Home oximetry to screen for obstructive sleep apnoea in Down syndrome
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ABSTRACT
Objective: Children with Down syndrome are at high risk of obstructive sleep apnoea (OSA) and screening is recommended. Diagnosis of OSA should be confirmed with multi-channel sleep studies. We aimed to determine whether home pulse oximetry (HPO) discriminates children at high risk of OSA who need further diagnostic multi-channel sleep studies.
Design: Cross sectional prospective study in a training sample recruited through three UK centres. Validation sample used single centre retrospective analysis of clinical data.
Patients: Children with Down syndrome aged 0.5–6 years.
Intervention: Diagnostic multi-channel sleep study and HPO
Main outcome measures: Sensitivity and specificity of HPO to predict moderate to severe OSA.
[bookmark: _Hlk504473186]Results: 161/202 children with Down syndrome met quality criteria for inclusion and 25 had OSA. In this training sample, the best HPO parameter predictors of OSA were the delta 12s index >0.555 (sensitivity 92%, specificity 65%) and 3% oxyhaemoglobin (SpO2) desaturation index (3%ODI) >6.15 dips/hour (sensitivity 92%, specificity 63%). Combining variables (delta 12s index, 3% ODI, mean & minimum SpO2) achieved sensitivity of 96% but reduced specificity to 52%. All predictors retained or improved sensitivity in a clinical validation sample of 50 children with variable loss of specificity, best overall was the delta 12s index, a measure of baseline SpO2 variability (sensitivity 92%; specificity 63%). 
Conclusions: HPO screening could halve the number of children with Down syndrome needing multi-channel sleep studies and reduce the burden on children, families and health services alike. This approach offers a practical universal screening approach for OSA in Down syndrome that is accessible to the non-specialist paediatrician.

What is already known on this topic
1. [bookmark: _GoBack]Obstructive sleep apnoea is common in Down syndrome, clinical diagnosis is unreliable and universal screening is recommended
2. Obstructive sleep apnoea can only be reliably diagnosed using multi-channel sleep studies which are expensive, demanding for families and only available in specialist centres
3. Initial screening with pulse oximetry could reduce the number of children needing diagnostic multi-channel studies but abnormal oximetry thresholds have not been determined
What this study adds
1. Simple numeric oximetry parameters can sensitively detect most children at risk of clinically significant obstructive sleep apnoea
2. Universal oximetry screening is widely available and could halve the number of children needing confirmatory multi-channel sleep studies at specialist centres
3. The use of a simple screening threshold (the delta 12 second index) offers a screening approach that is accessible to the non-specialist paediatrician.

