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Abstract

Objective: To reflect upon our non-surgical respiratory management by evaluating clinical outcomes regarding airway, feeding, and
growth during the first year of life in patients with Robin Sequence.

Design: Prospective study.

Setting: Sophia Children’s Hospital, Rotterdam, the Netherlands.

Patients/ Participants: 36 patients with Robin Sequence who were treated between 2011 and 2021.
Interventions: Positional therapy and respiratory support.

Main Outcome Measure(s): Data on respiratory outcomes included polysomnography characteristics and capillary blood gas values.
Feeding outcomes were based on the requirement of additional tube feeding. Outcomes on growth were expressed as standard-
deviation-scores (SDS) for weight-for-age (WFA) and height-for-age (HFA).

Results: Twenty patients were treated with positional therapy (PT), whilst the other 16 patients required respiratory support.
Twenty-two patients presented with non-isolated Robin Sequence (RS). During the first year of life, obstructive apnea hypopnea
index decreased, oxygen levels enhanced, and capillary blood gas values improved. Eighty-six percent (31/36) experienced feeding
difficulties, which completely resolved in 71% (22/31) during their first year of life. From start treatment, to stop treatment, to
the age of | year, the SDS WFA worsened from —0.40 to —0.33 to —1.03, respectively.

Conclusions: Non-surgical respiratory treatment resulted in an improvement of respiratory outcomes to near normal during the
first year of life in patients with RS. These patients often experience feeding difficulties and endure impaired weight gain up to |
year of age, despite near normalization of breathing. The high prevalence of feeding difficulties and impaired weight for age indi-
cate the urgency for early recognition and adequate treatment to support optimal growth.
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Introduction

Robin Sequence (RS) is a rare congenital craniofacial abnormality
that occurs in around 1/5600 live births." It is characterized by a
typical triad of symptoms, including mandibular hypoplasia
(MH), glossoptosis, and tongue-based upper airway obstruction
(UAO) (2). In 90% of the cases, a cleft palate (CP) is present.>”
RS may occur as an isolated entity, but the majority of patients pre-
sents with other anomalies or a syndrome (non-isolated RS), with
over 40 syndromes described being associated with RS.*> Besides
the genotypic heterogeneity in RS, there is also a wide variability in
clinical presentation.® Closely related to UAO are feeding difficul-
ties (FD), with or without concomitant swallowing difficulties,
which are present in around 80% of the patients.” Besides poor
feeding skills due to anatomical abnormalities (MH, glossoptosis,
CP) and/or (immature or permanent) disturbed swallowing mecha-
nisms, gastro-oesophageal reflux, regurgitation, and vomiting are
also highly prevalent in these patients, which further complicates
adequate intake.® In combination with the increased energy expen-
diture to work against an obstructed airway, additional tube feeding
is often required to prevent malnutrition and delayed growth.”
Timely recognition and adequate treatment of the respiratory diffi-
culties and feeding problems is essential to prevent serious comor-
bidities including failure to thrive, cardiovascular problems,
increased risk of psychological problems, and in extreme cases
sudden death, with mortality rates up to 20%."*'8

In literature, various treatment strategies to treat the UAO
have been described, ranging from positional therapy to
more invasive, surgical intervention. 2! Although several
management algorithms have been proposed, there is currently
no widely accepted treatment protocol.>*> Hence, the manage-
ment of children with RS remains controversial and treatment
protocols vary per center, depending on the institution’s
preferences.

Despite growing attention to RS, most studies only evaluated
outcomes after surgical management for UAO, whilst studies that
report on objective outcomes after non-surgical treatment are cur-
rently limited.?*** Furthermore, although feeding and growth are
suggested to be important issues in patients with RS due to the
high prevalence and serious complications when left untreated,
feeding and growth outcomes following (non-surgical) treatment
are scarce. Therefore, we feel that these functionalities should be
taken into account when describing treatment outcomes. The aim
of this study was to reflect upon our non-surgical respiratory treat-
ment protocol by prospectively evaluating clinical outcomes
regarding airway, feeding, and growth during the first year of
life in patients with RS.

Materials and Methods

A prospective longitudinal study was conducted on children diag-
nosed with RS who were treated between 2011 and 2021 in the
Sophia Children’s Hospital, Rotterdam, the Netherlands. The
study was approved by the by the medical ethical committee of
the Erasmus Medical Center (MEC-2012-048 & MEC-2017-126).
Patients were considered eligible for inclusion if they were (1)

diagnosed with both isolated and non-isolated RS, defined as the
presence of clinical mandibular hypoplasia, clinical glossoptosis,
and the presence of UAO, objectified by a polysomnography
(PSG) and/or pulse oximetry; (2) treated during their first 3
months of life in our hospital; (3) had a follow-up in our center
up to at least 1 year of age; and (4) both parents of patients with
RS had given written informed consent. Patients were excluded
from further analysis if they received any surgical treatment like
placement of a tracheal cannula or mandibular distraction
osteogenesis.

