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SUMMARY

In infants with craniofacial disorders, upper airway obstruction is one of the primary causes for 

morbidity and mortality in the neonatal period. Infants with craniofacial disorders, including Pierre 

Robin sequence, are at high risk for obstructive sleep apnea syndrome. Because of the complexity 

of their care, these neonates are usually followed by a multidisciplinary team to ensure timely 

evaluation and optimal treatment. In addition to history and physical examination, clinical 

evaluation may include genetic testing, imaging, endoscopy, and polysomnography. There are 

various treatment options, both surgical and non-surgical, that may be used depending on clinical 

assessment, underlying condition, and severity of disease. Recent advances have led to better 

assessment and treatment of these patients, but many questions remain. This review outlines the 

available literature pertaining to the evaluation and management of upper airway obstruction in the 

neonate with craniofacial conditions, with a particular focus on Pierre Robin sequence.
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1. Introduction

The clinical findings in children with craniofacial disorders are highly variable, but the 

burden of disease in these patients may be substantial. Along with feeding difficulty, upper 

airway obstruction is the primary cause for hospitalization in the neonatal period for this 

population. Because of the complexity of their care, neonates and children with craniofacial 
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disorders are usually followed by multidisciplinary teams that include speech therapists, 

otolaryngologists, audiologists, plastic surgeons, and orthodontists, among others. Recent 

advances have led to better assessment and treatment of these patients, but many questions 

remain. This review outlines the available literature pertaining to the evaluation and 

management of upper airway obstruction in the neonate with craniofacial conditions, with a 

particular focus on Pierre Robin sequence (PRS).

2. Types of craniofacial disorder associated with neonatal airway 

obstruction

2.1. Craniofacial clefts

Craniofacial clefts may include a cleft lip, cleft palate, or both cleft lip and palate (CLP). 

Whereas >85% of clefts occur in isolation, there are >200 syndromes that include cleft lip 

and/or palate as a feature [1]. Orofacial clefts are one of the most frequenntly occurring 

congenital conditions, affecting about one in 700 live births. Cleft palate may be unilateral 

or bilateral, and may include both the hard and soft palate or the soft palate alone. There are 

many genetic mutations that cause cleft palate; although some clefts occur as a result of 

familial inheritance, most are the result of de-novo mutations.

In children with cleft palate, upper airway obstruction is thought to develop from 

morphologic changes that result in a small midface and retruded mandible as well as a 

smaller airway. Children with CLP often also have nasal deformities that may further 

contribute to obstruction. Retrospective studies have shown high rates of obstructive sleep 

apnea (OSA) in a referred population with CLP, but these studies may be limited by 

selection bias [2]. A prospective study that included 35 infants with isolated CLP found 

heavy or loud breathing in two-thirds and 69% who had more than three obstructive events 

per hour on polysomnography [3]. Whereas normative values for infants have not been well 

established, an apnea–hypopnea index (AHI) of 2/h is considered elevated in children. 

Prospective studies of larger cohorts are needed to determine the true prevalence of OSA in 

this population and to better understand how risk factors differ from the general pediatric 

population. One of the challenges in understanding the prevalence of and risk factors for 

OSA in the CLP population is the heterogeneity of the phenotype, with a range from 

unilateral cleft lip to a cleft that extends through both the soft and hard palate.

2.2. Pierre Robin sequence and conditions with micrognathia

In the neonatal period, the mandible is relatively flat with a short ramus and poorly defined 

articulation with the base of the skull. During infancy, the mandible is prone to retroposition 

(retrognathia). This, combined with conditions that include reduced mandibular size in the 

sagittal direction (micrognathia), may result in a posterior–inferior position of the tongue 

base, which is anchored to the mandible. These posterior forces lead to displacement of the 

tongue into the hypopharynx (glossoptosis). The combination of these factors leads to 

obstruction at the tongue base (Fig. 1). The etiology of the mandibular deformity seen in 

PRS is unclear but may be the result of the extreme neck flexion in combination with other 

factors during the sixth to 12th week of gestation [5]. This triad of micrognathia, 

glossoptosis, and tongue-based airway obstruction was first described in the 1920s by Pierre 
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Robin [6] and may be seen as isolated findings or as part of an underlying syndrome. Pierre 

Robin sequence is estimated to occur in about one in 8500 live births [7] and half of patients 

may carry syndromic diagnoses. Frequently observed syndromes associated with PRS 

include Stickler syndrome, velocardiofacial syndrome, and Treacher Collins syndrome (Fig. 

