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Abstract

Objectives To describe the current use of airway clearance techniques among people with cystic 

fibrosis (CF) in the UK, and the baseline characteristics for users of different airway clearance 

techniques.

Design Analysis of the UK CF Registry 2011 data.

Setting and participants All people with CF in the UK aged ≥11 years (n=6372).

Results Of the 6372 people on the UK CF registry in 2011, 89% used airway clearance techniques.

The most commonly used primary techniques were forced expiratory techniques (28%) and

oscillating positive expiratory pressure (PEP) (23%). Postural drainage and high-frequency chest 

wall oscillation were used by 4% and 1% of people with CF, respectively. The male:female ratio of 

individuals who used exercise as their primary airway clearance technique was 2:1, compared with

1:1 for other techniques. Individuals with more severe lung disease tended to use devices such as

non-invasive ventilation or high-frequency chest wall oscillation.

Conclusions Forced expiratory techniques and oscillating PEP are the most common airway 

clearance techniques used by people with CF in the UK, and postural drainage and high-frequency 

chest wall oscillation are the least common techniques. This is significant in terms of planning 

airway clearance technique trials, where postural drainage has been used traditionally as the 

comparator. The use of airway clearance techniques varies between countries, but the reasons for 

these differences are unknown.

Keywords: Cystic fibrosis; Physiotherapy; Registries; Epidemiology 
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Introduction

Lung disease in people with cystic fibrosis (CF) is caused by retained airway secretions, 

inflammation and infection [1]. Chest physiotherapy to remove airway secretions is recommended 

by various CF organisations as a vital treatment for people with CF [2,3].

Many different airway clearance techniques have been developed and modified to optimise 

outcomes in CF [4]. Despite various studies and meta-analyses (including five Cochrane systematic 

reviews), the best airway clearance technique for people with CF has yet to be identified [5]. As 

such, it is recommended that airway clearance techniques should be tailored according to individual 

needs, lifestyle and symptoms [2,3]. Most people with CF have their own preferences for a 

particular airway clearance technique, as shown by the drop-outs in a recent randomised controlled 

trial of long-term airway clearance techniques [6].

As such, the airway clearance techniques used by people with CF vary between individuals 

attending the same CF centre, between CF centres in the same country, and between countries. An 

understanding of this variation would be useful in terms of planning future airway clearance 

technique trials, but the airway clearance techniques used in the UK have not been explored

systematically. This paper aims to describe the airway clearance techniques used by adolescents and 

adults with CF in the UK, to explore the baseline characteristics of people with CF using different 

airway clearance techniques, and to investigate usage patterns of airway clearance techniques by 

severity of lung disease.

<A>Methods

A cross-sectional analysis of all available data from the UK CF registry was undertaken for patients 

aged ≥11 years in 2011. The study had no exclusion criteria. Only data from people with CF aged 

≥11 years were included because airway clearance techniques suitable for younger children differ 

from those used by adolescents and adults [2]. Also, the inclusion of data from younger children 
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would move the focus towards techniques that are chosen as much for the needs of parents and 

families, who are more involved at that stage, as the needs of the person with CF.

<B>Data

The following data were obtained from the registry:

 demographics – age, sex;

 spirometry – forced expiratory volume in 1 second (FEV1) (in % predicted);

 annual total intravenous (IV) antibiotic-days (in number of days);

 use of mucolytic/osmotic – Dornase Alpha (DNase), nebulised hypertonic sodium chloride; and

 primary airway clearance – recorded within the UK CF registry as postural drainage, forced 

expiratory techniques (e.g. active cycle of breathing techniques), positive expiratory pressure (PEP),

oscillating PEP (e.g. Flutter valve and Acapella), high-frequency chest wall oscillation (e.g. vest),

other (usually non-invasive ventilation), exercise and none specified.

Data were collected during the annual review of people with CF between January and 

December 2011. Of note, the CF Trust made minor modifications to the airway clearance technique

categories in 2013, and the ‘forced expiratory techniques’ category was removed as forced 

expiratory techniques are now recognised to be an integral part of all airway clearance techniques in 

the UK. This removal was made following consultation with specialist physiotherapists working 

within CF care who were concerned that this ‘catch all’ heading did not allow differentiation 

between very different airway clearance techniques, such as autogenic drainage and active cycle of 

breathing techniques.

Analyses were restricted to primary airway clearance techniques due to missing data for 

secondary airway clearance techniques (no data were available for 51% of people with CF).

<B>Statistical analysis
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Excel 2010 (Microsoft Corp., Redmond, WA, USA) spreadsheets received from the UK CF 

Registry were converted into SPSS Version 20 (IBM Corp., Armonk, NY, USA) spreadsheets for 

data cleaning and analysis. 