Outcome Measures

The following demographic data were gathered: date of birth, ges-
tational age (GA) at birth, sex, presence of a cleft palate, presence
of a genetic syndrome (clinically or genetically confirmed), and
the presence of additional comorbidities. All level 1 PSG’s that
were performed throughout infancy in our center were gathered.
With level 1 PSG, the following parameters were assessed:
nasal airflow, chest and abdominal movement, capillary blood
gas samples (eg, CO,, HCOs-, Base Excess), SpO, using pulse
oximetry, transcutaneous CO,, a full-night video recording, an
electrocardiogram (ECG), and an electroencephalogram (EEG).
PSG’s at time of initiation of treatment (PSG1), at time of discon-
tinuation of treatment (PSG2), and at the age of 1 year (PSG3)
were included for final analysis. In case of the occurrence of a
cleft palate, the latter was often performed with a removable
custom-made orthodontic plate that simulates palatal closure,
around the age of 1 year, prior to palatal closure.

All PSG’s were analyzed using Shell+ BrainRT Software
(Suite Version 2.0; O.S.G. Rumst, Belgium) and scored according
to the guidelines of the American Academy of Sleep Medicine.”
Based on the combination of clinical observation, PSG character-
istics, and nocturnal capillary blood gas values, severity of UAO
was assessed and management strategies were settled by the mul-
tidisciplinary team. PSG characteristics included obstructive
apnea hypopnea index (0AHI) values, mean oxygen saturation,
maximal desaturation (oxygen saturation nadir), oxygen desatura-
tion index >4% (ODI>4%). Nocturnal capillary blood gas values
included pCO,, HCOs-, and Base Excess (BE).

Based on the ethical principle to start with the least invasive but
most effective intervention, neonates with mild-to moderate UAO
were indicated for non-surgical management. Non-surgical treat-
ment options included positional therapy (prone and/or side posi-
tioning) (PT) or respiratory support, including supplemental
oxygen, placement of a nasopharyngeal airway (NPA) with or
without supplemental oxygen, non-invasive ventilation (NIV), con-
tinuous positive airway pressure (CPAP), and high flow nasal
cannula (HFNC). Patients who were treated with PT were sent
home (after the PSG) with home pulse oximetry monitoring. In
case an NPA was used, patients remained admitted throughout
the entire period of treatment. The largest size of the NPA
(Smiths Medical Siliconised PVC, Oral/Nasal Uncuffed Tracheal
Tube ®) that could be inserted without resistance was used. Via
fiberoptic laryngoscopy, at first insertion, depth was checked and
adjusted when needed.”
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If needed, supplemental oxygen, CPAP or NIV was initiated
in our hospital. Patients were discharged if they were clinically
stable and parents were trained to safely carry out the treatment
(oxygen, CPAP or NIV). In the Netherlands, at the time of our
study, it was not possible to administer HFNC at home.
Throughout treatment with HFNC patients remained admitted.

In patients treated with respiratory support, severity of UAO
was re-evaluated by clinical assessment and a PSG after 6
weeks-3 months and, if indicated, a change in treatment was
considered. In patients treated with PT, reevaluation by a
PSG was only performed on clinical indication. Neonates
born with severe UAO were intubated directly after birth.
Based on prenatal findings (if present), clinical assessment,
severity of respiratory distress (capillary blood gas values
and if performed an oAHI and/or a naso-endoscopy), and/or
intubation conditions, a decision was made to either place a tra-
cheostomy tube or to leave the patient intubated and, if possi-
ble, extubate on trial after 1 week.

Data on type and duration of initial airway management,
subsequent airway management, and subsequent airway-
related interventions was collected. Information regarding
airway related severe adverse events or complications was
gathered. The age at time of cleft palate closure was reported.
Patients who were only shortly (<3days) treated with respira-
tory support after birth due to transitional problems of the
newborn (e.g. wet lung) were included in the PT-group.

Feeding outcomes were classified according to the classifica-
tion system of Caron et al., based on the ability to be orally fed.”
“No-mild” FD were diagnosed if patients were able to be fully
orally fed. FD were diagnosed as “moderate” if patients were
able to be orally fed but required tube feeding for adequate
intake. FD were diagnosed as “severe” if patients were fully
tube feeding-dependent. If present, type and duration of tube
feeding were reported. Judged by the specialized speech and lan-
guage therapist (SSLT), dietician and clinician (multidisciplinary
team), patients were fed by mouth whenpossible. In our center,
we aim to emulate an individualized approach. Accordingly,
based on the outcomes of several examinations of the multidisci-
plinary team (including an SSLT and dietician), the probability of
long-term FD (especially swallowing difficulties) is estimated.
Based on that estimation, a decision is made whether or not to
place a PEG-tube.

