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General discussion and future Perspectives

introduction
Characteristic features of children with a Robin Sequence (RS) are, according to the original defi-
nition, micrognathia and glossoptosis, causing upper airway obstruction. These are often seen 
in combination with a cleft palate [Robin, 1923; Robin, 1934]. Multi-disciplinary teams involved in 
the RS management however, have a remarkable difference in opinion with respect to diagnostic 
criteria, and many clinicians do consider a cleft palate as one of the RS criteria. Used diagnostic 
criteria are mostly subjective [Basart et al, 2015a; Breugem and Courtemanche, 2010] and there is also no 
consensus on RS management and no nationally or internationally accepted guidelines.
On RS management also no consensus exists and no nationally or internationally accepted 
guidelines for managing RS patients are available [Jarrahy, 2012; Schaefer et al., 2004]. No (random-
ized) prospective or large retrospective studies comparing all available management schedules 
have been performed [Evans et al., 2011]. The heterogeneity of RS, with RS being part of a more 
extensive syndrome in most patients, makes management very challenging. Etiology and 
pathogenesis should most likely be taken into account when choosing a management schedule, 
because of expected different treatment effects.
Because of a lacking uniform definition, reported incidence numbers vary widely [Paes et al, 

2015] and meta-analysis of available RS-studies cannot be done. To perform reliable incidence 
studies and studies comparing the various management schedules, reliable criteria for each of 
the signs and symptoms of RS should be defined and diagnosis should be based on the same 
set of criteria in each infant. Prospective studies comparing the different treatment strategies, 
with inclusion of only strictly diagnosed patients, should be performed before evidence based 
treatment guidelines can be formulated and meta-analyses can be performed.
This thesis is just a start. There is still a long way to go before evidence-based treatment 
guidelines can be completed to optimize RS patient care. The studies presented in this thesis 
are focusing on three themes: 1. Providing insight into currently used RS definitions and 
management schedules, incidence and pathogenesis. 2. Finding objective criteria for RS 
diagnosis by studying currently used diagnostics and proposing new manners to objectify all 
RS criteria. 3. Treatment outcomes in terms of quality of life. In this last chapter of the thesis a 
general discussion of study results and future perspectives will be presented.

epidemiology
The ongoing debate about the definition and diagnostic criteria of RS (chapter 1) decreases 
the reliability of the reported RS prevalence in the Netherlands and Worldwide. The definition 
using micrognathia and glossoptosis causing respiratory distress is currently most accepted. 
Unfortunately given the poor registration of glossoptosis this criterion in the diagnosis of 
RS had to be disregarded in the study discussed in chapter 2 therefore the used inclusion 
criterion was micrognathia with obstructive respiratory distress. With this we found a RS 
birth prevalence of 1:5,600 live births in the Netherlands, which is more than double than the 
1:14,000 found in Denmark, where identical diagnostic criteria were used [Printzlau and Andersen, 
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2004], and also higher than the 1:8,500 for Liverpool [Bush and Williams, 1983] and the 1:8,000 
for Germany [Vatlach et al, 2014]. This difference in prevalence might be caused by their utilized 
stricter diagnostic criteria. We possibly overestimated prevalence, since not all respiratory stress 
was caused by glossoptosis, or the difference in geographic areas. It has been demonstrated 
that the incidence of cleft palate also differs per location [Mossey et al., 2009]. In general, a diagno-
sis such as RS is likely to be underreported. It depends on the knowledge and the willingness of 
physicians to report, but also on the possibly delayed diagnosis of mild and difficult to observe 
congenital abnormalities or the abnormalities that may reveal themselve later in life. In future 
epidemiological studies, strict inclusion criteria should be used, where also objective diagnosis 
of micrognathia and glossoptosis should be incorporated. Possible objective measurements for 
each RS criterion will be discussed further on in this chapter.

