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Summary

Beckwith-Wiedemann syndrome (BWS) is a rare paediatric overgrowth disorder. Associated 

macroglossia is a feature of many children with BWS and is felt to be a risk factor for obstructive 

sleep apnoea (OSA). Sleep-disordered breathing is highly variable in this population. The 

relationship between degree of macroglossia or other genotypic or phenotypic factors and OSA 

severity has not been established. The natural history of OSA in this population is unknown; a 

variety of conservative and surgical therapies have been used to treat OSA in children with BWS 

but none have been studied systematically. Tongue reduction is the mainstay of surgical therapy 

for macroglossia associated with BWS, but limited data are available regarding its efficacy in 

treating OSA or its effect on speech and swallowing. More research is needed to better identify 

which children with BWS are at risk for OSA and the most effective treatment for these patients.
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Introduction

Beckwith-Wiedemann syndrome (BWS) is a paediatric overgrowth and cancer 

predisposition disorder with an incidence of at least 10,500 live births1. Clinical features can 

be variable based on the mosaic nature of the genetic and epigenetic causes of BWS on 

chromosome 11 as described below, leading to the characterization of the range of features 

under the broader domain of the ‘11p Overgrowth Spectrum.’ Classic BWS features include 

macroglossia, omphalocele, macrosomia, hemihypertrophy, distinct facies (ear creases, 

midface hyperplasia, facial nevus flammeus), hypoglycemia, and embryonal tumours.1 Even 

focusing on one feature such as macroglossia, there is a clinical range of presentations 

(Figure 1). It has also become increasing apparent that clinical features correlate with the 

genetic cause of BWS.

BWS is caused by genetic or epigenetic changes on chromosome 11p15 (Figure 2). There 

are several imprinted genes on chromosome 11p15 that are normally expressed in a parent of 

origin specific manner and regulated by two imprinting control regions. These genes all 

control growth and include (H19, insulin-like growth factor 2 (IGF2), and CDKN1C. The 

most common cause of BWS is loss of methylation at imprinting control region 2, 

KCNQ1OT1:TSS-DMR 2 (IC2) and these patients are more likely to have macroglossia2. 

The second most common cause of BWS is paternal uniparental isodisomy for part or all of 

chromosome 11 (pUPD11) and these patients demonstrate the largest spectrum of clinical 

features can have macroglossia. Gain of methylation at imprinting control region 1, H19/

IGF2:IG-DMR (IC1) and maternally inherited mutations in CDKN1C also cause BWS, but 

less commonly present with macroglossia.2

Evaluation and management of children with BWS

Any child with a feature suggestive of BWS, should be evaluated by a clinical geneticist. 

Genetic testing for methylation at IC2 and IC2 and microarray analysis for detection of 

pUPD11 is recommended. Testing affected tissue is most informative and the genetic or 

epigenetic changes may not be present in every tissue type, however testing is most often 

performed in blood or saliva as these are easily accessible samples. Early management of 

children with BWS focuses on evaluation for hypoglycemia and macroglossia. Children with 

prolonged hypoglycemia should be referred to endocrinology for evaluation and follow-up. 

Children with macroglossia should be referred to pulmonology, plastic surgery, and feeding 

specialists for evaluation. Due to the increased risk for embryonal tumours in BWS, tumour 

screening with alpha-feto protein blood measurements and abdominal ultrasounds should be 

initiated at the time of diagnosis. It is recommended that tumour screening be monitored by 

oncologists or geneticists specializing in cancer predisposition. For children with 

hemihyperplasia, orthopedics evaluation is recommended when the children are beginning to 

walk.

The tongue as a risk factor for OSA

Macroglossia has been identified as a risk factor for OSA.3 An absolute or relative increase 

in tongue size can narrow the retroglossal airway and lead to upper airway obstruction. This 
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relationship has been demonstrated in a variety of high-risk adult and paediatric populations. 

For example, in children with Pierre Robin sequence, mandibular hypoplasia leads to 

glossoptosis, and results in upper airway obstruction at the tongue base. Surgical procedures 

such as mandibular distraction osteogenesis can increase the size of the retroglossal airway 

relative to the tongue, effectively treating OSA.4 Similarly, in patients with Down syndrome, 

tongue size is one risk factor for OSA. In a study using upper airway magnetic resonance 

imaging (MRI), Guimaraes and colleagues showed that patients with Down syndrome had 

relative macroglossia compared to healthy controls.5 In another MRI study, macroglossia 

was seen in 74% of children with Down syndrome who had persistent OSA following 

adenotonsillectomy.6 Tongue size has been shown to be significantly greater in obese adults 

with OSA compared with BMI-matched adults who do not have OSA.7 One case-control 

study of over 120 participants showed regional increases in the size of the tongue base due 

to fat deposits.8 Interestingly, this relationship did not hold for obese adolescents.9

While macroglossia is a feature of BWS, there have been no studies correlating tongue size 

with OSA severity or risk in children with BWS. Various techniques have been used to 

assess the size of the tongue and its relationship to the airway in children with BWS. 

