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ABSTRACT
Aim: To review the literature to identify key issues causing variation in clinical practice, assess the knowledge gap, and develop 
a standardised pathway for managing upper airway obstruction (UAO) in infants with Robin sequence (RS).
Methods: The tripartite framework of evidence-based practice, which included a systematic review of the literature, extensive 
consultation with a multidisciplinary team of experts, and feedback from the patients was used.
Results: Of the 2672 articles from the initial search, 66 were studied in detail. We identified five pivotal issues prevalent while 
managing UAO in RS. These issues were addressed systematically to develop an adaptable stepwise standardised pathway. 
The main pillars of the pathway are (a) early objective assessment of the severity of UAO using polysomnography, (b) graded 
treatment approach based on centre-specific preferences, (c) early and regular multidisciplinary team discussions and (d) clearly 
defined criteria for treatment escalation or cessation, discharge and follow-up.
Conclusion: This unique pathway is based on available evidence, consensus of experts and parents' feedback. It provides a step-
wise guide to the clinician for the management of UAO in infants with RS, adaptability for centre-specific treatment preferences 
and framework for future comparisons of different treatments.

1   |   Introduction: Review of Literature

Pierre Robin sequence, more recently known as the Robin se-
quence (RS), is characterised by the clinical triad of microg-
nathia, glossoptosis and upper airway obstruction (UAO) [1]. 
Glossoptosis is defined as a backward and downward fall of the 
tongue base [2]. Glossoptosis is also defined as a posterior move-
ment of the tongue during sleep, reinforcing its dynamic nature 
and its main manifestations predominantly during sleep [3]. A 

systematic review of 34 studies (n = 2722) reported a pooled prev-
alence rate for RS of 9.5 per 100,000 live births (95% CI 7.1–12.1) 
[4]. A slightly higher birth prevalence of 12.0 per 100,000 births 
(95% CI 9.9, 14.5) was observed in a recent European study [5].

RS has a wide phenotypic spectrum and nearly 50%–70% are 
associated with genetic or other congenital anomalies [6, 7]. 
The subgroups of RS are (a). isolated RS (no other associated 
abnormalities), (b). syndromic RS (associated with genetic 
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syndromes) and (c). RS plus (associated with non-syndromic 
congenital abnormalities) [8]. About 70%–90% of infants with 
RS have a cleft palate [5–7]. The clinical features in the neo-
natal period are respiratory distress, obstructive sleep apnea 
(OSA), feeding difficulties and failure to thrive due to UAO 
(Figure 1).

The pathophysiology of UAO in RS is predominantly due to mi-
crognathia causing tongue-based airway obstruction (TBAO). 
Tongue-based airway obstruction worsens during sleep due to 
the relaxation of muscles and the gravitational backward fall of 
the tongue. It is also thought to worsen in the first few weeks 
of life and improve partially or completely by 18–24 months of 

age due to mandibular growth [1, 2]. Additional levels of air-
way (non-tongue base) narrowing may occur in infants with RS 
due to synchronous airway lesions such as laryngomalacia, sub-
glottic stenosis, vocal fold paralysis, tracheomalacia and bron-
chomalacia [7, 9].

The goals of management for RS in infancy are to relieve the 
UAO effectively and support feeding and growth. Delay or in-
complete resolution of UAO leads to poor sleep, hypoxia or 
hypercarbia, poor feeding, suboptimal growth, and neurodevel-
opmental impairment.

1.1   |   Assessment of the Severity of UAO

Methods used to assess the severity of UAO and thresholds for 
treatment vary widely based on centre-specific practices and 
available resources [10]. The assessment methods are broadly 
categorized as (1) measures of the severity of micrognathia; 
(2) measures of the severity of glossoptosis; (3) measures of the 
clinical impact of UAO such as clinical symptoms, effect on 
gas exchange (hypoxia or hypercarbia) or severity of OSA; (4) a 
combination of these methods. Table 1 describes these methods, 
practical considerations and evidence to support or refute their 
clinical use.

Measuring the severity of micrognathia based on facial an-
thropometric measurements may have some role in early 
prediction of severity of UAO, need for invasive ventilation or 

Summary

•	 The lack of a standardised approach to treat upper 
airway obstruction (UAO) in infants with Robin se-
quence (RS) leads to prolonged hospital stays and 
increases the burden on families and the healthcare 
service.

•	 Early objective assessment of UAO using daytime pol-
ysomnography and a graded approach to treatment 
supports improved outcomes.

•	 We developed an evidence-based and patient-centric, 
standardised stepwise approach for managing UAO in 
infants with RS.

FIGURE 1    |    Common clinical features and medical complications in Robin sequence (RS).

Airway Abnormalities

� Cleft palate with or without cleft lip

(60-80%). (6)

� Tongue-based airway obstruction

(TBAO).

� Synchronous airway lesions (30-60%)

(7, 20) causing multilevel obstruction,

more common in associated syndrome.