etiology and Pathogenesis
Irrespective of the strict definition, RS has been found to be etiologically heterogeneous and to 
occur both isolated and in combination with other congenital anomalies in approximately two-
third of the patients [Carey et al., 1982; Cohen, 1999; Shprintzen, 1992; Izumi et al., 2012, Basart et al, 2015]. 
Many syndromes have found to be associated with RS, of which Stickler syndrome and 22q11.2 
deletion have been reported to be the most common ones [Izumi et al., 2012; Basart et al., 2015]. Our 
expectation is that RS patients with a variable etiology and pathogenesis will react differently to 
the various treatment modalities and therefore treatment should be stratified accordingly.
Unfortunately there is currently limited insight in RS pathogenesis. Several RS candidate genes 
have been suggested, but conclusive data are lacking [Jakobsen et al., 2006; Jakobsen et al., 2007; Nunes 

da Costa and Matias, 2014]. Except for the influence of SOX9 on chondrogenesis, firm data on the 
pathogeneses are not available [Rainger et al., 2014]. One hypothesis states that the cause for RS 
is a restricted intra-uterine growth, preventing the mandible to grow, causing a displacement  
of the tongue posteriorly into the nasopharynx and between the palatal shelves, resulting in a 
cleft palate [Cohen, 1999; Abadie et al, 2002; Printzlau and Andersen, 2004; Mackay, 2011]. When restric-
tion is relieved after birth in a patient with RS due to this deformation, mandibular catch-up 
growth is expected. Significant spontaneous amelioration of the respiratory and feeding 
manifestations could than be expected, justifying a conservative approach such as prone 
positioning. Our hypothesis is that this phenomenon will mostly occur in isolated RS patients 
an that in non-isolated RS patients also other mechanisms are likely to act. For instance, in a 
patient with abnormal tissue formation, dysplasia will still be present postnatal, making an 
improvement of problems unlikely and a more aggressive strategy such as MDO indicated. To 
study our hypothesis more knowledge on etiology and pathogenesis is necessary. chapter 3 
describes a first step in testing this hypothesis. In a large cohort of RS patients diagnoses and 
pathogenis was re-evaluated by a group of clinical geneticists. One-third of the patients in our 
study received a different diagnosis after re-evaluating by clinical geneticists. These changes in 
diagnoses might be explained by anomalies sometimes becoming more obvious with age, newly 
developed anomalies, or the increase in quality of diagnostic tools in cytogenetic and molecular 
studies have played a role. Also the peer review by four specialists experienced in evaluating RS 
patients probably added much value [Basart et al., 2015b].
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Many different syndromes were found to be associated with RS. Some, of which the Fronto 
Metaphyseal Dysplasia (FMD)-like syndrome is an example, had never been associated with RS 
before. A case series of FMD-like patients is evaluated in chapter 4. Seven patients we report, 
have clinical and radiological findings consistent with FMD, absence of an FLNA mutation, and 
in addition had severe keloid formation and intellectual disability, characteristics that are never 
seen in the “classic” FMD patients. Two of these patients had RS and four had a cleft palate. 
Whether this is sufficient to distinguish the two entities will await further characterization 
[Hennekam, 2007]. In aggregate these findings suggest the possibility that this entity is caused by 
a de novo autosomal dominantly acting mutation in a gene that has a functional relationship 
with FLNA.
Study-outcomes described in chapter 3 and 4 emphasize the importance of follow-up and 
re-evaluation of RS patients. It is therefore advisable for every team taking care of individuals 
with clefting and/or Robin Sequence, to have an experienced geneticist in their team or ask one 
for consultation, for optimal diagnostics, determination of etiology and underlying pathogen-
esis and follow-up. For both patient care purposes as for future studies, systematic routine 
follow-up is necessary, possibly providing patients with an earlier diagnosis and more tailored 
treatment and information. The increase in new diagnostics is within reach due to the use of 
panels of genes potentially causing RS, by targeted next generation sequencing techniques. 
However, a good insight in pathogenetic mechanisms is time consuming and likely will need a 
large number of basic functional studies. In the future, recommendations using standardized 
genetic testing in RS should be made, making rapid post natal genetic diagnosis possible and 
adapted treatment more often possible.

objectifying criteria and definition
As mentioned, many RS definitions are used. We would advocate the usage of the original RS 
definition including micrognathia and upper airway obstruction caused by glossoptosis and 
resulting in respiratory and feeding issues and without the criterion cleft palate.

