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SYNOPSIS

Study question

What is the epidemiologic profile of Pierre-Robin sequence (PRS) in Europe?
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What's already known
PRS is a rare congenital anomaly. Prevalence has been estimated in few studies performed in
single areas. Cases can be isolated or associated with other anomalies, and syndromic cases are

considered to be more severe. Prenatal diagnosis is challenging.

What this study adds

We investigated.the.epidemiology of PRS using a large cohort of cases collected in 29 population-
based registriesiin.17 different European countries. Proportion of prenatally diagnosed cases
increased in the last decade, although it was still low. We observed that advanced maternal age

was associated with an increased risk of PRS.

ABSTRACT

Background."Pierre'Robin sequence (PRS) is a rare congenital anomaly. Respiratory disorders and
feeding difficulties represent the main burden.

Objective. The aim of this study was to investigate the epidemiology of PRS using a cohort of cases
from EUROCAT, the European network of population-based registries of congenital anomalies.
Methods. We analysed cases of PRS born in the period 1998-2017 collected by 29 population-
based congenital anomaly registries in 17 different countries. We calculated prevalence estimates,
prenatal detection rate, survival up to 1 week, and proportions of associated anomalies. The effect

of maternal age was tested using a Poisson regression model.
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Results. Out of 11,669,155 surveyed births, a total of 1,294 cases of PRS were identified. The
estimate of the overall prevalence was 12.0 per 100,000 births (95% Cl: 9.9, 14.5). There was a
total of 882 (68.2%) isolated cases and the prevalence was 7.8 per 100,000 births (95% Cl: 6.7,
9.2). A total of 250 cases (19.3%) were associated with other structural congenital anomalies, 77
cases (6.0%) were associated with chromosomal anomalies and 77 (6.0%) with genetic syndromes.
The prenatal detection rate in isolated cases was 12.0% (95% Cl 9.8, 14.5) and increased to 16.0%
(95% Cl 12.7,,19.7).in.the sub-period 2008-2017. The prevalence rate ratio of non-chromosomal
cases with maternal.age >= 35 was higher than in cases with maternal age <25 for total (PRR 1.26,
95% Cl 1.05, 1.51) and isolated cases (PRR 1.33, 95% Cl 1.00, 1.64). Survival of chromosomal cases
(94.2%) and multiple anomaly cases (95.3%) were lower than survival of isolated cases (99.4%).
Conclusions. This epidemiological study using a large series of cases of PRS provides insights into
the epidemiological profile of PRS in Europe. We observed an association with higher maternal

age, but furtherinvestigations are needed to test potential risk factors for PRS.

KEYWORDS
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MAIN TEXT

Epidemiology of Pierre-Robin sequence in Europe: a population-based EUROCAT study

BACKGROUND

Pierre Robin sequence (PRS) is a rare congenital anomaly commonly recognized by three main
clinical signs: micrognathia, glossoptosis and obstruction of the upper airways.! Common co-
morbidities include respiratory disorders and feeding difficulties with different levels of severity.2
The inclusion of cleft palate in the definition of PRS is still under debate, but nowadays it is

considered a common and additional feature.l® The heterogeneous clinical definition of the PRS
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makes it difficult to provide accurate prevalence estimates.?> Most of the studies on the birth
prevalence of PRS have been based on data referring to population subgroups with cleft palate or
a wider spectrum of congenital anomalies.* In Europe, prevalence estimates have been provided
by population-based studies performed in some countries (i.e. Denmark, Germany and
Netherlands) with values ranging from 7.1 to 17.7 per 100,000 live births.*® ORPHANET, the
European portal for rare diseases, reports a prevalence of isolated PRS of 5.0 per 100,000 births.”
There have been.a.number of theories developed to explain the pathogenesis of PRS, but the most
prevailing is that.during embryonic development, intrinsic and/or extrinsic factors lead to
micrognathia, which'in turn causes failure of the tongue to drop from between the palatal shelves
resulting in most cases in cleft palate. Recent studies show that micrognathia in PRS is primarily
due to neural crest developmental abnormalities caused by defects in the migration, proliferation,
and survival of'cranial neural crest cells and their derivatives .2 The PRS is thought to be due to
diminished signalling in cranial neural crest cells leading to reduced proliferation and/or
osteogenesis within the mandible.>10 There is also convincing evidence suggesting that
dysregulation of the SOX9 gene, a transcription factor that regulates neural crest development,
affects the development of facial structures and cartilage, leading to PRS.1%12 Environmental
factors identifiedasrisk factors in pathogenesis of PRS, include maternal exposure to tobacco,
alcohol and certainmedications such as methadone.31>

Cases of PRS can be isolated or associated with genetic syndromes, chromosomal anomalies or
other structural anomalies. Syndromic cases are considered to be more severe due to systemic
involvement, in particular neurological and cardiac comorbidities, and major respiratory
complications.'A distinction between isolated and associated cases is widely recommended also
for a better clinical'management of the patients.'® PRS is usually diagnosed at birth. Prenatal
diagnosis is challenging, but a few recent studies reported that it is possible from the 20th week of
gestation by ultrasonography and fetal MRI.17/18

The aim of this study was to describe the epidemiology of PRS including prevalence, prenatal
detection rate, associated anomalies, and the effect of maternal age, using a large cohort of cases
collected by"EROCAT, the European network of population-based registries of congenital

anomalies.

