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ABSTRACT
Background: Oscillatory Positive Expiratory Pressure (OPEP) devices are intended to facilitate sputum clearance and reduce cough, but there is limited evidence for their effectiveness in COPD, or to guide patient selection. We aimed to assess the impact of OPEP therapy on quality of life and objective measures of cough and sleep disturbance in COPD patients with regular sputum production.
Methods: We enrolled stable COPD patients, who reported sputum production every day or most days, into an assessor-blind, parallel group, randomised controlled trial comparing three months of using an Acapella device against usual care (including use of the active cycle of breathing technique (ACBT)). The primary outcome was cough-related quality of life measured using the Leicester Cough Questionnaire (LCQ). Secondary outcomes included fatigue (FACIT score) and generic quality of life(EQ-5D). In a sub study(n=45), objective monitoring of cough and disturbance/movement during sleep were also available.
Results: 122 participants (61/61 OPEP/control) were recruited, 40% female, 17% smokers, FEV1 38(25-56)% predicted, and age 62±10 years. 103 completed the study (55/48 OPEP/control). Use of OPEP was associated with an improvement in LCQ compared to controls; MD [95% CI] +1.03[0.71 to 2.10]; (p=0.03), FACIT score +4.68[1.34 to 8.02];(p<0.001) and EQ-5D +4.00[0.49 to 19.75];(p=0.04). There was also an improvement in cough frequency -60[-43 to -95] coughs/24 hours (P<0.001), but no statistically significant effect on sleep disturbance was identified.
Conclusions: Regular use of an Acapella device improves symptoms and quality of life in people with COPD who produce sputum daily or most days. 
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Key messages
· What is already known on this topic? 
· In 2020, we published a systematic review and meta-analysis on the use of oscillatory positive expiratory pressure (OPEP) devices to augment sputum clearance in COPD.  We found low-grade evidence from mostly short-term studies suggesting some benefit, but average effects were relatively small. The use of OPEP devices may have a positive impact on patients with COPD. However, well-designed clinical trials are needed to examine the long-term impact of OPEP devices in specific patient phenotypes. 