Individual weights and heights were gathered and evaluated
using growth charts. Heights and weights were expressed in
standard deviation scores (SDS) for weight-for-age (WFA),
and height-for-age (HFA), compared to the published stan-
dards of the Dutch reference population. Acute malnutrition
was defined as WFA <-2SDS. Chronic malnutrition was
defined as HFA < —2SDS from the age of 1 year onwards.?”**

Statistical Analysis

Statistical analysis was performed using SPSS statistics version
28.0 for Windows (IBM Corp., Armonk, N.Y., USA). For
counts, descriptive statistics were illustrated as numbers with per-
centages. Numeric data were reported as means with standard

deviations (+SD) for normally distributed data or as medians
with interquartile ranges (IQR) for non-normally distributed
data. To examine outcomes prior and after treatment within indi-
vidual patients, a paired T-test was performed for normally dis-
tributed data or a Wilcoxon signed rank test for non-normally
distributed data. To compare patients treated with PT versus
patients treated with respiratory support and to compare isolated
patients with RS versus non-isolated patients with RS, an inde-
pendent T-test was performed for normally distributed data or a
Mann Whitney U-test for non-normally distributed data.
P-values lower than 0.05 were considered as statistically
significant.

Results

A total of 64 patients were diagnosed with RS between 2011 and
2021 in our center and considered for inclusion. Twelve patients
were excluded because they presented after their first 3 months of
life in our hospital, of whom six were surgically treated (all tra-
cheostomy), one received CPAP, two required an NPA and
three were treated with positional therapy. Four patients were
deceased before informed consent could be obtained and five
parents did not give informed consent. Parents of 43 children
gave informed consent and their children were therefore included
in the longitudinal study. Two patients were excluded from
further analysis because they were referred to another center
during the first year of life, of which one was treated with posi-
tional therapy and one was treated with an NPA. Another five
patients received surgical treatment (tracheostomy n=>5) during
their first year of life and were subsequently excluded for
further analysis.

RS patients treated in
between 2011-2021

n=64

Treated elsewhere during
the first 3 months of life

Died before informed =

n=12

consent could be
obtained

n=4 Parents did not give

informed consent
n=5

Loss to follow up <1 year
of age

n=2

Surgical treatment in first Non-surgical treatment
year of life in first year of life

n=5 n=36

Figure |. Flow chart of inclusion and exclusion of patients.
Abbreviations: RS, robin sequence; EMC, Erasmus Medical Center.
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A total of 36 patients was included in final analysis
(Figure 1). Twenty-three (64%) out of 36 patients were
male. Thirty (83%) patients presented with a cleft palate,
whilst 22 (61%) patients presented with non-isolated
RS of whom 10 presented with a syndromic diagnosis
(Stickler n=6; 22qlldeletion syndrome n=1; 19ql3
microdeletion syndrome n=1; Anderson Tawil syndrome
n=1, Trisomy 9 n=1). The other 12 patients presented
with additional comorbidities (RS-plus), including cardiac
abnormalities, neurological dysregulation, limb abnormali-
ties, and other craniofacial abnormalities (eg, ear abnor-
malities, skin tags, ocular abnormalities). One patient
died at the age of 5 months at home due to respiratory
problems.

Respiratory Outcomes

Twenty out of 36 patients were treated with positional therapy,
of whom three patients shortly received respiratory support
during their first 2-4 days of life because of transitional respi-
ratory problems of the newborn. The other 16 patients (non-
isolated RS n=12) were treated with respiratory support, of
whom 11 patients required an NPA with subsequently other
types of respiratory support prior (n=35), during (n=>5), or
after (n=1) NPA treatment. The latter required low flow sup-
plemental oxygen after NPA for an additional five days. No
patients were discharged with respiratory support. Four out
of 16 patients were intubated for a maximum of 8 days, and
subsequently received other types of respiratory support.
Fifteen patients started with treatment at their day of birth.

5 6 7 8 9 10 11 12
T T NN N (NN NN SN NN (R NN T |

Non-isolated RS
N
o

E = Intubation

= Low Flow NC
[E] = High Flow NC
= Oxygen Sup.

= Nasal Pharyngeal airway

= Non Invasive Ventillation

© =cpap
= Prone Positioning

A
o

®
3

Isolated RS

=N W A 0O N

Study participants —»

Age (mo.) —=»

T T T T I I U 1 1 I I I
9 10 11 12

Figure 2. Overview of respiratory management during the first year of life.
Age is represented in months (mo.). Abbreviations: NC, nasal cannula; CPAP, continuous positive airway pressure.



van der Plas et al 5
Table 1. oAHI Values and Capillary Blood Gas Values Over Time.
PSG | vs 2 PSG | vs 3 PSG 2 vs 3
n=16 P-value n=28 P-value n=15 P-value
oAHI 8.24 (4.50-15.61) <.001 6.42(4.06-10.47) <.001 1.28 (0.60-2.82) .006
vs vs vs
1.35 (0.72-2.99) 0.49 (0.12-0.92) 0.50 (0.23-0.90)
MeanSpO2 96.00 (94.33-96.90) .007 96.15 (94.30-97.15) .056 98.00 (97.00-98.30) .280
vs vs vs
98.05(97.05-98.45) 97.35 (96.00-98.00) 97.30 (96.00-98.30)
O2nadir 78.00 (71.50-82.30) .002 80.00 (76.00-83.00) <.001 85.00 (79.00-87.00) 118
vs vs vs
85.50 (83.25-87.00) 89.00 (86.03-92.75) 87.00 (85.00-93.00)
ODI4% 14.00 (5.30-28.00) .078 9.70 (5.78-22.68) <.001 5.40 (2.30-10.40) 363
vs vs vs
5.40 (2.30-10.40)* 2.05 (1.00-8.48) 4.00 (1.00-9.20)
pH 7.36 (7.32-7.36) .059 7.36 (7.32-7.36) <.001 7.37 (7.36-7.38) 725
vs vs vs
7.37 (7.36-7.38)° 7.38 (7.36-7.39) 7.38 (7.36-7.39)°
pCO2 7.50 (6.90-8.00) .002 7.15 (6.63-8.00) <.001 6.25 (5.78-6.90) .059
vs vs vs
6.10 (5.70-6.80)* 5.50 (5.10-5.88) 5.80 (5.48-6.03)¢
HCO3- 30.40 (28.00-32.00) .005 28.90 (27.70-31.40) <.001 27.40 (24.95-28.40) .009
vs vs vs
26.40 (24.80-28.10)* 23.90 (22.70-25.40)b 24.55 (23.85-25.60)°
BE 3.00 (1.00-5.00) .063 3.00 (1.00-4.00) <.001 1.00 (0.00-2.25) 019