Micrognathia
Several attempts have been made to define ‘micrognathia’. In the Elements of Morphology 
literature series it is defined as: “an apparently reduced length and width of the mandible when 
viewed from the front but not from the side (subjective)” [Allanson et al, 2009]. This definition has 
been adopted by the World Health Organisation (WHO) and will also be added to the Inter-
national Classification of Diseases (ICD). As this definition states, currently micrognathia is 
usually subjectively diagnosed by the judgment of a clinician. Currently no routinely usable and 
reliable diagnostic ways to objectify micrognathia are at hand. With this absence, the existence 
of mandibular catch up growth in infancy, as discussed in a previous paragraph, cannot be 
proven and is therefore frequently discussed [Daskalogiannakis J et al, 2001]. Some evidence of 
partial catch up growth has been found [Figueroa et al, 1991], but other studies show a lack or 
absence of mandibular growth [Herman 2003a, Herman 2003b, Eriksen 2006].
To measure and quantify the severity of micrognathia and to identify possible catch-up growth, 
different measurements have been suggested, but those are mostly invasive, imprecise or time 
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consuming: lateral cephalometry, low-dose multi-slice or cone beam Computed Tomography 
(CT) scanning, or the Jaw Index have been suggested. CT scanners enable us to obtain a clear 
three-dimensional image of the mandible, with detailed measurements of its size and other 
bony structures. However normative CT data for diverse populations are lacking. Cephalometry 
(2D) does have some comparative normative data, but provides a less clear image. In both stud-
ies infants are subject to radiation exposure and have need for positioning and immobilisation, 
preventing routine adoption and making these studies only valuable for specific indications. 
The Jaw Index calculates an index by measuring the overbite, the upper arch and lower arch, 
providing information on the severity of the micrognathia [Van der Haven et al., 1997]. The Jaw 
Index could be of great value by virtue of its simplicity and therewith its usability by a broad 
group of health providers. Regrettably, the possible inaccuracy, the absence of adequate intra-/ 
inter-observer validations and the lacking of reference values for populations from diverse 
ethnic backgrounds, prevents the current usability and therefore we started a study looking at 
the reliability of the jaw-index in young children to overcome this issue.
A new way to evaluate jaw size and growth which we have studied in this thesis, is 3D facial 
scanning and dense surface models. These have proven to be extraordinary successful in analyz-
ing 3D facial morphology in congenital abnormalities [Hammond et al., 2004; Hammond et al., 2008; 

Hammond and Suttie, 2012; Hammond et al., 2012; Suttie et al., 2013]. Different from the other described 
techniques is that 3D facial scanning is objective, non-invasive, exact and fast. By initiating a 
pilot-study (chapter 5) in RS patients, we have explored its usefulness in facial measurements 
in objectifying micrognathia and the evaluation of mandibular growth in RS patients [Hammond 

