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Objective/background: Obstructive sleep apnea syndrome (OSA) is frequent in Pierre Robin sequence
(PRS) infants. Prone positioning (PP) is commonly recommended but has never been studied by poly-
somnography (PSG). This study aimed to evaluate the impact of the PP on sleep and breathing outcomes
measured by PSG.

Patients/methods: Retrospective study conducted between 2015 and 2017 in a tertiary hospital. A PSG
with pulse oximetry and transcutaneous carbon dioxide was performed in PRS infants in the supine
position (SP) and the PP. Sleep and breathing outcome measures were compared between SP and PP.
Results: Among the 18 PRS (mean + SD age: 44 + 26 days at evaluation), 11 had clinical manifestations of
OSA. All had severe OSA diagnosed on PSG. In the PP, infants had a significantly higher sleep efficiency
(median [IQR]: 83% [69—90]) than in the SP (70% [55—77], p = 0.04). During REM, there was a trend
towards lower OAHI in the PP (50/h [28—82] versus 61/h [40—103], p = 0.05). For 13, the PP was the best
sleep position (72%), and for four the SP was the best sleep position (22%; p < 0.01). The PP was sufficient
alone to decrease OSA index <10 events/hour in three infants.

Conclusion: Positioning infants in the PP led to an improvement of sleep quality and an incomplete
correction of OSAS in the vast majority of PRS infants. A nocturnal sleep recording seems to be indicated
systematically in the early evaluation of these young patients to choose the best therapeutic option for OSAS.

Clinical trial registration: Not applicable.

© 2018 Elsevier B.V. All rights reserved.

1. Introduction

Prone positioning (PP) is commonly recommended and used in
patients with Pierre Robin sequence (PRS) to treat obstructive sleep
apnea syndrome (OSAS) [1]. Although the clinical advantage of PP
on breathing outcome measures has been evaluated by a complete
exploration such as polysomnography (PSG) [1], there are no results
about the impact of PP on sleep characteristics. The incidence of PRS,
defined by the clinical triad of retrognathism, glossoptosis, and cleft
palate, is reported to be 1/8500 births in the United Kingdom [2] and
as little as 1/10,000 births in France [3]. Moreover, neonatal clinical
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manifestations are mainly related to upper airway obstruction and
swallowing disorders [3]. No data are available regarding the quality
of sleep as measured by PSG in PRS patients while it is the gold
standard for OSAS diagnosis [4], possibly owing to difficulties in
accessing this exam [1]. Clinical manifestations in PRS are of variable
severity [5—7]. Despite OSAS being one of the most frequent man-
ifestations in PRS [8], linked to multifactorial etiologies, a clinical
evaluation with specific screening alone may underestimate its
severity [6,7,9]. Because OSAS morbidity is associated with impaired
cognitive and behavioral development [10,11], as well as a predis-
position to pulmonary hypertension [12], an early diagnosis should
be a priority to establish appropriate management. There are several
physiological diagnostic tools to diagnose OSAS, such as PG or PSG,
combined with oximetry and transcutaneous carbon dioxide pres-
sure [4,13], but there is no international consensus as to their use
[1,6]. In infants, OSA is classified as mild (apnea-hypopnea index —
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Abbreviations

(AI) arousal index

(CAI) central apnea index
(IQR) interquartile range
(MAI) mixed apnea index
(NIV) non-invasive ventilation
(NPT) nasopharyngeal tube

(NREM1) non-rapid eye movement stage 1
(NREM2) non-rapid eye movement stage 2

(OAHI) obstructive apnea-hypopnea index
(OAI) obstructive apnea index
(OD3%)  oxygen desaturation index over 3%

(OD4%)  oxygen desaturation index over 4%
(OHI) obstructive hypopnea index

(0SA) obstructive sleep apnea

(OSAS) obstructive sleep apnea syndrome
(PP) prone positioning

(PRS) pierre Robin sequence

(PG) polygraphy

(PSG) polysomnography

(P(tcCO(2))) transcutaneous carbon dioxide pressure
(RAI) respiratory arousals index

(REM) rapid eye movement stage

(SP) supine position

(TST) total sleep time

AHI > 1-5 episodes/h), as moderate (AHI > 5—10 episodes/h) or
severe (AHI > 10 episodes/h) [14]. Once confirmed in PRS, OSAS
management, without consensus, is based on a combination of non-
surgical treatments (PP, non-invasive ventilation — NIV, or naso-
pharyngeal tube — NPT) and surgical treatments of glossoptosis and
cleft palate [6,15]. In current practice, for non-severe OSAS, PP will
be used in first-line therapy [1,16]. For severe OSAS, PP will be used
in first-line therapy, and NIV, NPT or surgery will be used in second-
line therapy. For very severe OSAS, NIV, NPT [6,15] or surgery will be
used in first-line therapy. The clinical and physiological benefits of
NIV for severe OSAS have been widely studied [5,8] whereas the
benefits of PP have not [1]. The aim of the present study was,
therefore, to assess the impact of PP, used in first-line therapy, on
both sleep and breathing quality as evaluated by PSG in infants with
PRS.

