
  1Santoro M, et al. Arch Dis Child 2023;0:1–6. doi:10.1136/archdischild-2022-324716

Original research

Survival, hospitalisation and surgery in children born 
with Pierre Robin sequence: a European population- 
based cohort study
Michele Santoro    ,1 Ester Garne,2 Alessio Coi,1 Joachim Tan,3 Maria Loane,4 
Elisa Ballardini,5 Clara Cavero- Carbonell,6 Hermien EK de Walle,7 Miriam Gatt,8 
Mika Gissler,9,10 Sue Jordan,11 Kari Klungsøyr,12,13 Natalie Lelong,14 
Stine Kjaer Urhoj    ,2 Diana G Wellesley,15 Joan K Morris    3

To cite: Santoro M, Garne E, 
Coi A, et al. Arch Dis Child 
Epub ahead of print: [please 
include Day Month Year]. 
doi:10.1136/
archdischild-2022-324716

 ► Additional supplemental 
material is published online 
only. To view, please visit the 
journal online (http:// dx. doi. 
org/ 10. 1136/ archdischild- 
2022- 324716).

For numbered affiliations see 
end of article.

Correspondence to
Dr Michele Santoro, Institute 
of Clinical Physiology National 
Research Council, Pisa, 56124, 
Italy;  msantoro@ ifc. cnr. it

Received 27 July 2022
Accepted 17 February 2023

© Author(s) (or their 
employer(s)) 2023. Re- use 
permitted under CC BY- NC. No 
commercial re- use. See rights 
and permissions. Published 
by BMJ.

ABSTRACT
Objective To evaluate survival, hospitalisations and 
surgical procedures for children born with Pierre Robin 
sequence (PRS) across Europe.
Design Multicentre population- based cohort study.
Setting Data on 463 live births with PRS from a 
population of 4 984 793 from 12 EUROCAT congenital 
anomaly registries.
Methods Data on children with PRS born 1995–2014 
were linked electronically to data on mortality, 
hospitalisations and surgical procedures up to 10 years 
of age. Each registry applied a common data model to 
standardise the linked data and ran common syntax 
scripts to produce aggregate tables. Results from each 
registry were pooled using random- effect meta- analyses.
Main outcome measures Probability of survival, 
proportion of children hospitalised and undergoing 
surgery, and median length of hospital stay.
Results The majority of deaths occurred in the first year 
of life with a survival rate of 96.0% (95% CI 93.5% to 
98.5%); 95.1% (95% CI 92.7% to 97.7%) survived to 
age 10. In the first year of life, 99.2% (95% CI 95.0% to 
99.9%) of children were hospitalised with a median stay 
of 21.4 days (95% CI 15.6 to 27.2), and 67.6% (95% CI 
46.6% to 81.8%) underwent surgery. In the first 5 years 
of life, 99.2% of children underwent a median of two 
surgical procedures. Between ages 5 and 9, 58.3% (95% 
CI 44.7% to 69.7%) were hospitalised with a median 
annual stay of 0.3 days.
Conclusions Children with PRS had high mortality and 
morbidity with long hospital stays in the first year of life, 
and almost all had surgery before 5 years of age. Survival 
improved after infancy with fewer hospitalisations after 
age 5. This study provides reliable estimates of the 
survival and morbidity of children with PRS for families 
and healthcare providers.

INTRODUCTION
Pierre Robin sequence (PRS) is a rare congenital 
anomaly (CA) characterised by three main clinical 
signs: micrognathia, glossoptosis and obstruction of 
the upper airway.1 It is frequently associated with 
cleft palate.2

The European Network for the Surveillance of 
CAs (EUROCAT) estimates that the total preva-
lence of PRS is 12 per 100 000 births in the popu-
lations covered by EUROCAT registries, with 

94.1% being live births. Among the liveborn chil-
dren with PRS, 72% were isolated PRS; 5% were 
associated with a genetic syndrome, 5% with chro-
mosomal anomalies and 18% with other structural 
CAs.3 Respiratory disorders and feeding problems 
represent the main burden of the disease. Upper 
airway obstruction can occur with different levels 
of severity requiring different management. Airway 
obstruction is most dangerous during the first 
month, requiring close respiratory monitoring.4 
Feeding difficulties are thought to be secondary to 
both the airway obstruction and the associated cleft 
palate, leading to failure to thrive.5

Diagnosis and care of children with PRS require 
a multidisciplinary approach for surgical and non- 
surgical management.6–8 A review by Côté et al 
reported that 68% of infants were successfully 
treated with non- surgical interventions (ie, prone 

WHAT IS ALREADY KNOWN ON THIS TOPIC
 ⇒ Pierre Robin sequence (PRS) is a rare congenital 
anomaly with a prevalence of 12 per 100 000 
births.

