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ABSTRACT  1 

Objectives 2 

To explore and describe current UK physiotherapy practice relating to airway clearance techniques 3 

and mucoactive agents in critically ill adult patients with acute respiratory failure in the intensive care 4 

unit. 5 

Design 6 

A descriptive, qualitative study using focus group interviews.  Focus groups were audio-recorded, 7 

independently transcribed, and data analysed thematically. 8 

Participants 9 

Senior, experienced physiotherapists, clinically active in critical care.  10 

Results 11 

Fifteen physiotherapists participated in four interview sessions.  Five themes emerged describing 12 

airway clearance techniques: ‘Repertoire of airway clearance techniques’, ‘Staffing and skillset’, 13 

‘Commencing respiratory physiotherapy’, ‘Technique selection’, and ‘Determining effectiveness’ were 14 

themes related to airway clearance techniques.  Five themes were also identified in relation to 15 

mucoactive agents: ‘Use in clinical practice’, ‘Decision to commence’, ‘Selection of agent’, ‘Stopping 16 

mucoactive agents’, and ‘Determining effectiveness’.  A summary of key features of standard practice 17 

was developed.  18 

Conclusions 19 

Standard UK physiotherapy practice of airway clearance techniques is variable, but patient-centred 20 

and targeted to individual need, with adjunctive use of mucoactive agents to enhance and optimise 21 

patient management if required.  Based on this study, key features of airway clearance techniques 22 

have been summarised to help capture standard care, which could be used in future trials involving 23 

ACT as part of usual care.    24 

Word count 25 

198 26 
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CONTRIBUTION OF THE PAPER 27 

Key messages  28 

1.  Physiotherapy practice of airway clearance techniques is patient-centred with individualised 29 

assessment to determine clinical need 30 

2. Treatment is tailored to specific presentation, with a range of available techniques to use 31 

3. Mucoactive agents are typically commenced to assist with management of “thick” secretions that 32 

are unable to be cleared using standard airway clearance techniques 33 

 34 

What new knowledge is added by this study? 35 

1. Themes related to how experienced critical care physiotherapists use airway clearance techniques 36 

and mucoactive agents with critically ill patients have been generated 37 

2. Key features characterising standard practice have been summarised 38 

3. Practice is reflective of national guidelines  39 

 40 

KEYWORDS 41 

Mucoactive agents; Physiotherapy; Airway clearance techniques; Respiratory Failure; Critical Care 42 

 43 

 44 

 45 

 46 

 47 

 48 

 49 

 50 

 51 

 52 
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INTRODUCTION 53 

Acute respiratory failure (ARF) accounts for a major proportion of admissions to the intensive care 54 

unit (ICU), with significant associated early and late mortality [1-3].  Mechanical ventilation is the 55 

cornerstone of supportive treatment [4], albeit accompanied by the risk of secretion retention 56 

secondary to altered secretion rheology and impaired mucociliary clearance [5, 6].  Standard strategies 57 

to minimise secretion retention typically include suctioning and heated humidification [7].  Respiratory 58 

physiotherapy utilises additional airway clearance techniques (ACT) to manage focal secretion 59 

retention including manual and/or ventilator lung hyperinflation, patient positioning, and chest wall 60 

manual techniques [8-11].  These techniques may be supplemented by use of adjunctive therapies 61 

such as mucoactive agents for increased volume or tenacity of secretions [12].   62 

 63 

Three recent studies have described detailed respiratory physiotherapy practice for mechanically 64 

ventilated patients in the ICU, all conducted in the Australia/New Zealand healthcare setting.  A 65 

prospective cross-sectional point-prevalence study across 47 ICUs and including 230 patients, 66 

reported nearly 40% of patients required additional secretion clearance techniques beyond standard 67 

suctioning, predominantly delivered by physiotherapists [10].  In a survey of senior ICU 68 

physiotherapists, 98% of respondents (n=60/61) identified facilitation of sputum clearance as their 69 

rationale for delivering respiratory physiotherapy [11].  High sputum load, thick secretions unable to 70 

be cleared by other modalities, and cough ineffectiveness, were the most common clinical 71 

presentations influencing duration and frequency of treatment sessions [11].  Finally, in a prospective 72 

observational study of usual care physiotherapy during acute hospitalisation, patient positioning, 73 

ventilator lung hyperinflation, and suctioning, were the most frequently performed respiratory 74 

techniques documented by physiotherapists [13]. 75 

 76 

In contrast, data describing UK respiratory physiotherapy practice for critically ill patients are limited, 77 

despite this considered an integral component of patient management [14, 15].  Prior survey data 78 
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report similarities in practice between the UK and Australia [16], albeit these data are nearly 30 years 79 

old.   wWhilst empirically there are common professional roles and responsibilities between the 80 

countries, it is uncertain that UK practice remains notably in keeping with international counterparts.  81 