2. Material and methods
2.1. Study design

2.1.1. Patients

All infants aged <8 months with a PRS diagnosis who were
hospitalized in our university hospital, from January 2015 to
October 2017, were referred to our center for a complete sleep study
by PSG at the sleep unit of the Pediatric University Hospital of Lyon
(Hospices Civils de Lyon, France) and were included in this study.
Neonatologists, pediatric pulmonologists, ENTs or maxillofacial
surgeons who took care of a PRS infant sent the patient to the sleep
unit, where PSG was systematically performed, regardless of the
presence of clinical OSAS. It is our current practice to perform PSG
in patients with PRS. PRS infants were grouped according to the
most frequent classification used in the literature [1]: isolated PRS,
bone disease PRS, associated or syndromic PRS. The main clinical
characteristics and respiratory support (PP or supine position — SP
— for sleeping, NIV, NPT) were collected from medical files. Data
were retrospectively analyzed.

2.1.2. Nocturnal PSG

An overnight PSG was performed in the sleep center. Infants
were systematically studied in the SP then in the PP for a minimum
of two sleep cycles for each condition; if the SP was not tolerated,
the infant was excluded from this study. Raw PSG data were
analyzed by a single reviewer (L.C.) who was blinded as to sleep
position during the overnight sleep study. The nocturnal PSG was
performed in the presence of the child's father/mother or guardian,
without tilting of the mattress, and using a Morpheus recorder
(Micromed, Mogliano Veneto, Italy). Sleep and respiratory events
were scored using sleepRT software (OSG, Rumst, Belgium). The

PSG recording employed frontal, central, and occipital leads (FP1,
FP2, C3, C4, 01, 02, A1, and A2), video, two electrooculograms, one
chin electromyogram, and one electrocardiogram, inductance
plethysmography of chest and abdominal respiratory movements,
as well as a nasal cannula, oronasal thermistor and saturation
values.

2.1.3. Sleep analysis

The duration of sleep stages (rapid eye movement stage — REM,
non-rapid eye movement stage 1 — NREM1 and non-rapid eye
movement stage 2 — NREM2,) were scored according to standard
guidelines [17,18]. Total sleep time (TST), sleep efficiency (TST/time
in bed*100), sleep efficacy (TST/duration of sleep*100), arousal in-
dex (AI), and respiratory arousal index (RAI) were calculated.

2.14. Respiratory analysis

Respiratory parameters were defined according to the American
Academy of Sleep Medicine 2012 guidelines [19]. Obstructive
apnea-hypopnea index (OAHI), obstructive apnea index (OAI),
obstructive hypopnea index (OHI), central apnea index (CAI), mixed
apnea index (MAI), mean SpO2, time spent with SpO2 values below
90%, oxygen desaturation index over 3% (OD3%), and oxygen
desaturation index over 4% (0OD4%) were collected. Indices of events
are expressed as the mean number of events per hour. OAHI was
defined as the sum of OAI, OHI, and MAIL OAHI was considered as
normal in healthy infants under one event/hour. OSA was classified
as a mild (apnea-hypopnea index — AHI > 1-5 episodes/h), as
moderate (AHI > 5—10 episodes/h) or severe (AHI > 10 episodes/h)
[14]. Respiratory analysis was performed for the total duration of
sleep then separated according to REM sleep and NREM sleep.
Respiratory parameters were analyzed according to the sleep stage
and depending on the sleep position.

2.1.5. Nocturnal carbon dioxide monitoring

Transcutaneous carbon dioxide pressure P(tcCO(2)) values were
obtained over the entire PSG recording period using SenTec system
(SenTec Digital Monitor, Therwil, Switzerland). The mean and
maximal P(tcCO(2)), as well as the proportion of time spent with
P(tcCO(2)) over 50 mmHg, were calculated. Hypoventilation was
scored when the P(tcCO(2)) was >50 mm Hg.