 ⇒ Respiratory disorders and feeding problems 
represent the main burden of the condition.

 ⇒ Many studies on PRS are limited to case series 
and often include only children referred to 
tertiary centres.

WHAT THIS STUDY ADDS
 ⇒ This study is a population- based multicentre 
study of about 500 children born with PRS.

 ⇒ In the first year of life, 4.0% (95% CI 1.5% to 
6.5%) of children died, but survival improved 
and 95.1% (95% CI 92.7% to 97.7%) survived 
to age 10 years.

 ⇒ Among children with PRS, 99% had surgery 
before 5 years of age.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

 ⇒ Results on several health outcomes provides 
information to evaluate the burden of PRS

 ⇒ Health outcome indicators provide useful 
information to support the healthcare system 
and the clinical management of children with 
PRS.
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position, nasopharyngeal airway, orthodontic apparatus or 
continuous positive airway pressure).5 Surgical procedures used 
to treat infants with major respiratory obstruction are tongue–lip 
adhesion and distraction osteogenesis of the mandible. For the 
most severely affected infants, tracheostomy may be needed.5–7 9

PRS is a rare disease with a high burden on affected children 
and their families.

The objectives of this study were
 ► To evaluate survival rates for children born with PRS across 

Europe.
 ► To evaluate rates and length of hospital stays for children 

born with PRS across Europe.
 ► To evaluate rates of surgical procedures performed on chil-

dren born with PRS across Europe.

METHODS
This is a EUROlinkCAT population- based data- linkage cohort 
study. The EUROlinkCAT project aimed to evaluate health 
outcomes in children with CAs up to 10 years of age by linking 
data on liveborn children registered in EUROCAT registries10 11 
to data in healthcare databases (eg, mortality, hospital admis-
sion and discharge data). Linked data were included up to the 
child’s 10th birthday or to 31 December 2015 (whichever was 
earlier).12 EUROCAT registries collect standardised data on all 
major CA cases in their population using multiple sources of 
ascertainment according to EUROCAT guidelines (EUROCAT 
Guide V.1.5, https://eu-rd-platform.jrc.ec.europa.eu/eurocat/ 
data-collection/guidelines-for-data-registration_en#inline-nav- 
2). All registries with the ability and capacity to link to their 
mortality and hospital discharge databases were included in the 
EUROlinkCAT project.12

The study included data from 12 registries in nine European 
countries (table 1) covering different time periods between 1995 
and 2014. The different time periods were due to registries 

having different years of EUROCAT membership and that only 
years with good quality healthcare data and high levels of linkage 
were included.13 Three registries (Norway, Wales and Malta) 
were national registries covering the whole country. Four regis-
tries covered all 20 birth years of the study period. All liveborn 
children with PRS during the specified birth years were included.

For the investigation of survival rates, data on mortality were 
obtained through linkage with vital statistics and mortality data-
bases. A detailed description of the methods has been published 
elsewhere.14–16

Data on hospitalisations and surgical procedures were obtained 
by electronic linkage to the hospital databases used in the regions 
and countries covered by the registries. For three participating 
registries (ie, Paris, Norway and Malta), data on hospitalisations 
were not available for this study. Indicators of hospitalisation 
in children with PRS were compared with those in (1) all chil-
dren born with any CA and (2) reference children without a CA, 
previously calculated by the EUROlinkCAT project.17 Reference 
populations were all liveborn children without CAs from the 
same population covered by the registry in the same birth years. 
The Tuscany and Northern Netherlands registries used a random 
sample of their population (10% and 20%, respectively). No 
reference children were available for the three English registries. 
A detailed description of the EUROlinkCAT methods on hospi-
talisations has been published elsewhere.17

Statistical analysis
The EUROlinkCAT common data model standardised the linked 
variables obtained by each participating registry. Common Stata 
syntax scripts were run by all registries to check the quality 
of data linkage and to analyse the data. Aggregated data and 
analytical results were uploaded to the Central Results Reposi-
tory based at Ulster University (UK) and then transferred to the 
research team using a secure web platform.12

Within each registry, Kaplan- Meier survival analyses were 
performed to account for censoring, that is, children who were 
lost to follow- up due to death or emigration from the study area 
or who had not reached their 10th birthday by 31 December 
2015. The Kaplan- Meier survival estimates with 95% CIs from 
each registry were combined in a random- effect meta- analysis 
using a modified method by Combescure et al18 to estimate the 
overall survival for children with PRS at the following ages: 1 and 
4 weeks and 1, 5 and 10 years. In addition, the 10- year survival 
conditional on having survived at 4 weeks was estimated.