Furthermore, no studies of UK ICU respiratory physiotherapy have referenced use of mucoactive 82 

agents as adjuncts to treatment.  Empirically, Uuse of this pharmacotherapy in clinical practice is 83 

common despite limited evidence for effectiveness [17, 18].   A recent UK survey of ICU-level practice 84 

demonstrated the majority (83%, 106/128 pharmacist respondents) used mucoactive agents, 85 

reported but with wide prescribing variability and minimal use of local guidelines to direct practice, 86 

The most highly ranked indication for mucoactive agent use was “Thick secretions” the highest 87 

indication for mucoactive agent use, and described with systemic carbocisteine and topical hypertonic 88 

saline amongst the most commonly used agents [19] .  These findings were echoed in a similar ICU-89 

clinician level survey, although predominantly (80% of respondents) including intensive care medicine 90 

physicians [19].  The aim of our study was therefore to explore and describe current UK physiotherapy 91 

practice relating to ACT and use of mucoactive agents in the management of adult critically ill patients 92 

with ARF in the ICU.  93 

 94 

METHODS 95 

Study design 96 

This study used focus group interviews conducted between December 2018 and January 2019, led by 97 

an experienced qualitative researcher (BO’N; female, PhD, physiotherapist).  A second researcher (BC) 98 

introduced the rationale for the focus groups and intended purpose for the data acquired, and 99 

contributed additional questions at the end of the focus group to clarify or expand on content raised 100 

in the discussion.  Finally, a third researcher (MB) acted as an observer.  All participants had contact 101 

with the lead researcher (BC) during the recruitment process; BO’N and MB were independent.  This 102 

study was approved by King’s College London Research Ethics Committee (MRA-18/19-8906), and is 103 
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reported in line with COREQ guidelines [20].  Participants provided written informed consent prior to 104 

participation.    105 

 106 

Participant selection 107 

A purposive sample of participants were recruited through advertisement via social media (Twitter, 108 

including linking to the Intensive Care Society State of the Art conference), and professional 109 

physiotherapy and critical care clinical networks (Association of Chartered Physiotherapists in 110 

Respiratory Care; Respiratory Leaders Network) and meetings (University College London Update in 111 

Critical Care for Physiotherapists) [21-23].  Eligible participants were specifically  senior critical care 112 

physiotherapists (specialist grade, with at least 2 years’ clinical experience), clinically active in critical 113 

care including performing ACT in the ICU.  Junior rotational physiotherapists were excluded.  114 

Responders to the advertisements contacted the researchers by email and were sent a participant 115 

information sheet and details of the dates and venues of focus group sessions.  All eligible participants 116 

were recruited.        117 

       118 

Data collection 119 

Focus groups took place in meeting rooms at an international critical care conference venue (UK) and 120 

at a London-based NHS institution.  Sessions were digitally audio-recorded and independently 121 

transcribed (Accuro Transcription Solutions Limited, Cheshire, UK, www.accuro.co.uk), with additional 122 

cross-checking of transcriptions against audio-recordings for accuracy (MB).  Observational field notes 123 

were made by a third researcher (MB) to provide non-verbal contextual information to supplement 124 

the transcription.  A semi-structured topic guide was used, iteratively developed and refined by the 125 

research team (Table E1, Online Supplement), with discussion reflecting ACT and mucoactive agent 126 

content.  In addition, participants completed an anonymous questionnaire to provide demographic 127 

information on their clinical experience, the clinical setting of their work, and use of local guidelines 128 

or protocols regarding ACT and mucoactive agents. 129 
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 130 

Analysis 131 

Participants were given an identification code denoting their gender and focus group session for 132 

referencing quotes.  Anonymised data were analysed using thematic analysis, with themes identified 133 

at a semantic (manifest) level from direct participant phrasing [24].  Two researchers (BO’N, BC) 134 

independently analysed transcripts, examining content relating to ACT and mucoactive agent use 135 

respectively with subsequent collective review of all content.  Initial themes were identified through 136 

iteratively reading of the transcripts, mapped against relevant text, and refined, condensed, or re-137 

classified as needed.  Final summary tables of themes accompanied by explanatory text and illustrative 138 

quotes were created.  A third researcher (MB) then read the transcripts and cross-checked the 139 

summary tables for accuracy and content validity, adding supplementary content and comments 140 

where necessary.  Member checking, or participation validation, was conducted whereby study 141 

participants reviewed the results of the thematic analysis and the summary of key features of standard 142 

practice [25].  In addition Tthree independent senior, specialist critical care physiotherapists from 143 

different institutions reviewed the summary of key features of standard practice for additional 144 

external clinical validity. and representativeness of findings.   145 

 146 

RESULTS 147 

Participants 148 

Twenty physiotherapists expressed interest in participating, and all were eligible.  Fifteen Sixteen 149 

completed 3 focus group interviews of 2, 6, and 6 participants; and 1 individual interview.  Interview 150 

durations ranged from 31-46minutes.  Fiveour physiotherapists were unable to attend focus groups 151 

due to short notice logistical factors (n=43) and health reasons (n=1).  Clinicians had 3-27 years critical 152 

care experience; 10 worked in general (mixed medical, surgical, trauma, severe respiratory failure 153 

services) ICUs, 4 in cardiac ICUs, and 1 in a neurological ICU; ICU bed capacity ranged 16-54 beds.  154 