Vs
1.00 (0.00-2.00)°

Vs
~1.00 (~2.00-0.00)

Vs
~0.50 (~2.00-1.00)¢

Abbreviations: PSG, polysomnography; oAHI, obstructive apnea hypopnea index; Mean SpO2, mean oxygen saturation in blood(%); Nadir SpO2, lowest oxygen
saturation in blood(%); ODI, Oxygen Desaturation Index; pH, acidity of blood; pCO2, carbon dioxide concentration in blood HCO3-, actual bicarbonate

concentration in blood; BE, Base Excess.

All variables are expressed in median (interquartile range (IQR)).
|5 patients involved in final analysis.

P27 patients involved in final analysis.

€14 patients involved in final analysis.

Median age at time of start treatment was 1.5 (IQR 0.0 - 12.0)
days. Median duration of all treatment was 3.1 (IQR 2.2 - 4.3)
months. Median duration of respiratory support was 2.4 (IQR
0.6 - 3.1) months, with a median duration of 1.5 (IQR 0.3 - 2.3)
months for NPA specifically. Median duration of PT was 3.8
(IQR 2.8 - 6.6) months. Individual treatment pathways are
depicted in Figure 2.

At time of start treatment, median oAHI of all patients (n=31)
was 7.0 (IQR 4.3-12.2). At time of stop treatment (n = 20), median
oAHI was 1.1 (IQR 0.5-2.7). At the age of 1 year (n = 30), median
oAHI was 0.5 (IQR 0.1-0.9). Median oAHI values were signifi-
cantly different at each time interval, respectively PSG1 vs
PSG2 P<.001; PSG1 vs PSG3 P<.001; PSG2 vs PSG3 P=
.006. All capillary blood gas values improved over time and
returned to a value within the range of the normal reference pop-
ulation at time of PSG3, except for HCO3- (Table 1 and Figure 3).

Prior to treatment (PSG1), significant differences were
found in mean oxygen saturation and oxygen saturation nadir
between patients treated with PT and patients treated with respi-
ratory support (P =.048; P=.005, respectively). No significant
differences were found in age, oAHI values, and values of
ODI, pH, pCO2, HCO3-, and BE between both groups. At

time of stop treatment (PSG2), no significant differences were
found between both groups in 0AHI values or any of the capillary
blood gas values. At the age of 1 year (PSG3), significant differ-
ences were found between isolated and non-isolated patients with
RS regarding mean oxygen saturation, oxygen saturation nadir,
and ODI>4% (P=.028; P=.002; P=.017, respectively). No
significant differences were found for: age, oAHI values, or any
of the capillary blood gas values (Table 2).

Feeding Outcomes

A total of 31 (86%) patients required tube feeding during their
first year of life. The other 5 patients, all treated with PT, were
able to be fully orally fed (no-mild FD). All 31 patients were
initially fed via a nasogastric (NG-) tube, of whom 26 were
solely fed by an NG-tube. Five patients required additional
feeding mechanisms following the NG-tube: four patients
received a PEG-tube, in whom one the PEG was replaced by
a jejunostomy. In the fifth patient, the NG-tube was replaced
by a transpyloric tube. During the first year of life, 23 out of
31 patients with FD demonstrated improved feeding abilities
whilst the other eight patients did not improve at all. All five
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NadirSp02

Figure 3. A-H - Change of oAHI and capillary blood gas values over time.

Abbreviations: oAHI, obstructive apnea hypopnea index; Mean SpO2, mean oxygen saturation in blood (%); Nadir SpO2, lowest oxygen sat-
uration in blood (%); ODI, Oxygen Desaturation Index; pH, acidity of blood; pCO2, carbon dioxide concentration in blood; HCO3-, actual
bicarbonate concentration in blood; BE, Base Excess.

All variables are expressed in median.

patients with no-mild FD remained able to be fully orally fed. 3; severe FD n=6), of whom 7 were treated with respiratory
At 1 year of age, 27 patients were able to be fully orally fed  support. Eight out of 9 patients who had persisting FD at the
(no-mild FD) and 9 patients still had FD (moderate FD n=  age of 1 year, presented with non-isolated RS. Thirty-five
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Table 2. Polysomnographic Results Prior to Treatment, After Treatment and at the Age of | Year.