The distribution of primary airway clearance techniques was described. Descriptive analysis 

of baseline characteristics (demographics, spirometry, annual total IV antibiotic-days, use of 

mucolytic/osmotic) was obtained for each airway clearance technique.

Severity of lung disease was divided into severe (% predicted FEV1 ≤40%), moderate (% 

predicted FEV1 >40% to <70%) and mild (% predicted FEV1 ≥70%). These divisions are used as 

the standard for epidemiological studies in CF [7], and are used by US and Canadian CF registries

[8,9]. The robustness of these divisions for this dataset was tested by comparing the total IV 

antibiotic-days for each group using the Kruskal-Wallis test. Annual total IV antibiotic-days 

increased with the severity of lung disease (Kruskal-Wallis P<0.0001), suggesting that the 

internationally adopted divisions were applicable to this dataset.

<insert Figure 1 near here>

Chi-squared test was used to test associations between airway clearance techniques, use of 

mucolytic/osmotic and severity of lung disease. All statistical tests were two-sided, and P<0.05 was

considered to indicate significance.

<A>Results

In total, 6372 people with CF aged ≥11 years were registered on the UK CF registry database in 

2011. There were no missing data for age and sex, and minimal missing data (<5%) for FEV1 and 

annual total IV antibiotic-days, as shown in Table 1. Missing data for use of DNase and nebulised 

hypertonic sodium chloride were difficult to ascertain as the data were collected by the UK CF 

Registry with a check-box, with no option for ‘not using’. Therefore, if the check-box was not 
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selected (i.e. ‘no data’), it could be that the respondent was not using that mucolytic/osmotic or it 

could represent missing data.

<insert Table 1 near here>

Fig. 2 shows that 89% of people with CF used airway clearance techniques in 2011. Forced 

expiratory techniques (including huff, active cycle of breathing techniques and autogenic drainage),

used by 28% of people with CF, were the most common, followed by oscillating PEP (23%). Only 

1% of people with CF in the UK used high-frequency chest wall oscillation as their primary airway 

clearance technique. Approximately 10% of people with CF did not use any airway clearance 

techniques.

<insert Fig. 2 near here>

Table A (see online supplementary material) shows the demographic data by airway 

clearance technique. People with CF who used exercise and those who did not use any airway 

clearance techniques appeared to have the mildest lung disease based on % predicted FEV1 (median 

78% and 78%, respectively) and annual IV antibiotic-days (median 3 days and 0 days,

respectively). People with CF using high-frequency chest wall oscillation or ‘other’ techniques 

(usually non-invasive ventilation) appeared to have the most severe lung disease, with median % 

predicted FEV1 of 63% and 65%, respectively. These two groups also had the highest annual IV 

antibiotic-days (median 26 days and 24 days, respectively). Further information about the 

distribution of continuous variables (age, FEV1 and total IV antibiotic-days) is available in Fig. A 

(see online supplementary material).

People with severe lung disease were more likely to use high-frequency chest wall 

oscillation [relative risk (RR) 2.75, 95% confidence interval (CI) 1.39 to 5.41] and forced 
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expiratory techniques (RR 1.79, 95% CI 1.61 to 1.99) than people with mild lung disease. People

with mild lung disease were more likely not to use any airway clearance techniques (RR 1.40, 95% 

CI 1.09 to 1.80), or to use exercise (RR 1.98, 95% CI 1.59 to 2.48) or PEP (RR 1.79, 95% CI 1.45

to 2.23) as their primary airway clearance technique compared with people with severe lung 

disease. The use of postural drainage and oscillating PEP was similar across severity categories. 

Table 2 shows the proportion of airway clearance techniques by severity of lung disease (Chi-

square, P<0.001).

<insert Table 2 near here>

Table 3 shows the use of mucolytic/osmotic by severity of lung disease. People with severe 

lung disease were more likely to use DNase than people with mild lung disease (RR 1.65, 95% CI 

1.55 to 1.75; overall Chi-square, p<0.0001). People with severe lung disease were more likely to 

use nebulised hypertonic sodium chloride than people with mild lung disease (RR 1.88, 95% CI 

1.63 to 2.17; overall Chi-square, p<0.0001).

<insert Table 3 near here>

As shown in Table A (see online supplementary material), people with CF who did not use

any airway clearance techniques were least likely to use DNase (29%, compared with the overall 

figure of 53%) and nebulised hypertonic sodium chloride (11%, compared with the overall figure of 

19%). On the other hand, people with CF who used high-frequency chest wall oscillation or ‘other’

techniques (usually non-invasive ventilation) were most likely to use DNase (67% and 67%,

respectively) and nebulised hypertonic sodium chloride (29% and 30%, respectively).