Neurodevelopmental impairment 

� Cognitive and motor delay.

� Global developmental delay.

� Speech delay.

� Rhinolalia.

Some associated congenital anomalies

(genetic or other) in 50-70% cases. (6)

� Stickler syndrome.

� Chromosome 22q11.2 deletion syndrome

(velocardiofacial syndrome).

� Trisomy 21.

� CHARGE syndrome.

� Treacher Collins syndrome.

� Trisomy 18.

� Oculo-auriculo-vertebral syndrome.

� Smith-Lemli-Opitz.

� Musculoskeletal dysplasia.

� Congenital anomalies of various organ

systems.

Feeding and Growth

� Swallowing dis-coordination.

� Risk of aspiration.

� Poor weight gain.

� Gastroesophageal reflux (GORD).

� Hyponatremia due to losses in secretions.

Respiratory Features

� Obstructive sleep apnoea (OSA).

� Hypoxia, hypercarbia.

� Risk of aspiration pneumonia.

� Poor sleep and irritability.

� Middle ear

dysfunction (up-to

80%).

� Visual defects

(15-40%). (7)

Robin Sequence 
(RS) 

Ear/Eye

AirwayGene

Brain

Feeding Breathing
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tracheostomy [11, 12]. Whist these measurements can be ob-
tained on CT scan of the face, it carries the risk of radiation 
exposure in the early weeks of life and hence is not recom-
mended routinely for initial work-up (Table 1). An alternative 
method is 3D facial photography (measures jaw index) which 
although easily conducted at the bedside currently lacks 
validation and evidence to guide its use as a diagnostic tool 
(Table 1) [13]. Awake flexible fibre-optic laryngoscopy (aFFL) 
is an important adjunct to diagnose and grade the severity of 
glossoptosis but can underdiagnose tongue-based obstruction 
in about 50% of cases [14].

Complete airway assessment under general anaesthesia, also 
called laryngo-tracheo-bronchoscopy (LTB) is not required as a 
first-line investigation. However, it is important to consider LTB 
when conservative therapy is unsuccessful, especially before 
considering surgical intervention to assess the presence of syn-
chronous airway lesions. Attended PSG is the most reliable and 
validated tool to diagnose and grade the severity of OSA which is 
the clinical marker for UAO (tongue-based obstruction or other 
levels) [15]. Other tools such as sleep oximetry, oxy-capnography 
or blood gas are not validated to grade the severity of OSA in 
infancy and can underdiagnose UAO but may be considered in 
resource-limited settings (Table 1).

In a systematic review (n = 91 studies), Logjes et al. reported on 
the frequently used objective tools for assessment of UAO: PSG 
was the most frequent (76%) followed by oximetry (20%) and 
blood gas (11%) [10]. The most commonly used PSG indices were 
the apnea-hypopnea index (AHI), obstructive apnea-hypopnea 
index (OAHI), oxygen saturation, carbon dioxide levels and oxy-
gen desaturation index (ODI) [10].

Diagnostic criteria on PSG for neonatal OSA are based on pae-
diatric criteria, AHI of ≥ 1 to < 5 is considered mild OSA, AHI 
of ≥ 5 to < 10 moderate OSA, and an AHI of ≥ 10 is severe OSA 
[16]. The AHI counts both central, mixed and obstructive events 
whereas the OAHI counts specifically obstructive and mixed 
events [17]. Since infants have a higher number of central ap-
neas, the AHI values can overestimate the severity of infant 
OSA [18, 19]. Therefore, OAHI is the preferred index to assess 
UAO in infants < 6 months of age.

However, the OAHI counts both apneas and hypopneas. 
Classifying hypopneas as central or obstructive is challenging 
in infants and hence can result in scoring variations in infants 
[20]. Brockmann et al. reported OAHI of 0–10 in healthy infants 
at < 1 month of age, of which about half were attributed to hy-
popneas [21]. Given the above two findings, there is a suggestion 
to count only apneas (obstructive or mixed obstructive apnea 
index) for assessing the severity of OSA in infants [22]. It is also 
important to consider age-appropriate PSG cut- offs to grade the 
severity of OSA in infants [18].

1.2   |   Treatment of UAO in RS

There is wide variation in the management of UAO in infants 
with RS. Treatment can be broadly divided into conservative and 
surgical approaches. The conservative approach includes prone 
positioning, nasopharyngeal airway (NPA) insertion, Tubingen 

palatal plate (TPP), continuous positive airway pressure (CPAP), 
and high-flow nasal cannula (HFNC). The surgical approach 
includes supraglottoplasty (SGP), mandibular distraction osteo-
genesis (MDO), tongue-lip adhesion (TLA), and tracheostomy. 
Table 2 outlines the advantages, disadvantages, indications and 
current evidence of efficacy for these treatment options.