METHODS
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We analysed cases of PRS collected by the population-based congenital anomaly registries of
EUROCAT. The EUROCAT registries collect data on structural anomalies, monogenic and
teratogenic syndromes, and chromosomal anomalies among live births (LB), fetal deaths with
gestational age (GA) > 20 weeks, and terminations of pregnancy for fetal anomaly (TOPFA)
following prenatal diagnosis.1>?0 All cases are coded using the International Classification of
Diseases with British Paediatric Association (ICD-BPA) one-digit extension. Minor anomalies are
excluded according to the EUROCAT guidelines.?? All full member registries send individual
anonymous records.of their cases annually to the JRC-EUROCAT Central Registry at the European
Commission’s Joint Research Centre (JRC) in Ispra, Italy, which manages the EUROCAT Central
Database.'®?2 Al EUROCAT full member registries were invited to participate in this study and 29
registries in 17 countries agreed that their data could be included in the study. Cases of PRS born
between 1 January 1998 and 31 December 2017 formed the study population. Anonymous
individual data’onPRS cases were extracted from the EUROCAT Central Database using the ICD10-
BPA code Q8708 and the ICD9-BPA code 75603, and an additional search through the text
description of the anomaly variables. All extracted cases were then confirmed by each registry as
cases of PRS. Each registry confirmed also the possible association with cleft palate. We used the
number of totallive'and stillbirths to mothers resident in the area covered by each registry,
stratified by year.and maternal age, as denominators.

Following the EUROCAT multiple flowchart classification, cases were classified into isolated,
multiple congenital anomalies, associated with chromosomal anomalies, associated with genetic
syndromes, and teratogenic syndromes.?%23 Two clinicians (1B and EG) reviewed all the cases to

confirm the classification.

Outcome

Cases of PRS in‘this study included live births, fetal deaths with gestational age > 20 weeks, and
terminations of pregnancy for fetal anomaly following prenatal diagnosis. Cases were collected by
the population-based/ congenital anomaly registries of EUROCAT using multiple data sources. For
this study data,was extracted from the Central EUROCAT database using the ICD10-BPA code
Q8708 and the ICD9-BPA code 75603. An additional procedure of validation was performed by
each registry checking the medical records. Only confirmed cases at this stage were included in the

study.
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Statistical analysis

We calculated prevalence estimates (overall and by two sub-periods, 1998-2007 and 2008-2017),
prenatal detection rate, and proportions of associated anomalies. Prevalence of total and isolated
cases per 100,000 births by registry was calculated with 95% confidence intervals (95% Cls) based
on Poisson distribution. Overall prevalence was estimated using Poisson regression with random
effects modelsito account for potential heterogeneity across registries. A Poisson regression
model was used.to.assess differences among maternal age-classes on non-chromosomal and
isolated cases. Prevalence rate ratio referred to the maternal age baseline group (mothers < 25
years) and the trend across the maternal age classes was assessed. The effect of maternal age was
also tested including only cases without any congenital anomalies reported in the family history.
Survival up to 1. week of age for LB cases was assessed. Statistical analyses were performed using

Stata version 16.0(StataCorp LP, College Station, TX, USA).

Ethics approval
We used anonymized data obtained from EUROCAT registries which have their own ethics

approval, thus'no'specific ethics approval for the study was required.

RESULTS

A total of 11,669,155 births were surveyed during 1998-2017. A total of 1,294 cases of PRS were
identified and confirmed by the 29 participating registries. Twenty-three cases were not confirmed
by the registries. The estimate of the overall prevalence was 12.0 per 100,000 births (95% CI 9.9,
14.5). The prevalence was higher in the most recent 10 - year period, 2008-2017 (Table 1).

A total of 882 out'ef1,294 (68.2%) cases of PRS were isolated cases with a prevalence of 7.8 per
100,000 births(95%'Cl 6.7, 9.2). There were 250 cases (19.3% of total cases) associated with other
structural congenital anomalies. Seventy-seven were cases associated with chromosomal
anomalies (6.0%) ranging from 0.0% to 16.7% by registry. A proportion of 6.0% was observed also
for cases diagnosed.with genetic syndromes with a range of 0.0-28.6% by registry. Eight cases
were classifiedyas teratogenic syndromes. The majority of cases were liveborn (94.1%). The
proportion of cases resulting in TOPFA was higher among the non-isolated cases (Table 2).

There were major differences in prevalence among regions with the highest prevalence observed

for the registry of Brittany, France (37.2 per 100,000 births) (Table 3). Considering only the
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isolated cases, the highest prevalence was observed in Brittany (14.3 per 100,000 births), Paris
(13.4 per 100,000 births) and Wales (13.3 per 100,000 births).

The prenatal detection rate in isolated cases was 12.0% (95% Cl 9.8, 14.5). It increased from 7.2%
(95% Cl 4.8, 10.4) in the sub-period 1998-2007 to 16.0% (95% Cl 12.7, 19.7) in the sub-period
2008-2017.