PSGI PSG2 PSG 3
Positional Respiratory Respiratory Respiratory
therapy support Positional therapy support Positional therapy support
(n=19) (n=12) (n=7) (n=13) (n=18) (n=12)
Age (days) 12,.00 26.00 124.00 106.00 295.00 370.50
(7.00-18.00) (9.00-71.50) (117.00-198.00)* (53.50-126.00)* (280.00-429.25) (326.50-431.75)
oAHI 6.00 10.03 1.28 1.10 0.51 0.60
(4.00-10.08) (6.07-17.08) (0.60-1.53) (0.42-3.14) (0.12-0.91) (0.11-2.51)
Mean SpO2 (%) 96.60 94.95 98.00 98.10 97.15 97.75
(95.50-97.20)* (93.63-96.30)* (96.50-98.50) (96.50-98.50) (95.75-98.00) (96.00-98.30)
Nadir SpO2 82.00 76.00 86.40 85.00 89.00 89.15
(%) (78.00-83.20)* (68.85-78.75)* (79.00-89.20) (81.00-87.00) (86.40-91.00) (80.25-93.75)
ODI < 4% 9.40 15.90 4.20 6.60 2.40 2.15
(5.20-22.80) (8.38-33.03) (3.05-7.48)° (2.70-14.00) (1.10-7.23) (0.63-9.55)
pH 7.36 7.33 7.38 7.37 7.38 7.37
(7.35-7.37) (7.31-7.36) (7.34-7.43)° (7.36-7.38) (7.36-7.40) (7.36-7.39)
pCO2 6.90 7.85 6.25 6.10 5.50 5.80
(6.60-7.30) (6.50-8.20) (5.28-6.90)° (5.80-7.05) (5.10-5.73) (5.28-6.08)
HCO3- 28.30 31.05 27.40 25.90 23.00 24.55
(27.70-30.40) (27.55-32.45) (24.75-28.13)° (25.00-29.50) (22.70-24.90)° (23.75-25.83)
BE 2.00 3.00 1.00 1.00 —-1.00 -0.50
(1.00-4.00) (1.25-4.75) (0.75-2.00)° (-0.50-3.00) (—2.00-0.75) (—1.00-0.75)
Isolated RS Non-isolated RS Isolated RS Non-isolated RS Isolated RS Non-isolated RS
n=14 n=17 n=7 n=13 n=14 n=16
Age (days) 12.00 20.00 108.00 117.00 303.50 349.50
(7.50-15.25) (7.50-59.50) (61.00-124.00) (54.50-151.00) (280.00-431.00) (293.50-431.75)
oAHI 6.29 7.56 1.08 1.28 0.23 0.75
(2.38-10.21) (5.25-15.35) (0.44-1.53) (0.30-3.14) (0.11-0.83) (0.35-1.90)
Mean SpO2 (%) 96.45 96.00 98.10 98.00 97.90° 96.00°
(95.20-97.23) (94.00-97.10) (96.50-98.60) (96.40-98.45) (97.00-98.33) (95.25-97.88)
Nadir SpO2 78.50 80.00 86.00 84.00 91.50° 86.50°
(%) (72.50-82.53) (74.00-83.00) (79.00-97.00) (81.00-87.50) (88.50-93.25) (80.25-89.00)
ODI < 4% 11.70 11.00 4.00 6.95 1.50° 5.55%
(4.75-23.73) (8.25-26.20) (2.00-5.40) (3.80-15.30) (0.28-3.85) (1.80-11.38)
pH 7.36 7.34 7.37° 7.38 7.37 7.38
(7.35-7.37) (7.32-7.36) (7.36-7.38) (7.35-7.39) (7.36-7.39) (7.37-7.39)
pCO2 7.00 7.20 6.05° 6.40 5.45 5.60
(6.48-7.78) (6.70-8.05) (5.70-6.58) (5.75-7.20) (5.10-5.83) (5.13-6.05)
HCO3- 29.30 28.90 26.40° 26.40 23.45 25.00°
(27.30-31.33) (27.85-32.00) (24.65-28.10) (25.00-29.50) (22.70-24.43) (22.90-25.90)
BE 2.50 3.00 0.50° 1.00 —1.00 —-0.50
(1.00-4.00) (1.00-4.00) (—0.25-2.00) (0.00-3.00) (—2.00-—1.00) (—2.00-1.75)

Abbreviations: PSG, polysomnography; oAHI, obstructive apnea hypopnea index; Mean SpO2, mean oxygen saturation in blood (%); Nadir SpO2, lowest oxygen
saturation in blood (%); ODI, Oxygen Desaturation Index; pH, acidity of blood; pCO2, carbon dioxide concentration in blood HCO3-, actual bicarbonate
concentration in blood; BE, Base Excess; isolated RS, patients with isolated Robin Sequence; non-isolated RS, patients with non-isolated Robin Sequence.

