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INTRODUCTION

General introduction

BACKGROUND
“I have never seen babies live for more than 16 to 18 months who presented
hypoplasia such that the lower maxilla was pushed more than 1 cm behind the
upper.’’ – Pierre Robin, 1934
Dr. Pierre Robin was the first to describe neonates who presented with a small
mandible, which led to backwards placement of the tongue and finally resulted
in obstruction of the airway. This sequence of events, with the small mandible as
inciting anomaly, became known as Robin Sequence (RS).
RS (OMIM 261800) is a rare, congenital facial condition occurring in about 1 in
5,600 to 1 in 30,000 newborns.1-5 The condition is classically characterized by
underdevelopment of the mandible (mandibular hypoplasia), backwards placement
of the tongue (glossoptosis) and airway obstruction. RS can occur isolated, or in
combination with other anomalies or syndromes. A cleft palate is present in 80-90%
of the RS cases.4,6-8
RS is a challenging disease, comprising of a phenotypically, highly diverse group
in which the airway obstruction ranges from very mild to life threatening. Mortality
rates for children with RS range from 0.0- 26.0%, a number that may even be higher
for children with additional anomalies or a syndrome.9-11 The following part of the
introduction will discuss the background and several clinical aspects of RS. At the
end of the introduction the aims and outline of this thesis are presented.

HISTORY
The association between a small mandible and cleft palate was made for the first
time around 1900.12 However, it was not until 1923 that the description of RS as
we know it today was published.13,14 It was the French professor of stomatology,
Pierre Robin (1867-1950) who took a particular interest in cases of neonates who
presented with airway obstruction, ‘backward and downward fall of the base
of the tongue’ and ‘dysmorphic atresia of the mandible’. He also introduced the
term ‘glossoptosis’. Robin wrote detailed reports on feeding difficulties, cyanosis,
pulmonary complications and treatment methods. In a 30-year period, he published
approximately 20 articles on this disorder.
One of Robin’s articles describes the use of a prosthetic appliance to reposition the
mandible.14 However, this was not the first published treatment method. In as early
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as 1902, Shukowsky was the first to use surgical adhesion of the tongue to the lower
lip.15 In the years that followed, a wide range of treatment methods were introduced
leading to diversity in management across the world.
Thanks to Robin, the condition as we know it today, was acknowledged. However,
even though RS has been recognized and studied for over 100 years, so far, no
international consensus with regards to management has been reached. Notably,
in the last 40 years, a number of changes took place in terms of the name of
‘Pierre Robin’s’ condition. The name switched from Pierre Robin syndrome to
Robin anomalad and then to Robin malformation complex and eventually Robin
Sequence.16 In this thesis, we opted to use the term ‘Robin Sequence’. If a syndrome
or associated anomalies are present, this will be referred to as non-isolated RS. If no
syndrome or associated anomalies are present, this will be referred to as isolated RS.

ETIOLOGY AND PATHOGENESIS
Management of RS is challenging, as it is causally heterogenous and pathogenetically
variable. Unfortunately, the exact mechanisms are yet to be elucidated.17-20 Multiple
theories have been suggested on the cause of RS, most of them based on the arrest
of mandibular development.16 It is thought that due to the arrest of mandibular
development, the tongue is kept high in the oral cavity, preventing the closure of
palatal shelves. These are the three most well-known theories.

The neuromuscular abnormalities theory
This theory states that isolated RS originates from an inhibited intra-uterine mandibular
motion, which prevents the tongue from migrating inferiorly out of the palatal
shelves. This can occur due to prenatal abnormalities in the pharyngolaryngeal
and/or glossopharyngeal tone or any other neuromuscular abnormality that would
inhibit mandibular motion.20,21

Deformational theory
According to this theory, mandibular hypoplasia is secondary to a mechanical
problem that restricts mandibular growth, such as the intrauterine position of the
embryo, crowding from multiple births or the presence of cervical hemivertebrae.18,21
In these cases, the mandible is intrinsically normal, but is deformed by external
factors. The mandible may show catch-up growth after birth, after the mechanical
problem is removed.18 This theory applies mostly to patients with an isolated RS.
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Malformational theory
If RS is ‘malformational’, there is primary failure of mandibular growth caused by a
genetic defect.21 In these cases with an inherent growth defect, catch-up growth of
the mandible is not likely to occur.18 To understand this theory, it is important to know
more of the developmental biology and the genetics of RS. In early development,
the mandible originates from the first branchial arch. Both the mesenchymal and
connective tissue components are derived from the cranial neural crest cells. After
that, a number of pathways lead to the formation of the first mandibular skeletal
element: the cartilaginous rod ‘Meckel’s cartilage’. Meckel’s cartilage is one of the
most important drivers of early mandibular outgrowth.
Development of (Meckel’s) cartilage is dependent of the SOX9 gene and loss of
SOX9 leads to failure of cartilage development. Previous animal studies showed
that loss of SOX9 solely in neural crest cells, result in short RS-like mandibles.
Furthermore, mandibular outgrowth is a pre-requisite for the morphogenesis of other
structures such as the tongue and palate.22 SOX9 is the most described gene, which
is involved in the development of RS. SOX9 was first identified in children with
campomelic dysplasia who also presented with the triad of mandibular hypoplasia,
cleft palate and airway obstruction (SOX 9, 17a24,3).1 Other genes, which may
play an important part in the development of RS are GAD67, PVRL1, KCNJ2,
KCNJ16, MAP2K6 en SH3BP2.2,3,4
Mutations in these genes lead to a variety of syndromes. The most common
syndromes that can occur with RS are Stickler syndrome, 22a11.2 deletion
syndrome/velocardiofacial syndrome and Marshall syndrome.23-25 So far, more
than 40 different syndromes with RS have been described.19,24,26 Since in about 4060% a known syndrome is present, genetic testing and counselling is an important
part of the RS work-up. Confirmation of genetic defect might have an impact on
management decisions.

Definition
“This obstruction of the oral pharynx by the lowering of the tongue, let’s call it
glossoptosis… “ – Pierre Robin, 1923
Classically RS was described in neonates who presented with a small mandible,
which led to backwards placement of the tongue, which resulted in obstruction
of the airway. Nowadays, one of the greatest challenges in RS research still lies
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within the lack of a uniform definition of RS. Surveys executed among American
paediatric otolaryngology fellowship programs, members of the American Cleft
Palate-Craniofacial Association and members of Dutch and Belgium cleft palate
teams all reported a widespread lack in uniformity in definition.27-31 For example,
although Pierre Robin’s original description of the condition did not include cleft
palate, this is frequently mentioned as part of the RS definition in literature and
clinical practice.9,24,32,33 As long as the aetiology of RS is not completely understood,
it remains debated whether this should be an obligatory feature. In this thesis, RS was
defined as the triad of mandibular hypoplasia, glossoptosis and airway obstruction.
The paragraphs below discuss the separate items.

Mandible
Several terms are used to describe the mandibular anomaly such as micrognathia
(small mandible), mandibular hypoplasia (underdevelopment of the mandible),
retrognathia (posterior placed mandible) and/or microretrognathia (posterior
placed small mandible). There is a clear semantic difference between the terms.
However, at an infant age it is difficult to distinguish between the different forms.
In this research and thesis, no distinction was made and we opted to consistently
use mandibular hypoplasia. Although, attempts have been made to objectify
mandibular hypoplasia, at the moment the diagnosis of mandibular hypoplasia is
mostly subjective.34

Tongue
Glossoptosis is a distinct feature of children with RS, but one not well defined. The
severity of glossoptosis and the degree of airway obstruction varies from case to
case. There is currently no gold standard to diagnose glossoptosis.
Endoscopy is a helpful tool in order to visualize the position of the tongue and
to identify other levels of obstruction. Sher et al. classified four types of airway
obstruction based on nasopharyngoscopy results in 33 children with craniofacial
anomalies. Type I of this classification describes true glossoptosis or posterior
displacement of the tongue against the posterior pharyngeal wall. In Sher type 2,
the tongue compresses the soft palates against the posterior pharyngeal wall, in
Sher type 3 there is a medial opposition of the lateral pharyngeal walls and Sher
type 4 involves sphincteric constriction of the pharynx.
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In a study by Marques et al., a Sher type I was found in 80.0% of 62 RS children.8 In
this same study, it was proposed to further categorize Sher type I into mild, moderate
and severe glossoptosis. However, no correlation was established between the
severity of glossoptosis and the degree of clinical manifestations.8 More recently, the
reliability of awake Flexible Fiberoptic Laryngoscopy in diagnosing glossoptosis was
examined, offering promising results.35 Besides endoscopy, radiographic studies are
available, but these are considered of limited value.

Airway obstruction
Airway obstruction is another important feature of RS, but no widely accepted
definition exists for children with RS. The spectrum of airway obstruction is broad
with variation in type, severity and level.

PRENATAL DIAGNOSIS
Early recognition of RS is highly important since newborns may present with
severe, in some cases life threatening respiratory distress. In these cases immediate
intervention may be indicated. Ideally, recognition of mandibular hypoplasia would
take place in the prenatal phase, allowing pre-arranged specialized care directly
after birth. Indeed, prenatal imaging techniques, such as ultrasonography and MRI
play an increasing role in early diagnosis. However, so far detection rates are still
low due to difficulties in imaging. In the literature, the range for detection varies
between 7 and 22%.24,36,37
In general, fetal mandibular hypoplasia remains the best ‘call sign’ for suspecting
RS, despite a reported low specificity and even though it may only be possible to
clearly document mandibular hypoplasia until the third trimester.38,39 To objectify
mandibular hypoplasia in utero, a few methods are available such as the jaw-index
and the inferior facial angle which both have a high sensitivity and specificity.40-42
After mandibular hypoplasia is suspected, one should further assess an abnormal
position of the tongue or cleft palate. Other important sonographic findings include
the presence of a polyhydramnion or additional anomalies.40,43
Fortunately, knowledge is improving, thereby holding a significant promise
for prenatal detection of mandibular hypoplasia and its relation with airway
problems.40-43 Future research should be focused on determining normal mandibular
growth values, optimizing imaging techniques and the significance of associated
findings (e.g. polyhydramnios or additional anomalies). Furthermore, establishing
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the link between prenatal findings and the severity of postnatal problems will be
essential.

AIRWAY OBSTRUCTION
The airway obstruction in children with RS is primarily caused by posterior placement
of the tongue into the hypopharynx. However, other mechanisms may also be involved
such as disproportion of the tongue and the mandible, neuromuscular impairment
of the genioglossus and other parapharyngeal muscles and/or increased negative
oesophageal pressure drawing the tongue in the hypopharynx.44 Airway obstruction
in children with RS may also be caused by movement of the pharyngeal walls
leading to narrowing of the oropharynx.45 Finally, (secondary) structural airway
anomalies such as laryngomalacia, tracheomalacia and subglottic narrowing may
also play a role.46,47
The severity of the airway obstruction in children varies from mild to severe, or in
some cases life threatening. The presentation of a child with a severe form of RS is
obvious and consists of choking sounds while trying to breathe, episodes of apnea
and cyanosis and increased efforts of the respiratory muscles. Children with a more
mild type of RS maintain an adequate airway when awake or crying, but may have
obstruction when they fall asleep or exacerbate with oral feeding.48,49
Upper airway obstruction occuring during sleep, is also referred to as SleepDisordered Breathing (SDB). SDB is not a distinct disease, but rather a syndrome of
upper airway dysfunction during sleep characterized by snoring and/or increased
respiratory effort secondary to enhanced upper airway resistance and pharyngeal
collapsibility.48,49 Obstructive SDB includes a spectrum of clinical entities with variable
severity of intermittent upper airway obstruction during sleep i.e. primary snoring
(PS), upper airway resistance syndrome (UARS) and obstructive sleep apnea (OSA).
The focus in this thesis will be on OSA. OSA is one of the clinical manifestations
of upper airway obstruction. OSA is a ‘disorder of breathing during sleep
characterized by prolonged partial upper airway obstruction and/or intermitted
complete obstruction (obstructive apnea) that disrupts normal ventilation during
sleep and normal sleep patterns’.50 The reported prevalence of OSA in children with
RS based on polysomnography (PSG), the gold standard to diagnose OSA, ranges
between 46-100% depending on used criteria (table 1).51-56 Accurate diagnosis of
OSA is important since it is associated with considerable comorbidity such as failure
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to thrive, recurrent infections, pulmonary hypertension, cor pulmonale and sudden
death if left untreated.57,58
Table 1. Reported OSA prevalence in literature based on PSG results

Bull et al., 1990

56

Gilhooly et al., 1993
Wilson et al., 2000
Bravo et al., 2005

52

54

51

Anderson et al., 2011
Daniel et al., 2012

81

Mac Lean et al., 2012

Khayat et al., 2017

53

60

55

Age at PSG evaluation

Prevalence

Severity

N/A

18/21 (86.0%)

N/A

Newborn infants

6/13 (46.2%)

Not defined

N/A, but infant age

10/11 (90.1%)

N/A

N/A

31/52 (59.6%)

N/A

48 days
(range 7-214 days)
N/A

11/13 (84.6%)

N/A

8/8 (100.0%)

0.8 year (± 0.3)

22/46 (46.8%)

Mean oAHI 33.5
(range 0 tot 85.7)
10/39 mild/moderate OSA
(AHI ≤10). 29/39 severe OSA
(AHI ≤10)
Mean mOAHI: 45.2 (±8.6)
All infants had an oMAHI > 3
events/hour.
10/22 mild, 3/22 moderate
and 9/22 severe

39/39 (100%)

A few studies examined the course of OSA with time. Classically it was thought
infants with RS would develop airway obstruction directly after birth. However, two
studies with a small sample size (n=11 and n=15) suggested that absence of OSA
on the initial PSG in the neonatal period does not guarantee the obstruction will not
develop at a later age.52,54 In one study, up to 70% of the infants with RS did not
present with obstructive airway pathology until 24-51 days of age.54 In addition,
another study also did not find a decrease in OSA severity with advancing age.59
Due to the complexity of the airway obstruction and the potential for secondary
difficulties a thorough diagnostic airway evaluation is needed, preferably soon after
birth. With exception of those that present with life threatening respiratory distress
requiring immediate intervention, the diagnostic process for most children starts with
clinical observation. Clinical symptoms of OSA include habitual snoring, laboured or
cessation of breathing during sleep, disturbed or restless sleep, cyanosis, irritability
and excessive daytime sleepiness.61,62 Furthermore, a structured clinical assessment
may be helpful. In this assessment, the sleeping infant is cradled upright and then
lowered into a supine positioning while looking for signs of respiratory distress.63,64
If there is no sign of obstruction, this procedure is repeated while bottle-feeding.
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Another helpful tool to illustrate the type of airway obstruction is the jaw thrust
manoeuvre, in which the lower jaw (including the tongue) is pulled upwards.
Improvement of respiratory distress after the jaw thrust suggests the obstruction
is localized at the base of the tongue. Other clinical manifestations of airway
obstruction include feeding difficulties, poor weight gain and poor sucking.
Besides clinical observation, a number of other objective diagnostic tools are
available to assess the airway obstruction and quantify the degree of respiratory
distress. For example, with regard to OSA history, standardized questionnaires such
as the Brouillette, OSA-18 and the paediatric sleep questionnaire may be helpful.
However, its use has not yet extensively been described in children with RS. Fibre
optic nasopharyngoscopy/bronchoscopy is also an accepted diagnostic method
to establish the type, level and severity of airway obstruction.65 Finally, in order to
detect more severe respiratory compromise, assessing hypoxemia and hypercapnia
by continuous oxygen saturation monitoring and blood gas carbon dioxide
qualifications are also important and relatively simple methods.64,66 Other methods,
which may be used in a setting in which PSG is not readily available include plain
films, sleep fluoroscopy, computed tomography, cine MRI, awake laryngoscopy and
drug-induced sleep endoscopy.67 However, reports of these techniques specifically
in patients with RS are scarce.
PSG is currently considered as the gold standard to establish the presence and
quantification of OSA and to identify any potential aspect of central apnea
contributing to the infants’ respiratory compromise.68 PSG consists of simultaneous
recording of multiple physiological parameters related to sleep and wakefulness such
as the nasal airflow, respiratory effort and CO2 levels. In some settings, video or
nursing staff observation may also be available. Evaluation by PSG can take place
at home or in the hospital. Although more research is needed, so far, reasonably
good results have been reported of the use of portable monitoring devices at home
in the diagnosis of OSA in children.69,70
For the scoring of the respiratory events, the American Academy of Sleep Medicine
provides guidelines.71 The number of mixed, obstructive and central apneas and
hypopneas and desaturations per hour of total sleep time can be summarized in
the apnea-hypopnea index (AHI), obstructive apnea-hypopnea index (oAHI), mixed
obstructive apnea-hypopnea index (moAHI), central apnea-index (CAI) or oxygen
desaturation index (ODI). In general, having a value >1 for one of these parameters
is considered necessary for a diagnosis of OSA or CSA. However, various cut-off
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values to define mild, moderate and severe OSA have been reported in literature.72,73
In this thesis, the grading system according to Guilleminault was used defining OSA
as oAHI ≥1 per hour. In case of OSA, patients can be further divided into those with
mild OSA (oAHI ≥1 and <5), moderate OSA (oAHI ≥5 and <24) or severe OSA
(oAHI ≥25).
Little is known about the presence of central sleep apnea (CSA), but a recent study
suggests the prevalence of CSA may be significantly higher in the RS population
compared to the general paediatric population.59
Even though PSG is considered the gold standard to diagnose OSA and CSA, it was
recently shown that only one in five studies reported use of PSG in RS infants.65 Also,
uniform criteria to classify the respiratory distress in children with OSA are lacking.
Furthermore, due to lack of in-hospital equipment or access, PSG is therefore currently
not used in the standard diagnostic work-up of the airway in children with RS.

TREATMENT OF THE AIRWAY OBSTRUCTION
The airway obstruction in children with RS ranges from very mild to life threatening. In
literature, mortality rates up to 26.0% have been reported.9,10 The goal of treatment
is temporarily or definitive relieve of the obstruction, thereby aiding adequate
growth and development. Airway, feeding and growth are intimately interlinked to
each other.
Although about 70% of children can be managed conservatively, other children
with RS are in need for treatment other than prone positioning.10,66 Children with
a non-isolated RS seem to require more aggressive management than those with
isolated RS.25,46,74 In literature a number of non-surgical and surgical interventions
have been described, but evidence remains scarce and there is widespread lack of
consensus amongst clinicians. Furthermore, although several treatment plans have
been proposed, there is currently no widely accepted treatment algorithm.18,19,75
Except for prone positioning and mandibular distraction, all techniques will be more
extensively discussed in chapter II.

Non-surgical treatment
Prone positioning is the most widely accepted and oldest technique in the treatment
of RS. Robin already recommended feeding and positioning in prone in the late
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twenties (1926, Robin). By positioning the infant prone, the tongue falls forward and
relieves the obstruction. Sleeping in prone positioning increases the risk for Sudden
Infant Death Syndrome (SIDS). However, to our knowledge no cases of RS and SIDS
have been reported in literature.
Nasopharyngeal airway (NPA) is another popular non-surgical treatment method.
An NPA is placed through the nose and positioned at the distal end of the larynx
after bypassing the tongue base. The NPA permits the child to breathe through the
tube, but may also break the seal between the posterior placed tongue base and the
pharynx wall. The mean duration of an NPA varies in literature from 44 days – 9
months. Success rates range from 67-100%.54,73,76-79
Continuous positive airway pressure (CPAP) and non-invasive positive pressure
(NIPP) ventilation both apply positive pressure during a breathing cycle, thereby
maintaining the airway patency. Even though, these techniques were already used
in craniofacial patients by Guilleminault in 1986, only a few authors reported
the use of CPAP or NIPP in patients with RS and OSA.51-54,66,80-84 Most of these
cases concerned older RS patients, with exception of two articles that described
the successful of CPAP in RS neonates and infants with improvement of breathing
pattern, decreased respiratory effort and improved PSG results.80 In these groups,
the mean duration of home ventilation therapy was 16 months and four weeks to
four months. In another study of five patients with RS, clinical improvement with noninvasive ventilation was also reported.85
A final non-surgical measure is an orthodontic appliance. Already in 1967, Pielou
described the use of an acrylic plastic obturator with an extension posteriorly
beyond the distal border of the palate, thereby preventing the tongue to fall back in
the pharynx.86 In the years that followed, only a few more reports on oral appliances
were published. Recently a number of positive results from the Tuebingen group in
Germany were published on the use of a pre-epiglottic baton plate (PEBP).87-89 This
PEBP was characterized by a velar extension shifting the base of the tongue forward
resulting in a widened hypopharyngeal space.

Surgical treatment
In 1911 Shukowsky was the first to suggest to suture the tongue to the lower lip to
resolve the glossoptosis (1911 Shukowsky). This was one of the first descriptions of
the glossopexy technique. Later, glossopexy would appear in many different forms
including approximations to the lip, the mandible and the hyoid. The tongue to lip

| 20

adhesion (TLA) has now become the surgical treatment of choice in many centers.
By suturing the tongue to the inside of the lower lip, the tongue is maintained in
a forward position. After a number of months, when the airway deems safe, the
tongue is released. Success rates of TLA vary between 70-95%.75,90-99
Subperiosteal release of the floor of the mouth (SPRFM) is another surgical technique,
which was first described by Delorme in 1989. SPRFM is based on the theory that
the musculature of the floor of the mouth is under an increased tension creating the
glossoptosis.100 The glossoptosis can be relieved via a submental incision, followed
by a subperiosteal dissection of the medial side of the mandible, allowing the tongue
base to fall down into the floor of the mouth. Only a few manuscripts have been
published on this technique with success rates ranging from 50-84%.101-103
A small number of reports describe mandibular traction, a technique introduced
in 1937 by Callister (1937 Callister).104,105 By mandibular traction, the tongue
and mandible are forced in a forward position, slowly lengthening, creating a
larger oropharyngeal space and relieving the glossoptosis. In a 2009 article from
Germany, the authors report mandibular traction is the treatment of choice for severe
airway obstruction.106 In this clinic a mandibular traction system is used consisting of
an acrylic plate fixed around the mandible with wires.
Mandibular distraction osteogenesis seems currently the most popular surgical
technique. In MDO, surgical osteotomies are followed by gradually lengthening
of the mandible. This mandibular advancement brings forward the insertions of
the muscles of the floor of the mouth and consequently the tongue base thereby
relieving the airway obstruction. In MDO different devices are available and many
different approaches and techniques have been described.107-110 In several centers,
MDO is the surgical treatment of choice. So far, good results have been reported
in literature in terms of relieve of the airway obstruction or achieving successful
decannulation.111,112 Several studies also described the successful use of MDO in
young children aged below three months old as a way to avoid a tracheostomy and
its associated morbidity.112-114
However, MDO has a few disadvantages. First, it only offers gradual improvement
of the airway obstruction (which may not always be an option for severe RS cases
needing immediate airway support). Secondly, since MDO is a relatively new
practice, the long-term effects on mandibular growth are still unknown. Finally,
each device and each approach seem to have its own specific limitations. The
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main disadvantages of extra-oral devices are scarring and the physical presence
of the device and related problems.107 Disadvantages of intra-oral devices include
scarring (if an extra-oral approach is used), a more difficult vector control, the risk
on a post-operative open bite and the need for a second general anesthetic upon
removal.107,108 In general MDO carries the additional risk of complications such as
local infections of the skin, nerve damage, dental complications and device failure
or migration.109,110
The use of a tracheostomy is considered to be the safest therapy in those infants with
a severe, and in some cases life-threatening airway obstruction. In a tracheostomy,
a tube is placed directly into the trachea thereby bypassing the upper airway
obstruction. In a recent survey among the American Cleft Palate-Craniofacial
Association members tracheostomy was in only 16% the preferred primary surgical
treatment option.115

FEEDING DIFFICULTIES
After airway obstruction, feeding difficulties are considered the second most
important challenge. Feeding difficulties may be caused by a combination of factors.
For example, insufficient energy levels may exist for the action of eating, due to
the amount of energy used to breathe against an obstructed airway.116 Backwards
placement of the tongue causes obstruction of the oral cavity. Also, if present, cleft
of the palate results in inability to build up sufficient negative intraoral pressure for
suction. Finally, in some cases motor dysfunction may be involved. Recent studies
show oesophageal manometric anomalies (such as incomplete relaxation of the
lower oesophageal sphincter, oesophageal dyskinesia and lower oesophageal
sphincter hypertonia) in 50-100% of the children with mandibular hypoplasia.117,118
The authors suggest these anomalies are caused by dysregulation of the swallowing
center in the brainstem.117
Neonates with feeding difficulties are at risk for growth problems, which is often
referred to as ‘failure to thrive’. Failure to thrive is thought to occur in about half of
the cleft palate patients (and in 100% of severe congenital mandibular hypoplasia
patients).116 There is currently no consensus on diagnosing the feeding difficulties in
patients with RS, but assessment of the feeding difficulties is highly important.
Nutritional support is often necessary and this can consist of high caloric drinks,
feeding facility techniques, specialist bottles such as a Habermann bottle, nasogastric
tube (NGT) and/or gastric feeding tube (G-tube).66,119 About 38-62% of the children
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with RS will eventually need tube feeding.120,121 The presence of gastroesophageal
reflux (GER) can exaggerate both feeding and breathing difficulties by compromising
swallowing mechanism.121

CLEFT PALATE
A cleft palate is present in about 80-90% of the children with RS.4,6-8 In most cases
the cleft is complete, wide and U-shaped and in the minority complete or incomplete,
narrow and V-shaped. 8 The majority of RS patients has a Veau cleft type II, although
presence of solely a Veau cleft I is also commonly described.122 It is suggested
that patients with RS have more extensive clefting than those with an isolated cleft
palate.123
Following cleft palate repair, children with RS are at risk to develop airway-related
complications. In small case series post-operative airway complications such as
stridor, postoperative respiratory distress, difficulties on intubation, intubation or a
tracheostomy are reported with incidences ranging from 24% to 31%.124-127 Children
with RS have a more restricted oropharyngeal space and are therefore more likely
to develop respiratory distress in case of lingual swelling caused by, for example,
a tongue retractor.128 In order to minimize the chance on these types of airway
complications, some authors recommend postponing palatal repair in children with
RS.129 However, this is in conflict with the tendency to close early in order to facilitate
normal speech development.

MANDIBULAR GROWTH
So far, a number of objective measurement methods have been described to
objectively monitor mandibular size and growth such as the jaw-index, the maxillamandibular discrepancy, lateral cephalograms or CT-scans, each with its specific
advantages and disadvantages.34,41,130-136 Other objective measurement methods
may include cone beam CT, and (3D) photography. But, currently there is no gold
standard to objectively monitor mandibular size and growth.
It is often stated that the airway obstruction improves with age as the neuromuscular
coordination becomes better and the mandible grows.63 Interestingly, some authors
specifically mention the presence of so-called catch-up growth in their RS study
population. With catch-up growth, it is postulated that the mandible develops
relatively faster than the rest of facial structures. However, whether this catch up
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growth really takes place and in which patients it occurs, is unclear. One study
states that there are two distinct groups. In the first group the underlying cause of
RS is a mechanical problem that restricts mandibular growth.18 When this restraint
is removed, catch-up growth takes place. In the second group there is an internal
growth defect. These patients will not demonstrate catch-up growth.18,137
In general, studies in favour for catch-up growth seem in minority and state that
catch-up growth usually would occur when the child is between 6 months and 2
years old.33,34,138,139 Most of these studies are relatively old. More recent studies
conclude there is no catch-up growth of the mandible.135,140-147 In other words, the
mandible remains small. Unfortunately, most of these studies have a small sample
size and only focus on a certain age group. Since the presence of catch-up growth
may influence the choice for a certain treatment, more research to this phenomenon
is needed.

COGNITIVE AND FUNCTIONAL DEVELOPMENT
OSA may influence the cognitive development in children with RS. This is due to the
intermittent hypoxia and/or sleep disturbance associated with OSA.148 Not much is
known about the cognitive development in children with RS. A few studies observe
cognitive impairment, but knowledge regarding the prevalence, severity and precise
cause is limited.7,149,150
Closely related is satisfaction with their facial appearance, psychosocial status
and health-related quality of life (QOL). Both are considered important health
outcomes.151,152 Only one study focused specifically on these psychosocial problems
in children with RS.150 It was found that there were no significant differences
concerning self-concept, emotional or behavior problems compared to healthy peers.

Speech and hearing
As stated previously, a cleft palate occurs in about 80-90 % of patients with
RS.4,6,7 Following palatal closure, children are at risk to develop a velopharyngeal
insufficiency (VPI). VPI diminishes oral volume and is therefore associated with
articulation errors and abnormal nasal air emission. Studies regarding speech
outcomes specifically in RS patients are limited. Hoffman and Lehmann reported a
satisfactory or good outcome of speech after palatal closure in two thirds of the RS
patients.153,154 The study of De Buys Roessingh, published in 2008, found that even
after intensive speech therapy only 55% of the 38 RS patients achieved a good
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speech outcome, defined as a type 1 or type ½ Borel-Maisonny Score.155 A number
of studies reported differences in speech outcome between isolated and non-isolated
RS patients.156,157
So far, little attention has been given to the hearing status of children with RS.
Studies report an incidence of hearing loss between 46% and 60%.66,157-159 Gould
et al. compared the incidence and degree of hearing loss between children with
isolated cleft palate and RS, but no significant difference was found.159 However, the
study of Handzic revealed an incidence of hearing loss of 73-83% in children with
RS, which was significantly more than the isolated cleft palate group that showed
an incidence of 58- 59%.160 Hearing loss in RS patients was also significantly more
severe. The majority of RS patients had a moderate (25-40dB) or severe hearing
loss (>40dB). Although hearing improved over time in the isolated cleft palate group
was this not the case in the RS patients. Hearing loss in RS patients was most often
conductive and bilateral without middle ear or inner ear malformations. The ears of
the RS patients with hearing loss revealed middle ear effusion. The authors advised
ventilation tubes at the same time as the palatoplasty.

