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Abstract

Objective: Cleft palate (CP) can affect breathing, leading to sleep-disordered breathing (SDB). Sleep position can affect SDB, but the
optimum sleep position for infants with CP is unknown. We aimed to determine the design of a pragmatic study to investigate the
effect of the 2 routinely advised sleep positions in infants with CP on oxygen saturations.

Design: A multicentered observational cohort.

Setting: Four UK-based cleft centers, 2 advising supine- and 2 side-lying sleep positions for infants with CP.

Participants: Infants with isolated CP born July 1, 2015, and December 31, 2016. Of 48 eligible infants, 30 consented (17 side-lying;
13 supine).

Interventions: Oxygen saturation (SpO2) and end-tidal carbon dioxide (ETCO2) home monitoring at age 1 and 3 months.
Qualitative interviews of parents.

Outcome Measures: Willingness to participate, recruitment, retention, and acceptability/success (>90 minutes recording) of SpO2

and ETCO2 monitoring.

Results: SpO2 recordings were obtained during 50 sleep sessions on 24 babies (13 side-lying) at 1 month (34 sessions >90 minutes)
and 50 sessions on 19 babies (10 side-lying) at 3 months (27 sessions >90 minutes). The ETCO2 monitoring was only achieved in
12 sessions at 1 month and 6 at 3 months; only 1 was >90 minutes long. The ETCO2 monitoring was reported by the majority as
unacceptable. Parents consistently reported the topic of sleep position in CP to be of importance.

Conclusions: This study has demonstrated that it is feasible to perform domiciliary oxygen saturation studies in a research setting
and has suggested that there may be a difference in the effects of sleep position that requires further investigation. We propose a
study with randomization is indicated, comparing side-lying with supine-lying sleep position, representing an important step
toward better understanding of SDB in infants with CP.
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Introduction

Cleft lip and palate is a common birth defect (1/700 births)

of which approximately 44% have an isolated cleft palate

(CP; 1/1600 births, National congenital anomaly and rare dis-

ease Registration service, 2016). Cleft palate results in a dis-

ruption to the function of the face and upper airway structures

altering the efficiency of breathing. Upper airway obstruction

in children with CP can range from potentially life-threatening

airway compromise, necessitating intubation or a tracheost-

omy, to obstructive sleep apnea (OSA) and sleep-disordered

breathing (SDB; MacLean et al., 2008, 2012). Sleep-disordered

breathing is characterized by intermittent partial or complete

airway obstruction with resultant sleep disruption. Sleep-

disordered breathing includes OSA, which consists of breath-

ing cessations of at least 10 seconds occurring in the presence

of inspiratory efforts during sleep. The reduction of airway size

found in children with CP (Imamura et al., 2002) means that

they are at increased risk of both SDB and OSA (MacLean

et al., 2009, 2012). Polysomnography (PSG) is considered the

gold-standard method for diagnosing and determining the

severity of OSA and SDB; however, its availability is limited,

requires overnight hospital stay, and is expensive to carry out.

Consequently, overnight pulse oximetry, which can be carried

out at home, has been shown to be a useful tool where PSG is

not available (Kaditis et al., 2015).

Obstructive events during sleep can lead to acute and

chronic changes in blood pressure and heart rate (Ahmad

et al., 2017), with the most severe cases being associated with

pulmonary hypertension and cor pulmonale (Maripov et al.,

2017; Wong et al., 2017). The SDB can also have a significant

deleterious effect on cognition (Montgomery-Downs & Gozal,

2006; O’Brien, 2009), facial development, and weight gain

(Pandya & Boorman, 2001), with subsequent “failure to

thrive.” There is evidence to suggest that children with CP are

at increased risk of impairment in “learning, memory, and

cognition” (Broder et al., 1998; Roberts et al., 2012). Studies

in infants with Pierre Robin sequence (PRS) have reported an

improvement following successful management of SDB, in

feeding difficulty, and subsequently weight gain (Lidsky

et al., 2008). An observational follow-up study investigating

the relationship between SDB in early infancy and outcomes at

3 years of age in children with cleft lip and/or palate has

demonstrated that the severity of SDB in infancy had a signif-

icant negative impact on neurocognition, quality of life, and

weight gain measurable at 3 years of age (Smith et al., 2014).

It is recognized that infant sleep position can affect SDB

(Lee et al., 2009; Oksenberg et al., 2010). Guidance on sleep

positioning in the United Kingdom recommends back position-

ing (supine-lying) in infancy to reduce the incidence of sudden

infant death syndrome (SIDS; Dwyer & Ponsenby, 1996).