· What this study adds? 
· This is the first adequately powered, randomised, controlled clinical trial showing significant benefit from sustained use of an OPEP device (the Acapella) in COPD patients who frequently produce sputum. The improvements seen in subjective cough measures were matched by a reduction in objective cough counts as well as reduction in fatigue and improvements in other quality of life measures.
· How might this study affect research, practice or policy? 
· Our findings support the use of Acapella or similar OPEP devices in COPD patients with a sputum producing phenotype. The entry criteria used in this study, based on a simple question and results from questions in the COPD assessment test mean that this would be simple to apply in routine clinical practice. 
INTRODUCTION
Cough and sputum production are frequently present in people with chronic obstructive pulmonary disease (COPD) and are associated with worse quality of life, fatigue and sleep disturbance.1-3 Mounting an effective cough that clears mucus can be challenging in COPD due to hyperinflation, respiratory muscle dysfunction, and premature airway collapse.4-8 Failure to clear airway secretions contributes to lung damage and increases the local inflammatory burden, increasing the risk of acute exacerbations.9
Oscillatory positive expiratory pressure (OPEP) devices are intended to be used to augment sputum clearance; the positive pressure helps to splint airways open while the vibration mobilises and breaks down mucus, making it easier to expectorate.10 11 Many COPD patients demonstrate vocal cord narrowing in expiration 12, so PEP may also attenuate this facilitating sputum expectoration.  Prescribing data suggest that the provision of OPEP devices to reduce the symptom burden from sputum production in COPD patients is much less common than mucolytic drugs, and they are relatively neglected in clinical guidelines. 11
Our recent systematic review reported low-grade evidence that OPEP therapy  was associated with decreased COPD symptoms and fewer exacerbations (OR 0.37, 95% CI [0.19to 0.72]; p=0.003), and enhanced exercise capacity 6-minute walk distance (mean difference  49.8 m, 95% CI [14.2 m to 85.5 m]; p=0.006), compared to usual care (active cycle of breathing and pursed lip breathing techniques).10 One study found that short-term use of OPEP theory reduced airway resistance even among COPD patients who produced minimal sputum.13 In another study of patients with COPD, OPEP was found to reduce antibiotic use and hospitalisation compared to usual care.14 Also, OPEP use for three months was examined in relation to exercise capacity.15 The study found that OPEP therapy was associated with an increase in 6-minute walk distance when compared to a sham device.15 However, studies were mostly short term, with the majority having a high risk of bias, and the review concluded that the use of OPEP devices can have a positive impact in COPD, but confidence in effect sizes is low and there is a need for further, higher quality studies to examine their long-term efficacy in COPD as well as to identify specific patient phenotypes that are more likely to respond.10
We therefore conducted the Oscillatory Positive Expiratory Pressure Therapy in COPD (O-COPD) trial, to evaluate whether, in COPD patients with a clearly defined sputum-production phenotype, the addition of an OPEP device to usual care for three months would produce clinical improvement assessed using cough specific and generic quality of life measurements. In addition, to further evaluate the impact of treatment, we assessed change in cough frequency using objective cough monitoring as well as sleep disruption using actigraphy. The trial was registered online (https://www.isrctn.com/ISRCTN44651852)
METHODS 
O-COPD was a single centre, assessor-blind, randomised controlled parallel group trial of using an OPEP device for three months, compared to usual care in people with COPD reporting sputum production.
At screening, COPD patients were asked if they produced sputum “Every day”, “Several days a week”, “Almost every day in the last month”, “On a few days in the last month”, “Only with lung or respiratory infections”? Only those choosing one of the first three options were eligible. In addition, participants needed a combined score >5 (range 0-10) on the cough and sputum questions (the first and second items) in the COPD Assessment Test (CAT).16 Exclusion criteria were an exacerbation or medication change in the preceding month, a major condition limiting life expectancy to three months, referral for chest physiotherapy in the preceding year, or already using an OPEP device. 
Participants provided written informed consent and the study was approved by the London - Chelsea Research Ethics Committee (19/LO/1427).
The primary endpoint was between group change in cough-related quality of life, measured using the Leicester Cough Questionnaire (LCQ). Secondary endpoints included the Functional Assessment of Chronic Illness Therapy (FACIT) score17, generic health-related quality of life assessed using the EuroQol-5 Dimensions (EQ-5D)18, and CAT score.16 Cough severity was assessed using a cough-visual analogue scale (Cough-VAS) from 0 to 100mm19 together with sputum frequency scale.20
Based on a mean(SD) LCQ score of 14.5(2.3) in stable COPD21 to detect the proposed Minimal Clinically Important Difference(MCID) 9 22 change of 1.3 points between study groups, with 80% power at a significance level of 0.05 would require 102 participants, 120 allowing for 15% dropout rate. 
Objective cough and sleep actigraphy sub-study
Participants were also given the option to agree to objective monitoring of 24-hour cough frequency using the Leicester Cough Monitor (LCM) and sleep disturbance measured by actigraphy using the DynaPort Move monitor.23 24 Further details are available in the online supplement.
Study interventions
Random allocation to treatment or control arms was carried out on a 1:1 basis with block size of four using an online system (www.sealedenvelope.com), stratified by exacerbation frequency (2 or more in the previous year) and CAT score (>20). All participants were instructed by a respiratory care therapist about the active cycle of breathing technique (ACBT) to enhance sputum clearance and advised to perform this three times per day. To ensure clinical care was standardised25 participants received British Lung Foundation(BLF) and Association of Chartered Physiotherapists in Respiratory Care(ACPRC) leaflets on correct inhaler use, smoking cessation, and ACBT, as well as a link to online instructional videos. Those allocated to the OPEP group also received an Acapella device (Smiths Medical, Ohio, USA), were taught how to use Acapella, and received written information and a link to an appropriate online video. Further details are available in the online supplement.
A standard phone call at six weeks was made to all participants to encourage them to continue their airway clearance techniques and ask about acute exacerbations of COPD (AECOPD) defined based on the need for use of rescue pack medication (oral corticosteroids and/or antibiotics). Outcomes were assessed at baseline and after 3 months. The assessor at follow-up was blinded, and patients were asked not to reveal their study allocation (Figure E1).
Statistical Analysis
Between-group differences were compared using linear mixed models adjusted for baseline values as a covariate. Data analysis was on an intention to treat basis using SPSS version 26 (IBM, Illinois, USA) and Prism 9 (GraphPad Software Inc, California, USA). Missing data for questionnaire outcomes were imputed based on last observation carried forward (LOCF).26 Analysis for completers only is also presented as a sensitivity analysis. 
RESULTS
[bookmark: _Toc92466618]The O-COPD trial was conducted between February 2020 and October 2021.  122 participants (OPEP n = 61, and Usual care n=61) were recruited, 40% female, 17% smokers, FEV1 38(25-56) % predicted, and age 62±10 years. Out of 122 recruited participants, 103 completed the study (OPEP n=55 and usual care n=48). Study flow is outlined in Figure 1 and baseline characteristics in Table 1.