OUTLINE AND AIMS OF THIS THESIS
This thesis aims to provide better understanding of RS with regards to diagnosis,
treatment and quality of life.

Current State of Evidence and Patterns of Practice
In order to get a better understanding of the differences that currently exist within
Europe, a survey study in Chapter II is presented. This study aims to answer questions
such as: ‘How do clinicians define RS?’ ‘Is PSG commonly used?’ ‘What are the
preferred treatment methods?’ On basis of this and a few other survey- and literature
studies, notions on management seem to differ highly from clinic to clinic. However,
so far no study systematically categorized and summarized the available evidence
on treatment of the airway obstruction in RS. This is the focus of Chapter III of this
thesis.

Airway Obstruction
The next three chapters focus on obstructive sleep apnea in children with RS. In
Chapter IV an overview is given of the experience of our clinic with diagnosis and
treatment. Chapter V describes the prevalence and course of obstructive sleep apnea
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in children with RS above the age of one year old. In this chapter an attempt is made
to identify patients at risk for continuing or re-developing respiratory distress. Chapter
VI specifically focuses on the prevalence, severity and duration of respiratory distress
following palatoplasty in children with RS and evaluates perioperative management.
As mentioned previously, OSA may influence the cognitive development in children
with RS due to the intermittent hypoxia and/or sleep disturbance.

Quality of Life
In Chapter VII a closer look is taken at the health-related quality of life in children
with RS based on questionnaire studies and its relation to the child’s respiratory
status.

Discussion & Summary
In Chapter VIII and Chapter IX the most important findings will be summarized and
discussed against the background of published literature. Furthermore, clinical
implications and future directions will be considered.
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ABSTRACT
To provide an overview of current practice patterns with regard to Robin sequence
(RS) patients in Europe, a survey was conducted among European clinicians.
This online survey consisted of different sections assessing characteristics of the
respondent and clinic, definition, diagnosis, treatment, and follow-up. In total,
surveys from 101 different European clinics were included in the analysis, and 56
different RS definitions were returned. The majority (72%) of the respondents used
a sleep study system to determine the severity of the airway obstruction. A total of
63% used flexible endoscopy and 16% used rigid endoscopy in the diagnostic
process. Treatment of the airway obstruction differed considerably between the
different countries. Prone positioning for mild airway obstruction was the treatment
modality used most often (63%). When prone positioning was not successful, a
nasopharyngeal airway was used (62%). Surgical therapies varied considerably
among countries. For severe obstruction, mandibular distraction was performed
most frequently. Three-quarters of the respondents noted the presence of catch-up
growth in their patient population. This first European survey study on definition and
management of RS shows that there are considerable differences within Europe.
Therefore, we would encourage the establishment of national (and international)
guidelines to optimize RS patient care.
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Robin Sequence (RS) is a condition classically characterized by micrognathia,
glossoptosis and airway obstruction.1 Since this description in the original
monograph of Pierre Robin, several authors have used modified definitions.2,3 RS
has an estimated incidence of about 1 in 8000 to 1 in 20,000 newborns depending
on the criteria used to define RS.4-7 It can be divided into those with an isolated and
those with a non-isolated condition, the latter being present in about 40% of the
cases. Several problems, such as airway obstruction and feeding difficulties may
occur in children with RS. In severe RS cases this may require long-lasting admission
to the paediatric intensive care unit.
Frequently, authors have described that care of children with RS should be
multidisciplinary, with non-surgical and surgical disciplines involved, but there seems
to be no consensus on the diagnostic work-up and treatment.8,9 Recent European
literature describes a wide range of diagnostic and treatment modalities. We
conducted a survey to provide an overview of current practice patterns of RS within
Europe and to provide a springboard for future discussion. To our knowledge, this is
the first European survey to focus on RS.

MATERIAL AND METHODS
For this cross-sectional study, an online survey was constructed by the author
panel, which was followed by pilot testing among eight local clinicians who were
acquainted with RS. After further refinement, the final survey consisted of 23–44
questions, depending on the answers given (Supplementary Material). Both multiple
choice questions and open questions were included. Most questions were formulated
in such a way that the respondent was asked to give a response for his or her clinic,
assuming that definition and management were uniform within the clinic. The survey
could be accessed in a secure survey environment (Lime Survey Version 1.91 +
Erasmus Medical Center).
In total, 655 persons in the European network existing through contacts of the Cleft
Center Rotterdam and the Dutch Craniofacial Center were invited. This network
includes pediatricians, otolaryngologists, plastic surgeons, oral and maxillofacial
surgeons, and nurse practitioners. All received an e-mail message with an online
link to the survey. If the e-mailed person was not involved in care of children with RS,
we asked them to send the e-mail address of the person who was involved in their
clinic. This person was then invited. After the initial survey distribution we send out
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a maximum of two reminders to increase response rate. The survey period was from
June 2013 until November 2013. The survey was available only in English.
Both complete and incomplete surveys were included in the analysis with the
exception of surveys that were considered unreliable by all authors for various
reasons (e.g., only completion of the respondent characteristics). If more than one
survey per clinic was filled out, we included only the first submitted survey in the
main analysis. Statistical analysis was performed using IBM SPSS version 20 (SPSS
Inc., Chicago, IL, USA). We performed only descriptive statistical calculations. For
this survey study, we obtained approval of the Medical Ethics Commission (MEC2014-242) of the Erasmus Medical Center.

RESULTS
Characteristics of the respondents
A total of 138 responses were collected (a response rate of 21%). Twelve surveys
were excluded from the main analysis because they originated at clinics that
had already returned a survey, and 25 surveys were excluded because only the
respondent’s characteristics were filled out. In total, 101 surveys from 24 European
countries were included in the main analysis.
The response between countries was variable. There were five countries with
more than five respondents: the United Kingdom (n = 26), Germany (n = 12), the
Netherlands (n = 11), France (n = 8), and Sweden (n = 6). The other countries had
fewer than 5 respondents: Ireland, Italy, Portugal and Spain had four respondents;
Belgium, Romania, and Switzerland had three; Hungary had two; and Austria,
Croatia, Denmark, Estonia, Finland, Greece, Latvia, Lithuania, Norway, Poland,
and Turkey had one respondent.
The large majority of the respondents (72%) were specialists in the field of oral
and maxillofacial surgery, plastic surgery, or otorhinolaryngology. Other fields
included pediatrics (15%) and cleft nurse, orthodontist, or pulmonologist (10%).
Three respondents did not answer on this item. Respondents worked mainly in
university hospitals (70%) but also in general hospitals (21%), private practices
(4%), or another type of clinic (6%). In most of the respondents’ clinics, a specialized
multidisciplinary cleft and/or craniofacial team was present: 35% had a cleft team,
6% had a craniofacial team and 45% had both a cleft team and a craniofacial
team. Twelve percent did not have a cleft team or craniofacial team, and 3% did not
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Definition
In total, 56 different combinations of features necessary for a diagnosis of RS were
returned (Table 1). About one in three respondents distinguished micrognathia,
retrognathia, and mandibular hypoplasia. In the comments, some respondents
noted that micrognathia is a small mandible (size), that retrognathia is a normalsized, backwards-placed mandible (position), and that mandibular hypoplasia is the
same as micrognathia. Others regarded the different terms as a grade of severity,
with micrognathia being the most severe form. However, several respondents noted
that the use of a certain term does not influence their management.
Table 1. Definition of RS
Features obligatory for a diagnosis of RS
Mandibular hypoplasia

39 (39%)

Retrognathia

52 (52%)

Micrognathia

65 (65%)

Cleft palate

75 (75%)

Glossoptosis

65 (65%)

Macroglossia

7 (7%)

Clinical airway obstruction

47 (47%)

Airway obstruction proven by a diagnostic
modality

11 (11%)

Feeding difficulties

19 (19%)

Other

2 (2%)

Distinction retrognathia, micrognathia and mandibular hypoplasia
Yes

35 (35%)

No

65 (66%)

Distinction between isolated and non-isolated RS
Yes

54 (54%)

No

47 (47%)

Most often mentioned combinations of features obligatory for a diagnosis of RS*

N=101

Mandibular hypoplasia and/or retrognathia and/or micrognathia and glossoptosis
and cleft palate
Mandibular hypoplasia and/or retrognathia and/or micrognathia and cleft palate

25 (25%)

Mandibular hypoplasia and/or retrognathia and/or micrognathia and clinical
airway obstruction and glossoptosis and cleft palate

10 (10%)

12 (12%)

*Mandibular hypoplasia, retrognathia and micrognathia have been pooled together in this table.
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answer on this question. The number of new RS children who were seen annually in
the respondents clinic were more than five children (33%), five to 10 children (42%),
10 to 15 children (11%), and more than 15 children (11%).
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A cleft palate was considered an obligatory feature for a diagnosis of RS by 96% in
the United Kingdom, 88% in France, 67% in Sweden, 58% in Germany, and 55%
in the Netherlands. A clear distinction between isolated and non-isolated RS was
made by roughly half of the respondents. Twenty-one of these respondents noted in
the comments that this distinction influenced their management approach.

Diagnosis
Mandibular size was mainly assessed by clinical sight (Table 2). About one in
three of the respondents used other diagnostic modalities to assess the mandible
and airway such as X-ray, three-dimensional computed tomography, magnetic
resonance imaging, esophageal pressure recording, sleep endoscopy, and bloodgas analysis. For additional screening, genetic analysis, hearing tests, gastroscopy,
echocardiography and electrocardiography were used.
About three-quarters of respondents used a sleep study system. Flexible endoscopies
were performed far more frequently than rigid endoscopies (63% vs 16%).
Respondents considered pre-surgical assessment, severe airway obstruction, or
suspicion of other airway anomalies to be the main indications for a rigid endoscopy.

Treatment
More than half of the clinics (56%) indicated that they had a treatment algorithm for
RS. Prone positioning was the treatment modality used most often, with mild airway
obstruction mentioned as the main indication (Table 3). Considerable differences
were noticed in treatment preferences between countries (Fig. 1 and Fig. 2). The
absolute minimum age at which surgical intervention was performed was 1 month
(median = 90 months, range = 0–150 months). For mandibular traction, the absolute
minimum patient age was 0.5 months (median = 4 months, range = 0–6 months) and
for mandibular distraction 1.5 months (median = 32 months, range 0–36 months).

Mandibular catch-up growth
In all, 9% of the respondents did not observe catch-up growth in their patients.
However, the majority of respondents did not catch-up growth: 9% in about <25%
of cases, 42% in about 25%–75% of cases, 20% in more than 75% of cases, and
7% in all cases.
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Table 2. Diagnosis
Diagnosis

N = 101

Clinical sight

89 (89%)

Alveolar overjet

24 (24%)

Jaw-index
Measurements on an x-ray
Measurements on a Cone Beam-CT
Measurements on a CT-scan
Other (e.g. depending on the individual case)

7 (7%)
11 (11%)
2 (2%)
18 (18%)
7 (7%)

Use of a sleep study system to determine the severity of the airway obstruction
Yes

72 (72%)

No

25 (25%)
If yes, which sleep study system:
Type I*

40 (56%)

Only on indication performed

19

Always performed

20

Other
Type II*
Only on indication performed
Always performed
Type III*

1
9 (13%)
4
5
9 (13%)

Only on indication performed

2

Always performed

7

Type IV*

24 (33%)

Only on indication performed

13

Always performed

11

Use of flexible and/or rigid endoscopy to determine the level of the airway obstruction
Yes, flexible endoscopy
Only on indication performed
Always performed
Yes, rigid endoscopy
Only on indication performed
Always performed

63 (63%)
41
22
16 (16%)
15
1

Use of other diagnostic modalities
Yes

36 (36%)

No

61 (60%)

No answer

4 (4%)

*Type I: in laboratory attended polysomnography with minimum seven channels. Type II: portable
unattended polysomnography with min. 7 channels. Type III: portable unattended ‘dedicated sleep
apnea diagnosis’ polysomnography with 4-6 channels. Type IV: continuous recording of 1 or 2 channels,
such as oximetry and/or airflow.
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Clinical case
The clinical case that we presented involved an RS neonate with severe respiratory
distress: ‘You are called to the Department of Neonatology. A boy is born: an
otherwise healthy non-syndromal newborn, but he has a severely underdeveloped
mandible, backwards placement of the tongue and obvious severe respiratory
distress. The respiratory distress is clinically characterized by heavy respiratory
effort, saturation dips below 70%, and there are a low mean saturation, and a rising
CO2 level. Prone positioning does not help, nor do conservative measures such as a
nasopharyngeal tube placement, CPAP, or biPAP, and oxygen supplementation will
not generate acceptable oxygen saturation levels. It was not possible to bring the
larynx entrance into view by fiber-optic endoscopy. What would you do, treatment
wise?’ Five different answer options were provided: intubate and plan short-term
surgery (34%), perform tracheostomy (13%), perform tracheostomy and plan longterm surgery (21%), or plan short-term surgery (2%). Of the respondents, 18%
chose other responses (referral, plate therapy, intubation followed by re-evaluation),
and 13% of the respondents did not answer this question. Again, considerable
differences were found between countries in treatment preference (Fig. 3).
Table 3. Used treatment methods. NPA = nasopharyngeal airway, CPAP = continuous positive
airway pressure
Used treatment methods

N=101

Most often mentioned indications

Prone positioning

63 (63%

Mild airway obstruction.

Nasopharyngeal airway

62 (62%)

When prone positioning is not successful

Palatal plate

20 (20%)

When a cleft palate is present

Oxygen supplementation

37 (37%)

Desaturations or low mean oxygen saturation

CPAP

45 (45%)

Tongue lip adhesion

18 (18%)
3 (3%)

Moderate to severe airway obstruction. Failure
of previous non-surgical therapy
Moderate to severe airway obstruction. Failure
of previous therapy.
Failure of previous therapy (e.g. NPA)

Subperiosteal release of the floor of
the mouth
Mandibular traction

4 (4%)

Persisting severe airway obstruction

Mandibular distraction

33 (33%)

Intubation

30 (30%)

Tracheostomy

50 (50%)

Persisting severe airway obstruction.
Avoidance of tracheostomy.
Severe airway obstruction, respiratory
emergency
Severe (life threatening) airway obstruction.
No other solution.

Other

8 (8%)
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country using this treatment
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Nasopharyngeal
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Oxygen

Intubation

Mean*

Sweden (6)

Hungary (2)

France (8)

UK (26)

Ireland (4)

Germany (12)

Belgium (3)

Italy (4)

Netherlands (12)

Finland (1)

Turkey (1)

Figure 1. Overview of non-surgical treatment per country, calculated for countries with more
than five participating clinics and/or for countries with one or more clinics who saw more
than 10 new Robin Sequence patients per year.
*Mean of the percentages of the respondents within all countries using this particular surgical treatment

Percentage of clinics within a
country using this treatment

Overview of surgical treatment per country
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Finland (1)
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Figure 2. Overview of surgical treatment per country, calculated for countries with more than
five participating clinics and/or for countries with one or more clinics who saw more than 10
new Robin Sequence patients per year.
*Mean of the percentages of the respondents within all countries using this particular treatment
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Overview of treatments in the clinical case
Percentage of the respondents within a country
(>5 respondents) choosing this treatment

60
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Intubation and
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surgery

Tracheostomy Tracheostomy and Plan short-term
plan long-term
surgery
surgery

Other

No response

Figure 3. Overview of treatments in the clinical case calculated for countries with more than
five respondents
*Mean of the percentages of the respondents within all countries using this particular surgical treatment

DISCUSSION
Since the first original description of RS by Pierre Robin in 1923, both definition and
management of RS have been a topic of debate. Previous surveys on this condition
executed among American paediatric otolaryngology fellowship programs, members
of the American Cleft Palate-Craniofacial Association and members of Dutch and
Belgium cleft palate teams all found a widespread lack in uniformity.2,3,10-12 This first
European survey on both the definition and management confirms these previous
findings by revealing a large variety in current practice patterns within European
clinics.
For example, our study demonstrated a wide range of features considered necessary
for a diagnosis of RS by respondents. Pierre Robin’s original description included
micrognathia, glossoptosis, and airway obstruction.1 However, this original
description was not mentioned in the three most often-mentioned combination of
features in this survey. Interestingly, cleft palate was reported as an obligatory feature
in 75% of the respondents, although this was not part of the original description.
There are currently no objective criteria for the various RS features, complicating
the establishment of a strict definition. Definitions of the features differed among
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respondents. For example, some respondents noted that micrognathia, retrognathia,
and/or mandibular hypoplasia are different entities, whereas others questioned this.
Uniformity in the RS definition is obviously indispensable for good clinical practice,
surveillance systems, and research purposes. Therefore, we encourage international
discussion and dialog in order to reach a consensus on this important matter.
To determine the size and/or position of the mandible in the RS child, a number
of measurement methods have been described in literature, such as the jaw index,
plain x-rays, and computed tomography scans.13-17 In this survey, the majority of the
respondents relied on clinical sight in the determination of an (ab)normal size and/
or position of the mandible.
There is still lack of proof on the presence of the so-called catch-up of the mandible
occurring in children with RS. Most research from the last decade has indicated
there is no catch-up growth.18-20 Interestingly, and in contrast, three-quarters of the
respondents answered yes when we asked if they noticed catch-up growth in their
patients. The reason why there is discrepancy between previous research and the
answers of the respondents is unclear, and should be elucidated in future research.
The prevalence of obstructive sleep apnea (OSA) in children with RS is considerably
high, with reported prevalence rates between 46% and 100%, depending on the
criteria used.21-24 Since it is associated with considerable morbidity, diagnosis of
OSA is important.23,25 To diagnose OSA, a type I sleep study is the gold standard.26
Even though our survey results suggest that sleep studies are well integrated in RS
patient care, with 72% of the respondents reporting use of some type of sleep study,
only about half of the respondents reported using a type I sleep study system, which
may lead to an underestimation of the obstructive pathology.
To determine the level, type and severity of the airway obstruction an endoscopy can
be another important diagnostic tool. Remarkably, only 16% reported the use of rigid
endoscopy, whereas associated anomalies of the airway such as laryngomalacia,
tracheomalacia, and subglottic obstructions are frequently seen in RS patients.8
Our survey showed that only about half of the respondents make a distinction
between isolated and non-isolated RS. Children with non-isolated RS are believed to
be more frequently in need of tube feeding, to have a higher prevalence of failure to
thrive, to have more delay in development and growth, and to be more often in need
for surgical intervention.27-32 About 1 in 5 respondents noted that this distinction also
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influences management. Distinguishing between non-isolated and isolated RS may
be relevant when informing parents on the treatment and outcome.
Concerning treatment of the airway obstruction, numerous treatment strategies
have been proposed. Although most clinicians agree that prone positioning is the
treatment of choice for mild RS cases, debate exists over treatment of moderate and
severe cases in which prone positioning is not sufficient. In our survey, about twothirds of the respondents used prone positioning, making it the most frequently used
procedure. However, it raises the question of what the other third of the respondent
uses as first-line treatment. This question cannot be answered from these survey
results.
A nasopharyngeal airway (NPA) was used by more than half of the respondents.
Continuous positive airway pressure (CPAP) and other types of non-invasive
respiratory support were used by 45% of the respondents. It was unclear whether
these were mainly used in older RS patients, since reports in the literature on CPAP
in RS seem mostly to concern older patients.24,33,34 Our survey found that oral
appliances (specifically, a palatal plate) are currently not often used in the European
clinics participating in this study, with an exception of a majority of German centers.
In 2007, a randomized clinical trial compared a new orthodontic appliance to
a conventional orthodontic appliance and found a significant difference in the
decrease of the apnea index.35
Mandibular distraction is performed by one in three respondents in this survey in
cases of severe obstruction. The minimum age reported for mandibular distraction
was a median of 1.5 months, which correspondents to several publications
describing mandibular distraction at an early age.36-38 Tongue lip adhesion (TLA) is
the only technique that made it through the evolution of the glossopexy techniques
and remains a commonly used surgical option. Surgical techniques that were
reported less frequently were subperiosteal release of the floor of the mouth and
mandibular traction.
In the clinical case presented, we described an RS newborn in severe respiratory
distress. Based on the information given, one-third of respondents opted for
intubation and short-term surgery (which type of surgery was not specified). About
another third of the respondents chose to perform a tracheostomy. A tracheostomy
entails a long-term commitment in which reported mean times to decannulation vary
from 2 to 8 years.39-41 Responses to our clinical case showed a widespread variety
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This study has several limitations. Although, we attempted to include as many
European clinics as possible, we were not able to reach all of them, which resulted
in a less representative sample. Due to the limited sample size, it is not possible
to draw conclusions by country. In Fig. 1 and Fig. 2, we included, in addition
countries with more than 5 respondents, also countries with clinics who saw more
than 10 new RS patients per year. Although this complicates comparisons between
countries, these clinics are likely to be experienced in RS care. Also, it is likely that
clinicians who have a special interest in RS were more eager to respond, leading to
additional bias. In addition, some questions in the survey may not have been clearly
formulated. It was, for example, unclear whether we meant a semantic or clinical
distinction between isolated and non-isolated RS, leading to variability in the type of
response. The survey was available only in English, which may have influenced the
interpretation of questions. Although we intended to have the respondents answer
the questions for their clinics, this may not always have been the case. Strengths
of the survey include that it is the first European survey on RS with more than 100
respondents. The respondents’ countries are well spread across Europe. Also,
we have addressed most of the practical issues that one comes across during the
management of the RS patient.

CONCLUSION
Despite several limitations, this survey study provides insight into current RS
management throughout Europe. The results confirm that there are considerable
differences in both definition and management of RS between the European clinics.
We encourage establishment of national (and international) guidelines to optimize
patient care. To establish these guidelines, more high-level evidence papers on RS will
be indispensable. Furthermore, we would like to encourage clinics to publish their
management algorithms to offer clinicians better insights into the various strategies.
Finally, our survey findings may help lead to consensus concerning RS management
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of treatment choices, confirming the differences between the European clinics with
regard to type of treatment and timing.
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SUMMARY
There is widespread lack of consensus regarding treatment of airway obstruction
in children with Robin Sequence. This study aimed to systematically summarize
outcomes of non-surgical and surgical options to treat airway obstruction in
children with Robin Sequence. The authors searched the Medline, EMBASE and
CENTRAL databases. Studies primarily on mandibular distraction were excluded.
Study quality was appraised with the Methodological Index for Non-Randomized
Studies (MINORS) score. Forty-eight studies were included, of which 45 studies had
a retrospective non-comparative set up, two studies had a prospective design and
one study was a clinical trial. The mean MINORS score was 7.3 (range 3-10). The
rates of successful relief of the airway obstruction (SRoAO) were: not available for
orthodontic appliance (2 studies, n = 24), 67-100% for nasopharyngeal airway (6
studies, n = 126); 100 % for non-invasive respiratory support (2 studies, n = 12);
70-96% for tongue-lip adhesion (11 studies, n = 277); 50-84% for subperiosteal
release of the floor of the mouth (2 studies, n = 47); 100% for mandibular traction
(3 studies, n = 133); 100% for tracheostomy (1 study, n = 25). The complication
rate ranged from zero to 55%. Although SRoAO rates seemed comparable, highlevel evidence remains scarce. Future research should include description of the
definition, treatment indication, and objective outcomes.
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INTRODUCTION

The main problems in RS include airway obstruction and feeding difficulties,
both occurring with varying degree of severity. In this review we focus on airway
obstruction. Airway obstruction may vary from virtually non-existing to apneas,
increased activity of breathing muscles, failure to thrive, cyanosis and ultimately
respiratory insufficiency. Patients with RS are frequently diagnosed with obstructive
sleep apnea (OSA), which in turn is associated with considerable morbidity. The
prevalence of OSA has been reported to be between 46 and 100 % in children with
RS.4-7 The current gold standard to diagnose OSA is a nocturnal polysomnography.8
A number of treatment options are available to treat airway obstruction in RS,
but there is currently no widely accepted guideline or treatment algorithm. Most
clinicians agree that prone positioning is the treatment of choice for mild cases,
but a large variety of treatment options exist for cases in which prone positioning
fails. There is an obvious need for a more evidence-based approach to treatment of
children with RS.
The aim of our study was to systematically summarize outcomes of non-surgical
and surgical interventions for airway obstruction in children with RS based on
effectiveness and safety. This review intends to inform clinicians about the current
state of evidence in literature and to highlight research gaps, thereby functioning as
a guide in the set-up of future clinical studies.

MATERIAL AND METHODS
The Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA)
statement was adhered to as much as possible in the preparation of this review. No
approval was necessary by an institutional review boards due to the nature of this
study.
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Robin Sequence (RS) is a congenital facial condition occurring in 1 in 8,500 to 1
in 30,000 newborns.1-3 The French stomatologist Pierre Robin originally defined RS
in 1923 as a triad of mandibular hypoplasia, glossoptosis and airway obstruction.
Some clinicians also include cleft palate as part of the definition. However, there is
no clear, unanimous definition of RS.
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Search strategy
A detailed systematic review protocol was prepared by all authors. The review was
conducted using detailed search and extraction methods for the MEDLINE, EMBASE
and CENTRAL databases aimed at studies published after January 1st 2000. The
reference list of included studies was checked for additional eligible studies.
Eligibility criteria
Studies were considered eligible for inclusion if: 1. Study participants had a
diagnosis of RS; 2. Study participants were below the age 18 years old; 3. Studies
had more than 5 participants; 4. Studies had a focus on non-surgical and/or surgical
intervention(s) to manage the airway obstruction; 5. Studies contained original data
on treatment outcomes; 6. The study was published in English.
The diagnosis of RS was author-defined to avoid excluding relevant studies. Given
the ongoing debate on specific, more or less obligatory features of RS, all definitions
were accepted. Children with a diagnosis of mandibular hypoplasia and airway
obstruction were also considered to have RS. Children with both isolated and nonisolated forms of RS were included.
Since studies specifically on mandibular distraction in children with RS already have
been extensively covered in reviews by Ow, Bookman and Paes, we decided to
exclude articles solely on mandibular distraction.9-11
Study quality was appraised with the Methodological Index for Non-Randomized
Studies (MINORS) and the Oxford Centre for Evidence-Based Medicine (CEBM)
scale.12 MINORS consists of a 12-item checklist. The first eight items focus specifically
on non-comparative studies. Each item is scored 0 (not reported), 1 (reported, but
inadequate) or 2 (reported and/or adequate). The maximum score is 16 for noncomparative studies and 24 for comparative studies. Primary outcomes included
successful relief of the airway obstruction without necessity for further treatment
(SROAO), the obstructive apnea hypopnea index (oAHI) and mortality (not disease
specific). Secondary outcomes included side effects, complications and improvement
of oxygen saturation.
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Selection of studies
Initially, all papers were independently examined on titles and abstracts by two
authors (MvL and MvdS). Afterward, the full text manuscript was assessed for
eligibility on basis of the defined criteria by the same authors. Any disagreements
were resolved by discussion between the two review authors and if needed by
involvement of another author of our review group.

Data extraction of the manuscripts was performed independently by two authors
(MvL and MvdS) using a customized data collection form.

RESULTS
Forty-eight studies were included in the qualitative synthesis. All studies except
Buchenau et al. were Oxford CEBM Level type IV. We did not find any studies that
focused specifically on prone positioning. The mean MINORS score was 7.3 (range
3–10). Reported outcome measures differed and included: clinical signs of airway
obstruction, overnight polysomnography outcomes (oAHI, mixed-obstructive apnea
index (mOAI), central apnea index (CAI), oxygen desaturation index (ODI), capillary
blood pH, CO2 pressure), weight velocity, body weight, oxygen saturation, growth,
(in-patient) hospital stay, complication rate, need for additional surgery, need for
tracheostomy, questionnaires on satisfaction, maxilla-mandibular discrepancy and
death. Eleven studies mentioned the use of polysomnography in their clinic, but
specific data were not always available (Fig. 1).

