oximetry; OHI: obstructive hypopnoea index; OAI: obstructive
and mixed apnoeas index. *: 3-4 months; *: hypopnoeas were scored with at least 50% drop in the amplitude of the airflow signal.

In summary, a limited number of retrospective studies revealed that obstructive and central sleep apnoeas
decline in frequency during infancy not only in otherwise healthy children but also in those with
symptoms and signs of upper airway obstruction or clinically apparent apnoeas.

Challenges in the diagnosis, severity classification and treatment indications of OSAS

Given that obstructive and central sleep apnoeas or hypopnoeas decline in frequency with age in both
otherwise healthy infants and in infants with upper airway obstruction, cut-off values of PSG respiratory
parameters for OSAS definition and severity classification represent a “moving target” with implications
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for treatment recommendations. In a study of 296 infants younger than 1 year who underwent PSG due to
noisy breathing, witnessed apnoeic events and/or desaturations, an inverse relationship of both the 0oAHI
and CAI with increasing age was demonstrated [32]. This reduction reflects the decreasing number of
obstructive and central respiratory events during sleep in the growing infant. If this age effect is not taken
into consideration and criteria similar to those for older children are used (i.e. 0AHI <1 events-h™ for
primary snoring, 0AHI 1-5 events-h™ for mild OSAS and oAHI >5 events-h™' for moderate-to-severe
OSAS), an increased proportion of children aged 2 years or younger will be offered treatment for SDB [2].

Laryngomalacia represents an interesting example for how clinical impression and PSG interpretation using
criteria for older children may lead to conflicting severity classification of upper airway obstruction. Based on
international consensus clinical criteria, laryngomalacia can be classified as mild, moderate or severe [33].
VERKEST et al. [34] reviewed data of 44 children aged 6.3-29.8 months with laryngomalacia who were
evaluated with PSG. Using clinical criteria and endoscopic findings, 39% of subjects were classified as mild,
43% as moderate and 18% as severe laryngomalacia. After considering results of PSG, 20% and 5% of
patients from the mild severity level were re-classified to the moderate and severe level, respectively, whereas
30% were moved from the moderate severity level to the severe level.

RATANAKORN et al. [26] analysed data of 102 infants with laryngomalacia, 57 (56%) of whom had OSAS
alone (0AHI >1 events-h™) and 45 (44%) had both OSAS and central sleep apnoea (CAI >5 events-h™").
Initial PSG was completed within the first 6 months of life and it was repeated every 3-6 months until
infants achieved both 0AHI and CAI <5 events-h™". Those who were treated with supraglottoplasty relative
to subjects who did not undergo supraglottoplasty had a similar oAHI during the first 6 months of life
(baseline) and achieved OSAS resolution at a similar age (0AHI <1 event-h™ at 35.2 months of age for
the supraglottoplasty group versus 41.5 months for the nonsurgically treated group; p=0.60). oAHI
decreased significantly at 6-12 months of age in the supraglottoplasty group but not in the nonsurgically
treated group. Thus, obstructive events decreased in frequency earlier in infants who underwent
supraglottoplasty, but they ultimately resolved with age regardless of whether surgical treatment was
offered or not.

The discrepancy between the severity classifications of upper airway obstruction based on clinical criteria
compared with PSG results is most apparent among patients 6 months of age or younger. DEHaAN et al. [35]
presented a large cohort of 233 subjects with symptoms and signs of upper airway obstruction of various
aetiologies who underwent PSG at ages younger than 6 months (31%), 6-12 months (23%) or 12—24 months
(46%). A higher proportion of participants evaluated at an age younger than 6 months were classified as
having severe upper airway obstruction based on PSG criteria (AHI >10 events-h™') than using clinical
criteria (82.4% versus 20.4%, respectively). This discrepancy was much less apparent when children aged
12-24 months were considered (34.6% in the severe category based on PSG criteria versus 20.9% using
clinical criteria).

Recently published British Thoracic Society guidelines for diagnosing and monitoring paediatric SDB
suggested the use of PSG or polygraphy for diagnosis of SDB in children younger than 2 years of age but
also emphasised that AHI values are not validated for intervention in this group [36].