However, it is not understood whether this standard sleep posi-

tioning advice should be followed by parents of infants with

CP. Our survey of practitioners across the United Kingdom

demonstrated variability in recommendations given by cleft lip

and palate centers (some recommending supine and some side-

lying sleep position) and an acknowledgment that further

research is needed in this area to determine best practice

(Davies et al., 2017). Those cleft centers advising side-lying

did so based on clinical experience and perception of improved

sleep quality in this position. As a result, there is a gap in

evidence about the effectiveness of different sleep positions

on SDB in infants with CP. Our feasibility study was under-

taken to determine the design of a pragmatic study to investi-

gate the effect of the 2 routinely advised sleep positions in

infants with CP on oxygen saturations. This feasibility study

included (1) Pilot home sleep monitoring—to assess the feasi-

bility of home sleep monitoring (oxygen saturation and

ETCO2) and to enable sample size calculation for a full trial;

(2) Sleep Questionnaire—to establish parents perspective of

infant’s sleep quality/breathing; and (3) Qualitative interviews

with parents of infants with CP—to explore parents’ observa-

tion of their infant’s sleep, including their awareness of SDB,

their experience in taking part in the feasibility study, and their

feedback on future trial design (Davies et al., 2018).

Methods

Four centers, 2 currently advising side-lying sleep positioning

and 2 advising supine positioning, were selected to recruit

infants born with isolated CP over an 18-month period from

(July 2015 to December 2016) to an observational cohort.

All potentially eligible participants were identified by clin-

ical nurse specialists (CNS) and/or consultants at the partici-

pating sites. Parents of infants younger than 1 month with

isolated CP signed written informed consent to the study fol-

lowing detailed explanation, stressing that there would be no

change in the current advice given by individual centers.

The protocol was approved by the local research ethics com-

mittee (REC Ref: 15/NW/0010).

Infants were excluded if they had any associated syndrome

such as PRS, an additional cleft lip, required any immediate

intervention to assist breathing (eg, nasopharyngeal airway),

any intervention to assist feeding (eg, nasogastric tube), were

born preterm (<36 weeks), had known cardiorespiratory dis-

ease, or had a family history of SIDS.

Following informed consent, background and demographic

information was collected, including the nature of the CP, fam-

ily history of OSA, smoking habits of family members, and

socioeconomic status. Infant weight and length was recorded

as standardized deviation score (Cole et al., 1995).
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Parents were trained in the recording of blood oxygen

saturation (SpO2) using pulse oximetry and end-tidal carbon

dioxide level (ETCO2, as a proxy for partial pressure of CO2)

using nasal sampling. To limit potential disruption to normal

sleep patterns, measurements were undertaken by the parents at

home, using a Masimo Radical 7 device (Masimo, California,

USA). Monitoring was planned to take place at 1 month (4-7

weeks) and 3 months (10-14 weeks) of age, on at least 2 con-

secutive sleep periods (days or nights). Parents recorded, in a

sleep diary, the starting sleep position and the sleep position

when the baby woke. Following each recording, the monitor

was collected from the infant’s home and the collected data

were downloaded using Stowood Visi-Download software

(Stowood Scientific Instruments Ltd, Oxford, UK). Mean

SpO2, mean SpO2 nadir >4%/3%/2%, and mean and median

oxygen desaturation index (ODI) -4 and ODI-3 were all

recorded from the output and entered into a database. ETCO2

was recorded as mean, maximum, and minimum. A working

group comprising 5 consultant respiratory pediatricians

advised on data analysis and sleep oximetry interpretation.

To capture at least 1 sleep cycle, they advised that the mini-

mum length of a saturation study for inclusion in the data

analysis should be set at 90 minutes, considered by the respira-

tory clinicians to be pragmatic time interval that would encom-

pass all the phases of a sleep cycle (MacLean et al., 2015).

Following each recording, parents completed a sleep ques-

tionnaire for their infant, to capture information regarding

parental perception of sleep quality during the study period.

This was adapted from previous validated questionnaires for

OSA in children (Brouilette et al., 1984; Chervin et al., 2000)

as there was no available validated sleep questionnaire specif-

ically for infants with CP.

Parents were also invited to participate in a qualitative study

using telephone or face-to-face interviews (according to par-

ental preference) exploring their understanding of breathing

and respiratory effort in infants with CP and their experience

of participating in the study. Parents were interviewed after

they had either (1) completed 1 or 2 sleep monitoring sessions

or (2) declined to participate in sleep monitoring, but consented

to be interviewed. Parents participated in semistructured inter-

views in which the researcher used a topic guide to gather their

views of (1) their infant’s sleep behavior, (2) major concerns

about sleeping and breathing, (3) sleep positioning, and

(4) their experience of participating in the feasibility study and

views on a future trial design (specifically randomization).