Orthodontic appliance (table 1) (Two studies with 24 patients in total)13,14
Two studies of the same group on the use of an orthodontic appliance were found.
In a prospective observational study and a randomized clinical trial, the study group
of the Tuebingen Hospital in Germany described the use of an intraoral orthodontic
appliance with velar extension shifting the tongue anteriorly, thereby widening the
hypopharyngeal space.13,14 In the study of Buchenau et al. in 90% of the children
in the pre-epiglottic plate group an improvement of mOAI was observed, compared
to only 36% of infants in the control group who received a conventional appliance.
In the study of Bacher et al. a significant decrease in mean mOAI was noted at the
three-month follow-up.
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Data extraction and quality appraisal
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Literature search 21st January 2015

Embase
('pierre robin syndrome'/de OR (((pierre* OR syndrome* OR sequence* OR anomalad*) NEAR/3
robin*) OR micrognati* OR brachygnati* OR retrognati* OR ((small* OR underdevelop* OR hypoplas*)
NEAR/6 ('lower jaw' OR mandibul*))):ab,ti) AND (therapy/exp OR surgery/exp OR 'cohort analysis'/de
OR (therap* OR surg* OR operat* OR treat* OR cohort* OR remed* OR relief OR reliev* OR
ameliorate*):ab,ti)
Medline
(pierre robin sequence/ OR (((pierre* OR syndrome* OR sequence* OR anomalad*) ADJ3 robin*) OR
micrognati* OR brachygnati* OR retrognati* OR ((small* OR underdevelop* OR hypoplas*) ADJ6
(lower jaw* OR mandibul*))).ab,ti.) AND (therapy/exp OR therapy.xs. OR exp Surgical Procedures,
Operative/ OR exp cohort Studies/ OR (therap* OR surg* OR operat* OR treat* OR cohort* OR remed*
OR relief OR reliev* OR ameliorate*).ab,ti.)

2183 records screened (after duplicates removed)
2061 records
excluded
122 full text articles assessed for eligibility
0 records added
from the references

74 records excluded
48 studies included in the qualitative synthesis

Figure 1. Flow diagram of literature search and selection process.

Nasopharyngeal airway (table 2) (Six studies with 126 patients in total)5,15
16 17 18,19

Techniques differed in the six available studies, but in general a nasopharyngeal
airway was created by modifying an endotracheal tube and position of the distal
end of the tube on top of the larynx, bypassing the tongue base. The nasopharyngeal
airway permits the child to breathe through the tube, and may break the seal between
the posterior placed tongue base and the pharynx wall. The mean duration of the
use of a nasopharyngeal airway ranged from 44 days to 8 months. The SROAO
rates ranged from 67 to 100%. In the study of Wagener four complications were
reported: three patients developed a chest infection and one patient developed right
nostril stenosis.19
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N

Prospective,
observational
study design

15

Indication

Primary outcome
(1=SROAO, 2=AHI, 3=mortality)
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10

N/A*

Complication
MINORS
rate

mOAI > 3. Exclusion criteria was
1.N/A
N/A
(amongst others) OSA-related
2. In 90% an improvement of
severe hypoxemia (defined as 3 or
mOAI was observed in the premore desaturation events to <60%
epiglottic plate group compared
pulse oximetry-derived oxygen
to only 36% of infants in the
saturation (SpO2) in the initial
control group who received a
sleep study
conventional appliance.
3. Not reported
N/A (however mOAI > 3. Exclusion criteria was
1. N/A
N/A
article states
(amongst others) OSA-related
2. N/A in %, but they found a
age at start
severe hypoxemia (defined as 3 or
significant decrease in mean
treatment was
more desaturation events to <60%
mOAI of 17.2 to 1.2 at 3-month
below 60 days) pulse oximetry-derived oxygen
follow-up
saturation (SpO2) in the initial
3. Not reported
sleep study

Mean age at
the start of
treatment
N/A (however
article states
age at start
treatment was
below 60 days)

* because of its design (RCT) MINORS is not applicable

Bacher*
2011 13

11
Buchenau* Randomized
clinical trial
2007 14
with crossover
design.

First author
Design
and year

Table 1. Orthotic appliance (PEBP: Pre-epiglottic baton plate). *Authors part of the same study group.
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Case series

Retrospective 13
study design

Retrospective 18
case series

Wagener
2003 19

Anderson
2007 16

Parhizkar
2016 17

Abel 2012 Retrospective 63
study design
(ook in
mix) 18

AWO on basis of glossoptosis

Unsatisfactory oxygen saturation
and weight gain (moderate
obstruction) or in case of severe
airway obstruction at rest.

Unsatisfactory oxygen saturation
and weight gain (moderate
obstruction) or in case of severe
airway obstruction at rest

Differed, but in general poor
weigh gain and desaturations
to 80%

N/A

Indication

N/A (Varied from Sleep study showing moderate
1-330 days)
of severe UAO (according to
Nixon’s criteria). moderate UAO
for a set of at least three clusters
of desaturations with at least 3
dips below 85% (but not below
80%) and severe
UAO for a set of at least three
clusters of desaturations with at
least 3 dips below 80%.

N/A but reported
to be close to
the median age
of admission
(6 days, range
1-122 days)
N/A (no specific
data for RS
available)

N/A

N/A

Retrospective 7
study design (late
obstruction)

Wilson
2000 5

20

Mean age at the
start of treatment
N/A

First author
Design
N
and year
Retrospective 6
Chang
study design
2000 15

Table 2. Nasopharyngeal airway

1. N/A (no specific data for RS
available)
2. N/A
3. Unknown for RS poopulation
1. 81,8% with a median
follow-up period of 12
months (range 2-30 months)
2. N/A
3. None

1. 100% (Mean follow-up
duration not reported.)
2. N/A
3. None reported

Primary outcome
(1=SROAO, 2=AHI, 3=mortality
1. 100% (although 4 required
supplemental oxygen.
Mean follow-up duration not
reported)
2. N/A
3. Not reported
1. 67% (Mean follow-up
duration not reported.)
2. N/A
3. Not reported
1. 100% (Follow-up duration
not reported )
2. N/A
3. Not reported

None
reported

None
reported

None
reported

25%

6

5

5

7

Complication
MINORS
rate
During
4
the initial
period 2
children had
regurgitation
of feeding
None
3
reported
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Only two studies were found on non-invasive respiratory support.20 Non-invasive
respiratory support includes continuous positive airway pressure (CPAP) and noninvasive positive pressure (NIPP) ventilation. By applying positive pressure during a
breathing cycle, the airway patency is maintained. Leboulanger described the use
of home ventilation with a custom-molded mask. The mean duration of the home
ventilation therapy was 16 months. In this study an SROAO rate of 100% was
found. In a large study on non-invasive ventilation by Girbal et al., five patients with
RS were described.21 All started non-invasive ventilation at a young age (median
1 month with an interquartile range between 0 and 2 months). Although specific
data on RS patients were missing, the study reported non-invasive ventilation led to
clinical improvement in all cases and mostly minor complications were reported in
14.7% of the cases including local skin irritation, skin breakdown, conjunctivitis and
slight facial deformation.

Tongue-lip adhesion (table 4) (Eleven studies with 277 patients in total)22-32
Tongue-lip adhesion is a technique first popularized by Douglas in 1946 in which
the tongue is sutured to the lower lip in order to advance the tongue. In a second
procedure, when the airway is deemed safe, the tongue is released. The eleven
studies used different tongue-lip adhesion techniques including those described by
Douglas, Argamosa and Routhledge or modified forms. The mean age of release
of the tongue-lip plication ranged from 9 to 14.8 months. SROAO rates ranged
from 70 to 95%. Non-respiratory related complications included dehiscence and
abscesses. Respiratory-related complications included edema, stridor, apnea and
a tracheostomy. According to the study of Mann et al., scarring of the lip was
insignificant and scarring on the tongue modest. There was no need for scar revisions
in any studies. Some studies reported considerable differences in management
between non-syndromal and syndromal RS children. For example, Rogers et al.
found a higher need for preoperative intubation, more average days of intubation,
a longer length of intensive care unit and hospital stay and a higher incidence of
reintubation.30 In the study of Kirschner et al. management by tracheostomy was more
frequently required in patients with RS with multiple anomaly syndromes.25 Cozzi
et al. examined differences in mean body weight or weight velocity percentiles, but
did not find significant differences between isolated or non-isolated RS patients.28
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Non-invasive respiratory support (table 3) (Two studies with 12 patients in
total)20,21
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21

Girbal 2014

First author
and year
Leboulanger
2010 20

N

Retrospective 5
study design

Retrospective 7
study design

Design

Median age
1 month
(Interquartile
range 0-2)

Mean age at the
start of treatment
Median age of 2
months
(range 1-10
months)
Symptoms of severe upper airway
obstruction (dyspnea, stridor, chest
retractions, loud breathing, or failure
to thrive) that was responsible for
alveolar
hypoventilation during sleep,
defined on the basis of hypercapnia
(transcutaneous carbon dioxide
pressure
[PtcCO2] of _50 mm Hg for _10
consecutive minutes and/or _10% of
sleep time) despite positioning
measures
and exclusive nasogastric tube
feeding.
Complex OSA

Indication

1.N/A
2. N/A
3. N/A

Primary outcome
(1=SROAO, 2=AHI, 3=mortality
1. 100% (Mean follow-up
duration not reported.)
2. N/A
3. None

Table 3. Continuous positive airway pressure (CPAP) and non-invasive positive pressure (NIPP) ventilation

Reported,
but no rate
available

7

Complication
MINORS
rate
None
7
reported

| Chapter 3

Retrospective 11
study design

Retrospective 14
study design

Retrospective 48
study design

Retrospective 22
study design

Retrospective 52
study design

Denny, 2004

Huang, 2005

Cozzi, 2008

Bijnen, 2009

Rogers, 2011

30

29

28

27

26

Retrospective 29
study design

Kirschner,
2003 25

N

Retrospective 23
study design

Design

First author
and year
Hoffman,
2003 24

24.0 days
(range 4-124
days)

34.0 days
(range 1-98
days)

120.5
(+-22 days)

87.1 days
(range 18-348
days)

16.6 days
(range 4-42
days)

26.3 days
(range 2-129
days)

Mean age at the
start of treatment
38.2 days
(range 3-70
days)

Not specified.

Severe upper airway obstruction
and/or life apparent life-treatening
episode and unsuccessful nonoperative treatment.
Unsuccessful non-operative
treatment.

Unsuccessful non-operative
treatment.

Unsuccessful non-operative
treatment.

Not specified.

Severe or continued respiratory
distress despite prone positioning
or supplemental oxygen.

Indication

Table 4. Tongue-lip adhesion (TLA) and other glossopexy techniques
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1. 89%. Follow-up period not
specified.
2. N/A
3. Not reported

Primary outcome
(1=SROAO, 2=AHI, 3=mortality
1. 70% with a mean follow-up
period of 3.3 +- 2.9 years.
2. N/A
3. None
1. 70%. (Mean follow-up
duration not reported.)
2. N/A
3. None
1. 72% with a mean follow-up
period of 7.9 years (range
5-15 years)
2. N/A
3. Not reported
1 71%. Follow-up period not
specified.
2. N/A
3. Not reported
1. 75%. Follow-up period not
specified.
2. N/A
3. None
1. 80%. Follow up period of
minimal 1 year (range 1-9
years)
2. N/A
3. 2 deaths: severe
tracheomalacia and a severe
cardiac abnormality
4%

55%

19%

29%

27%

17%

5

10

8

3

8

3

Complication
MINORS
rate
52%
8
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N

9.7 days
(range 3-30
days)

Retrospective 26
study design

Mokal 2014

23

29 days
(range 15-56
days)

Retrospective 8
study design

Sedaghat
2012 22

Mean age at the
start of treatment
18.4 days
(range 3-45
days)
13.9 days
(range unknown)

Retrospective 22
study design

Design

Mann, 2012 32 Retrospective 22
study design

First author
and year
Abramowicz,
2012 63
Primary outcome
(1=SROAO, 2=AHI, 3=mortality
Not specified.
1. 90%. Follow-up period not
specified.
2. N/A
3. Not reported
Type 1 or 2 airway obstructions,
1. 95%, one case required
verified via bronchoscopy, who
a tracheostomy. Average
experienced desaturations when
follow-up duration was 8
supine or eating but remained
years.
stable when placed prone.
2. N/A
3. Not reported
Unsuccessful treatment by
1. 88%
conservative measures such as
2. Mean pre-operative oAHI
prone positioning and supplemental
preoperative 52.6, postnasogastric tube feeding.
operative oAHI 18.1. 7/8
showed improvement. In only
3/8 there was resolution of
oAHI below 5.
3. Not reported
Airway compromise, difficulty
1. 96% with a mean follow-up
feeding, poor weight gain and
period of 98 months (range
failure of conservative treatment to
9 months – 15 years)
relieve symptoms.
2. N/A
3. Not reported
Indication

Table 4. Tongue-lip adhesion (TLA) and other glossopexy techniques (Continued)

None

None
reported

15%

5

9

3

Complication
MINORS
rate
N/A
8
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Two studies were included on subperiosteal release of the floor of the mouth. The
procedure is based on the theory that the muscular insertion of the tongue on the
mandible is under increased tension creating the glossoptosis and elevation of the
tip of the tongue.35 Both Breugem et al. and Caouette-Laberge used the technique
according to Delorme.33,34 In the study of Breugem et al. children remained intubated
for one week postoperatively to allow for weight gain, swelling of the floor of
the mouth to subside and the endotracheal tube to splint the tongue in a forward
direction. In this study a SROAO rate of 50% was found, considerably lower than
the 84% SROAO rate as reported by Caouette-Laberge.

Mandibular traction (table 6) (Three studies with 133 patients in total)36-39
Three studies on mandibular traction were included.36-38 During mandibular traction
the tongue and mandible are forced in a forward position, while slowly lengthening
the mandible and the soft tissues and thus creating a larger oropharyngeal space
and relief of the airway obstruction. Mandibular traction was described in a group
of eight RS children by Pradel et al., for a period of two to five weeks using 50 – 200
gram weights.36 Traction was stopped when the infant no longer showed signs of
airway obstruction anymore, and blood gas analysis showed normal values during
observation. Baciliero et al. performed mandibular traction surgery according to
the Stellmach & Schettler technique.37 Traction was discontinued on basis of oxygen
saturation values and the degree of correction of mandibular deficiency. The oxygen
saturation values had to be stable and >96% in room conditions without traction for
72 hours. The maxilla-mandibular discrepancy had to be less than three millimeters.
The mean period of traction treatment was 44 days. Dong et al. followed the same
surgical technique as Baciliero. 38 In this study of seven patients the mean duration
of traction was 26.6 days. All studies reported a SROAO rate of 100%. In the
study of Baciliero et al. complications were reported in 25% of patients including
transient infection at the site of the wires. In three patients loss of one of the wires
was reported. No evident scars were reported. In the study of Dong et al. no severe
complications were reported, but there was note of minor complications such as
increased oral secretion after surgery.
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Subperiosteal release of the floor of the mouth (table 5) (Two studies with 47
patients in total)33,34
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Prospective
7
study design

Dong
2014

13.7 days

Retrospective 118 22 days
study design
(range 2-64
days)

Baciliero
2011 37

38

Retrospective 8
study design

N

Pradel
2009 36

First author
Design
and year

Mean age of
the start of
treatment
Not reported

Retrospective 31 33 days
study design
(range 3-188
days)

N

Table 6. Mandibular traction

CaouetteLaberge
2012 34

Breugem
2008 33

First author
Design
and year

Mean age at
the start of
treatment
Retrospective 14 15 weeks
study design
(range 1 – 68
weeks)

Failure of conservative management
(lateral or prone positioning, acrylic plate)
failed and resulted in hypercapnia> 60
mm Hg, acidosis PH < 7.2 and pure
oxygenation <85%
Neonates who had experienced even
a single episode of desaturation or
respiratory obstruction, and babies with
feeding difficulties.
Surgery was performed if the mean
transcutaneous oxygen saturation was
less than 90% after a 24-h monitoring
period in the lateral/prone position, or
if the transcutaneous oxygen saturation
decreased continuously due to dyspnea
during the monitoring period and manual
intervention/rescue was required.

Indication

Failure of traditional management such as
prone positioning and nasopharyngeal
intubation and indicators of continued
respiratory distress such as desaturations,
elevated carbon dioxide levels, cardiac
abnormalities and failure to thrive
Failure of conservative measures as ventral
positioning or a nasopharyngeal airway

Indication

Table 5. Subperiosteal release of the floor of the mouth

None
reported

1. 100%
2. N/A
3. Not reported

1. 100% with a follow-up
period of 11 years.
2. N/A
3. One patient died of an
aspiration pneumonia
1. 100%
2. N/A
3. None reported

6

5

MINORS

No major
6
complications
reporter.

25%

None
reported

Primary outcome
Complication
(1=SROAO, 2=AHI, 3=mortality rate

7

6

Complication
MINORS
rate

1. 84%
None
2. early postoperative recordings reported
mean AHI of 17.4, compared
to ean 46.5 preoperatively.
3. One death. Circumstances
unclear.

1. 50%
2. N/A
3. Not reported

Primary outcome
(1=SROAO, 2=AHI, 3=mortality
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Mandibular distraction9-11
As stated in the method section, mandibular distraction in children was already
elaborated by a number of review studies. Therefore, publications solely on this
topic were excluded from our analysis.9-11

One study reported specifically on the use of a tracheostomy, a technique usually
performed in patients with a life-threatening airway obstruction who are in need of
immediate treatment. 40 Han et al. found the median time to ‘natural’ decannulation
was 97 months without further surgical intervention. Patients with syndromic RS had
a significantly longer median time to decannulation than did those with isolated
RS. The mean follow-up was 4 years and a SROAO rate of 100% was found.
Complications were noted in 52% of patients such as tracheïtis, pneumonia, wound
breakdown, wound infection and hematoma. One patient died due to a tracheostomy
tube occlusion early in the study period. Long term-outcomes such as developmental
delay, organ system dysfunction and death were also recorded.

Studies describing a mix of treatments (21 studies)41-62
Twenty-one studies reported on multiple techniques simultaneously in case series of
children with RS in their institution. Most studies reported successful treatment of the
airway obstruction by ‘prone positioning only’ in the majority of RS patients.41-43,52
In a number of studies a difference in children with an isolated RS and children with
non-isolated RS was reported. 41,42 For example, the study of Marques et al. reported
on the clinical course of 62 patients during the first six months of life and found prone
positioning treatment or a nasopharyngeal airway to be the definitive treatment in
75,8% in children with probable isolated RS and in 52% of the cases of syndromes
or other malformations. In contrast some studies did not find such a difference. A
large study by Evans et al. among 115 RS patients showed no statistical difference
between syndromic and non-syndromic patients regarding operative treatment. 48
In this study 44% of patients in total underwent any form of operative treatment.
Handley et al. reported a significant difference in need for a surgical intervention
between children with and without cleft palate. Handley et al. also identified a
number of factors that may predict need for a definitive airway intervention.59
Supplement 1 shows the ratio between the MINORS score, type of treatment and
SROAO success percentage.
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Tracheostomy (table 7) (One study with 25 patients in total)40
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Table 7. Tracheostomy
Mean age
of the
Indication
start of
treatment
Retrospective 25 N/A
Not
study design
specifically
specified

First author
Design
and year
Han 2012
40

N

Primary outcome
Complication
(1=SROAO, 2=AHI,
MINORS
rate
3=mortality
1. 100% with a
mean follow-up
of 4 years.
2. N/A
3. 2 children died.

52%

7

DISCUSSION
The total number of studies with original data on treatment in RS was low, as well
as the mean number of patients participating. Although we found two prospective
studies and one clinical trial, most studies had a retrospective non-comparative
character. To appreciate methodological quality differences between CEBM level IV
studies, the MINORS score was applied. The mean MINORS (range 3–10) score
was 7.3 out of 16 (non-comparative studies). The large majority of scores ranged
between 5 and 8. Therefore, unfortunately the MINOR scores did not provide much
guidance in differentiating between outcomes of studies. Low scores were especially
found on items 3 (prospective collection of data) and 5 (unbiased evaluation of
endpoints). These scores indicate there is still a lot to gain in reporting outcome for
rare diseases using case series. We advocate the usage of objective descriptions of
indication and the pre-treatment airway status. Only 11 out of 48 studies reported
use of polysomnography, the gold standard to diagnose OSA. All other studies used
fairly subjective measures or none at all for means of indication.
In most studies there seemed to have been a stepwise treatment approach, in which
the indication for a certain treatment is failure of another. This makes it difficult to
generalize results to the entire RS population due to selection bias. Generating a
treatment protocol on the basis of these studies for any newborn child with syndromic
or non-syndromic RS is therefore difficult. Nonetheless, there seems to be agreement
that prone positioning, although not substantiated by specific scientific evidence,
is the first step in the treatment cascade with exception of RS cases with acute lifethreatening respiratory distress. Remarkably, we did not find any notions on the
relation between prone positioning in children with RS and the possibly increased
risk on SIDS.
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When prone positioning or other non-surgical therapies fail to relieve airway
symptoms, a multitude of surgical options is available. On the basis of this
review, given the quality of studies and the impossibility of a fair comparison
(due to incompatible outcome reporting and selection bias), one cannot warrant
a consensus recommendation for clinical practice. In reviews conducted on
mandibular distraction, levels of evidence and effectivity appeared to be similar to
our findings.9-11 Therefore, local circumstances and experience of the practitioner or
clinic, rightfully guide treatment decisions.
Finally, there is an ongoing discussion regarding what the natural course of RS is.
Since most of the described measures give temporary airway support and probably
do not have much (or any) long-term influence on the anatomical or physiological
situation after the treatment has been stopped, this implies presence of a natural
improvement of the airway obstruction in time. Some studies found that more
permanent invasive surgical measures were more often needed in children with nonisolated RS, suggesting the natural improvement in airway dimensions may be less
in these children. Unfortunately, in most studies data on long-term outcomes, when
the child has overcome the critical first years were missing.
During the preparation of this systematic review, we noted a few recurring
complicating factors one comes across quite often while doing research in children
with RS, such as variety in RS definition, the heterogeneity of the RS population and
lack of a reliable and uniform outcome measures. In this review we used SROAO as
our primary endpoint, but this was not always clearly mentioned in the articles and
therefore sometimes interpreted by the researcher from the text. However, SROAO
was available across all studies and therefore enabled us to compare outcome.
Also, absence of need for further treatment does not necessarily mean that OSA is
absent. To investigate this, post-operative PSG studies are needed.
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As in all conditions, preference should be given to a treatment which is most
effective and least invasive. Therefore, when prone positioning fails, other nonsurgical therapies may be applied, such as a nasopharyngeal airway, non-invasive
respiratory support or an orthodontic plate. All these measures give temporary
support to the airway. The included studies in this review showed similar success
rates for SROAO with few complications. One can argue that the choice of any of
these non-surgical does not matter, since results on outcomes seemed almost the
same.
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ABSTRACT
Objectives/Hypothesis
The airway management of children with Robin sequence is controversial. This study
provides an overview of a single-center experience with the diagnosis and treatment
of 59 children with Robin sequence.

Study Design
Retrospective cohort study.

Methods
We conducted a retrospective cohort study of 59 children (<1 year old) with Robin
sequence managed between 2000 and 2010. Robin sequence was defined as the
presence of mandibular hypoplasia and clinical signs of airway obstruction. Data
were collected on demographic characteristics, the presence of a syndrome, the
perinatal period, and the management of airway and nutritional problems.

Results
Eighteen children (31%) needed respiratory support because of severe respiratory
distress, and a sleep study found obstructive apneas in another eight children who
had been managed by prone positioning and/or monitoring. In the isolated group
significantly fewer children needed respiratory support compared to the non-isolated
group. After the age of 1 year, 10% of the Robin sequence cohort was still in need of
treatment for obstructive symptoms. Almost half (47%) needed temporary nutritional
support.

Conclusions
The prevalence of respiratory distress in children with Robin sequence is high. In
most children, treatment with prone positioning was sufficient to relieve the airway
obstruction. Successful treatment with prone positioning was significantly more
often seen in children with an isolated Robin sequence. About one-third of all Robin
sequence children needed respiratory support in the neonatal and/or infant period.
However, in childhood, only 10% of the total Robin sequence cohort was still
dependent on respiratory support.
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INTRODUCTION

Despite growing attention to RS and its clinical implications in recent decades, many
aspects of the condition remain unclear, and management of children with RS is
controversial. In addition to reviewing our experience regarding diagnosis and
treatment of the airway obstruction in a retrospective cohort of 59 children, this
article reflects on our approach. Because there are few large retrospective cohort
studies, this study may aid understanding of this challenging condition.

MATERIALS AND METHODS
A retrospective cohort study was undertaken of all children with RS who were born
between 2000 and 2010 and treated at Erasmus Medical Center–Sophia’s Children
Hospital Rotterdam. We defined RS as the presence of mandibular hypoplasia and
clinical signs of airway obstruction (e.g., snoring and increased effort in breathing)
observed by one (or more) member(s) of the cleft palate team or craniofacial team.
The first author (m.j.s.v.l.) also double-checked all diagnoses on the basis of patient
files. We identified 66 children with RS.
Fifty-nine of these children had their first consultation under the age of 1 year.
The other seven children were older than 1 year (range, 374–1,739 days) and
were referred to our center after various treatments (both surgical and nonsurgical)
elsewhere. Six of the seven cases had a clinical syndrome or additional anomalies.
To minimize the bias of these older children who had already received extensive
treatment in other clinics, and also because of incomplete data, we excluded these
children from analysis.
The data collected included demographic characteristics and information on the
perinatal period (average birth weight; number of children born with a low birth
weight, defined as a birth weight <2,500 g; pregnancy duration; and the number
of children born prematurely, defined as a birth that took place before 37 weeks of
gestation). We also collected data concerning associated anomalies, syndromes,

81 |

Chapter 4

Robin Sequence (RS) is a congenital disorder occurring in about 1 in 8,500 to
1 in 20,000 newborns.1-3 As the name implies, RS is considered a sequence in
which a single developmental defect results in a chain of secondary anomalies.4 The
primary developmental defect is believed to be underdevelopment of the mandible
(mandibular hypoplasia).5 By displacing the tongue posteriorly (glossoptosis), this
can result in airway obstruction and feeding difficulties.
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and other comorbidities. All children with a cleft palate were screened and assessed
by a clinical geneticist to rule out or confirm a syndrome diagnosis. Those without cleft
palate were checked by the geneticist if there was a clinical suspicion (i.e., familiar
presence of mandibular hypoplasia or presence of other congenital malformations).
We also noted the presence of airway problems and their management in our clinic.
Regarding treatment, we made a distinction between prone positioning, respiratory
support (e.g., a nasopharyngeal airway [NPA], continuous positive airway pressure
[CPAP], and/or oxygen supplementation) or surgical measures (e.g., a tracheostomy
followed by mandibular distraction). Furthermore, we gathered data on the children’s
nutritional status.
If available, we noted the outcomes of the endoscopy of the upper airway and
the sleep study (also called polysomnography). A single experienced ear, nose,
and throat surgeon in the operation theater performed endoscopies of the upper
airway. The endoscopy took place while the child was under general anesthesia
and in supine position. Findings were reported on basis of anatomical location. The
Cormack-Lehane score was also determined.
In all children who underwent an overnight clinical sleep study in our sleep
laboratory, the diagnosis of obstructive sleep apnea (OSA) and its severity was
established using the criteria set by Guilleminault, in which the obstructive apneahypopnea index (oAHI) was used.6 The oAHI was calculated by dividing the total
number of obstructive apneas and hypopneas by the total sleep time. An oAHI <1
was considered normal, 1 to 5 as mild OSA, 5 to 24 as moderate OSA, and a score
>24 as severe OSA.
To compare diagnosis and treatment between isolated RS and non-isolated RS,
the Pearson χ test was used. A P value of <.05 was considered to be statistically
significant. For the other data, descriptive statistics were used. Analyses were
performed with SPSS 20.0 for Windows (SPSS, Inc., Chicago, IL).

RESULTS
Population
There were 30 (51%) males and 29 (49%) females. Fifty-one of the 59 children had
a cleft palate. The median age at the first consultation in our center was 14 days
(range, 0–349 days). Three children in our cohort died: one due to the complications
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of a neuroblastoma stage IV at 6 years of age; one who had been diagnosed with
a chromosomal disorder, trisomy 9, and died after withdrawal of treatment 7 days
after birth; and one who died at the age of 6 years due to an aspiration pneumonia
combined with severe epileptic episodes and psychomotor retardation.

Perinatal Period
Information on birth weight and pregnancy duration was available in 53 children.
The average birth weight was 3,168 g (range, 995–4,295 g). Seven children were
born with a low birth weight. The average pregnancy duration was 38.8 weeks
(range, 30.1–42.1 weeks). Nine children were born prematurely.

Table 1 presents the syndromes and anomalies identified in more detail. Eight RS
children had a clinical syndrome (14%). Fifteen (25%) had additional anomalies,
but no clinical syndrome could be identified. The largest group comprised 36 (61%)
isolated RS children.
Table 1. Type of RS
Type of RS*

N (%)

I-RS

36 (61)

S-RS

8 (14)

AA-RS

15 (25)

Specified
2
2
1
1
1

(25%) Treacher Collins Syndrome
(25%) Stickler Syndrome
(17%) Nager Syndrome
(8%) Miller Syndrome
(8%) Chromosome 11 duplication,
12(q23,3:q24,3) deletion
1 (8%) Trisomia 19
E.g. hypertelorism, microtia, long and/or broad philtrum, frontal
bossing, psychomotor retardation, ear malformations and hand
malformations.