In summary, taking into consideration that the frequency of obstructive and central sleep apnoea/
hypopnoea events decreases during infancy in both healthy subjects and patients with upper airway
obstruction, there is an urgent need to develop and use age-adjusted reference values for respiratory PSG
parameters when diagnosing OSAS and classifying its severity in subjects younger than 2 years.

Pattern of upper airway obstruction in young children

The mechanisms and pattern of upper airway obstruction in infants and young children may differ from
those in children older than 2 years of age in whom adenotonsillar hypertrophy is the major cause of upper
airway obstruction. Especially in neonates, differences in upper airway anatomy such as a superiorly
positioned larynx, a relatively large tongue and large occiput, in combination with craniofacial
abnormalities or muscle hypotonia, may all contribute to the pathogenesis of OSAS [37]. An increased
prevalence of dynamic abnormalities such as laryngomalacia and pharyngeal wall collapse has been
reported in children below the age of 1 year and these conditions persist later in children with abnormal
muscle tone [38]. On the other hand, the prevalence of fixed upper airway abnormalities like
adenotonsillar hypertrophy increases in the first 2 years of life in children with OSAS and normal muscle
tone [38]. The combination of dynamic and fixed upper airway obstruction, which is commonly observed
in this age group, may pose a challenge for treatment. A fixed obstruction may result in increased negative
inspiratory pressures causing an inspiratory collapse of more compliant supraglottic tissue resulting in
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laryngomalacia. In this scenario, removal of the fixed obstruction may also improve the dynamic collapse
and surgical treatment may not be necessary [39, 40].

In a large retrospective study including more than 413 children under 3 years of age undergoing PSG at a
large tertiary care centre, <35% of children below the age of 1 year presented with enlarged tonsils [41].
Herzic et al. [42] investigated the effect of age on the pattern of upper airway collapse during DISE in
surgically naive nonsyndromic children at risk for persistent OSAS and concluded that the youngest age
group (2-5 years) had the highest prevalence of multilevel obstruction (59%). All these data support the
notion that dynamic factors such as upper airway muscle hypotonia, laryngomalacia and multilevel upper
airway obstruction due to craniofacial malformations or syndromic conditions are more commonly
involved at a younger age [38]. Hence, insight into the pattern of upper airway obstruction might be
helpful in treatment selection and should be included in shared decision making for these patients.

DISE as a tool for upper airway evaluation in infants and young children

DISE refers to a flexible upper airway endoscopy performed during a sedative state. It allows for a
dynamic and three-dimensional evaluation of the entire upper airway. Readily available to most paediatric
ear, nose and throat (ENT) surgeons, DISE is nowadays the most used tool to identify the site(s) of upper
airway obstruction in children with OSAS [43]. Several aspects concerning paediatric DISE were recently
addressed in an Expert Consensus statement published by the American Academy of
Otorhinolaryngology—Head and Neck Surgery (AAO-HNS) [43]. Although there is no consensus regarding
the optimal sedation for DISE, propofol and dexmetomidine have been identified as the most optimal
agents for DISE in children. It is recommended to use inhalational anaesthesia only during the induction
and to obtain intravenous access, but its use should be discontinued prior to the diagnostic part of the
procedure. In addition, guidance for standardised scoring of paediatric DISE was recently published by
ParikH et al. [44]. If performed in appropriate conditions with paediatric anaesthesia and ENT teams,
DISE is considered a safe and well-tolerated procedure. Potential complications that may occur are
laryngospasm and bronchospasm, oversedation, hypotension, bradycardia and respiratory depression, but
there is no contraindication for DISE provided the child is considered fit to undergo anaesthesia [45].

DISE should be considered in children at risk for persistent OSAS such as those with severe disease (0AHI
>10 events-h_l), small tonsils, Down syndrome, craniofacial anomalies and/or neuromuscular disorders [43].
Although these criteria would be often applicable to infants and young children with OSAS, DISE is not yet
routinely performed in this age group. Despite the increased risk for multilevel obstruction, only 69% of
experts on paediatric OSAS agreed or partially agreed that DISE should be performed before
adenotonsillectomy in children less than 2 years of age [46], an observation which may, at least partially, be
related to the lack of publications on DISE-directed treatment outcome in infants and young children.