Table 1. Baseline characteristics for participants. 
	Characteristics 
	Mean ± SD, N (%), Median [IQR]      
ALL (n=122)
	Mean ±SD, N (%), Median [IQR]           OPEP  (n=61)
	Mean ±SD, N (%), Median [IQR]
Control (n=61)

	Age (years)
	62.54 ± 10.27
	64.24±10.35
	60.85±9.99

	Gender (Female) 
	49(40%)
	25(40%)
	25(40%)

	Ethnicity 
	 
	 
	 

	  White British 
	98(80.3%)
	46(75.4%)
	52(85.2%)

	  Other 
	18(14.8%)
	13(21%)
	5(8.2%)

	Pack years§
	15[12-26]
	15[11-20] 
	20[12-37] 

	Smoking history 
	 
	 
	 

	        Smoker
	21(17.2%)
	11(18%)
	10(16.4%)

	        Ex-smoker
	101(82.8%)
	50(82%)
	51(83.6%)

	GOLD Grade airflow obstruction
	 
	 
	 

	    COPD I 
	12(9.8%)
	9(14.8%)
	3(4.9%)

	    COPD II
	29(23.8%)
	13(21.3%)
	16(26.2%)

	    COPD III
	50(41%)
	26(42.6%)
	24(39.3%)

	    COPD IV 
	31(25.4%)
	13(21.3%)
	18(29.5%)

	AECOPD last year
	 
	 
	 

	    No
	36(29.5%)
	22(36.1%)
	14(23%)

	   1
	29(23.8%)
	15(24.6%)
	14(23%)

	   2
	15(12.3%)
	10(16.4%)
	5(8.2%)

	   3
	9(7.4%)
	3(4.9%)
	6(9.8%)

	   >3 
	18(14.8%)
	6(9.8%)
	12(19.7%)

	Lung volumes    
	 
	 
	 

	FEV1 Litre §
	1.08 [0.78-1.60] 
	1.12[0.80-1.74]
	1 [0.69-1.47]

	FEV1 % predicted§
	38[26-56] 
	43[26-63] 
	37[25-46] 

	FVC Litre §
	3[2.34-3.67] 
	3[2.40-3.60]
	3[2.22-3.69]

	FVC % §
	86 [70-98] 
	88[72-98]
	84[65-98]

	FEV1/FVC % §
	37 [28-46]
	36[28-50]
	37[28-45]

	TLC%§
	134 [120-146]
	136[125-150]
	134[114-142]

	RV% §
	211[156-253]
	189[156-261]
	223[156-253]

	RV/TLC §
	55[43-66]
	51 [41-64]
	60 [47-67]

	TLco   % §
	35.5 [27-60]
	31.50[21.3-66.5]
	36.15[31-79]

	Kco % §
	44[28-53]
	44[26-51]
	39[21-66]


Abbreviations: SD, standard deviation; IQR, interquartile range;  GOLD, Global initiative for chronic obstructive lung disease; AECOPD, Acute exacerbation of COPD; FEV1, Forced expiratory volume in one second; FEV1%; predicted force expiratory volume in one second; FVC, forced vital capacity; FVC%, predicted forced vital capacity;  TLC% , predicted total lung capacity; RV% , predicted residual volume; TLco% , predicted diffusing capacity for carbon monoxide; Kco%, predicted carbon monoxide transfer coefficient. 
§ the data reported as median and IQR.