Respiratory support, including supplemental oxygen (O2), placement of a nasopharyngeal airway (NPA), non-invasive ventilation (NIV), continuous positive airway
pressure (CPAP), and low flow nasal cannula (LFNC) or high flow nasal cannula (HFNC) with O2.

All variables are expressed in median (interquartile range (IQR).

*Significantly different (P <.005).
POf only 6 patients data was available on capillary blood gas values and therefore included in analysis.
“In one patient HCO3- level was not available and therefore a total of 17 patients wasincluded in final analysis.

patients were guided by an SSLT (inside our center n=28;
outside our center n=7). Sixteen out of 36 patients (44%)
were consulted by a dietician. Nineteen patients (53%)
received feeding with extra calories and/or extra protein.

Growth Outcomes

Four patients were born prematurely (GA, range 33+1 - 36+5
weeks, median birthweight 2002 (IQR 1825 - 2896) gram).
Thirty-two patients were born term (median GA 39+6 (IQR:
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Table 3. Growth Outcomes in Isolated Patients with RS vs. Non-Isolated Patients with RS.

Respiratory

Isolated RS Non-isolated RS Positional therapy support Total
Group Variable n=14 n=22 P-value n=20 n=16 P-value n=36
Birth weight (kg) 3.252 3.140 267 3.302 3.113 .053 3.168
(3.074-3.489) (2.333-3.613) (3.057-3.897) (2.407-3.359) (2.980-3.543)
Start treatment n=14 n=22 n=20 n=16 n=36
—-0.286 —0.495 —0.044 -0.915 —-0.398
SDS WFA (—0.929-0.194) (—1.381-0.383) 642 (—0.471-0.792) (—1.608-0.163) .003 (—1.159-0.264)
Stop treatment n=13 n=22 n=19 n=16 n=35
—1.123 -1.027 -0.297 —-0.802 —-0.330
SDS WFA (—0.610-0.192) (—2.252-0.167) .057 (—1.516-0.147) (—2.399-0.251) .806 (—1.555-0.174)
Growth (g) per 163.000 144.450 142.500 168.550 152.700
week (137.150-192.500) (110.150-172.700) .229  (125.000-163.200) (113.850-207.925)  .182  (120.600-182.600)
Atage | y n=12 n=20 n=18 n=14 n=32
8.800 8.480 8.770 8.900 8.770
Weight (kg) (8.535-9.425) (7.543-9.601) 408 (8.053-9.004) (7.846-10.314) 722 (7.831-9.500)
—0.883 —1.165 —1.109 —0.980 —-1.030
SDS WFA (—1.273-0.065) (—2.628--0.289) .107 (—1.555--0.128) (—2.475-0.067) .866 (—1.669-—0.141)
Growth (g) per 80.100 85.400 76.550 94.050 83.150
week® (58.775-94.150)  (66.700-111.125)  .146 (61.475-95.875) (72.900-114.050) .091 (65.200-101.050)
75.050 73.000 74.100 73.000 73.550
Length (cm)® (71.825-77.200) (69.575-75.750) .397 (71.050-77.400) (70.150-76.500) .869 (71.075-77.000)
—0.359 —0.854 —0.604 —0.946 -0.714
SDS HFA® (—1.074-0.264) (—1.482-0.331) .350 (—1.244-0.282) (—1.450-0.016) 432 (—1.377-0.264)

Abbreviations: SDS, Standard Deviation Score; WFA, Weight for Age; HFA, Height for Age; isolated RS, patients with isolated Robin Sequence; non-isolated RS,

patients with non-isolated Robin Sequence.
All variables are expressed in median (interquartile range (IQR).
?Growth per week after treatment until age of | year.

®In only 10 isolated patients with RS and 20 non-isolated patients with RS, length at the age of | year was available, leading to a total of 30 patients with RS included

for analysis.

“In only 17 patients with RS treated with PP and |3 patients with RS treated with respiratory support, length at the age of | year was available, leading to a total of 30

patients with RS included for analysis.

3842 - 40+3 weeks), median birthweight 3249 (IQR 3051 -
3697) gram). At time of start treatment, corrected for gesta-
tional age and sex, median SDS WFA was —0.40 (IQR
—1.16 - 0.26) and was significantly lower in patients who
received respiratory support compared to those treated with
PT (P=.003). Four patients presented with acute malnutrition
(WFA <—-28D) at time of start treatment. During treatment, the
median growth rate was 153 (IQR 121 - 183) gram per week.
At time of stop treatment, median SDS WFA was —0.33 (IQR
—1.56 - 0.17). Seven patients (all non-isolated RS) were still mal-
nourished (WFA <—-2SDS). The median increase of weight after
treatment until the age of 1 year was 83 (IQR 65 - 101) gram per
week. At the age of 1 year, the median SDS for WFA was —1.03
(IQR —1.66 - —0.14) and median SDS for HFA was —0.71 (IQR
—1.37 - 0.26). At 1 year follow-up, malnutrition was present in 7
(19%) patients (non-isolated RS n = 6). Growth outcomes are pre-
sented in Table 3.