* I-RS = isolated RS
S-RS= syndromal RS
AA-RS= associated anomalies RS

Diagnosis of the Upper Airway Obstruction
Forty-two out of 59 children underwent one or more clinical overnight sleep study.
In 26 of them, the first clinical sleep study took place before the age of 1 year and
before upper airway-related surgical intervention (e.g., tracheostomy, mandibular
distraction, nasal surgery, adenoidectomy and/or adenotonsillectomy). The median
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Associated Syndromes and Other Comorbidities
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age at the first sleep study was 47 days (range, 5–348 days). Seven children (27%)
had a normal breathing pattern, three (12%) had an immature breathing pattern,
two (8%) had an upper airway resistance syndrome, and 14 (54%) had OSA.
The severity of OSA was mild in three children, moderate in three children, and
severe in eight children. In four children, no sleep study was performed because
these children needed a tracheostomy within 1 week after birth due to severe upper
airway obstruction. Although these children did not have a formal assessment, they
could be classified as having severe OSA.
An endoscopy of the upper airway was done in 12 children. The median age
at this first endoscopy was 24 days. The main indications for endoscopy were
intubation (four cases), removal of an endotracheal tube (one case), and evaluation
of a clinical airway obstruction (eight cases). The Cormack-Lehane score was 4
in six of these children, 3 in four children, 2 in one child, and 1 in one child.
In one child, the Cormack-Lehane score was unclear. The high Cormack-Lehane
scores in most of these children were caused by a large and retropositioned base of
the tongue against the posterior pharyngeal wall. A tracheomalacia was reported
in two children. Ten of these 12 children needed respiratory support and/or a
tracheostomy (followed by distraction).

Treatment
Treatment of the airway obstruction consisted of prone positioning, respiratory
support (NPA, CPAP, and/or oxygen supplementation) or a tracheostomy followed
by mandibular distraction. Figure 1 gives an overview of the treatment of the 59
RS children in their neonatal period (0–4 weeks old), in their infant period (4
weeks–1 year old), and in the follow-up period until the time at cross-section. The
end of an arrow indicates treatment was successful with sufficient relief of the airway
obstruction (no clinical obstructive signs and no desaturation events), and that there
was no further need for treatment.
Thus, treatment was evaluated at three different periods. Treatment in the neonatal
period consisted of prone positioning in 47 children, respiratory support in eight,
and a tracheostomy in four. At an infant age, prone positioning and/or saturation
monitoring were still used successfully in 41 of the 48 children in whom no respiratory
support was necessary. One child in this cohort died at the age of 6 years as
previously described.
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Figure 1. Treatment of children with Robin Sequence in the neonatal period, the infant period
and during childhood

When they grew older, six of the 47 children who had been initially managed
by prone positioning and/or saturation monitoring in the neonatal period needed
additional respiratory support and/or surgery. Five children were managed by
CPAP, NPA, and/or oxygen, whereas one child underwent mandibular distraction.
One of the eight children who had started respiratory support in the neonatal period
died after 7 days as previously described. Respiratory support could be stopped
in two children, and in one child it was continued. Four children needed surgical
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intervention with a tracheostomy and/or mandibular distraction. Of the four children
who were tracheotomized soon after birth, all but one got a mandibular distraction.
Only six out of 59 (10%) children still needed treatment in childhood. Three of
these six patients needed long-term respiratory support, indicating a 5% chance of
persistent obstructive airway pathology. Although the figure shows that OSA was
present in eight children, these children still could be managed conservatively.

Nutritional Status
Twenty-eight children (47%) needed nutritional support for their feeding difficulties
in the form of nasogastric tube feeding (25 children) or a gastrostomy tube (three
children of whom two were syndromic cases and one was isolated).
Table 2. Differences in diagnostic characteristics between children with isolated and nonisolated RS

Mean age at first consultation
Presence of cleft palate
Endoscopy of the upper airway
Endoscopy performed
Cormack score 4
Cormack score 3
Cormack score 2
Cormack score 1
Cormack score unclear
Polysomnography (sleep study)
PSG performed
PSG: below the age of one year
PSG: OSA presence
PSG: mild OSA
PSG: moderate OSA
PSG: severe OSA
Feeding
Presence of feeding difficulties needing
nutritional support

Isolated RS*
(36 children)

Non-isolated RS**
(23 children)

33 days
33 (92%)

62 days
18 (78%)

4 (11%)
4

8 (35%)
2
3
1
1
1

21 (58%)
14
7 (50%)
1
2
4

16 (70%)
12
7 (58%)
2
1
4

18 (50%)

10 (43%)

* Isolated RS includes children with I-RS
** Non-isolated RS: includes children with S-RS and AA-RS
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0,028 (κ² =
4,853, df = 1)
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Table 2 shows the differences in diagnosis between children with isolated RS and
children with non-isolated RS. The non-isolated group comprised RS children with
a recognizable syndrome and also RS children with additional anomalies. In Table
3, differences are shown in treatment of the airway obstruction with respect to the
different time periods. Two children with non-isolated RS died in the neonatal period
and were therefore excluded from the analysis in the infant period and childhood.
Some children had multiple treatments and therefore switched between treatment
groups. Table 3 shows that treatment of the isolated group was markedly different
from that of the non-isolated group. Those with isolated RS being treated significantly
more often with prone positioning than children with non-isolated RS in all time
periods. Furthermore, non-isolated RS children were significantly more often in need
of respiratory support, which remained necessary after their first year of life.
Table 3. Differences in treatment of children with RS in the neonatal period (<28 days), the
infant period (< 1 year) and childhood (>1 year until time at cross section)*
Isolated RS

Non-isolated

P-value

Neonatal period
Prone positioning
Respiratory support
Tracheostomy and/or
mandibular distraction

n=36
32 / 36 (89%)
1 / 36 (3%)
3 / 36 (9%)

n=23
15 / 23 (65%)
7 / 23 (30%)
1 / 23 (4%)

0.028 (κ² = 4,853, df = 1)
0.002 (κ² = 9,159, df = 1)
n.s.

Infant period
Prone positioning
Respiratory support
Tracheostomy and/or
mandibular distraction

n=36
30 / 36 (83%)
1 / 36 (3%)
5 / 36 (14%)

n=21
12 / 21 (57%)
6 / 21 (29%)
3 / 21 (14%)

0.030 (κ² = 4,692, df = 1)
0.004 (κ² = 8,191, df = 1)
n.s.

Childhood
Prone positioning
Respiratory support
Tracheostomy and/or
mandibular distraction

n=36
36 / 36 (100%)
0 / 36 (0%)
0 / 36 (0%)

n=21
15 / 21 (71%)
5 / 21 (24%)
1 / 21 (5%)

0.001 (κ² = 11,496, df = 1)
0.002 (κ² = 9,396, df = 1)
n.s

* See also figure 1

DISCUSSION
Providing an overview of the diagnosis and treatment of 59 children with RS, this
retrospective cohort study shows that most RS children could be treated conservatively
by prone positioning. About one-third of the RS children needed respiratory support
in the neonatal period and/or infant period. However, in childhood only 10% of the
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total RS group still needed respiratory support. In the other patients no deterioration
occurred during follow-up. Treatment differed between the isolated and non-isolated
RS cases. Isolated RS cases were treated significantly more often with prone
positioning as compared to non-isolated RS cases.
The definition of RS is under constant debate. A questionnaire study on this
subject executed among 66 health professionals at the annual Dutch Cleft Palate
Meeting resulted in 29 different sets of requirements necessary for defining RS.7 As
described in the Materials and Methods section, we decided to include children
with mandibular hypoplasia and clinical signs of airway obstruction experienced by
a health care professional. Glossoptosis was not a strict inclusion criterion for this
study, because the presence of glossoptosis was not always reported in the patient
charts, probably due to its subjective nature. To our knowledge there currently is
neither for mandibular hypoplasia nor for glossoptosis an objective standard with
reference values available. Cleft palate was not an inclusion criterion, because it is
not necessarily part of the sequence of events occurring in RS.
Although not a strict criterion, the majority (86%) of the population had a cleft
palate. According to our protocol, cleft palate repair takes place around the age
of 9 months. Because we know palate repair in children with RS can induce severe
respiratory distress postoperatively, a diagnostic workup focused on this particular
feature is warranted. In our clinic, RS patients get a preoperative sleep study with a
palatal plate that imitates the postoperative situation. If this imitated closure results
in increased desaturation events, an increase in carbon dioxide, and/or obstructive
apneas, the repair will be postponed.
In this study the prevalence of respiratory distress among RS children was high.
Eighteen of the 59 children needed respiratory support, and in another eight children
OSA was found by a sleep study. Previous studies have shown that OSA prevalence
rates range from 46% to 100%, in which this prevalence discrepancy is presumably
caused by differences in sleep study criteria, available patient population, and
variety in the RS definition.8-12
The question is when children should be referred to a specialized tertiary center
for additional diagnosis and treatment. In our clinic referral was often late, with a
median age at the first visit of 14 days. In the large majority of children, respiratory
symptoms can be relieved by prone positioning, but in this study a small number
of cases who were initially treated by prone positioning seemed to develop a need
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Another important diagnostic tool besides a sleep study is endoscopy of the upper
airway. This study shows that an endoscopy was done primarily in children with a
more severe form of RS (i.e., children in whom prone positioning was not sufficient
to relieve the airway obstruction). A retropositioned and/or large base of the tongue
was not reported in all children who underwent an endoscopy, suggesting that the
level of airway obstruction may have been different in those cases. In two nonisolated RS children tracheomalacia was found. As associated anomalies of the
airway such as laryngomalacia, tracheomalacia, and subglottic obstructions are
commonly seen, this further emphasizes the value of endoscopy in determining
the level and severity of the airway obstruction, in detecting additional airway
anomalies, and in choosing a suitable treatment.14
Regarding treatment, we found in our series, as in others, that most children could
be managed successfully with prone positioning alone.15-17 A natural improvement
of the airway obstruction is often observed, and therefore prone positioning is only
needed temporarily. The prone positioning therapy can be stopped when the child
starts to roll over and the parents do not report obstructive events.
When prone positioning fails there is no consensus regarding the indication,
timing, and choice of treatment.18 A number of non-surgical and surgical options
have been described including NPA, CPAP, oxygen supplementation, tongue lip
adhesion, subperiostal release of the floor of the mouth, tracheostomy, mandibular
traction, and mandibular distraction.15,19-22 Comparative studies on the efficacy of
these treatments are scarce, because the highly heterogeneous phenotype and the
variety of definitions of RS makes it difficult, if not impossible, to compare the studies
reliably.23
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for respiratory support at a later age, or the airway obstruction may not have been
clinically apparent.13 However, whether we should routinely screen all children by an
overnight sleep study for early OSA detection is questionable. We advocate referral
to a specialized center for all RS children who continue to have respiratory distress
despite prone positioning or who have persistent feeding difficulties. Follow-up sleep
studies are performed to monitor the course of the obstructive problems or in case
of a new clinical suspicion. Sleep studies at childhood are currently not routinely
performed but only for the above-mentioned reasons. Overnight ambulatory sleep
studies may play an increasingly important role in the diagnosis of OSA in patients
with RS.
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In our center, decisions about treatment are mainly made on the basis of the clinical
consequences of the airway obstruction and the feeding difficulties in the patient.
Surgical treatment of the airway obstruction is located at the far end of the treatment
algorithm. Mandibular distraction is only indicated in children who continue to have
severe respiratory distress and is preferably carried out beyond the neonatal period.
At a very young age, the bone is too soft to accept adequate screw fixation and/or
pin fixation for the positioning of the distractors. Therefore, to overcome the critical
period before the distraction, children with severe respiratory distress and failure of
conservative measures are tracheotomized shortly after birth. In this retrospective
cohort mandibular distraction was carried out in eight severe cases. Respiratory
support could be stopped shortly after the distraction in all but one patient.
Most children in our cohort did not need treatment after the age of 1 year. Even in
those who did not receive surgical treatment, there seemed to be sufficient clinical
relief of the airway obstruction. This indicates that most children may overcome
the obstructive problem in time through natural growth (or maybe even catch-up
growth) of the mandible. There is little evidence that surgery has a considerably
better outcome than nonsurgical therapy. Furthermore, surgery inevitably brings the
risks associated with anesthesia and with the procedure itself.
A notable finding was that significantly more isolated RS children had a good
response on prone positioning in comparison to the non-isolated RS children. In
addition, we found that isolated RS children tend to need respiratory support only in
the neonatal and infant period, whereas non-isolated RS children seem to need this
support beyond their first year of life (i.e., childhood). We advocate a nonsurgical
approach for the isolated RS patient. Previous studies have stressed the importance
of distinguishing between non-isolated RS and isolated RS. These comparative
studies reported that non-isolated RS children have a higher prevalence of failure
to thrive, more frequent delay in development and growth, more need of surgical
intervention, more failure of specific surgical procedures, and more frequent need
of tube feeding.24-29 Although a distinction between isolated and non-isolated RS
children does not have direct influence on clinical management, it may offer both
the clinician and the children’s family more insights in the course and the prognosis
of the airway obstruction and/or feeding difficulties.
Besides airway obstruction, feeding difficulties are the most important problem in
children with RS. Although this was not the primary focus of this article, we found
that almost half of the RS children needed nutritional support. Unfortunately, reasons
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One of the strengths of this study is that it is one of the few to report on the prevalence
of respiratory distress and to establish differences in treatment between the isolated
and non-isolated forms of RS. It is also a relatively large group compared to other
cohort studies. The general limitations of this study include the retrospective design
and the bias of an academic setting, where the RS population may be more severe.
In some cases the definition of RS used in the studies referred to above differed from
our definition of RS. This makes the comparison of outcomes less reliable.

CONCLUSION
The prevalence of respiratory distress in children with RS is high. Most isolated
RS children can be successfully managed by prone positioning. Few RS children
are in need of respiratory support at childhood. To identify subgroups at risk for
additional respiratory support and surgery, prospective longitudinal studies in which
RS children are carefully monitored are mandatory. These will allow parents of RS
children to be informed accurately about the course and prognosis of the disease.
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to start nutritional support were not systematically reported in the patients’ charts.
However, in general, nutritional support is considered if the child does not reach
his or her daily intake necessary to maintain normal growth. This can be due to
disturbance of the suction by the glossoptosis and cleft palate, by insufficient energy
levels for feeding due to the large amount of energy used to breathe against an
obstructed airway, and/or by swallowing difficulties. It also partly depends on the
feeding skills and compliance of the parents. Because feeding difficulties can lead
to failure to thrive, it is important to monitor growth closely and if necessary start
nutritional support support.30
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ABSTRACT
Objective
The objective of this cross-sectional study is to assess the prevalence, course, and
management of obstructive sleep apnea (OSA) in children with Robin sequence (RS)
aged 1–18 years.

Materials and methods
A cross-sectional study was conducted in 63 children aged 1 to18 years with RS.
Patient data were collected on baseline characteristics and management. OSA was
evaluated by polysomnography.

Results
Sixty-three children with RS were included (median age 8.0 years) and divided into
two groups based on the initial treatment: prone positioning or respiratory support.
Respiratory support was more often indicated in children with a non-isolated RS (p
< 0.05). At cross section, in the prone positioning group (n = 32), one child was
diagnosed with OSA. In the respiratory support group (n = 31), 13 children (42 %)
had respiratory problems of whom 10 needed respiratory support.

Conclusions
Between the age of 1 and 18 years, almost one out of four children with RS still has
respiratory problems. Children with RS, who can be treated with prone positioning
only as an infant, are not likely to develop obstructive airway problems at a later
age. In contrast, children who need respiratory support early after birth are at risk
of continuing or re-developing OSA after the age of 1 year.

Clinical relevance
This study shows that those who need respiratory support at an early age need
careful monitoring until adulthood.
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INTRODUCTION
Robin Sequence (RS) is a congenital facial condition occurring in 1 in 5600
to 1 in 30,000 newborns.1-5 The condition is classically characterized by an
underdeveloped mandible (mandibular hypoplasia), backward displacement of the
tongue (glossoptosis), and airway obstruction. In 80-90% of the RS cases, a cleft
palate is present.4,6,7

The prevalence of respiratory problems in infants with RS is considerably high with
reported OSA prevalence rates between 46 and 100% depending on the criteria
used.8,11-14 However, to our knowledge, no follow-up studies on OSA have been
conducted in children with RS beyond the infant period.
The aim of this cross-sectional study was to examine the prevalence, course and
management of OSA in children over the age of 1 year old with RS.

MATERIAL AND METHODS
A cross-sectional study was carried out among children with RS aged above 1 year
combined with retrospective data collection from the patients’ chart. Inclusion was
based on historical data of the Dutch Craniofacial Center, Erasmus Medical CenterSophia’s Children Hospital. Children were considered suitable for inclusion if they
had been diagnosed with RS, in this study defined as the presence of mandibular
hypoplasia and airway obstruction, and were aged between 1 and 18 years
old.15,16 The ethical committee of the Erasmus Medical Center (MEC-2012-048)
approved the study. For all participating children, parents and/or children (if above
12 years old) provided written-informed consent. As primary treatment providers, no
approval of the ethical committee was necessary for the data collection of baseline
characteristics of the non-participants. Inclusion and study visits took place between
November 2012 and July 2015.
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Children with RS are at risk of developing obstructive sleep apnea (OSA).8 OSA is
characterized by prolonged partial upper airway obstruction and/or intermittent
complete airway obstruction, disrupting the child’s sleeping pattern.9 Leaving OSA
untreated may result in serious morbid consequences on the cardiovascular system,
the metabolic system and neurocognitive and behavioral functioning.9 To establish
the presence of OSA, polysomnography (PSG) is currently considered the gold
standard.10
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During the study visit, participants underwent PSG at home or in the hospital.
Furthermore, a retrospective chart review was performed on the initial treatment
of airway obstruction from birth on until cross-section. Based on these retrospective
data children were divided into two groups: those who initially had been treated
with prone positioning and those who initially had been treated with respiratory
support. Interventions of airway obstruction, which were performed in other centers,
were also taken into account in this review. PSG results and treatment history were
analyzed for these two groups.

Polysomnography
In this study, ambulant sleep studies (level III, with data recorded by the Embletta
portable diagnostic system) and clinical sleep studies in the hospital (level I, i.e.,
attended PSG including medical and technical support) were done. During the sleep
studies, a variety of cardiorespiratory variables were assessed, including nasal
airflow, chest and abdominal wall motion, and arterial oxygen saturation. Data
were analyzed using Somnologica for Embletta software 3.3 ENU (Medcare Flags,
Reykjavik, Iceland) for ambulant studies and Shell+ BrainRT Software Suite Version
2.0 (O.S.G., Rumst, Belgium) for clinical studies.
For analysis, we aimed for a total sleep time (TST) of at least 360 min, free of
artifact. Summary statistics and events were scored according to the updated
rules for scoring respiratory events by the American Academy of Sleep Medicine
(AASM).17 An obstructive event was defined as a reduction in nasal airflow of ≥90
% (apnea) or 30–90 % (hypopnea) for the duration of at least two breaths, in the
presence of thoracic and abdominal breathing movement. A hypopnea was only
included if it was associated with a subsequent SpO2 desaturation of at least 3 %
from baseline or with an arousal. Central apnea/hypopnea meets the same criteria
as its obstructive counterpart, only without the presence of thoracic and abdominal
breathing movement. A mixed apnea is a combination of a central apnea and an
obstructive apnea. The obstructive apnea–hypopnea index (oAHI) was calculated
by adding the number of obstructive apneas, mixed apneas, and obstructive
hypopneas with SpO2 desaturation, divided by the TST; OSA was defined as an
oAHI ≥1 per hour. An oAHI ≥1 and <5 was defined as mild OSA, between ≥5 and
<25 as moderate OSA, and ≥25 as severe OSA.18
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Statistical analysis
To assess whether the participant group was not significantly different from the
non-participant group, baseline characteristics were compared using Pearson’s chisquared tests and independent Student t tests. In order to determine the mean age at
time of cross section in the group of non-participants, we used the date halfway our
study inclusion period as date of cross section. A p value of <0.05 was considered
to be statistically significant. Analyses were performed with SPSS 20.0 for Windows
(SPSS, Inc. Chicago, IL).

RESULTS
In total, 111 children with RS were eligible for inclusion of whom 63 (57 %) RS
patients and their parents gave informed consent (Fig. 1). For 48 children, consent
was not obtained due to various reasons. In order to assess whether the study
sample was representative for the RS population in our hospital, in Table 1, baseline
characteristics of the study participants are compared with the non-participants. No
significant differences were found for mean age at cross section, sex, presence of a
syndrome or additional anomalies, presence of a cleft palate, and initial treatment
of airway obstruction.
Table 1. Baseline characteristics of the study participants (n=63) vs. non-participants (n=48).
IQR=Interquartile range.
Participants
(63)
8.0 [4.0-12.0]

Non-participants
(n=48)
9.0 [6.0-13.0]

31 (49.2%)
32 (50.8%)

21 (43.8%)
27 (56.3%)

p=0.57

Presence of a
Yes, additional anomalies
syndrome or additional Yes, syndrome
anomalies
No

19 (30.2%)
7 (11.1%)
37 (58,7%)

14 (29.2%)
13 (27.1%)
21 (43.8%)

p=0.08

Presence of a cleft
palate

Yes
No

58 (92.1%)
5 (7.9%)

40 (83.3)
8 (16.7%)

p=0.16

Treatment of airway
obstruction

Prone positioning only
Non-surgical treatment
Surgical treatment

32 (50.8%)
19 (30.2%)
12 (19.0%)

29 (60.4%)
8 (16.7%)
11 (22.9%)

p=0.19

Median age in years at cross-section [IQR]
Sex

Female
Male

P-value
p=0.57
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Robin Sequence
patients
n=111

HISTORY

Prone positioning
only
n=61
42 x I, 15 x AA, 4 x S

Respiratory support
n=49
(16 x I, 17 x AA, 16 x S)

PARTICIPANTS
(n=63

n=32
(23 x I, 7 x AA, 2
x S)

n=31
(14 x I,12x AA, 5
x S)

n=31
n=1

AIRWAY STATUS AT
CROSS-SECTION
(n=63)

No treatment. No
OSA at PSG
n=49
33 x I, 13 x AA, 3 x S

n=18

n=5

OSA found at PSG
without treatment
n=6
2x I, 3x AA, 1x S

Death within a few
hours
n=1

n=3

Non-surgical
respiratory
support
n=3
1x I, 1x AA, 1 x S

n=5

Tracheostomy
n=5
1x I, 2x AA, 2x S

n=2
Re-start non-surgical
respiratory support
(CPAP) shortly after
PSG. n=2
1x I, 1x S

Figure 1. Treatment overview of children with RS. I = isolated, AA = associated anomalies,
S = proven syndrome

Five children were deceased but were nonetheless included in the calculations of the
non-participation group. In two of these cases, the cause of death was respiratoryrelated: one child with various comorbidities died at the age of 1 year due to
severe respiratory insufficiency following aspiration and another child died within
hours after birth due to severe obstruction of the upper airway and no option for a
tracheostomy.
Thirty-one females and 32 males participated in the study. Of these 63 children,
37 children had an isolated RS, while 26 children had additional anomalies (n =
19) or a syndrome (n = 7); 2 children were diagnosed with Stickler syndrome, 1
child with Nager syndrome, 1 child with Shprintzen–Goldberg syndrome, 1 child
with acampomelic dysplasia, 1 child with a FOXC2 mutation, and 1 child with a
MFDM mutation. A variety of conditions were reported in the group with associated
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anomalies such as psychomotor retardation, hip dysplasia, or facial anomalies, but
not with a proven syndrome. Five children had RS without a cleft palate.
The mean pregnancy duration was 38.5 weeks. Eight children were born pre-term
(<37 weeks). The mean birth weight was 3137 g. Three families reported occurrence
of mandibular hypoplasia in the family.

Prior to cross-section: Initial management of obstructive sleep apnea
Figure 2 shows an overview of initial management (including the findings at cross
section). Initially, 32 children (48.5 %) were treated with prone positioning and
31 children were in need of respiratory support, which consisted of non-surgical
respiratory support such as a nasopharyngeal tube, continuous positive airway
pressure (CPAP), and oxygen therapy, or surgical measures such as tracheostomy
and mandibular distraction osteogenesis with or without tracheostomy at the time of
distraction. Children with additional anomalies or a syndrome (n = 26) were in need
of respiratory support significantly more often compared to those with an isolated RS
(65.4 vs. 37.8 %, p < 0.05).
At cross-section
The median age in years at cross section was 8.0 years (IQR 4.0–12.0). Thirty-one
out of 63 (49.2 %) children were female. Thirty-seven children (58.7 %) had an
isolated RS. A cleft palate was present in 58 (92.1 %) children.
At cross-section: Assessment of obstructive sleep apnea by polysomnography
From the 63 children in this study, in 19 no PSG result was available, in 3 the
parents refused, in 10 PSG failed due to logistic reasons, and in 6 PSG was not
indicative of OSA because of a tracheostomy (n = 5) or CPAP (n = 1). These last six
cases were classified as having OSA without formal assessment. At the end, 44 PSG
studies (n = 37 ambulatory and n = 7 clinical) were available for analysis: 23 PSG
studies in the group initially managed with prone positioning (n = 32) and 21 PSG
studies in the group initially managed with respiratory support (n = 31).

101 |

Chapter 5

Feeding difficulties were reported in 60 out of 63 (95.2 %) children. Twenty-six
children out of 63 (41.3 %) needed a temporary feeding tube and seven children
(11.1 %) a percutaneous endoscopic gastrostomy tube.
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History
Study participants
treated by prone
positioning only
n=32

Age

Prone positioning only
n=31

7.1 yrs
(mean, range
1-17.0 yrs)

No OSA
(n=31)

Prone positioning only
n=1

6 yrs

OSA at PSG
(n=1)

History

Age

Non-surgical respiratory support n=11
Oxygen therapy, CPAP, nasopharyngeal tube
(Range of end treatment: day 1 until 12 mo old)

Treatment free interval: 9,6
yrs (range 0-17.4 yrs)

Surgical respiratory support
n=7
MDO+T x 5, T x 1, MDO x 1
(Range of end treatment: day 1 until 12 mo old)

Treatment free interval: 8,6 yrs
(range 0.7-15.8 yrs)

CPAP
(Duration: a few days after
birth)

Study participants
who
received respiratory
support n=31

Cross-section
Presence of OSA*

9.8 yrs
(mean, range
0.7-18.0 yrs)

1.5 yrs

6.8 yrs

O2
(Duration: a few days
after birth

16.4 yrs

CPAP
Duration: 6,5 yrs: from 2,5 yrs until 9
yrs old with MDO at age 9 yrs

OSA at PSG
(n=5)
With 2 patients restarting CPAP
shortly after crosssection

Re-start CPAP

Re-start CPAP

16.0 yrs

Tracheostomy and afterwards MDO at 3 wks old.
After that oxygen supplementation until 6 yrs old.

6.0 yrs

O2
(Duration: from birth until now
CPAP
(Duration:6 mo, from 1
year until 1,5 year)
NPT
(Duration: 4 mo, from 1
moth old until 5 mo)

16.0 yrs
CPAP
(from 8 yrs until now)

9.3 yrs

CPAP
(from 9 yrs until now)

11.9 yrs

Tracheostomy (from 2 mo old until now), with MDO at age 2 mo and 7.4 yrs)

7.7 yrs

Tracheostomy
(from 1.5 mo old until now)

1.8 yrs

Tracheostomy
(from 2 days old until now, with MDO at age 6 mo and 3.7 yrs)

O2
(Duration:
unknown

No OSA
(n=18)

11.2 yrs
(range 6.118.0 yrs)

NPT
(Duration:6 mo, until 6
mo old

NPT & CPAP
(Duration: 2 mo, from birth
until 2 mo old)

Cross-section
Presence of OSA*

Tracheostomy
(from 2 mo old until now)

Tracheostomy and oxygen
(from 5 mo old until now)

11.9 yrs

Non-surgical
respiratory support
(n=3)

Tracheostomy
(n=5)

4.0 yrs

3.8 yrs

Figure 2. Treatment overview of study participants (n=63) including the (mean) follow-up
duration and age at cross-section.
MDO=mandibular distraction osteogenesis, T=tracheostomy, yrs=age in years, mo=age in months.
*Presence of OSA was based on PSG results (n=44). If no PSG were available, presence of OSA was
based on the need for treatment
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OSA was detected in six children who did not receive OSA treatment at the time of
cross section. Besides these six children, OSA was confirmed in two other children
who already received respiratory support for OSA but a PSG was done without this
support as part of routine clinical evaluation. Table 2 further elaborates on these
cases.
Table 2. Overview of cases in whom OSA was found during PSG (n=44)

Case 1, isolated,
6.0 yrs
Case 2, associated
anomalies, 1.5 yrs
Case 3, syndromal,
6.8 yrs
Case 4, isolated,
16.4 yrs
Case 5, associated
anomalies, 16.0 yrs
Case 6, associated
anomalies, 6.0 yrs
Case 7, isolated,
9.3 yrs
Case 8, syndromal,
16.0 yrs

History
Treated by prone positioning in the neonatal period and
no complaints afterwards. After PSG treated with nasal
corticosteroids because of mild-moderate OSA
PSG for follow-up purposes and a wait-and-see policy
was set. This child was already known to have OSA and
hypoventilation.
A nasopharyngeal tube shortly after birth for 5 months.
After PSG, CPAP was re-started because of moderate OSA.
A few days of oxygen therapy at birth and afterwards
treated with CPAP for 3 months. At the age of 16, severe
complaints of OSA and re-start of CPAP shortly after PSG.
CPAP for 6,5 years until the age of 9 years old, when
mandibular distraction osteogenesis was performed. Based
upon the PSG results, a wait-and-see policy was set.
Mandibular distraction osteogenesis and decannulation at
the age of 3 months and oxygen supplementation until the
age of 6 years. Based upon the PSG results, a wait-and-see
policy was set.
Six months of CPAP treatment at the age of 1 year and
re-start of CPAP at the age of 8 years. At home PSG without
CPAP.
Oxygen therapy since birth, at home PSG without oxygen.