OPEP treatment was associated with an improvement in LCQ score, the primary endpoint, compared to controls (MD [95%CI]; 1.03 [0.71 to 2.10], p =0.03) (Figure 2) as well as a majority of secondary endpoints (Table 2 and Table E1). Considering the sub-domains of the LCQ, all three numerically favoured the intervention, but the increase was only statistically significant for the psychological component. OPEP treatment was also associated with an improvement in fatigue and generic health status; FACIT score: +4.68[1.34 to 8.02] (p<0.001), EQ-5D: +4.00[0.49 to 19.75] (p=0.04) as well as sputum frequency scale: +0.44 [0.27 to 0.60] (p<0.001). There was no significant between-group difference in Cough-VAS, and CAT total score. 
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Table 2. Impact of treatment on primary and secondary endpoints. Intention to treat and complete case analysis. 
	
	Intention to treat analysis (imputed data) 

	
	OPEP (n=61) Mean ± SD
	UC (n=61) Mean ± SD
	Between groups

	Primary and secondary endpoints 
	Pre 
	Post 
	Change [95CI%]  
	Pre 
	Post 
	Change [95CI%]  
	MD [95CI%]  
	p-value 

	   LCQ total score 
	11.09 ±4.01
	12.63 ±4.28
	1.54 [0.33 to 2.18]
	11.06 ±3.93
	11.57 ±3.97
	0.51 [0.34 to 1.89]
	1.03 [0.71 to 2.10] 
	0.03

	      Physical 
	4.51 ±1.54
	4.99 ±1.91
	0.48 [-0.40 to 0.75]
	4.36 ±1.53
	4.66 ±1.51
	0.30 [-0.20 to 0.77]
	0.18 [-0.01 to 0.80]
	0.06

	      Psychological 
	4.01 ±1.66
	4.72 ±1.74
	0.74 [0.3 to 1.02]
	4.26 ±1.61
	4.49 ±1.64
	0.23 [-0.05 to 0.75]
	0.51 [0.06 to 0.90]
	0.02

	      Social 
	2.55 ±1.16
	2.85 ±1.09
	0.29 [-0.06 to 0.52]
	2.43 ±0.97
	2.49 ±0.98
	0.06 [-0.42 to 0.25]
	0.23 [-0.08 to 0.44]
	0.18

	   FACIT 
	27.16±12.65
	32.98±12.82
	5.82[0.11 to 9.46]
	27.03±12.25
	28.17±13.06
	1.14[0.23 to 6.32]
	4.68 [1.34 to 8.02]
	<0.001

	   EQ-5D 
	52.38±23.61
	58.29±27.48
	5.91[0.08 to 16.83]
	52.57±25.09
	54.48±25.31
	1.91[0.99 to 11]
	4.00 [0.49 to 19.75]
	0.04

	   Cough-VAS 
	51.95±24.97
	51.60±26.73
	-0.32[-5.81 to 9.72]
	54.18±25.56
	51.95±26.98
	-2.23[-5.30 to11.67]
	1.91 [-5.53 to 8.30]
	0.68

	   CAT total 
	31.32±9.03
	29.36±10.36
	-1.96[-2.51 to 2.19]
	32.62±8.50
	30.81±8.88
	-1.81 [-4.38 to 2.83]
	0.15 [-1.93 to 1.63]
	0.18

	   Sputum frequency scale 
	1.33±0.65
	1.84±0.88
	0.50[0.11 to 0.81]
	1.41±0.79
	1.47±0.77
	0.06 [0.02 to 0.22]
	0.44 [0.27 to 0.60] 
	<0.001

	
	Complete case analysis 

	
	OPEP (n=55) Mean ± SD
	UC (n=48) Mean ± SD
	Between groups

	Primary and secondary endpoints 
	Pre 
	Post 
	Change [95CI%]  
	Pre 
	Post 
	Change [95CI%]  
	MD [95CI%]  
	p-value 

	   LCQ total score 
	10.95±4.03
	12.55±4.29
	1.60[0.43 to 2.77] 
	10.55±3.94
	11.64±3.95
	1.09[0.32 to 1.85]
	0.51 [0.04 to 2.10]
	0.04