<A>Discussion
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<B>Levels of airway clearance technique use in the UK

Instead of ‘traditional’ techniques such as postural drainage (used by 4% of people with CF), more 

people with CF used techniques that can be self-administered:  forced expiratory techniques (28%),

oscillating PEP (23%) and PEP (16%). This is not surprising given that the ‘traditional’ techniques 

are relatively cumbersome and time-consuming to perform [10]. Postural drainage has gone out of 

favour due to the time required to facilitate mucociliary clearance [11]. There are also concerns that 

the head-down tilt may exacerbate gastro-oesophageal reflux and dyspnoea [12].

Three of the four recent randomised controlled trials on airway clearance techniques used

PEP or oscillating PEP in one of the comparator arms [13–15]. Given their level of use across 

different countries and the relative evidence of benefit, all future randomised control trials on 

airway clearance techniques should consider using PEP or oscillating PEP as a comparator.

<B>Variation by country

There is considerable between-county variation in airway clearance techniques (Table 4). For 

example, more than 50% of people with CF at the Buenos Aires CF centre in Argentina used

postural drainage as their main airway clearance technique [16], compared with 4% in the UK. 

High-frequency chest wall oscillation is used by 37% of people with CF in the USA [17], but only 

3% in Canada [18] and 1% in the UK. Exercise is the most common airway clearance technique in 

New Zealand (46% of adults) [19], compared with 16% in the UK. There is a strong preference for 

autogenic drainage in Ireland (46% of adults) [20], with other countries reporting autogenic 

drainage grouped with other breathing techniques (e.g. active cycle of breathing techniques) and 

figures ranging from 5% [18] to 33% [16].

Review of registry data for other countries revealed that airway clearance data for Australia, 

Brazil, France, Germany or the Netherlands were not included in the annual registry reports [21–

25]. Airway clearance data were also omitted from the European Cystic Fibrosis Society registry 

report [26]. However, 2010 data were available for Belgium, and showed that 90% of people with 
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CF on the registry underwent regular chest physiotherapy; no data were available regarding the

actual technique used [27].

<insert Table 4 near here>

In 2007, the Canadian Cystic Fibrosis Foundation created an Airway Clearance Working 

Group to collect airway clearance technique data from their CF clinics [18]. The results of this 

survey influenced the choice of airway clearance techniques used for the comparator and 

intervention arms in a recent multicentre randomised control trial [13]. The proportions of the 

different airway clearance techniques recorded for people with CF in the UK are broadly 

comparable with Canada, except for a bias towards PEP over oscillating PEP in Canada. This 

difference may be explained by several Canadian studies which found that PEP therapy is more 

effective than flutter devices (a form of oscillating PEP) [28] and postural drainage [29].

Interestingly, data from the 2011 Canadian registry report differed from this study: 34% of people 

with CF used PEP, 29% used percussion, 9% used other techniques, 8% used no airway clearance, 

7% used autogenic drainage or ‘breathing exercises’, 7% used high-frequency chest wall oscillation

and 6% used flutter devices [30]. The differences in the Canadian data over time may be due to the 

4-year gap between data collection, or issues such as data input and definitions.

<B>Limitations in using registry data

Limitations in using registry data to assess use of airway clearance techniques by people with CF

were demonstrated in the above descriptions of data from other countries. Many reports did not 

include any information about airway clearance, and some reports only included minimal data with 

no information about the technique used. Technique limitations were also displayed in this analysis 

of UK registry data because the airway clearance techniques available in 2011 were less well

defined, with no clear option for active cycle of breathing techniques or autogenic drainage. Instead,
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these different techniques were combined into a single category (forced expiratory techniques), 

which is likely to have affected the results of this registry analysis which found that forced 

expiratory techniques were the most common primary techniques for people with CF. This 

limitation has been addressed for UK registry data entered from 2013.

Other limitations are that CF registry data does not include information regarding 

adherence, opinions of people with CF, exact ‘prescription’ and health-related quality of life. This 

is evidenced by the low percentages of people with CF who reported that they did not use any

airway clearance techniques: 10% in this UK study, 4% in the New Zealand data, 8% in the 

Canadian registry data and no other reports within the other data identified in this paper [16–18,20]. 

Given that previous studies have often identified poor adherence to airway clearance, it seems 

unlikely that this is accurate.

Data input may also be an issue as the accuracy of the data is highly dependent on the clear 

labelling of categories within the registry, and the knowledge of the person inputting the data or 

providing the data to input. Non-physiotherapists may struggle to define what the patient is doing,

and which category this belongs to within a registry database.