Recruitment continued until theoretical saturation was

achieved. Findings regarding participation in this feasibility

study and views on a future study are discussed in this article;

other detailed results of the qualitative study have been pub-

lished elsewhere (Davies et al., 2018).

Outcome Measures

– Feasibility—parents’ willingness to participate, likely

recruitment and retention, and success and acceptability

to parents of domiciliary monitoring of SpO2 and

ETCO2

– Primary—level of blood oxygenation saturation mea-

sured by pulse oximetry, such as mean SpO2, mean

SpO2 nadir >4%/3%/2%, and mean and median ODI-4

and ODI-3

– Secondary—infant’s sleep quality measured by sleep

questionnaire completed by their parent

Sample Size

A total sample size of 30 participants (15 side-lying, 15 supine)

was planned as it was deemed adequate to provide preliminary

estimates of pulse oximetry measurements at 1 and 3 months

after birth in a CP population and to explore differences

between supine and side-lying groups. In the event, 17 partici-

pants were recruited into side-lying and 13 into supine groups.

All of the clinical results from the feasibility study were

reviewed by the study management group in order to make a

decision regarding progression to a future larger scale study.

All aspects of the feasibility study played a role in the decision-

making process.

This report adheres to the CONSORT guidelines for

reporting pilot and feasibility clinical trials (Eldridge

et al., 2016).

Results

Sleep Monitoring

One hundred and twenty infants were assessed for eligibil-

ity; 48 were eligible and 30 consented (17 side-lying, 13

supine; Figure 1). Baseline demographic data is provided in

Table 1.

At 1 month of age, 13 side-lying babies provided oxygen

saturation monitoring data over 24 separate sleep sessions

(13 sessions >90 minutes in length) and 11 supine-lying babies

provided data over 26 sleep sessions (21 sessions >90 minutes

in length). At 3 months of age, 10 side-lying babies provided

oxygen saturation monitoring data over 24 sleep sessions

(12 sessions >90 minutes in length) and 9 supine-lying babies

provided data over 26 sleep sessions (15 sessions >90 minutes

in length). The median length of recordings used in the

analysis at 1 month was 2 hours 36 minutes and 3 hours

18 minutes and at 3 months was 4 hours 19 minutes and

3 hours 38 minutes (for side-lying and back-lying, respec-

tively). Summary statistics for sleep sessions >90 minutes

are provided in Table 2. Mean SpO2, mean nadir >4% /3% /

2%, and median ODI-4 and ODI-3 were similar between

side- and supine-lying babies at both time points. Mean

ODI-4 and ODI-3 was lower for side-lying infants at 1 and

3 months. On reviewing the individual data, there appeared

to be considerably more variability in the oxygen saturation

measurements of the supine-lying infants.

The majority of parents were unable to carry out the ETCO2

monitoring as they found it disturbed their babies and results on
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only 12 infants at visit 1 and 6 at visit 2 were received, only 1 of

which was >90 minutes.

Sleep Questionnaires

Twenty-nine (17 side-lying, 12 supine) parents completed the

sleep questionnaire at 1 month of age. Although only 3 (10%)

parents reported that their baby did not have good quality sleep,

8 (28%) went on to describe their baby’s sleep as poor/restless

or sometimes restless (3 every day; 2 >3 d/wk; 3 �3 d/wk).

In addition, 38% (47% side-lying, 25% supine) reported that

their child had difficulty breathing while asleep at some time

(1 every day; 3 >3 d/wk; 3 �3 d/wk; 2 every 1-2 weeks; and

2 only when they had a cold). Ten percent (3 parents) reported

that their child had stopped breathing for periods or had pauses

in their breathing during their sleep at times (1 everyday; 1 >3

d/wk; 1 �3 d/wk; 1 side-lying, 2 supine).

Three-quarters (76%) of parents described their baby as

snoring or noisy when sleeping (12 every day; 4 >3 d/wk;

3 �3 d/wk; 2 every 1-2 weeks; and 1 only when they had a

cold; 94% of side-lying, 50% of supine). In addition, a third of

parents also described their baby snoring or making snoring

noises when awake (2 every day; 5 >3 d/wk; 1 �3 d/wk; 2

every 1-2 weeks).

Four parents, whose babies slept on their side, reported hav-

ing to reposition their babies on to their side to improve their

sleep quality, perhaps implying that they did not always stay in

the original position they had been placed, although this was

not specifically stated by parents.