INTRODUCTION
[bookmark: _Ref318785702][bookmark: _Ref422816981][bookmark: _Ref490395316]Down syndrome (DS) affects 1 in 1000-1100 live births a year worldwide. Obstructive sleep apnoea (OSA), which occurs in around 58% of these children[endnoteRef:1],[endnoteRef:2],[endnoteRef:3],[endnoteRef:4],[endnoteRef:5], can impair school performance[endnoteRef:6], behaviour [endnoteRef:7],[endnoteRef:8], quality of life[endnoteRef:9] and increase health care use[endnoteRef:10].  [1:  Marcus C, Keens T, Bautista D, et al. Obstructive sleep apnea in children with Down syndrome. Pediatrics. 1991;88:132.]  [2:  Dyken ME, Lin-Dyken DC, Poulton S, Zimmerman MB, Sedars E. Prospective polysomnographic analysis of obstructive sleep apnea in Down syndrome. Arch Pediatr Adol Med. 2003;157(7):655-60.]  [3:  Dahlqvist A, Rask E, Rosenqvist CJ, Sahlin C, Franklin KA. Sleep apnea and Down's syndrome. Acta Oto-Laryngologica. 2003;123(9):1094-7.]  [4:  de Miguel-Diez J, Villa-Asensi JR, Alvarez-Sala JL. Prevalence of sleep-disordered breathing in children with Down syndrome: polygraphic findings in 108 children. Sleep. 2003; 26(8):1006-9.]  [5:  Royal College of Paediatrics and Child Health. Working Party on Sleep Physiology and Respiratory Control Disorders in Childhood, Standards for Services for Children with Disorders of Sleep Physiology Report. (2009) pp 23-33]  [6:  Gozal D. Sleep-disordered breathing and school performance in children. Pediatrics 1998;102(3, 1):616–20.]  [7:  Gottlieb DJ1, Vezina RM, Chase C, Lesko SM, Heeren TC, Weese-Mayer DE, Auerbach SH, Corwin MJ. Symptoms of sleep-disordered breathing in 5-year-old children are associated with sleepiness and problem behaviors. Pediatrics. 2003;112(4):870-7.]  [8:  Mulvaney SA, Goodwin JL, Morgan WJ, Rosen GR, Quan SF, Kaemingk KL. Behavior problems associated with sleep disordered breathing in school-aged children--the Tucson children's assessment of sleep apnea study. J Pediatr Psychol. 2006, 31(3):322-30]  [9:  Mitchell RB, Kelly J. Behavior, neurocognition and quality-of-life in children with sleep-disordered breathing. Int J Pediatr Otorhinolaryngol. 2006 ;70(3):395-406.]  [10:  Tarasiuk A, Greenberg-Dotan S, Simon-Tuval T, Freidman B, Goldbart AD, Tal A, et al.Elevated morbidity and health care use in children with obstructive sleep apnea syndrome. Am J Respir Crit Care Med. 2007;175:55-61.] 

[bookmark: _Ref496448197][bookmark: _Ref496452985][bookmark: _Ref497232104]Screening for OSA is recommended as clinical evaluation is unreliable[endnoteRef:11],[endnoteRef:12],[endnoteRef:13],[endnoteRef:14],[endnoteRef:15] and, importantly, treatment options are available. The American Academy of Pediatrics recommends diagnostic polysomnography prior to school entry[endnoteRef:16] but this is poorly tolerated in these children[endnoteRef:17] and not universally available. A UK consensus group recommended5 annual screening with pulse oximetry to age 6 years followed by confirmatory diagnostic multi-channel sleep studies (polysomnography[endnoteRef:18] or cardiorespiratory polygraphy[endnoteRef:19]) for abnormal oximetry studies. Multi-channel sleep studies are important to identify central apnoea as an alternative cause of oxyhaemoglobin desaturation, hypoventilation and to assess the severity of OSA. Simple, automatically generated oximetry parameter thresholds have potential for universal screening and have been defined in adults[endnoteRef:20] but not yet in children. A decade after UK recommendations were made, there are no screening guidelines for OSA in DS children[endnoteRef:21],[endnoteRef:22].  [11:   Rosen D, Lombardo A, Skotko B et al. Parental Perceptions of Sleep Disturbances and Sleep-Disordered Breathing in Children With Down Syndrome. Clin Pediatr (Phila) 2011;50(2):121-5 ]  [12:  Ng DK, Chan CH, Cheung JM. Children with Down syndrome and OSA do not necessarily snore. Arch Dis Child. 2007; 92(11):1047-8.]  [13:  Sproson EL, Hogan AM, Hill CM. Accuracy of clinical assessment of paediatric obstructive sleep apnoea in two English centres. J Laryngol Otol. 2009; 22:1-8 ]  [14:  Brietzke SE, Katz ES, Roberson DW. Can history and physical examination reliably diagnose paediatric obstructive sleep apnea/hypopnoea syndrome? A systematic review of the literature. Otolaryngol Head Neck Surg 2004; 131:827-32.]  [15:  Carroll JL, McColley SA, Marcus CL et al. Inability of clinical history to distinguish primary snoring from obstructive sleep apnea syndrome in children. Chest.1995;108 :610– 618]  [16:   Bull MJ. American Academy of Pediatrics committee on genetics. Health Supervision for Children with Down Syndrome. Pediatrics 2011; 128 (2): 393-406]  [17:  Coverstone AM, Bird M, Sicard M, et al. Overnight Pulse Oximetry for Evaluation of Sleep Apnea among Children with Trisomy 21. Journal of Clinical Sleep Medicine :2014;10(12):1309-1315. doi:10.5664/jcsm.4286.]  [18:  Aurora RN, Zak RS, Karippot A et al. Practice Parameters for the Respiratory Indications for Polysomnography in Children. Sleep. 2011; 34(3): 379–388.]  [19:  Kaditis AG, Alonso Alvarez ML, Boudewyns A et al. Obstructive sleep disordered breathing in 2- to 18-year-old children: diagnosis and management. Eur Respir J 2016;47(1):69-94. doi: 10.1183/13993003.00385-2015.]  [20:  , ,  et al. Prediction of the apnea-hypopnoea index from overnight pulse oximetry. Chest. 2003;124(5):1694-701
]  [21:  Jheeta S, McGowan M, Hadjikoumi I. Is oximetry an effective screening tool for obstructive sleep apnoea in children with Down syndrome? Archives of Disease in Childhood 2013; 98:164. ]  [22:  https://www.dsmig.org.uk/information-resources/guidance-for-essential-medical-surveillance/ accessed 22.10.2017] 