It is likely that people with CF use more than one airway clearance technique. The authors

were unable to derive meaningful conclusions from the ‘secondary’ airway clearance technique data 

because no data were available for 51% of the people with CF, while less than 1% of the people 

with CF were not using any secondary airway clearance techniques. Nonetheless, it is expected that 

the registry data will be more robust following modifications made since 2013, and the 

implementation of a National Tariff for Cystic Fibrosis (payment by results) which will use registry 

data. 

The advantage of analysing the CF registry database is that a snapshot for all registered 

people with CF in the UK is available. As a result, this analysis has a larger sample size compared 

with previous analyses [16–18]. The UK CF registry database also has stringent quality control 

systems [31]. The small amount of missing data (<2% of data for ‘primary’ airway clearance 
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technique categories were missing) is testament to the high quality and comprehensive cover of the 

registry. The descriptive statistics provided in this paper are therefore representative of the main 

airway clearance techniques used by people with CF in the UK.

<B>Baseline characteristics

To the authors’ knowledge, this is the first paper is to describe the baseline characteristics of people 

with CF using various airway clearance techniques. People with mild lung disease were most likely 

to use exercise alone as their primary airway clearance technique, while people with severe lung 

disease were most likely to use high-frequency chest wall oscillation and nebulised 

mucolytics/osmotics. These results indicate a good degree of individualisation of airway clearance 

techniques by CF specialist physiotherapists, with some techniques (e.g. high-frequency chest wall 

oscillation, non-invasive ventilation) being reserved for sicker patients. However, recent trials 

comparing high-frequency chest wall oscillation with PEP have raised uncertainty regarding the 

effectiveness of high-frequency chest wall oscillation for airway clearance [13,32]. It will be 

interesting to repeat a similar analysis in several years’ time to determine if the pattern of airway 

clearance techniques changes with emerging evidence.

There was a 50%:50% split by sex for most airway clearance technique categories. 

However, the male:female ratio for people with CF using exercise as their primary airway clearance 

technique was almost 2:1. Given that the sex difference in habitual activities among people with CF

is well described [33], this result suggests that patient preference also exerts a significant influence 

on the choice of airway clearance technique. In addition, people with CF who do not use any 

primary airway clearance technique had high % predicted FEV1 (median 78%) and low total IV 

antibiotic-days (median 0), suggesting that these people may have felt well and therefore chose not 

to perform airway clearance. 

<B>Patient preference
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Patient preference is particularly pertinent in airway clearance because these are time-consuming, 

effortful and demanding activities to perform [6]. Adherence is crucial for an airway clearance 

technique to work optimally [4], and self-reported adherence correlates best with self-reported

satisfaction with a particular airway clearance technique [10]. There is emerging evidence that 

giving people with CF a choice of airway clearance techniques may improve outcome [34]. 

Nonetheless, patient preference alone does not guarantee efficacy – in the 2010 US multicentre 

randomised control trial on airway clearance techniques (whereby participants were randomised to 

different airway clearance techniques without taking their preferences into account), the attrition 

rate from the high-frequency chest wall oscillation arm was significantly lower compared with the 

oscillating PEP and postural drainage arms [15]. ‘Satisfaction with therapy’ was an independent 

predictor of drop-out [15]. However, the decrease in forced expiratory flow 25–75% (FEF25–75) in 

the high-frequency chest wall oscillation arm was significantly higher compared with the other two 

arms [15], suggesting a potential mismatch between objective and perceived efficacy [6].

This analysis found that approximately 15% of people with CF in the UK use exercise as 

their primary airway clearance technique. People with CF may perceive exercise to be a non-

stigmatising activity performed by all healthy people, so may choose to use exercise alone as an 

airway clearance technique despite recommendations to the contrary [2,3]. Evidence suggests that 

although exercise helps increase ease of sputum expectoration, it may not actually increase solid

content [35]. However, exercise has numerous other benefits and should be strongly encouraged as 

part of CF management and as an adjunctive therapy for airway clearance [36].

<B>Adherence

Other than the potential lack of efficacy of the preferred technique, another reason for the mismatch 

between personal preference and actual efficacy of the airway clearance techniques may simply be 

overestimation of adherence to certain airway clearance techniques. The lack of adherence data 

within registries is a limitation. However, issues have also been raised around how adherence could 
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be reported if registries were to collect this data. Electronic data capture (EDC) has demonstrated 

that self-report among people with CF is notoriously unreliable. For example, people with CF 

reported a median adherence of 80% to nebulised treatment, but objective median adherence was 

only 36% [37]. Airway clearance has historically been invisible, with only self-report or crude time 

loggers to guide visualisation of adherence. Making airway clearance and physical activity visible 

with EDC will be an important step towards more meaningful analysis of the results of future 

comparative trials of airway clearance techniques. Physical activity can be quantified objectively 

with an accelerometer [38], and the use of PEP and oscillating PEP may be measured with 

electronic chip card recording.