2).

Many studies report high rates of OSA in PRS, but most series are limited to patients 

clinically referred for intervention due to upper airway obstruction [8]. In one recent 

retrospective study, OSA was identified in 11 of 13 infants with PRS, with a mean AHI of 

33.5/h [9]. There was a large amount of variability seen in this series, ranging from 0 to 85.7 

obstructions per hour. One prospective study that included nine infants with PRS found that 

72% had frequent snoring and that all had significant OSA, with a mean AHI of 45.2/h [3]. 

The consequences of OSA in these infants are well documented, and include brain injury, 

failure to thrive, and cor pulmonale [10,11].

Whereas PRS is widely found in isolation, the features may also be seen as part of an 

identified syndrome (Table 1). Stickler syndrome, Treacher Collins syndrome, and 

velocardiofacial syndrome are three of the more widely known syndromes that can feature 

the PRS phenotype with additional characteristic findings discussed below. Hemifacial 

microsomia also shares some of the same phenotypic features as other conditions with the 

PRS findings, but the microtia and mandibular hypoplasia are typically unilateral.

2.3. Craniosynostosis

Midface hypoplasia is the main risk factor for OSA in children with syndromic 

craniosynostosis, but adenotonsillar hypertrophy and choanal atresia may also contribute. 

Between 40% and 68% of children with syndromic craniosynostosis have OSA but the 

means of making this diagnosis varies between studies [12,13]. One longitudinal study 

found that the prevalence of OSA is likely less with advanced age, with children aged <3 

years at the highest risk, and that those with midface hypoplasia are more likely to have 

persistent OSA (Fig. 3) [12].

2.4. Down syndrome

Infants with Down syndrome are susceptible for OSA in part due to midface and mandibular 

hypoplasia resulting in narrowing of the hypopharynx and relative macroglossia. One recent 

study of infants with Down syndrome found that 95% of those referred for polysomnograms 

had OSA, and that 75% had severe OSA. OSA is highly prevalent in children with Down 

syndrome, with studies showing that as many as 100% of children have sleep-disordered 

breathing on polysomnograms [14]. In addition to structural abnormalities, low muscle tone 

also contributes to OSA in this population, with dynamic magnetic resonance imaging 

demonstrating dynamic upper airway collapse. Higher rates of lingual tonsilar hypertrophy 

and obesity also contribute to the high prevalence of OSA [15].

2.5. Achondroplasia

Achondroplasia causes craniofacial hypoplasia, including maxillary hypoplasia and 

depressed nasal bridge. Snoring occurs frequently in children with achondroplasia and 
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studies suggest that the prevalence of OSA is between 10% and 35% [16]. One large series 

found that nearly half of children referred for polysomnograms had an abnormal finding, but 

that hypoxemia was the most common abnormality [17]. Compared with children who have 

OSA due to adenoidal hypertrophy, children with achondroplasia have radiographic 

evidence of upper airway narrowing and retrognathia. There are neurologic complications 

associated with achondroplasia, and these patients are also at risk for central sleep apnea.

3. Evaluation of upper airway obstruction in the neonate

Timely multidisciplinary evaluation, including plastic surgery, neonatology, genetics, 

pulmonology, otolaryngology, and speech therapy is important in the neonatal period for 

infants with craniofacial disorders in order to establish a diagnosis and determine a safe plan 

for treatment of any respiratory, feeding, or other associated problem. Additional specialists 

may also need to be involved. For example, when Stickler syndrome is suspected, a 

complete ophthalmologic evaluation is essential to assess for myopia and other associated 

abnormalities. A complete airway exam is also an important step in evaluation to determine 

the need for adjunctive airway support, which may include supplemental oxygen, positive 

airway pressure, or intubation if necessary. Frequently, monitoring in a neonatal intensive 

care unit is required.