2.1.6. Best sleep position

Best sleep position (PP or SP) was determined from sleep quality
(sleep efficiency criteria) and breathing quality (OAHI criteria). For
instance, the PP was the best sleep position when: (1) both sleep
and breathing quality were better than in SP; (2) the breathing
quality was better than in SP and the sleep quality equal in SP; or (3)
the sleep quality was better than in SP and the breathing quality
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equal in SP. If the sleep and breathing quality were equal in PP and
SP, the sleep position was considered as equal in PP and SP. When
sleep quality was better in PP and breathing quality was better in
SP, and the converse, the best sleep position was selected according
to breathing quality. Sleep and breathing quality were considered
better in PP than in SP when the difference between PP and SP was
greater than 5%; they were considered as equal when the difference
between PP and SP was less than 5%.

2.2. Regulatory aspects

The study protocol was approved by the hospital's ethics com-
mittee and the national data protection agency (Commission
Nationale de l'informatique et des libertés, number 18-006).

According to the most recent French law for conducting retro-
spective clinical research, informed consent was not required;
those included were informed of the conduct of the study by an
information letter.

2.3. Statistical analysis

Data are presented as the median and interquartile range [IQR].
Sleep and respiratory characteristics were compared between the
PP and the SP using the non-parametric test, paired Wilcoxon rank
test and the Chi2 test. All analyses were performed using R software
(R-project, Rcmdr library, R Development Core Team [20]). A p
value of less than 0.05 was considered statistically significant.

3. Results
3.1. Patient characteristics

PSG recordings were performed in 21 infants with PRS (11
girls, 10 boys) aged (median [IQR]) 44 days [27—70]; three chil-
dren were excluded because they did not tolerate sleep in the SP
(OAHI = 15/h in the PP). In total, PSG data were available for both
SP and PP positions for 18 infants. Among these, 12 infants (67%)
presented an isolated PRS and six (33%) had an associated or
syndromic PRS, (syndromic: Franceschetti n = 2/6, Rubinstein-
Taybi n = 1/6, del22q11 n = 1/6; associated: n = 2/6). The
mean + SD age at the time of PSG was 44 + 26 days. A total of 12
(67%) infants had respiratory symptoms at the time of the
recording (snoring or noisy breathing or apneas or apparent life-
threatening events or frequent arousals because of respiratory
effort or desaturation or stridor). There were 15 (83%) infants who
did not have respiratory support; before PSG, the PP was used for
14 infants, and the SP was used for four infants (one in ambient air
and three with respiratory support). Two already had NIV (CPAP
settings: 6 cmH20), and one had an NPT. Sucking-swallowing
disorders or gastroesophageal reflux was present in 16 (89%) in-
fants, and 11 (61%) had been fed through a nasogastric tube during
the days or weeks before PSG was performed and three still had
the nasogastric tube during the PSG recording (Table 1).

3.2. Sleep outcomes measures in the SP and PP

Median TST was 153 min in the SP and 170 min in the PP. In the
PP, infants had a significantly higher sleep efficiency (median [IQR]:
83% [69—90]) than in the SP (70% [55—77], p = 0.04). Sleep efficacy
was higher in PP than in the SP, but there was no significant dif-
ference (85% [74—91] versus 73% [56—84], p = 0.11). In the PP, there
was a trend towards lower RAI (15% [6—25] versus 19% [11—-28],
p = 0.06). The proportion of NREM1 was lower in PP than in SP with
a statistically significant difference (15% [11—20] versus 19%
[12—29], p = 0.03; Table 2).

Table 1
Patient characteristics before and during polysomnography (PSG).

Study population n = 18

Sex ratio (M/F) 9/9
Pierre Robin Sequence, n (%)

Isolated PRS 12 (67)
Bone disease PRS 0(0)
Associated or syndromic PRS 6(33)
Antenatal diagnosis, n (%) 3(17)
Median gestational age, WA [IQR] 39 [38—40]
Median age at the PSG, days [IQR] 44 [27-70]
Median weight at the PSG, kg [IQR] 4[3,4]
Respiratory characteristics
Respiratory signs, n (%)* 12 (67)
Respiratory treatment during PSG, n (%)
None 15(83)
Non-invasive ventilation 2(11)
Nasopharyngeal tube 1(6)
Digestive characteristics
Oral disorders, n (%) 16 (89)
Gastroesophageal reflux treatments, n (%)
Thickened milk + proton inhibitor or anti acid 14 (78)
Thickened milk alone 2(11)
Missing data 2(11)
Nasogastric tube before PSG, n (%) 11 (61)
Surgeries before PSG, n (%)
Glossopexia 1(6)
Cleft closure 1(6)

2 Respiratory signs: snoring or noisy breathing or apneas or apparent life-
threatening events or frequent arousals or respiratory effort or desaturation or stri-
dor; WA: weeks of amenorrhea; PSG: polysomnography; IQR: interquartile range.