<A>Conclusion

This UK CF registry analysis found that many people with CF do not use any airway clearance 

techniques, or use exercise as their primary airway clearance technique despite the fact that this is

not recommended [2,3]. Forced expiratory techniques and airway clearance devices (PEP and 

oscillating PEP) were found to be the most common primary airway clearance techniques used by 

people with CF in the UK, while postural drainage and high-frequency chest wall oscillation are the 

least common techniques (used by 4% and 1%, respectively). This is a significant finding in terms 

of planning airway clearance technique trials where postural drainage has been used traditionally as 

the ‘gold standard’ comparator. Continuation of this practice would risk the recruitment of

sufficient participants to a trial, and calls into question the applicability of the results to a 

population that does not tend to use these techniques.

This work demonstrates variation in the use of different airway clearance techniques 

between countries. It does not explain whether these differences are influenced by technique 

accessibility, clinician cultural or knowledge differences, patient cultural or knowledge differences, 

overall differences in emphasis of different treatments or other factors. This poses an important 
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research question to identify the factors that cause variation in the use of different airway clearance 

techniques between countries.

Acknowledgement

Data were obtained from the UK CF Registry, Cystic Fibrosis Trust, 2013. Part of the analysis in 

this paper will be presented as a poster in the 2014 European Cystic Fibrosis Society conference, 

and will also be published as an abstract in the 2014 Supplement 1 issue of the Journal of Cystic 

Fibrosis (titled ‘Airway clearance techniques used by people with cystic fibrosis in the UK’).

Ethical approval: None required.

Conflicts of interest: None declared.

References

[1] Starner TD, McCray PB Jr. Pathogenesis of early lung disease in cystic fibrosis: a window of 

opportunity to eradicate bacteria. Ann Intern Med 2005;143:816–22.

[2] Association of Chartered Physiotherapists in Cystic Fibrosis. Standards of care and good clinical 

practice for the physiotherapy management of cystic fibrosis. Association of Chartered 

Physiotherapists in Cystic Fibrosis. Available at:  

https://www.cysticfibrosis.org.uk/media/82076/CD_Standards_of_Care_Physio_Jun_11.pdf

[accessed 12.01.14]. 

[3] Flume PA, Robinson KA, O'Sullivan BP, Finder JD, Vender RL, Willey-Courand DB, et al.

Cystic fibrosis pulmonary guidelines: airway clearance therapies. Respir Care 2009;54:522–37.

[4] Rand S, Hill L, Prasad SA. Physiotherapy in cystic fibrosis: optimising techniques to improve 

outcomes. Paediatr Respir Rev 2013;14:263–9.



Page 15 of 24

Acc
ep

te
d 

M
an

us
cr

ip
t

15

[5] Bradley JM, Moran FM, Elborn JS. Evidence for physical therapies (airway clearance and 

physical training) in cystic fibrosis: an overview of five Cochrane systematic reviews. Respir Med 

2006;100:191–201.

[6] Main E. What is the best airway clearance technique in cystic fibrosis? Paediatr Respir Rev 

2013;14(Suppl. 1):10–2.

[7] Gee L, Abbott J, Conway SP, Etherington C, Webb AK. Quality of life in cystic fibrosis: the 

impact of gender, general health perceptions and disease severity. J Cyst Fibros 2003;2:206–13.

[8] Cystic Fibrosis Foundation. Patient registry annual data report 2010. Cystic Fibrosis 

Foundation. Available at: 

http://www.cff.org/UploadedFiles/LivingWithCF/CareCenterNetwork/PatientRegistry/2010-

Patient-Registry-Report.pdf [accessed 08.11.13].

[9] Cystic Fibrosis Canada. Canadian cystic fibrosis patient data registry report 2010. Available at: 

http://www.cysticfibrosis.ca/assets/files/pdf/cpdr_reporte.pdf [accessed 08.11.13].

[10] Oermann CM, Swank PR, Sockrider MM. Validation of an instrument measuring patient 

satisfaction with chest physiotherapy techniques in cystic fibrosis. Chest 2000;118:92–7.

[11] Mortensen J, Falk M, Groth S, Jensen C. The effects of postural drainage and positive 

expiratory pressure physiotherapy on tracheobronchial clearance in cystic fibrosis. Chest 

1991;100:1350–7.

