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Abstract

Background
Robin Sequence (RS) can be defined as the combination of micrognathia and upper airway 
obstruction/glossoptosis causing neonatal respiratory problems, with or without a cleft palate 
and either isolated or non-isolated. Pathogenesis varies widely. We hypothesize that optimal 
treatment depends on pathogenesis and therefore patients should be stratified according to 
diagnosis. Here, we evaluate diagnoses and (presumed) pathogeneses in an RS cohort.

methods
Medical records of all RS patients presenting between 1995-2013 in three academic hospitals 
were evaluated. Four clinical geneticists re-evaluated all information, including initial diagno-
sis. Diagnoses were either confirmed, considered uncertain, or rejected. If uncertain or rejected, 
patients were re-evaluated. Subsequent results were re-discussed and a final conclusion was 
drawn.

Results
We included 191 RS patients. After re-evaluation and changing initial diagnoses in 48 of the 191 
patients (25.1%), 37.7% of the cohort had isolated RS, 8.9% a chromosome anomaly, 29.3% a 
Mendelian disorder, and 24.1% no detectable cause. Twenty-two different Mendelian disorders 
were diagnosed, of which Stickler syndrome was most frequent. Stratification of diagnoses 
according to (presumed) pathogenic mechanism in 73 non-isolated patients with reliable 
diagnoses showed 43.9% to have a connective tissue dysplasia, 5.5% a neuromuscular disorder, 
47.9% a multisystem disorder, and 2.7% an unknown mechanism.

conclusion
We diagnosed more non-isolated RS patients compared to other studies. Re-evaluation changed 
initial diagnosis in a quarter of patients. We suggest standardized re-evaluation of all RS 
patients. Despite the relatively high diagnostic yield pathogenesis could be determined in only 
59.7% (71/119), due to limited insight in pathogenesis in diagnosed entities. Further studies 
into pathogenesis of entities causing RS are indicated.
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introduction

Robin Sequence (RS) can be characterized by micrognathia, glossoptosis and neonatal respira-
tory problems, with or without a cleft palate [Robin, 1923, 1934]. Numerous other definitions have 
also been used [Breugem and Courtemanche, 2010]. A recent questionnaire study among Dutch and 
Belgian cleft teams demonstrated that there is no consensus on the definition between teams 
and not even within a single team [Basart et al., 2014]. RS has been reported to have an incidence 
of approximately 1:8,000-1:14,000 births [Bush and Williams, 1983; Printzlau and Andersen, 2004; Vatlach 

et al., 2014] but obviously the reliability of such figures is limited if the definitions used for RS are 
different.
Irrespective of the exact definition RS has been found to be etiologically heterogeneous and to 
occur both isolated and in combination with other congenital anomalies [Carey et al., 1982; Cohen, 

1999; Shprintzen, 1992; Izumi et al., 2012]. Indeed many syndromes have been associated with RS, of 
which Stickler syndrome and 22q11.2 deletion have been reported to be the most common ones 
[Izumi et al., 2012]. The severity of the micrognathia, respiratory and feeding problems vary widely 
amongst RS patients. There are several management strategies such as prone positioning [Evans 

et al., 2011; Glynn et al., 2011; Butow et al., 2009; Elluru, 2005], nasopharyngeal airway [Abel et al., 2012; 

Glynn et al., 2011; Meyer et al., 2008], tongue lip adhesion [Denny et al., 2004; Bijnen et al., 2009; Cheng et al., 

2011; Scott and Mader, 2014], mandibular distraction osteogenesis [Burstein and Williams, 2005; Shen et 

al., 2009; Cicchetti et al., 2012; Flores et al., 2014; Paes et al., 2013; Scott and Mader, 2014], and tracheostomy 
[Mobin et al., 2012; Butow et al., 2009;; Scott and Mader, 2014]. However, there is no consensus which 
strategy should be followed and which parameters in the patients should dictate the choice of 
management [Mackay, 2011].
We hypothesize that the cause of RS influences the results of management, and, thus, the cause 
for RS should influence the choice of the management strategy. In our opinion stratification 
of patients based on the cause for their RS is needed in evaluating the efficacy of the various 
management strategies. This urged us in initiating a retrospective analysis in a consecutive 
cohort of RS individuals seen in three academic hospitals in the Netherlands, with the aim to 
evaluate the causes and most likely pathogeneses for their RS.