The male-to-female ratio was 0.94. The mean maternal age for all cases was 30.1 (standard
deviation (SD) 5.7).years and it was similar for isolated cases (30.0, SD 5.7). Focusing the analysis
on non-chromasomal cases with available information on maternal age, the prevalence by
maternal age was investigated. Prevalence rate ratio (PRR) increased with increasing maternal age
classes both for total and isolated PRS (Table 4). The PRR in the class with maternal age >= 35 was
higher than in the reference class (maternal age < 25) for total (PRR 1.26, 95% CI 1.05, 1.51) and
isolated cases (PRR'1.33, 95% Cl 1.00, 1.64). The trend among the maternal age classes for total
and isolated cases'was 1.08 (95% Cl 1.02, 1.15) and 1.10 (95% CI 1.03, 1.17), respectively.

We performed the analysis also including all cases without any congenital anomalies reported in
the family history identified among the cases with known information about family history (400
out of 558). Also for this group we observed a higher risk in cases with maternal age >=35 (PRR
1.39, 95% CI'1.07;1:91) and a trend of 1.12 (95% CI 1.01, 1.23).

First week survivalwas 98.5% for all the LB cases. Survival of PRS cases occurring with
chromosomal anomalies (94.2%) and multiple anomaly cases (95.3%) were both lower than
survival of isolated cases (99.4%).

For 1,103 cases (85.2%, 95% Cl 83.2, 87.1), a diagnosis of cleft palate was reported and confirmed.
The proportion decreased from 88.6% (95% Cl 85.6, 91.1) to 82.9% (95% Cl 80.0, 85.5) over the
two sub-periodsiAssociation with cleft palate in chromosomal cases (77.9%) was lower than the
proportion ofiisolated cases with cleft palate (86.2%).

Fifty-three percent of the multiple anomaly cases of PRS was associated with a congenital heart
defect, 34.4% with an anomaly of limbs, 16.0% with an anomaly of the nervous system and 15.6%
with an anomaly of the urinary system (Table 5). Apart from cleft palate, the most frequent
associated structural anomalies were: ventricular septal defect, atrial septal defect, limb reduction
defects and club foot/talipes equinovarus. The most common chromosomal anomalies were
microdeletions (16 out of 77 chromosomal cases, 20.8%). Seven out of the 16 cases of

microdeletion were 22g11.2 microdeletion. Eleven cases occurred with trisomy 18 (14.3%). Among
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the 77 cases associated with genetic syndromes, 24 (31.2%) had a diagnosis of Stickler syndrome

and eight (10.4%) of Treacher Collins syndrome.

COMMENT

Principal findings

This population-based study analysed 1,294 cases of PRS cases in Europe including all birth
outcomes. We estimated a total prevalence of 12.0 per 100,000 births (95% ClI: 9.9, 14.5).
An increase of the prenatal detection rate during the 20-year study period was observed. We

found that risk of non-chromosomal PRS increased with increasing maternal age.

Strengths of the'study

The main strengthsof this multicenter study is that data were extracted from population-based
registries of EUROCAT that use standardized procedures for data collection, evaluation and coding.
The large series of cases allowed increasing the statistical power of the epidemiological
investigation on airare congenital anomaly, facilitating the comparison of outcomes between
classification.groupssFurthermore, the study was performed on a cohort specifically focusing on
all the cases of PRS.and not on a subgroup with cleft palate. Data were collected from 29 registries

in 17 different'countries in Europe.

Limitations of the data

We observed a large variability of the prevalence estimate at the registry level. This could be due
to real differences.in.prevalence in different populations. However, we can not exclude variation
due to coding practices, completeness of data sources, the access to post mortem
foetopathological'examination, and accuracy of the case description adopted by different centers.
Another limitation is\a possible under-reporting by those registries which are not able to collect

cases diagnosed after, the neonatal period, or follow—up of a suspected diagnosis at birth.

Interpretation

Our epidemiological study is, to our best knowledge, the largest series of cases of PRS to date.
Data were derived from 29 population-based registries of congenital anomalies in Europe. We
estimated an overall prevalence of PRS in Europe of 12.0 per 100,000 births. This estimate is
similar to a German study® and slightly lower than a Dutch study.* An American study, based on
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hospital admission records, reported a higher prevalence, but the authors acknowledged that their
prevalence estimate may have been affected by the data source used for their study. ?* The
prevalence estimated from the random effects model (12.0 per 100,000 births) did differ from that
observed by calculating the prevalence ignoring registry of origin (11.1 per 100,000 births).
However both estimates are consistent as the 95% confidence intervals are wide and the
prevalence from the random effects model is judged to be the most appropriate due to the high
variability of prevalence across registries ranging from 2.3 to 37.2 per 100,000 births. A high
variability across.different studies of PRS was underlined also in a systematic review.* In our
cohort, we observed a particularly high prevalence in the area of Brittany (France). A recent study
on 105 cases extracted from hospital data in a region of Scotland reports a high prevalence in the
area and the authors do not exclude a possible role of genetic predisposition and environmental
factors.?> However, the result of Brittany was characterized by an extremely high proportion of
TOPFA cases in'theregistry (34%). A plausible explanation is that in Brittany there is a very high
rate of autopsy examinations for TOPFA, fetal and neonatal deaths, with very detailed description.
In our study population the proportion of cases with the autopsy examination was 81.4% in
Brittany against.an average proportion of 61.8%. Brittany is also one of the registries with the
highest proportion‘of chromosomal cases (15.4%). If we only consider isolated cases or LB cases,
the prevalence of PRS in Brittany is similar to the other registries. We did not observe the increase
of the prevalence in the most recent 10 - year period, 2008-2017 if we did not include data of the
Registry of Brittany whose cases are collected since 2011.