[12] Cecins NM, Jenkins SC, Pengelley J, Ryan G. The active cycle of breathing techniques – to tip 

or not to tip? Respir Med 1999;93:660–5.

[13] McIlwaine MP, Alarie N, Davidson GF, Lands LC, Ratjen F, Milner R, et al. Long-term 

multicentre randomised controlled study of high frequency chest wall oscillation versus positive 

expiratory pressure mask in cystic fibrosis. Thorax 2013;68:746–51.

[14] Pryor JA, Tannenbaum E, Scott SF, Burgess J, Cramer D, Gyi K, et al. Beyond postural 

drainage and percussion: airway clearance in people with cystic fibrosis. J Cyst Fibros 2010;9:187–

92.



Page 16 of 24

Acc
ep

te
d 

M
an

us
cr

ip
t

16

[15] Sontag MK, Quittner AL, Modi AC, Koenig JM, Giles D, Oermann CM, et al. Lessons learned 

from a randomized trial of airway secretion clearance techniques in cystic fibrosis. Pediatr 

Pulmonol 2010;45:291–300.

[16] Ratto P, Zaragoza SM, Lubovich SL, Rodriguez VA, Baldoni M, Teper A. Airway clearance 

techniques currently used in a cystic fibrosis center in Argentina. J Cyst Fibros 2012;11:S105.

[17] Sawicki GS, Sellers DE, Robinson WM. High treatment burden in adults with cystic fibrosis: 

challenges to disease self-management. J Cyst Fibros 2009;8:91–6.

[18] McIlwaine MP, Agnew JL, Black C. Use of airway clearance techniques in cystic fibrosis 

clinics in Canada. Pediatr Pulmonol 2008;43:392–3.

[19] Cystic Fibrosis Association of New Zealand. Port CFNZ 2011 national data registry. Cystic 

Fibrosis Association of New Zealand. Available at: 

http://www.cfri.ie/docs/annual_reports/CFRI2011.pdf [accessed 23.03.14].

[20] Cystic Fibrosis Registry of Ireland. 2011 Annual report. Cystic Fibrosis Registry of Ireland. 

Available at: http://www.cfri.ie/docs/annual_reports/CFRI2011.pdf [accessed 23.03.14].

[21] Cystic Fibrosis Australia. 14th Annual report Australian cystic fibrosis data registry. Cystic 

Fibrosis Australia. Available at: http://www.cysticfibrosis.org.au/media/wysiwyg/CF-

Australia/medical-documents/ACFDR_2011/ACFDR_2011_Report.pdf [accessed 23.03.14].

[22] Grupo Brasileiro de Estudos de Fibrose Cistica. Brazilian cystic fibrosis patient registry 2011 

annual report. Grupo Brasileiro de Estudos de Fibrose Cistica. Available at: 

http://www.gbefc.org.br/gbefc/Registro2011_Ingles_site.pdf [accessed 23.03.14].

[23] Vaincre la Mucoviscidose and Ined. French CF registry – annual data report 2011. Vaincre la 

Mucoviscidose and Ined. Available at: http://www.gbefc.org.br/gbefc/Registro2011_Ingles_site.pdf

[accessed 23.03.14].

[24] Nederlandse Cystic Fibrosis Stichting. Dutch cystic fibrosis registry – annual data report 2011. 

Nederlandse Cystic Fibrosis Stichting. Available at: http://www.cfonderzoek.nl/bestanden/cf-

registratie/report_dutch_cf_registry_2011.pdf [accessed 23.03.14].



Page 17 of 24

Acc
ep

te
d 

M
an

us
cr

ip
t

17

[25] Zentrum für Qualität und Management im Gesundheitswesen. Berichtsband -

qualitätssicherung mukoviszidose 2011. Zentrum für Qualität und Management im 

Gesundheitswesen. Available at: http://muko.info/fileadmin/redaktion/Forschung/Muko-

Institut/QM_CF_Einrichtungen/Mukoviszidose_2011_mit_Verlinkungen-gross.pdf [accessed 

23.03.14].

[26] European Cystic Fibrosis Society. ECFS patient registry annual data report 2008–2009. 

European Cystic Fibrosis Society. Available at: 

https://www.ecfs.eu/files/webfm/webfiles/File/ecfs_registry/ECFSPR_Report0809_v32012.pdf

[accessed 23.03.14].

[27] Belgisch Mucoviscidose Register – Registre Belge de la Mucoviscidose. The Belgian cystic 

fibrosis registry summary report 2010. Belgisch Mucoviscidose Register – Registre Belge de la 

Mucoviscidose. Available at: http://www.cysticfibrosisdata.org/ReportsBelgium.html [accessed 

23.03.14].