At 3 months, 22 parents (11 side-lying, 11 supine) completed

the sleep questionnaires. Nine parents still reported their infant

Assessed for Eligibility

N=120

72 Ineligible
33 Associated syndrome
11 Required assistance with breathing
2 Required NG feeding
2 Associated cardiorespiratory disease
5 Preterm
5 Late diagnosis
13 Other:
2 Non English speaking
1 Admitted to hospital with other health problems 
3 Other anomalies
1 Social reasons
2 Lives out of the area/moving abroad
1 Respiratory problem
1 Parents won’t lay baby on its side
2 No reason given

N = 48 

Eligible

N = 30 

Consented

N = 17 

Side-Lying

N = 13

Supine lying

Figure 1. Consort diagram of flow through study (as per CONSORT 2010 statement; Eldridge et al., 2016).

Table 1. Baseline Characteristics of Infants Side- and Back-Lying.

Side-lying (Manchester
and Liverpool sites)

Supine-lying (Leeds
and Newcastle sites)

Total n ¼ 17 n ¼ 13
Male gender; n (%) 8 (47.1%) 7 (53.8%)
Age in days, mean (SD)
At time of consent

32.8 (11.5) 35.4 (15.3)

Birth weight (kg) (n ¼ 17) (n ¼ 12)
Mean (SD) 3.30 (0.56) 3.37 (0.48)
Mean z score �0.19 �0.15

Weight at recruitment (kg) (n ¼ 17) (n ¼ 11)
Mean (SD) 3.88 (0.79) 3.94 (0.53)
Mean z score �1.02 �1.14

Smokers in the household;
n (%)

4 (23.5%) 5 (38.5%)
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had difficulty breathing when asleep, but 5 of these were only

when they had a cold. In addition, 4 parents reported that their

child had stopped breathing for periods or had pauses in their

breathing during their sleep at times (1 everyday; 1 �3 d/wk; 2

every 1-2 weeks; 3 side-lying, 1 supine). Noisy or snoring

breathing, both during the day (41% of parents reported this)

and at night time (86% of parents) remained very common.

At 3 months, 3 parents regularly repositioned their baby

during sleep; all reported they moved them onto their side as

they slept easier that way (including 1 supine-lying baby).

Qualitative Interviews

Parents of 27 infants with CP were interviewed. Parents

reported observing their babies during sleep to ensure they

were breathing. Although they described signs such as snoring,

they showed little awareness of SDB and its potential long-term

consequences. Parental decision to use side-lying or supine

sleep positioning reflected their response to advice from CNS,

observation of their infant’s comfort, ease of breathing, and

experience of infant care.

All parents indicated strong interest to participate in further

studies evaluating the effects of sleep position. Less than half

said they would be reluctant to participate in a study that

involves randomization to sleep position. The acceptance of

randomization by the remaining half was qualified because

they would not comply if they thought the baby was uncom-

fortable in the allocated position. Parents’ willingness to be

randomized was not guided by the sleep position used in the

current feasibility study.

Table 2. Data From Saturation Recordings >90 Minutes Long at 1 and 3 Months in Side- and Supine-Lying Babies.

Side-lying (Manchester and
Liverpool sites)

Supine-lying (Leeds and
Newcastle sites)

Side-lying (Manchester and
Liverpool sites)

Supine-lying (Leeds and
Newcastle sites)

@ 1 month @ 1 month @ 3 month @ 3 month

Number of sleep sessions
>90 minutes

13 21 12 15

Median (IQR) number
of sleep session/baby

2 (2-2) 2 (2-3) 2 (2-2) 2 (2-3)

Median length of sleep study 2 hours
36 minutes

3 hours
18 minutes

4 hours
19 minutes

3 hours
38 minutes

Mean SpO2

Mean (SD) 97.78 (1.46) 97.76 (1.69) 97.99 (1.77) 97.94 (1.58)
Minimum 95.13 92.49 94.00 93.7
Maximum 99.58 99.57 99.43 99.52
Median (IQR) 97.72 (97.17-99.08) 98.13 (97.21-98.64) 98.7 (97.51-99.14) 97.85 (97.34-99.34)

Mean nadir >4%
Mean (SD) 90.79 (2.26) 91.13 (2.10) 90.67 (2.61) 90.68 (1.40)
Minimum 85.33 86.32 84.91 88.15
Maximum 93.67 94.50 94.50 92.3
Median (IQR) 91.32 (90.56-91.76) 91.70 (90.63-92.39) 90.88 (89.30-92.73) 91.32 (89.61-91.61)

Mean nadir >3%
Mean (SD) 91.91 (2.17) 92.33 (1.96) 91.87 (2.53) 91.78 (1.50)
Minimum 86.40 87.46 85.81 89.06
Maximum 94.24 95.62 94.86 93.52
Median (IQR) 92.59 (91.64-93.40) 92.73 (91.81-93.53) 92.47 (90.57-93.79) 92.17 (91.07-92.81)