Only a few reports specifically addressed the role of DISE in young children. Boupewyns et al. [47]
performed DISE in 28 surgically naive but otherwise healthy and nonobese children aged 1.5 years (range
1.3-1.8 years) with severe OSAS. DISE-directed treatment resulted in a significant improvement of OSAS
and 71.4% had a post-operative 0AHI <2 events-h™". In the article, circumferential upper airway narrowing
was associated with a less favourable outcome. In a second article by Bounpewyns et al. [40], DISE was
performed in 34 surgically naive children without comorbidities that could affect upper airway anatomy or
function. Interestingly, DISE altered treatment decision making in 35% and these infants did not routinely
undergo adenotonsillectomy.

Love et al. [39] performed a retrospective analysis of DISE-directed treatment outcome in 79 surgically
naive children less than 2 years of age. The study population was divided in two groups: 38 children with
and 41 children without laryngomalacia. Among the children without laryngomalacia, adenotonsillectomy
was performed in 52.6% and adenoidectomy in 84.2%, respectively, and resulted in significant
improvement in OSAS severity. Supraglottoplasty was the most commonly performed procedure (92.3%)
in children with laryngomalacia, either as a single procedure (56.1%) or in conjunction with
adenoidectomy (46.2%) or tonsillectomy (26.3%). Post-treatment PSG was available for 22 patients with
laryngomalacia and showed a significant improvement in OSAS severity with a 78% reduction in AHI.
The authors emphasised that DISE resulted in a deviation from standard treatment by adenotonsillectomy
in 56% of the children presenting with OSAS and laryngomalacia [39].

HE et al. [48] reported the outcome of DISE-directed surgery in 21 infants and 35 children with OSAS
without tonsillar hypertrophy. The authors observed significant improvements in oAHI and oxygen
saturation nadir. Infants were more likely to have an improvement in oAHI after surgery and more likely to
undergo supraglottoplasty compared with older children.
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Although DISE is a widely accepted diagnostic tool in children, there are still large variations in clinical
practice, such as indications, anaesthetic protocol and grading system [43]. Moreover, it is yet unknown
whether the upper airway of young children behaves differently under general anaesthesia and most studies
on anaesthetic protocols for DISE were developed in children older than 2 years of age.

In many centres, DISE is performed at the start of the anaesthetic procedure and if a surgical target is
identified, the child will then be intubated and treated accordingly. This requires a pre-operative discussion
about the possible surgical interventions but is often preferred by parents to avoid multiple general
anaesthetics.

Studies using DISE in young children demonstrated a different pattern of upper airway obstruction in
infants and young children, with multilevel obstruction, dynamic collapse of upper airway tissues and
hypotonia being commonly observed. Despite limited evidence, we suggest that DISE may be useful in
selecting the most appropriate surgical intervention in these young children, thus avoiding unnecessary
surgery and its complications while ensuring a favourable treatment outcome.

Progress in nonsurgical and surgical interventions for the management of upper airway obstruction
in young children

Nasopharyngeal airway

A nasopharyngeal airway (NPA) is a short-length flexible tube which is passed through the nose and
behind the tongue and positioned at the top of the larynx. It creates a patent airway by eliminating the
obstruction due to the glossoptosis and has been most commonly used in children with Pierre Robin
Sequence (PRS) [49]. An NPA is considered as a bridging treatment while awaiting mandibular growth.
Successful resolution of obstruction with NPA in PRS varies between studies from 67% to 100% [50].
Hicks et al. [51] reported a retrospective review of upper airway management in PRS and suggested an
algorithm using baseline and titration PSG. NPA was used as first-line management for children with
moderate-to-severe OSAS (AHI >5 events-h™); 10 of the 20 patients treated with NPA and noninvasive
support (supplemental oxygen and appropriate positioning) showed improvement post-NPA insertion.

ALENCAR et al. [52] divided children with PRS into two groups according to the type of treatment in early
infancy: 38 were treated with NPA (more severe cases) and 24 with postural treatment (less severe cases).
All children were evaluated at 2—6 years of age using the Denver II Developmental Screening Test and
Neurological Evolutionary Examination. According to Denver II, 73.7% children in the NPA group and
79.2% in the postural group showed normal development. Considering all areas of development, there were
no significant differences between the NPA and postural groups, suggesting that treatment of severe upper
airway obstruction with NPA supports neurodevelopment in children with PRS.