The existing literature suggests that all treatment options have 
their strengths and limitations regarding efficacy, side effects, spe-
cific skill requirements, practical considerations and carer burden 
(Table 2). However, the majority of studies are retrospective and 
suffer from inherent bias due to different approaches in grading 
the severity of UAO and centre-specific preferences for managing 
RS (Table 2).

Based on current literature, there appears to be a consensus that 
mild UAO could be managed conservatively. However, the evi-
dence highlights polarised views regarding the management of 
moderate to severe UAO. Table 3 supports this view and provides 
evidence of successful management of UAO with or without sur-
gical intervention. The variability in practice could be a conse-
quence of pre-determined clinician bias towards an approach 
to treatment wherein some prefer earlier surgical intervention 
in severe cases [23] and others consider surgical approach only 
when conservative management is unsuccessful [24, 25].

Whilst early relief of UAO with mandibular distraction osteo-
genesis may improve feeding, growth and development [26], 
surgical interventions requiring general anaesthesia are associ-
ated with a higher risk of neurodevelopmental delay [27]. The 
study cohorts with a higher rate of surgical intervention (> 50%) 
reported neurodevelopmental delay of up to 36%–57% [7, 8, 28] 
as compared to 0%–30% in study cohorts with a predominantly 
conservative approach [29–33]. Since no randomised controlled 
trials have evaluated different treatments, it is difficult to tease 
out the cause-effect relation of the surgical intervention from the 
effects of confounders such as the severity of OSA, timing of the 
intervention and the presence or absence of associated anoma-
lies on neurodevelopmental outcome.

There may be a role for surgical intervention in severe UAO 
especially in cases of treatment failure. However, the evidence 
raises caution against the too-early use of an invasive surgical 
approach even in infants with moderate to severe UAO. The aim 
of management should be to promptly grade the severity of UAO 
and choose an available treatment associated with the least pa-
tient morbidities but still effective for the given UAO severity.

2   |   Summary

The above review of the literature highlights the existing vari-
ability in the objective assessment of UAO, strengths and lim-
itations of available objective tools, treatment thresholds and 
difficulties in choosing between treatment approaches. These 
factors lead to variation in practice within and between centres 
which impacts patient outcomes and cause staff and patient dis-
satisfaction. Additionally, given the equipoise in the literature 
for the most suitable first-line treatment, there is an urgent need 
to individualise treatment based on the objective assessment 
of UAO and centre preferences. We developed a standardised 
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TABLE 2    |    Summary of available treatment approaches to treat upper airway obstruction (UAO)/obstructive sleep apnea (OSA) in Robin sequence 
(RS) infants.

Treatment Advantages Disadvantages Current evidence of efficacy Authors comments

Conservative approaches

Prone positioning Non-invasive.
No additional 
burden of care 

on families.

In healthy infants 
higher odds of dying 
from sudden infant 

death syndrome (SIDS) 
in first 6 months 

of life [75, 76]
Need for home 

monitoring (pulse 
oximeter).

Parental education.

Prone position is still used 
successfully in clinical practice 

in many centers [1, 2, 25, 31, 
33] and also a recognised 
treatment in literature [1]

Effective in mild obstruction 
with incomplete correction 
of OSA in majority. [77, 78] 

Improves sleep efficiency and 
decreases apneic events [77, 78]

Amaddeo et al. reported successful 
management of 31 (70%) of 44 

infants with prone positioning [79]

Effective in 
mild OSA.

Used as adjunct to 
other conservative 

treatments in 
many centres.

Nasopharyngeal 
airway (NPA)

Effective in 
moderate to 
severe OSA.

Support feeding 
and growth.

Requires centre-
specific specialised 

programme.
Follow-up home 
support. Parental 

education.
Suction at home.

Rate of successful management 
of UAO using NPA alone is 

reported to be 67% of 45 (25), and 
81.8% of 77 (2) infants with RS.

Abel et al. reported NPA 
reduced severe/moderate OSA 
to moderate/mild immediately 
after inserting NP on PSG [2]

Effective in moderate 
to severe OSA

Interim measure 
to support natural 

growth of the 
mandible.

The average duration of NPA 
use is 5–8 months [2, 25].

Tubingen palatal 
plate (TPP)

Effective in 
moderate to 
severe OSA.

Support feeding 
and growth.

Associated with 
mandibular 

catch-up growth.

Need specialist skill 
to make TPP.

Requires centre-
specific specialised 

programme.
Follow-up home 
support. Parental 

education.

Successful management of UAO 
in all RS infants (n = 122) with 

TPP. Reduction of median (IQR) 
MOAI on PSG from 8.8 (2.1–19.7) 

to 1.8 (0.6–5.4); p < 0.001 and 
need for nasogastric tube feeding 
from 66% to 8% at discharge [68]

Further improvement in jaw 
size measured by median 

(IQR) jaw index at admission 
and 3-month follow-up from 
8.8 (6.3–11.3) to 2.1 (2.0–4.0), 
respectively; p < 0.0001 [80]

Effective in mild, 
moderate, or 
severe OSA
Facilitates 

mandibular 
catch-up growth.