et al., 2004; Hammond and Suttie, 2012; Gangopadhyay et al., 2012; Krimmel et al., 2009]. We concluded that 
mandibular size e.g. severity of micrognathia could easily and objectively be determined by 
calculating the mandibular volume. This volume could be compared to normal values and also 
small volume changes over time could be determined. Heat maps allowed visualization of facial 
comparisons of RS patients to controls and signature graphs showed the degree of similarity of 
facial dysmorphisms. When combining patients and controls in a signature graph, even in our 
pilot study, one could see clearly that RS patients were at the periphery of the graph, indicating 
their facial difference compared to healthy individuals.
Because of insufficient numbers of Dutch controls to use as normal values for the development 
of an average face and for normative mandibular volume, we had to use English normal values 
in our pilot study, even though it is known that there are facial differences between Dutch and 
English individuals [Hopman et al., 2014]. To overcome this issue in de future we have initiated a 
study to obtain a large number of individuals from the Netherlands in infancy and childhood. 
Change in mandibular volume over time, however, is not dependent on the availability of 
normal values and therefore mandibular growth can already be objectified. Together with three 
tertiary Dutch hospitals, we have started a long-term prospective study in which standardized 
follow-up of RS patients with a 3D facial scan at fixed time-points is performed from new-born 
until 18 years of age. With these scans we will learn about the correlation between mandibular 
size (severity of the micrognathia) and the chance of occurance and the severity of respiratory 
problems. In the future this might help as another guidance tool in choosing a management 
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strategy. By obtaining more scans in one growing patients, we wil also learn more about 
mandibular (catch-up) growth in RS patients with different underlying pathogeneses compared 
to healthy patients. The third item we will look at is the effect of a treatment on mandibular 
growth. We expect that these techniques can be valuable both for research as well as for patient 
care, but of course more studies should be performed with larger patient and control groups, in 
order to obtain normal values, which can then be used for reliable comparison.

Upper airway obstruction
Abnormalities found during clinical exam (stridor, blue lips, increased breathing effort, 
snoring) and also feeding difficulties are suggestive of respiratory insufficiency, when seen 
in combination with micrognathia and are very suspected for RS. Since this insufficiency is 
associated with remarkable morbidity and mortality, early recognition is very important. These 
abnormalities will also give the clinician an estimate of the severity of the respiratory problems. 
Hypoxemia and carbon dioxide retention are usually the first objective measurement that can 
confirm this suspicion, but when negative, respiratory insufficiency cannot be ruled out [Marcus 

et al., 2012]. Hypoxemia often causes cerebral, pulmonary, haemodynamic and growth problems 
and can also have extensive impact on cognitive and behavioral development [Bass et al., 2014; 

Ramani et al., 2013; Alderliesten et al., 2014].
The timing and severity of airway obstruction and presentation of an RS infant varies extremely. 
Continued reassessment and follow-up of respiratory function and growth is of great impor-
tance for rapid anticipation and treatment, to minimize the effect of this insufficiency [Van den 

Elzen et al., 2001; Wilson et al., 2000]. For example, poor growth may be a later sign of chronic airway 
obstruction and increased energy expenditures [Daniel et al, 2013]. Measurements of oxygen 
saturation and carbon dioxide cannot discriminate between obstructive and central airway 
obstruction [Marcus at al, 2012]. Polysomnography (PSG) however, the current golden standard to 
diagnose and quantify respiratory problems, does have this possibility and can also quantify the 
severity of the respiratory insufficiency in a detailed, partially automated and precise manner 
[Buchenau et al, 2007]. Unfortunately diagnostic cut-of values for airway obstruction/obstructive 
sleep apnea in infants and young children still remain debated, and various cut-off values have 
been reported for RS. Further research should be performed to provide evidence based recom-
mendations and cut-of values for treatment of children with obstructive sleep apnea. When 
severe obstruction asking for rapid intervention is present, there can be insufficient time for 
extensive PSG. Also PSG requires specialized equipment and staff, things that are not available 
in every clinic [Nederlandse Vereniging voor KNO-heelkunde en Heelkunde van het hoofd-hals gebied, 2013]. 
Referral to a specialized pediatric PSG center is therefore desirable.