The length of stay (LOS) in the hospital was calculated as the 
number of days spent in hospital between the date of admission 
and the date of discharge. For hospital stays in which the date of 
admission and discharge occurred on the same day, the LOS was 
considered to be 0.5 days. The median LOS per year, for those 
with at least one admission, was calculated within each registry 
and random- effect meta- analyses were performed using the 
‘metamedian’ package in R V.4.0.3 for the following age groups: 
<1, 1–4 and 5–9 years. The aforementioned methods were also 
used to estimate the median age at first surgery and the median 
number of surgical procedures for the following age groups: <1, 
1–4 and 0–4 years.

Within each registry, estimates for the percentage of children 
(1) hospitalised, (2) with a hospital stay longer than 10 days, 
(3) undergoing surgery, (4) undergoing surgery for gastrostomy 
(permanent feeding tube), (5) being admitted for intensive care 
and (6) being on a ventilator were obtained using Kaplan- Meier 
analyses. Random- effects meta- analyses were performed to 
provide overall estimates for age groups.

Table 1 EUROCAT registries, birth years included, population 
covered and number of children with Pierre Robin sequence

Participating registries
Included 
birth years

Birth 
population 
covered*

Children 
with PRS 
(n)

Denmark: Funen 1995–2014 105 770 10

France: Paris† 1995–2014 597 822 87

Italy: Emilia Romagna 2008–2014 282 094 15

Italy: Tuscany 2005–2014 299 869 9

Malta†‡ 1995–2014 84 737 10

Netherlands: Northern 1995–2014 372 192 45§

Norway†‡ 1999–2014 956 939 35

Spain: Valencian Region 2007–2014¶ 403 099 52

UK: East Midlands and South Yorkshire 2003–2012 717 264 47

UK: Thames Valley 2005–2013 270 327 34

UK: Wales‡ 1998–2014 569 341 110

UK: Wessex 2004–2014 325 339 **

Total 4 984 793 463

*Extracted from the EUROCAT website (https://eu-rd-platform.jrc.ec.europa.eu/
eurocat/eurocat-data/prevalence_en), accessed on 30 September 2021.
†Data on hospitalisation not available.
‡Whole nation covered.
§Number was rounded to the nearest 5 for the Northern Netherlands.
¶Study period for hospitalisation 2010–2014.
**Not available due to small numbers.
EUROCAT, European Surveillance of Congenital Anomalies; PRS, Pierre Robin 
sequence.
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RESULTS
Survival
A total of 463 children born with PRS from 12 EUROCAT regis-
tries covering a population of 4 984 793 births between 1995 
and 2014 were included in the study (table 1). Among 463 
children with PRS, a total of 26 deaths were observed during 
the study period. The majority of the deaths (21/26) occurred 
in the first year of life with an infant mortality rate of 4.0% 
(95% CI 1.5% to 6.5%). Survival was 99.7% (95% CI 99.2% to 
100.0%) at 1 week, which dropped to 96.0% (95% CI 93.5% to 
98.5%) at 1 year and to 95.1% (95% CI 92.7% to 97.7%) at 10 
years of age (table 2). The probability of surviving to 10 years 
of age, having survived to 4 weeks, was 96.3% (95% CI 93.5% 
to 97.9%). Five- year survival estimates in the registries ranged 
from 84.6% (95% CI 71.6% to 92.0%) in the Valencian Region 
(Spain) to 100% (95% CI 66.4% to 100.0%) in Tuscany (Italy). 
The low precision of these estimates is due to the small numbers 
of events (online supplemental file 1).

Hospitalisations
Data on hospitalisations were available for 306 children born 
with PRS in nine registries. Overall, 99.2% (95% CI 95.0% to 
99.9%) were hospitalised in the first year, decreasing to 58.3% 
(95% CI 44.7% to 69.7%) at age 5–9 years (table 3). The 
percentage of children with PRS who were hospitalised is higher 
than that for children with any CA and for the reference children 
(figure 1).

In the first year of life, 66.2% (95% CI 51.8% to 77.1%) of 
children with PRS had at least one hospital stay longer than 10 
days, which decreased to 13.1% (95% CI 1.0% to 41.1%) at 
1–4 years (table 3). No long hospital stays were observed after 
4 years of age. Compared with children with any CA,17 these 
percentages are higher both in the first year of life (66.2% vs 
23.9%) and at 1–4 years (13.1% vs 5.4%).