Mean nadir >2%
Mean (SD) 93.26 (1.81) 93.62 (1.93) 93.42 (2.41) 93.23 (1.47)
Minimum 88.64 89.00 86.94 90.57
Maximum 95.48 95.69 95.85 94.90
Median (IQR) 93.81 (92.64-94.23) 94.00 (93.52-94.88) 93.62 (92.98-95.08) 93.47 (92.56-94.27)

ODI Dips/ Hr >4%
Mean (SD) 17.52 (14.28) 28.21 (28.67) 11.66 (9.31) 26.4 (39.70)
Minimum 1.89 2.28 1.4 1.64
Maximum 59.05 92.39 35.7 144.37
Median (IQR) 15.91 (10.37-20.17) 17.57 (7.45-39.12) 10.69 (5.51-15.44) 9.78 (5.75-17.34)

ODI Dips/ Hr >3%
Mean (SD) 26.32 (19.06) 36.28 (30.64) 16.19 (11.54) 37.17 (45.62)
Minimum 3.16 2.86 3.03 6.56
Maximum 75.84 100.50 43.57 162.25
Median (IQR) 25.73 (12.59-36.36) 25.02 (11.69-54.77) 15.99 (6.85-21.74) 14.76 (7.49-75.66)

Abbreviation: ODI, oxygen desaturation index.
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Parents’ main concern about taking part in a future study

was the use of nasal cannula to monitor ETCO2, which many

parents felt caused distress in their infant and sometimes led to

the discontinuation of monitoring. In a few cases, parents with-

drew their participation due to the perceived distress of their

infants caused by the nasal cannula. Parents reported that the

information provided for home monitoring was clear and con-

cise, but sometimes found the saturation/ETCO2 machine inti-

midating. These parents were uncomfortable about the

“clinical” appearance of the equipment when used in the home.

They also reported concern that they or young children in the

home could break the machine. Parents described the factors

that could affect the length of monitoring including parents’

confidence with using the equipment, how settled the infants

were, and disruptions due to domestic circumstances.

Discussion

This feasibility study was aimed at gathering the information

necessary to design and conduct a future study to establish the

best sleeping position for infants with CP. We have observed

that this study design is feasible for a larger study with minor

modifications, and this unanswered question is of importance

to parents and clinicians.

Clinical practice in the United Kingdom is inconsistent in

the advice about sleep position given to families with infants

with CP. All parents agreed that it was important to have evi-

dence supporting advice regarding safe sleep, but almost half of

the interviewed parents expressed strong reluctance to partici-

pate in randomization of sleep positioning; while others indi-

cated they would agree to be randomized to one of the 2 sleep

positions but might change the position if they perceive the

infant to be uncomfortable (Davies et al., 2018). As such, we

believe a comprehensive cohort study, comprising randomized

and nonrandomized arms, would maximize the number of par-

ents able to participate and the scientific value of the study.

Consequently, infants meeting the inclusion criteria and whose

parents are willing for their child to take part, but not to be

randomized, will be included as part of the cohort study (par-

ents asked to adhere to the standard advice given by their cleft

center). Parents who consent for their infant to be randomized

will be included in the randomized control trial (parents asked

to adhere to the randomly allocated sleep position). Informed

by parents and cleft nurse specialists, we believe this study

design will maximize recruitment and retention. Infants in the

cohort study will follow an identical protocol, except for not

being randomized to sleep position.

Most parents disliked the nasal canulae that measured the

exhaled CO2 (ETCO2) because they thought it disturbed and/or

distressed their infant. Only 1 infant completed recordings�90

minutes. Feedback from several recruiting nurses via the Study

Advisory Group was that many parents failed to carry out any

of the recordings including the saturation monitoring because

they disliked the experience of trying to carry out the ETCO2

monitoring. Hence, it would not be feasible to include this in

the definitive study. Although this is disappointing, as it has

been suggested that in infants with minor degrees of intermit-

tent airway obstruction the first change may be not a fall in

blood oxygenation but a rise in expired CO2 or a rise in respira-

tory rate, these minor episodes will likely be missed in both

side- and back-lying groups and not affect the overall outcome

of the trial (D’Souza et al., 2020).

Home oxygen saturation monitoring was much more accep-

table to parents than ETCO2 recording and was completed in at

least 1 time point in all but 3 babies. Duration of recording was

inadequate for inclusion in the data analysis in a large propor-

tion of the babies. Perhaps, it was reflecting the pattern of sleep

in this age group (ie, frequent short sleeps interspersed with

feeds). It is possible, this pattern of sleep may be related to CP,

as a study of healthy infants of a similar age has demonstrated

that between 88% and 92% of infants managed SpO2 record-

ings of >4 hours duration, compared with 55% to 70% infants

with recordings >90 minutes in this study (Evans et al., 2018).