Patient populations included ventilated/non-ventilated, and general medical and surgical, 155 
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cardiothoracic, vascular, burns, transplant, spinal cord injury, neuromuscular, severe respiratory 156 

failure (including those requiring extracorporeal membrane oxygenation), and chronic respiratory 157 

disease. 158 

 159 

Thematic analysis 160 

Five themes each relating to both ACT, and the use of mucoactive agents, were identified. Themes are 161 

summarised below, and in Figures 1 and 2,  with examples of supporting quotes in Tables 12 and 23 162 

respectively.   Figure 3  1 provides a summary of the key features of standard physiotherapy practice. 163 

 164 

Themes related to airway clearance techniques 165 

i) Repertoire of airway clearance techniques 166 

Participants described a range of ACT, for use in isolation or combination, and adapted these according 167 

to clinical presentation.  Techniques were predominantly respiratory-based, including active cycle of 168 

breathing technique (and modified versions), autogenic drainage, manual chest wall percussion and 169 

vibration, patient positioning, manual and ventilator lung hyperinflation, recruitment manoeuvres, 170 

manual assisted cough, mechanical insufflation-exsufflation, inspiratory positive pressure breathing, 171 

flow ventilation, high frequency chest wall oscillation, and positive expiratory pressure.  172 

Humidification, use of isotonic saline nebulisers (regular or ultrasonic delivery), and suctioning were 173 

also reported.  In addition, participants described utilising physical activity-based strategies including 174 

mobilisation and exercise.  175 

 176 

ii) Staffing and skillset 177 

Participants indicated that ACT practice could be influenced by physiotherapy staffing levels and 178 

experience/skillset of individuals, as well as availability of senior colleagues for consultation.  Week-179 

day versus weekend delivery could also be a factor, unless units operated seven-day services, or where 180 

other staff e.g. nurses, could contribute to treatment.  There was a perception that junior staff or staff 181 
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working at weekends, for whom critical care may not be their primary speciality, may limit delivery of 182 

treatment to a narrower repertoire of ACT.  In contrast, more experienced ICU physiotherapists could 183 

draw on greater experience and clinical reasoning to expand the range of ACT employed with patients.  184 

The importance of staff training was emphasised including co-working with senior critical care 185 

physiotherapists and simulation practice.  In smaller ICUs maintaining skill competency and currency 186 

of multiple staff depended on regularity of access to patients requiring those particular treatments.  187 

Use of local care pathways and protocols, where available, were helpful for supporting practice, 188 

particularly for less experienced staff, while still enabling the delivery of more skilled treatments if 189 

these were needed. 190 

 191 

iii) Commencing airway clearance techniques 192 

Participants described varying practice around how decisions were made to commence respiratory 193 

physiotherapy with patients, but with a common emphasis on delivering individualised, clinically-194 

reasoned assessment and treatment.  Some reported that physiotherapy staff screened all ICU 195 

patients routinely with treatment decisions based on past medical history, clinical presentation 196 

(including specific treatment pathways), and handover from the bedside nurse or multiprofessional 197 

ward round.  This approach was considered valuable for providing an accurate caseload of patients 198 

requiring treatment.  For others, where routine screening was not feasible or where patients were not 199 

already identified as high risk, then a referral system operated in the event of an acute episode of 200 

clinical need.  This approach was sometimes considered to be less efficient if there was ultimately less 201 

urgent requirement for treatment.  Inappropriate referrals, from other staff or less experienced 202 

physiotherapists, could occur where there was difficulty differentiating the clinical acuity of patients 203 

with copious secretions but using effective airway clearance techniques with no clinical compromise, 204 

versus patients with lower secretion loads but ineffective clearance and the potential for clinical 205 

deterioration.   206 

 207 
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iv) Technique selection 208 