Discussion

In this prospective longitudinal study of 36 mildly-to moder-
ately affected patients with RS who were non-surgically
treated, the respiratory management in relation to feeding dis-
orders and growth was evaluated. Treatment consisted either of
positional therapy (PT) or respiratory support. This study
found a near complete improvement of UAO in both treated
groups during the first year of life. Median duration of treat-
ment of the respiratory support group was 2.4 months and in
the PT group 3.8 months. Although treatment of UAO was rel-
atively short, FD persisted in 25% of the patients whilst 20% of
the patients were still diagnosed with malnutrition at the age of
1 year.

In our center, therapeutic decisions in the management of
RS were based on clinical symptoms of UAO and results
from the polysomnography (PSG), which is the gold standard
to diagnose obstructive sleep apnea (OSA).***2° Nonetheless,
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defining severity of OSA, especially in young children, seems
to be challenging.?**° Until now, over 30 definitions have been
used in literature to define presence and severity of OSA in
children with RS.?* Solely relying on PSG values may be mis-
leading.*® Healthy young neonates and infants are predisposed
to UAO and hypoxemia due to an increased upper airway and
chest wall compliance and an immature breathing pattern and
therefore may also present with raised (0)AHI-values.**~°
Conversely, Tan & Kaditis recently stated that some children
may suffer from sleep disordered breathing, but can have a
(seemingly) normal PSG.>® Moreover, since paradoxal breath-
ing is very common in infants during REM sleep, differentiat-
ing between central and obstructive hypopneas can be
challenging, resulting in an incorrectly high (0)AHI-value.*
Lastly, timing of a PSG may be essential due to the fact that
during infancy, (0)AHI-values, ODI-values, and sleep archi-
tecture variables evolve over time.>* Due to the difficulties in
interpreting a PSG in young infants, together with the limited
reliability of the use of oAHI-values only, other clinical param-
eters and laboratory values should be taken into account to
decide about treatment.

Previous studies suggested the usefulness of nocturnal pulse
oximetry to assess severity of OSA in infants that present with
symptoms of respiratory distress, especially when a PSG is not
feasible to perform.>”~® Prior to treatment, our study found sig-
nificant lower mean oxygen saturations and more often a
lower deepest oxygen saturation drop in patients who required
respiratory support compared to those who were treated with
PT, reflecting the preference to start with PT in the patients
with milder consequences of obstructive breathing. This is
comparable to previous findings in a study of 55 infants with
RS, in which a higher clinical severity score (according to
Cole’s classification) was associated with a significantly
higher odds to have lower mean oxygen saturation and a
lower oxygen saturation nadir.*® Nonetheless, sensitivity of
pulse oximetry for OSA in patients with RS is still lower com-
pared to PSG outcomes.>” Since desaturations related to central
apnea are very common in (healthy) neonates, differentiating
central events from obstructive events is essential in judging
the severity of OSA. However, pulse oximetry data only pro-
vides information on duration and depth of desaturation, but
not of the initial cause, which may lead to an inaccurate inter-
pretation of the severity of respiratory distress.?*~*°

Besides pulse oximetry data, capillary blood gas values
can also provide quantifiable characteristics for the presence
and severity of respiratory distress in patients with RS.*0~4?
In combination with clinical signs of OSA, hypercapnia
(PaCO, > 50 mmHg), that is present for more than 25% of
total sleep time, is indicative for the presence of OSA.*?
Kwann et al. suggested that elevated capillary blood gas
values in the first weeks of life are associated with the
need for airway intervention in patients with RS.*?
Accordingly, although not significant, we found a lower
value for pH and higher levels for pCO2, HCO3-, and BE
in patients treated with respiratory support compared to
those treated with PT.

Concerning respiratory support in this study, different respi-
ratory modalities were used, of which the NPA is considered
the first choice of treatment. The median duration of NPA treat-
ment was 1.5 months, which seems to be comparable to other
studies that inserted an NPA.**~*" In our study, smaller groups
of patients were successfully treated with NIV, CPAP, LFNC
or HNFC. The median duration of total treatment of the respi-
ratory support group was 2.4 months and started at a mean age
of 8 days. This suggests that in some patients there seems to be
a ‘Honeymoon period”: during the first days in life, patients
seem to do quite well and signs of respiratory distress are not
experienced or clinically of such mild severity that they are
not recognized by parents or clinicians. However, after a
(short) postnatal period of respiratory stability, changes in
respiratory status occur and UAO is developed. A recent
study by Wilson et al. already reported on the potential for
late presentation of respiratory distress in patients with RS,
with an onset up to 51 days.*® Although it is possible that
UAO was already present in the early neonatal period, it
seems that respiratory distress can develop progressively
during the first weeks of life. Noteworthy, four out of 16
patients in the respiratory support group were intubated for a
maximum of 8 days. Thereafter, they were extubated on trial
and switched to other types of respiratory treatment.