	      Physical 
	4.44±1.54
	4.96±2.34
	0.52 [-0.04 to 1.09]
	4.16±1.54
	4.65±1.53
	0.49[0.21 to 0.79] 
	0.03 [-0.63, 0.69]
	0.07

	      Psychological 
	4.01±1.66
	4.79±2.19
	0.78[0.31 to 1.25] 
	4.04±1.61
	4.47±2.35
	0.43[0.09 to 0.76]
	0.38 [0.04, 0.98]
	0.03

	      Social 
	2.55±1.16
	2.85±1.36
	0.30[0.06 to 0.53]
	2.32±0.97
	2.51±0.97
	0.19[-0.03 to 0.41] 
	0.11[-0.23, 0.42]
	0.13

	   FACIT
	26.00±12.00
	33.00±12.00
	7.00 [3.51 to 10.40] 
	26.00±12.00
	28.00±13.00
	2.00[-1.68 to 5.68] 
	3 [0.36 to 11.29]
	0.03

	   EQ-5D 
	51.00±23.00
	59.00±28.00
	8.00[0.34 to 15.70] 
	47.00±25.00
	50.00±24.00
	3.00[-3.79 to 9.97] 
	5[0.90 to 22.96]
	0.04

	   Cough-VAS
	53.42±23.00
	52.46±26.00
	-1.00[-6.81 to 4.81] 
	56.00±24.00
	52.04±26.00
	-4.00 [-11.1 to 3.07] 
	3[-7.66 to 13.74]
	0.82

	   CAT total 
	32.32±9.03
	29.56±10.35
	-2.76 [-4.92 to -0.60]
	32.62±7.50
	31.00±8.39
	1.62[-0.14 to 3.38] 
	-1.14 [-3.26 to 3.68]
	0.48

	   Sputum frequency scale 
	1.33±0.67
	1.91±0.89
	0.58[0.31 to 0.84] 
	1.41±0.85
	1.55±0.82
	0.14 [-0.15 to 0.43] 
	0.44 [0.08 to 0.89] 
	0.01


Abbreviations: GEM, geometric mean; LogSD, logarithmic standard deviation; UC, Usual Care; CI, confidence intervals; MD, mean difference adjusted for the baseline values; LCQ, Leicester cough questionnaire; FACIT, Functional Assessment of Chronic Illness Therapy; EQ-5D; EuroQol-5 dimension; Cough-VAS, visual analogue scale for cough; CAT; COPD assessment tool. All analyses were adjusted for the baseline values. Change within group calculated as post value – pre value.  Positive change in LCQ, FACIT, EQ-5D, Sputum frequency scale denotes better outcome.  Negative change in Cough-VAS and CAT score denotes better outcome. Data presented from complete case analysis are without imputation. P value of 0.05 used as a cut-off for statistical significance. Unadjusted analyses were provided in the online supplement.


Safety and adverse events 
AECOPD were reported by 32% of participants in the OPEP group compared to 54% in the control arm OR [95%CI], 0.41 [0.18 to 0.91] (p=0.029) (Table E2). Dropout rate was lower in the treatment arm compared to controls (9% vs 21%). Two individuals in the Acapella arm experienced side effects associated with device use (headache and nausea).
Objective cough frequency monitoring and sleep actigraphy 
At baseline, objective monitoring of cough counts and sleep actigraphy were available for 45 participants (OPEP n=25; and UC n=20). There were correlations between these data and other measures used as primary and secondary endpoints in the study (Table E3). In particular, 24h cough frequency correlated with LCQ total score (r=-0.60; p<0.001), Cough-VAS (r=0.49; p=0.004), CAT score (r=0.55; p=0.001), and sputum frequency scale (r=0.53; p=0.001). Nighttime cough frequency correlated with number of times out of bed (r= 0.72; p<0.001), and total body transitions (r=0.85; p<0.001) (Figure 3).
Follow up monitoring data were available for 33 participants (OPEP n=18; and UC n=15).  Consistent with the impact on reported symptoms, OPEP treatment was associated with a reduction in 24h cough frequency compared to usual care: geometric mean difference [95% CI]; -60 [-43 to -95] (p<0.001) (Table 3 and Figure 4).  However, actigraphy measures of sleep disturbance did not differ between study arms. Those in whom objective cough and sleep actigraphy monitoring had been performed had similar baseline characteristics to those without (Table E4). 