The median LOS was 21.4 days per year (95% CI 15.6 to 27.2) 
in children <1 year, 1.0 days (95% CI 0.7 to 1.3) in children 1–4 
years and 0.3 days in children 5–9 years (95% CI 0.2 to 0.5).

Surgery and other procedures
Data on surgery were available for 261 children born with PRS 
from eight registries. Overall 99.2% (95% CI 94.4% to 99.9%) 
of children underwent surgery in the first 5 years of life, while 
67.6% (95% CI 46.6% to 81.8%) had surgery in the first year 
(table 4). The median number of surgical procedures in the first 
5 years was 2.0 (95% CI 1.7 to 2.2). The median age at first 
surgery was 39.4 weeks (95% CI 32.1 to 46.4). In the first 5 
years of life, 5.6% (95% CI 3.0% to 9.4%) received a gastros-
tomy for tube feeding.

Data on admissions to intensive care units (ICUs) were avail-
able for 71 children from seven registries. In the first 5 years 
of life, 22.6% (95% CI 12.9% to 34.0%) of children with PRS 
were admitted to the ICU. Data on the use of mechanical venti-
lation were available for 192 children from nine registries, which 
showed that 14.3% (95% CI 8.7% to 21.2%) of children with 
PRS had been on a ventilator in the hospital.

DISCUSSION
This population- based cohort study reported on survival and 
hospitalisations of 463 children born with PRS in nine European 
countries, which is in contrast to many of the published studies 
on PRS limited to case series.19 We were not able to analyse 
data separately for children with isolated PRS and those with 
associated anomalies. However, an estimated 72% of children 
were likely to have had isolated PRS, as observed in a recent 
EUROCAT study on the epidemiology of PRS which included 
most of the children in this study.3

Survival
In our study, mortality was highest in the first year of life, with 
4.0% (95% CI 1.5% to 6.5%) of children dying, but survival 
improved and 95.1% (95% CI 92.7% to 97.7%) survived to age 
10. The early months of life represent the most critical time for 
children born with this rare anomaly. After infancy, we observed 
a good prognosis for these children.

Several published studies based on PRS case series have 
reported an infant mortality ranging from 1.7% to 4.1%, which 
is consistent with our estimate.20–23 However, other studies 
have reported higher mortality: Logjes et al reported an overall 
mortality risk of 10% observed among about 100 patients in a 
hospital centre over a 20- year period. The same study reports that 
mortality was associated with syndromic cases and neurological 
anomalies.24 Another study by Costa et al reported a mortality 
of 16.6% in 181 infants admitted to a neonatal intensive care 

Table 2 Pooled survival estimates at selected age groups up to 10 
years of age for children born with Pierre Robin sequence (n=463), 
1995–2014

Age Deaths (n)
Survival 
(%) 95% CI

1 week 1 99.7 99.2 to 100

4 weeks 7 98.8 97.6 to 100

1 year 21 96.0 93.5 to 98.5

5 years 26 95.3 92.9 to 97.7

10 years 26 95.1 92.7 to 97.7

10- year conditional on surviving to 4 
weeks

19 96.3 93.5 to 97.9

Table 3 Percentage hospitalised, percentage with a long hospital stay (≥10 days) and median length of stay (LOS) per year of children with Pierre 
Robin sequence (n=306), by age, 1995–2014

Age (years)

Children with any hospitalisation Children with a LOS over 10 days* Median LOS

n % 95% CI n % 95% CI Days 95% CI

<1 293 99.2 95.0 to 99.9 127 66.2 51.8 to 77.1 21.4 15.6 to 27.2

1–4 213 76.7 64.3 to 85.2 12 13.1 1.0 to 41.1 1.0 0.7 to 1.3

5–9 90 58.3 44.7 to 69.7 0 0.3 0.2 to 0.5

*Only children born at ≥37 weeks of gestation were included. Information on gestational age was not available from the Northern Netherlands, and their data were therefore 
excluded.
LOS, length of stay.
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unit (NICU),25 a higher mortality in cases with associated anom-
alies and no deaths in isolated cases. The proportion of isolated 
cases observed in their study was lower than that observed in 
EUROCAT registries,3 indicating that perhaps the healthier 
children with isolated PRS were not admitted to the NICU and 
hence were not included in the study.

Hospitalisation
Almost all children with PRS were admitted to the hospital 
within the first year of life. The 0.8% without a hospital admis-
sion may have died shortly after birth and/or were not linked to 
the hospital databases. Hospital admissions reduced with age, 
but 60% of the children had at least one hospital admission at 
age 5–9 years with a much shorter median LOS compared with 
children admitted in the first year of life. The number of hospi-
talisations of children with PRS exceeded those for all children 
with any CA at all ages.