Table 2
Sleep characteristics in the prone and supine position.
Supine Prone p levels
TST, minutes 153 [86—243] 170 [129-222] 0.80
Sleep efficacy, % 73 [56—84] 85 [74—91] 0.11
Sleep efficiency, % 70 [55—77] 83 [69—-90] 0.04
Arousals index, n/h 24 [17-34] 19 [16—29] 0.22
Respiratory arousal index, n/h 19 [11-28] 15 [6—25] 0.06
Proportion of sleep stages, % of total sleep time
REM 36 [20—42] 41 [36—45] 0.12
NREM 1 19 [12-29] 15 [11-20] 0.03
NREM 2 45 [33-50] 44 [34-55] 0.90

All data are expressed as median [IQR]. REM: rapid eye movement stage; NREM:
non- rapid eye movement stages; TST: total sleep time.

3.3. Respiratory outcome measures in the SP and PP

In the SP, all infants had a severe OAHI value (>10/h) among
whom 75% had a very severe OSA (OHAI > 25/h), in the PP two in-
fants had a moderate OAHI value (5—10/h; Fig. 1). During TST, there
was a trend towards lower OAI in the PP (median [IQR]: 9/h [4—34]
versus 21/h [9—34], p = 0.06). During REM, there was a trend to-
wards lower OAHI in the PP (50/h [28—82] versus 61/h [40—103],
p = 0.05). CAI was not significantly different between the two po-
sitions. OD4% was significantly lower in the PP than in the SP (13/h
[5—31] versus 22/h [8—60], p = 0.03) and there was trend toward
lower OD3% (27/h [11—42] versus 34/h [10—77], p = 0.10). P(tcCO(2))
was not significantly different between the two positions (Table 3).

3.4. The best sleep position according to sleep quality and breathing
quality

For 13 infants the PP was the best sleep position (72%), and for
four infants the SP was the best sleep position (22%; p < 0.01). The
PP and SP were equal for one infant.

Among the 13 infants for whom the PP was the best sleep po-
sition, breathing quality was improved for 12/13 (93%) and sleep
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Fig. 1. Effect of body position on obstructive apnea hypopnea index (OAHI) in 18 in-
fants with Pierre Robin sequence. The thick line represents the threshold of obstructive
events frequency under which infants would no longer require respiratory support
(OAHI = 10/hours of TST).

quality was improved for 11/13 (84%) infants. Among the four in-
fants for whom the SP was the best sleep position, breathing quality
was improved for 4/4 (100%) and sleep quality was improved for 1/
4 (25%) infants.

3.5. Therapeutic option selected after PSG

PP was the therapeutic option selected for 3/18 infants, and the
SP was the therapeutic option selected for 2/18 infants, one in SP

before the PSG and one in PP before the PSG. Respiratory support
was needed for 13/18 infants: NIV was initiated for 8/18 infants, the
pressure was increased for 2/18 already receiving NIV, and NPT was
used for 3/18.

4. Discussion

The present study found that although PP improved breathing
quality and sleep quality for two-thirds of infants, it was sufficient
to decrease the OSA index below the severe level only for three of
the 18 patients studied. Interestingly, it was also found that among
infants with PRS, a third did not present OSA clinical manifestations
although all of them had a severe OSAS (OAHI > 10/h) as assessed
by PSG and three-quarters had a very severe OSA (OHAI > 25/h).
This is in accordance with a previous study that has published data
on the incidence of OSAS in PRS; Daniel et al., report 75% of severe
OSA in a cohort of 33 PRS infants — the slightly lower incidence may
be explained by the age of the patients (mean: 12 months) [14]. It
appears from the present study that clinical evaluation alone un-
derestimates both the frequency and the severity of OSAS in PRS.
This is also reported by MacLean et al., [21] and Cielo et al., [9] who
found that sleep disorders, breathing symptoms, and the Brouillette
questionnaire correlated poorly with PSG findings for infants with
cleft palates. This observation underlines the observation that it is
not possible to detect OSAS clinically with sufficient accuracy in
infants with PSG.