Although there is no consensus for the duration of NPA wuse, studies report 2-8 months [50].
Complications associated with the use of NPA include worsening of gastro-oesophageal reflux, intranasal
stenosis and blockage of the NPA with secretions [50]. NPA treatment may not be widely available in all
settings as parental education and support by a medical team are essential for long-term treatment with
NPA at home and this setup may not be available in all specialised centres.

Continuous PAP therapy and noninvasive PAP

Continuous PAP (CPAP) therapy involves the application of a constant positive pressure to the upper and
lower airway, whereas noninvasive positive pressure ventilation (NPPV) therapy delivers bilevel PAP, i.e.
inspiratory PAP and expiratory PAP [53, 54]. In short, CPAP therapy is mainly used to stent the upper
airway in children of OSAS. In children with OSAS accompanied with hypoventilation or for children with
primarily hypoventilation, NPPV is the appropriate treatment.

The 2017 ERS statement on the diagnosis and management of OSAS in 1- to 23-month-old children
recommended CPAP therapy for infants with moderate-to-severe OSAS who are not candidates for, or do
not improve after, upper airway surgery [1]. The 2022 ERS statement on paediatric long-term noninvasive
ventilation also favours the use of CPAP above invasive ventilation as long-term CPAP provides benefit
across numerous anatomical and functional factors predisposing infants to upper airway obstruction with
less risk than invasive ventilation [55]. This, in addition to the high rate of resolution of underlying upper
airway obstruction, even in infants with long-term risk factors, supports the consideration of a trial of
long-term CPAP/NPPV before considering a tracheostomy in infants with upper airway obstruction [56].

CPAP is, in general, started at pressures of 4-6 cmH,0 and titrated up to 10 cmH,O, and is an effective
and well-tolerated treatment. The data on the use of long-term CPAP/NPPV in infants stem mostly from
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relatively small, single-centre, retrospective studies, with some prospective registries [57, 58]. A more
recent study by Ciero et al. [59] compared 41 infants and 109 school-aged children with OSA and CPAP
treatment. After CPAP titration, oAHI was reduced by a median of 92% in infants. CPAP was used in
infants on 95% of nights, which was significantly higher than the use in older children (83%). In both
groups, behavioural issues were the most commonly identified barriers for successful CPAP therapy [59].
Because of the longer sleep need in infants, it is advised to maximise adherence, namely to aim for CPAP
use during each and the entire night-time sleep [60].

CPAP can also be applied as a temporary intervention in infants with PRS awaiting craniofacial surgery to allow
for further growth and maturation of the upper airway. The study by Ciero et al. [59] reported a successful
weaning rate of 56%. This is a relatively unique feature for OSAS in infants; however, there are no data on the
optimal timing to assess clinical improvement, which is largely based on individual experience and asks for a
personalised treatment approach. It is recommended to plan a close follow-up as there are also other
particularities in this population, such as interface side-effects, need for specific equipment and regular interface
assessment. Most studies report only minor interface-related complications with therapy. High occurrence of
facial flattening has also been described, but the long-term consequences and potential reversibility of this
finding are unknown. The most common interface for administering CPAP or NPPV is a nasal mask; an
oronasal mask is used in cases of uncontrollable mouth leak or severe nasal obstruction. Availability of
appropriate masks for young children may vary in different countries and maybe a limiting factor for PAP use.

High-flow nasal cannula

HFNC therapy generates PAP through the delivery of humidified air or air/oxygen mixtures at high flow
rates through a nasal cannula (an open interface) that is more comfortable than nasal masks used for PAP
therapy. During HFNC therapy, gas is supplied at a constant flow rate, which does not adjust to maintain a
certain pressure and pressure is not monitored. HFNC is effective in improving the oAHI in children with
OSAS in the sleep laboratory [61-64]. A meta-analysis concluded that although limited numbers of
heterogeneous and uncontrolled titration studies indicated that HFNC improves oAHI and oxygen
saturation in children with OSAS, further research is needed on long-term efficacy and compliance with a
focus on different age groups [65].