PSG at crosssection
oAHI

ODI

3.7

2.8

6.7

9.5

17.0

20.9

50.0

26.7

3.2

0.7

7.3

8.9

3.0

0.2

7.0

3.7

At cross-section: Airway management
Out of the total group of 63 children, 14 (22 %) received either OSA treatment and/
or showed OSA during PSG at cross section.
In the cohort of the children (n = 32, mean age at cross section 7.1 ± 4.5 years) who
were initially treated with prone positioning, in one child mild OSA was found with
PSG, but further treatment was not necessary. Thirty-one out of 32 (96.9 %) children
were free of OSA treatment at the time of cross section.
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Case number;
isolated or nonisolated, age at
cross-section
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In the cohort of children (n = 31, mean age at cross section 9.4 ± 5.8 years) who
were initially treated by respiratory support, 13 children (42 %) had respiratory
problems; 3 children were still in need of non-surgical respiratory support (CPAP or
oxygen therapy) (age range at cross section 9.3–16.0 years), and 5 children were
dependent on a tracheostomy (age range at cross section 1.8–7.7 years). In five
children, OSA was found (age range 1.5–16.4 years), and in two of these children
a re-start of respiratory support (CPAP) was indicated shortly after PSG (Table 2).
Eighteen out of 31 (58.1 %) children were free of OSA or respiratory support at the
time of cross section.

DISCUSSION
To our knowledge, this is the first long-term follow-up study investigating obstructive
airway problems in children with RS between 1 and 18 years of age. At cross
section, 22 % of the children with RS still had respiratory problems. Those who had
a history of only prone positioning were not likely to develop a significant airway
obstruction at a later age. However, children who needed respiratory support early
after birth were 13 times more likely to be diagnosed with OSA at a later age or to
remain dependent on or re-develop a need for respiratory support.
In this study, children were divided into two groups on the basis of their initial
airway management. About half of the children initially needed respiratory support
for which different respiratory support modalities were used. In eight children,
mandibular distraction osteogenesis had been performed. At cross section, in six of
these children mandibular distraction osteogenesis was successful, although in two
cases mild OSA was diagnosed with PSG but no further treatment was necessary.
Two children still needed a tracheostomy at the time of the study; however, follow-up
after the mandibular distraction osteogenesis was short. Also, two children who had
received non-surgical respiratory support shortly after birth were still dependent on
a tracheostomy.
Interestingly, four children became again in need of non-surgical respiratory support
at an older age, in two of them as a result of this study. In a recent retrospective study
of Lee et al., it was shown that their RS infant population, who were followed to 1
year of age, did not show significant decreases in AHI, oAHI, and central apnea
index.19 Unfortunately, other studies with follow-up on OSA in RS patients are so far
lacking. On the basis of this study, one might conclude that the group of children
who initially needed respiratory support might benefit from more careful monitoring
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Remarkably, of those who were still in need of respiratory support, six children had
been diagnosed with associated anomalies or a syndrome and only two with an
isolated RS. In daily practice (data not shown), many children with an associated
anomaly or a syndrome have an even smaller mandible than those with an isolated
RS. It is speculated that in children with RS, with an intrinsic tissue deficiency as
primary cause, there is impaired growth of the mandible.20 This may also explain
why this group of children needed respiratory support more often. In contrast, in the
case of isolated RS there might be catch-up growth from an initial deformation.21
However, there is an ongoing discussion about the concept of accelerated growth
of the mandible. Previous studies showed a “partial mandibular catch-up growth”
and an increase (3.5 times its original size) in airway dimension in the first 2
years of life. Additionally, an increase in upper airway dimensions in longitudinal
cephalograms of children with RS from childhood to adulthood was noticed.22,23
Remarkably, the depth of the oropharyngeal airway was an exception to this. In
contrast, other studies did not observe this acceleration of mandibular growth.24-26
Since the upper airway is a three-dimensional and complex dynamic altering space,
one may question whether the method of analyzing two-dimensional radiographs
(cephalogram) to determine alterations of airway space is the most appropriate one.
Ultimately, flexible fiberoptic laryngoscopy (FFL) of the upper airway should
determine the extent of the upper airway obstruction, but validated scoring systems
that objectify the obstruction of the airway are lacking. A recent attempt to score
glossoptosis in RS patients using awake FFL was not successful, due to disappointing
inter- and intra-agreement in the analysis of awake FFL videos of RS patients
compared to non-RS patients.27 Another complicating factor is that the degree of
micrognathia does not seem to correlate well with the degree of airway compromise
and the higher Cormack-Lehane grades diagnosed with laryngoscopy. 28

Limitations
Only about half the RS population participated, resulting in a small sample size.
Of some non-participants, there were no data available on the further course of
the obstructive problems. Nonetheless, a flowchart was created based on the latest
available data in the patient charts. In Table 1, it is shown that our sample appears
to be representative of the total RS population in our clinic.
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Table 1. Baseline characteristics of the study participants (n=63) vs. non-participants (n=48).
IQR=Interquartile range.
Participants
(63)

Non-participants
(n=48)

P-value

8.0 [4.0-12.0]

9.0 [6.0-13.0]

p=0.57

Sex

Female
Male

31 (49.2%)
32 (50.8%)

21 (43.8%)
27 (56.3%)

p=0.57

Presence of a
syndrome or additional
anomalies

Yes, additional anomalies
Yes, syndrome
No

19 (30.2%)
7 (11.1%)
37 (58,7%)

14 (29.2%)
13 (27.1%)
21 (43.8%)

p=0.08

Presence of a cleft palate

Yes
No
Prone positioning only
Non-surgical treatment
Surgical treatment

58
5
32
19
12

40 (83.3)
8 (16.7%)
29 (60.4%)
8 (16.7%)
11 (22.9%)

p=0.16

Median age in years at cross-section [IQR]

Treatment of airway
obstruction

(92.1%)
(7.9%)
(50.8%)
(30.2%)
(19.0%)

p=0.19

A PSG or appropriate PSG results were not available in all participants. If there
was no PSG result available at cross section, the presence of OSA was determined
by the child’s current need for respiratory support. Because of this, results from this
study should be interpreted with caution.
Furthermore, our inclusion was based on historical data, which is another limitation
of this study. Especially, in the group who was initially treated by prone positioning,
one may argue whether these children are “true” Robin sequence patients. What was
the indication to start prone positioning? What was the level of airway obstruction?
However, just the mere fact that these children were given a prone positioning
advice despite knowing the risks such as sudden infant death syndrome suggests
that the clinical issues must have been substantial.
Conclusion
This is the largest cross-sectional study on OSA in children with RS to date. Half
of the RS population had been treated with prone positioning, while the other
half needed respiratory support. Children with RS, who were treated by prone
positioning as an infant, appear to have a very low risk on obstructive pathology at
a later age indicating some natural improvement. Children who needed respiratory
support continued or re-developed dependence on respiratory support at a later
age. Considering the potential long-term effects of untreated OSA, children with RS
in which the airway obstruction cannot be managed with prone positioning only
require close follow-up beyond the infant period preferably using PSG.

| 106

Obstructive sleep apnea in children with Robin Sequence|

LIST OF REFERENCES
Bush, P. G. & Williams, A. J. Incidence of the
Robin Anomalad (Pierre Robin syndrome).
Br J Plast Surg 36, 434-437, doi:00071226(83)90123-6 [pii] (1983).

2

Tolarova, M. M. & Cervenka, J.
Classification and birth prevalence of
orofacial clefts. Am J Med Genet 75,
126-137,
doi:10.1002/(sici)10968628(19980113)75:2<126::aidajmg2>3.0.co;2-r (1998).

3

4

5

6

7

8

Printzlau, A. & Andersen, M. Pierre Robin
Sequence in Denmark: A Retrospective
Population-Based Epidemiological Study.
Cleft Palate-Craniofac J 41, 47-52,
doi:10.1597/02-055 (2004).
Vatlach, S., Maas, C. & Poets, C. F. Birth
prevalence and initial treatment of Robin
sequence in Germany: a prospective
epidemiologic study. Orphanet J Rare Dis 9,
9, doi:1750-1172-9-9 [pii]10.1186/17501172-9-9 (2014).
Paes, E. C. et al. Birth prevalence of Robin
sequence in the Netherlands from 20002010: A retrospective population-based
study in a large Dutch cohort and review
of the literature. Am J Med Genet A,
doi:10.1002/ajmg.a.37150 (2015).
Costa, M. A., Murage, K. P., Tholpady, S. S.
& Flores, R. L. Airway compromise following
palatoplasty in Robin sequence: improving
safety and predictability. Plast Reconstr
Surg 134, 937e-945e, doi:10.1097/
PRS.000000000000072900006534201412000-00030 [pii] (2014).
Caouette-Laberge, L., Bayet, B. & Larocque,
Y. The Pierre Robin sequence: Review of 125
cases and evolution of treatment modalities.
Plast Reconstr Surg 93, 934-942 (1994).
Anderson, I. C. et al. Prevalence and
severity of obstructive sleep apnea and
snoring in infants with Pierre Robin
sequence. Cleft Palate Craniofac J 48, 614618, doi:10.1597/10-100 (2011).

9

Gozal, D., Hakim, F. & KheirandishGozal, L. Chemoreceptors, baroreceptors,
and
autonomic
deregulation
in
children with obstructive sleep apnea.
Respir Physiol Neurobiol 185, 177185,
doi:S1569-9048(12)00248-0
[pii]10.1016/j.resp.2012.08.019 (2013).

10 Marcus, C. L. et al. Diagnosis and
management of childhood obstructive sleep
apnea syndrome. Pediatrics 130, e714755, doi:peds.2012-1672 [pii]10.1542/
peds.2012-1672 (2012).
11 Bravo, G., Ysunza, A., Arrieta, J. &
Pamplona, M. C. Videonasopharyngoscopy
is useful for identifying children with Pierre
Robin sequence and severe obstructive
sleep apnea. Int J Pediatr Otorhinolaryngol
69, 27-33 (2005).
12 Gilhooly, J. T., Smith, J. D., Howell, L. L.,
Deschaine, B. L. & Richey, S. L. Bedside
polysomnography as an adjunct in
the management of infants with Robin
sequence. Plast Reconstr Surg 92, 23-27
(1993).
13 Wilson, A. C. et al. Late presentation of
upper airway obstruction in Pierre Robin
sequence. Arch Dis Child 83, 435-438,
doi:10.1136/adc.83.5.435 (2000).
14 Daniel, M. et al. Airway, feeding and
growth in infants with Robin sequence and
sleep apnoea. Int J Pediatr Otorhinolaryngol
(2013).
15 van Lieshout, M. J. et al. Unravelling Robin
sequence: considerations of diagnosis and
treatment. Laryngoscope 124, E203-209,
doi:10.1002/lary.24437 (2014).
16 Paes, E. C. et al. A pragmatic approach to
infants with Robin sequence: a retrospective
cohort study and presence of a treatment
algorithm. Clin Oral Investig, doi:10.1007/
s00784-015-1407-6 (2015).

107 |

Chapter 5

1

| Chapter 5

17 Berry, R. B. et al. Rules for scoring
respiratory events in sleep: update of the
2007 AASM Manual for the Scoring of
Sleep and Associated Events. Deliberations
of the Sleep Apnea Definitions Task Force of
the American Academy of Sleep Medicine. J
Clin Sleep Med 8, 597-619, doi:10.5664/
jcsm.2172 (2012).
18 Guilleminault, C., Pelayo, R., Clerk, A., Leger,
D. & Bocian, R. C. Home nasal continuous
positive airway pressure in infants with
sleep-disordered breathing. J Pediatr 127,
905-912, doi:S0022-3476(95)70026-9
[pii] (1995).
19 Lee, J. J., Thottam, P. J., Ford, M. D. &
Jabbour, N. Characteristics of sleep apnea
in infants with Pierre-Robin sequence:
Is there improvement with advancing
age? Int J Pediatr Otorhinolaryngol,
doi:S0165-5876(15)00461-9
[pii]10.1016/j.ijporl.2015.09.014
(2015).
20 Cohen, M. M., Jr. Robin sequences
and complexes: causal heterogeneity
and
pathogenetic/phenotypic
variability. Am J Med Genet 84,
311-315,
doi:10.1002/(SICI)10968628(19990604)84:4<311::AIDAJMG1>3.0.CO;2-9 [pii] (1999).
21 Mackay, D. R. Controversies in the
diagnosis and management of the Robin
sequence. J Craniofac Surg 22, 415-420,
doi:10.1097/SCS.0b013e3182074799
(2011).

| 108

22 Figueroa, A. A., Glupker, T. J., Fitz, M.
G. & BeGole, E. A. Mandible, tongue,
and airway in Pierre Robin sequence: a
longitudinal cephalometric study. Cleft
Palate Craniofac J 28, 425-434 (1991).
23 Staudt, C. B., Gnoinski, W. M. & Peltomaki,
T. Upper airway changes in Pierre Robin
sequence from childhood to adulthood.
Orthod Craniofac Res 16, 202-213,
doi:10.1111/ocr.12019 (2013).
24 Vegter, F., Hage, J. J. & Mulder, J. W. Pierre
Robin syndrome: mandibular growth during
the first year of life. Ann Plast Surg 42, 154157 (1999).
25 Suri, S., Ross, R. B. & Tompson, B. D.
Craniofacial morphology and adolescent
facial growth in Pierre Robin sequence.
Am J Orthod Dentofacial Orthop 137, 763774, doi:10.1016/j.ajodo.2008.07.020
(2010).
26 Hermann,
N.
V.
et
al.
Early
craniofacial morphology and growth
in children with nonsyndromic Robin
Sequence.
Cleft
Palate-Craniofac
J
40,
131-143,
doi:10.1597/15451569(2003)040<0131:ecmagi>2.0.co;2
(2003).
27 Basart, H. et al. Awake Flexible Fiberoptic
Laryngoscopy to diagnose glossoptosis in
Robin Sequence patients. Clin Otolaryngol,
doi:10.1111/coa.12552 (2015).
28 Hong, P. & Kearns, D. Airway characteristics
of infants with Pierre Robin sequence
who undergo mandibular distraction
osteogenesis. Ear Nose Throat J 94, E2529 (2015).

Respiratory distress following
palatal closure in children
with Robin Sequence

Manouk J.S. van Lieshout
Ilje E. Voshol
Koen F.M. Joosten
Marc P. van der Schroeff
Irene M.J. Mathijssen
Maarten J. Koudstaal
Eppo B. Wolvius

Published in Cleft Palate Craniofac J. 2016
Mar;53(2):203-9. doi: 10.1597/14-250.
Epub 2015 Jun 23. PMID: 26101809

| Chapter 6

ABSTRACT
Objective
The aim of this study is to assess prevalence, severity, and duration of respiratory
distress following palatoplasty in children with Robin sequence and to evaluate
perioperative management.

Design
Retrospective chart review study. Data were collected for patients who were born
between 2009 and 2012 and underwent palatoplasty in the Sophia Children’s
Hospital-Erasmus Medical Center.

Results
Of the 75 patients with cleft palate, 30 with Robin sequence and a control group
of 45 cleft without Robin sequence underwent palatoplasty. Prior to closure, 26
of 30 patients with Robin sequence had been treated by prone positioning, and
four needed additional treatment. The mean age at closure was 12.4 months for
patients with Robin sequence and 10.9 months for patients without Robin sequence
(P = .05). On the basis of the results of preoperative polysomnography with palatal
plate, closure was postponed in two patients with Robin sequence. In the Robin
sequence group, eight of the 30 patients developed postoperative respiratory
distress within 48 hours and one patient, after 7 days; whereas none within the
non-Robin sequence group developed respiratory distress. In all nine cases of Robin
sequence the obstructive problems resolved within a few days, with four children
requiring a temporary nasopharyngeal tube. There were no significant differences
between preoperative polysomnography results of the nine patients with Robin
sequence who developed postoperative respiratory distress compared with those
patients with Robin sequence who did not.

Conclusion
Despite delayed closure compared with children without Robin sequence, 30%
of the children with Robin sequence developed respiratory distress following
palatoplasty, which resolved within a few days. This study emphasizes the need
for close perioperative monitoring of patients with Robin sequence who undergo
palatoplasty.

| 112

Respiratory distress following palatal closure in children with Robin Sequence|

INTRODUCTION
Robin Sequence (RS) is a congenital facial condition occurring in 1 in 8500
to 1 in 30,000 newborns.1-4 The condition is classically characterized by an
underdeveloped mandible (mandibular hypoplasia), backward placement of the
tongue (glossoptosis), and airway obstruction.5 In 80 to 90% of the RS cases, a cleft
palate is present.4,6,7
Children with RS are prone to develop airway-related complications after cleft palate
repair such as stridor or postoperative respiratory distress, difficulty on intubation
or a tracheostomy.8-11 In small series of studies on children, an incidence of airwayrelated complications has been reported ranging from 24% to 31%.8,9 Hence, there
is an obvious need for a clear perioperative management plan. So far, limited
research has been done regarding respiratory distress after cleft palate repair in
children with RS. The aim of this study is to evaluate our perioperative management
in a large cohort of children with RS and to assess prevalence, severity and duration
of respiratory distress following palatoplasty (primary closure of the palate).

Patients with RS (RS group) and a control group of patients withoutRS (non-RS group)
with a cleft palate who were born between 2009 and 2012 were included in this
retrospective chart review study. All patients underwent a palatoplasty in the Sophia
Children’s Hospital—Erasmus MC and did not have an additional cleft of the lip
and/or jaw. Robin sequence was defined as presence of mandibular hypoplasia
and airway obstruction needing treatment. Children with a submucous cleft, those
with a tracheostomy, and children with an unrepaired cleft palate (at the date of our
analysis, June 2014) were excluded from the main analysis. Data were collected
from the medical records on demographics, the presence of a syndrome, the
characteristics of the cleft palate, preoperative airway obstruction, polysomnography
(PSG), the duration of the surgery, the length of the postoperative intensive care stay,
the postoperative clinical course (e.g., presence of airway obstruction, necessity of
airway support), and the situation at the outpatient clinic 3 weeks postoperatively.
This study was approved by the institutional medical ethics review board (MEC2014-559).
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Polysomnography
Prior to palatal surgery, a PSG was routinely performed in children with RS. This
PSG was done with a removable custom-made palatal plate in place that simulates
the palatal anatomy after closure. This plate, made of synthetic resin, was fabricated
a few days before PSG by the orthodontic department. The aim of this PSG was to
assess the possibly resulting airway obstruction (Fig. 1).

Figure 1. Custom-made palatal plate made of synthetic resin

The PSG was performed overnight in our pediatric sleep laboratory. Scoring of the
PSG was done according 2012 AASM criteria. Obstructive apnea was defined
as absence of airflow for more than two breaths during baseline breathing and
ongoing respiratory effort throughout the period of absent airflow. Obstructive
hypopnea was defined as absence of airflow for more than two breaths, decrease
in nasal airflow of >30%, snoring or paroxysmal breathing, and a saturation drop
>3% or an arousal. To assess the presence of obstructive sleep apnea (OSA), the
obstructive apnea-hypopnea index (oAHI) was used, combining the number of
obstructive apneas and hypopneas per hour. Obstructive sleep apnea was defined
as an oAHI >1 per hour. Central apnea was defined as a decrease in nasal airflow
of >90%, no breathing effort, and absence of airflow for more than two breaths with
an arousal or desaturation >3% or with a duration of more than 20 seconds. The
number of pathological central apneas was indexed (pCAI) to the duration of sleep
(i.e., episodes per hour of sleep). The oxygen saturation was also indexed, resulting
in the oxygen desaturation index (ODI). A pCAI and an ODI >1 was defined as
abnormal. All PSG results were reanalyzed by a research nurse who is specialized
in PSG analysis.
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Palatoplasty
Palatoplasty (primary closure of the cleft palate) was performed according to our
cleft palate protocol. According to protocol, palatoplasty preferably takes place
around the age of 9 to 10 months. In our clinic, palatoplasty is done mostly using
the Von Langenbeck technique. Patients with a cleft palate were routinely admitted
on the day of surgery and discharged the day after surgery. All cleft palate repairs
were executed by one of three pediatric plastic surgeons.

Statistical Analysis
Statistical analysis was performed using SPSS, version 21.0 for Windows (IBM
Corp., Armonk, NY). Descriptive statistics were computed with continuous data and
reported as the mean or median, depending on normality. Due to the small sample
size, normality could not always be tested. For comparison of the PSG outcomes we
used a Mann-Whitney U test or a Student’s t test and to compare the RS group and
the non-RS group we used a Pearson chi-square test. A two-tailed P value <.05 was
set as the significance criteria for the analysis.

Between January 2009 and December 2012, a total of 80 children were included.
Three children (all of the RS group) had a tracheostomy and were excluded: One
child had palatoplasty at the age of 14 months and still had a tracheostomy at the
time of analysis (age 37 months), another child had palatoplasty complicated by
a dehiscence at the age of 19 months and still had a tracheostomy at the time of
analysis (age 37 months), and the third child had palatoplasty at the age of 18
months still had a tracheostomy at the time of analysis (age 39 months). Two other
children had a submucous cleft and were also excluded for further analysis.
A total of 75 children were included in the main analysis (Fig. 2).The RS group
comprised 30 children with RS, and the remaining 45 constituted the non-RS group.
Two children were referred at an older age. These two children were excluded from
analyses of the evaluation of the mean age at the time of repair and of the palatal
repair between 8 and 11 months.
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75children had cleft
palate repair between
2009-2012

45x non-RS children

3030
x RS
RS children
group

2 x pre-operative
polysomnography
without a palatal plate

28x pre-operative
polysomnography with
a palatal plate

2 x postponement
2x positive advice after
the second
polysomnography

26x positive advice for
palatal closure

Palatal closure
(mean age=10.9 mô)

Palatal closure
(mean age=12.4 mô)

No post-operative
respiratory distress
21x RS children
45x non-RS children

9 x post-operative
respiratory distress in
varying degree
(all RS children)

Figure 2. Flowchart of the 75 children with follow-up

The Non-RS Group
Five of the 45 children in the non-RS group had an additional syndrome or had
congenital anomalies other than RS (including Axenfield-Rieger syndrome, Goldenhar
syndrome, van der Woude syndrome, a 22q11.2 deletion; one child had multiple
congenital anomalies) (Table 1). The mean age at cleft palate repair in the non-RS
group was 10.9 months. In five cases there were non– airway related complications
such as dehiscence (n = 3), hemorrhage (n = 1), and a fistula (n = 1). In one child
without RS, a preoperative PSG was done for complaints of OSA. None in the non-
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RS group developed respiratory distress following palatoplasty. Mean follow-up in
the non-RS group was 37.2 months.
Table 1. Comparison of the non-RS group and the RS group

Presence of a syndrome
Pre-operative PSG

Non-RS-group
(45)

RS-group
(30)

p-value

5 (11%)

7 (23%)

n.s.

1 (2%)

30 (100%)

Mean age at the time of repair in months*

10.8 ± 2.1

12.4 ±2.5

0.05

Palatal repair between 8 and 11 months*

25 (58%)

9 (30%)

n.s.

5 (11%)

5 (14%)

n.s.

Non-elective post-operative high care or intensive care
admission

0 (0%)

4 (11%)

n.s.

Post-operative airway obstruction < 48 hours

0 (0)%)

9 (30%)

<0.01

Non-airway related complications

RS = Robin Sequence, PSG = Polysomnography
*Two cases of late referral were excluded from this analysis

Seven of the 30 children in the RS group had an additional syndrome or congenital
anomalies other than RS, including Treacher-Collins syndrome (n=1), Stickler
syndrome (n=2), Marshall syndrome (n=1) and multiple congenital anomalies (n=3).
Initial treatment included prone positioning (n=17), prone positioning and saturation
monitoring (n=9), a nasopharyngeal tube (n=2), oxygen supplementation (n=1) and
mandibular distraction in another clinic (n=1). At the time of surgery, all children
were free of airway-related treatment.
All 30 children had pre-operative PSG (Table 2). Seventeen children had a baseline
PSG at an age younger than 3 months. In seven of these patients, OSA was found:
three mild, three moderate and one severe. Of the 30 children, 28 children also had
a pre-operative PSG with a custom-made palatal plate in place. Two of the 30 did
not have a pre-operative PSG with palatal plate for logistic reasons.
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Table 2. Comparison of characteristics and preoperative PSG with a custom-made palatal
plate results between children with RS who developed respiratory distress (n=9) and those
who did not develop respiratory distress (n=21) following closure.
No post-operative
respiratory
distress following
palatoplasty
n=21
Characteristics
Presence of syndrome or associated anomalies

Post-operative
respiratory
distress following
palatoplasty
n=9

p-value

n=21

n=9

3/21 (14%)

4/9 (44%)

n.s.

Previous treatment of the airway obstruction
(other than prone positioning)
Age at palatoplasty in months

2/21 (9%)

2/9 (22%)

n.s.

12.7 ± 3,0

11.6 ± 1,4

n.s.

Age at (first) polysomnography in months

10.1 ± 1,9

9.7 ± 0,7

n.s.

Polysomnography with a palatal plate
Mean heart rate in BPM
Mean haemoglobin saturation in %
Mean absolute number of desaturations <3%
Mean ODI

n=19*

n=8**

116,2 ± 10,4

113,3 ± 9,4

n.s.

97,2 ± 1,1

97,5 ± 1,0

n.s.

14,1 ± 14,0

24,1 ± 22,5

n.s.

1,6 ± 1,5

2,8 ± 2,2

n.s.

11/17 (65%)

6/9 (67%)

n.s.

Mean absolute number of obstructive apneas

2,9 ± 1,2

2,6 ± 7,4

n.s.

Mean number of obstructive hypopneas

0,3 ± 1,2

0,1 ± 0,4

n.s.

No. of patients with an ODI > 1

Mean oAHI
No. of patients with an oAHI > 1

0,2 ± 0,5

0,1 ± 0,4

n.s.

2/17 (12%)

1/9 (10%)

n.s.

Median number of central apneas

5,0 (IQR 3,0-8,0) 11,5 (IQR 2,3 -14,8)

n.s.

Median CAI

0,7 (IQR 0,3-0,9)

1,3 (IQR 0,2-3)

n.s.

% irregularity

0,4 ± 0,9

0,8 ± 1,2

n.s.

Cleft palate surgery
Mean operating time in minutes

N=17***

N= 7***

50,2 ± 14,5

53,7 ± 13,3

n.s.

BPM = Beats Per Minute, ODI = Oxygen Desaturation Index, oAHI = Obstructive Apnea Hypopnea Index,
CAI = Central Apnea Index *Two children did not have preoperative PSG with a custom-made palatal plate
**PSG results are missing from one patient due to technical problems. *** Data on operating time misses
in four patients in the non-respiratory distress group and in two patients in the respiratory distress group.

Of the seven cases in which OSA was found at the baseline, in only one case
(severe OSA at baseline) mild OSA (oAHI = 3.7) was reported at the following
pre-operative PSG with palatal plate. This child did not get approval for closure.
Another child, who did not have a baseline PSG, was also given approval for
closure on the basis of severe upper airway resistance syndrome (UARS), which was
also found during the PSG with palatal plate. After another PSG a few months later
both cases received approval for palatoplasty due of a normal PSG.
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In the RS group, the mean age at cleft palate repair was 12.4 months. Patients
underwent closure according to the Veau-Wardill-Kilner technique (n = 3), Perko
technique (n = 2), or von Langenbeck technique (n = 25). No significant differences
were found with regard to postoperative obstructive airway symptoms between
the different closure techniques. In five cases there were non–airway-related
complications including dehiscence (n = 1) and fistula (n = 4). Eleven patients were
postoperatively admitted to the pediatric high-care unit or intensive care unit.
Nine children of the RS group developed respiratory distress to varying degrees
following palatoplasty. Eight of the nine children developed respiratory distress
within 48 hours after surgery. One child developed respiratory distress after a week.
The mean follow-up in the RS-group was 41.2 months.

Comparison of the non-RS group to the RS group

Comparison of the RS children who developed respiratory distress to those
who did not
Regarding the presence of a syndrome or a history of a previous treatment other
than prone positioning, no significant differences were found between the children
who developed respiratory distress following palatal closure and those who did not
(Table 2). Furthermore, no significant differences were found in the results of the preoperative PSG with a custom-made palatal plate between the groups.