However, it was notable that as researchers became more

familiar with the study over time they encouraged parents to

carry out the recording at a time when the baby was most likely

to have a longer sleep (ie, night time), and this resulted in a

higher success rate. In addition, as the study progressed, par-

ents appeared to have a better success rate with the length of

recording. Possibly, this was in part due to the researchers

giving better explanations to parents as to what was needed

and how to carry out the recordings. Of note, we did not tell

parents that recordings needed to be at least 90 minutes in

duration and this might have resulted in recordings being cut

short unknowingly. For the future study, we have suggested

that parents only record overnight that they record for at least

5 hours and document if the child wakes or feeds during that

time and that the recording be done on 2 separate nights to try

and maximize sleep recording time.

Despite clear and concise instructions for the study equip-

ment, some parents expressed concerns about the complexity of

the equipment and researchers suggested, based on parents’

feedback, the use of an instruction video would aid any future

study. This should provide information whenever and wherever

parents need it. Parents also indicated some reasons why the

monitoring was sometimes short including how settled the

baby was, other domestic circumstances, and confidence using

the equipment (Davies et al., 2018), which are important to

address in the future trial. Some parents suggested that if they

were allowed more time with the machine and equipment in the

future study, they might be able to make more attempts in

recording. This would, subsequently, increase their confidence

in operating the machine and overcome unforeseeable domes-

tic circumstances.

The SpO2 results from this study suggest that there was

greater variability in the supine-lying group. We observed that

the mean 4% ODI values for infants in the side-lying cohort

approximated to values reported for healthy infants of the same

age in a recent cohort study of healthy, normally developing

infants (non-CP; Evans et al., 2018), whereas the mean 4% ODI

values for the back-lying cohort were markedly higher. Oxygen

desaturation index (ODI) is the number of times per hour of
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sleep that the blood oxygen level drops by a certain degree

from baseline; it is recognized as a marker for OSA (Kaditis

et al., 2016). We believe the variability in 4% ODI we have

demonstrated in this small number of CP infants justifies pur-

suing this practical methodology for our future proposed large

study, recognizing that it is not the gold-standard test for SDB.

The important baseline characteristics of the side- and

supine-lying cohorts were similar, which gives confidence to

the study size calculation for a definitive trial. We have gath-

ered valuable information regarding parents preferences, for

example, ETCO2 monitoring, which we will implement in a

future trial design to maximize patient retention and quality of

the collected data.

Study limitations included short observed sleep cycles as

compared to the studies published in other infant groups (Evans

et al., 2018). However, despite that we were able to capture a

full sleep cycle (90 minutes) in 60% of recordings. Many chil-

dren were able to provide measurements for at least 1 moni-

toring period. A limitation of this study is the lack of PSG for

comparison with the oximetry readings. This study was delib-

erately designed with a pragmatic approach in order to limit

cost, impact on families, and to mirror current practice partic-

ularly in resource-limited settings where the access to PSG is

restricted. We recognize that oximetry is likely to underesti-

mate OSA in our population, but a positive finding in such a

study will highlight the need for further investigation into sleep

position in this cohort. It is of note that parents were not keen to

carry out ETCO2 monitoring as it was perceived as distressing

to their baby, one could extrapolate that these parents would

also be unwilling for an inpatient stay for a full PSG for similar

reasons.

This feasibility study provides the necessary information to

enable the design of a future pragmatic study to enable us to

develop a better understanding of the importance of sleep posi-

tion and SDB for infants with CP. Optimizing and standardiz-

ing the recommended sleep position for infants with CP has

clear potential health advantages, not least in terms of facial

development, cognitive functioning, weight gain, and the

avoidance of significant cardiorespiratory complications. Clin-

ical nurse specialists support a future study to enable them to

provide guidance to parents based on an evidence base (Davies

et al., 2017). The qualitative findings about parents’ perspec-

tives on SDB and sleep provide practitioners with information

about the concerns and perspectives of parents, highlighting the

need for better patient information to explain SDB and its

potential sequelae.

Health care professionals face a clinical dilemma between

adhering to standard “back to sleep” guidance and responding

to clinical assessment of respiratory effort for infants with CP.

In the absence of clear evidence, specialist centers rely on

clinical judgment regarding respiratory problems to identify

what they believe is the most appropriate sleeping position for

infants with CP. Clearly, that advice continues to be different in

different centers across the country. Further research is needed

to determine the best sleep position for an infant with CP.