Selection of ACT (as described in Section i) to use with patients involved assimilation of information 209 

from multiple sources – the patient’s presenting condition, clinical assessment, secretion tenacity, 210 

existing type and effectiveness of secretion clearance methods, and the patient’s cough strength, 211 

ability to swallow, and fatigue levels.  Participants also reported that prior experience with similar 212 

patients also informed treatment selection.  They described a continual cycle of clinical reasoning 213 

throughout treatment sessions, with iterative reassessment to gauge patient response.  This allowed 214 

for modification of treatment depending on efficacy, supplemented by ongoing review of any updated 215 

clinical information and/or discussion with multiprofessional team members as necessary.  Within 216 

specific treatment sessions, technique selection, progression, and cessation depended on the problem 217 

list and achievement of treatment goals.  Participants described a range of clinical markers that guided 218 

this e.g. oxygen requirements and saturation levels, ventilator parameters, cardiovascular and 219 

respiratory stability, auscultation findings, sputum yield, and patient fatigue.  Sputum quantity could 220 

have a variable impact on decision-making e.g. if high sputum load was initially problematic and then 221 

reduced, this could result in a ‘scaling down’ of treatment.  In contrast, even if sputum yield remained 222 

high, but the patient’s ability with self-clearance or routine management by nursing staff was 223 

appropriate, then physiotherapists could replace respiratory techniques for an emphasis on other 224 

components e.g. mobilisation and exercise. 225 

 226 

v) Determining effectiveness 227 

Outcome measures for evaluating effectiveness of ACT included subjective, e.g. more effective cough, 228 

increased ease of secretion clearance (either by clinician or independently by patient if appropriate), 229 

improved secretion tenacity, improvements in auscultation and/or palpable fremitus, and objective, 230 

e.g. peak cough flow, improvement in oxygen saturation levels, reduced FiO2 requirements, improved 231 

ventilator parameters, radiological changes on chest x-ray.  Effectiveness of treatment and 232 

subsequent decision-making about treatment were seen as interlinked.  Participants reported there 233 
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may be evidence of short-term effectiveness of ACT, where perhaps only 1-2 treatment sessions might 234 

be required before positive changes in outcome measures were seen.  In other cases, longer periods 235 

of intervention might be required.  Whether treatment was effective in the short- or long-term was 236 

dependent on the underlying clinical problem, and associated rationale for treatment.  For example, 237 

an acute lobar collapse with sputum plugging could show signs of resolution relatively quickly with 238 

ACT, as opposed to management of a patient with neuromuscular weakness with a low fatigue 239 

threshold, and treatment sessions may need to be adapted over time to accommodate tolerance.   240 

 241 

Themes related to mucoactive agents 242 

i) Use in clinical practice 243 

Participants reported mucoactive agents were used across a wide range of patient populations, 244 

although they were not used in all ICUs.  Frequently the rationale for use was to facilitate clearance of 245 

thick secretions, where existing ACT were insufficient.  The definition of “thick secretions” was 246 

subjective formed by clinical judgement based on experience and individual patient presentation, with 247 

no obvious standardised approach.  The notion that secretion clearance was not responsive to usual 248 

treatment was common, but the exact point at which a mucoactive agent may be required could vary 249 

between patients.  Participants also described use of mucoactive agents in complex patients, where 250 

ACT may be compromised by clinical circumstances e.g. limited ability to reposition patients, or 251 

contra-indication of manual techniques.  Patients with pre-existing chronic respiratory diseases could 252 

be prescribed mucoactive agents routinely if they were used as part of typical airway clearance 253 

management when clinically stable.  Some participants reported that mucoactive agents were 254 

prescribed to patients according to individual clinician preference (generally the intensivist) with no 255 

specific clinical reasoning communicated.  256 

 257 

ii) Decision to commence  258 
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Participants emphasised that starting a mucoactive agent depended upon individual clinical 259 

assessment and interpretation of patients’ needs, rather than a standard defined timepoint in relation 260 

to delivery of prior treatment.  In many cases a hierarchical progression of treatment was evident, 261 

whereby existing ACT were optimised first, before escalating the ‘intensity’ of treatment to 262 

incorporate pharmacotherapy.  However it was acknowledged that this treatment escalation was 263 

often non-linear and non-standardised across clinicians and across patients, due to the personalised 264 

nature of assessment and treatment in this heterogenous population.  Once commenced, participants 265 

reported scheduling administration of mucoactive agents with regular ACT treatment sessions in order 266 

to maximise efficacy and benefit.  Participants described a difference between those responsible for 267 

the clinical decision-making around use of a mucoactive agent with a patient, and those responsible 268 

for the actual prescribing.  For the former, this could be the physiotherapist, bedside nurse or 269 

intensivist, and in many cases the decision came as a result of combined discussion (e.g. during ICU 270 

ward round) and a multi-professional approach to patient management.   For the latter, prescription 271 

of the mucoactive agent was by the intensivist, or on occasion a pharmacist with prescribing rights.  272 

Physiotherapist prescribing rights (available in the UK after specific training) were considered as 273 

potentially valuable in this context.     274 

 275 

iii) Selection of agent 276 

Mucoactive agents reported included hypertonic saline, N-acetylcysteine, and carbocisteine.  Delivery 277 

could be via either nebulisation or systemic routes depending on the agent. The risk of bronchospasm 278 

as a potential side-effect of some agents (e.g. hypertonic saline) was noted, in which case concomitant 279 

use of a rescue bronchodilator was described.  Participants reported that they themselves, and the 280 

wider multiprofessional teams they worked within, considered use of topical isotonic saline (0.9%, and 281 

administered either via nebulisation or instillation), to be part of usual airway clearance management.  282 