Continuous 
positive airway 
pressure (CPAP).

Effective in 
moderate to 
severe OSA.

Requires centre-
specific specialised 

programme.
Follow-up home 
support. Parental 

education.
Require specialised 

CPAP equipment 
at home.

Low success rate of about 
20%–30% for treatment of UAO 
in RS infants [79, 81] Improved 

breathing patterns and respiratory 
outcomes in severe OSA [82]
Low CPAP adherence rates of 
40% at 6–12 months of age [79]

Long-term CPAP use is associated 
with midface hypoplasia [83], a 
significant consideration in RS 

with hypoplastic mandibles.

Physiologically 
effective in moderate 

to severe OSA 
but challenges for 

treatment adherence.
Useful as interim 

measure for 
stabilisation until 

more effective 
treatment is possible.

Long-term use 
unfavourable for 

mandibular growth

(Continues)
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Treatment Advantages Disadvantages Current evidence of efficacy Authors comments

High-flow nasal 
cannula (HFNC)

As compared to 
CPAP proposed to 
be better tolerated 
by infants and not

Scare evidence for its 
efficacy and long-
term compliance.

A study of eight patients with 
a mean age of 8.9 years (six 

Down syndrome, one RS, one

Alternative to 
CPAP for non-

compliant infants.

Associated with 
midface hypoplasia.

Requires specialised 
HFNC equipment 

at home.

Pfeiffer syndrome), OSA 
corrected in the five (62%) 
compliant children [84].

Interim measure 
for stabilisation 

until more effective 
treatment is possible.

Surgical approaches

Supraglottoplasty 
(SGP)

Widely available 
Technically simpler 
surgical procedure

Scarce evidence 
for efficacy May 
adversely affect 

feeding and increase 
risk of aspiration.
Not effective for 

relieving tongue-based 
airway obstruction

Bakeman et al. found no 
significant improvement 

in OSA with SGP alone as 
measured by PSG indices [85].

Flores et al. describe 
their experience of using 

supraglottoplasty in 11 RS 
patients with laryngomalacia 

and discuss its role in avoiding 
tracheostomy [86].

May be used 
as an adjunct 

surgery before 
considering MDO.
Ineffective to treat 

tongue-based airway 
obstruction.

Mandibular 
distraction 
osteogenesis 
(MDO)

Effectively relieves 
tongue-based 
obstruction.

Advances the jaw.
No additional home 

support needed.
Improves growth 

and feeding.
Avoids tracheostomy

Highly operator 
dependent with 

improved outcomes 
in centres where it is 
regularly performed.
Invasive procedure 

with associated 
short and long-term 

complications.

Systematic review of 49 studies 
(n = 1209), mean follow-up of 
43.78 months showed MDO 
to be reliable and effective 
with low mortality (0.99%) 

and high tracheostomy 
avoidance rate (94%) [87].

MDO is also safe and 
effective when performed in 
infants < 3 kg at < 1 month 
of age (25 ± 20 days) [88].

Postoperative complication 
rate of 28.9% of which most 
common being surgical site 

infection (10.5%), while dental 
and nerve injuries are seen in 

7.9% and 3.2%, respectively [87].

Severe OSA due 
to tongue- based 

obstruction which 
is refractory to 
conservative 

approach.
Timing and 

indication for MDO 
varies globally.

Tongue-lip 
adhesion (TLA)

Technically 
simpler surgical 

procedure as 
compared to MDO.

Special skills for 
surgery May require 
multiple secondary 

procedure.
Higher complication 
rate May not improve 
feeding and growth.

A systematic review of 13 
studies (n = 268) showed 

successful resolution of OSA 
in 81.3% (n = 218) at mean 

age of 30.5 days [89].
No significant improvement 
in growth and feeding when 

compared to MDO [90]
Highest reported complication 

rates with TLA (odds ratio of 2.80 
as compared to MDO and 5.39 as 
compared to tracheostomy) [26]

Temporising 
procedure or an 

alternative in infants 
in which MDO 
is not possible.

(Continues)

TABLE 2  (Continued)
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pathway to achieve early and effective treatment of UAO that 
will promote timely discharge from the hospital, and likely im-
prove sleep, feeding, growth and development.