3.1. Clinical presentation

There is a range of presentation of upper airway obstruction in the immediate postnatal 

period. Patients with severe features of PRS may have clinically apparent signs of 

respiratory distress, including suprasternal retractions, observable apneic episodes, or even 

overt respiratory failure. Those less severely affected may present simply with noisy 

breathing or respiratory distress during feeding. Still others may have no respiratory 

symptoms. Symptoms are often positional with some improvement in prone position. As 

resting tone decreases during sleep (particularly during rapid eye movement sleep), the 

tongue may assume a more posterior posture leading to obstruction.

In the first weeks of life, patients with PRS may present during an initial well-child visit 

with slow feeding and poor weight gain, even without a history of upper airway obstruction. 

Difficulty with gaining weight may be due to increased metabolic demand from upper 

airway obstruction [18], inadequate caloric intake, or both. There are multiple reasons for 

feeding difficulties in PRS. The small mandible and glossoptosis pose significant physical 

restrictions on infant suckling. In infants with a palatal cleft, this may be exaggerated. 

Oropharyngeal dysmotility has been noted in some patients, and those with severe 

obstructive apnea are more likely to require tube feeding. Additionally, gastroesophageal 

reflux is especially frequent in those with Robin sequence, with an incidence as high as 

85%, and aspiration can be seen in some cases [19].

3.2. Family history

Typically, there is no family history of craniofacial abnormality in patients with PRS. 

Multiple genetic conditions may result in the phenotypic features found in PRS. In cases of 

isolated PRS without an underlying syndrome, the most frequent mutation can be mapped 
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upstream to the SOX9 gene in a region of 17q24. In non-syndromic PRS, mutations are 

usually spontaneous, although it has been reported in some families.

In patients with syndromic forms of PRS, there can be a much higher rate of familial 

inheritance. Stickler syndrome is genetically heterogeneous but is most frequently associated 

with mutations in the COL2A1 gene on chromosome 12q13 [20]. Treacher Collins 

syndrome is associated with autosomal dominant inheritance of the TCOF1 gene on 5q32-33 

(Fig. 3).

Velocardiofacial syndrome also has an autosomal dominant inheritance pattern and is 

associated with the TBX1 gene at the 22q11.21 location and has a prevalence of about 

1:4000 births.

3.3. Physical examination

As PRS may be found as part of an underlying syndrome or in isolation, physical exam 

findings can be highly variable, even within syndromes. Whereas the degree of 

micrognathia, glossoptosis, and upper airway obstruction all may range in severity, there is 

not clear evidence that these features are more severe in one syndrome than another.

Although not part of the diagnostic criteria for PRS, cleft palate occurs frequently in this 

patient population and is often incorrectly included among its essential characteristics. 

Distinct from other forms of palatal clefting with or without cleft lip, the cleft palate 

associated with PRS most often is wide and U-shaped, thought to be the result of failure of 

the palatal shelves to fuse in early gestation due to the presence of an abnormally positioned 

tongue [21]. There is growing evidence that midface hypoplasia may be an important finding 

in patients with PRS [22], and is probably more pronounced in some infants than others.

In Stickler syndrome, additional physical exam findings may include myopia that can be 

progressive and lead to vitreoretinal degeneration, retinal detachment, and cataracts. 

Sensorineural or conductive hearing loss and/or spondyloepiphyseal dysplasia may also be 

seen in infancy in addition to midline clefting and the other features common to PRS [20] 

(Fig. 4).

Treacher Collins syndrome features a variety of characteristic features affecting the eyes, 

ears, and mouth, in addition to the findings found in PRS. Exam findings include microtia 

and conductive hearing loss, coloboma and antimongoloid slanting of the eyes, as well as 

hyoplastic zygomatic arches and macrostomia.