Selection of mucoactive agent prescribed tended to be the decision of the intensivist based on local 283 

availability, personal preference, or prior experience.  Occasionally, institutions had locally-developed 284 
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guidelines to support selection and use of certain mucoactive agents, albeit it was acknowledged that 285 

these guidelines were not evidence-based and predominantly informed by empirical practice.   286 

 287 

iv) Stopping mucoactive agents 288 

Stopping a mucoactive agent was also reportedly variable and individual according to patient progress.  289 

Symptom improvement in terms of subjective perceived secretion thickness, and objective clinical 290 

markers such as ventilator parameters, radiological changes, and respiratory values, were common 291 

reference points.  In awake patients, independent ability to manage secretions efficiently and 292 

effectively was also considered.  Ongoing patient monitoring and liaising with the multiprofessional 293 

team for any deterioration in patient clinical status after cessation of a mucoactive agent was also 294 

highlighted.  On some occasions identifying a stopping point was empirical.  Adverse events requiring 295 

a cessation of a mucoactive agent were reported as rare, and included bronchospasm, and 296 

crystallisation in the ventilator circuit tubing and/or airway. 297 

 298 

v) Determining effectiveness  299 

Determining effectiveness of mucoactive agents mirrored that of deciding to cease their use i.e. 300 

variable between patients, and subjective.  Participants described familiarity with treating these 301 

patients meant recognition of beneficial effect was easier to detect.  In essence, the agent had been 302 

effective if there was reversal of the clinical requirement that was there initially.  Particular emphasis 303 

was placed on enhanced secretion clearance through reduced viscosity.  Other subjective markers 304 

included that fewer ACT were needed to clear a given volume of secretions, or treatment sessions 305 

reduced in frequency and/or duration.  Approaches for how clinicians judged sputum viscosity and 306 

volume were explored, with no consistent qualitative or quantitative approaches  identified; typically 307 

these were empirically assessed.  Distinguishing whether improvements could be attributable to other 308 

medical treatments as part of a patient’s overall management and/or resolution of the underlying 309 
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illness could be challenging.  Use of the mucoactive agent for an acute purpose or as part of longer-310 

term management, also influenced how effectiveness was determined.   311 

 312 

DISCUSSION 313 

This is the first study to explore UK critical care physiotherapists’ practice of ACT in the management 314 

of critically ill patients with ARF in the ICU, and their experience using mucoactive agents.  Although 315 

practices around initiating respiratory physiotherapy varied between participants (and their 316 

respective ICUs), participants commonly described a range of ACT with selection based on individual 317 

patient assessment, clinical decision-making, and desired treatment outcome.  The primary rationale 318 

for adjunctive use of mucoactive agents was presence of “thick” secretions – secretions that are 319 

unable to be cleared using standard airway clearance techniques.  Based on our results we have 320 

summarised the key features of ACT to reflect standard practice (Figure 31), which could be 321 

informative as a precis, in addition to detailed protocols, infor future interventional trials where ACT 322 

form part of usual care.   This summary was reviewed and corroborated by three independent senior 323 

critical care physiotherapists as an accurate, comprehensive, and clear, high-level summary of clinical 324 

practice and reasoning around ACT.  As a final stage of validation, this feedback suggests findings from 325 

this study are representative and generalizable to a wider population of critical care physiotherapists 326 

in ICUs beyond those who participated in the primary focus group sessions.   327 

 328 

Our findings are valuable as the first to our knowledge identifying UK critical care physiotherapy 329 

around physiotherapy use of ACT,  which are consistent with those reported from other international 330 

settings both in terms of range of techniques used, and rationale [10, 11, 13], as well as 331 

recommendations laid out in previous European guidelines [15].  Furthermore they reflect recently 332 

published updated national UK guidelines on provision of intensive care services that state “Targeted 333 

airway clearance interventions should only be considered in selected patients when clinically 334 

indicated” [14].  Our respondents indicated that use of isotonic saline was a component of usual 335 
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airway clearance management for this patient population.  This is in keeping with recent UK ICU 336 

surveys of mucoactive agent use [26] , indicating agreement across the multiprofessional team around 337 

use of isotonic in our healthcare jurisdiction.  In addition we uniquely explored use of mucoactive 338 

agents and found these to be adjunctive to ACT to facilitate clearance of thick secretions where 339 

existing treatments were considered insufficient.  Notably, judging effectiveness of these therapies 340 

was subjective, and future research may be valuable for developing clinically pragmatic approaches 341 

for assessing sputum viscosity and volume.  Furthermore, Future understanding of mucoactive agent 342 