To limit the effect.of high variability in prevalence across the registries, we used a meta-analytical
approach to produce an overall estimate of PRS. However, some signs of PRS can be difficult to
detect at an early'stage as well as for TOPFA and the collection of cases can be influenced by the
time of the registration activity. Variability in diagnostic criteria and the consequent different
definition of the cases are reported in clinical practice and a standard definition is recommended
in order to improve the epidemiological surveillance of PRS.3

Most of the studies.oh PRS were performed using subgroups of cases of cleft palate even if it is
recognized that cleft palate is very frequently associated, but it is not a required clinical sign of
PRS.! The proportion of cleft palate in PRS cases has been estimated to be between 66% and
90%.2% In our study, cleft palate was confirmed in 85.2% of cases. There were also 13 cases with a
diagnosis of another anomaly of palate, mostly of high arched palate. Among the cases with cleft

palate, there were 26 cases associated with cleft lip. We observed a high variability in the
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proportion of cleft palate among the participating registries. The diagnosis of PRS can vary among
different centres and it is not excluded that in some cases, coders did not report the cleft palate
diagnosis considering it implicit in cases of PRS. However, we observed a decrease of the
association with cleft palate over time, suggesting the adoption of a more accurate description of
the cases of PRS over time.

Prenatal diagnaosis of PRS is challenging because micrognathia, retrognathia, and glossoptosis are
useful predictors,.but not sufficient for a complete diagnosis of PRS, and they can be difficult to
find in two dimensional ultrasound.?”-?8 Furthermore, micrognathia may appear in association with
many other syndromes and structural disorders.?>3° Ultrasound examination is more efficient in
suspected cases of PRS with a family history.!® However, the improvement of radiology techniques
is helping to increase the prenatal diagnosis of PRS that is becoming more frequent.16-18:31,32 The
increase over time of prenatally diagnosed isolated cases is confirmed in our study. A prenatal
diagnosis facilitates and makes clinical management more efficient and enables planned
treatment soon after birth.?” Furthermore, prenatal diagnosis can help to address interventions
aimed to improve the quality of life of the patients and support their parents.1®

In our study, we observed that advanced maternal age was associated with an increased risk of
non-chromosemal'PRS. To our best knowledge, no other evidence of association of PRS with
maternal age wasreported in literature. An association of cleft palate with advanced maternal age
has been reported in a few studies.3334 Possible explanations could be related to a process of
chromosomal alteration, a cumulative exposure to environmental agents, a higher susceptibility of
placenta to teratogenic agents, or to the effects or treatment of chronic diseases.33 However,
other studies and evidence are needed to support the specific association of PRS with maternal
age.

About 6% ofthe'cases of PRS occurred as part of a genetic syndrome and Stickler syndrome was
the most common. Other associated syndromes described in our cohort (e.g. Treacher Collins
syndrome, Oculo-auriculo-vertebral spectrum) have also been reported previously.3> Among the
cases of PRS associated with a chromosomal anomaly, about 20% were represented by
microdeletions; with 22q11.2 microdeletion the most commonly occurring (7 out of 16
microdeletion cases). A low association of PRS cases with 22g11 microdeletion was also reported
in other recent studies.3%-38 Association of PRS with a chromosomal anomaly was confirmed as a

risk factor for mortality. In our study, we observed that survival in chromosomal cases and
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multiple anomaly cases was lower than in isolated cases. This result is consistent with a

longitudinal study on mortality.3?

Conclusions

This population-based multi registry study is one of the largest epidemiological studies on PRS.
We estimated @an overall prevalence of 12.0 per 100,000 births (95% Cl 9.9, 14.5). The prevalence
of isolated cases.was.7.8 per 100,000 births (95% Cl 6.7, 9.2). Prenatal diagnosis of isolated cases
was low, but increased during the 20-year study period, with a proportion of 16.0% in the last
decade. The survival‘at the first week of life was 98.5%, but was lower in cases associated with
chromosomal and multiple anomalies. In our analysis we observed an impact of higher maternal

age, but further investigation is needed to test the effect of environmental/teratogenic factors.
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TABLES

Table 1. Prevalence (per 100,000 births) of total and isolated cases of Pierre Robin sequence, by study

periods
Total cases Isolated cases
Prevalence per Prevalence per
Period Total births N 10,000 (95% Cl) N 10,000 (95% Cl)
1998-2007 5,219,231 534 10.9 (8.9, 13.3) 405 8.0 (6.6,9.6)
2008-2017 6,449,924 760 12.1 (9.8, 14.8) 477 7.6(6.3,9.2)
1998-2017 11,669,155 1,294 12.0 (9.9, 14.5) 882 7.8(6.7,9.2)

Prevalence values do not correspond to the ratio between cases and births as they are estimated using Poisson regression with
random effects models (see methods)

95% Cl = 95% Confidencednterval

This article is protected by copyright. All rights reserved



Table 2. Distribution of cases of Pierre Robin sequence by birth outcomes and classification

Total Live births TOPFA Fetal deaths

N % N % N %

Isolated 882 871 98.8 9 1.0 2 0.2
Multiple congenital anomalies 250 224 89.6 24 9.6 2 0.8
Chromosomal 77 55 71.4 20 26.0 2 2.6
Genetic syndromes 77 61 79.2 15 19.5 1 1.3
Teratogenic syndromes 8 7 87.5 1 12.5 0 0.0
Total 1294 1218 94.1 69 5.3 7 0.5