methods

All consecutive RS patient born between 1995 and 2013 who presented in one of three tertiary 
hospitals (Academic Medical Centre; VU Medical Center; Wilhelmina Children’s Hospital) were 
selected, using the local databases for individuals with clefting, those for surgical correction 
of the cleft palate, patients who underwent a tongue-lip adhesion or mandibular distraction or 
had been admitted to the paediatric department for polysomnography because of respiratory 
problems. Selection was based on the presence of micrognathia and upper airway obstruction 
causing neonatal respiratory problems. Referral to one of the three academic hospitals has 
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been depending almost exclusively on their regions: each hospital serves a well-defined region. 
Patients with (isolated and non-isolated) cleft palate from each region are always referred to 
the clefting team of that region and registered in the National Dutch Cleft Registry Database 
[Rozendaal et al., 2010; Luijsterburg and Vermeij-Keers, 2011]. Coverage of individuals born in a region by 
that regional clefting team is close to 100% [Rozendaal et al., 2010].
The work-up and follow-up of newborns with a cleft palate and newborns with clefting plus 
respiratory problems/glossoptosis and micrognathia (RS) differed between the three centers. 
In all centers, standard additional investigations have been classical cytogenetic analysis with 
FISH for a 22q11.2 deletion in the first years of our study period. Since 2008 array-CGH is 
routinely performed, and since 2012 next generation sequencing is used in a small number 
of patients. Additional molecular studies were dictated by clinical findings. In two centers 
re-evaluation is routinely performed repeatedly during the first 18 years of life, and if indicated 
further studies are initiated. In the third center re-evaluation occurs on request of the family or 
after referral by one of the physicians in charge.
From the hospital medical records of all RS patients the following information was obtained: 
duration of pregnancy; potential teratogenic influences; anthropometric data at birth; results 
of initial clinical examination by the pediatrician, plastic surgeon, ENT surgeon, and clinical 
geneticist; (neuro) radiological studies; cytogenetic / molecular genetic studies; initial genetic 
diagnosis; subsequent physical complications; motor, cognitive and speech development; and 
family history. The information was entered in an electronic OpenClinica database. In addition, 
pictures depicting patients at different ages were collected.
All information on RS patients was evaluated in meetings of four geneticists from the 
participating centers, experienced in evaluating RS patients (JMVH, SMM, MJHVDB, RCH). 
The initial diagnosis was discussed, and either confirmed, considered doubtful, or rejected. In 
patients with a doubtful or rejected diagnosis, diagnostic suggestions were made, the patient 
was re-evaluated by a clinical geneticist and on indication additional studies were performed, 
unless the patient was unavailable or declined further diagnostic testing. After completing the 
re-evaluations, the patients concerned were re-discussed in a follow-up meeting, at which time 
a final diagnosis was given.
Patients were grouped into isolated RS and non-isolated RS. The non-isolated patients were 
sub-divided according to etiology into chromosome imbalance, Mendelian disorder and 
unknown-cause. If a chromosome imbalance was detected but uncertainty about its causal role 
remained, we grouped this patient in the unknown-cause group. We used strict criteria for etiol-
ogy [MacArthur et al., 2014]. An example of this is a non-isolated patient who has been reported 
to carry a mutation in NGFR [Gilissen et al., 2014]. Since a causal relationship between this NGFR 
variant and the phenotype remains uncertain, this individual was still put in the unknown-cause 
group.
Subsequently, the entities were re-grouped, according to the most likely pathogenic mecha-
nism: an entity was tagged as a connective tissue disorder if all major signs and symptoms 
could be explained by abnormal functioning of connective tissue. An entity was tagged as 
neuromuscular disorder if the major signs and symptoms could be explained by abnormal 
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functioning of the neuromuscular system. An entity was labeled as multisystem disorder if two 
or more organ systems showed anomalies, not explainable by a connective tissue disorder or 
neuromuscular disorder, and likely caused by a disturbed function of a developmental gene 
[Carey et al., 2012; Hennekam et al., 2013]. Finally, a patient was placed in the unknown mechanism 
group, if the pathogenic mechanism behind the entity remained uncertain or unknown.
The medical ethical committee of the Academic Medical Centre in Amsterdam has approved the 
study (File numbers W12 092 and NL44491.018.13).