Overview of cases who developed respiratory distress
Case 1
Syndromal RS; Preoperative PSG With Palatal Plate at 10 Months; Palatoplasty at
13 Months. Directly after extubation, this patient needed an NPT for one day. The
patient was admitted to the intensive care unit (ICU) for 1 day and 1 day to the
general children’s ward. Following discharge, no respiratory support was needed.
At the check-up (3 weeks postoperatively) at the outpatient clinic no respiratory
problems were reported.
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The mean age at the time of repair was significantly later in the RS group compared
to the non-RS group (12.4 versus 10.9 months) (Table 1). In the non-RS group none
developed respiratory distress following palatoplasty, whereas, in the RS group a
significantly higher number of children (30%) developed respiratory distress.
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Case 2
Syndromal RS (Treacher Collins Syndrome); Preoperative PSG With Palatal Plate at
11 Months; Palatoplasty at 13 Months.
This patient had been treated by mandibular distraction in another clinic at the age
of 16 months. The patient developed respiratory distress directly after extubation
and needed an NPT for 2 days. The NPT could be removed under dexamethasone.
After spending 2 days at the ICU, the patient was discharged with a saturation
monitor. At the check-up at the outpatient clinic (3 weeks postoperatively) it was
reported that patient’s sleeping behavior was unchanged compared with before the
palatoplasty.
Case 3
Syndromal RS; Preoperative PSG With Palatal Plate at 10 Months; Palatoplasty at
11 Months.
This patient needed reintubation within 7 minutes after extubation. Thirty minutes
later an NPT was placed. The NPT was accidentally removed and the patient was
reintubated. In the first night postoperatively there was another accidental detubation;
afterward the saturation remained stable and the airway remained free. The patient
was discharged without respiratory support. At the check-up (4 weeks later) at the
outpatient clinic no snoring or apneas were reported.
Case 4
Syndromal RS; Preoperative PSG With Palatal Plate at 10 Months; Palatoplasty at
12 Months.
This patient needed an NPT at the ward for 1 day following palatoplasty. The patient
was discharged without respiratory support. At the check-up at the outpatient clinic
no apneas or snoring were reported.
Case 5
Nonsyndromal RS; Preoperative PSG With Palatal Plate at 10 Months; Palatoplasty
at 14 Months.
The patient was discharged after 1 day without respiratory support. At the check-up
at the outpatient clinic (4 weeks postoperatively), the parents reported the patient
had suffered heavy apneas in the first few days that improved spontaneously. At the
second check-up (5 months later), there was no report of snoring or heavy breathing
when sleeping on the back. No apneas were present. A follow-up PSG was done 9
months after the palatoplasty and no OSA was found.
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Case 6
Nonsyndromal RS; Preoperative PSG With Palatal Plate at 9 Months; Palatoplasty
at 10 Months.
Following closure, this patient had a stridorous breathing pattern the first few days
with snoring and saturation drops. The patient was admitted for 3 days to the general
children’s ward. At the check-up at the outpatient clinic (3.5 weeks postoperatively)
there was no report of snoring or apneas.
Case 7
Nonsyndromal RS; Preoperative PSG With Palatal Plate at 10 Months; Palatoplasty
at 11 Months. This patient was discharged after one night with a monitor and had
saturation drops in the first few days. At the check-up (3 weeks postoperatively) at
the outpatient clinic spontaneous improvement was reported. The patient snored but
did not have any apnea or saturation drops. A follow-up PSG was done 3 months
after palatoplasty and no OSA was found.

Nonsyndromal RS; Preoperative PSG With Palatal Plate at 9 Months; Palatoplasty
at 10 Months.
This patient returned at day 2 after surgery with fast heavy breathing and snoring
when lying on the back. Instruction for prone-positioning was given, and at the
follow-up (3 weeks postoperatively) no sleeping problems were reported. At the
second follow-up (2 months postoperatively) no snoring was reported.
Case 9
Nonsyndromal RS; Baseline PSG Showing Moderate OSA; Preoperative PSG With
Palatal Plate at 9 Months; Palatoplasty at 11 Months.
No breathing problems were reported directly postoperatively. However, the patient
returned at day 7 after surgery with snoring and sleeping problems. The patient also
had a cold. At day 10 after surgery a PSG was done showing moderate OSA, after
which the patient was admitted to the ICU for 2 days. The patient was treated with
nasal corticosteroids and received prone-positioning instructions. At the check-up at
the outpatient clinic (3 weeks postoperatively) no sleeping problems were reported.
At the second follow-up (2 months postoperatively), there were also no sleeping
problems was reported.
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DISCUSSION
This study showed that children with RS are at risk to develop respiratory distress in
varying degree following palatoplasty. In nine out of 30 RS (30%) cases, respiratory
distress occurred in spite of our presurgical screening protocol; this is similar to the
prevalences reported in literature.8,9 The prevalence of respiratory distress in the RS
group was significantly higher compared with the non-RS group.
Preoperatively we routinely performed screening by PSG with a custom-made palatal
plate in patients with RS. The aim of a PSG is to detect obstructive pathology or other
sleep disordered breathing patterns. In our clinic, cleft palate closure is usually
scheduled around 9 to 10 months, but in two cases closure was postponed because
preoperative PSG with palatal plate showed OSA and UARS. A second PSG a few
months later showed a normal breathing pattern, which suggests that further growth
had overcome the respiratory problems. Both cases received approval for closure
and were closed without post-operative problems. It can be assumed that postponed
closure in these two patients has avoided severe postoperative respiratory distress.
In the other 26 patients, no obstructive pathology was seen in the PSG.
Concerning timing of the palatal repair there is a conflict in children with RS between
minimizing the chance of post-operative respiratory distress and facilitating normal
speech development. Henriksson et al. recommend postponing the palatoplasty
until 12 to 18 months in children at risk for conditons such as Robin Sequence.12
Their study showed that the risk of (postoperative) anaesthetic complications such
as hypoxia was higher above the age of 1 year. In our clinic we intend to close the
palate around the age of 9 to 10 months. In this study the mean age at cleft palate
repair was higher in both groups. This was mainly due to logistical issues and late
referrals. The mean age of repair was 12.4 months in the RS group, which was
considerably later than the non-RS group. This delay might be due to a tendency of
the surgeon to close RS patients later in order to benefit from growth.
The occurrence of respiratory distress was significantly higher in the RS compared
with the non-RS group. In the RS group a prevalence of 30% was reported. Notably,
a recent similar study by Costa et al. reported a prevalence rate of 7.7% in the
RS group (74 patients) and no difference in the airway complication rate between
the RS group and the non-RS group.8 These findings however, may be explained
by the different criteria applied to define post-operative respiratory distress or
complications.
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It is interesting that we did not find a strong correlation between the severity of
the airway obstruction in the early postnatal period and the respiratory distress
following palatoplasty. This is in contrast to previous studies.8,15 However, although
not significant, we did notice a possible association with the presence of congenital
anomalies or syndromes. Costa et al. also reported that the presence of cardiac
anomalies, gastrointestinal anomalies, lower airway anomalies and syndromic
diagnosis/genetic anomaly were associated with post-operative intubation including
both the RS group and the non-group in this analysis.8 Children with RS and the
presence of congenital anomalies and/or a syndrome seem to be more prone to
develop postoperative respiratory distress.
The question remains whether or not patients should be routinely admitted to the ICU
postoperatively. In some clinics it is recommended for children with RS to spend the
first postoperative 24 hours in the pediatric intensive care unit.10 14 In our clinic we
arrange an ICU stay postoperatively and instruct the caretakers to monitor the child’s
breathing when at home. Patients without RS remain for one night at the children’s
ward.
As a result of the retrospective character of the study, it has several limitations. We
were not able to assess the value of the PSG with palatal plate due to the lack of a
control group. Furthermore, the later age of closure might have influenced outcomes,
and therefore made it less reliable to compare the RS-group with the non-RS group.
The strength of this study is that the pre-operative screening with PSG offers an
objective assessment of the airway obstruction.
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In our study, respiratory distress developed in the majority of cases within 48 hours
after palatoplasty, which is in accordance with reported cases in the literature.9 In
all our cases the respiratory distress resolved quickly and therefore may most likely
be explained by lingual and palatal swelling, which usually has its peak within
48 hours after palatoplasty.13 Postoperative lingual swelling is presumably caused
by the pressure applied by the tongue retractor or by the patient’s position during
the surgery impairing the venous and lymphatic drainage, resulting in edema.13
Children with RS tend to have a more restricted oropharyngeal space and are
therefore more likely to develop distress due to lingual swelling. During palatoplasty
it is recommended by some surgeons to release the tongue retractor every hour for
5 minutes and to avoid an extreme Trendelenburg positioning to minimize the risk
of lingual swelling.13,14
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CONCLUSION
Thirty percent of the children with RS developed respiratory distress following
palatoplasty, in spite of delayed closure compared with non-RS children. This
respiratory distress resolved within a few days. Preoperative PSG with a palatal
plate is valuable in detecting obstructive pathology preoperatively and seems helpful
in preselecting cases at risk for severe post-operative respiratory distress. Close
postoperative monitoring following palatal closure is warranted.
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ABSTRACT
Introduction
Parents may play an important role during the management of children with Robin
Sequence (RS). However, so far only one study has been done on both parentreported health-related quality of life (HRQoL) and obstructive sleep apnea (OSA)
symptoms in children with RS.

Methods
Overall, 63 children with RS, aged 1 and 18, were included in this cross-sectional
study. Fifty-three parents of children with RS with a median age of 8.9 [IQR 5.112.7] completed questionnaires on HRQoL (OSA-18) and symptoms of OSA (the
Brouillette score) in their child with RS. Ten children between 12 and 18 years filled
out the self-reported HRQoL questionnaire OSA-12.

Results
At cross-section, 10 children still had respiratory problems. Overall, parents of
children with RS reported a lower HRQoL in their child compared with parents
in the general population. Parents of children with RS who still had respiratory
problems, i.e. OSA or airway support, reported significantly worse OSA-18 scores
compared with parents of RS children without OSA. Children with RS themselves
(n = 10) reported less physical suffering and less emotional distress on the OSA-12
compared with children in the norm population. Parental perceptions of OSA-related
symptoms were accurate, except for the incidence of snoring. In assessing snoring,
the multidimensional OSA-18 sleep domain was more informative.

Conclusions
Parents of children with RS reported a lower HRQoL in their child compared with
parents in the general population. Parental perceptions of health and HRQoL in
children with RS might have an additional value to recognize and treat respiratory
problems.
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INTRODUCTION
Robin Sequence (RS) is characterized by a sequence of clinical events with
mandibular hypoplasia as the inciting anomaly. Due to the mandibular hypoplasia
the tongue becomes posteriorly displaced (glossoptosis) and obstructs the airway.
RS occurs in about 1 in 5600–30,000 newborns.1-5 Patients with RS also present
a cleft palate in 80–90% of the cases.4,6,7 Children with RS are at high risk of
developing obstructive sleep apnea (OSA), with reported OSA prevalence rates
between 46 and 100%, depending on the criteria used. 8-12 When RS is untreated,
airway and feeding problems may be sustained, resulting in a range of morbidities,
e.g. failure to thrive, cyanosis, cerebral hypoxia, and even death.

Pediatric OSA has been associated with an impaired HRQoL assessed with both
generic and disease-specific questionnaires (Child Health Questionnaire and OSA18).16 In a mixed group of 79 children with OSA, the OSA-18 score was found
to be an important tool to identify the impact of OSA on children with OSA and
their families. However, in relation to PSG findings, the sensitivity and the negative
predictive value (NPV) of OSA-18 for OSA were low. However, the positive
predictive value (PPV) was high. Therefore, it was recommended that OSA-18 be
used as a quality-of-life indicator and not as a reliable substitute for PSG.17, 18 In an
RCT regarding early-adenotonsillectomy versus watchful-waiting, children with OSA
significantly improved their PSG scores after early-adenotonsillectomy. In addition,
parents also reported improvements in HRQoL (e.g. assessed with the OSA-18) in
their child with OSA after early-adenotonsillectomy.16, 19, 20
Little is known about the impact of RS on HRQoL in children. Therefore, the aim of
this study was to perform a cross-sectional study in children who were born with RS
in order to assess parent-reported HRQOL and parent-reported symptoms of OSA in
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Health-related quality of life (HRQoL) has become an important measure throughout
the diagnosis and management of children with obstructive sleep disordered
breathing.13 RQoL is considered to be a multidimensional concept relying on the
patient’s subjective evaluation of physical, social, and emotional aspects of a patient’s
well-being, that are relevant to health and/or illness. HRQoL questionnaires can be
categorized into generic versus disease-specific, focusing on disease symptoms per
se versus on the subjective evaluation of these symptoms, and self-reported versus
proxy-reported HRQoL, for example a parent that assesses the HRQoL in his/her
child.14-15
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their child with RS. Besides, these outcomes were related to the current respiratory
status of the child.

METHODS
All children, aged between 1 and 18 years, with RS who were treated at the Dutch
Craniofacial Center, Erasmus MC – Sophia Children’s Hospital, between 2012 and
2015 were eligible for this cross-sectional study. RS was defined as the presence of
mandibular hypoplasia and airway obstruction.21, 22

Assessment procedure
The ethics committee review board of the Erasmus MC (MEC-2012-048) approved
the research protocol. All eligible patients and/or parents were approached in a
standardized way through a patient information letter. Written informed consent
was obtained from all parents and patients above 12 years.
If possible, children underwent polysomnography (PSG) in the hospital or at home.
Data regarding medical history were collected from the patients’ medical record.
For psychological assessment, parents were asked to fill out the Brouillette score, a
parent-report of symptoms of OSA in their child, and the parent-reported Obstructive
Sleep Apnea survey-18 (OSA-18), a questionnaire in which parents report on the
impact of OSA in their child with RS. Children between 12 and 18 years old filled
out the self-reported Obstructive Sleep Apnea survey-12 (OSA-12) regarding the
impact of OSA on them.

Polysomnography
PSG was done either in an ambulant sleep study at home; level III, with data recorded
by the Embletta Portable Diagnostic system, or in a clinical sleep study in the hospital;
level I, i.e. attended PSG including medical and technical support. During these
sleep studies a variety of cardiorespiratory variables were assessed, including nasal
airflow, chest and abdominal wall motion, and arterial oxygen saturation. Data
were analyzed using Somnologica for Embletta software 3.3 ENU (Medcare Flage,
Reykjavik, Iceland) for ambulant studies, and Shell + BrainRT Software Suite Version
2.0 (O.S.G. Rumst, Belgium) for clinical studies.
For analysis, we aimed for a total sleep time (TST) of at least 360 minutes, free of
artifact. The scoring for respiratory events and calculation of the obstructive apnea–
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hypopnea index (oAHI) were done as described by Spruijt et al.23 OSA was defined
as an oAHI ≥ 1 per hour.24
2.3 The Brouillette Score
Parents were asked to fill out the Brouillette score, a questionnaire to screen for
the presence of OSA. 25 The score was calculated using the following formula:
1.42D + 1.41A + 0.72S – 3.83. D stands for difficulty in breathing, A for apnea, and
S for snoring. For D and S, caregivers could choose between the options never = 0,
sometimes = 1, often = 2, and always = 3. For A, caregivers could score 0 if no
apneas occur or 1 if they do. A Brouillette score of >3.5 predicts the presence of
OSA, a Brouillette score between −1 and 3.5 is suggestive of OSA, and a score
<−1 predicts the absence of OSA. In analyses, parent-reported OSA was defined
as a Brouillette score ≥ −1.

The Dutch version of the parent-reported disease-specific quality of life questionnaire
OSA-18 was used to assess parental perceptions of the impact of OSA on the child
with RS. 26 The OSA-18 is the most widely used HRQoL questionnaire in pediatric
OSA. 16 The Dutch version has been validated in 459 parents of healthy children
and in 119 parents of children with syndromic craniosynostosis.26 The OSA-18
consists of 18 age-independent items grouped into five domains: sleep disturbance,
physical suffering, emotional distress, daytime problems, and caregiver concerns.
Parents were asked to report how often during the previous 4 weeks their child
has had specific symptoms, using a response scale from 1 (never) to 7 (always).
The total OSA-18 score ranges from 18 to 126, with a higher score indicating a
worse outcome. Scores less than 60 suggest a small impact on health-related quality
of life, scores between 60 and 80 suggest a moderate impact, and scores above
80 suggest a large impact. The parent-reported OSA-18 scores of the impact of
OSA in children with RS were compared with those of 459 parents in the general
population.26

Child-reported Obstructive Sleep Apnea-12 (OSA-12)
Children aged 12–18 completed a comparable OSA questionnaire, the selfreported OSA-12, to assess the impact of OSA on them. Children were asked to
report how often during the previous 4 weeks they have had specific symptoms,
using a response scale from 1 (never) to 7 (always). This questionnaire consists of
12 questions, comparable to those of the OSA-18 with the following exceptions: 2
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Parent-reported Obstructive Sleep Apnea-18 (OSA-18)
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questions of the sleep disturbance domain and the total caregiver concerns domain
were excluded. The total OSA-12 score ranges from 12 to 84. The OSA-12 has been
validated in n = 162 children from the general population and in n = 29 children with
craniosynostosis. OSA-12 scores of children with RS were compared with those of
162 children, aged 12–18 years, in the general population.26

Visual Analogue Scale (VAS)
In addition, parents and children were asked to indicate the child’s HRQoL on a
visual analogue scale (VAS). The VAS consists of a Likert scale from 0 to 10, which
was adjusted from the EQ-5D.27 Scores ranged from 0, worst imaginable HRQoL, to
10, best imaginable HRQoL. A higher score indicated a better HRQoL.

Statistical analysis
To compare baseline characteristics between participants and non-participants,
Pearson’s Chi Square tests for dichotomous data and non-parametric Mann–Whitney
U tests for continuous non-normally distributed data were used. In order to determine
the median age at the time of cross-section in the group of non-participating patients
we used the date halfway our study inclusion period as the date of cross-section.
To compare the mean OSA-18 results of the RS population with the mean in the
general population, sample T-tests were used. Spearman correlation was calculated
between OSA-18 and the visual analogue scale. Median OSA-18 scores were
compared between three groups, divided for treatment history and the presence of
OSA/currently receiving airway support, using Kruskal–Wallis H tests. A p-value of
<0.05 was considered statistically significant. Analyses were performed with SPSS
20.0 for Windows (SPSS, Inc. Chicago, IL).

RESULTS
Baseline characteristics
In total, 111 children with RS were eligible for inclusion of which 63 (57%) parents
of RS children gave informed consent (Fig. 1). Forty-eight children did not consent
for this study with various reasons. Ten children did not have complete data on OSA18, VAS, and Brouillette score and were therefore excluded from analyses.
Baseline characteristics of the participants with complete data (n = 53) were
compared with those of non-participants (n = 48) and participants without complete
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data (n = 10) (Table 1). No significant differences were found for median age at
follow-up, gender, presence of a syndrome or additional anomalies, presence of a
cleft palate, or initial treatment of airway obstruction.
Fifty-three RS children, median age 8.9 years [IQR 5.1–12.7], had complete data of
which 27 were male, 33 had an isolated RS, 15 had additional anomalies, and 4
had a syndrome (Table 1). Four children had RS without a cleft palate. Of these 53
children, 27 were previously treated in the prone position and 26 were previously
treated with respiratory support, of which 18 with non-surgical treatment and 8 with
surgical treatment.

Screened on eligibillity (n=111)

Declined to participate (n=48)

Enrolled in the study (n=63)

No OSA-18 questionnaire (n=8)
No Visual Analogue Scale (n=5)
No Brouillette score (n=5)

Previously treated with prone positioning

Without OSA (n=26)

With OSA (n=1)
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Complete cases on OSA-18, VAS, Brouillette score
included in analyses (n=53)

Previously treated with respiratory support

Without OSA (n=17)

With OSA* (n=9)

Figure 1. Participants’ flow-chart

135 |

| Chapter 7

Table 1. Baseline demographics of participants with complete data (n=53) versus nonparticipants or participants without complete data (n=58)
Participants
(n=53)

Non-participants
(n=58)

P-value

8.9 [5.1-12.7]

8.5 [5.0-13.7]

0.86

Female

26 (49)

26 (45)

0.10

Male

27 (51)

32 (55)

Yes, anomalies

15 (28)

18 (31)

Yes, syndrome

6 (12)

14 (24)

Median age in years [IQR] 1
Gender, n (%)
Presence of syndrome or
additional anomalies, n (%)

No

32 (60)

26 (45)

Presence of a cleft palate,
n (%)

Yes

49 (93)

49 (84)

4 (7)

9 (16)

Treatment of airway
obstruction, n(%) 2

Prone position only

27 (51)

34 (59)

Non-surgical treatment

18 (34)

8 (14)

8 (15)

15 (27)

No

Surgical treatment

0.14

0.19
0.06

1. IQR=Inter quartile range.
2. In n=1 non-participant, information regarding treatment of airway obstruction is missing.

Respiratory outcome
Respiratory data, available in 53 children with RS, were derived from 38 PSGs, 31
(82%) ambulatory at home and 7 (18%) clinically (in-house). In 15 children no PSG
was done; parents refused (n = 3), PSG failed due to logistic reasons (n = 9), or PSG
was not possible because of a tracheotomy (n = 3). Respiratory data of these 15
children were interpreted on the basis of the current respiratory support.
In total 10 children still had respiratory problems: in 5 children OSA was found at
PSG, defined as an oAHI ≥ 1 per hour, 2 children needed non-surgical respiratory
support, and in 3 children a tracheostomy was still present (Fig. 1). Of those 5
children in which OSA was newly detected, 4 were treated with respiratory support
in the past, and 1 child was treated in the prone position at birth and re-developed
mild OSA during follow-up.

Health-related quality of life: OSA-18 and OSA-12
Compared with the norm population, parents of children with RS (n = 53) reported
significantly worse scores in their child on the following OSA-18 domains: sleep
disturbance, physical suffering, caregiver concerns, and the total OSA-18 score
(Table 2) compared with parents in the general population. Furthermore, a worse
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total OSA-18 score was associated with a worse score on the visual analogue scale
(r = −0.49, p < .01).
Table 2. Parent-reported OSA-18 (mean, SD), self-reported OSA-12 (mean, SD), and Visual
Analogue scale scores in children with Robin Sequence compared with norm data
Robin Sequence
(n= 53)

Effect size1

(n= 459)

Sleep disturbance

8.3 (4.4)

Physical suffering

10.5 (5.4)

Emotional distress

6.6 (4.4)

Daytime problems

P-value

a
a

7.3 (4.8)

Total OSA-18 score

40.3 (16.1)

a

<0.01

0.71

8.1 (4.3)

a

<0.01

0.49

0.51

0.11

6.2 (3.1)

7.5 (5.0)

Caregiver concerns

5.8 (2.4)

6.2 (3.1)
5.2 (2.4)

a
a

a

31.2 (10.4)

Visual Analogue Scale

8.5 (1.4)

n.a.

Self-reported OSA-12

(n=10)

(n=162)

a

0.06

0.31

<0.01

0.55

<0.01

0.67

Sleep disturbance

4.3 (3.7)

3.7 (1.8)

0.60

0.21

Physical suffering

6.5 (3.5)

9.0 (4.4)

0.05

-0.63

Emotional distress

4.5 (1.9)

5.9 (3.4)

0.04

-0.51

Daytime problems

7.8 (5.5)

7.7 (4.0)

0.96

0.03

23.1 (11.3)

26.4 (9.9)

0.38

-0.31

7.8 (1.7)

n.a.

Total OSA-12 score
Visual Analogue Scale

1. Cohen’s d calculates the value using the means and SD’s of two groups, 0.2<d<0.5 indicated a small
effect, 0.5<d<0.8 a moderate effect, and d>0.8 a large effect. A negative effect size meant a higher
score with regard to the norm group.
a. Total Robin Sequence group differed significantly from norm population, students’ t-tests
OSA-18 = Parent-reported Obstructive Sleep Apnea-18; OSA-12 = Child-reported Obstructive Sleep
Apnea-12

Sixteen children with RS were 12 years or older at the time of cross-section and
eligible to fill out the OSA-12. Four children did not fill out the questions without
reason and two children had psychomotor retardation and were unable to answer
the questions. Ten RS children filled in the OSA 12; 1 was previously treated in the
prone position, 9 were previously treated with respiratory support, of which 2 had
respiratory problems at inclusion and 7 did not. RS children reported better OSA-12
scores on physical suffering and emotional distress compared with children in the
general population.
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Parent-reported OSA-18

Norm data
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Table 3: Parent-reported OSA-18, Visual Analogue Scale, and Brouillette Score (median
[IQR]) in children with Robin Sequence divided in treatment history with and without current
respiratory problems
Treatment History
Received respiratory support

Prone position1
No-OSA, n=26

OSA/respiratory
problems2 n=9

No-OSA, n=17

OSA-18 scales, Mdn [IQR]
Sleep disturbance

6.5 [4.0-9.1]

Physical suffering

8.5 [4.0-13.3]

Emotional distress

4.0 [3.0-7.0]

Daytime problems

4.5 [3.0 – 8.0]

7.0 [5.5-9.7]

a

b

Caregiver concerns

4.0 [4.0-7.3]

Total OSA-18 score

33.5 [22.0-41.5]

Visual Analogue Scale, Mdn [IQR]

9.0 [8.0-9.7]

b

b

b

10.0 [4.3-17.0]

a

11.0 [5.0-17.0]

13.0 [9.0-15.5]

6.0 [3.0-9.5]

7.0 [3.5-12.5]

6.0 [3.5-9.0]

b

15.0 [7.5-18.0]

b

6.0 [4.0-7.0]

b

13.0 [6.5-19.5]

b

37.0 [31.0-47.5]
9.0 [8.0-9.9]

b

b

59.0 [44.5-71.5]
7.5 [5.8-9.0]

b

b

Brouillette Score, n (%)
Brouillette score
Difficulty in breathing
Apnea
Snoring

3 (18)

> -1

2 (8)

≤ -1

24 (92)

yes

5 (19)

no

c
c

d

c

14 (82)
3 (18)

c

d

21 (81)

d

14 (82)

yes

3 (12)

e

3 (18)

no

23 (88)

e

14 (82)

d
e
e

6 (67)

c

3 (33)

c

6 (67)

d

3 (33)

d

6 (67)

e

3 (33)

e

yes

19 (73)

14 (82)

7 (78)

no

7 (27)

3 (18)

2 (22)

1. One RS child treated with prone position developed mild OSA. This child is excluded from analyses.
2. Children with OSA or airway support: OSA found at PSG without treatment n=4, non-surgical
respiratory support n=2, and tracheostomy n=3
a. Post-hoc analysis: Children treated with prone position only differed significantly from children who
received respiratory support/developed OSA, Mann-Whitney U tests, p<.03
b. Children treated with prone position only and children who received respiratory support/did not
develop OSA differed significantly from children who received respiratory support/developed OSA,
Mann-Whitney U tests, p<.02
c, e. The observed counts differed significantly from the expected counts under the assumption of no
association, Chi-square comparison p<.01
d. The observed counts differed significantly from the expected counts under the assumption of no
association, Chi-square comparison p<.02d.
IQR = inter quartile range; Mdn = median; OSA = obstructive sleep apnea; OSA-18 = Parent-reported
Obstructive Sleep Apnea-18; OSA-12 = Child-reported Obstructive Sleep Apnea-12
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Table 3: Parent-reported OSA-18, Visual Analogue Scale, and Brouillette Score (median
[IQR]) in children with Robin Sequence divided in treatment history with and without current
respiratory problems
Treatment History
Received respiratory support

Prone position1
No-OSA, n=26

OSA/respiratory
problems2 n=9

No-OSA, n=17

OSA-18 scales, Mdn [IQR]
Sleep disturbance

6.5 [4.0-9.1]

Physical suffering

8.5 [4.0-13.3]

Emotional distress

4.0 [3.0-7.0]

Daytime problems

4.5 [3.0 – 8.0]

7.0 [5.5-9.7]

a

b

Caregiver concerns

4.0 [4.0-7.3]

Total OSA-18 score

33.5 [22.0-41.5]

Visual Analogue Scale, Mdn [IQR]

9.0 [8.0-9.7]

b

b

b

10.0 [4.3-17.0]

a

11.0 [5.0-17.0]

13.0 [9.0-15.5]

6.0 [3.0-9.5]

7.0 [3.5-12.5]

6.0 [3.5-9.0]

b

15.0 [7.5-18.0]

b

6.0 [4.0-7.0]

b

13.0 [6.5-19.5]

b

37.0 [31.0-47.5]
9.0 [8.0-9.9]

b

b

59.0 [44.5-71.5]
7.5 [5.8-9.0]

b

b

Brouillette score

> -1

2 (8)
≤ -1

Difficulty in breathing

yes

Apnea

yes
no

Snoring

24 (92)
5 (19)

no

yes
no

3 (18)

c
c

d

c

14 (82)
3 (18)

c

d

21 (81)

d

14 (82)

3 (12)

e

3 (18)

23 (88)

e

14 (82)

d
e
e

6 (67)

c

3 (33)

c

6 (67)

d

3 (33)

d

6 (67)

e

3 (33)

e

19 (73)

14 (82)

7 (78)

7 (27)

3 (18)

2 (22)

1. One RS child treated with prone position developed mild OSA. This child is excluded from analyses.
2. Children with OSA or airway support: OSA found at PSG without treatment n=4, non-surgical
respiratory support n=2, and tracheostomy n=3
a. Post-hoc analysis: Children treated with prone position only differed significantly from children who
received respiratory support/developed OSA, Mann-Whitney U tests, p<.03
b. Children treated with prone position only and children who received respiratory support/did not
develop OSA differed significantly from children who received respiratory support/developed OSA,
Mann-Whitney U tests, p<.02
c, e. The observed counts differed significantly from the expected counts under the assumption of no
association, Chi-square comparison p<.01
d. The observed counts differed significantly from the expected counts under the assumption of no
association, Chi-square comparison p<.02d.
IQR = inter quartile range; Mdn = median; OSA = obstructive sleep apnea; OSA-18 = Parent-reported
Obstructive Sleep Apnea-18; OSA-12 = Child-reported Obstructive Sleep Apnea-12
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Brouillette Score, n (%)
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Parent-reported HRQoL and parent-reported symptoms of OSA divided for
treatment history with and without current respiratory problems
Divided into treatment history, parents of children with RS who initially received
respiratory support and who developed OSA during follow-up/who still received
airway support (n = 9) reported significantly worse scores on daytime problems,
caregiver concerns, total OSA-18, and on the VAS compared with parents whose
children had no current respiratory problems (respectively n = 26 and n = 17; Table
3). Besides, they more frequently reported a Brouillette total score >−1, difficulty in
breathing, and apnea in their child with RS. Parents of RS children who were initially
treated with respiratory support and who developed OSA during follow-up/who still
received airway support reported a worse score on sleep disturbance compared
with parents of RS children initially treated in the prone position.
Within this RS group of children with current respiratory problems, those parents of
children with a tracheostomy (n = 3) reported better scores on sleep disturbance and
caregiver concerns compared with those with OSA or other respiratory support.
Besides, these 3 parents reported a total Brouillette score lower than −1 and no
symptoms of difficulty in breathing, apnea, or snoring.