3   |   Methods

We used the tripartite framework of evidence-based prac-
tice (EBP) to develop a standardised pathway for managing 
UAO in infants with RS [34]. This framework included a re-
view of the best available literature, extensive consultation 
with a multidisciplinary team of local and national experts, 
and consideration of patient factors and feedback from fami-
lies (Figure 2). A literature review was conducted in PubMed, 
Embase, and Cochrane databases, from the time of inception 
to 1 July 2024 using broad search terminology ‘Pierre Robin 
sequence’ OR ‘Robin Sequence’. All clinical studies discuss-
ing diagnostic tests or therapeutic approaches, and directly or 
indirectly comparing diagnostic or treatment modalities were 
selected and read in detail. Consultations were held with our 
hospital's multidisciplinary team named Complex Airway 
Team, the Australia New Zealand Network of Neonatology (by 

presenting at the national neonatal conference), the Australia 
New Zealand Paediatric Sleep Specialists (by presenting at the 
national sleep conference) [35], the Australasian Cleft Lip and 
Palate Association (by presenting at the national conference), 
hospital ear-nose-throat (ENT) surgeons, plastic and cranio-
maxillofacial surgeons, clinical nurse specialists, speech pa-
thologists, geneticists, and audiologists. Most importantly, 
input was obtained from the families with RS children by 
collaborating with the consumer group ‘PRS Australia’ (Pierre 
Robin Australia). Some of the parent feedback and themes 
cited with permission are as follows: ‘Families are frustrated 
by inconsistencies in treatments offered across Australia, be-
tween states and even within hospitals’; ‘They should not have 
sent my child home without a formal sleep study first. The 
sleep study saved my child's life, I can't help but think that 
if a complete sleep study had been available early on, even in 
NICU’; ‘Early access to testing that can help determine the 
level of obstruction is crucial’; ‘More information about RS 
and parenting challenges, link in with Australian PRS page 
for support and information, consistent approach between 
specialist doctors and nurses, link in with respiratory team, 
not just ear-nose throat surgeon’.

Treatment Advantages Disadvantages Current evidence of efficacy Authors comments

Tracheostomy Provide safe airway 
in complex medical 
condition. Effective 

in multi-level airway 
obstruction.

Requires home 
support. Prolong 

hospital stay.
Burden of care on 
families. Impact 

on quality of life of 
infant and families.
Healthcare cost and 

resource burden.

Percentage RS children requiring 
tracheostomy varies in literature 

from 4% to 30% [7, 25, 81].
Threefold increase in overall 

total cost per patient and 4 
times more complications with 

tracheostomies as compared 
to MDO in RS infants [91]

Last resort if other 
treatments fail. 
Often required 
in multi-level 

airway obstruction, 
associated multiple 

comorbidities 
(syndromic RS 

or RS plus).

Note: Reference numbers [47–93] support the contents in Tables 1–3 and are enlisted in the Supporting Information.

TABLE 2  (Continued)

TABLE 3    |    Variations within and between countries of conservative versus surgical approach for management of upper airway obstruction in 
Robin sequence infants.

Author, year Study design Country N
Predominant 

treatment approach % Successfully treated

Abel et al. [2] 2012 Retrospective UK 104 Conservative 86.5%

Alencar et al. 2017 [33] Retrospective Brazil 62 Conservative 100%

Buchenau et al. [92] 2017 Retrospective Germany 122 Conservative 100%

Caouette-Laberge et al. [93] 1994 Retrospective Canada 125 Conservative 82.4%

Theile et al. [25] 2024 Retrospective Australia 45 Conservative 96.0%

Fleurance et al. [31] 2023 Retrospective France 143 Conservative 95.1%

Chocron et al. [24] 2024 Retrospective Canada 59 Surgical 52.5%

Malarbi et al. [8]
2022

Retrospective Australia 45 Surgical 66.7%

Runyan et al. [71] 2018 Retrospective USA 171 Surgical 71.4%

Weaver et al. [7] 2022 Retrospective USA 175 Surgical 70.9%

Note: Reference numbers [47–93] support the content in Tables 1–3 and are enlisted in the Supporting Information.
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Considering all the above input, evidence and local experience, 
consensus was reached over 12 months period through regular 
meetings of the group consisting of the hospital's neonatologists, 
respiratory and sleep specialists, ENT specialists, plastic and 
craniomaxillofacial surgeons, dentists, geneticists and speech 
pathologists.

4   |   Result: Adaptable Stepwise Standardised 
Approach/Pathway (ASSA)

Of the 2672 articles from the initial search, 66 articles were 
read in detail. We identified a paradigm of 5 pivotal issues 
affecting the assessment and treatment of UAO in RS. These 
are: (1) how to gain consensus; (2) how to assess the severity 
of UAO/OSA; (3) which treatment to choose; (4) how to as-
sess treatment effectiveness; and (5) when to follow-up or stop 
treatment (Figure 3).

We addressed these five pivotal issues to construct an adaptable 
stepwise standardised approach (ASSA) for the assessment and 
management of UAO in infants with RS (Figure 4). ASSA has 
two phases: phase 1 is the conservative arm and phase two is 
the escalation arm to more invasive treatment.