Although not required for diagnosis, a high prevalence of
FD (83%) in patients with RS was found by this study.
Besides underlying diagnosis,**>* FD are closely associated
with the presence and severity of UAO.**>*7* At time of
first presentation, FD were present in all of our patients who
required additional respiratory support, whilst 75% of the
patients who were treated with PT required additional tube
feeding. These findings are in line with the results of a previous
study in which a significant difference was found in the need
for tube feeding between patients with RS with mild-moderate
UAO compared to those with severe UAO.>

Several studies suggest that treating UAO should result in
an improvement in feeding abilities.*>*>> In our study,
however, 25% of the patients still required tube feeding at
the age of 1 year, despite improvement of respiratory symp-
toms. Remarkably, all (except one) were patients
with non-isolated RS. These findings support the hypothesis
that FD are often multifactorial of cause (eg, underlying neuro-
logical deficits, swallowing problems) and that resolution of
UAO not necessarily implies that FD will be completely
dissolved.

Along with FD, patients with RS are at an increased risk of
enduring malnutrition and impaired growth.”**¢ At time of
start treatment, our patients with RS presented with a lower
SDS WFA compared to their healthy peers. In patients
treated with respiratory support, even a significantly lower
weight was found compared to patients treated with positional
therapy (P =.003). Interestingly, although SDS WFA at stop
treatment and at the age of 1 year remained lower in patients
treated with respiratory support compared to patients treated
with PT, this difference was not significant. An explanation
could be that improvement or resolution of UAO in the more
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severely affected patients results in a greater decrease of energy
requirements, subsequently leading to an acceleration of
weight gain.’’> Previous studies have found that sufficient
treatment of UAO in patients with RS results in catch up
growth after non-surgical treatment.>>>* In this study,
however, we found low SDS for WFA and HFA compared
to the healthy pediatric population at the age of 1 year,
which indicates a notable delay in growth, even after treatment
of the UAO.

Remarkably, we did not notice respiratory problems as a
cause of impaired growth at the age of 1 year. Even more,
this study found that 6 out of nine 9 patients that remained
tube feeding-dependent at the age of 1 year were malnourished
(SDS WFA<2 SDS), despite (additional) tube feeding.
Findings remain contrasting whether there is an inherit
growth deficit in patients with RS or that the low SDS WFA
and HFA are caused by underlying comorbidities, insufficient
intake secondary to the FD, or that other factors might interfere
with appropriate growth. In contrast to what many would
assume, we did not find significant differences in both SDS
WFA and SDS HFA between isolated and non-isolated
patients with RS.

Alarmingly, we found that the median SDS for WFA
declined 0.63 SDS during the first year of life and that the
median SDS for HFA at the age of 1 year was low (—0.71
SDS). The findings that in our study only a small majority of
patients (53%) received feeding with extra calories and/or
extra protein and that in less than half of our patients (44%)
a dietician was consulted were also worrisome. Given the
high prevalence of persisting FD and impaired growth, a mul-
tidisciplinary approach and the implementation of routine
nutritional assessment on standardized time points is needed
in the management of patients with RS.

Prospective longitudinal studies that focus on the FD and
long-term growth trajectories are required to delineate characteristics
that are associated with impaired feeding and growth outcomes.
Comparing functional outcomes of different non-surgical treatment
modalities would aid in optimizing management strategies.
Moreover, whilst our protocol is predominantly based on a non-
surgical approach, some studies advocate for early surgical interven-
tion since postponed surgery is claimed to be less effective in cases
that eventually require surgery®® 2. However, when reviewing our
results we can conclude that a large number of patients do not
require surgery for resolution of their respiratory distress. When
surgery is done on these patients, the successful outcome may be
unjustly attributed to the surgical intervention. Therefore, it would
be interesting to compare our outcomes to the outcomes of
centers that follow a more surgically-based protocol in relation
with long-term complications associated with (insufficiently
treated) UAO. Furthermore, by showing our findings, we attempt
to encourage other studies to continue in this field of research to
improve knowledge.

Some limitations have to be addressed. The small sample
size and the heterogeneity of the (non-isolated) patient population
might influence the generalizability of our results. Since not all
eligible patients were included in the current study, results

might have been influenced by selection bias. Furthermore, by
focusing on non-surgically treated patients, our cohort potentially
consists of patients with RS with a milder phenotype, making our
results less applicable for patients who for example require trache-
ostomy in early infancy. However, our study shows that even
in patients with mild-moderate UAO, severe problems regarding
growth and feeding occur. Finally, information bias poses a lim-
itation since some patients were also treated, besides they received
treatment in our center, in other centers. This may have resulted in
missing data or loss of information. Besides, not all information
(eg, information on clinical symptoms and timing of stop treat-
ment, especially of positional therapy) was consistently reported
and needed to be assessed from data available in the electronic
patient file.

Conclusions

Non-surgical respiratory treatment in patients with RS resulted
in an improvement of clinical symptoms, PSG characteristics,
and capillary blood gas values to near normal during the first
year of life. These patients with RS, however, often experi-
enced feeding difficulties and endured impaired weight gain
and height growth compared to their healthy peers up to 1
year of age. The persistent high prevalence of FD at the age
of 1 year and the ongoing decline in SDS WFA at 1 year
follow-up is alarming and indicates the urgency of a multidis-
ciplinary approach and the implementation of routine nutri-
tional assessment to support optimal growth. Future studies
should focus on FD and growth in relation with long-term out-
comes (>1 year) in these patients.
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