Velocardiofacial syndrome less frequently incudes the classic PRS features, and has a highly 

variable group of additional clinical findings despite its common genetic etiology; whereas 

frequent features include cleft palate and cardiac abnormalities as well as small optic disks 

with tortuous vessels, microcephaly, short stature, slender hands and digits, and auricular 

abnormalities. T-Lymphocyte dysfunction and neonatal hypocalcemia are frequent and 

developmental disability is highly variable and may be severe in some.
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3.4. Imaging

Lateral radiographs may help characterize the degree of micrognathia as well as assess the 

severity of glossoptosis by allowing for visualization of a patent or occluded airway stripe. 

In neonates the airway stripe should measure ~4 mm. Computed tomography (CT) is used 

by some centers in the evaluation of micrognathia, but the assessment is less standardized. 

CT has the advantage of providing much more data and can be used to assess lengths and 

volumes of airway and bony structures [23]. MRI has been used to assess other pediatric 

populations with OSA [24] and may be useful in evaluating the soft tissue structure of 

infants with micrognathia and other craniofacial conditions. Although radiography may 

provide insight into the degree of upper airway compromise, it is no substitute for direct 

visualization of the airway.

3.5. Endoscopy

Bedside fiberoptic evaluation of the upper airway is important in localizing the level of 

airway obstruction and assessing for other causes of obstruction, such as choanal atresia. It 

should be performed prior to any surgery. Likewise, micro-laryngo-bronchoscopy performed 

in the operating room may be useful in the evaluation of subglottic structures and to rule out 

the presence of laryngomalacia, tracheomalacia, and other pathologies. A jaw-thrust 

maneuver performed under anesthesia at the time of this procedure may help determine the 

extent to which mandibular advancement can improve tongue base position. In some cases, 

the presence of lower airway pathology could alter management decisions. The extent to 

which the tongue base contributes to upper airway obstruction may be difficult to determine 

clinically. For this reason, diagnostic airway endoscopy is essential to confirm the presence 

of glossoptosis and rule out other sources of upper or lower airway obstruction.

3.6. Polysomnography

Determining the presence and severity of OSA in infants with micrognathia can be 

challenging. Relying on pulse oximetry to identify obstructions by episodic desaturation can 

be problematic because brief desaturations could be missed by long averaging times on 

hospital monitors and because desaturations could be the result of movement artifact or 

other unrelated causes. In children, pulse oximetry alone is neither sensitive nor specific for 

OSA [25] and may be even less so in neonates. Clinical signs such as snoring may also be 

inadequate to accurately diagnose OSA in infants with PRS [9]. Attended polysomnography 

is the gold standard for the diagnosis of OSA in children [26]. This modality includes 

simultaneous electroencephalographic monitoring as well as multiple respiratory and gas 

exchange parameters, including oxyhemoglobin saturation, end-tidal and/or transcutaneous 

carbon dioxide. Standard polysomnography assesses both chest and abdominal movement 

using inductance plethysmography and airflow using a thermistor and nasal pressure 

changes. This allows for distinction between, and quantification and categorization of, 

obstructive, mixed, and central apneas and hypopneas. After the study is complete and 

interpreted by a sleep physician, an apnea–hypopnea index is generated and the quantity and 

severity of events can be used to determine objectively the severity of apnea. In some 

pediatric centers, polysomnography may be performed at the infant’s bedside (Fig. 5).
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3.7. GILLS criteria

A variety of classification schemes have been developed to stratify disease severity in infants 

with PRS. Whereas an association with identified syndromes may in some cases portend a 

worse diagnosis, there is a great deal of variability in presentation within syndromes. The 

only validated classification system for patients with PRS is the GILLS criteria 

(Gastroesophageal reflux disease, preoperative Intubation, Late surgical intervention, Low 

birth weight, and Syndromic diagnosis), which was developed to determine which patients 

would benefit from tongue–lip adhesion (Table 2). In one study, all patients assessed using 

the GILLS criteria that were found to have a score of ≤2 had successful surgery, whereas 

there was a failure rate close to 50% in those with a score of ≥3 [28].