Firstly, the pathway involved seeking consensus through early 
multidisciplinary input by involving neonatology, ear-nose-
throat, respiratory and sleep medicine, speech pathology, plas-
tic surgery and genetic specialists. The pathway advocates for 
microarray to be sent in all infants with RS, with an inpatient 
genetic review if clinically suspected to have syndromic RS 
(Figure  4). Also, an awake flexible fibre-optic laryngoscopy 
should be performed at 0–7 days of life with findings reported 
using standardised evidence-based grading of glossoptosis [36], 
laryngomalacia [37] as well as the presence or absence of addi-
tional airway abnormalities [38].

Secondly, the pathway suggests the performance of an attended 
PSG at 7–14 days of life as PSG is the gold standard for diagnosing 
and assessing the severity of OSA/UAO. PSG objectively assesses 
all levels of obstruction (tongue-based airway obstruction and 
others). To address the feasibility and availability of a timely PSG, 
we suggest that this PSG be performed at the bedside (neonatal 
intensive care unit or ward) using a mobile unit (Compumedics, 
Grael 4k PSH: EEG). The PSG can be performed during the day 
because of the daytime sleep patterns and very short REM la-
tency of infants < 3 months of age [18, 19, 39].

Third, the pathway suggests a graded approach to treatment, 
starting with conservative treatment as first-line and escalat-
ing to a more invasive approach in cases of treatment failure. In 
phase one of the pathway, there is provision for no treatment if 
there is no OSA on PSG, prone positioning for mild OSA and con-
servative treatment for moderate to severe OSA (nasopharyngeal 
airway, continuous positive airway pressure or palatal plate) as 
per centre-specific preferences enabling coexistence of adaptable 
and standardisation. The main goal of treatment is to relieve 
UAO early and effectively irrespective of the choice of treatment.

Fourth, to ensure the safety and efficacy of the treatment, a repeat 
PSG is to be performed within 3–10 days of commencing treat-
ment. If treatment is found to be ineffective, then there can be es-
calation to the second line of conservative treatment in mild cases 
and to phase two of the pathway in moderate to severe OSA.FIGURE 2    |    Evidence-based practice framework (EBP).

Best scientific evidence
66 article reviewed in detail

Patient values and preferences
Partnering with consumer (PRS 
Australia group) and feedback

from families.

Clinical expertise
Input from multidisciplinary

team of specialists locally and 
nationally

EBP

FIGURE 3    |    Five pivotal issues identified impacting the management of upper airway obstruction (UAO) in Robin sequence (RS).

• FNE at 0-7 day of age

• PSG at 7-10 days of age

• Daytime PSG in NICU
Issue 2: How to assess severity of UAO

• Objective assessment of UAO

• Standardized reporting of FNE, LTB, PSG, feeding assessment

• Early Multidisciplinary Team (MDT) referral to Genetics, ENT, Respiratory,
Speech pathology and Plastic surgery

Issue 1: How to gain consensus

• First-line: conservative approach

• Positioning in mild UAO

• Centre-specific conservative approach in moderate to severe UAO

Issue 3: Which treatment to choose

• Reassess treatment efficacy with repeat PSG

• Escalate to more invasive treatment if inadequate resolution of OSAIssue 4: How to assess treatment 
effectiveness

• Repeat PSG before stopping treatment

• Regular discussion in MDT meeting

• Regular defined follow up for 2 year or more of age

Issue 5: When to follow up or stop  
treatment 

5 Pivotal issues for UAO management in RS
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Day�me PSG in NICU Overnight PSG in sleep lab

Severe respiratory distress

PSG: Normal/No OSA

� Feeding team review.
� Discharge planning.
� Parent educa�on.
� MDT-family mee�ng before discharge.
� Discharge sleep posi�on: supine.
� Repeat PSG in supine posi�on 6-8

weeks post discharge.
� Review in clinic 2 weeks post discharge

PSG: Abnormal

Robin Sequence (RS) evalua�on

(PHASE 1) 

Go to next page

� Cardio-respiratory monitoring
� Clinical examina�on by senior medical staff
� Syndromic or non-syndromic RS

No Yes

�

�

Airway management as per clinical
team.
Invasive or non-invasive respiratory
support.

� Cau�on !! Difficult airway: consider
alterna�ve airway or local difficult
airway pathway..

Mul�-disciplinaryconsulta�ons

� ENT: aFFL at 0-7 days age.
� Respiratory: Early diagnos�c Polysomnography (PSG).
� Send a microarray a�er parental consent.
� Feeding team assessment- Speech pathologist.
� Gene�cs team IP review, if suspected clinical

syndrome.

Self-ven�la�ng in room air

Diagnos�c PSG in supine posi�on* (as
clinically possible): 7-10 days of age or
38 weeks corrected age (CGA) in case of 
prematurity.
*Consider turning prone if Sats persistently <85% or
clinical concerns

FIGURE 4    |    Adaptable stepwise standardised approach (ASSA) for management of upper airway obstruction (UAO) in Robin sequence (RS).
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Phase two of the pathway starts by gathering more information 
on associated anomalies, and additional airway lesions by per-
forming a complete airway evaluation under general anaesthesia 
(LTB). Supraglottoplasty may be considered at the time of LTB if 

significant laryngomalacia is observed. The effectiveness of each 
treatment is assessed by performing a post-intervention PSG. 
Mandibular distraction osteogenesis is the preferred surgical 
option if conservative treatments fail to correct the OSA/UAO. 