Imaging studies may be indicated to determine the extent of macroglossia. In one series of 

two children, MRI and CT were used to confirm macroglossia and document the location of 

upper airway obstruction.10 Bronchoscopy may be used to visualvisualise the location of the 

tongue in the airway.

Risk of OSA in children with BWS

Polysomnography is the gold standard for evaluation of OSA in all children as it uses a 

standardised multichannel recording. However, it is not clear which children with BWS 

should be evaluated with polysomnography or at what age. There are no prospective studies 

assessing OSA in infants or children with BWS, but there are multiple small case series that 

include polysomnography in paediatric patients with BWS. One study reported on two 

children aged five and seven years old with BWS who were evaluated with 

polysomnography and were found to have moderate-severe OSA.11 In another study, two 

children with BWS were assessed with polysomnography and found to have apnoea indexes 

of 12.5/hour and 28.1/hour, one with significant desaturation.10 Another report of two 

children with BWS included a 16-month-old child who required tracheostomy for upper 

airway obstruction and a 14-year-old with an apnoea hypopnea index of 10/hour.12 One 

report described upper airway resistance syndrome in three of five patients with BWS who 

were studied with polysomnography with none having significant OSA.13 A retrospective 

review reported the evaluation of three young children with macroglossia and BWS.14 This 

report included a 13-month-old patient who had severe desaturation on an incomplete 

polysomnogram that was unable to assess for OSA, and two 20-month-olds with AHI of 3/

hour and 7.2/hour, neither with significant desaturation.

The largest series of children with BWS, by Follmar and colleagues, is a single-center 30-

year retrospective study that included 118 patients with BWS. Medical record review 

estimated a 48% prevalence of sleep-disordered breathing in this cohort, including 15 

diagnosed with OSA by polysomnography, 16 who had airway obstruction during infancy, 
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and 26 where snoring was reported.15 Of note, this study found no significant difference in 

the presence of sleep-disordered breathing among children with BWS who had macroglossia 

or underwent tongue reduction. Although available data are limited to mostly very small 

retrospective series and one large single-center retrospective study, it appears that while 

there is a high prevalence of OSA in children with BWS, there is significant variability in 

sleep-disordered breathing in this population. Based on the available data, the genotypic and 

phenotypic risk factors for OSA in children with BWS are not clear.

Treatment of OSA in children with BWS

Conservative management

As in other patients with OSA, treatment may include conservative or medical therapies as 

well as surgery. Data regarding successful treatment are again limited to case series and 

retrospective studies. In patients with macroglossia, conservative treatment might include 

positioning other than supine to avoid tongue-based airway obstruction, but there is little 

evidence of success with this intervention. Of the 15 children with BWS found to have OSA 

in the series published by Follmar et al, none were successfully treated with positioning, 

although it is not clear in how many treatment with positioning was actually attempted.15 

One case report described OSA symptoms being avoided in the prone position in a 3-month-

old with BWS, but no polysomnogram was performed.16 While side-lying or prone 

positioning may be useful in a subset of children with BWS who have obstruction from 

macroglossia, more research is needed to determine for which patients this treatment is 

appropriate. The natural history of OSA in infants and children with BWS is unknown, and 

the safety of watchful waiting has not been studied.

Continuous positive airway pressure (CPAP) is a highly effective treatment in children with 

OSA, including those with conditions such as Down syndrome17 and micrognathia18 where 

obstruction at the tongue base is felt to play a role in OSA. CPAP is recommended in 

children with Hunter syndrome, which also often includes macroglossia. However, there is 

little published about the success of CPAP in children with BWS. One series reported 

successful treatment of OSA using CPAP in three children with BWS as well as one patient 

who failed CPAP and went on to have surgery.15 While CPAP is likely effective in some 

children with BWS, its use has not been studied in children with BWS or macroglossia to 

identify which patients are good candidates for this treatment.