Glossoptosis
Etymologically derived from the Greek glossa (tongue) and ptosis (falling), glossoptosis 
implies a retraction or downward displacement of the tongue with clinical significance since 
it causes pharyngeal airway obstruction (Figure I). The tongue malposition as seen in RS is 
probably closely related to the micrognathia. However, the severity of micrognathia does not 
necessarily correlate with severity of glossoptosis, which is also illustrated by the fact that both 
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infants with microglossia and macroglossia can have signs of glossoptosis and upper airway 
obstruction. When performing Cine-MRI, one could measure tongue volume and look for a 
correlation with severity of the micrognathia and respiratory and feeding problems. Neuro-
muscular tonus of the tongue probably also contributes to the symptomatic airway obstruction. 
Possibly Electromyography-like investigations could clarify this influence.
PSG can differentiate between central and obstructive apnea, but does not provide information 
on the exact localization of this airway obstruction. A jaw thrust maneuver could be a tool 
illustrating airway obstruction localized at tongue-base level since it pulls the tongue forward. 
Another manner to visualize upper airway obstruction as seen in RS might be by intra-oral 
inspection. However, both are highly subjective. Currently awake flexible fiberscopy (aFFL) per-
formed by an ENT surgeon is the golden standard to diagnose glossoptosis in RS. The usability 
of aFFL in this patient group has not been studied and we were not convinced of its reliability 
for the following reasons: 1. During aFFL, infants are frequently agitated and in an upright 
position, while respiratory problems typically occur in relaxed and sleeping RS infants, mostly 
when positioned supine. During aFFL the situation in which respiratory problems usually occur 
cannot be properly simulated, 2. Because of the non-cooperation of the newborn, aFFL can 
be technically difficult or even impossible to perform, 3. No standardized scoring system is 
available in evaluating glossoptosis by aFFL, making results open to individual interpretation. 
Study-results (chapter 6) indicate that videos of well-performed aFFLs, even when a simple 
scoring system is used and when aFFL videos are made by an experienced pediatric otolarynolo-
gist, do not allow reliable scoring of glossoptosis in RS patients. Indicating that aFFL by itself 
is insufficient for judging glossoptosis in RS, making its clinical applicability, when choosing 
a management strategy very questionable [Basart et al, 2105c]. In our study no sounds and clinical 
information was provided, which of course is normally available, and is expected to influence 
the clinician’s judgment. This information should therefore be incorporated in future studies.
Diagnostic alternatives to the previously described ways to diagnose glossoptosis are ultrafast 
or dynamic CT and Cine-MRI scanning. Both techniques can provide a dynamic image of the 
upper airway to assess collapse of the upper airway and to identify differences in upper airway 
motion [Stein et al., 1987; Ciscar et al., 2001; Donnelly et al, 2002; Donnelly et al., 2005]. MRI has the 
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Figure I. Schematic image of micrognathia resulting in upper airway obstruction caused by glossoptosis [http://www.rch.
org.au/kidsinfo/fact_sheets/Jaw_distraction_mandibular_distraction_osteogenesis/]
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advantage of the possibility to visualize the soft tissue of the nasopharyngeal region with a high 
resolution in a cross-sectional way [Moriwaki et al., 2008; Donnelly et al., 2002] and of the absence of 
ionized radiation. Therefore this seems the best alternative for aFFL in diagnosing glossoptosis 
in RS [Schellhase, 2002] Cine-MRI has been used to study the in pediatric patients suffering 
from OSAS before [Abbott 2003; Donnelly et al., 2002; Donnelly, 2005], but has never been used in RS 
patients. With this technique scans in the same saggital plane can be obtained during a few 
minutes, allowing visualization of the dynamic changes in the MRI video (Figure II). Volume 
segmentation can be used to evaluate the dynamic image in a quantifiable manner [Abbot et 

al., 2003]. Both CT and MRI could be an alternative with the possibility to be obtained without 
the use of general anesthesia. This would be possible using the ‘feed-and-wrap’ technique in 
newborns (<6 months of age), while careful monitoring is applied [Edwards and Arthurs, 2011]. To 
show the effect of prone or lateral positioning on the glossoptosis, patients can also be scanned 
in those two positions. Because of the absence of radiation in Cine-MRI and the possibility to 
image soft tissue in a detailed manner it is a very promising tool to diagnose glossoptosis in RS.