4. Management of upper airway obstruction

4.1. Challenges

Although there are numerous published algorithms for the management of PRS [29,30], 

prospective comparative studies are lacking. A systematic review of the literature highlights 

the dearth of high quality evidence related to the management of this challenging patient 

population [31]. In 126 peer-reviewed articles published between 1980 and 2010, the authors 

found few studies utilizing standardized diagnostic criteria, therapeutic algorithms, or 

outcome measures, thus making side-by-side comparison difficult.

For mild upper airway obstruction and in cases where surgical intervention is not possible, 

there are several conservative approaches in the management of upper airway obstruction.

Surgical intervention, including tongue–lip adhesion (TLA), mandibular distraction 

osteogenesis (MDO), and tracheostomy, should be considered for persistent or severe airway 

obstruction that has failed or is not amenable to conservative treatment alone.

4.2. Non-surgical management

4.2.1. Growth—In children with craniofacial conditions including those with 

micrognathia, it is unclear how growth affects the degree of upper airway obstruction as the 

child develops during fetal life into childhood.

The natural history of upper airway obstruction in infants with craniofacial conditions 

remains unknown, as there have been few non-surgical longitudinal studies in this 

population. OSA may resolve in up to 50% of older children without intervention, including 

a smaller percentage with severe OSA [32]. Longitudinal cephalometric studies of infants 

with PRS show that whereas during infancy they had a shorter tongue and mandibular length 

when compared to infants with isolated cleft palate and healthy controls, these differences 

became less apparent over the first several years of life [33]. Infants with PRS have been 

managed successfully using conservative therapies [34], suggesting that upper airway 

obstruction may improve with growth. However, a recent study of 45 patients with PRS 

referred for polysomnogram found no reduction in degree of OSA found during the first year 

of life [35]. There are reports of spontaneous resolution of OSA with growth in children with 

Pierre Robin sequence [36] but the long-term effect of growth on upper airway obstruction 
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both on those who have had surgery and those who have not remains unknown. In patients 

with craniosynostosis, there is some evidence that as children grow, there is reduction in 

AHI [12]. However, especially in cases of severe OSA, watchful waiting could result in 

significant morbidity.

4.2.2. Positioning—When OSA is only present in the supine position, sleeping in an 

alternate position could provide effective therapy. Lateral or prone positioning in infants 

with micrognathia or glossoptosis has been used since the days of Pierre Robin and has been 

reported to be successful in treating upper airway obstruction [37], but polysomnographic 

evidence of success has not been demonstrated. Studies that include polysomnographic 

recording in multiple positions are needed to evaluate the efficacy of positional therapy in 

this population. This therapy is difficult to maintain once an infant is able to roll over.

4.2.3. Nasal airway—A nasopharyngeal tube that can be inserted through the naris 

extending to the oropharynx can act as a stent of the upper airway, preventing collapse. One 

study of young children with syndromic craniosynostosis found that using a nasopharyngeal 

airway for long-term management of upper airway obstruction successfully treated OSA and 

improved quality of life [38]. A series including 12 infants with PRS found that 

nasopharyngeal tubes reduced hospital stay and did not result in complications when used at 

home [39]. More studies are needed to evaluate the long-term safety and efficacy of this 

modality. Frequent suctioning or replacement of the stents may be needed to maintain 

patency.

4.2.4. Positive airway pressure—Positive airway pressure is first-line therapy for most 

adults with OSA and for many children where surgery is not curative. Continuous positive 

airway pressure (CPAP) uses an air compressor to deliver pressurized air through a nasal 

mask, creating a pneumatic stent that prevents upper airway obstruction. CPAP may be 

challenging to use in infants with craniofacial conditions for several reasons. There is a lack 

of available interfaces to fit children with normal craniofacial anatomy, and infants with 

craniofacial syndromes are even harder to accommodate. Additionally, infants sleep much 

more than older children and adults who use CPAP, and its use is somewhat burdensome for 

parents and caregivers. There is some concern for midface hypoplasia developing from 

prolonged CPAP use in children, and infants might be susceptible to this consequence. 