Results

In the study period, 191 RS patients were identified (45.5% male). There seems to be a slight 
increase in the number of newly diagnosed RS patients from 2001 on (Fig. 1). Initially, 152 
diagnoses had been made and in 39 RS patients no etiological diagnosis had been recognized. 
Re-evaluation of all patients changed the initial diagnoses in 48 cases (25.1%) (Table I). The 
most frequent change (in 13 of the 49) was a change from isolated RS to a non-isolated RS, 
often because patients had been found to have additional abnormalities at a later age, that 
usually were not or only with great difficulty detectable in infancy.
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Figure 1. Number of Robin Sequence patients per time period evaluated in the 3 participating centres

etiology
We grouped our patients according to etiology after the reevaluation. Seventy-two patients 
(37.7%) had an isolated form of RS (Table II). In two isolated patients the RS was familial (only 
the two probands have been included in this study). Of the 119 non-isolated patients, 14.3% 
(17/119) had a proven chromosomal abnormality that likely explained the phenotype (Table 
III). A Mendelian disorder was diagnosed in 47.1% (n=56) of the patients, of which Stickler 
syndrome (n=27) was the most frequently diagnosed entity (Table II).
The other 21 diagnosed Mendelian entities are tabulated in Table IV. Ten of the diagnosed 
Mendelian entities have been reported before in combination with RS, four entities have been 
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described in combination with micrognathia but without upper-airway obstruction, and eight 
entities have not been described before in patients with either RS or micrognathia. In eight 
patients a genetic abnormality was found that potentially could explain the RS, but proof 
remained insufficient to tag these abnormalities as such (Tables I and III).

cognition
Cognition could not be determined in some due to early demise (n=4) or loss to follow-up 
(n=3). In the remaining 184 patients 73.4% had no intellectual disability (ID), 2.7% followed a 
borderline development, and 23.9% had a clear ID. In the isolated group no ID was diagnosed, 
and no individual with isolated RS had a cerebral palsy either. If only the non-isolated group 

Table I. Change in diagnosis in 48 of 191 Robin sequence patients after re-evaluation.

Before reevaluation After reevaluation

Group Syndrome Group Syndrome

center A Isolated Mendelian Non-ocular Stickler

Mendelian Meier-Gorlin Unknown

Mendelian Oculo-auriculo-vertebral Unknown

Mendelian Nager Mendelian Acrofacial dysostosis

Mendelian Bohring-Opitz Unknown* NGFR mutation

Mendelian Stickler Isolated

Chromosomal 46,XX, dup4p15.32, 
del6p21.2

Unknown* 46,XX, dup4p15.32, del6p21.2

Chromosomal 46,XY, dup1q21.1 Unknown* 46,XY, dup1q21.1

Unknown Mendelian Stickler

Unknown Mendelian Schilbach-Rott

Unknown Isolated

Unknown Mendelian RAD21- Cornelia de Lange-Like

Unknown Mendelian Schilbach-Rott

Unknown Mendelian Fronto-metaphyseal dysplasia with keloids

center B Isolated Unknown

Isolated Unknown

Mendelian Fragile X Isolated

Mendelian VATER association Unknown

Mendelian Stickler Unknown

Mendelian Peters-Plus Mendelian X-linked Ohdo (MED12)