15 infants with OSAS who underwent HFNC titration PSG were evaluated retrospectively [66]. Although
HENC significantly improved oAHI and S, nadir, five failed to respond to HFNC, which was defined as
addition of oxygen. All patients had reported good adherence for at least 3 months while six used HFNC
therapy for more than 6 months at home [66].

22 children (average age 12.8 months) with moderate-to-severe OSAS were retrospectively evaluated to
determine the efficacy of HFNC treatment in the sleep laboratory and at home [67]. 59% of these young
children had genetic disorders, including Down syndrome; 32% had a history of premature birth and 14%
had chronic lung disease. 36% had persistent OSAS following upper airway surgery. The use of HFNC
during the titration study was associated with improvements in oAHI, oxygenation and ventilation.
Although the average CAI did not change during HFNC titration, there was an increase in CAI among five
patients with chronic medical conditions. 50% of the patients needed supplemental oxygen; most had
diagnoses that increased their risk for nocturnal hypoxaemia. 19 patients were prescribed home HFNC for
OSAS treatment and reported adherence was measured at 6 and 12 months. At 6 and 12 months, 75% and
58% continued treatment, respectively. OSAS resolved in some children over the 12-month period [67].

HFNC may be an option in young children with persistent moderate-to-severe OSAS following surgical
therapy or as a bridge until definitive therapy. Although one study suggested that subjective adherence to
HFNC may be similar to CPAP adherence in older children, adherence to HFNC cannot be objectively
monitored as CPAP machines and home treatment should be closely monitored if CPAP-intolerant children
are discharged home on HFNC [68]. As CAI may increase, performing a titration study for
treatment-emergent central apnoea is recommended [67]. Although the precise reasons for this are unclear,
suggested mechanisms include lowering of carbon dioxide levels below the apnoea threshold, stimulation
of the Hering—Breuer inflation reflex and overstimulation of airflow-sensitive receptors in the upper airway
[69]. Of note, as HFNC affects airflow signals in the sleep laboratory, assessment of apnoeas and
hypopnoeas may be challenging depending on the setup.

There is a potential additional effect of improved ventilation with HFNC that is distinct from providing
PAP [70]. Washout of the nasopharyngeal dead space with HFNC may lead to reduced rebreathing of
expired air compared with the added dead space of the CPAP mask [70]. Another potential advantage is
prevention of midface hypoplasia associated with PAP therapy. A HFNC interface with a modified circuit
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connected to a standard ventilator to provide CPAP therapy has been reported in case series of infants and
children who are CPAP intolerant [71].

HFNC is a novel therapy and can be considered for long-term therapy only if other therapy options fail to
treat OSAS or in PAP-intolerant young children. Also, prospective, multicentre studies with long-term data
for home use as well as home units with alarms and adherence data are needed before HFNC can be
recommended for wide use in infants and young children with OSAS. There are also additional financial
barriers to this therapy as it is a high-cost treatment in settings where it is not covered by the health
insurance systems.

Other nonsurgical therapies

As the treatment of young children with OSAS is challenging, BrockBank et al. [72] studied the effect of
supplemental oxygen on sleep and respiratory events in infants with OSAS. There was a significant
reduction in obstructive events with oxygen treatment, but as expected it did not normalise oAHI.
Respiratory event-related oxygen desaturations and oxygenation improved, and although obstructive
apnoeas were slightly longer there was no significant adverse effect of supplemental oxygen on alveolar
ventilation. Supplemental oxygen may be considered as an alternative treatment for infants who are not
good candidates for CPAP or surgery, but these patients need to be watchfully followed as there are only
limited data and no long-term follow-up data evaluating clinical outcomes for this therapy.

Although there are limited data regarding the efficacy and safety of positional therapy for infants with
OSAS, prone positioning during sleep is recommended for infants with PRS as a conservative treatment
option. Changes in PSG parameters for prone versus nonprone body positions in 11 infants were analysed
by Hong et al. [73]. Although 82% of the infants had a decrease in oAHI, supporting the theory that
gravity favours anterior tongue and jaw position and partially relieves the upper airway obstruction from
glossoptosis, there was no resolution of OSAS in any of the participants in the prone position. Notably,
one infant had worsening of OSAS, suggesting that this therapy should be objectively evaluated in
individual infants. It should be noted that prone sleep positioning is not generally recommended for infants
due to increased risk of sudden infant death syndrome.