FIGURE 4    |     (Continued)

Daytime PSG in NICU Overnight PSG in sleep lab

** High flow considered based on case to case basis

Abnormal diagnostic PSG in supine position

PSG: Obstruction resolved/improved.

Note: PSG 
OAHI: >5/OAI≥3, and/or any oxygen 
desaturation <80% 
Or Sleep clinician discre�on of PSG report.

Nurse in prone position.
Continuous Spo2 monitoring.

Discharge sleep posi�on prone.
Home monitor.
Parent education.
Feeding assessment.
Review 2 weeks post discharge.

PSG: Obstruction improved 

Mild OSA

Note: PSG 
OAHI: 1-5/OAI<3, and/or any oxygen
desaturation <90% for >5% total sleep time
Or Sleep clinician discre�on of PSG report.

Moderate -Severe OSA

Phase 2: see next page

PSG: obstruction 
unresolved or worse.

Centre specific conservative 
treatment: NPA/ CPAP/ TPP/ HFNC.** 

Repeat PSG in 7-14 days with 
the chosen treatment.

PSG: Obstruction resolved/ improved.

PSG: persistent obstruction 
OR 

Discharg e sleep posi�on prone.
Home monitor.
Parent education.
Feeding assessment: FEES.
ENT: review in 2 weeks if NPA.
Review 2 weeks post discharge.

Repeat PSG at 3-4 months CGA 
without treatment in supine 
position.

PSG: Obstruction improved

Repeat PSG at 3-4 months 
CGA in supine position. 
Clinic follow- up post PSG. 

Clinic review at 4-month CGA.
Stop treatment as per respiratory 
team advice.
Clinic review 3-6 monthly until 2 
years of age.

Clinic review at 4-month CGA.
Stop treatment as per respiratory 
team advice.
Clinic review 3-6 monthly until 2 
years of age.

� Ongoing respiratory or
feeding concerns or poor 
weight gain.

� Conservative treatment
poorly tolerated. 

� Adverse social factors.

Repeat PSG in 3-7 days in   
prone position. 
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Tracheostomy should be carefully considered in infants with an 
associated syndrome, synchronous airway lesions or if mandibular 
distraction osteogenesis does not correct the OSA/UAO (Figure 4).

Fifth, if no OSA is found on the initial PSG, repeat assessment, 
and follow-up is planned. In the presence of OSA which resolves 
with treatment, clearly defined discharge, follow-up and time 

FIGURE 4    |     (Continued)

Daytime PSG in NICU Overnight PSG in sleep lab

RS EVALUATION: PHASE 2

PSG: 2-4 weeks 
post procedure in
supine position. 

MDT & Family mee�ng

Significant laryngomalacia or bulky 
arytenoids: as assessed by ENT specialist.

� Direct laryngo-tracheo-bronchoscopy (LTB).
� Consider CPAP/HFNC to support airway.
� Case discussion in MDT meeting.

Obstruction improved.

Yes No

Clinic review 3-6 monthly till 2 years age. 
If tracheostomy, more frequent reviews, titration PSG and in home care is required. 

Secondary airway lesion 
or associated syndrome.

Persistent 
obstruction/Ongoing 
clinical concerns.

May consider supraglottoplasty 
or airway intervention.

Tracheostomy or 
consideration of alternate 
care pathway.

NoYes

MDT: consideration  
of patient factors.

MDO.
Planning: CT face.

PSG: 8-12 weeks
post procedure in
supine position. 
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point of stopping treatment are outlined. Additional patient fac-
tors, such as distance from the hospital to residence or adverse 
socioeconomic conditions are to be considered when planning 
discharge on conservative treatment and when considering the 
need for surgical intervention (Figure 4).

5   |   Discussion

Given the need for standardisation of assessment and treatment 
of UAO in infants with RS, we developed the ASSA based on ev-
idence, consensus, and most importantly patient feedback. We 
believe this unique approach will guide clinicians while manag-
ing infants with RS globally.

Implementation of a standardised pathway decreases the length 
of hospital stay and increase the value of care for multiple pae-
diatric conditions [40]. We expect standardisation of UAO man-
agement for RS infants will not only decrease the length of stay 
but also result in early and effective relief of UAO. Hence, we ex-
pect the standardised pathway will improve breathing, feeding, 
growth and neurodevelopmental outcomes.

An earlier attempt by Evans et  al. [1] to standardise care for 
RS infants was limited to providing a framework for multidis-
ciplinary involvement and identifying the need for objective 
assessment of UAO, but it didn't provide a practical stepwise 
pathway to do so.