Chromosomal 46,XX, t(17;18)
(p11.2;q21.1) mat

Unknown* 46,XX, t(17;18)(p11.2;q21.1) mat

Unknown Mendelian CDG(I)II

Unknown Mendelian X-linked Ohdo (MED12)

Unknown Chromosomal 46, XX, del 2q33.1-2q33.1 dn
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Table I. Change in diagnosis in 48 of 191 Robin sequence patients after re-evaluation. (continued)

Before reevaluation After reevaluation

Group Syndrome Group Syndrome

center c Isolated Mendelian Stickler

Isolated Mendelian Stickler

Isolated Mendelian Auriculo-condylar

Isolated Mendelian Yunis-Varon

Isolated Unknown* 46,XX, dupXp21.1, dup3p14.1 (pat)

Isolated Unknown

Isolated Unknown

Isolated Unknown

Isolated Unknown

Isolated Unknown

Chromosomal 46,XY, del3q22.2-q22.3 Unknown* 46,XY, del3q22.2-q22.3

Chromosomal 7q36.3 duplication Unknown

Mendelian 1p36 deletion Chromosomal 46,XX, der(1)t(1;19)(p36.31;q13.42) pat

Mendelian Auriculo-condylar Mendelian Hyperphosphatasia-intellectual disability (PIGV)

Mendelian Spondylo-epiphyseal 
dysplasia

Unknown

Mendelian HFM spectrum Mendelian Oculo-auriculo-vertebral

Mendelian Stickler Isolated

Mendelian Stickler Isolated

Mendelian Stickler Unknown

Mendelian Stickler Isolated

Mendelian Stickler-like Unknown

Unknown Unknown* 46,XX, dup 9p22.2-p22.3 dn

Unknown Unknown* 46,XY, dup 5q23.1, dup Xp22 31

Unknown Isolated

* Specification of the chromosomal abnormalities can be found in table III

Table II. Overview of causes in 191 Robin sequence patients.

Underlying cause

centre A
n=61

centre B
n=51

centre c
n=79

total

n=191 %

Isolated 25 19 28 72 37.7

Non Isolated Chromosomal 8 5 4 17 8.9

Mendelian Stickler 8 8 11 27 14.1

Other 12 5 12 29 15.2

Total known cause 28 18 27 73 38.2

Unknown Cause 8 14 24 46 24.1
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Table III. Chromosome anomalies detected in 24 of 191 Robin sequence patients and the (potential) link to cause Robin 
sequence

Patient 
id

Karyogram effective 
chromosome 
imbalances

other information Pathoge-
nicity

1 46,XX,der(6)t(6;9)(p21.3;q22)ins(6;13)
(p21.3;q?21q31), der(9)t(6;9),der(13) 
ins (6;13)dn.arr cgh 1q21.1(143753734-
143932665 -> 144800622-144981936)x1 
pat, 13q21.33q22.2(69505103-69672969 -> 
75611371-75786398)x1, 13q22.3(76677851-
76898317 -> 77477206- 77651205)x1 dn

unbalanced 
translocation
del 13q21.33q22.2 
(6.1 Mb)
del 13q22.3 
(800kb)

None Pathogenic

2 46,XX, ish,del(4)(p16.3) dn del4p16.3 
(~1.5Mb)

Clinically Wolf-
Hirschhorn s.

Pathogenic

25 46,XY, t(8;17)(q24.12;q24) dn balanced 
translocation

8q24 involved in orofacial 
clefting [Brito et al., 2012];
17q24 involved in familial 
RS [Amarillo et al., 2014]

Possibly 
pathogenic

33 45, XO del X Clinically Turner s. Pathogenic

44 46,XY, arr[hg19] 9p24.1(5,165,708-
Fish 9q24(RP11-207C16-).
arr9p24.1(5155708-6262575)x1 dn

del 9q24.1 (1.1Mb) None Likely 
pathogenic

46 46,XY.ish der(14)t(14;16)(p11;p12.3)(RG191K2+) unbalanced 
translocation
del 14p11-1pter 
(~200-400 Mb)
dup 16pter-16p12.3 
(19.3 Mb)