Adenoidectomy and tonsillectomy

Surgical removal of the adenoids and tonsils is recommended by the American Academy of Paediatrics
and AAO-HNS as an effective treatment for paediatric OSAS with success rates of 60-80% [74-78].
However, these guidelines are generally limited to children aged 2 years or older. Nonetheless,
accumulating evidence indicates that adenotonsillectomy can lead to significant improvements in
sleep-related quality of life and OSAS in young children [79-81].

In a recent cohort study of 87 children aged under 3 years, adenotonsillectomy effectively improved OSAS
severity in the majority of children, but 78% of the patients had a post-operative AHI >1 events-h™* and
8% an AHI >10 events-h™ [82]. A possible explanation for this high rate of persistent OSAS is the fact
that young children often have coincident upper airway abnormalities [83]. This was highlighted by the
research of Arcyriou et al. [84] who performed microlaryngoscopy and bronchoscopy in 158 selected
children (median age 3 years) scheduled to undergo adenotonsillectomy for OSAS. More than half of
patients had an airway abnormality, such as laryngomalacia (36%) or subglottic stenosis (17%), and these
findings were most common in children aged 1-3 years. In addition, 32% of patients had signs of
gastro-oesophageal reflux, which may worsen upper airway oedema.

Intracapsular tonsillectomy is a technique that involves removing the obstructing tonsillar tissue while
leaving the tonsil capsule undisturbed. It may offer certain benefits over total tonsillectomy, particularly for
the length of recovery and bleeding rates [85]. The drawback of intracapsular techniques is the risk of
tonsillar regrowth and consequent recurrence of symptoms, which occurs in up to 10% of patients [86]. In
a Swedish retrospective chart review of 28 000 children, young age at first surgery was associated with an
increased need for revision surgery [87]. Similarly, in an English cohort study of 1300 children treated
with intracapsular tonsillectomy, age under 2 years at the time of the surgery and severe OSAS were
identified as independent risk factors for revision surgery [88].

Adenoidectomy is often considered as a single procedure in infants and young toddlers given the
substantial morbidity associated with tonsillectomy in this age group. According to a national Swedish
registry, adenoidectomy is commonly performed in children under 2 years, while adenotonsillectomy is the
predominant procedure in older children [89]. A systematic review and meta-analysis by Reckiey et al.
[90] assessed the PSG outcomes of adenoidectomy for OSAS and concluded that adenoidectomy alone can
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alleviate OSAS, with an overall improvement in AHI from 18.1 to 3.1 events-h™!. Children under
12 months benefitted the most. Since the Reckiey et al. [90] meta-analysis, three studies have been
published on the efficacy of isolated adenoidectomy for OSAS [91-93]. The need for revision or
additional surgery ranged from 18% to 34%, with risk factors being young age at the time of surgery,
tonsillar size and gastro-oesophageal reflux [91-93].

Although relatively safe, adenotonsillectomy is not without risks and may result in complications which
range from major events such as post-operative pulmonary oedema, haemorrhage and upper airway
obstruction to minor events such as transient hypoxaemia or poor oral intake. Based on the recognition that
peri-operative adverse events are more frequent in young children, the AAO-HNS recommended in their
2019 guideline that children under 3 years of age should be managed as inpatients following tonsillectomy
[75, 94-97]. GeHRKE et al. [98] retrospectively studied a large cohort of children and found that young age
(under 3 years) was only associated with post-operative complications within the first 3 h after
adenotonsillectomy or adenoidectomy. Castano et al. [99] evaluated the adenotonsillectomy complication
rate in 188 children aged 3 years or younger. They observed post-operative complications in 18%, the
majority of which suffered from poor oral intake. Two subjects developed post-operative pulmonary
oedema and five had desaturations requiring supplemental oxygen. The authors concluded that
adenotonsillectomy is safe in young children and challenged the notion that overnight hospitalisation is
necessary in all children under 3 years. In another retrospective study, children under 2 years had a
significantly higher post-operative complication rate (38% versus 22%), particularly due to respiratory
distress, when compared with children 2-3 years old [100]. Finally, BiLings et al. [101] correlated
pre-operative PSG parameters with the risk of respiratory compromise following adenotonsillectomy. In
their cohort of 195 children aged 3 years or younger, 18% with severe OSAS required supplemental
oxygen as opposed to 6% with mild-to-moderate OSA.