Based on the findings from this feasibility study, we propose

a comprehensive pragmatic cohort study incorporating a par-

allel group randomized controlled trial of side-lying compared

with supine sleep positioning in infants with CP and would

represent an important step toward a better understanding of

SDB in this patient group.

Appendix

On behalf of the SLUMBRS Study Advisory Group (SAG) and

Respiratory Group: H. Robson (Cleft Palate CNS, Manchester),

R. Sammon (Patient representative), N. Hudson (Cleft Palate

CNS), W. Shaw (Orthodontist, Manchester), C. Couhig (Cleft

Palate CNS, Newcastle), R. Mattick (Consultant Orthodontist,

Newcastle), D. Beaumont (Cleft Palate CNS, Leeds), E. Blair

(Cleft Palate CNS, Leeds), S. Wilkinson (Respiratory Paedia-

trician, Manchester), W. Carroll (Respiratory Paediatrician,

Derby), H. Elphick (Respiratory Paediatrician, Sheffield),

L Turnbull (Respiratory Paediatrician, Manchester), N. Mercer

(Consultant Plastic Surgeon, Birmingham), D. Wynne (Consul-

tant ENT Surgeon, Glasgow), D. Stokes (Chief Executive,

CLAPA), N. Harman (Research Associate Biostatistics, Liver-

pool), C. Bennett (Healing Foundation Cleft and Craniofacial

Clinical Research Centre, Manchester), C. Wright (BRC, Man-

chester), N. Brown (Research Coordinator, Manchester)

Acknowledgments

The authors thank Rosanna Preston in her role as patient advisory

representative for this study.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect to

the research, authorship, and/or publication of this article.

Funding

The author(s) disclosed receipt of the following financial support for

the research, authorship, and/or publication of this article: This study

presents independent research funded by the National Institute for

Health Research (NIHR) under its Research for Patient Benefit (RfPB)

Programme (grant reference number PB-PG-0213-30058). Additional

infrastructure funding was received from the Manchester University

NHS Foundation Trust and the Healing Foundation (now the Scar Free

Foundation, www.scarfree.org.uk). Clare Murray is supported by the

NIHR Manchester Biomedical Research Centre.

ORCID iDs

A. Metryka, BSc, MSc, PhD https://orcid.org/0000-0001-9871-

5167

Y.-L. Lin, BSc, MSc, PhD https://orcid.org/0000-0003-4592-5392

References

Ahmad M, Makati D, Akbar S. Review of and updates on hypertension

in obstructive sleep apnea. Int J Hyper. 2017;2017(8):1848375.

Broder HL, Richman LC, Matheson PB. Learning disability, school

achievement, and grade retention among children with cleft: a two-

center study. Cleft Palate-Craniofac J. 1998;35(2):127-1231.

260 The Cleft Palate-Craniofacial Journal 59(2)

https://orcid.org/0000-0001-9871-5167
https://orcid.org/0000-0001-9871-5167
https://orcid.org/0000-0001-9871-5167
https://orcid.org/0000-0001-9871-5167
https://orcid.org/0000-0003-4592-5392
https://orcid.org/0000-0003-4592-5392
https://orcid.org/0000-0003-4592-5392


Brouilette R, Hanson D, David R, Klemka L, Szatkowski A, Fernbach

S, Hunt C. A diagnostic approach to suspected obstructive sleep

apnea in children. J Pediatr. 1984;105(1):10-14.

Chervin RD, Hedger K, Dillon JE, Pituch KJ. Pediatric sleep question-

naire (PSQ): validity and reliability of scales for sleep-disordered

breathing, snoring, sleepiness, and behavioral problems. Sleep Med.

2000;1(1):21-32.

Cole TJ, Freeman JV, Preece MA. Body mass index reference curves

for the UK, 1990. Arch Dis Child. 1995;73(1):25-29.

D’Souza B, Norman M, Sullivan CE, Waters KA. TcCO2 changes

correlate with partial obstruction in children suspected of sleep

disordered breathing. Pediatr Pulmonol. 2020;55(10):

2773-2781.

Davies K, Bruce IA, Bannister P, Callery P. Safe sleeping positions:

practice and policy for babies with cleft palate. Eur J Pediatr.

2017;176(5):661-667.

Davies K, Lin YL, Glenny AM, Callery P, Bruce IA. Parental experi-

ence of sleep-disordered breathing in infants with cleft palate: com-

paring parental and clinical priorities. Cleft Palate-Craniofac J.

2019;56(2):222-230. Epub 2018:1055665618770196.

Dwyer T, Ponsonby AL. Sudden infant death syndrome: after the

“back to sleep” campaign. BMJ. 1996;313(7051):180-181.