16p involved in orofacial 
clefting [Tschernigg et 
al., 2002]

Pathogenic

47 46,XX,del(5)(p14).arr 
5p15.33p14.3(72,539-20,160,366)x1

del 5p15.33p14.3 
(20.1 Mb)

Clinically cri-du-chat s. Pathogenic

48 46,XY, arr Yq11.22
3q11.23(23283651-2573772222)x0, chr22q11.2
1q11.23(20043011-22973937)x1dn

del Yq11.223q11.23 
(2.4 Mb)
del 22q11.21q11.23 
(2.9 Mb)

Clinically velocardiofacial 
s.

Pathogenic

49 46,XX, 6p21.2(39,920,178-39,950,751)x1 dn del 6p21.2 (31 kb) DAAM2 (OMIM 606627) 
deleted at 6p21.2

Uncertain

56 46,XY, dup1q21.1 dup1q21.1 (2.8 Mb) Parents not available for 
karyotyping;
1q21 involved in orofacial 
clefting [Martinelli et al., 
2001];

Uncertain

106 46,XX, der(13)t(13;21)(q12;q22) unbalanced 
translocation
dup 13pter-13q12 
(~20 Mb)
del 21pter-21q22 
(~25-45 Mb)

21q22.11 involved in RS 
[Izumi et al., 2012]

Pathogenic
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Table III. Chromosome anomalies detected in 24 of 191 Robin sequence patients and the (potential) link to cause Robin 
sequence (continued)

Patient 
id

Karyogram effective 
chromosome 
imbalances

other information Pathoge-
nicity

124 46,XY, der(18)t(13;18)(q32.3;q21.33) mat unbalanced 
translocation
dup 13q32.3-qter 
(~15 Mb)
del 18q21.33-qter 
(~18 Mb)

18q21 involved in orofacial 
clefting [Beiraghi et al., 
2007]

Pathogenic

131 46,XX, t(17;18)(p11.2;q21.1) mat apparently 
balanced 
translocation

17q21 involved in RS 
[Jakobsen et al., 2006]

Uncertain

143 46, XX, del 22q11.2 dn del 22q11.2 (1.5-
3.0Mb)

Clinically velocardiofacial 
s.

Pathogenic

145 46,XX, del(2)(q33.1q33.1)(199,160,607-
199,836,011) dup10q21.3 dn

del 2q33.1 (675 kb)
dup 10q21.3 (730 
kb)

SATB2 (OMIM 608148) 
likely in part deleted at 
2q33

Pathogenic

150 46,XX, der(1)t(1;15)(q42;q15) dn unbalanced 
translocation
del 1q42 (~25 Mb)
dup 15q15 (~62 
Mb)

15q15 involved in 
velopharyngeal 
insufficiency [Han et al., 
1999]

Pathogenic

213 46,XX, arr cgh 1pter-p36.31(604268 -604327  
-> 5983938-5983997)x1; arr cgh 19q13.42-
19qter(60551240 -60551299 -> 63784327-
63784382)x3

unbalanced 
translocation
del 1p36-pter (5.9 
Mb)
dup 19q13.4-qter 
(3.2 Mb)

father: ish t(1;19)
(p36.31;q13.42) (wcp1+, 
wcp19+; wcp19+,wcp1+);
1p36 involved in orofacial 
clefting [de Aguino et al., 
2014]

Pathogenic

223 46,XY, der(12(t(11;12)(q23.3;q24.3) mat unbalanced 
translocation
del 11q23.3-
qter (~15Mb) 
dup12q24.3-qter 
(~12Mb)

mother not available for 
phenotype analysis;
11q23 involved in RS [de 
Lonlay-Debeney et al., 
1998]

Likely 
pathogenic

227 46,XY, arr 5q23.1(118,535,279-120,544,666)x3, 
arr Xp22.31(6,481,816-8,091,951)x2

dup 5q23.1 (2.1 
Mb)
dup Xp22 31 
(1.6Mb)

5q23 involved in RS 
[Ansari et al., 2014]