Stubenitsky et al reported that LOS was higher in children 
with respiratory disorders and feeding problems.26 A study by 
Lee et al on infants admitted to a tertiary referral centre with 

failure to thrive due to airway obstruction or feeding difficul-
ties reported an average primary LOS of 64 days.8 The widely 
different results between our study and the Lee study can be 
explained by the facts that the mean is calculated (rather than 
the median) and our cohort was population- based, including all 
children with PRS, not just those admitted to a tertiary centre.

Surgery
Several studies have found that about 70% of children with PRS 
were successfully managed conservatively by use of appropriate 
positioning, without the need for early surgical treatment for 
airway obstruction.5 7 27 Surgical treatment is needed for infants 
with moderate or severe airway obstruction who do not respond 
positively to positioning or other non- surgical treatments.5 6 In 
our cohort, we observed that 67.6% of the children underwent 
surgery in the first year of life. Not all these children had surgery 
for airway obstruction as some children may have had surgery for 
closure of a cleft palate, which occurs in about 90% of children 
with PRS.3 There is no clear consensus about the optimal age 
for surgery for cleft palate, as early surgery may have a negative 
impact of the maxilla, and late surgery may be associated with 
speech delays and difficulties.28 29 Overall, 99% of the children 
in our study underwent surgery at least once before the age of 5 
years and 61.1% after the first year. This proportion presumably 
included many operations for cleft palate.

Severe airway obstruction is associated with failure to thrive 
in children with PRS. Children with severe feeding difficulties 
who have failed to respond to conservative measures sometimes 
need the placement of gastrostomy tubes.30 This procedure is 
less frequently used in isolated PRS.31 In our cohort, a gastros-
tomy was needed for 5.6% of children with PRS.

Figure 1 Percentage hospitalised for children with PRS, children with any CA and children without a CA (‘reference’), by age, 1995–2014. CA, 
congenital anomaly; PRS, Pierre Robin sequence.

Table 4 Proportion of children with Pierre Robin sequence (n=261) 
undergoing surgery by age, 1995–2014*

Age (years)
Children undergoing 
surgery (n)

Children undergoing 
surgery (%) 95% CI

<1 174 67.6 46.6 to 81.8

1–4 147 61.1 43.6 to 74.7

0–4 205 99.2 94.4 to 99.9

*Data from Northern Netherlands were not available.
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About 23% of the children were admitted to ICU and 14% 
needed a ventilator within the first 5 years. These children may 
represent the proportion of patients with major respiratory 
complications. These proportions are likely to be underesti-
mated as there were some difficulties in defining the treatment 
codes used for the registration in the hospital databases. Further-
more, we did not have information about home mechanical 
ventilation. We are not aware of other studies that investigated 
ICU admissions or mechanical ventilation use.

Effective and timely clinical management, including an appro-
priate surgical treatment, is fundamental to ensure an adequate 
level of quality of life especially during childhood and adoles-
cence.6 32

Strengths
The main strength of this study is the population- based setting, 
which allows the inclusion of all children born with PRS and not 
only children referred to tertiary care centres as considered in 
many existing studies. Additionally, information on children with 
PRS were collected and validated by EUROCAT registries which 
have high levels of case ascertainment and use standardised defi-
nitions and coding of CAs to ensure consistency across Europe.

Limitations
A limitation of the study is that isolated cases and associated 
cases of PRS could not be analysed separately due to the very 
small sample size in most of the registries. For the same reason, 
analyses by different time periods could not be performed.

Another limitation is that failure of linkage, occurring when 
an individual fails to be matched with the records in the health-
care databases or is matched to the wrong record, could have 
produced bias in some outcomes. However, linkage failure is 
most likely to occur in the first days of life before the newborns 
have their permanent name or identification number.13 As chil-
dren with PRS have a high survival rate in the first days of life, 
the impact of this limitation is likely to have been minimal.

CONCLUSIONS
Our study showed that the 10- year survival rate for children 
with PRS in Europe was more than 95%. However, these chil-
dren have high morbidity, long hospital stays in the first year 
require surgery before 5 years of age. About 1 in 5 of the chil-
dren have at least one admission to intensive care; 1 in 10 will 
need mechanical ventilation at least once; and 1 in 20 will need 
surgery for a permanent feeding tube. All these challenges carry 
inherent risks of complications and are a major burden for the 
child and the family. Efforts must be done to support these fami-
lies throughout these children’s childhood.
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