TOPFA= terminations of pregnancy for fetal anomaly
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Table 3. Number and prevalence (per 100,000 births) of total, livebirths and isolated cases of Pierre Robin sequence in 29 EUROCAT registries

Total Livebirths Isolated
Years
Registry Total births Prevalence per Prevalence per Prevalence per
included N N N

100,000 (95% Cl) 100,000 (95% CI) 100,000 (95% CI)
Brittany (France) 2011-2017 244,690 91 37.2(29.9, 45.7) 59 24.1 (18.4,31.1) 35 14.3 (10.0, 19.9)
Auvergne (France) 1998-2017 268,338 56 20.9 (15.8, 27.1) 52 19.4 (14.5, 25.4) 32 11.9 (8.2, 16.8)
Wales (UK) 1998-2017 668,205 124  18.6(15.4,22.1) 124  18.6(15.4,22.1) 89 13.3 (10.7, 16.4)
Paris (France) 1998-2017 561,416 104  18.5(15.1, 22.5) 93 16.6 (13.4, 20.3) 75 13.4 (10.5, 16.8)
Cork & Kerry (UK) 1998-2017 181,756 31 17.1(11.6,24.2) 31 17.1(11.6,24.2) 23 12.7 (8.0, 19.0)
Antwerp (Belgilim) 1998-2016 370,959 59 15.9 (12.1, 20.5) 59 15.9 (12.1, 20.5) 39 10.5 (7.5, 14.4)
NCARDRS/Northern England (UK) 2000-2017 575,155 87 15.1 (12.1, 18.7) 72 12.5 (9.8, 15.8) 58 10.1 (7.7, 13.0)
South East Ireland 1998-2017 137,175 20 14.6 (8.9, 22.5) 20 14.6 (8.9, 22.5) 14 10.2 (5.6,17.1)
Saxony Anhalt«(Germany) 1998-2017 336,187 48 14.3 (10.5, 18.9) 47 14.0 (10.3, 18.6) 31 9.2 (6.3, 13.1)
Vaud (Switzerland) 1998-2017 155,522 22 14.2 (8.9, 21.4) 22 14.2 (8.9, 21.4) 18 11.6 (6.9, 18.3)
French West Indies (France) 2009-2017 85,250 11 12.9 (6.4, 23.1) 10 11.7 (5.6, 21.6) 5 5.9(1.9,13.7)
Valencian Region (Spain) 2007-2016 489,361 60 12.3 (9.4, 15.8) 60 12.3 (9.4, 15.8) 36 7.4 (5.2,10.2)
Basque Country (Spain) 1999-2016 351,271 43 12.2 (8.9, 16.5) 43 12.2 (8.9, 16.5) 29 8.3 (5.5,11.9)
Malta 1998-2017 83,668 10 12.0 (5.7, 22.0) 10 12.0 (5.7, 22.0) 6 7.2 (2.6, 15.6)
North Netherlands 1998-2017 360,762 42 11.6 (8.4,15.7) 41 11.4 (8.2,15.4) 28 7.8(5.2,11.2)
Isle de Reunion (France) 2002-2017 232,043 25 10.8 (7.0, 15.9) 24 10.3 (6.6, 15.4) 15 6.5 (3.6, 10.7)
NCARDRS/Thames Valley (UK) 1998-2017 429,945 44 10.2 (7.4,13.7) 44 10.2 (7.4,13.7) 32 7.4 (5.1, 10.5)
Emilia Romagna (Italy) 1998-2017 690,381 63 9.1(7.0,11.7) 57 8.3 (6.3, 10.7) 51 7.4 (5.5,9.7)
Funen (Denmark) 2000-2015 81,392 7 8.6 (3.5,17.7) 6 7.4(2.7,16.1) 3 3.7 (0.8, 10.8)
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OMNI-Net (Ukraine) 2005-2016 360,948 31 8.6 (5.8, 12.2) 31 8.6 (5.8, 12.2) 20 5.5(3.4,8.6)
NCARDRS/South West England (UK) 2005-2017 641,971 53 8.3 (6.2, 10.8) 52 8.1 (6.1, 10.6) 32 5.0(3.4,7.0)
Styria (Austria) 1998-2016 199,998 16 8.0 (4.6, 13.0) 16 8.0 (4.6, 13.0) 10 5.0(2.4,9.2)
NCARDRS/East Midlands & South 1998-2012;

1,143,462 89 7.8 (6.3,9.6) 88 7.7 (6.2,9.5) 69 6.0 (4.7,7.6)
Yorkshire (UK) 2016-2017
Wielkopolska (Poland) 1998-2017 741,725 51 6.9 (5.1,9.0) 51 6.9 (5.1,9.0) 37 5.0 (3.5,6.9)
NCARDRS/Wessex (UK) 1998-2017 570,130 38 6.7 (4.7,9.2) 37 6.5 (4.6, 9.0) 34 6.0 (4.1,8.3)
Zagreb (Croatia) 1998-2017 123,473 7 5.7 (2.3,11.7) 7 5.7 (2.3,11.7) 7 5.7 (2.3,11.7)
Norway 1999-2009 650,709 32 4.9 (3.4,6.9) 32 4.9 (3.4,6.9) 29 4.5 (3.0,6.4)
South Portugal 1998-2017 366,939 17 4.6 (2.7,7.4) 17 4.6 (2.7,7.4) 16 4.4(2.5,7.1)
Tuscany (ltaly) 1998-2017 566,324 13 2.3(1.2,3.9) 13 2.3(1.2,3.9) 9 1.6 (0.7, 3.0)