[bookmark: _Hlk504469782]We aimed to
1. Identify home pulse oximetry (HPO) parameters that sensitively detect children at risk of OSA, therefore needing diagnostic multi-channel studies, using research participants (training data-set)
2. Test how well these HPO parameters performed in a clinical setting (validation data-set)
3. Generate practical recommendations for OSA screening in DS children.
METHODS

Training data-set
Inclusion and exclusion criteria: Eligible children had DS, were aged 6 months to six years. A history of ENT surgery was permitted. Children receiving home oxygen or non-invasive ventilation therapy were excluded. 
Setting: Study sites included Sheffield, Evelina London and Southampton Children’s hospitals, UK.
Ethics committee approval: The study was approved by the UK National Research Ethics Committee (ID:13/SC/0106) and registered on the NIHR portfolio (ID:14250). Parents provided written consent.
[bookmark: _Hlk504470276][bookmark: _Ref453802214]Recruitment: Children were recruited through multiple routes including via local neurodevelopmental paediatricians; specialist paediatricians within the Children’s hospitals and, finally, through advertising to local support groups, the UK Down Syndrome Association website and word of mouth between parents[endnoteRef:23]. This multiple method approach aimed to minimise selection bias.  [23:  Hill CM, Evans H, Elphick H, Farquhar M, Pickering RM, Kingshott R, Martin J, Reynolds J, Joyce A, Rush C, Gavlak J, Gringras P. Prevalence and predictors of obstructive sleep apnea in young children with Down syndrome. Sleep Medicine 2016. 27-28:99-106.] 