In the PP, sleep quality was improved for two-thirds of infants
compared to the SP, as reflected by the normalization of sleep effi-
ciency and sleep efficacy and the decrease of NREM1. This is the first
study to present these outcomes measured by PSG in infants with
PRS and confirms the physiological benefits of PP on sleep quality. At
the same time, quality of breathing was partially improved for two
thirds of infants in the PP compared to the SP with a trend toward a
decrease of OAHI, OAL OD3%, and a significant decrease of OD4%.
However, despite this improvement, most infants remained above
the cut-off level of 10 events/hour that defines severe OSAS. This gain
in breathing quality in the PP could explain part of the improvement

Table 3
Respiratory characteristics in prone and supine position.
Supine Prone p levels
Obstructive apnea-hypopnea index (OAHI), n/h
TST 39 [13-74] 33 [17-48] 0.13
NREM 30 [9—-40] 15 [7-30] 0.10
REM 61 [40—103] 50 [28—82] 0.05
Obstructive apnea index (OAI), n/h
TST 21 [9-34] 9 [4-34] 0.06
NREM 11 [3—24] 4 [2-15] 0.20
REM 31[16—-62] 15 [4—-54] 0.09
Obstructive hypopnea index (OHI), n/h
TST 6 [3-22] 7 [1-13] 0.60
NREM 3[1-15] 3[1-9] 0.20
REM 8 [2—-28] 15 [3—24] 0.34
Central apnea index (CAI), n/h
TST 3[1-6] 3 [0—4] 0.26
NREM 2 [1-5] 1[0-2] 0.07
REM 4 [0-5] 2 [1-6] 0.50
Mixed apnea index (MAI), n/h
TST 3[1-11] 3[1-5] 0.08
NREM 2 [1-10] 1[0-2] 0.01
REM 4[0—-13] 4 [2-9] 0.50
Mean saturation, % 97 [95—98] 97 [94-97] 0.78
Oxygen desaturation index (OD), n/h
>3% 34 [10-77] 27 [11-42] 0.10
>4% 22 [8—-60] 13 [5-31] 0.03
Mean P(tcCO(2)) levels, mmHg 47 [45—54] 49 [43-55] 0.32
Max P(tcCO(2)) levels, mmHg 53 [49-58] 53 [50—60] 0.54
Time spent with P(tcCO(2)) values >50 mmHg, $TST 29 [0—100] 38 [0-93] 0.9

Data are expressed as median [IQR]. REM: rapid eye movement stage; NREM: non rapid eye movement stage; TST: total sleep time; P(tcCO(2)): transcutaneous CO,.
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of sleep quality, as described by Reddy [6] and Montemitro et al., [22]
but also to the decrease of upper airway obstruction related to
glossoptosis and upper airway increased collapsibility. Yet as previ-
ously mentioned, the improvement in breathing quality in the PP
was not sufficient to fully control OSAS; two-thirds of the infants
remained with severe OSAS.

An improvement in sleep and breathing quality in the PP was not
observed in one third of the patients. This is discrepant with other
reports that found a good response to PP [21,22]. The results pre-
sented here indicate that the PP should not be used systematically as
the most appropriate sleep position for infants with PRS; it should be
evaluated using sleep and respiratory outcome measures, as is
already the case for the establishment of NIV in PRS infants [5,23].
Currently, although PSG is considered the gold standard [4], access to
it is still difficult and therefore PG combined with carbon dioxide
monitoring with oximetry is commonly used. Additional studies are
therefore needed to evaluate PG with respect to PSG for the evalu-
ation of obstructive sleep disordered breathing in patients with PRS.

This study does have certain limitations. It is a retrospective
study that included relatively few patients; nevertheless, infants
were all systematically assessed in a similar manner in two sleeping
positions, prior to their eighth month of life. An additional point is
that the statistical analysis did not include a multivariate analysis,
which was not appropriate given the number of subject. Further-
more, infants were referred to the sleep unit by either the pediatric
or the neonatal intensive care unit, which could be considered as a
selection bias favoring the recruitment of the most severe patients.
On the other hand, a third of infants included in the study did not
present any respiratory signs of OSAS, which is concordant with the
frequencies reported elsewhere [14], and suggests that the sample
was representative.

5. Conclusion

Positioning infants in the PP led to an improvement of sleep
quality but an incomplete correction of OSAS in the large majority
of PRS infants. Systematic nocturnal sleep recording is indicated in
the early evaluation of these young patients in order to objectively
assess the best therapeutic option for OSAS, including PP.
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