use as a component of respiratory physiotherapy this aspect of practice across international ICUs in 343 

other healthcare jurisdictions  may be valuable for comparison to our data, and has not yet been 344 

reported in this area [10, 11, 13, 27-31].  Our study demonstrates mucoactive agent use to be an 345 

escalation of care when existing airway clearance techniques have not been effective in these patients, 346 

and we did not specifically explore their use in isolation, and it would be interesting to observe if this 347 

clinical decision-making process was similar in other regions.  Participants’ experiences reported in 348 

our focus groups, of the use of mucoactive agents, mirrored the results of a UK-wide survey on this 349 

aspect of practice [26].  Notably, ACT and use of mucoactive agents also both feature in minimum 350 

standards of clinical practice for physiotherapists in UK critical care; >70% of participants (senior 351 

critical care physiotherapists) rated knowledge of the actions and implications for physiotherapy 352 

practice of mucolytics, as well as provision of a wide range of ACT such as active cycle of breathing 353 

technique, manual chest techniques, and manual hyperinflation, as essential [32], and all of which 354 

were similarly described by clinicians in the current study. 355 

 356 

Our qualitative study included a number of methodological approaches to enhance the 357 

trustworthiness of the findings.  Rigour was ensured through an a priori protocol for participant 358 

eligibility and recruitment methods, independent and external audio file transcription, and a robust 359 

data cross-checking and analysis process.  We conducted focus groups to allow exploration of 360 

experiences, opinions, and beliefs, and our sample size is sufficient to have identified all themes [33].  361 
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We enrolled  through discussion with multiple senior, specialist physiotherapists, generating rich and 362 

informed data.  as we anticipated these clinicians would have extensive and diverse clinical experience 363 

upon which to draw during discussions in order to generate a rich and informed dataset.  However we 364 

recognise that this may be a selection bias and that other critical care physiotherapists e.g. junior 365 

rotational staff, may have opinions around experience of using ACT and mucoactive agents.  As such 366 

our findings can only be considered representative of our target subgroup of physiotherapists.  The 367 

focus groupThis design also enabled us to pragmatically take advantage of potential participant 368 

clinicians attending an international critical care conference, thereby maximising geographical 369 

representation.  However, it could be argued that this approach also limited participation to those 370 

able to attend the conference and/or the focus group venues.  We analysed data thematically at a 371 

semantic level, with no predetermined framework.  This is an inductive approach whereby the 372 

verbatim descriptions provided by participants were used to characterise practice around ACT and 373 

mucoactive agents.  Study participants reviewed and corroborated our thematic analysis findings and 374 

the summary of key features of standard practice [34].  They confirmed these as an accurate 375 

reflectionve of the discussions held.  We took an additional, novel, step, of seeking feedback from 376 

three independent critical care physiotherapists (who met study eligibility criteria), on the summary 377 

of key features for the purposes of gauging external clinical validity of this synopsis, with feedback 378 

that this was a comprehensive, and clear, high-level summary of clinical practice and reasoning around 379 

ACT.  did not show transcripts to participants for review, nor engage participants for feedback on the 380 

findings, but did provide opportunity to clarify any comments they had made and add anything further 381 

at the end of each session.  We also sought independent confirmation of our summary of key findings 382 

to strengthen the robustness of this synopsis.     383 

 384 

CONCLUSION 385 

This study has shown that current UK clinical physiotherapy practice by senior, specialist critical care 386 

physiotherapists of ACT follows general principles to deliver patient-centred individualised therapy, 387 
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with adjunctive use of mucoactive agents to enhance and optimise patient management if required.  388 

Based on this study, key features of airway clearance techniques have been summarised to help 389 

capture standard care, which could be used in future trials involving ACT as part of usual care.      390 
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TABLES 515 

Table 1.  Outline of focus group topic guide 516 

Outline of focus group topic guide 

Introduction about the rationale for the focus group 

Discussion on what airway clearance techniques participants currently use for critically ill patients 

with acute respiratory failure 

Participants’ rationale for determining effectiveness (or ineffectiveness) of chosen ACT in a 

patient 

When do participants consider using mucoactive agents with patients 

Who makes the decision to use a mucoactive agent with a patient e.g. physiotherapy-led decision, 

medical-led decision, nurse involvement, multiprofessional team approach 

What guides participants’ selection of mucoactive agent and dose 

How do participants’ use mucoactive agents in practice 

How do participants judge the effectiveness of mucoactive use, within individual treatment 

sessions, and overall? 

In what patients/clinical circumstances would participants not use a mucoactive agent 

Have participants experienced any adverse events or complications in patients from use of 

mucoactive agents 

 517 

 518 

 519 

 520 

 521 

 522 

 523 

 524 
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Table 12.  Examples of participant quotes characterising themes related to airway clearance 525 

techniques 526 

Theme 

Repertoire of techniques 
- “…so multitudes, anything from ACBT modified, and the original version, manual techniques.  