Measures
Demographic and medical history: parents reported their child’s medical history and snoring status. 
Clinical examination: Children were weighed and measured and DS-specific body mass index was computed for children >2y (Harlow publishing, UK). Tonsillar size was assessed using the Brodsky classification. 
Home pulse oximetry: The Masimo Radical 7 device (Masimo Corporation, Irvine, CA) was demonstrated. Written illustrated instructions were provided, with sensor placement on the great toe. The device recorded with a 1Hz sampling rate and a 2-second averaging time. 
Home cardiorespiratory polygraphy: OSA was assessed on a separate night using the SOMNOtouch device (Somnomedics, Germany) as previously described23 comprising: chest and abdominal respiratory inductance plethysmography; pulse oximetry; nasal pressure flow with snore sensor; body position sensor; and actigraphy. A sleep log recorded sleep onset, night wakings and morning wake up times. 
Scoring of sleep studies
[bookmark: _Hlk504473025]Oximetry: Data were analysed blinded to the child’s clinical status using Visidownload software (Stowood Scientific, Oxford, UK). Artefact (low signal, poor perfusion, sensor displacement) and wake periods (sleep log) were extracted. Studies with < 4h of artefact-free (AF) data were rejected. Standard parameters were generated including: total AF time analysed; mean SpO2, minimum SpO2, 3% ODI, delta 12 second index (the absolute difference between successive 12-sec interval recordings, a measure of baseline SpO2 variability) and time in minutes/AF hour with SpO2 below 90%. 
[bookmark: _Ref475523665]Cardiorespiratory polygraphy: Studies were scored by a technologist (RK), blinded to the clinical status of the child, using Domino Light software (Somnomedics, Germany) according to published criteria[endnoteRef:24]. Every 10th study was independently re-scored, achieving an inter-rater reliability coefficient of 0.917 (95% CI 0.791 to 0.969) for the OAHI. Studies with < 4h of AF data[endnoteRef:25] were rejected.. The obstructive apnoea/hypopnoea index (OAHI) was calculated by summing obstructive apnoea, hypopnoea, mixed and undefined apnoea indices during the total sleep time. OSA was diagnosed if OAHI was > 5/h, a meaningful threshold for clinical intervention[endnoteRef:26] reflecting the sensitivity of domiciliary cardiorespiratory polygraphy in children[endnoteRef:27].  [24:  Berry RB, Budhiraja R, Gottlieb DJ, et al., American Academy of Sleep Medicine. Rules for scoring respiratory events in sleep: update of the 2007 AASM manual for the scoring of sleep and associated events. Deliberations of the sleep apnea deﬁnitions task force of the American Academy of sleep medicine. J Clin Sleep Med 2012;8(5):597e619.]  [25:  Urschitz MS, Brockmann PE, Schlaud M, Poets CF. Population prevalence of obstructive sleep apnoea in a community of German third graders. Eur Respir J. 2010;36(3):556-68.]  [26:  Hunter SJ, Gozal D, Smith DL, Philby MF, Kaylegian J, Kheirandish-Gozal L.  Effect of Sleep-Disordered Breathing Severity on Cognitive Performance Measures in a Large Community Cohort of Young School-Aged Children. Am J Respir Crit Care. First published online 01 Mar 2016 as DOI: 10.1164/rccm.201510-2099OC]  [27:  Alonso-Álvarez M, Terán-Santos J, Ordax Carbajo E, Cordero-Guevara JA, Navazo-Egüia AI, Kheirandish-Gozal L, Gozal D.  Reliability of Home Respiratory Polygraphy for the Diagnosis of Sleep Apnea in Children. Chest. 2015; 147(4):1020-1028.] 


Clinical validation data-set 
Data from 57 children with DS, clinically evaluated for OSA in Southampton between December 2014 and March 2017, were studied retrospectively. All children had Masimo pulse oximetry and cardiorespiratory polygraphy. Sensors, analysis software, scoring and quality criteria were identical to the training data-set. Seven children who were in the training data-set were excluded. The remaining 50 (26 male) were aged 2 months to 17.5 years (median 64.5 months). Data were anonymised and shared in accordance with UK Department of Health guidance for research ethics[endnoteRef:28].  [28:  Governance arrangements for research ethics committees: a harmonised edition. Department of Health.UK Crown Copyright 2011. ] 

Sample size 
Training data-set sample size was estimated at 180 participants to achieve 150 complete studies based on clinical experience[endnoteRef:29] and data in adults20. [29:  James J, Byrne S, Evans H. Quality and costs of paediatric sleep studies in community and hospital settings. European Respiratory Journal. 2007. 195 (S)] 