Table 3. Impact of treatment on objective cough monitoring and sleep actigraphy. 

	
	Complete case analysis 

	
	OPEP 
	UC 
	Between groups

	Leicester cough monitor*
(GEM ± LogSD)
	Pre (n=25)
	Post (n=18)
	Change [95CI%]  
	Pre (n=20)
	Post (n=15)
	Change [95CI%]  
	MD [95CI%]  
	p-value 

	24h cough frequency 
	153±0.32
	63±0.39
	-90 [-134 to -54]
	107±0.39 
	77±0.38
	-30 [-62 to -16]
	-60 [ -95 to -43]
	<0.001

	Daytime cough count
	97±0.33
	54±0.36
	-43 [-82 to-20]
	71±0.42
	44±0.41
	-27 [-60 to-5.6]
	-16 [ -63 to -8]
	0.01

	Daytime coughs per hour 
	6.36±0.27
	3.25±0.43
	-3.34[ -5.33 to -1.35] 
	4.20±0.45
	2.60±0.38
	-1.59[-0.32 to 3.51]
	-1.75[-4.39 to 0.88] 
	0.18

	Nighttime cough count 
	75±0.43
	27±0.80
	-45 [-88 to -9.50]
	38±0.44
	33±0.51
	-5 [ -27 to -1.51]
	-43 [-53 to -6.22]
	0.01

	Nighttime coughs per hour 
	8.75±0.51
	2.60±0.71
	-5.77[-10.48 to -1.06]
	5.74±0.48
	5.07±0.48
	-1.00 [-4.17 to 2.17]
	-4.77[-10.49 to 0.95] 
	0.09

	DynaPort sleep monitor* (Mean ± SD) 
	Pre (n=25)
	Post (n=18)
	Change [95CI%]  
	Pre (n=20)
	Post (n=15)
	Change [95CI%]  
	MD [95CI%]  
	p-value 

	Duration night’s rest, hours
	8.28±3.69
	8.62±4.36
	0.34[-1.69 to 2.36]
	7.61±2.7
	8.24±3.16
	0.63 [-1.96 to 0.70]
	-0.30 [-3.72 to 1.80]
	0.16

	Lying down, hours
	10.05±3.03
	10.54±4.41
	0.49 [-2.80 to 1.85]
	9.53±3.64
	9.35±3.59
	-0.18 [-2.58 to 2.95]
	-0.67 [-2.69 to 4.04]
	0.67

	Getting out of bed, n
	2.67±1.46
	1.75±1.23
	-0.92 [ -0.98 to -0.11]
	1.37±0.82
	1.68±1.37
	0.31 [-1.68 to 1.06]
	-1.23 [-1.50 to 2.37]
	0.06

	Time out of bed, mins 
	0.23±0.13
	0.09±0.52
	-0.14 [-0.11 to 0.39] 
	0.29±0.69
	0.51±0.75
	0.22 [-0.67 to 0.32]
	-0.36 [-0.51 to 0.19]
	0.38

	Small, n
	14.32±10.10
	12.46±13
	-1.85 [-8.7 to 5.02]
	22.56±12
	20.68±17
	-1.87[-8.76 to 4.82]
	-0.02 [-4.28 to 4.18]
	0.75

	Medium, n
	3.92±3.03
	3.82±3.90
	-0.10 [-3.05 to 2.84] 
	4.31±5.16
	3.87±3.14
	-0.43 [-3.84 to 4.72] 
	0.34 [-1.81 to 2.16]
	0.32

	Large, n
	1.92±2.01
	1.64±1.48
	-0.28 [-1.41 to 0.84] 
	1.62±2.09
	1.06±0.97
	-0.56 [-0.80 to 1.92]
	0.28 [-0.75 to 1.05]
	0.86

	Extra-large, n 
	1.14±1.14
	0.82±0.77
	-0.32 [-0.79 to 0.95] 
	0.56±1.05
	0.62±0.58
	0.06 [-0.33 to 0.20] 
	-0.38 [-0.79 to 0.13]
	0.19