management

Respiratory and feeding problems
The two main issues in RS infants are the closely related respiratory and feeding problems, 
both varying in severity. Management schedules for RS applied to relieve airway and feeding 
problems vary from very conservative measures such as prone positioning, to invasive surgical 
procedures such as tracheotomy. Nasopharyngeal Airway (NPA), Tongue-Lip Adhesion (TLA) 
and Mandibular Distraction Osteogenesis (MDO) are other frequently used treatments. All 
offered treatments have their benefits and when initiating this thesis, my aim was to identify 
which treatment is superior to the other. I was surprised to find out that, mostly because of 
the lacking uniform definition, it was impossible to perform reliable meta-analysis comparing 
treatment modalities with the currently available literature; groups of authors each show the 
benefits of their own preferred treatment in an uncontrolled way.
The initial treatment of an RS infant addresses the airway. In literature prone positioning is 
usually the first applied and least invasive treatment. With this, children can be nursed at home 

Figure II: 3 static images of Cine-MRI in 1 patient, showing the narrowing of the upper airway.
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with monitoring, which could possibly induce parental stress. NPA is a non-surgical, rather 
successful manner to relieve UAO, but it used to require long hospital admission in the past. 
Nowadays NPA treatment can be applied at home after careful parental instruction and training, 
allowing earlier discharge from the hospital. The tube however, narrows the airway, and is 
associated with feeding difficulties requiring NG-tube feeding. TLA results in a secure airway 
in most RS infants allowing early discharge, but requires general anesthesia with its unclear 
future effects. Another possible side effect of TLA is the compromised tongue movement which 
it induces, possibly also resulting in feeding difficulties and speech difficulties at an older age. 
MDO provides rapid resolution of the respiratory problems but requires surgery and may have 
negative influences on mandibular growth or teeth development [Paes et al., 2015]. Tracheotomy is 
associated with a high complication rate and social burden for families [Meyer et al., 2008]. Effect 
of each treatment on breathing difficulties can be studied and compared by obtaining a PSG at 
fixed time-point and also pre- and post-operative.
Upper airway obstruction itself, and also sometimes its treatment, can cause feeding difficulties 
that potentially lead to growth restriction, failure to thrive and developmental issues [Abadie et 

al., 2002; Stubenitsky et al., 2010]. Underlying syndromes including metabolic disorders of other 
abnormalities can be the cause of these clinical symptoms. The exact explanations for poor 
weight gain remain unknown, but especially high-energy expenditure on breathing is thought 
to be of major influence. In literature, treatment with NG-tube feeding is reported in ap-
proximately half of the RS patients and some patients even require gastrostomy [Evans et al., 2006; 

Butow et al., 2009; Maas et al., 2014]. Treatment duration varies [Smith et al., 2006; Wagener et al., 2003], 
but often children outgrow these problems by the age of approximately 6 months [Benjamin and 

Walker, 1991]. The correlation between the severity of micrognathia and effect of the different 
offered respiratory treatment modalities on feeding and weight gain have not been studied 
extensively. The influence of all different interventions on feeding difficulties e.g. weight gain 
should be investigated, using standardized, validated assessment of feeding by feeding experts. 
Long-term follow up, looking at the influence of growth restriction on cognitive and behavioral 
development also merits further research.