Statistical analysis
Statistical analysis was conducted in SPSS v 24 (IBM), with dotplots and confidence intervals (CIs) around proportions and likelihood ratios, obtained from Stata. Clinical characteristics, OAHI and SpO2 parameter distributions were described with descriptive statistics. Receiver Operating Characteristic (ROC) curves were drawn for SpO2 parameters as a predictor of OSA status in the training data set. Area Under the Curve (AUC) statistics were calculated with 95% CIs: an AUC=0.5 indicates no predictive power, an AUC=1.0, perfect prediction. SpO2 parameter threshold choice prioritised sensitivity over specificity to identify as many true positives as possible. Sensitivity, specificity, positive (+ve) and negative (-ve) likelihood ratios, at these thresholds, are presented with 95% CIs. All combinations of the SpO2 parameters were examined in logistic regression models with OSA status as the dependent variable. Resultant combined scores were standardised to have zero mean and unit standard deviation across the OSA groups combined. ROC curves, AUC statistics, and diagnostic performance of the standardised scores were evaluated as above. The sensitivity and specificity of the univariate and combined SpO2 parameter thresholds were assessed in the clinical validation data set.
RESULTS 
Training data set
Participant characteristics
[bookmark: _Hlk504475044]In total 171/202 (85%) participants had both a successful cardiorespiratory and HPO study. Expert consensus was that 28d was a reasonable maximum interval between measures, as OAHI would be stable over this time-frame. This excluded 10/171 participants. For the majority of children in the final training sample (148/161, 92%) the maximum time interval between measures was 6 days and the longest interval across the entire sample was 23 days (n=1). Tables 1 and 2 illustrate demographic, cardiorespiratory polygraphy and SpO2 data for children with and without OSA.


[bookmark: _Hlk505269334]Table 1: Demographic and cardio-respiratory variables in children with and without OSA in the training data set. Figures are number (%) unless stated otherwise.
	
	
	No OSA
(n=136)
	OSA
(n=25)

	Age (months)
	mean(SD)
min to max
	36.3 (20.8)
6 to 71
	33.9 (22.3)
6 to 71

	Gender (M: F)
	male
female
	69 (51%)
67 (49%)
	17 (68%)
8 (32%)

	Snores regularly                          (always/almost always)
	39/135 (29%)
	13/24 (54%)

	Brodsky grading* 

	grade 0-2 
grade 3-4
tonsils removed
uncooperative or missing
	55 (51%)
33 (31%)
20 (19%)
28 
	8 (50%)
5 (31%)
3 (19%)
9 

	BMI centile†
	normal
underweight
overweight
obese
uncooperative or missing
	4 (5%)
64 (75%)
6 (7%)
11 (13%)
4 
	0
12 (86%)
0
2 (12%)
0

	Artefact-free (AF) data (hours)
	median (mean) 
min to max 
	8.6 (8.4)
4.5 to 11.2
	8.7 (8.5)
5.3 to 10.6

	Obstructive apnoea index
	median (mean)
min to max
	0.1 (0.4)
0 to 2.9
	4.7 (8.0)
0 to 48.3

	Obstructive hypopnoea index
	median (mean)
min to max
	0.1 (0.4)
0 to 3.0
	2.5 (4.0)
0 to 14.5

	Central apnoea index
	median (mean)
min to max
	1.7 (2.2)
0 to 14.7
	1.9 (3.1)
0.3 to 9.2

	Mixed apnoea index
	median (mean)
min to max
	0 (0.1)
0 to 0.6
	0.1 (0.3)
0 to 1.8

	Undefined apnoea index 
	median (mean)
min to max
	0.5 (0.8)
0 to 4.1
	3.6 (9.1)
0 to 57.3

	Obstructive apnoea/hypopnoea index
	median (mean)
min to max
	1.5 (1.6)
0.1 to 4.9
	12.5 (21.4)
5.0 to 110.4

	Number of nights between oximetry and polygraphy
	1 night
2-6 nights
7-28 nights
	96 (71%)
31 (23%)
9 (7%)
	17 (68%)
4 (16%)
4 (16%)


* excluding uncooperative or missing from %s
† restricted to those aged ≥ 2 years and excluding uncooperative or missing from %s