[28] McIlwaine PM, Wong LT, Peacock D, Davidson AG. Long-term comparative trial of positive 

expiratory pressure versus oscillating positive expiratory pressure (flutter) physiotherapy in the 

treatment of cystic fibrosis. J Pediatr 2001;138:845–50.

[29] McIlwaine PM, Wong LT, Peacock D, Davidson AG. Long-term comparative trial of 

conventional postural drainage and percussion versus positive expiratory pressure physiotherapy in 

the treatment of cystic fibrosis. J Pediatr 1997;131:570–4.

[30] Cystic Fibrosis Canada. Canadian cystic fibrosis registry – 2011 annual report. Cystic Fibrosis 

Canada. Available at: http://www.cysticfibrosis.ca/wp-

content/uploads/2013/10/Registry2011FINALOnlineEN.pdf [accessed 23.03.14].

[31] McCormick J, Sims EJ, Green MW, Mehta G, Culross F, Mehta A. Comparative analysis of 

cystic fibrosis registry data from the UK with USA, France and Australasia. J Cyst Fibros 2005;4: 

115–22



Page 18 of 24

Acc
ep

te
d 

M
an

us
cr

ip
t

18

[32] Osman LP, Roughton M, Hodson ME, Pryor JA. Short-term comparative study of high 

frequency chest wall oscillation and European airway clearance techniques in patients with cystic 

fibrosis. Thorax 2010;65:196–200. 

[33] Selvadurai HC, Blimkie CJ, Cooper PJ, Mellis CM, Van Asperen PP. Gender differences in 

habitual activity in children with cystic fibrosis. Arch Dis Child 2004;89:928–33.

[34] McIlwaine PM, Agnew JL, Alarie N, Lands LC, Davidson GF, Ratjen F. Effectiveness of 

airway clearance techniques when patients choose their airway clearance technique. J Cyst Fibros 

2013;12:S18.

[35] Dwyer TJ, Alison JA, McKeough ZJ, Daviskas E, Bye PT. Effects of exercise on respiratory 

flow and sputum properties in patients with cystic fibrosis. Chest 2011;139:870–7.

[36] Moran F, Bradley J. Incorporating exercise into the routine care of individuals with cystic 

fibrosis: is the time right? Expert Rev Respir Med 2010;4:139–42.

[37] Daniels T, Goodacre L, Sutton C, Pollard K, Conway S, Peckham D. Accurate assessment of 

adherence: self-report and clinician report vs electronic monitoring of nebulizers. Chest 

2011;140:425–32.

[38] Dwyer TJ, Alison JA, McKeough ZJ, Elkins MR, Bye PT. Evaluation of the SenseWear 

activity monitor during exercise in cystic fibrosis and in health. Respir Med 2009;103:1511–7. 



Page 19 of 24

Acc
ep

te
d 

M
an

us
cr

ip
t

Fig. 1. Box-and-whisker plots of total intravenous (IV) antibiotic-days by severity of lung 

disease. FEV1, forced expiratory volume in 1 second. 
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Fig. 2. Airway clearance techniques (n=6372). PWCF, people with cystic fibrosis; PEP, 
peak expiratory pressure. 
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Table 1 

Demographic details for people with cystic fibrosis (CF) included in this analysis (n=6372) 

 

Age (years) 

Median (IQR) 

Missing data (%) 

23 (15) 

0 

 

Sex  

Male, n (%) 

Female, n (%) 

Missing data, n (%) 

3461 (54%) 

2911 (46%) 

0 

 

FEV1 (% predicted) 

Median (IQR) 

Missing data (%) 

71.9 (37.1) 

247 (4%) 

Total intravenous 

antibiotic-days 

 

Median (IQR) 

Missing data (%) 

 

14 (37) 

111 (2%) 

 

Use of DNase  

Yes, n (%) 

No dataa, n (%) 

3387 (53%) 

2985 (47%) 

Use of nebulised 

hypertonic sodium 

chloride  

Yes, n (%) 

No dataa, n (%) 

1205 (19%) 

5167 (81%) 

IQR, interquartile range; FEV1, forced expiratory volume in 1 second. 

aData for use of DNase and nebulised hypertonic sodium chloride were collected by the 

UK CF Registry with a check-box with no option for ‘not using’. Therefore, if the check-box 

was not selected (i.e. ‘no data’), it could be a person with CF was not using that 

mucolytic/osmotic, but it could also represent missing data. 
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Table 2 

Proportion of people with cystic fibrosis using different airway clearance techniques 

 

 

Airway clearance 

techniques 

 

Severe lung disease  

(% FEV1 ≤40%) 

n=811 

Moderate lung 

disease  

(% FEV1 >40% to 

<70%) 

n=2052 

 