We’ve got a Bird (intermittent positive pressure breathing) that we use sometimes on patients.  
We’ve got a cough assist that we use quite frequently with intubated and non-intubated 
patients.  VHI, MHI and cough assist, as I’ve said like a manual cough assist as well” (PF1SI1) 

Staffing and skillset 
- “I think it’s almost in there’s two spheres of we have a certain comfortable boundary to work 

within that can vary and adapt, and then there’s this sphere of that’s based on experience that 
goes a bit more than generally people feel like they’re not too constrained. It’s very different 
then when you have weekend and on-call staff.”(PM1FG2) 

- “…our on-call rotas are for all of our physio team barring the outpatient physios, so we really 
struggle to get that more technical treatments going over the weekend, and what most physios 
are comfortable with doing is your ACBT and your bubble pep and your manual techniques as in 
percussion, vibs, shaking, rolling and things like that. We really struggle with keeping things 
going like the hyperinflation with the cough assist and things. A lot of staff isn’t comfortable 
with it at all….”(PF2FG2)  

- “we arrange our rotas so that we have seven day cover from a senior critical care physio so 
there’s always somebody on the unit. …..” (FP4FG2) 

- “you can deskill because you don’t see them regularly enough” (PF7FG2) 
Commencing airway clearance techniques 
- “… if they’re on a cardiac pathway we don’t see them at all and then, if they change from a 

respiratory point of view or a mobility point of view, then we do pick them up. And so mainly, 
we would pick up on handover when going around the beds every day.  We are most likely to do 
probably a proper assessment of them and then from there determine whether they need 
respiratory intervention or not.” (PF5FG1) 

- “If there’s no indication from airway clearance, ventilation is by minimal oxygen, no real 
secretion issues, then we won’t actually get involved until somebody is identified or they’re 
extubated and they’re getting ready to move. But again, if up and mobile and communicating 
fine and there’s no issues then we won’t do anything, I guess our ITU caseload spans quite wide. 
“ (PM1FG3) 

- “It’s not that it’s routine, it’s not that there’s a routine intervention expected, but there’s a 
routine review that’s expected and some of those days you find that you get to the end of your 
review and the outcome is endotracheal suctioning is adequate for this patient, there’s no 
additional needs. That’s the standard. That’s our threshold of saying actually, we don’t need 
physiotherapy intervention, the standard nursing practice is adequate on this patient today and 
that’s the metaphorical threshold I guess.” (MP1FG2) 

- “It’s such a heterogeneous group and there’s different things we do with airway clearance. So, 
if it’s neuromuscular patient, yes you’re going to cough assist if they’re an acute airway collapse 
or whatever or they’re post-transplant or whatever you might be more specific….” (PF2FG1) 

Technique selection 
- “So, with some of the patients you might be treating them a lot acutely and then they start 

weaning and then you try and drop your clearance sessions, but then they start to go into 
weaning so then you reintroduce it, like again. But that’s probably no more than your 
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neuromuscular patients sometimes. That I will look back and say oh, they’re failing to wean as 
well now and secretion clearance is the issue.” (PF3FG1) 

- “you’re just looking at more respiratory function as a whole to improve oxygenation side of 
things, rather than just purely focussing on the sputum clearance.” (PM1FG3) 

- “Yes, you’ve got a problem list in your head and that’s what you’re trying to solve or at least 
improve. And then in your head you have kind of got an endpoint already for what your goals 
are in a way, and then throughout you’re constantly reassessing to make sure the patient is 
stable throughout and they’re tolerating the treatment okay, adapting your treatment 
accordingly “ (FP2FG1) 

- “It depends on each patient” (PF6FG2) 
Determining effectiveness 
- “Sometimes getting a big glob of phlegm does mean you’re effective because it can be that that 

glob of phlegm is the one that’s causing the problem”. (PF6FG2) 
- “About half an hour later they will pick up their stats and are an awful lot better…Someone’s 

chest x-rays may change dramatically and another person’s may not.” (FP6FG2) 
- “I think progress of weaning as well. So, with some of the patients you might be treating them 

a lot acutely and then they start weaning and then you try and drop your clearance sessions, but 
then they start to weaning so then you might reintroduce it, like again. But that’s probably more 
than your neuromuscular patients sometimes. That I will look back and say oh, they’re failing to 
wean as well now and secretion clearance is the issue.” (PF3FG1) 

- “No, I think there’s definitely long-term impact in there somewhere. It’s incredibly hard to isolate 
and define, but I definitely think what we do has got more than just a short-term impact. And I 
think, if you can clear someone’s chest to give them a little bit of rest overnight and actually, 
they feel a lot brighter and they’re able to do a lot more the next day, I think that’s something.” 
(PF2FG2) 
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Table 23.  Examples of participant quotes characterising themes related to mucoactive agents 540 