Table 2: SpO2 parameters in children with and without OSA (training and validation data sets)
	
	No OSA 
Median, interquartile range and range
	OSA 
Median, interquartile range and range

	Training data set 
	(n=136)
	(n=25)

	Artefact-free (AF) SpO2 data (hours)
	10.0
8.4 to 11.0
5.0 to 13.0
	9.5
8.4 to 10.1
5.3 to 11.6

	Delta12 second index
	0.51
0.43 to 0.59
0.20 to 1.31
	0.69
0.61 to 0.88
0.39 to 3.70

	3% ODI
	5.32
3.51 to 7.65
0.10 to 40.10
	11.44
8.47 to 18.20
2.06 to 106.92

	SpO2 <90% 
Minutes/AF hour
	0.02
0.00 to 0.07
0.00 to 29.39
	0.14
0.01 to 0.52
0.00 to 36.23

	Mean SpO2

	97.30
96.10 to 97.90
89.45 to 99.90
	96.90
95.46 to 97.70
87.97 to 99.14

	Minimum SpO2
	87
83 to 90
61 to 95
	85
81 to 88
47 to 93

	Validation data set 
	(n=38)
	(n=12)

	Artefact-free (AF) SpO2 data (hours)
	7.2
6.4 to 8.0
4.3 to 10.8
	6.8
6.2 to 7.2
5.8 to 9.8

	Delta12 second index
	0.51
0.38 to 0.65
0.30 to 0.91
	0.82
0.65 to 1.19
0.54 to 1.89

	3% ODI
	7.29
4.44 to 1.06
0.50 to 22.00
	20.38
11.97 to 49.93
6.90 to 65.70

	SpO2 <90%
Minutes/AF hour
	0.15
0.00 to 0.13
0.00 to 38.33
	1.71
0.04 to 1.71
0.01 to 40.81

	Mean SpO2

	96.7
95.73 to 97.92
91.72 to 98.46
	94.9
92.35 to 97.56
86.17 to 98.63

	Minimum SpO2
	87.0
83.8 to 90
77 to 96
	81.5
79 to 88
61 to 88





Predictive value of oximetry indices (training data-set)
Figure 1 presents the ROC curve and AUC statistic for SpO2 parameters as a predictor of OSA status. The greatest AUC was achieved by the delta 12 second index. At a threshold of >0.555 this identified 23/25 (sensitivity 92%) OSA cases and 89/136 true negatives (specificity 65%). The same sensitivity was achieved for 3% ODI with marginally lower specificity of 63% (86/136 true negatives). OSA was missed in two children (an 11-month female and a 12-month male - OAHI 6.5 and 6.9/h respectively), both were ‘occasional’ snorers. The predictive power of other univariate SpO2 parameters was low (Figure 1c,1d,1e and Table 3). The optimal combined SpO2 parameter included the delta 12 second index, 3% ODI, mean and minimum SpO2 with a sensitivity of 96% and specificity of 59% (Figure 1f). The distribution of participants’ OAHI values for the delta 12 second index and combined score is illustrated in Figure 2.

Clinical validation data set
OSA was present in 12/50 children (9 male). Oximetry and cardiorespiratory studies were separated by no more than 1 day. Predicting OSA status based on the univariate and combined parameter thresholds identified by the training data set yielded the same sensitivity (92%) for the delta 12s index, with similar specificity (63% v 65%). One 8 year- old screened false negative with an OAHI of 7.6/hour. While the 3% ODI and combined score achieved 100% sensitivity, it was at the cost of lower specificity (63%v 39% and 53% v 59% respectively). 



[bookmark: _Hlk505269435]Table3: Chosen threshold, sensitivity, specificity +ve and –ve likelihood ratios for each SpO2 parameter and best combination of parameters.
	