Surgical management

Tongue reduction—The mainstay of macroglossia treatment in children with BWS is 

tongue reduction surgery, both to relieve moderate to severe upper airway obstruction and to 

potentially improve speech and feeding.19 Additional indications for surgery include relief 

of dental malocclusion from tongue’s impact on teeth and for cosmetic reasons. Most studies 

consider normal resting tongue position as the primary outcome and report that the goal of 

the procedure is to reduce the tongue to as close to normal size as possible so that 

functionally it sits behind the lower dental arch at rest, yet can wet the lips on protrusion. 

Tongue reduction surgeries have existed for many years for various indications, and for an 

uncommon procedure, there are myriad techniques reported. Surgical techniques include 
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anterior, peripheral, or central reduction,11,13 and the incisions may be V-shaped, W-shaped, 

stellate, or keyhole, among others.20,21 In addition to traditional scalpel-based techniques, 

surgeons have used radiofrequency coblation,12 ultrasonic dissection, and other modalities.19 

No studies have compared success rates of the various surgical techniques in terms of 

complications, recovery time, or functional outcomes such as OSA, speech, or swallowing. 

One technique may be used over another because of the type of macroglossia present 

(hemihypertrophy versus global hypertrophy), or surgeon preference due to functional or 

aesthetic outcome or safety profile. Additional study of the various variables related to 

surgical reduction is warranted

Just as there is no standard technique for tongue reduction, timing is also highly variable, 

with surgery taking place any time from infancy to adulthood. Regrowth of tongue tissue has 

been reported, sometimes requiring a second debulking procedure.16,22 It is not clear 

whether this is dependent on the surgical technique. For this reason, some have advocated 

waiting until children are at least six months old to proceed with tongue reduction surgery.

There are no prospective studies of OSA outcomes following tongue reduction surgery. 

However, there are a number of small retrospective case series that evaluated OSA 

postoperatively (Table 1). The largest series, by Follmar et al, reported that of the 15 patients 

who were diagnosed with OSA, four underwent tongue reduction.15 Of these, three had 

resolution of OSA, and one had persistent OSA that resolved following adenotonsillectomy. 

No polysomnographic results are reported in that study. In a series of three children who 

underwent tongue reduction for OSA, polysomnogram following surgery showed improved 

OSA in all three, including resolved OSA in one patient.11 Kamata and colleagues report 

two cases of children with BWS and macroglossia were found to have obstructive apnoea 

following repair of omphalocele.10 Following central tongue resection and division of the 

frenulum linguae, polysomnography showed that apnoea had resolved in both (apnoea index 

of 0.3/hour in one and ‘apnoea events disappeared’ in the other). Maturo et al report success 

in treating three children with BWS and macroglossia who had obstructive apnoea using a 

submucosal minimally invasive lingual incision.12 In that series, a 16-month-old patient was 

able to be decannulated following the procedure and the AHI of two older children were 

reduced from 10/hour to less than one per hour following surgery.

Tongue reduction has also been used to treat OSA other populations with macroglossia. One 

small study suggested that tongue reduction with lingual tonsillectomy may be effective 

treatment of OSA in non-obese children with Down syndrome.23 A study of 15 adults with 

OSA showed that tongue reduction improved OSA in some patients but not others.24

Other indications for tongue reduction include feeding and swallowing difficulty and the 

tongue is of critical importance in speech, and these functional outcomes have been reported 

in some of the small surgical series. Some studies have shown that reducing the size of the 

tongue does not impair speech, while others have reported that speech generally does not 

improve following surgery.11,25 In a series of 23 children with BWS who underwent anterior 

wedge resection, one was reported to have speech problems following surgery.13 

Interestingly, in this study, although 39% had feeding problems and 13% had swallowing 

difficulties pre-operatively, post-operative feeding outcomes are not reported. A study of 10 
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consecutive children with BWS who had tongue reduction assessed drooling and feeding 

problems pre- and post-operatively.26 All had feeding problems before surgery and had 

normal eating and drinking behaviors at a 3-month post-operative visit and a longer-term 

follow-up. There was also reported improvement with drooling as tongue position improved 

postoperatively.

While complication rate likely varies depending on the technique, the variety of techniques 

and small sample sizes of most studies makes determining the rate of complication difficult. 