Theme 

Use in clinical practice 
- “We tend not to use mucolytics to be honest.  We only use it if they are already on existing 

treatment.” (PF5FG2) 
-  “Ours is dependent on which ITU consultant is on…you come in and everyone’s on NAC 

nebulisers and then you come in the next day and they’re all off it again” (PF6FG2) 
- “severe respiratory failure patients so their secretions are really tenacious…we feel that 

clearance would be more effectives if we gave a mucolytic agent prior to physiotherapy we 
would recommend that or regular mucolytics throughout the day so that when physio comes 
they’ve had a good few doses of it” (PF1SI1) 

- “…it’s definitely an individualised clinical assessment based on patient’s needs, we don’t have a 
timeframe as in after three or four days, if we are still requiring VYI or something we definitely 
add in a mucolytic or mucolytic active agent.  You could add in day one if that was what you felt 
through your assessment.” (PF1SI1) 

Decision to commence 
- “…you’ve probably tried your airway clearance techniques first obviously escalating them as 

need be…if you’re clearing small amounts, that are really thick, tenacious, difficult to clear up 
the suction catheter…if you’re trying everything at that point and you can’t actually, this isn’t 
helping then you definitely need mucolytics then as well” (PF1SI1) 

- “Thick secretions which are difficult to clear with the airway clearance techniques we’ve 
discussed.  Because as well we said about upping the frequency (of treatment) but there’s always 
a limit to what almost a patient can tolerate but also what resources you have to keep treating.  
That has to come into it to some extent…” (PF2FG1) 

- “We instil it a lot, a huge amount actually…with no issues…we don’t tend to advocate the 0.9 
with saline nebs just when they are intubated and ventilated because they are all on heated 
humidification so we didn’t feel it added that much….  We don’t really have a guideline on how 
much because when they did bronchs here they will put so much down that the Consultants 
don’t have a problem with us doing that at all and the nurses will do it as well.  I think there is 
quite an ethos of that and I do think it helps with secretion clearance absolutely…provides a 
medium for it to move and it might trigger a cough reflex so that’s kind of why we are doing it.  
But the long term it doesn’t have a breakdown like NAC would do” (PF1SI1) 

- “It would be discussed on the ward round.  Medics, nurse, pharmacy, physio would be on the 
ward round every day, so you would have a role but it would be a team decision.” (PF4FG2) 

- “Usually we’re the ones who will know…rather than a discussion we’re usually the ones leading, 
identifying the need… I don’t think our interventions are escalated in a linear fashion, it’s a lot 
messier than that…” (PM1FG2) 

Selection of agent 
- “So we have a guideline for the unit (for using mucolytics)…based on a literature review and 

evidence review but obviously the evidence basis is quite loose at the moment” (PF1SI1) 
- “It depends what it is so like carbocisteine will probably be like oral TDS and so that just happens 

in the background.  NAC nebs, I don’t think necessarily, I think they get prescribed regularly 
normally and I would just treat whenever.  Whereas hypertonic saline, I would more likely plan 
a treatment around, I guess.” (PF4FG2) 

- “I feel like we’re quite systematic about, or I am as a clinician quite systematic about my use of 
airway clearance techniques and completely non-systematic about whether or not mucolytics 
are added in.” (PF4FG2) 

Stopping mucoactive agents 
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- “If the patient gets better it might stop.” (PF3FG1) 
- “Less mucus production, inflammatory markers going down, chest x-ray changes improving, 

gases.  If there’s a general trend towards improvement and there’s no chronic underlying 
condition that that needs them on it full time anyway.” (PF2FG1) 

- “So it’s a joint decision.” (PF5FG1) 
- “I think obviously we’re interacting with patients from a respiratory perspective probably more 

so than the medical team….they rely on our feedback…” (PFTFG1) 
- “…sputum viscosity, but it’s very subjective.” (PF7FG2) 
Determining effectiveness 
- “…the sputum viscosity, but it’s very subjective.  I don’t think there is a measure I look at and I 

would think this is now the viscosity of my sputum but it’s still the speed it comes up the catheter 
and how easy it’s clearing, and when the nurses start to clear it and all the other objective 
measures, work of breathing, FiO2 etc.” (PF7FG2) 

- “It seems to be quite subjective in terms of whether you’re getting more secretions to the 
volume, but we are not technically measuring volume we just are sort of looking at suction 
tubing and as I’ve said it’s very individual, I suppose” (PF1SI1) 

- “If you have treated that patient a lot I think you’d have a much better idea about when you 
thought you were clearing more.  Whether the secretions were looser than previously….” 
(PF1SI1) 
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FIGURES 557 

Figure 1. Summary of themes reflecting airway clearance techniques 558 

 559 

Figure 2. Summary of themes reflecting mucoactive agent use 560 

 561 

Figure 31.  Summary of the key features of airway clearance techniques reflecting standard practice 562 
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