95% Cl = 95% Confidence Interval
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Table 4. Prevalence Rate Ratio (95% confidence interval) of non-chromosomal and isolated cases of Pierre

Robin sequence by maternal age, 1998-2017

Total non-chromosomal cases Isolated cases
Maternal age N PRR (95% ClI) N PRR (95% ClI)
<25 (Reference) »..212 1.00 149 1.00
25-29 316 1.07 (0.90, 1.27) 231 1.11(0.90, 1.36)
30-34 383 1.17 (0.99, 1.39) 275 1.20(0.98, 1.46)
35+ 270 1.26 (1.05, 1.51) 199 1.32(1.01, 1.64)
trend 1.08 (1.02, 1.15) 1.10 (1.03, 1.17)

PRR = Prevalence Rate Ratio

95% Cl = 95% confidence Interval
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Table 5. Most frequent major structural anomalies, chromosomal anomalies and genetic syndromes

associated with Pierre Robin sequence

% of multiple cases

Structural anomaly N (n=250)
Nervous system 40 16.0
Malformation /agenesis of corpus callosum 13 5.2
Severe microcephaly 7 2.8
Other reduction deformities of brain 7 2.8
Congenital hydrocephalus 6 2.4
Other specifiedicongenital malformations of brain 4 1.6
Eye 11 4.4
Ear, face and neck 14 5.6

Congenital absence, atresia and stricture of auditory canal

(external) 5 2.0
Heart 134 53.6
Ventricular septaldefect 63 25.2
Atrial septal defect 41 16.4
Patent ductustarteriosus (only livebirths >=37 weeks) 20 8.0
Congenital insufficiency of aortic valve 8 3.2
Coarctation'of'aorta 8 3.2
Other congenital malformations of heart 7 2.8
Pulmonary valve'stenosis 5 2.0
Pulmonary valve atresia 5 2.0
Tetralogy of Fallot 5 2.0
Other congenital malformations of aorta 4 1.6
Other congenital malformations of tricuspid valve 4 1.6
Peripheral pulmonary artery stenosis >37 weeks 4 1.6
Respiratory 8 3.2
Choanal atresia 4 1.6
Other congenital/malformations of larynx 4 1.6
Digestive system 25 10.0
Diaphragmatic hernia 6 2.4
Ano-rectal atresia and stenosis 4 1.6
Urinary 39 15.6
Congenital hydronephrosis 14 5.6
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Renal agenesis, unilateral 8 3.2

Horseshoe kidney 4 1.6
Genital 21 8.4
Hypospadias 13 5.2
Limb 86 344
Clubfoot, (talipes equinovarus) 30 12.0
Syndactyly 17 6.8
Hip dislocation and/or dysplasia 8 3.2
Polydactyly 7 2.8
Arthrogryposis multiplex congenita 5 2.0
Other specified congenital musculoskeletal deformities 5 2.0
Other anomalies
Craniosynostosis 6 2.4
Other congenital'malformations of spine, not associated
with scoliosis 5 2.0
% of chromosomal cases
Chromosomal anomaly N (n=77)
Microdeletions 16 20.8
Trisomy 18 11 14.3
Other deletions of part of a chromosome 9 11.7
Triploidy and polyploidy 6 7.8
Minor partial trisomy 5 6.5
Duplications withrether complex rearrangements 3 3.9
Other specified.trisamies and partial trisomies of autosomes 3 3.9
Trisomy 13 3 3.9
Trisomy 21 2 2.6
Major partial'trisomy 2 2.6
Other deletions from the autosomes 2 2.6
Deletion of short arm of chromosome 4 2 2.6
Trisomy andspartial trisomy of autosomes, unspecified 2 2.6
Duplications seen‘only at prometaphase 2 2.6
% of genetic syndrome,
skeletal dysplasia and
monogenic disorder
Genetic syndrome N (n=77)
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Stickler syndrome 24 31.2
Treacher Collins syndrome 8 10.4
Achondrogenesis Type Il 3 3.9
Spondyloepiphyseal dysplasia 3 3.9
Oculo-auriculo-vertebral spectrum (OAVS) 3 3.9
Cerebrocostomandibular syndrome 2 2.6
Meckel Gruber syndrome 2 2.6
Fragile X syndrome 2 2.6
Ehlers-Danlos syndrome 2 2.6
Diastrophic dysplasia 2 2.6
Hanhart syndrome 2 2.6
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TABLES

Table 1. Prevalence (per 100,000 births) of total and isolated cases of Pierre Robin sequence, by study

periods
Total cases Isolated cases
Prevalence per Prevalence per
Period Total births N 10,000 (95% Cl) N 10,000 (95% Cl)
1998-2007 5,219,231 534 10.9 (8.9, 13.3) 405 8.0 (6.6,9.6)
2008-2017 6,449,924 760 12.1 (9.8, 14.8) 477 7.6 (6.3,9.2)
1998-2017 11,669,155 1,294  12.0(9.9, 14.5) 882 7.8(6.7,9.2)