	Sitting, n 
	9.03±8.362
	7.28±7.72
	-1.75 [-6.48 to 2.98] 
	7.31±3.69
	5.68±5.65
	-1.62 [-5.69 to 2.44] 
	-0.12 [-3.32 to 2.84)
	0.87

	Total transitions, n 
	28.32±18
	27.03±22
	-1.28 [ -15 to 12.9] 
	34.50±19
	35.31±24
	1.18[-14.57 to12.20] 
	-2.46 [-8.39 to 8.72]
	0.96


Abbreviations: GEM, geometric mean; LogSD, logarithmic standard deviation; UC, Usual Care; CI, confidence intervals; MD, mean difference adjusted for the baseline values; h, hours; min, minutes; n, frequency; %, percentage.
Footnote: Cough data presented as GEM and LogSD. Change within group calculated as post value – pre value. *The data are presented as complete case analysis without imputation. 


DISCUSSION
The main finding of the O-COPD trial is that use of the Acapella OPEP device for three months improved cough-related quality of life (LCQ) compared to usual care in people with COPD with sputum production daily or most days. This was accompanied by improvement in FACIT score, EQ5D, sputum frequency scale and a reduction in the number of acute exacerbations reported by participants. Importantly, objective monitoring in a subgroup of trial participants confirmed a reduction in cough counts in the treatment arm compared to controls, supporting the symptom benefit reported. 
Significance of findings
Our study extends the evidence base that Acapella or similar OPEP devices will have a useful role in a clearly defined group of patients with COPD, and helps to clarify their place in guidelines, given that previous studies have in the main been short term or not in clearly defined COPD phenotypes.10 We enrolled patients who reported regular sputum production according to a straightforward sputum scale and who had a defined level of cough/sputum severity based on two items from the CAT score, which is in wide clinical use.27 This means that the study protocol can be easily replicated in clinical practice. The use of the first two CAT items is supported by the correlations demonstrated between the score for these items (cough and sputum) and cough parameters including objective cough counts measured with the LCM (Figure E2 and Figure E3).
The absence of clear data, and the relative neglect of sputum clearance techniques in guidelines, have meant that their use is much less common than the prescription of mucolytic drugs.11 28 We previously explored respiratory physiotherapist opinion regarding the use of OPEP devices in COPD, finding a range of attitudes.11 There was broad consensus that OPEP devices would be considered for patients with thick sputum that is difficult to clear on a daily basis and would not be appropriate in individuals without sputum production. However, in the middle ground of sputum severity there was less agreement. Results from the present clinical trial (The O-COPD) together with recent evidence 29-31, suggest that OPEP devices can be beneficial in a broader range of COPD patients, beyond just those with the most severe sputum burden. Indeed, we explicitly excluded individuals who had been referred to a respiratory physiotherapist because of difficulty with sputum clearance in the preceding year. 
The between group difference in LCQ was 1.03[0.71 to 2.10] similar to the effect seen with Azithromycin in COPD patients with chronic productive cough of 1.3[0.3 to2.3] units and close to the usually proposed MCID of 1.3 points.32 33 In the Acapella arm the improvement was 1.54 [0.33 to 2.18] units. The accompanying between group improvement in fatigue (FACIT score 4.68 [1.34 to 8.02] was within the range of published MCIDs (between 2.8 to 6.8).34 It is important to note that people in the control arm of the study had physiotherapy input as well, being taught ACBT and encouraged to use this technique three times per day. Although the ACBT can be considered a part of usual care, the control condition in the study is likely to have resulted in a much more consistent use of ACBT and therefore better sputum clearance than might be seen in normal clinical circumstances. This control intervention would therefore tend to underestimate the treatment effect of the device. Importantly, in addition to the symptomatic improvement reported, the Acapella device also produced a substantial reduction in objective cough frequency compared to ACBT alone.
Due to the COVID-19 pandemic, training on use of the Acapella device and other sputum clearance techniques was delivered by video conferencing, supported by written and online video link, rather than face to face. All participants reported that they had watched the video link at least once before doing Acapella treatment or ACBT. The success of this approach suggests that for some people the offer of remote support to perform sputum clearance may enhance access.35