	Threshold indicative of OSA
	Sensitivity
	Specificity
	+ve
Likelihood ratio
	-ve
Likelihood ratio

	Training data set (n=161)

	Delta12 s index
	≥0.555
	23/25
92% (74%, 99%)
	89/136
65% (57%, 73%)
	2.66
(2.06, 3.45)
	0.12
(0.03, 0.46)

	3% ODI
	≥6.150
	23/25
92% (74%, 99%)
	86/136
63% (55%, 71%)
	2.50
(1.95, 3.21)
	0.13
(0.03, 0.48)

	SpO2 <90% minutes/AF hour
	≥0.0645
	15/25
60% (39%, 79%)
	98/136
72% (64%, 79%)
	2.15
(1.41, 3.22)
	0.55
(0.34, 0.91)

	Mean SpO2

	≤97.175
	18/25
72% (51%, 88%)
	75/136
55% (46%, 64%)
	1.61
(1.18, 2.18)
	0.51
(0.27, 0.97)

	Minimum SpO2
	≤88.50
	21/25
84% (64%, 95%)
	50/136
37% (29%, 45%)
	1.33
(1.07, 1.64)
	0.44
(0.17, 1.10)

	Combined score 
See * for computation
	≥ -0.5537
	24/25
96% (80%, 100%)
	80/136
59% (50%, 67%)
	2.33
(1.88, 2.89)
	0.07
(0.01, 0.47)
	

	Validation data set (n=50)
	

	Delta12 s index
	≥0.555
	11/12
92% (62%, 100%)
	24/38
63% (46%, 78%)
	

	3% ODI

	≥6.150
	12/12
100% (74%, 100%)
	15/38
39% (24%, 57%)
	

	SpO2 <90% minutes/AF hour
	≥0.0645
	8/12
67% (35%, 90%)
	27/38
71% (54%, 85%)
	

	Mean SpO2

	≤97.175
	9/12
75% (43%, 95%)
	15/38
39% (24%, 57%)
	

	Minimum SpO2
	≤88.50
	12/12
100% (74%, 100%)
	17/38
45% (39%, 62%)
	

	Combined score 
See * for computation
	≥ -0.5537
	12/12
100% (74%, 100%) 
	20/38
53% (36%, 69%)
	



*Combined score formula: - 20.988 + 1.408 x delta 12s index + 0.066x 3% ODI + 0.178 x mean SpO2 + 0.023 x minimum SpO2



DISCUSSION 
[bookmark: _Hlk504473301]We have identified oximetry parameters that discriminate children with DS at risk of moderate to severe OSA. The best single parameter, delta 12s index > 0.555, a measure of baseline SpO2 variability, predicted OSA with high sensitivity (92%), and adequate specificity (65%, 63%) in training and validation data-sets respectively. 3% ODI lost specificity in the validation data-set so may be a less useful parameter. The combined model (delta 12s index, 3% ODI, mean and minimum SpO2) performed well in the validation data-set, detecting all true positives (100% sensitivity) but with lower specificity (53%). This would signpost 60% (12 true positives and 18 false negatives) to confirmatory multi-channel studies. Use of the consistently best predictor, the delta 12 second index, as a screening tool would halve the number of children needing confirmatory diagnostic multi-channel sleep studies. 
McGill scoring criteria, based on identification of clusters of desaturation events, have been applied to oximetry traces extracted from in-lab polysomnography in 119 children with DS referred for evaluation of OSA17. McGill scores of 3 and 4 in 17 children had 98% specificity for mild OSA (OAHI > 2.5/h). Sensitivity data were not reported but appeared low (36.1% of children had McGill scores of 2, median OAHI 4.5/h). This suggests that McGill criteria have limited utility in a universal screening programme. 
Limitations
Our findings specifically apply to parameters generated by Masimo oximeters and cannot be generalised to other devices. Masimo technology extracts motion artefact[endnoteRef:30], this is important in children with DS who are restless sleepers[endnoteRef:31].  [30:  Hill CM and Evans HJ. Pulse oximetry is one night enough? Arch Dis Child. 2016.  101 (12): 1082-1083. doi:10.1136/archdischild-2016-310483.]  [31:  Lal C, White DR, Joseph JE et al.. Sleep-disordered breathing in Down syndrome. Chest. 2015;147(2):570-9. doi: 10.1378/chest.14-0266.] 