Subsequently, attempts to standardise the management of 
UAO in RS infants were directed towards the identification 
of predictors for early surgical intervention such as PSG pa-
rameters [23], serial oximetry, weight gain and response to 
positioning [24], and Vancouver classification (degree of glos-
soptosis, maxillary-mandibular discrepancy, oxygen desat-
uration, feeding difficulty and coexisting airway morbidity) 
[41]. All these recommendations were based on a retrospective 
review of site-specific practice and again didn't provide a prac-
tical stepwise pathway.

Subsequently, two international surveys of experts were con-
ducted to obtain consensus to standardise the assessment 
and management of UAO in RS infants. Based on the survey 
response of the International Paediatric ORL Group, Fayoux 
et al. [42] proposed clinical examination, flexible laryngoscopy 
or oximetry as first-line investigations and PSG as a second-
line investigation to assess UAO. They didn't define the timing 
or criteria for grading the severity of OSA. Additionally, they 
proposed both conservative and surgical intervention as first-
line treatment. However, we advocate for early and objective 
assessment of UAO with attended daytime PSG and a graded 
approach to treatment (conservative as first line followed by 
surgical intervention).

After an international survey, Resnick et al. proposed grading 
the severity of OSA based on PSG, similar to our approach [43]. 
However, they didn't define the timing of the initial PSG or the 
value of PSG indices or cut-offs for grading the severity of OSA. 
Also, they recommended surgical intervention as the first-line 
approach for moderate to severe OSA, which differs from our 
graded approach that allows a centre-specific conservative 

approach. Similar to ours, Resnick et al., recommended repeat-
ing the PSG to assess treatment efficacy, but the timing was 
significantly longer (4–6 weeks post-treatment) as compared 
to our proposed timing (3–14 days). It is important to note the 
recommendations by Resnick et al. [43] and Fayoux et al. [42] 
were based on survey responses of clinicians that are reflective 
of variation existing in practice, equipoise in literature and af-
fected by reporting bias.

Gomez et al. proposed a pathway based on a systematic review 
of 23 articles [44]. They used oximetry as the first line tool to 
grade the severity of OSA, and PSG or awake flexible fibre- optic 
laryngoscopy as second line investigations. Their proposed 
pathway uses variable UAO assessment tools and hence may 
be difficult for practical use. Due to the lack of a defined time 
frame for individual steps, this pathway risks causing delay in 
decision making, prolongation of the hospital stay and variation 
in practice.

The pathway developed by Hicks et al. was based on a retrospec-
tive review of 31 children with RS [45]. Their approach differed 
from others and aligned with ours regarding the systematic use 
of pre-intervention and post-intervention PSG. They used AHI 
for grading the severity of OSA whereas we suggest OAHI given 
the higher number of central events seen in infants. Hicks et al. 
provided guidelines for initial management but didn't define 
the timing for individual steps, follow-up or treatment cessation 
which was one of the pivotal issues identified in our literature 
search. Their pathway advocated for the use of NPA as conser-
vative management, while we provide adaptability for centre-
specific treatment preference in our pathway.

Most of the available recommendations are difficult to trans-
late into clinical practice as they don't clearly define objective 
timelines or criteria for treatment, individualise treatment, or 
provide reassessment or escalation plans or follow-up time-
lines. Our suggested pathway ensures early diagnosis and 
assessment of the severity of UAO and aims to treat UAO ef-
fectively, starting with the least invasive option but ensuring 
a clearly defined escalation pathway towards surgical inter-
vention. This pathway has been implemented in our centre, 
adapted for our centre-specific preferences [Reference Pierre 
RS (health.wa.gov.au)] [46].

5.1   |   Limitations

Our suggested pathway relies on performing PSG regularly, 
which could create resource issues, even in tertiary care centres. 
However, the availability of portable PSG equipment provides a 
solution by enabling the conduct of a PSG at the bedside rather 
than in a sleep laboratory.

5.1.1   |   Strengths

The strength of the pathway lies in its evidence-based approach 
and the fact that it is driven by patient feedback, and multidis-
ciplinary consultation. The pathway also provides well-defined 
timelines and provides options for interventions that can be cho-
sen based on local preferences and resources.
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6   |   Conclusion

We have developed a standardised pathway for the manage-
ment of UAO/OSA based on the best available evidence, patient 
feedback, and extensive multidisciplinary consultation. The 
pathway is the first of its kind, allowing clinicians to choose 
treatment based on local resources and preferences, while still 
ensuring standardisation of management. Using standardised 
pathway is likely to improve short and long-term outcomes in RS 
infants. It also provides a framework for future comparisons of 
different treatment strategies enabling further research in this 
important condition. The success of the pathway in achieving its 
objectives needs to be evaluated with respect to acceptability to 
patient families and improvement in clinical outcomes.
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