DISCUSSION
Health-related quality of life (HRQoL) has become an important outcome throughout
the stepwise approach to the diagnosis and management of children with obstructive
sleep disordered breathing.13
While little is known about the lifelong impact on HRQoL in children born with RS,
there are a number of studies on generic and disease-specific HRQoL outcomes in
children who suffered from pediatric OSA.16 In these studies, pediatric OSA has
been significantly associated with a lower HRQoL compared with healthy peers.
Overall, in our follow-up of children with RS, parents also reported a lower HRQoL
in their child with RS compared with parents in the general population. These worse
disease-specific OSA-18 scores were correlated with a lower VAS score. The VAS
is a single-item general HRQoL instrument that is easy to administer. Therefore,
this VAS score may be a valuable, informative addition to disease-specific HRQoL
questionnaires such as the OSA-18.28
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So far, HRQoL was reported in only one other study in which parents of 21 children
with RS reported on HRQoL in their child after mandibular distraction osteogenesis
(mean age at surgery 54 days). All children with RS demonstrated improved airway
outcomes post-MDO; there were no significant post-operative complications. The
GCBI (Glascow Children’s Benefit Inventory) questionnaire was used as a generic
instrument to detect changes in health status following a surgical intervention. Parents
reported an overall benefit in HRQoL in all domains in their child with RS, especially
in the physical domain.29

Parents of RS children who still received respiratory support or who had OSA also
reported a higher Brouillette score more frequently. However, within this group
of children with current respiratory problems, those parents of children with a
tracheostomy were the exception. They reported less problems regarding breathing,
apnea, and snoring in their child, and they also reported a better HRQoL in their
child. This is rather obvious since the airway of these children was secured through
a cannula. As a result, the OSA-18 questionnaire seemed to be a helpful tool to
recognize OSA-related symptoms and one might speculate that treatment in this
group of children may not have been optimal.
Regarding children with RS themselves, in our study they reported better OSA12 scores on physical suffering, such as having frequent colds or nasal secretion,
and on emotional distress, such as less mood change or anger fit, or aggressive/
hyperactive behavior, compared with children in the general population. Since we
only had complete data on 10 children and 8 of them had no OSA or respiratory
problems at that moment, we should handle this result with caution. Especially since
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Interestingly in our study, although the majority of the children did not have OSA,
parents still reported significantly higher scores in their child with RS on the following
domains: sleep disturbance, physical suffering, and caregiver concerns compared
with parents in the general population. There were no differences in HRQoL scores
between children previously treated in the prone position or those previously treated
with respiratory support. Parents of children with RS who still received respiratory
support or who had OSA reported significantly worse HRQoL scores on sleep
domain, daytime problems, caregiver concerns, and on total HRQoL. These worse
OSA-18 scores were comparable with the OSA-18 scores reported by parents of
children with OSA before they underwent surgery.16 In contrast, the parent-reported
OSA-18 scores of RS children without OSA or respiratory problems seemed to be
comparable to those of healthy children.26
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in a large study in chronically ill children overall HRQoL was impaired compared
with healthy children.30 Our findings should be confirmed in a larger sample of
children with RS.
Interestingly, although few children with RS in this study were diagnosed with OSA,
parents reported a high prevalence (around 70–80% in all three groups) of snoring
in their child with RS regardless of treatment history or current treatment. Remarkably,
parents reported a high incidence of snoring on the Brouillette score, whereas on
the OSA-18 questionnaire they did not report more sleep disturbance or snoring.
This could be explained by the way the occurrence of snoring was assessed. In
the Brouillette score, the presence of snoring was assessed in a one-dimensional
manner, scored with yes/no, whereas in the OSA-18, snoring was assessed in a
more multidimensional manner, which may have been more informative.

Limitations
Since not all eligible patients agreed to participate in the current study, the results
might have been influenced by selection bias. Besides, not all participants had
complete data on HRQoL. On the other hand, participants and non-participants/
participants without complete data did not differ as to the distribution of median age
at follow-up, gender, presence of a syndrome or additional anomalies, presence of
a cleft palate, or initial treatment of airway obstruction. Furthermore, the participants
were divided into sub-groups, based on treatment history and current OSA status/
treatment. Although sub-group analyses were performed non-parametrically, these
may have suffered from small sample sizes. Finally, respiratory data were derived
from PSG assessments or, when missing, were based on current respiratory support.
The findings regarding the differences between children with and without current
respiratory problems should therefore be confirmed in another study with more
complete data and a larger sample size.

CONCLUSIONS
Health-related quality of life (HRQoL) is an important outcome throughout the
diagnosis and management of children with Robin Sequence (RS). In this crosssectional study of 53 children with RS, parents reported a lower HRQoL in their child
compared with parents in the general population. Especially parents of children
with RS who were previously treated with respiratory support and who re-developed
OSA or received current airway support reported lower HRQoL scores. Overall,
parental perceptions regarding treatment in their child with RS could have an impact
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on HRQoL and the well being of the child. Children themselves reported better OSA12 scores on physical suffering and on emotional distress.

Chapter 7

As to recommendations, parents should be seen as important stakeholders in
the management of their child with RS.31 Since parents “know their child best”,
parental perceptions of health and HRQoL are important and informative with
regard to treatment decisions. In this study, parents’ scores of HRQoL in their
child were associated with the presence of OSA/respiratory support. Therefore,
it is recommended not only to assess impairments in functional health status during
outpatients’ consultations, but also to screen parents’ assessment of HRQoL problems in
their children using multidimensional, generic as well as disease-specific instruments.
These HRQoL assessments may provide valuable information regarding the child’s
functioning and may contain predictive value for the child’s health development.
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INTRODUCTION
The aim of this thesis is to improve knowledge with regard to diagnosis, treatment
and quality of life in children with Robin Sequence (RS). Within this general
discussion, the main findings of our studies will be discussed against the background
of the literature. Furthermore, clinical recommendations and suggestions for future
research will be provided.

What is Robin Sequence?
RS remains a diagnostic and therapeutic challenge, partially due to the lack of a
standardized definition. An online survey among 101 different clinics (chapter II)
showed that 56 different combinations of clinical features were used to define RS.
Many clinicians considered cleft palate an essential feature. This large variety in
definition was in accordance with findings of other (survey) studies.1-5 It is needless
to say that a uniform and strict definition of RS is crucial for both care and research.
In this thesis, Pierre Robin’s original set of features (mandibular hypoplasia,
glossoptosis and airway obstruction) was used to define RS and select patients.6
However, applying this triad as the basis for an RS diagnosis still did not provide
us with clear criteria for eligibility of patients, as strict criteria for these individual
features were not available. Also, our inclusion had been based on historical data.
Especially in the group that was initially treated with prone positioning, one may
question whether these children were ‘true’ RS patients, as no objective measurements
of obstructive breathing had been done.

Defining and diagnosing mandibular hypoplasia
Mandibular hypoplasia is the hallmark of the RS phenotype. Previous studies have
shown significant differences in e.g. mandibular body length and height, ramus-tobody ratio and chin thickness in children with RS compared to controls.7-9 In daily
practice (no data), sometimes neonates with a seemingly small lower jaw without
any other symptoms are observed. This group of patients might receive an inaccurate
diagnosis of RS at birth when the clinician notes the hypoplastic lower jaw, but does
not assess the airway status.10 Especially in RS children with additional anomalies
(non-isolated RS), mandibular hypoplasia is often distinctly present, but unfortunately
objective data are lacking.
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First, the three individual features that are part of the original RS definition, will be
further discussed below.
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Quantifying mandibular hypoplasia is not standard practice. A few methods, such
as jaw-index, cephalograms, cone beam computed tomography scanning, threedimensional photography, have been suggested, but there is currently no widely
accepted standard measurement method available.11 Suggested measurement
methods have considerable disadvantages and are often invasive, time consuming
and/or not yet validated. Yet, a method to quantify and monitor mandibular
hypoplasia is helpful in order to identify a child with RS and essential in order
to establish the correlation between the severity of mandibular hypoplasia and
respiratory distress and to examine growth. As long as normative data sets on
mandibular size and position are unavailable, a diagnosis of mandibular hypoplasia
cannot be established. Therefore, there is currently little added clinical value of a
diagnosis of mandibular hypoplasia.

Defining and diagnosing glossoptosis
Glossoptosis is defined as displacement of the tongue base into the oro- and
hypopharynx, obstructing the retroglossal airway. The severity of glossoptosis and
resultant upper airway obstruction varies. Unfortunately, like mandibular hypoplasia,
there is currently no standardized method available to diagnose glossoptosis, and
we experienced that glossoptosis was not reported in a consistent way or even not
reported at all in the patient files (chapter IV).
Glossoptosis can be visualized by intra-oral inspection, but often an endoscopy
is needed, as this allows better visualization of the position of the tongue in the
oral cavity and oropharynx. Endoscopy also allows screening for other airway
anomalies. So far, a number of classifications exists to describe the severity and
type of obstruction during endoscopy. Bravo et al. came up with a classification
with four grades of obstruction: no, mild, moderate and severe, as found with videonasopharyngoscopy for the evaluation of children with RS. This classification took
the amount of tongue base protrusion in account, as well as other factors such
as adenoid hypertrophy, tonsillar hypertrophy and the obstruction by the lateral
pharyngeal walls. Sher et al. reported four different patterns of airway obstruction
in children with a craniofacial anomaly based on nasopharyngoscopy of which
type I of Sher’s classification describes true glossoptosis or posterior displacement
of the tongue against the posterior pharyngeal wall.12 An endoscopy can be done
while the patient is awake or during sleep (e.g. light sedation). So far, only one
study examined the clinical applicability of awake flexible fiberoptic laryngoscopy
in diagnosing glossoptosis in children with RS. 13 This study showed that, solely
used, this tool was insufficient for judging glossoptosis based on intra- and interrater
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agreements. Other options {Lee, 2016 #3909}to quantify tongue size and position
include MRI or CT-generated measurements of the airway. Fairly recent, five CT
measures were selected in a composite score, including tongue length and tongue
position relative to palate, predicting the need for tracheostomy with a sensitivity
rate of 86% in children with RS.9 Obviously, CT-scanning has radiation as its main
disadvantage.
In conclusion, there is no reliable, non-invasive tool to diagnose glossoptosis in
children with RS. Although successful relieve of the airway obstruction by prone
position strongly suggests involvement of the tongue base, this again is quite
subjective. Strict criteria to define glossoptosis are important in order to be considered
a crucial element for a diagnosis of RS.

Defining and diagnosing airway obstruction

During sleep, the airway obstruction may lead to obstructive sleep apnea (OSA).15
Ongoing airway obstruction can disrupt growth by a number of mechanism such as
increased energy expenditure associated with respiratory distress, chronic hypoxic
exposures triggering cellular and metabolic mechanism diverting energy away from
growth pathways, sleep fragmentation etc.16 Timely diagnosis and treatment of the
airway obstruction is therefore of great importance.
The presentation of a child with RS depends on the severity of the airway obstruction.
The child with severe RS presents itself with clear symptoms such as choking sounds
while trying to breathe, and additional episodes of apnea and/or cyanosis will be
evident. There is increased respiratory effort with suprasternal and sternal retraction
and activation of accessory muscles. In less severe cases, the child will have only
an obstruction during sleep, the child will have to wake up to maintain the airway.
Also, the obstruction can exacerbate during feeding. Additional airway-impacted
manifestations include feeding difficulties, aspiration, gastro-esophageal reflux and
failure to thrive. Our multidisciplinary team experienced that clinical observation is
one of the cornerstones in the diagnosis of airway obstruction in a child with RS,
which, if needed, will lead to prompt further screening.
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The final and most important feature of RS is airway obstruction. Airway obstruction
in children with RS is primarily caused by glossoptosis, but other mechanisms may
influence the child’s respiratory status as well, such as disproportion of the tongue
and the mandible, neuromuscular impairment of the genioglossus and/or other
parapharyngeal muscles.14
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During the clinical assessment of respiratory distress, several factors should be taken
into account:
1) Do respiratory symptoms occur only during sleep or also when the child is awake?
2) In which position do these symptoms occur, supine and/or prone?
3) Do these symptoms occur during agitation, feeding or without a specific cause?
Standardized questionnaires such as the Brouillette Score, OSA-18 and other
paediatric sleep questionnaires may be helpful in assessment of the airway
obstruction. The use of the Brouillette Score as a clinical tool seems questionable,
as it shows a poor sensitivity and specificity for the prediction of polysomnography
(PSG) results.17,18
Endoscopy is a useful tool in the evaluation of airway obstruction and is mainly
used to determine the level and type of obstruction. Of note, awake flexible
fiberoptic laryngoscopy has been found to be unreliable to diagnose glossoptosis,
and struggling and muscular tension during the procedure may not provide a
representative interpretation of the obstruction.13 Sleep endoscopy with light sedation
provides information about the airway status during the ‘critical moment’ e.g. while
the child is asleep and signs of airway obstruction are most likely and most severe.
Recently, the reliability of a new scoring system, the Sleep Endoscopy Rating Scale
(SERS) was tested in children undergoing drug-induced sleep endoscopy for OSA.19
The SERS total score correlated significantly with OSA severity based on PSG results.
Although SERS was used in children undergoing (adeno)tonsillectomy, it can also
be applied in other high-risk OSA populations such as children with a mandibular
hypoplasia or midface hypoplasia, although SERS has not yet been validated for
this particular group. So far, only one study looked specifically at sleep endoscopy
in children with RS, showing that the degree of obstruction during sleep endoscopy
correlates with the severity of clinical symptoms.20
Endoscopy also allows for screening for other airway anomalies. In our retrospective
study (chapter IV), we found two cases of tracheomalacia out of 12 endoscopies.
In a retrospective study of Cruz, in seven of 47 RS patients, a diagnosis of
laryngomalacia, tracheomalacia and/or bronchomalacia was found.21 This
relatively high prevalence of other anomalies, highlights the importance of complete
and thorough airway evaluation, especially for adequate treatment planning.
To diagnose OSA, PSG is regarded to be the gold standard. PSG quantifies the
airway obstruction and also identifies other respiratory features such as central
apnea.
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A three-step approach was introduced to decide which infants with RS need a PSG:22
1) If no respiratory symptoms in the supine position during sleep and wakefulness
are observed by an experienced clinician over an adequate duration of time,
PSG may not be mandatory.
2) If any signs of respiratory distress are present in a patient with RS despite
prone positioning, referral to a specialized center with experience in airway
assessments including PSG will optimize timely care.
3) If severe obstructive breathing indicates acute respiratory support is present,
urgent treatment should be started, and PSG may not be feasible.
Other reasons to perform PSG in children with RS include:
4) A high clinical suspicion for the development of OSA following palatal closure
(advice is to perform PSG with palatal plate)
5) Monitoring the course of obstructive problems (advice is to perform PSG every
3-6 months)
6) Assessing the outcome of surgical treatments aiming to relieve airway obstruction.

In this thesis, a PSG was performed in the minority of children of the retrospective
cohort (Chapter IV), as this was not part of standard protocol. Routine PSG in all
children with RS soon after birth is not necessary, since in the majority of infants,
prone position will relieve symptoms and PSG results will have little or no impact
on management. Although the standard in diagnosing OSA is level 1 PSG in the
hospital, ambulatory PSG is also an option. In the cross-sectional study (chapter V),
both ambulatory and clinical PSG were used. Advantages of ambulatory PSG include
especially sleeping in a trusted environment, and no need for hospital admission.
However, in ten out of 54 PSG studies, all done ambulatory, the recordings failed.
Ambulatory PSG proved to be difficult due to absence of signals, a too short period
of registration of signals or technical failure. Several studies have evaluated the use
of ambulatory sleep studies in children, but results and recommendations vary.26-28
Another option to assess the airway obstruction at home would be oxymetry. Recently,
good results were reported for nocturnal oxymetry in screening for pediatric OSA.29
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Diagnostic thresholds for OSA in infants and young children remain debated, and
various cut-off values have been reported in RS.23,24 For example, many authors used
only the number and depth of desaturations to describe the severity of respiratory
distress, and for those using PSG, inconsistent criteria were applied. In this thesis,
PSG recordings were scored according to the 2007 AASM manual update.25
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Following palatal closure, small series reported airway-related complication rates
between 24%-31%, which prompted us to investigate the utility of a PSG with a
custom-made palatal plate prior to cleft palate repair (chapter VI).30-33 In this study
with 30 RS patients and a control group of 45 non-RS cleft palate patients, we found
a prevalence of postoperative respiratory distress of 30% in the RS group compared
to 0% in the non-RS cleft group. In all cases the obstructive problems were mild and
resolved within a few days, with four children requiring a temporary nasopharyngeal
tube. In this study, closure had been postponed in two patients with RS based on
the results of pre-operative PSG with palatal plate. Following a second PSG, in
both cases three months later at the age of 13 and 14 months, a normal breathing
pattern was found. Both cases were closed without post-operative problems. It can
be assumed that postponed closure in these two patients avoided postoperative
respiratory distress. Despite preoperative screening with PSG, the prevalence of
postoperative respiratory distress was high and therefore, postoperative monitoring
is warranted. Although preoperative screening with a palatal plate with a PSG
might be useful to select patients at risk, it remains questionable whether this routine
screening is indicated in all cases. Costs of the palatal plate, PSG and related
hospital stay are relatively high and the respiratory distress is shown to be mild in
most cases.

Occurence and natural course of airway obstruction
The reported prevalence of OSA in children with RS ranges between 46-100%
depending on used criteria, although one might argue that all children by definition
should suffer from OSA.15,34-38 In the majority of RS patients, there is a spontaneous
improvement of OSA symptoms with time (chapter IV). This natural improvement of
OSA in children with RS, may be due to mandibular growth or neurodevelopmental
changes (e.g. improved autonomic control). More likely is it a combination of these
factors.
In some RS cases, the obstructive problems continue into infancy and sometimes even
worsen with time. The retrospective study (chapter IV) showed that 10% of children,
who were treated by prone positioning in the neonatal period (<28 days old),
were in need for respiratory support at a later age. This ‘late’ need for respiratory
support may be related to anatomical changes (for example the mandible-airway
relationship) or, especially in preschool-aged cases, to tonsil and adenoid size.
In the cross-sectional study (chapter V), performed in children over 1 year of age,
an OSA prevalence of 22% was found. Of these, 12% had respiratory support and

| 156

General discussion |

in the additional 10%, OSA was found by PSG. This study showed that obstructive
airway problems can be a problem beyond infancy. So far, few other studies have
looked at the course of OSA in RS. Despite the common assumption that children
with RS develop airway obstruction directly after birth, two studies suggest that
absence of OSA on the initial PSG in the neonatal period does not guarantee
obstruction will not develop at a later age.35,36 In one of these studies, seven out of
ten RS patients had presented with airway obstruction between 24 and 51 days
of age. 12 Both studies had very small sample sizes (n=11 and n=15). In another
recent retrospective study of Lee et al. it was shown that their RS population, who
were followed from birth to one year of age did not show significant decrease in
AHI, oAHI, and central apnea index.39 Interestingly, this study also reported a high
prevalence of central sleep apnea (55.8%) in their cohort, indicating that RS may
include derangements to the central nervous system’s respiratory control. However,
it should be noted that central apneas are common during the neonatal period.
Other studies on the course of OSA (or central sleep apnea) in RS patients are
lacking thus far.
Taking this all into account, the above mentioned literature and our studies presented
in Chapter IV and V, imply the obstruction is dynamic and continues (or re-develops)
in a considerable number of cases into infancy and childhood.

In our cross-sectional study (chapter V), we have shown that those who have a
history of being treated for respiratory distress only with prone positioning as an
infant, have a low risk of obstructive pathology at a later age (1-18 years old). In
contrast, children who need respiratory support in their first year, are 13 times more
likely to be diagnosed with OSA at a later age. The clinical relevance of these
studies is that the group of children who initially need respiratory support requires
more careful monitoring until adulthood.
Both in the retrospective study (chapter IV) and the cross-sectional study (chapter
V) it was shown that respiratory support was more often indicated in children with
non-isolated RS. Therefore, in general, these are also the children who are prone to
have obstructive problems at a later age. Some theories state that in children with
a non-isolated RS, ‘catch-up mandibular growth’ is less likely to occur. Although, it
is not possible to correlate this directly, it will be interesting to examine the need
for respiratory support at a later age in children with non-isolated RS, in relation to
mandibular growth.
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Risk factors for re-developing or continuing airway obstruction

| Chapter 8

These results emphasize the importance of distinguishing between non-isolated RS
and isolated RS. In the retrospective cohort (chapter IV), 39% of the children were
diagnosed as non-isolated RS. However, it should be noted that this percentage
may have been under-reported, considering several other studies reported a higher
percentage of non-isolated RS due to a more rigorous genetic workup including
chromosomal microarray.40 Recently, a study reported high incidence of cardiac
(30.9%) and central nervous system anomalies (25.4%) associated with increased
mortality, prompting the authors to include cardiac and cranial ultrasonography
as part of the initial assessment of infants with RS.41 In contrast, in the isolated
RS patient cohort, there were no deaths during the 11-year study period and the
diagnosis of isolated RS was even positively associated with survival. In any case, a
genetic diagnosis offers both the clinician and the children’s family more insight in
the course and the prognosis.38,42-46 Not all anomalies have yet become apparent
shortly after birth, which can result in a delay in genetic diagnosis. This emphasizes
the importance of gene research specifically targeting this patient population.

Treatment of the airway obstruction
The goal of treatment in RS is clear: temporarily or definitive relieve of the obstruction
aiding adequate growth and development. Preference should be given to an
individual and specific treatment, which is most effective and least invasive per patient.
Both the survey (chapter II) and the systematic review (chapter III) showed that a wide
range of treatment modalities exists to manage airway obstruction in children with
RS. There seems to be overall agreement that prone positioning is the first choice
of treatment in mild cases. In our retrospective series (chapter IV) it was found,
as in other series, that about 70% of the children could be adequately managed
with prone positioning.47,48 If needed, the severity of the airway obstruction can be
temporarily monitored with a pulse oximeter at home. However, if the child shows
persistent respiratory distress despite prone position, it is less clear which therapy
should be used. In our center non-surgical treatment is the treatment of choice. A
number of non-surgical respiratory support modalities exist, such as nasopharyngeal
tube, non-invasive ventilation, Optiflow or oxygen supplementation. These measures
only provide temporary support of the airway, suggesting a natural improvement
of the airway obstruction with time. Still, other centers may prefer surgical therapy,
such as tongue-lip adhesion, subperiosteal release of the floor of the mouth (SPRFM),
mandibular traction or MDO. In general, children with a non-isolated RS require more
aggressive management than those with isolated RS, which was also confirmed by
our retrospective study (chapter IV).21,49,50 This suggests that the natural improvement
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might be less in these children. Concerning timing of treatment, Lidsky et al. reported
that early airway intervention reduced the need for gastrostomy tube placement.51
With regard to feeding status, this emphasizes the need for timely diagnosis and
intervention of OSA.

To come to a final decision whether to treat a child with RS or not, the physical
exam, gas exchange abnormalities, feeding problems, growth and the PSG results
should be taken into account. Additionally, endoscopy might be useful. Based on
this thesis and clinical experience, the following treatment algorithm is proposed
(figure 1). The algorithm starts with prone positioning as first-line treatment. After
this, results are discussed in a multidisciplinary setting. In case of moderate or severe
airway obstruction, other treatment modalities are applied and evaluated over time.
In case of severe respiratory distress immediate intubation or a tracheostomy might
be necessary.
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The systematic review (chapter III) showed that evidence on which treatment provided
the best outcome was scarce and the quality of included studies was low. Indications
for surgical treatment were often not clearly described and/or varied between
centers. However, in general they involved failure of non-surgical therapies. On
basis of the available studies, we noticed that success and complication rates of
the different treatment seemed comparable. However, due to the lack of a uniform
definition and outcome, a true comparison of techniques was not possible.
MDO remains the most often reported surgical treatment in RS. A recent review
comparing PSG outcome of surgical procedures (MDO versus tongue-lip adhesion
versus SPRMF), found MDO to be the most effective technique.52 Several centers
reported highly successful application of MDO in young children below the age of
3 months.53-56 These studies reported successful decannulation in almost all cases.
Flores et al. reported that an MDO age <30 days was associated with a more
favorable MDO outcome.57 In general, the presence of neuromuscular anomalies
seemed to be predictive for failure of MDO treatment.57 In this study, the bone quality
was not mentioned as a predictor. In our clinic, we found that it is important to
discriminate between children with an isolated or non-isolated RS, of which children
with the latter form generally present with more severe mandibular hypoplasia,
airway obstruction and other co-morbidity. Still, this group can often be successfully
managed by NPT or CPAP, preventing the need for tracheostomy and MDO early
after birth. We experienced one case in which MDO failed in a neonatal nonisolated RS case with poor bone quality due to low volume of vitamin D. MDO
should always be considered if a child needs to be tracheostomized in case of lifethreatening airway obstruction.
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Newborn
Robin Sequence
patient

Clinical observation
Prone posititioning trial*
Successful
Unsuccessful
Moderate airway
obstruction

Mild airway obstruction

Severe (life-threatening)
airway obstruction

Polysomnography

Continue prone
positioning and
re-evaluation

Unsuccessful

1. Nasopharyngeal tube
(2. Non-invasive
respiratory support , e.g.
CPAP , NIV, high flow
nasal cannula)

Extubation
possible

Intubation

Extubation not possible
Unsuccessful
Successful

Evaluation by endoscopy

Continue treatment and
re-evaluation with
polysomnography

Long dependence
In case of cleft
palate, consider
polysomnography
with imitated closure

Presence of respiratory
distress ; postpone repair
and schedule another
polysomnography

In case of a history of
respiratory support ,
biannual screening
by e.g. OSA -18 and
VAS until adulthood

Suspected respiratory
distress : schedule a
polysomnography

Consider tracheostomy
or mandibular distraction
osteogenesis

Re -evaluation by
assessing decannulation
possibility and/or by
polysomnography

Figure 1: Proposed algorithm ‘The Rotterdam Approach’ outlining evaluation and treatment of
the airway obstruction in children with RS.
Successful is defined as acceptable oxygen saturation and carbon dioxide level and no symptoms of
airway obstruction. NG tube = nasogastric tube, G tube = gastrostomy tube, PP = prone positioning,
NPT = nasopharyngeal tube, CPAP = continuous positive airway pressure, NIV = non-invasive ventilation,
MDO = mandibular distraction osteogenesis, PSG = polysomnography, OSA-18 = obstructive sleep
apnea questionnaire, VAS = visual analogue scale.
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Feeding difficulties
Feeding difficulties in children with RS can have multiple causes: presence of a cleft
palate, insufficient energy levels due to the amount of energy used to breathe with
an obstructed airway, obstruction of the oral cavity by the tongue, motor dysfunction
or dysregulation of the swallowing center in the brainstem.58-60 The presence of
gastroesophageal reflux (GER) can exaggerate both feeding and breathing
difficulties by compromising swallowing mechanism.11
In our retrospective cohort, almost half (47%) of the RS children needed temporary
nutritional support (e.g. nasogastric tube or a gastric tube). This percentage is
similar to other studies and is highest in children with a non-isolated RS.11,61 Feeding
difficulties can lead to failure to thrive, which has been associated with long-term
deficits in childhood height and weight, cognitive and academic performance,
and behaviour.62-64 Early recognition of feeding difficulties is therefore imperative,
together with the start of nutritional support.11 Notably, a study of Thouvenin et al.
showed that in children with RS with initial severe functional disorders (both feeding
and respiratory) a long-term developmental outcome was within the normal range.65
They concluded that their relatively invasive treatments (e.g. long-term tube feeding,
gastrostomy, tracheostomy), had no adverse effects, but even seem to protect the
cognitive potential of the RS children. Feeding difficulties tend to improve with
time.59,65 Baujat reported a spontaneous improvement in oroesophageal motility in
children with RS after the age of 1 year.59 Since feeding difficulties are common in
children with RS, and together with the presence of OSA can exacerbate growth
failure, we recommend early assessment of feeding by a speech therapist.