Use of cardiorespiratory polygraphy rather than polysomnography to define OSA will have under-estimated hypopnoea associated with arousal, but not with oxyhemoglobin desaturation. The choice of cardiorespiratory polygraphy was pragmatic, reflecting a trade-off between optimal technology use and compliance in young children with developmental disorders as well as the reality of limited polysomnography provision in much of the world17,[endnoteRef:32].  [32:  Gozal D; Kheirandish-Gozal L; Kaditis A.  Home sleep testing for the diagnosis of pediatric obstructive sleep apnea: the times they are a changing …! Curr Opin Pul Med .2015; 21(6):563-568. ] 

Finally, the use of a retrospective clinical data-set, with anonymous data shared for this analysis, limits our information on the wider sampling frame, demographic and clinical characteristics of these children. 
Summary and recommendations for future research 
[bookmark: _Hlk505084380]Despite almost a decade of recommendations, there are no agreed screening guidelines for OSA in DS in the UK. A simple oximetry parameter, the delta 12s index, yields 92% sensitivity to identify children at risk of moderate to severe OSA. It is important to note that oximetry alone cannot be used as a diagnostic tool and all children who screen positive need confirmatory multi-channel sleep studies. The delta 12s index offers the advantage over the McGill scoring criteria, of simplicity and does not rely on expert interpretation17. These findings need to be replicated in a larger sample and a new setting alongside measures of acceptability and costs[endnoteRef:33].  Cost estimations should consider the need to repeat failed studies. Universal screening for OSA in children with Down syndrome using simple pulse oximetry parameters could halve the number of children requiring specialist multi-channel studies. Pulse oximetry is widely available, well tolerated, readily acquired in the home and its adoption could reduce the burden on health services and families alike.  [33:  Wilson JMG, Junger G. Principles and Practice of Screening for Disease World Health Organization Public Health Papers, No. 34; 1968] 


Acknowledgements

We would like to thank the UK Down Syndrome Medical Interest group as well as the Down Syndrome Association for their help with recruiting children to the study. Thanks, are also due to paediatricians across the UK for help with recruitment and in particular to Dr Richard Tomlinson and the team at Exeter for acting as a satellite recruitment site. Most importantly we thank the children and families for their enthusiasm to take part. 
The authors would also like to acknowledge the Southampton NIHR Wellcome Trust Clinical Research Facility for their support of this work and the Masimo corporation for their no-obligation loan of Radical 7 oximeters for use in the study. 

Funding
This work was supported by Action Medical Research and the Garfield Weston Foundation [grant reference 2040].
[bookmark: _Hlk505269493]
License for Publication statement: The Corresponding  Author has the right to grant on behalf of all authors and does grant on behalf of all authors, an exclusive licence (or non-exclusive for government employees) on a worldwide basis to the BMJ and co-owners or contracting owning societies (where published by the BMJ on their behalf), and its Licensees to permit this article (if accepted) to be published in Archives of Disease in Childhood and any other BMJ products and to exploit all subsidiary rights, as set out in our licence.
Competing Interest: Dr Hill received a no obligation loan of Masimo pulse oximeters used in the study. These devices were part of the original study design prior to the loan agreement. No competing interests are declared by co-authors
Contributorship statement: CMH, HE, MF, PG, RK, and HE developed the protocol. JM, JR and AJ supported recruitment, data collection and data entry. RK developed quality standards for sleep study acquisition and analysis. RK and JG analysed the cardiorespiratory studies. RP conducted the data analysis and produced tables and figures. HE provided the clinical validation data-set. CMH authored the manuscript which was reviewed by all authors. 

REFERENCES
4