CPAP has been used successfully in patients with micrognathia but has not systematically 

been studied or compared to other therapies in infants [40]. More research is needed to 

understand which patients would most benefit from CPAP and how long it can safely be 

used.

4.3. Surgical management

4.3.1. Mandibular distraction osteogenesis—Mandibular distraction osteogenesis is a 

surgical procedure that lengthens the body of the mandible. During the procedure, the 

mandible is accessed bilaterally, either through intraoral or submandibular incisions, and 

mandibular osteotomies are made through the mandibular body. Internal or external 

distraction devices are then applied. After a short latency period, the devices are activated, 

slowly separating the mandibular segments at a rate of 1 mm/day. Once the desired 
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advancement has been achieved, the devices are left in position for 6–8 weeks until the new 

space has reossified, at which time the devices are removed. Mandibular lengthening with 

MDO causes advancement of the tongue base at the site of the attachment of the 

genioglossus to the mandible, increasing the size of the upper airway [23].

Complications from MDO include infection, jaw malocclusion, hypertrophic scarring, and 

injury to the surrounding nerves or teeth in as many as 23% [41]. The effect on mandibular 

growth plates is not entirely known. In infants with micrognathia and severe OSA, MDO can 

be an effective alternative to tracheostomy. A meta-analysis found that 84% of children who 

were tracheostomy dependent were able to be decannulated following MDO [42]. Early 

studies of MDO in infants reported high rates of clinical resolution of symptoms [42] and 

subsequent studies involving polysomnography have shown significant improvement in OSA 

in the majority of patients [43]. There have been no large prospective studies of MDO in 

children with micrognathia.

4.3.2. Tongue–lip adhesion—Tongue–lip adhesion (TLA) is a surgical procedure that 

involves securing the tongue to the mucosa and muscle of the lower lip to correct the 

glossoptosis that causes upper airway obstruction in children with PRS and other similar 

conditions. Unlike MDO, TLA does not address any skeletal malformations. TLA was first 

proposed in 1946 and for many years was the only surgical alternative to tracheostomy for 

severe upper airway obstruction. The impact of tongue–lip adhesion on OSA in children 

with infants has not been carefully studied, but surgical case series suggest that it improves 

OSA although resulting in incomplete resolution in most patients [44,45]. Recent studies 

comparing surgical outcomes of TLA with MDO suggest that TLA results in a shorter 

hospital stay but that MDO is better at treating OSA and earlier return to oral feeding [46], at 

least in non-syndromic infants with micrognathia. Infants undergoing MDO may be less 

likely to require a second surgery to correct persistent upper airway obstruction [43].

4.3.3. Tracheostomy—By bypassing the site of obstruction completely, tracheostomy is a 

highly effective means of treating severe upper airway obstruction in infants with 

craniofacial conditions. One study of children with PRS found that those undergoing 

tracheostomy tended to have a lower birth weight and an underlying syndrome, and spent 

more time in the ICU and hospitalized than those undergoing other procedures [47]. Having 

a tracheostomy requires extensive training for parents; infants usually require constant 

monitoring, and there are risks of significant complications, including airway obstruction, 

that may result in death. One study found that infants with PRS treated with tracheostomy 

had four times the complications and at least three times the cost compared to those treated 

with MDO [48]. In infants who have failed other surgical and non-surgical options, 

tracheostomy may be a good option. More research is needed to determine which patients 

are the best candidates for the different surgical techniques, including tracheostomy. Over 

the first year of life, cost analysis has shown that MDO can save upwards of US$100,000 (J. 

Taylor, personal communication) (Fig. 6).