In general, surgical complications of tongue reduction include bleeding, wound dehiscence, 

tongue edema which can cause airway obstruction, and wound infection.27

Other surgery—A variety of other surgeries have been used to treat upper airway 

obstruction in children with BWS, depending on the severity of symptoms. For infants with 

very severe obstruction, tracheostomy remains the mainstay of therapy, and by bypassing the 

obstruction completely is highly successful at treating OSA.11,12,15 Other surgical 

interventions may be used either in conjunction with tongue reduction or separately, and 

may include tonsillectomy, adenoidectomy, uvulectomy, tongue-lip adhesion, and/or lingual 

frenectomy. While there have not been any studies that specifically aimed to determine the 

efficacy of these airway surgeries on OSA in children with BWS, there are reports of their 

success.1528

Conclusions

BWS is a rare, complex genetic condition that causes embryonal tumours, hemihyperplasia 

and macroglossia, among other findings, but the phenotype is highly variable. Available 

evidence suggests that children with BWS are at increased risk for OSA. Macroglossia 

seems to be the primary risk factor for OSA in this population, but a correlation between 

tongue size and OSA severity has not been established. The constellation of sleep-disordered 

breathing and presentation of children with BWS is highly variable, from infants who 

present with neonatal respiratory distress to children who present with milder findings later 

in childhood. There are a variety of treatment options for OSA in children with BWS, 

including conservative and surgical therapies. Success has been reported in treating OSA 

with tongue reduction, but larger studies are needed to better understand which patients 

benefit most from this procedure, if there are different outcomes from different surgical 

techniques, and the impact on speech and swallowing.
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Research Directions

The lack of available evidence regarding the risk factors for and optimal treatment of 

OSA in children with BWS highlights the need for systematic studies of OSA in this 

population. Because of the retrospective nature of the available literature, findings are 

subject to referral bias. The small sample size of the available studies and lack of 

standardised approach make pooling data between studies difficult. Specifically, research 

in the following areas is needed:

• Prospective studies that include polysomnograms on all children with a 

diagnosis of BWS to assess the prevalence of OSA and genotype/phenotype 

risk factors, and other factors, such as age.

• Prospective studies that include pre- and post-operative polysomnograms on 

children with BWS undergoing tongue reduction or other surgical 

intervention.

• Studies that include pre- and post-treatment polysomnograms for conservative 

therapies such as continuous positive airway pressure and positioning.

• Larger published series of tongue reduction techniques to allow for 

comparison between procedures

• Imaging studies that identify the contribution of macroglossia to OSA in 

children with BWS.

• Larger studies that assess functional outcomes such as speech and swallowing 

in children with BWS, and outcomes from tongue reduction.
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Educational aims

The reader will be able

• To discuss the prevalence of obstructive sleep apnea (OSA) in children with 

Beckwith-Wiedemann syndrome (BWS)

• To discuss the relationship between macroglossia and OSA

• To review treatment options for OSA in children with BWS

• To emphasize the need for prospective studies of OSA in children with BWS
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Practice points

• Beckwith-Wiedemann syndrome is a rare genetic syndrome that requires a 

multidisciplinary team that may include genetics, oncology, endocrinology, 

orthopedics, plastic surgery, and sleep medicine.

• Infants and children with BWS are at increased risk for OSA, likely due to 

macroglossia, and should be screened for sign of sleep-disordered breathing.

• Tongue reduction is the most commonly reported surgical treatment for OSA 

in children with BWS; there are a variety of techniques depending on the type 

of macroglossia.

• The current evidence base for the evaluation and treatment of OSA in infants 

and children with BWS is mostly based on retrospective series.
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Figure 1. Spectrum of macroglossia in Beckwith-Wiedemann Syndrome
Variation in degree of macroglossia in patients requiring tongue reduction.
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Figure 2. Genetic and epigenetic causes of Beckwith-Wiedemann Syndrome
A. Normal imprinting at chromosome 11p15.5. Methylation is indicated by CH3 on the 

maternal or paternal chromosome and arrows above genes indicate that a gene is on. 

Normally, the first region is methylated on the paternal chromosome and IGF2 is paternally 

expressed and H19 is maternally expressed. For the second region, the maternal 

chromosome is methylated and CDKN1C is maternally expressed. B. Loss of methylation at 

IC2 leads to loss of CDKN1C expression and expression of KCNQ1OT1. C. Gain of 

methylation at IC1 leads to loss of H19 expression and expression of IGF2 from both 

chromosomes. C. Paternal Uniparental Isodisomy leads to loss of H19 expression, 

expression of IGF2 from both chromosomes and loss of CDKN1C expression. Mutations in 

CDKN1C also occur and lead to absence of CDKN1C expression.
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