Quality of Life
Since not many studies have looked at Health related quality of life (HRQOL) in RS, we were 
urged to investigate HRQOL in both RS-infants and their parents from our cohort. We antici-
pated on higher HRQOL in the general Dutch population compared to RS children, just as on 
differences in HRQOL scores between isolated RS (iRS) and syndromic (sRS) children in favor 
of iRS. Contrasting to our hypotheses, study results discussed in chapter 7 demonstrated that 
RS children scored in general similar compared to the Dutch norm population. Also iRS and 
sRS children did not differ significantly in terms of HRQOL. In addition we hypothesized that 
parents having an sRS child would experience more stress, possibly because of the additional 
health issues and more extensive medical care their child needs. This last hypothesis was 
confirmed. Despite the rather large total group, age and treatment groups were unfortunately 
too small to draw firm conclusions. It does seem however, that MDO showed a tendency of 
lower HRQoL scores and less satisfaction with appearances (especially for teeth, cheeks and 
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chin) for RS children who have received MDO treatment and also parents of these children seem 
to experience more distress. Lastly, in comparing treatment modalities there is the insurmount-
able issue that a physician in charge will always take the severity of problems in patients into 
account when opting for a treatment. Presumably children experiencing severe respiratory and 
feeding problems or children having a syndrome with severe comorbidities will receive the 
more invasive treatments such as MDO or tracheotomy. The worse outcome might then mostly 
be caused by the underlying problems and not by the treatment itself. In the future collecting 
data of larger samples with annual and long-term follow-up will be of great value to further 
investigate treatment influence on HRQOL in RS, severity of a syndrome should be taken into 
account when analyzing these results, since these might strongly affect outcomes.

Additional studies
In the following paragraph additional difficulties in RS treatment are shortly discussed and 
suggestions are made for RS future research in these fields. With RS being such a complex 
entity, I do not have the illusion I will discuss all that can still be studied, but it’s a first step.

Cost-effectiveness
In the current time frame health-care costs are becoming an increasingly important issue. 
There is however, not much information available on the costs of the applied RS treatments. 
Studies looking at cost-effectiveness are mostly retrospective. We have experienced difficulties 
identifying the actual costs of an RS treatment in retrospection. Firstly because of incomplete 
registration, changing declaration plans and non-transparency of both declaration systems 
and departments providing the numbers, secondly because of the fact that in retrospection, 
it is hard to identify the actual RS costs and leaving cost because of additional congenital 
abnormalities out. The first issue can be solved by prospectively including patients and identify 
fixed prices for each action in every participating treatment center. Of course this does ask for 
great effort and cooperation from all physicians treating RS patients. The second issue is more 
difficult to overcome, since it often remains unclear which part of a treatment can be connected 
to the RS, or the additional health problems a child experiences. To overcome this issue it 
would be possible to distill standard treatment items that are connected to RS treatment before 
collecting data and only incorporate these in the cost-calculations. Giving (also beforehand) 
one standard price to all of these items for each participating center would prevent bias. Since 
also the indirect costs made by parents such as absence from work, travel costs, babysitting 
costs for other children and by visits physiotherapy or vocal coaching are a huge part of the total 
RS treatment costs, this data should also be collected. Most importantly seems to be a proper 
and thoughtful study-design, with systematic and prospective data collecting.

Speech
Robin Sequence patients are often said to have U-shaped instead of V-Shaped cleft palates 
[Godbout et al., 2014]. In our treatment center, palatoraphia is usually performed after approxi-
mately 12 months once respiratory problems have resolved. Speech outcome after surgical cleft 
palate repair in Robin Sequence infants has not been studied extensively. It is thought that TLA 
(and also tracheotomy) has a negative influence on speech. Speech in RS in general and the 
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effect of the treatments should be studied in the future. One standardized scheme for speech 
assessment in cleft palate and RS patients should be used Worldwide to make comparison of 
study-outcomes possible.

conclusion
One strict definition, using objective criteria is desperately needed before studies comparing 
the various treatment regimens can be performed in a reliable manner. To allow development of 
management guidelines for future RS patients, the success rate of the various interventions, the 
number and nature of complications, speech, and the quality of life as indicated by patients and 
their parents and treatment costs should be studied. In these studies also etiology and patho-
genesis should be incorporated. Results will allow us to not only provide the best possible, 
sometimes individualized, treatment, but also inform parents about the expected outcomes for 
their child in a more detailed and reliable manner.
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