Uncertain

234 46,XX, del 4q31.3-q35 dn del 4q31.3-q35 
(~50Mb)

affected individual 
deceased;
4q31 involved in RS 
[Qumsiyeh, 1994]

Pathogenic

240 46,XX, dup 9p22.2-p22.3 dn dup 9p22.2-p22.3 
(142b)

9p22 involved in cleft 
palate and micrognathia 
[Hu et al., 2013]

Possibly 
pathogenic
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(n= 112, in whom data were available) is evaluated, 39.3% (n=44) had ID and 4.5% (n=5) 
a borderline development. We had information on the developmental level of 42 of the 46 
patients with an unknown cause for their RS: almost half of them (45.2%; n=19) had ID.

Pathogenetic mechanism
We stratified the 22 diagnosed Mendelian and 17 chromosomal entities according to their most 
likely pathogenic mechanism causing the RS and other abnormalities (Table IV). In the patients 
with a reliably diagnosed etiology the mechanism was a connective tissue dysplasia in 43.8% 
of the non-isolated patients (of which Stickler syndrome was by far the most common one), 
neuromuscular disorders in 5.5%, and a multisystem disorder in 47.9%. Finally, in 2.7% the 
pathogenic mechanism remained uncertain or unknown. Most of the chromosome imbalances 
found in the present cohort were large involving a large number of genes. This indicates that in 
most patients a combination of effects of disturbed function of dominantly acting genes is most 
likely, and therefore we grouped these patients in the multisystem disorder group.

discussion

The present group of authors has formed a consortium in order to establish a research line for 
Robin sequence. We are re-evaluating and studying the main manifestations of RS in such a way 
that this allows objective determination of signs and symptoms, and will make future reliable 
meta-analyses possible: we use 3D facial scanning to determine the size of the mandible, follow 
its growth in time and identify other changes in facial morphology; we use polysomnography 
to determine the characteristics and degree of severity of upper airway obstructions; and we 
evaluate the value of flexible laryngoscopy to determine glossoptosis and compare this with 

Table III. Chromosome anomalies detected in 24 of 191 Robin sequence patients and the (potential) link to cause Robin 
sequence (continued)

Patient 
id

Karyogram effective 
chromosome 
imbalances

other information Pathoge-
nicity

242 47,XX, +idic(15)(q?13).ish idic(15)(q13) dn ish idic(15)(q13) 
(~10Mb)

15q13.3 involved in 
orofacial clefting 
[Mangold et al., 2010]

Pathogenic

265 46,XX, arr Xp21.1(37,223,446-37,534,533)
x3,3p14.1(65,636,485-65,874,063)x3

dup Xp21.1 (311kb)
dup 3p14.1 (234 
Kb)

father not available for 
phenotype analysis;
Xp21.1 involved in 
orofacial clefting 
[Francois-Fiquet et al., 
2012]

Uncertain

270 46,XY.arrsnp 
3q22.2q22.3(135702645-135702645)x1

del 3q22.2-q22.3 
(2.19 Mb)

parents not available for 
karyotyping;
3q22 earlier involved in RS 
[Almenrader et al., 2008]

Likely 
pathogenic
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the use of Cine-MRI of the nasopharyngeal region. The eventual aim of this RS research is to 
develop an evidence-based management strategy, using objective criteria, for optimal treatment 
of RS patients.
We hypothesize that RS patients with a variable etiology and pathogenesis will react differently 
to the various treatment modalities, and that a treatment should be stratified according to the 
etiology and pathogenesis of the RS. Of course this will need careful follow-up as results of the 
various management schemes can only be determined this way.

Table IV. Most likely pathogenesis of the 73 patients with a reliably diagnosed Mendelian or chromosomal abnormality in 
191 patients with Robin sequence.

Pathogenic mechanism n entity

connective tissue disorder 27 Stickler s.*

1 Spondylo-epiphyseal dysplasia

1 Femoral hypoplasia - unusual facies s.

1 Fronto-metaphyseal dysplasia with keloids

1 Van den Ende-Gupta s.

1 Osteopathia striata with cranial sclerosis

Neuromuscular disorder 3 Moebius s.