In chapter VII, a study was performed in order to assess parent-reported and selfreported health-related quality of life (HRQoL) and to relate these outcomes with the
current respiratory status in children with RS. We found that caregivers reported a
lower HRQoL in their RS child, compared with parents in the general population, more
specifically for the domains of sleep disturbance, physical suffering, and caregiver
concerns. These worse disease-specific OSA-18 scores were also correlated with a
lower VAS score. Caregivers of a child with RS who still had respiratory problems
reported the worse HRQoL scores on sleep disturbance domain, daytime problems,
caregiver concerns, and on total HRQoL. In addition, these parents often scored
a higher Brouillette score, suggesting that there was still respiratory distress. One
might speculate that treatment in this group of children has not been optimal.
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Quality of life
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So far, only a few other studies have looked at HRQoL specifically in children with RS.
One Dutch study of 102 RS children aged between 0-18 years reported comparable
HRQoL outcomes between RS children and a norm population based on a number
of questionnaires.66 When comparing HRQoL in isolated RS children to non-isolated
RS children, no differences were found. However, parental distress was higher
in the non-isolated RS group. Another study examined HRQoL in 21 RS children
after mandibular distraction osteogenesis (MDO). This study did also not find any
differences between isolated and non-isolated RS children.67 Since questionnaires
are simple, non-invasive and easy-to-administer tools, we recommend biannual
screening by OSA-18 and VAS in patients who have a history of respiratory support.

Multidisciplinary team approach
Considering the diversity in challenges in caring for a child with RS, a multidisciplinary
team approach is highly desirable, especially in those with a non-isolated form of
RS. Preferably the multidisciplinary team would consist of at least the following
disciplines (with their main focus): paediatrician or paediatric intensive care specialist
(clinical assessment, non-surgical treatment, feeding and growth), plastic surgeon
(surgical management), oral and maxillofacial surgeon (surgical management),
otolaryngologist (assessment of the upper airway by endoscopy, tonsillectomy),
geneticist (genetic testing for syndromes), speech and language therapist (speech
development, swallowing, feeding difficulties), dietitian (feeding difficulties, growth)
and a nurse practitioner (overview, primary contact with caregiver). Since about
80% of the children with RS have a cleft palate, a cleft team would serve best as
designated multidisciplinary team to follow these patients on a regular basis. Over
the past 20 years, the Erasmus MC-Sophia’s Children Hospital treated over 125
children with RS.

Future perspectives
Consensus about the RS definition is a priority. The lack of a clear definition of
RS contributed, together with the heterogeneity of the RS population and lack of
reliable and uniform outcome measures, to the complexity of all research projects,
and especially the inability to compare patients. It will be important to examine
and quantify RS key features individually. Promising, new techniques to determine
mandibular size include stereo-photogrammetry (specifically handheld devices)
to further assist in investigating the controversial ‘catch-up growth’ phenomenon.
Glossoptosis can be further investigated with modalities such as cine MRI for size/
location and possibly electromyography to assess the muscular tone. Refinement
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of modalities such as cine MRI and drug-induced sleep endoscopy are necessary
to assess the site and type of airway obstruction. With regard to PSG, clear cut-off
values have to be developed, not only to classify cardiorespiratory variables, but
also sleep quality variables. New developments with regard to the technology of
ambulatory PSG and oximetry have been reported including the use of smartphones,
wireless recording and video monitoring at home. More research will also be
needed to establish the feasibility of PSG with a palatal plate in RS patients with as
main question: In what percentage of children post-operative respiratory distress is
avoided due to PSG with palatal plate?

Overall, cross-sectional and prospective longitudinal studies are necessary to
establish the long-term effects of treatment, to assess the course of the airway
obstruction and to identify risk factors. To increase the sample size of the study
population, national and international collaboration will be necessary, for example
through the use of global outcome sets such as the International Consortium for
Health Outcomes Measurement (ICHOM). Treatment and follow-up of children with
RS should take place in a multidisciplinary setting (such as a cleft team), although the
pediatrician may initiate the first line treatment. This thesis is a further step forward
towards a better understanding of RS.
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Understanding the correlation between the genotype and the clinical manifestations
is helpful. At present there is no consensus regarding the genetic workup of patients
with RS. However, genetic counseling is important for management and follow-up,
especially for syndromic forms of RS. A small number of studies suggest high rates of
associated anomalies (e.g. cardiac / central nervous system) and more research to
the exact type mechanism is needed. Insights in the etiology and pathogenesis might
be helpful in predicting the chance on natural improvement of the obstruction and
improve understanding of other mechanisms. Knowledge of the other contributing
prognostic factors (e.g. those who predict the chance of more severe airway
obstruction) can be used to further improve and fine-tune every step in the algorithm
of RS management. Finally, one of the most important issues to address in future
studies will be the influence of RS on growth, (psychosocial) development and quality
of life. For example, it will be interesting to assess the long-term consequences of
having obstructive breathing problems in childhood. What is the effect of pediatric
intensive care admittance, respiratory and/or feeding support on cognitive and
academic development, and growth and development? And, if there is a delay in
(cognitive) development, is this the result from the airway obstruction?
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SUMMARY

The next three chapters focus on airway obstruction in children with RS. Chapter IV
entails a retrospective overview of a single center experience with diagnosis and
treatment in 59 children with RS. The prevalence of respiratory distress in this cohort
was high. Eighteen of the 59 children needed respiratory support, and in another
eight children obstructive sleep apnea (OSA) was diagnosed using polysomnography
(PSG). In childhood, 10% of the total RS cohort was still dependent on respiratory

171 |

Chapter 9

Robin Sequence (RS) is a congenital malformation, classically characterized by
the triad of mandibular hypoplasia, glossoptosis and airway obstruction. This
dissertation aims to explore RS in depth with a focus on current evidence and
patterns of practice, airway obstruction and quality of life. The chapters of this
dissertation are summarized below. General background and history of RS are
discussed in Chapter I. This chapter also provides the aims and outline of this thesis.
In order to get a better understanding of the current status of RS management,
the following two chapters consist of a survey and systematic review. Chapter II
starts with an overview of current patterns of practice with regard to RS patients
in Europe through an online survey conducted among 101 practitioners from
different European clinics. This survey confirmed that considerable differences exist
in both definition and management between European clinics. From the survey, 56
different RS definitions were returned. Used diagnostic tools and therapies chosen
varied largely amongst clinics. However, there seemed to be consensus that prone
positioning is the treatment of choice for children with mild airway obstruction.
Chapter III describes the results of a literature study on outcomes of non-surgical
and surgical options to treat airway obstruction in children with RS. This review
revealed that the total number of publications with original data on treatment in RS
was low, as well as the mean number of included patients per study. Moreover, most
studies had a retrospective, non-comparative set-up and the mean MINORS score,
an index to measure the methodological quality of non-randomized studies, was
only 7.3 (out of a maximum of 16). In general, both success- and complication rates
of included studies were comparable. However, since studies were hampered by
inadequate power and design and results could not be reliably compared due to the
use of different outcome measures and definitions, conclusions about feasibility and
effectiveness of treatments should be interpreted with caution. Both chapter II and
III conclude that there is lack of a universally accepted definition and of objective
outcome measures. There is need of evidence-based, standardized and universally
accepted guidelines to further improve and develop RS care and research. Hence,
establishing these guidelines should be a priority.
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support. In general, it was found that most children could be managed successfully
by temporary prone positioning alone. Treatment differed between isolated and
non-isolated RS cases. Isolated RS cases were significantly more often successfully
treated with prone positioning as compared to non-isolated RS cases, who were
more often in need of respiratory support. With regard to feeding difficulties, in
this cohort, 28 children (47%) needed nutritional support in the form of nasogastric
tube feeding (25 children) or a gastrostomy tube (three children of whom two were
syndromic cases and one was isolated). After getting an idea of the occurrence and
type of problems in children with RS, we continue to Chapter V, which revealed the
results of the largest cross-sectional study on obstructive sleep apnea in children
with RS to date. In this study, 63 children with RS aged between 1 and 18 were
included and divided into two groups based on the initial treatment (<1 year):
prone positioning or respiratory support. It was found that almost one out of four
children had respiratory problems. Children treated with only prone positioning
as an infant, were not likely to develop obstructive airway problems at a later
age. In contrast, children who needed respiratory support early after birth were 13
times more likely to be diagnosed with obstructive sleep apnea at a later age or to
remain dependent on or, in four cases, re-develop a need for respiratory support.
The results of this study strongly suggest that children with RS who need respiratory
support at an early stage (<1 year) need careful follow-up, preferably using PSG,
until adulthood. Because palatal closure can exacerbate airway obstruction in
children with RS, Chapter VI, examined specific airway-related complications
following palatoplasty. Retrospectively, 30 children with RS were compared to a
control group of 45 children with a cleft palate, but without RS. In the children with
RS, a PSG was routinely performed prior to palatal surgery. This PSG was done
with a removable custom-made palatal plate in place that simulates the repaired
palate. In two cases, closure was postponed because this PSG showed OSA and
upper airway resistance syndrome. It can be assumed that postponed closure in
these two patients has avoided severe postoperative respiratory distress. In the other
28 patients, no obstructive pathology was seen in the PSG. Still, in the RS group,
eight of the 30 patients developed postoperative respiratory distress within 48 hours
and one patient after 7 days; whereas none within the non-RS group developed
respiratory distress. In all nine cases of RS the obstructive problems resolved
within a few days, with four children requiring a temporary nasopharyngeal tube.
Preoperative PSG with a palatal plate seems helpful in preselecting cases at risk
for severe postoperative respiratory distress, but more research is needed. The
high incidence of postoperative respiratory distress warrants close monitoring after
palatal closure by clinical observation and oximetry.
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Chapter VII takes a closer look at the quality of life in children with RS. In this chapter,
parent-reported health-related quality of life (HRQoL) was investigated amongst
the same cross-sectional study cohort mentioned in Chapter V. Parents completed
questionnaires on HRQoL (OSA-18) and symptoms of OSA (the Brouillette Score).
Furthermore, children aged between 12 and 18 years filled out the self-reported
HRQoL questionnaire OSA-12. Parents reported a significantly lower HRQoL in their
child with RS compared with parents in the general population. Especially parents of
children with RS who were previously treated with respiratory support and who redeveloped OSA or received current airway support reported lower HRQoL scores.
Remarkably, children with RS themselves reported less physical suffering and less
emotional distress on the OSA-12 compared with children in the norm population.
Parental perceptions of OSA-related symptoms were accurate, except for the presence
of snoring. In assessing snoring, the multidimensional OSA-18 sleep domain was
more informative. We suggest that parents should be seen as important stakeholders
in the management of their child with RS and parental perceptions of health and
HRQoL are important and informative with regard to treatment decisions. Therefore,
it is recommended not only to assess impairments in functional health status during
consultations, but also to screen parents’ assessment of HRQoL problems in their
children using multidimensional, generic as well as disease-specific instruments. The
final chapter, Chapter VIII, discusses the major findings of aforementioned chapters in
a broader perspective. Furthermore, this chapter provides clinical recommendations
and suggestions for future research possibilities.
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De algemene achtergrond en geschiedenis van RS worden uiteengezet in Hoofdstuk
I. Dit hoofdstuk bespreekt tevens de doelen en de opbouw van het proefschrift. De
hierop volgende twee hoofdstukken bevatten de resultaten van een vragenlijst en
een systematische review, welke beogen meer inzicht te geven in de huidige stand
van zaken met betrekking tot het management van RS. Hoofdstuk II begint met een
overzicht van de klinische praktijkvoering bij patiënten met RS in Europa, middels
een online vragenlijst studie onder 101 Europese behandelaars. De resultaten van
deze studie bevestigen dat er aanzienlijke verschillen bestaan in zowel definitie
als management tussen de Europese klinieken. Zo kwamen er 56 verschillende
definities van RS naar voren uit de responses. De gebruikte diagnostiek en
behandelopties varieerden enorm tussen de klinieken. Echter, er leek wel consensus
te zijn dat buikligging de behandeling van keuze is voor kinderen met een milde
luchtwegobstructie. Hoofdstuk III bevat de resultaten van een literatuurstudie
over de uitkomsten van niet-chirurgische en chirurgische behandelopties voor
luchtwegobstructie in kinderen met RS. Deze studie laat zien dat het totaal aantal
publicaties met originele data van de verscheidene behandelopties laag is, evenals
het gemiddelde aantal geïncludeerde patiënten per studie. De meeste studies hadden
bovendien een retrospectieve, niet-vergelijkende opzet en de gemiddelde MINORS
score, een index om de methodologische kwaliteit van niet-gerandomiseerde studies
te meten, was slechts 7.3 (uit een maximaal haalbare score van 16). In het algemeen
waren succes- en complicatie percentages van de verschillende behandelingen
vergelijkbaar. Echter, aangezien de uitkomsten van de studies worden beperkt door
inadequate power en opzet en tevens de resultaten niet goed vergelijkbaar zijn
door verschillende uitkomstmaten en gebruikte definities, dienen conclusies met
betrekking tot bruikbaarheid en effectiviteit van de verschillende behandelingen
met voorzichtigheid te worden geïnterpreteerd. Zowel in hoofdstuk II als hoofdstuk
III werd geconcludeerd dat er gebrek is aan een universeel geaccepteerde
definitie van RS en objectieve uitkomstmaten. Er is behoefte aan evidence-based,
gestandaardiseerde en universeel geaccepteerde richtlijnen om verdere zorg
en onderzoek rondom kinderen met RS te verbeteren. Om deze reden vormt het
opstellen van deze richtlijnen dan ook een prioriteit.

175 |

Chapter 9

Robin Sequentie (RS) is een aangeboren afwijking, die traditioneel wordt gekenmerkt
door een trias van mandibulaire hypoplasie, glossoptosis en luchtwegobstructie.
Dit proefschrift heeft als doel om RS te verkennen met een focus op huidig
wetenschappelijk bewijs en praktijkvoering, luchtwegobstructie en kwaliteit van
leven. De hoofdstukken van dit proefschrift zijn hieronder samengevat.
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De volgende drie hoofdstukken richten zich op luchtwegobstructie in kinderen met
RS. Hoofdstuk IV bevat een retrospectief overzicht van de ervaringen van een
behandelcentrum met de diagnose en behandeling in een cohort van 59 kinderen
met RS. In dit cohort was het voorkomen van luchtwegobstructie hoog. Achttien van
de 59 kinderen hadden luchtwegondersteuning nodig, en in acht andere kinderen
werd obstructief slaap apnoe (OSA) gediagnosticeerd middels polysomnografie
(PSG). Op kinderleeftijd (1-18 jaar), was 10% van het totale RS cohort afhankelijk
van luchtwegondersteuning. Echter, de meerderheid van de kinderen kon succesvol
behandeld worden met enkel buikligging. De behandeling tussen kinderen met
een geïsoleerde RS en niet-geïsoleerde RS verschilde significant, waarbij kinderen
met een niet-geïsoleerde RS vaker luchtwegondersteuning nodig hadden. Met
betrekking tot voedingsproblemen, waren er in dit cohort 28 kinderen (47%) die
voedingsondersteuning nodig hadden middels een neusmaagsonde (25 kinderen)
of een gastrostomie (drie kinderen waarvan twee kinderen RS met een syndroom
hadden en een kind geïsoleerde RS). Nu we een idee hebben van het voorkomen en
het type luchtwegobstructie, gaan we door naar Hoofdstuk V, waarin de resultaten
van de tot nog toe grootste cross-sectionele studie over OSA in kinderen met RS
worden besproken. In deze studie zijn 63 kinderen met RS in een leeftijd tussen
de 1 en 18 jaar geïncludeerd en ingedeeld in twee groepen gebaseerde op
initiële behandeling (jonger dan 1 jaar): buikligging of luchtwegondersteuning. In
totaal bleek een op de vier kinderen ouder dan 1 jaar nog luchtwegobstructie te
hebben. Bij kinderen die initieel enkel met buikligging waren behandeld, was de
kans op het ontwikkelen van luchtwegobstructie op latere leeftijd klein. Dit stond
in contrast met kinderen die initieel een vorm van luchtwegondersteuning nodig
hadden. Deze kinderen hadden 13x zo veel kans om ook op latere leeftijd met
een luchtwegobstructie gediagnosticeerd te worden, waarbij bij enkele kinderen
opnieuw behoefte was aan luchtwegondersteuning. De resultaten van deze
studie benadrukken dat kinderen die op jonge leeftijd (<1 jaar) een vorm van
luchtwegondersteuning nodig hebben, behoefte hebben aan gedegen follow-up,
bij voorkeur middels PSG, tot volwassenheid. Aangezien sluiting van het palatum
bij kinderen met RS kan leiden tot luchtwegobstructie, werd dit in Hoofdstuk VI
nader onderzocht. In een retrospectieve studieopzet werden 30 kinderen met RS en
een palatoschisis, vergeleken met een controle groep van 45 kinderen zonder RS,
maar met een palatoschisis. In de kinderen met RS werd een PSG verricht alvorens
palatumsluiting met een op-maat-gemaakt, verwijderbaar palatumplaatje dat de
postoperatieve anatomie nabootst. In twee gevallen werd de sluiting uitgesteld omdat
de PSG, OSA en weerstandsproblematiek vertoonde. Het is aannemelijk dat er in
deze twee gevallen ernstige postoperatieve luchtwegobstructie is voorkomen. In de
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Hoofdstuk VII richt zich op de kwaliteit van leven in kinderen met RS. In dit hoofdstuk
wordt de door ouders gerapporteerde gezondheid gerelateerde kwaliteit van leven
(HRQoL) onderzocht in hetzelfde studiecohort als genoemd in hoofdstuk V. Ouders
vulden vragenlijsten over HRQoL (OSA-18) en OSA symptomen (Brouillette Score).
Tevens vulden kinderen ouder dan 12 jaar ook een zelf-gerapporteerde HRQoL
vragenlijst in (OSA-12). Ouders rapporteerde een significant lagere HRQoL in
hun kind met RS, in vergelijking tot ouders in de algemene bevolking. Met name
kinderen met RS die eerder behandeld werden met luchtwegondersteuning en die
opnieuw klachten ontwikkelden of die op dat moment nog luchtwegondersteuning
nodig hadden, rapporteerden de laagste scores. Opvallend gaven kinderen met
RS minder lichamelijk lijden en emotionele stress op in vergelijking tot hun gezonde
peers op de OSA-12 vragenlijst. De perceptie van ouders van OSA-gerelateerde
symptomen was accuraat, met uitzondering van snurken. Voor de analyse van
snurken was het multidimensionale OSA-18 slaap domein informatiever. Ouders
zouden gezien moeten worden als belangrijke betrokkenen bij het management
van een kind met RS. De perceptie van ouders over gezondheid en HRQoL zijn
belangrijk en informatief met betrekking tot behandelkeuzes. Om die reden bevelen
we aan om tijdens consulten niet alleen aandacht te besteden aan functionele
klachten, maar ook aan HRQoL middels multidimensionale, generieke en ziektespecifieke meetinstrumenten. In het laatste hoofdstuk, Hoofdstuk VIII, worden de
belangrijkste bevindingen van de hiervoor genoemde hoofdstukken in een breder
perspectief bediscussieerd. Ook worden er in dit hoofdstuk klinische aanbevelingen
en suggesties voor toekomstig onderzoek gegeven.
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andere 28 patiënten werden er geen kenmerken gezien van een luchtwegobstructie
op PSG. Toch ontwikkelden er in de RS groep, acht van 30 patiënten postoperatief
ademhalingsproblemen binnen 48 uur, en een patiënt na 7 dagen. Bij de controle
groep zonder RS ontwikkelde geen enkele patiënt ademhalingsproblemen na de
sluiting. Bij alle negen RS patiënten waren de ademhalingsproblemen mild en binnen
enkele dagen verdwenen, waarbij vier kinderen een tijdelijke nasopharyngeale
tube nodig hadden. Preoperatieve screening met PSG en palatumplaatje lijkt
nuttig in het selecteren van patiënten met een risico op ernstige postoperatieve
ademhalingsproblemen, maar er is behoefte aan meer onderzoek. Aangezien het
voorkomen van ademhalingsproblemen na palatumsluiting hoog is, is postoperatieve
klinische observatie en zuurstofmeting geïndiceerd in kinderen met RS.
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European Society of Craniofacial Surgery,
Paris, France
European Society of Respiratory Science,
Tallinn, Estonia
Sophia Onderzoeksdag, Rotterdam
Robin Sequence meeting, Utrecht
European Society of Pediatric Neonatal
Intensive Care
Sophia Onderzoeksdag, Rotterdam
X World Congress in Sleep Apnea, Rome, Italy

2011-2015
2014

2		
1

2014

2

2014
2014
2014

1
1
1

2013
2013

1		
2

Conference attendance
NVVH conference, Veldhoven
2017
1
Wound conference, Rotterdam
2015
1
NVPC conferences
2011-2014
1.5
Esser courses
2012-2014
1.5
Orbital pathology symposium, Rotterdam
2012
1
Pediatric Oral and Maxillofacial Surgery, Amsterdam 2011
1
				

Teaching and lecturing
Tutor of first year medical students
VO workshop hand anatomy teaching assistant
Teacher at several (inter)national microsurgery courses
Supervising student research

2012
2013
2013-2015
2012-2014

1
0.4
2
6

Others
Contribution to the organization of the annual
2012-2014
1
social program of the Department of Plastic
and Reconstructive and Hand Surgery				
Organization committee of the 22nd Esser course
2014
2
‘What’s New in Breast Reconstruction?’ 					
Organization committee of the 21st Esser course
2013
2
‘Wide Awake, a live-surgery event’				
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Organization committee of the 20th Esser course
2013
2
‘Neuropathic Pain’ 				
Organization committee of the 19th Esser course
2012
2
‘To the base of the thumb, the CMC1 joint’ 				
Organization committee of the annual
2012
2
Erasmus MC PhD day
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DANKWOORD / WORDS OF GRATITUDE
Het is af! Uiteraard was dit proefschrift niet tot stand gekomen zonder de hulp en
steun van vele anderen. Graag wil ik een aantal mensen in het bijzonder bedanken.
Mijn promotoren Prof.dr. Eppo B. Wolvius, Prof.dr. Irene M.J. Mathijssen en
copromotoren Dr. Maarten J. Koudstaal en Dr. Koen F.M. Joosten, enorm veel dank
voor jullie vertrouwen, ondersteuning en geduld! Ik vond het een eer om met jullie
samen te werken en heb veel van jullie en dit onderzoekstraject geleerd. Heel
veel succes met alle projecten die lopen en nog gaan komen! Eppo, net als met
hardlopen, ben jij ook in je werk, ambitieus en snel. Ik heb veel bewondering voor
jouw onuitputtelijke energie! Dank voor die laatste duwtjes in de rug. Irene, ik vind
het bijzonder hoe jij de zorg voor kinderen met een craniofaciale aandoening op de
kaart hebt gezet. Jouw toewijding is een absolute inspiratie! Dank voor jouw scherpe
commentaren. Maarten, je wist altijd binnen no-time de kern van een vraagstuk naar
boven te halen en ook nog eens een goede oplossing te bedenken! Bovendien
kan jij als geen ander studenten enthousiast maken voor MKA en de craniofaciale
chirurgie, mooi om te zien! Veel dank voor je tijd, humor en betrokkenheid! Koen,
door jouw enthousiasme voor het vak en de wetenschap en aandachtige en kritische
blik op de studies, vond ik het een plezier om met je samen te werken. De deur stond
bovendien altijd open wat ook fijn was. Dank hiervoor.
Patiënten en ouders, veel dank voor jullie deelname!!
Geachte leden van de leescommissie: Prof.dr. Jan de Lange, Prof.dr. Rob J.
Baatenburg de Jong en Prof.dr. Matthijs de Hoog, hartelijk dank voor uw bereidheid
dit proefschrift op zijn wetenschappelijke waarde te beoordelen. Ik vind het een
absolute eer.
Geachte leden van de grote commissie: Prof.dr. J.P.R. van Merkesteyn, Prof.dr.
J.C. de Jongste en Prof.dr. J.A. Hazelzet, veel dank voor het plaatsnemen in mijn
grote commissie. Jullie kennis vanuit diverse achtergronden geeft wetenschappelijke
verdieping aan de commissie.
Dr. Marc van der Schroeff, Dr. Hans J. Hoeve en Dr. Karolijn Dulfer, Marc, altijd fijn
om bij jou even binnen te kunnen lopen voor het bespreken van een artikel of voor
een praatje! Dank voor jouw (methodologische) input en vanzelfsprekend voor je
hulp bij het afronden van de systematische review. Karolijn en Hans, dank voor de
plezierige samenwerking!
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Hansje Bredero-Boelhouwer, Mariska van Veen, Linda Corel, Sandra Dimmendaal
en Mirjam Zondag, zeer veel dank voor de bijdrage aan het onderzoek en jullie
gezelligheid. Met een aantal van jullie ben ik naar Tallinn geweest, hier kijk ik met
veel plezier op terug!!
Ineke Hekking, ‘de afdelingspsycholoog’, de microchirurgie sessies waren superleuk.
Het kantoortje van jou en Esther Breure-Fijneman voelde als een thuis binnen het
Erasmus MC! Ik vond het altijd heerlijk om met jullie over van alles en nog wat te
kletsen onder het genot van een kop thee. Hopelijk tot snel!
Collega’s van de afdeling Plastische Chirurgie in het Erasmus MC, dank voor de
gezelligheid tijdens congressen, borrels, stranddagen en skireisjes! Prof.dr. Steven
E.R. Hovius, dank voor de gastvrijheid op uw afdeling. Carin, nog vele mooie
reizen toegewenst! Robbin, veel succes met je onderzoek!
Onderzoekers, assistenten en staf van de afdeling MKA in het Erasmus MC, dank
voor de samenwerking en de plezierige tijd. Linda, succes met de laatste loodjes!
Sandra, dank voor je gezelligheid en ondersteuning!
Staf en medewerkers van het Hyperbaar Geneeskundig Centrum in Rijswijk, ik heb
het enorm naar mijn zin gehad bij jullie. Dank daarvoor!
Chirurgen en assistenten van het Albert Schweitzer ziekenhuis, wat een topperiode
heb ik bij jullie gehad! Ik heb enorm veel geleerd en daarnaast ook nog eens
genoten van de borrels, feestjes en een super skireis! Hopelijk snel weer een keer
hamertje tik! Dr. Peter W. Plaisier en Dr. Jurgen A.M. Avontuur, dank voor uw steun
en tips!
Chirurgen, assistenten en onderzoekers in het AMC, dank voor een warm welkom
met direct al uitnodigingen voor BBQ’s, chirurgencup en borrels! Ik kijk er naar uit
om met jullie samen te werken de komende tijd!!
To all my travel friends around the world, thank you for the adventures and for
making my travels even more unforgettable! I wish you all the best, and may we
meet again someday!
Ik bof met deze vrienden en vriendinnen om mij heen! Dank voor de ontelbaar
gezellige momenten in de afgelopen jaren: Robert, Robbert, Jeffrey, Maurice, Kevin,
Benno (Habari!), Bruce, Vincent, Anne, Marrit, Leontien, Marjolein, Marieke, Tara,
Jacqueline, Bianca en Anika.
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Ashvin, Maykel, Andrew, Cindy, Marlies, Ralph, Julian: Met jullie is het altijd een
(tropisch) feestje! Dank voor de vele mooie verhalen en inside jokes! Ik hoop nog
vele jaren van onze (whatsapp) groep te kunnen genieten, als Andrew mij tenminste
niet weer verwijderd ;)!
Floris, al maatjes sinds groep 5 op de basisschool, hopelijk volgen er nog vele
jaren!
Lieve Charlotte en Jannet, wat een heerlijke tijd hebben we gehad in ’t Nest met
onze sfeervolle roze muren! Lot, leuk (en handig) dat je ook zo veel verschillende
interesses hebt! Van museumbezoekjes tot avontuurlijke reizen en Castlefest, het is
altijd gezellig samen! Petze, ik vind het superfijn om jou als vriendinnetje te hebben.
Ik waardeer je zorgzaamheid en droge humor en mooi om te zien hoe jij alles
op orde hebt! Ik wens jullie veel succes als huisarts en cardioloog, jullie worden
sowieso toppers!
Lieve Sas, als medepromovendus wist je me altijd weer te motiveren, hield mijn
tijdschema in de gaten, bood je een luisterend oor en had altijd goede adviezen (die
helaas niet altijd opgevolgd werden)! Dank voor jouw betrokkenheid en natuurlijk
gezelligheid! Wat hebben we al veel meegemaakt! Hopelijk nog ontelbare etentjes,
reisjes en festivalletjes samen!
Navin, ondanks dat verhaal met die hond en kip in Suriname zijn we nog steeds
een onafscheidelijk duo. Zoals we vroeger samen in de bibliotheek gingen leren
voor het eindexamen, zaten we nu samen in het EMC te werken aan onze promotie!
Jouw positiviteit en energie werken gelukkig altijd aanstekelijk! Veel succes met de
opleiding tot kinderarts en alvast heel veel geluk voor jou en je lieve vrouw Britt! En
mocht er een moment zijn: Sihanoukville wacht op ons!
Ome Pé, een mooie traditie onze etentjes in Eindhoven! Ik vind het elke keer weer
hartstikke gezellig! Veel dank voor alles!
Lieve pap en mam, dank voor jullie onvoorwaardelijke steun en interesse bij alles
wat ik onderneem. Ik vind het heerlijk om thuis te komen in Soest en gezellig dat
jullie ook regelmatig in Rotterdam of Amsterdam langskomen. Ik hou van jullie!
Manouk
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