Prevalence values do not correspond to the ratio between cases and births as they are estimated using Poisson regression with
random effects models (see methods)

95% Cl = 95% Confidencelnterval
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Table 2. Distribution of cases of Pierre Robin sequence by birth outcomes and classification

Total Live births TOPFA Fetal deaths
N % N % N %
Isolated 882 871 98.8 9 1.0 2 0.2
Multiple congenital anomalies 250 224 89.6 24 9.6 2 0.8
Chromosomal 77 55 71.4 20 26.0 2 2.6
Genetic syndromes 77 61 79.2 15 19.5 1 1.3
Teratogenic syndromes 8 7 87.5 1 12.5 0 0.0
Total 1294 1218 94.1 69 5.3 7 0.5

TOPFA= terminations of pregnancy for fetal anomaly
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Table 3. Number and prevalence (per 100,000 births) of total, livebirths and isolated cases of Pierre Robin sequence in 29 EUROCAT registries

Total Livebirths Isolated
Years
Registry Total births Prevalence per Prevalence per Prevalence per
included N N N

100,000 (95% Cl1) 100,000 (95% CI) 100,000 (95% CI)
Brittany (France) 2011-2017 244,690 91 37.2(29.9,45.7) 59 24.1 (18.4,31.1) 35 14.3 (10.0, 19.9)
Auvergne (France) 1998-2017 268,338 56 20.9 (15.8, 27.1) 52 19.4 (14.5, 25.4) 32 11.9(8.2,16.8)
Wales (UK) 1998-2017 668,205 124  18.6(15.4,22.1) 124 18.6(15.4,22.1) 89 13.3 (10.7, 16.4)
Paris (France) 1998-2017 561,416 104  18.5(15.1, 22.5) 93 16.6 (13.4, 20.3) 75 13.4 (10.5, 16.8)
Cork & Kerry (UK) 1998-2017 181,756 31 17.1 (11.6,24.2) 31 17.1 (11.6, 24.2) 23 12.7 (8.0, 19.0)
Antwerp (Belgilim) 1998-2016 370,959 59 15.9 (12.1, 20.5) 59 15.9 (12.1, 20.5) 39 10.5 (7.5, 14.4)
NCARDRS/Northern England (UK) 2000-2017 575,155 87 15.1 (12.1,18.7) 72 12.5 (9.8, 15.8) 58 10.1 (7.7, 13.0)
South East Ireland 1998-2017 137,175 20 14.6 (8.9, 22.5) 20 14.6 (8.9, 22.5) 14 10.2 (5.6,17.1)
Saxony Anhalt«(Germany) 1998-2017 336,187 48 14.3 (10.5, 18.9) 47 14.0 (10.3, 18.6) 31 9.2 (6.3,13.1)
Vaud (Switzerland) 1998-2017 155,522 22 14.2 (8.9, 21.4) 22 14.2 (8.9, 21.4) 18 11.6 (6.9, 18.3)
French West Indies (France) 2009-2017 85,250 11 12.9 (6.4, 23.1) 10 11.7 (5.6, 21.6) 5 5.9(1.9,13.7)
Valencian Region (Spain) 2007-2016 489,361 60 12.3 (9.4, 15.8) 60 12.3 (9.4, 15.8) 36 7.4 (5.2,10.2)
Basque Country (Spain) 1999-2016 351,271 43 12.2 (8.9, 16.5) 43 12.2 (8.9, 16.5) 29 8.3 (5.5,11.9)
Malta 1998-2017 83,668 10 12.0 (5.7, 22.0) 10 12.0 (5.7, 22.0) 6 7.2 (2.6, 15.6)
North Netherlands 1998-2017 360,762 42 11.6 (8.4,15.7) 41 11.4 (8.2,15.4) 28 7.8(5.2,11.2)
Isle de Reunion (France) 2002-2017 232,043 25 10.8 (7.0, 15.9) 24 10.3 (6.6, 15.4) 15 6.5 (3.6, 10.7)
NCARDRS/Thames Valley (UK) 1998-2017 429,945 44 10.2 (7.4,13.7) 44 10.2 (7.4,13.7) 32 7.4 (5.1, 10.5)
Emilia Romagna (Italy) 1998-2017 690,381 63 9.1(7.0,11.7) 57 8.3 (6.3, 10.7) 51 7.4 (5.5,9.7)
Funen (Denmark) 2000-2015 81,392 7 8.6 (3.5, 17.7) 6 7.4 (2.7,16.1) 3 3.7 (0.8, 10.8)
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OMNI-Net (Ukraine) 2005-2016 360,948 31 8.6 (5.8, 12.2) 31 8.6 (5.8, 12.2) 20 5.5(3.4,8.6)
NCARDRS/South West England (UK) 2005-2017 641,971 53 8.3 (6.2, 10.8) 52 8.1 (6.1, 10.6) 32 5.0(3.4,7.0)
Styria (Austria) 1998-2016 199,998 16 8.0 (4.6, 13.0) 16 8.0 (4.6, 13.0) 10 5.0(2.4,9.2)
NCARDRS/East Midlands & South 1998-2012;