1 Carey-Fineman-Ziter s.

multisystem disorder 17 Chromosome anomalies **

4 Treacher Collins s.

2 Auriculo-condylar s.

2 X-linked Ohdo s. (MED12)

1 Acrofacial dysostosis

1 CDG type II

1 Fetal Alcohol s.

1 Hyperphosphatasia - intellectual disability s. (PIGV)

1 Kabuki s.

1 Nager s.

1 Oculo-auriculo-vertebral s.

1 RAD21 - Cornelia de Lange- like s.

1 Van der Woude s. ***

1 Yunis-Varon s.

Unknown mechanism 2 Schilbach-Rott s.

* Diagnosis based on: COL2A1 mutation (n=13), COL11A1 mutation (n=2); Family history together with clinical presenta-
tion (n=6); Clinical presentation (n=6)
** Specification of the chromosomal abnormalities can be found in table III
*** Unusual presentation of this syndrome as it usually does not show micrognathia; possibly another etiologic cause next 
to Van der Woude s. was present explaining the RS
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Many hypotheses exist on the pathogenesis of RS. Frequently it has been suggested that the 
cause is a restricted intra-uterine growth preventing the mandible to grow, causing a display 
of the tongue between the palatal shelves and preventing their fusion [Cohen, 1999; Abadie et al, 

2002; Printzlau and Andersen, 2004; Mackay, 2011]. In this hypothesis the mandible is expected to show 
catch-up growth after birth when the restriction is relieved. We hypothesize that this can be the 
case in patients with isolated RS and that in non-isolated RS patients also other mechanisms 
are likely to act. For instance, a patient with RS due to a deformation is likely to demonstrate a 
significant spontaneous amelioration of the RS manifestations, while a patient with a dysplasia 
has developed the RS prenatally due to the abnormal tissue formation in the mandible, larynx 
and pharynx, and will continue having abnormal tissue postnatally. Possibly, in the former 
patient a conservative treatment such as prone positioning is justified, while in the latter patient 
a more aggressive strategy may be followed, and the surgeon needs to take into account that 
he/she could be operating on dysplastic tissue. In RS patients with neuromuscular disorders 
the respiratory problems may well be caused by the RS due to a lack of voluntary control of the 
tongue (either by muscular underdevelopment or insufficient tongue innervation) and a nar-
rowing of the oropharynx by collapse of the pharyngeal wall [Sher, 1992; Evans et al., 2011]. Tongue 
movements and pharynx wall stability may improve with age, and temporary alleviation of the 
respiratory problems may be the best management strategy. However, if a general insufficient 
functioning of muscles involved in respiration is present, improvement cannot be expected and 
an aggressive management strategy may be appropriate.
Etiology is a prerequisite to determine pathogenesis. This urged us to initiate the present study. 
The present cohort of 191 consecutive RS patients is relatively large compared to earlier studies 
[Holder-Espinasse et al., 2001; Butow et al., 2009; Printzlau and Andersen, 2009; Evans et al., 2011; Izumi et 

al., 2012; Abel et al., 2012]. The bias in the acquisition of participants in the cohort is very small 
as referral for cleft palate respiratory treatment has almost exclusively been determined by 
geography and for the region referral is close to 100% [Rozendaal et al., 2010]. Still, the databases 
from which patients were derived have led to inclusion of mostly patients with a cleft palate 
(177/191) causing a possible overrepresentation of this group in our cohort. Furthermore we 
cannot exclude we have missed RS patients, without a cleft palate and only limited respiratory 
problems not necessitating admission, since these may not have been identified as having 
RS. The incidence over time seemingly indicates an increase over time (Table 2) but it is more 
likely that this is caused by better recognition of RS with time, and not by a true increase in 
incidence. We found significant value in re-evaluating patients, since a large portion of the 
patients received another diagnosis after re-evaluation. The re-evaluation allowed a change in 
diagnosis in 48 patients, and the ratio isolated: non-isolated changed from 40.3% vs. 59.7% to 
38% vs. 62%. Other studies reported ratios comparable to our initial findings [Holder-Espinasse 