The study used the Acapella device, selected as it was the OPEP device preferred in the survey of respiratory physiotherapists we conducted.11 Acapella is gravity-independent, easy to use, less time-consuming, and offers some mechanical advantages.36 37 The Acapella has a dial that can be adjusted to control the oscillations.37 38 The mean pressure generated by the acapella device is higher with more constant oscillations compared to some other OPEP devices.39  Although our findings are likely to be generalisable to other similar devices31, further work will be needed to confirm this. 
Coughing and sputum production are known to contribute to fatigue and sleep disturbance in COPD.40 41 We found that at baseline, objectively measured cough frequency was associated with cough-related quality of life, cough severity, sputum expectoration, and fatigue score, as well as actigraphy detected sleep movements. The measure used to select participants (CAT score cough and sputum items) also correlated with other subjective and objective measures of cough, supporting its validity in this context. Performing effective chest clearance before sleep would be expected to reduce the burden of sputum in the airway triggering cough and sleep disturbance, so the reduction in cough frequency at night in the OPEP arm is likely to represent an important mechanism of fatigue reduction. 
[bookmark: _Toc83662902][bookmark: _Toc92466047]Methodological issues
When interpreting the results of this study, some limitations must be acknowledged. First, although the reduction in AECOPD observed is encouraging, the duration of the study was insufficient to be confident about the health economic benefit of OPEP device in this patient population.  Substantially fewer  AECOPD were reported in the OPEP group compared to usual care. The rate was higher than might have been expected given the baseline exacerbation frequency observed (for the preceding year). These results are encouraging but should be treated with caution, and longer term follow up is needed to confirm the finding. Second, the study was originally intended to be multicentre but had to be conducted at a single centre due to COVID-19 pandemic constraints. Nevertheless, the study recruited from a wide catchment area, facilitated by the remote delivery. Third, in the control arm, patients were encouraged to do ACBT exercises three times a day, but we rejected the use of a placebo device as even exhalation into a non-oscillatory device would be likely to have some effect on sputum clearance. We chose a priori to use last measure carried forward to deal with missing data. The higher dropout rate in the control arm, likely driven by lack of treatment effect or adverse events, means that this is a conservative approach as withdrawn subjects are taken to have had no change rather than to have deteriorated. Moreover, multiple imputation would not have been appropriate since the “data missing at random” criterion is not met. We did not evaluate the impact of OPEP usage on colour or volume of sputum production, which would be interesting for future studies. Finally, objective monitoring was only available in a proportion of participants. However, these individuals are likely to be representative as they did not differ at baseline from those without monitoring. Changes in cough monitoring data were consistent with the findings of the LCQ and other health status tools, providing objective support for these subjective measures. The correlations observed between objective and subjective measures of cough at baseline also provide support to the validity of the latter.
Conclusion  
Our findings suggest that adding an OPEP device to usual care is beneficial for people with COPD and regular sputum production. Further research is needed to evaluate longer term clinical and health economic outcomes. 
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FIGURE LEGENDS
Figure 1. Consolidated Standard of Reporting Trials (CONSORT) flow diagram for the O-COPD trial.
Figure 2. Impact of treatment on LCQ and its components in study arms. LCQ Leicester Cough Questionnaire. OPEP Oscillatory positive pressure device, UC usual care. Data presented as mean difference and 95% confidence intervals. 
Figure 3. Correlation between objective monitoring and other study outcomes at baseline. (A) correlation of 24h cough frequency with LCQ total score; (B) correlation of 24h cough frequency with CAT total score; (C) correlation of nighttime coughs per hour with getting out of bed; and (D) correlation of nighttime coughs per hour with total transitions.  r: Pearson correlation coefficient (n=45). 
Figure 4. Change in 24h cough frequency before and after interventions (OPEP and Usual care (UC)).  (A) comparison of 24h cough frequency before and after interventions in all patients, (B) comparison of daytime cough count before and after interventions, (C) comparison of the nighttime cough count before and after interventions, and (D) Geometric mean change between study arms in 24h cough frequency, daytime cough count, and nighttime cough count. 
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