1,143,462 89 7.8 (6.3,9.6) 88 7.7 (6.2,9.5) 69 6.0 (4.7,7.6)
Yorkshire (UK) 2016-2017
Wielkopolska (Poland) 1998-2017 741,725 51 6.9 (5.1,9.0) 51 6.9 (5.1,9.0) 37 5.0 (3.5, 6.9)
NCARDRS/Wessex (UK) 1998-2017 570,130 38 6.7 (4.7,9.2) 37 6.5 (4.6, 9.0) 34 6.0 (4.1, 8.3)
Zagreb (Croatia) 1998-2017 123,473 7 5.7 (2.3,11.7) 7 5.7 (2.3,11.7) 7 5.7 (2.3,11.7)
Norway 1999-2009 650,709 32 4.9 (3.4,6.9) 32 4.9 (3.4,6.9) 29 4.5 (3.0,6.4)
South Portugal 1998-2017 366,939 17 4.6 (2.7,7.4) 17 4.6 (2.7,7.4) 16 4.4 (2.5,7.1)
Tuscany (Italy) 1998-2017 566,324 13 2.3(1.2,3.9) 13 2.3(1.2,3.9) 9 1.6 (0.7, 3.0)

95% Cl = 95% Confidence Interval
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Table 4. Prevalence Rate Ratio (95% confidence interval) of non-chromosomal and isolated cases of Pierre

Robin sequence by maternal age, 1998-2017

Total non-chromosomal cases Isolated cases
Maternal age N PRR (95% ClI) N PRR (95% ClI)
<25 (Reference) »..212 1.00 149 1.00
25-29 316 1.07 (0.90, 1.27) 231 1.11 (0.90, 1.36)
30-34 383 1.17(0.99, 1.39) 275 1.20 (0.98, 1.46)
35+ 270 1.26 (1.05, 1.51) 199 1.32(1.01, 1.64)
trend 1.08 (1.02, 1.15) 1.10 (1.03, 1.17)

PRR = Prevalence Rate Ratio

95% Cl = 95% confidence Interval

This article is protected by copyright. All rights reserved



Table 5. Most frequent major structural anomalies, chromosomal anomalies and genetic syndromes

associated with Pierre Robin sequence

% of multiple cases

Structural anomaly N (n=250)
Nervous system 40 16.0
Malformation /agenesis of corpus callosum 13 5.2
Severe microcephaly 7 2.8
Other reduction deformities of brain 7 2.8
Congenital hydrocephalus 6 2.4
Other specifiedicongenital malformations of brain 4 1.6
Eye 11 4.4
Ear, face and neck 14 5.6

Congenital absence, atresia and stricture of auditory canal

(external) 5 2.0
Heart 134 53.6
Ventricular septaldefect 63 25.2
Atrial septal defect 41 16.4
Patent ductusiarteriosus (only livebirths >=37 weeks) 20 8.0
Congenital insufficiency of aortic valve 8 3.2
Coarctation'of aorta 8 3.2
Other congenital malformations of heart 7 2.8
Pulmonary valve'stenosis 5 2.0
Pulmonary valve atresia 5 2.0
Tetralogy of Fallot 5 2.0
Other congenital malformations of aorta 4 1.6
Other congenital malformations of tricuspid valve 4 1.6
Peripheral pulmonary artery stenosis >37 weeks 4 1.6
Respiratory 8 3.2
Choanal atresia 4 1.6
Other congenital/malformations of larynx 4 1.6
Digestive system 25 10.0
Diaphragmatic hernia 6 2.4
Ano-rectal atresia and stenosis 4 1.6
Urinary 39 15.6
Congenital hydronephrosis 14 5.6
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Renal agenesis, unilateral 8 3.2

Horseshoe kidney 4 1.6
Genital 21 8.4
Hypospadias 13 5.2
Limb 86 344
Clubfoot, (talipes equinovarus) 30 12.0
Syndactyly 17 6.8
Hip dislocation and/or dysplasia 8 3.2
Polydactyly 7 2.8
Arthrogryposis multiplex congenita 5 2.0
Other specified congenital musculoskeletal deformities 5 2.0
Other anomalies
Craniosynostosis 6 2.4
Other congenital'malformations of spine, not associated
with scoliosis 5 2.0
% of chromosomal cases
Chromosomal anomaly N (n=77)
Microdeletions 16 20.8
Trisomy 18 11 14.3
Other deletions of part of a chromosome 9 11.7
Triploidy and polyploidy 6 7.8
Minor partial trisomy 5 6.5
Duplications withfother complex rearrangements 3 3.9
Other specified.triseamies and partial trisomies of autosomes 3 3.9
Trisomy 13 3 3.9
Trisomy 21 2 2.6
Major partial‘trisomy 2 2.6
Other deletions from the autosomes 2 2.6
Deletion of short arm of chromosome 4 2 2.6
Trisomy andspartial trisomy of autosomes, unspecified 2 2.6
Duplications seen‘only at prometaphase 2 2.6
% of genetic syndrome,
skeletal dysplasia and
monogenic disorder
Genetic syndrome N (n=77)
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Stickler syndrome 24 31.2
Treacher Collins syndrome 8 104
Achondrogenesis Type |l 3 3.9
Spondyloepiphyseal dysplasia 3 3.9
Oculo-auriculo-vertebral spectrum (OAVS) 3 3.9
Cerebrocostomandibular syndrome 2 2.6
Meckel Gruber'syndrome 2 2.6
Fragile X syndrome 2 2.6
Ehlers-Danlos syndrome 2 2.6
Diastrophic dysplasia 2 2.6
Hanhart syndrome 2 2.6
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