et al., 2001; Izumi et al., 2012; Scott and Mader, 2014]. In the present cohort a low incidence of patients 
with a 22q11 deletion (n=2; 1.2%) is reported compared to previous studies in which incidences 
were higher such as 2.7% [Holder-Espinasse et al., 2001] and 13.3% [Shprintzen, 1988]. We have no 
firm explanation for the lower incidence of 22q11 deletion in our cohort. One may speculate 
that diagnosing a patient as having a 22q11 deletion has impaired recognition of RS, even if all 
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features are present. Alternatively RS has been over diagnosed in the past as in earlier studies 
[Shprintzen, 1988; Holder-Espinasse et al., 2001] polysomnography was not widely utilized, but 
coincidence cannot be excluded either.
Within the present study group two centers re-evaluated all RS patients regularly in a standard-
ized follow-up protocol, while the third center did this on request of the physician or parents. 
In the latter center the diagnosis was changed more frequently (30.4%) compared to the other 
two centers (23.0% and 19.6%, respectively). In the latter center, also more families declined re-
evaluation, which may explain the higher number of unknown diagnoses compared to the other 
two centers. Still, in all three centers the change in diagnoses was of clinical importance. This 
may be explained by anomalies becoming more obvious with age, newly developed anomalies, 
newly available diagnostic studies (such as array CGH), and the peer review by four specialists 
experienced in evaluating RS patients. The present findings are in agreement with the findings 
of Izumi and co-workers, who reported on a change in diagnoses in 18% of patients due to 
re-evaluation after one year [Izumi et al., 2012]. We assume that the presently reported higher 
frequency in diagnostic changes and the higher incidence of non-isolated RS patients are 
explainable by the longer follow-up time in our study. Indeed, the present numbers may still 
increase in time, since some of our patients still had only a limited time to follow-up. Possibly 
also the increase in quality of diagnostic tools in cytogenetic and molecular studies has played 
a role. Results of Izumi et al. and of the current study demonstrate the usefulness of regular 
re-evaluation of patients with RS over a prolonged period of time, for instance 3-5 years, to 
ensure optimal diagnostics. In every team taking care of individuals with clefting and/or Robin 
sequence an experienced geneticist is essential for such optimal diagnostics and management.
The grouping of non-isolated RS patients according to their most likely pathogenic mechanism 
was possible in only 59.7% (n=71) of the presently reported patients, despite the relative high 
diagnostic yield of the present study. This mirrors our limited insight in pathogenesis of RS 
in general. SOX9 can be involved in the pathogenesis of isolated RS [Gordon et al., 2014] and 
sometimes syndromic RS [Rainger et al., 2014], and several other genes have been suggested as 
candidate genes for RS [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 pathogeneses are mostly 
lacking. The present study is a first step towards stratification of RS patients, which can be ame-
liorated by an increase in both diagnostics and in knowledge of pathogeneses. The increase in 
diagnostics is within reach due to the use of panels of genes potentially causing RS, by targeted 
next generation sequencing techniques. However, a better insight in pathogenetic mechanisms 
is more time consum and likely will need a large number of basic functional studies.

conclusion

In the present relatively large RS cohort, less isolated RS patients were diagnosed compared 
to earlier studies. Both known and (until now) unknown entities were found to go along with 
RS. Re-evaluation of newborns with RS over a prolonged period of time allowed adaptation of 
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the initial diagnosis in a markedly high percentage of patients. We favor standard follow-up of 
all RS patients, specifically to (re-)evaluate diagnoses, during a prolonged period of time. The 
entities diagnosed in the present study are caused by differing pathogenetic mechanisms, which 
confirm that different pathogeneses for RS exist. Our present limited knowledge and insight in 
pathogenetic mechanisms urges for efforts to initiate pathogenetic studies, as optimal patient 
care may be depending on such studies.
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