Adenoidectomy is less invasive than adenotonsillectomy and therefore associated with less post-operative
risks. In a recent retrospective chart review, 17% of young children who underwent adenoidectomy had a
post-operative event, which mainly consisted of transient fever, and this risk was similar across all age
groups [102]. Significant respiratory events, including oxygen desaturations, use of CPAP or NPA, were
seen in 3% of patients. In a subgroup analysis of children under 18 months, younger age and higher
baseline AHI were associated with the development of adverse events. Based on these results, the authors
advocated that children aged 18 months or younger should be monitored in hospital following
adenoidectomy. This statement is corroborated by a retrospective cohort study of PateL et al. [103] who
reported that only seven out of 76 children under 2 years received post-operative inpatient care after
adenoidectomy, with three of them requiring CPAP.

Five population-based studies recently investigated the morbidity of tonsillectomy [104-108]. In all of
them, young age was significantly associated with an increased rate of respiratory complications [104—
108]. Interestingly, however, in a large cohort of more than 500 000 children, young age was not identified
as a predictive factor of post-operative mortality in multivariable analysis correcting for the presence of
complex comorbidities [108].

In conclusion, adenotonsillectomy can effectively improve nocturnal breathing and quality of life in infants
and young toddlers with OSAS. Similarly, adenoidectomy can be an efficacious surgical procedure,
particularly in children under 12 months of age. However, it is important to note that persistent disease is
not uncommon in this age group. Post-operatively, children under 2 years should be monitored in hospital
due to the increased risk of respiratory complications. The efficacy and safety of adenoidectomy and
tonsillectomy surgery in this age group calls for careful decision making based on accurate upper airway
assessment and multidisciplinary discussion.

Supraglottoplasty

Laryngomalacia is a common cause of OSAS among infants and young children. Infants and young children
with laryngomalacia and OSAS present earlier in life and have a poorer quality of life compared with
surgically naive young children with OSAS but without laryngomalacia [39]. Supraglottoplasty is considered
the first-line surgical treatment for children with severe laryngomalacia [33]. In 2016, two meta-analyses on
supraglottoplasty as a treatment modality for laryngomalacia and OSAS were published [109, 110].

Lee et al. [109] included seven studies in their meta-analysis on the outcome of supraglottoplasty as
primary or secondary treatment for OSAS in children under 2 years of age. The success rate for an AHI
<1 event-h™" varied from 13% to 50% and the success rate for an AHI <5 events-h™ from 67% to 86%.
The authors did not find a difference in success rates between children with and without comorbidities.
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FIGURE 1 Approach to management of obstructive sleep apnoea syndrome (OSAS) in children under 2 years of
age. DISE: drug-induced sleep endoscopy.

Farnoop et al. [110] focused on the outcome of supraglottoplasty for congenital laryngomalacia and
OSAS, and excluded cases with state-dependent or late-onset laryngomalacia. Five out of six studies
reported by Farnoop et al. [110] were also included in the meta-analysis by Lee et al. [109]. FArRHOOD
et al. [110] investigated the effect of age on success rate and found a significant improvement in AHI only
in the younger age (<7 months) group. However, the number of patients included in each group was
limited (n=10) and no formal conclusions could be drawn. Although children with more severe disease at
baseline had greater improvement, the authors emphasised that most patients had residual disease in the
mild to moderate range requiring further observation or multimodal treatment.