Eldridge SM, Chan CL, Campbell MJ, Bond CM, Hopewell S,

Thabane L, Lancaster GA; PAFS Consensus Group. CONSORT

2010 statement: extension to randomised pilot and feasibility trials.

Pilot Feasibility Stud. 2016;2(10):64.

Evans HJ, Karunatilleke AS, Grantham-Hill S, Gavlak JC. A cohort

study reporting normal oximetry values in healthy infants under 4

months of age using Masimo technology. Arch Dis child. 2018;

103(9):868-872.

Imamura N, Ono T, Hiyama S, Ishiwata Y, Kuroda T. Comparison of

the sizes of adenoidal tissues and upper airways of subjects with

and without cleft lip and palate. Am J orthod Dentofac Orthop.

2002;122(2):189-194; discussion 94-5.

Kaditis A, Kheirandish-Gozal L, Gozal D. Pediatric OSAS: oximetry

can provide answers when polysomnography is not available.

Sleep Med Rev. 2015;27:96-105.

Kaditis AG, Alonso Alvarez ML, Boudewyns A, Alexopoulos EI,

Ersu R, Joosten K, Larramona H, Miano S, Narang I, Trang H,

et al. Obstructive sleep disordered breathing in 2- to 18-year-old

children: diagnosis and management. Eur Respir J. 2016;47(1):

69-94.

Lee JB, Park YH, Hong JH, Lee SH, Jung KH, Kim JH, Yi H, Shin C.

Determining optimal sleep position in patients with positional

sleep-disordered breathing using response surface analysis. J Sleep

Res. 2009;18(1):26-35.

Lidsky ME, Lander TA, Sidman JD. Resolving feeding difficulties

with early airway intervention in Pierre Robin sequence. Laryngo-

scope. 2008;118(1):120-123.

MacLean JE, Fitzgerald DA, Waters KA. Developmental changes in

sleep and breathing across infancy and childhood. Paediatr Respir

Rev. 2015;16(4):276-284.

MacLean JE, Fitzsimons D, Fitzgerald DA, Waters KA. The spectrum

of sleep-disordered breathing symptoms and respiratory events in

infants with cleft lip and/or palate. Arch Dis Child. 2012;97(12):

1058-1063.

MacLean JE, Fitzsimons D, Hayward P, Waters KA, Fitzgerald DA.

The identification of children with cleft palate and sleep disordered

breathing using a referral system. Pediatr Pulmonol. 2008;43(3):

245-250.

MacLean JE, Hayward P, Fitzgerald DA, Waters K. Cleft lip and/or

palate and breathing during sleep. Sleep Med Rev. 2009;13(5):

345-354.

Maripov A, Mamazhakypov A, Sartmyrzaeva M, Akunov A, Muratali

Uulu K, Duishobaev M, Cholponbaeva M, Sydykov A, Sarybaev

A. Right ventricular remodeling and dysfunction in obstructive

sleep apnea: a systematic review of the literature and meta-analy-

sis. Canad Respir J. 2017;2017:1587865.

Montgomery-Downs HE, Gozal D. Snore-associated sleep fragmenta-

tion in infancy: mental development effects and contribution of

secondhand cigarette smoke exposure. Pediatrics. 2006;117(3):

e496-e502.

National Congenital Anomaly and Rare Disease Registration Service.

2016. Accessed February 8, 2021. https://www.gov.uk/govern

ment/publications/ncardrs-congenital-anomaly-annual-data

O’Brien LM. The neurocognitive effects of sleep disruption in chil-

dren and adolescents. Child Adolesc Psychiatr Clin North Am.

2009;18(4):813-823.

Oksenberg A, Arons E, Nasser K, Vander T, Radwan H. REM-related

obstructive sleep apnea: the effect of body position. J Clin Sleep

Med. 2010;6(4):343-348.

Pandya AN, Boorman JG. Failure to thrive in babies with cleft lip and

palate. Br J plast Surg. 2001;54(6):471-475.

Roberts RM, Mathias JL, Wheaton P. Cognitive functioning in chil-

dren and adults with nonsyndromal cleft lip and/or palate: a meta-

analysis. J Pediatr Psychol. 2012;37(7):786-797.

Smith CB, Walker K, Badawi N, Waters KA, MacLean JE. Impact of

sleep and breathing in infancy on outcomes at three years of age for

children with cleft lip and/or palate. Sleep. 2014;37(5):919-925.

Wong HS, Williams AJ, Mok Y. The relationship between pulmonary

hypertension and obstructive sleep apnea. Curr Opin Pulmon Med.

2017;23(6):517-521.

261Murray et al

https://www.gov.uk/government/publications/ncardrs-congenital-anomaly-annual-data
https://www.gov.uk/government/publications/ncardrs-congenital-anomaly-annual-data


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