4.3.4. Adenoidectomy—Adenotonsillectomy is first-line therapy for many otherwise 

healthy children with OSA but has not been well-studied as a therapy in the craniofacial 

population. Adenoidectomy is one of the most widely performed procedures for children 
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aged <2 years with cleft palate and PRS with OSA [49]. Studies have shown adenoidectomy 

or adenotonsillectomy to be modestly effective in children with a variety of craniofacial 

conditions, including cleft palate, Down syndrome, achondroplasia, and craniosynostosis 

[15,50,51]; the efficacy in infant populations is likely limited.

4.4. Conclusions

Infants with PRS and other craniofacial conditions are at increased risk for OSA. These 

patients should be carefully evaluated by a multidisciplinary group, including 

neonatologists, plastic surgeons, geneticists, otolaryngologists, pulmonologists, and speech 

therapists. Physical exam findings may be variable, but in PRS will include glossoptosis, 

micrognathia, and upper airway obstruction. Polysomnography should be used to determine 

the severity of OSA in this population, as clinical assessment may be inadequate. Various 

treatment options, both surgical and conservative, exist for OSA in this population.
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Research directions

• In infants with craniofacial conditions, especially PRS, there are 

substantial gaps and a need for clinical studies that are larger and that 

include longer-term follow-up with polysomnography.

• More mechanistic studies are needed to better understand the structural 

and neuromotor risk factors associated with OSA in this population and 

the benefits of interventions, including surgery.

• Because of selection bias, the true prevalence of OSA in infants with 

micrognathia is difficult to estimate. The use of PSG in clinical trials of 

all infants with OSA with or without surgical correction is needed to 

determine best practice.

• Improved reporting with collaborative database including multicenter 

studies or multi-institutional databases is essential in pooling data, 

especially for rare syndromes.

• There is a need for long-term studies by craniofacial centers on all 

subgroups of micrognathia with or without genetic syndromes, 

following these children after surgery, tracking outcomes such as 

feeding, cognition, and growth.
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Fig. 1. 
The “domino effect” of micrognathia and glossoptosis leading to tongue-based airway 

obstruction in Pierre Robin sequence. (Adapted from Lioy and Sobol [4] with permission.)
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Fig. 2. 
Boy with Pierre Robin sequence and severe obstructive sleep apnea who underwent 

mandibular distraction osteogenesis. In the upper two panels, severe micrognathia can be 

seen in preoperative images of the patient at 2 weeks. In the lower two panels, the patient is 

seen at 17 months old. Obstructive sleep apnea resolved after surgery.
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Fig. 3. 
Multiple different types of craniofacial syndromes, all with potential airway anomalies. 

(Courtesy of Jesse Taylor, MD.)
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Fig. 4. 
Stickler’s syndrome: pre-and postmandibular distraction osteogenesis in a neonate. (Adapted 

from Lioy and Sobol [4] with permission.)
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Fig. 5. 
Polysomnogram demonstrating severe obstructive sleep apnea syndrome in an infant with 

Pierre Robin sequence. (Adapted from Lioy and Sobol [4] with permission.)
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Fig. 6. 
Cost analysis of mandibular distraction osteogenesis versus tracheostomy. (Courtesy of Jesse 

Taylor, MD.)
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Table 1

Frequency of associated syndromes.a

Syndrome Frequency in general
population

Frequency in Pierre Robin
syndrome

Stickler syndrome 1:8000 1:3

Velocardiofacial syndrome 1:2000 1:9

Treacher Collins syndrome 1:25,000 1:20

Undefined 1:3

a
Adapted from Lioy and Sobol [4] with permission.
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Table 2

GILLS scoring system for tongue-based airway obstruction.a

1 Presence of gastroesophageal reflux

2 Preoperative intubation

3 Late presentation (aged >2 weeks)

4 Low birth weight (<2500 g)

5 Syndromic diagnosis

GILLS criteria: Gastroesophageal reflux disease, preoperative Intubation, Late surgical intervention, Low birth weight, and Syndromic diagnosis.

More than two criteria correlate with high failure rate of tongue–lip adhesion surgery [27,28]).

a
Adapted from Lioy and Sobol [4] with permission.
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