More recent studies investigated the effect of supraglottoplasty on OSAS severity in infants and young
children. In the previously cited study by Love et al. [39], supraglottoplasty resulted in an improvement of
AHI from 16.9+19.9 to 3.1+12.0 events-h™'. BuusHan et al. [111] reported on a historical cohort of 41
otherwise healthy patients treated with supraglottoplasty for laryngomalacia and severe OSAS. The authors
found a significant improvement in post-treatment oAHI, number of arousals, percentage of REM sleep
and sleep efficiency, but not in mean or nadir oxygen saturation during sleep [111]. VERKEsT et al. [34]
reported pre- and post-operative PSG data for 17 patients with laryngomalacia and various comorbidities.
Only 41% had a full recovery with a post-operative AHI <2 events-h™; 36% had persistent mild disease
and 24% had moderate OSAS. Patients with comorbidities were more likely to have persistent disease.

CockeriLL et al. [112] reported the outcome of supraglottoplasty in 18 young children with Down
syndrome. Pre- and post-operative PSG was performed in four patients, and all had a post-operative AHI
<5 events-h ™, although one patient required revision supraglottoplasty to obtain this result. Nearly half
(44%) of the patients in the study underwent subsequent adenotonsillectomy or tonsillectomy and the
authors cautioned that supraglottoplasty should not be considered a panacea for OSAS in children with
Down syndrome. However, the authors did not elaborate on how laryngomalacia was diagnosed in their
study and whether DISE was used to identify the site(s) of upper airway obstruction.

In conclusion, laryngomalacia is the most common cause of OSAS in infants and young children, and is
characterised by a dynamic collapse of supraglottic tissues. Supraglottoplasty is the preferred surgical
technique for children with moderate-to-severe disease and results in a symptomatic improvement.
Objective data obtained by PSG confirm an improvement in OSAS severity, although many patients have
residual disease in the mild to moderate range requiring further observation or multimodal treatment [110].

Conclusions
Since the publication of the 2017 ERS statement on the diagnosis and management of OSAS in children 1-
to 23-months old [1], further evidence indicates that age-adjusted PSG definition and severity classification
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FIGURE 2 Upper airway findings and treatment options for obstructive sleep apnoea syndrome in children under 2 years of age. *: commonly seen
in children with Pierre Robin Sequence. NPA: nasopharyngeal airway; PAP: positive airway pressure; HFNC: high-flow nasal cannula.

of SDB are necessary. DISE has an increasing role in decision making for surgical interventions, while
nonsurgical options like PAP or HFNC can provide symptomatic relief in cases of dynamic upper airway
collapse, during the waiting period for surgery or for persistent OSAS following surgery (figures 1 and 2).

Points for clinical practice

Reference values for PSG respiratory parameters, OSAS definition and severity classification in children

2 years of age or younger should probably differ from those applied in older children. In addition to AHI,
the effect of additional parameters such as desaturation index, mean oxygen saturation and percentage
time with hypoxia on clinical outcomes needs to be evaluated.

An 0AHI >5 events-h™ may be normal in the first month of life.

There are no clinical trials for OSAS treatment in infants, and outcomes such as growth and
neurodevelopment have not been established for potential trials.

The combination of dynamic and fixed upper airway obstruction may pose a challenge for treatment, and
DISE may be useful in selecting the most appropriate surgical intervention in these young children.

For patients who are not candidates for airway surgery, NPA insertion in PRS, CPAP or NPPV may decrease
upper airway resistance and promote normal alveolar ventilation.

Adenotonsillectomy can effectively improve nocturnal breathing and quality of life in infants and young
children with OSAS.

Laryngomalacia is a common cause of OSAS in this young age group and supraglottoplasty can provide
symptomatic improvement for children with moderate-to-severe upper airway obstruction.

Questions for future research

Available reference values for respiratory PSG parameters are obtained from a very small number of
studies, only a few of which are based on nocturnal PSG. There is an urgent need to develop and use
age-adjusted reference values for respiratory PSG parameters when diagnosing OSAS and classifying its
severity in subjects younger than 2 years.

Development of weaning protocols for infants on CPAP/NPPV in cases of expected improvement over time
is needed.

Prospective studies evaluating the long-term efficacy and adherence of HFNC therapy in children <2 years
of age will help to determine whether this will be a treatment alternative in CPAP-intolerant young
children.

Future studies should evaluate the outcome of DISE-directed surgery in children according to the site of
upper airway obstruction and comorbidities.
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