Mild lung disease 

(% FEV1 ≥70%) 

n=3181 

 

Postural drainage  

 

37 (5%) 

 

95 (5%) 

 

127 (4%) 

 

Forced expiratory 

techniques 

 

332 (41%) 

 

630 (33%) 

 

727 (23%) 

 

Oscillating PEP 

 

184 (23%) 

 

485 (23%) 

 

727 (23%) 

 

PEP 

 

84 (10%) 

 

288 (14%) 

 

592 (19%) 

 

High-frequency chest 

wall oscillation 

 

14 (2%) 

 

18 (1%) 

 

20 (1%) 

 

Other 

 

17 (2%) 

 

19 (1%) 

 

24 (1%) 

 

Exercise 

 

78 (10%) 

 

311 (15%) 

 

607 (19%) 

 

None 

 

65 (8%) 

 

166 (8%) 

 

357 (11%) 

PEP, positive expiratory pressure. 

Chi-square test P-value comparing airway clearance technique by severity of lung disease 

<0.0001. 

None of the cells had an expected count <5. The minimum expected count was 7.  

Missing data=328 (5%). 
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Table 3 

 Proportion of people with cystic fibrosis using nebulised mucolytic/osmotic to help with 

airway clearance 

  

Severe lung 

disease  

(% FEV1 ≤40%) 

n=824 

Moderate lung 

disease  

(% FEV1 >40% 

to <70%) 

n=2074 

 

Mild lung 

disease 

(% FEV1 ≥70%) 

n=3227 

DNase 

        No data 

        Yes 

 

244 (30%) 

580 (70%) 

 

769 (37%) 

1305 (63%) 

 

1848 (57%) 

1379 (43%) 

Nebulised hypertonic sodium 

chloride  

        No data 

        Yes 

 

 

607 (74%) 

217 (26%) 

 

 

1586 (76%) 

488 (24%) 

 

 

2776 (86%) 

451 (14%) 

FEV1, forced expiratory volume in 1 second. 

Chi-square test p-value comparing use of DNase by severity of lung disease <0.0001 

Chi-square test p-value comparing use of nebulised hypertonic sodium chloride by severity 

of lung disease <0.0001 

None of the cells had an expected count <5. For use of DNase, minimum expected count 

was 385. For use of nebulised hypertonic sodium chloride, minimum expected count was 

156. 

Missing data=247 (4%). 
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Table 4 

 Comparison of airway clearance technique use in the UK with other countries 

 UK data 
2011 

(n=6372) 
≥11 years 

New Zealand 
data 
2011 

(n=138) 
≥16 years 

Canada 
data 2011 
(n=3913) 
All ages 

Canada data 
2008 

(n=2363) 
All ages 

Ireland data 
(n=388) 

Adult data 

US data 
(n=204)

a
 

Adult data 

Argentina data 
(n=110)

a
 

Child data 

 

Postural drainage 

Forced expiratory techniques 
(including huff, ACBT

 
and AD) 

 
Oscillating PEP 

PEP 

High frequency chest wall 
oscillation 
 
Exercise 

Percussion 

Other 

None 

 

4% 

 

28% 

 

23% 

16% 

 

1% 

 

16% 

 

1% 

10% 

 

2% 

 

14% 

 

17% 

23% 

 

2% 

 

46% 

 

0% 

4% 

 

N/A 

 

7% 

 

6% 

34% 

 

7% 

 

 

29% 

9% 

8% 

 

20% 

 

5% 

 

8% 

40% 

 

3% 

 

 

 

 

0% 

3% (ACBT) 
46% (AD) 

 
17% 

10% 

 

4% 

 

 

0% 

3% 

 

19% 

 

25% 

 

15% 

 

 

37% 

 

 

 

54% 

 

33% 

 

 

11%
b
 

 

 

 

 

 

Data source/collection method UK CF 
registry 
database 
2011 

New Zealand 
registry 
report 2011 
[19] 

Canadian 
registry 
report 
2011 [30] 

McIlwaine et al. 
2008 [18] using 
records from 24 
CF clinics 

CF registry of 
Ireland 2011 
[20] 

Sawicki et al. 2009 
[17] using 
questionnaire as part 
of project on Adult 
Care in CF study 

Ratto et al. 2012 [16] – 
Records from a single 
CF clinic 

 

ACBT, active cycle of breathing techniques; AD,
 
autogenic drainage; PEP, peak expiratory pressure; CF, cystic fibrosis. 

a
More than one airway clearance technique may be recorded if a person with cystic fibrosis used more than one technique. 

b
11% PEP and oscillating PEP.  
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