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INTRODUCTION  

Large airway collapse (LAC) describes the phenomenon of excessive, abnormal inward 

movement of the large airways (i.e. trachea and/or main bronchi and/or bronchus intermedius), 

occurring during the expiratory phase of the respiratory cycle[1]. Several terms have been used 

to describe the entities causing LAC, including tracheobronchomalacia (TBM), defined as a 

weakness of the large airway wall, due to softening of the cartilaginous tracheal wall, or 

excessive dynamic airway collapse (EDAC), when there is evidence of significant invagination of 

the posterior muscular tracheal membrane[2]. Regardless of the terminology employed, LAC is 

increasingly recognised as being associated with debilitating respiratory symptoms, including a 

barking (or ‘seal-like’ or ‘honking’) cough, impaired airway clearance leading to respiratory tract 

infection, and exertional dyspnoea[3,4]. Moreover, the symptoms caused by LAC are pervasive 

and often result in functional impairment and impaired quality of life[4]. 

  

The precise prevalence of LAC remains unclear, influenced by debate regarding diagnostic 

criteria[5]. However, in a series of 2150 patients undergoing bronchoscopy, approximately 5% 

were found to have some form of LAC, with 53% of these having a concurrent diagnosis of 

chronic bronchitis[6]. Other studies employing CT imaging to affirm a diagnosis, indicate that 

almost a third of patients with COPD may have LAC[7]. Additionally, LAC may be present in 

around 41% of asthmatic patients undergoing bronchoscopy, with approximately 30% classified 

as EDAC[8]. The prevalence of both TBM and EDAC was directly related to age, gender (female), 

and asthma severity. 

 

Following diagnosis, treatments for LAC focus on attempting to ‘splint’ open the large airways. 

Techniques utilised include the use of positive airway pressure to provide ‘pneumatic airway 

splinting’ with either continuous positive airway pressure support (CPAP) or non-invasive 



ventilation (NIV)[9–11] or in more severe cases, with direct mechanical splinting, for example, 

with stent placement[4] or a more definitive surgical intervention, termed 

tracheobronchoplasty (TBP). The latter involves a robotic or most frequently, an open right 

posterolateral thoracotomy, typically with application of a proline mesh to stabilise the 

posterior wall of the trachea, main bronchi and bronchus intermedius[12]. 

 

Despite progress in surgical options, several of the key respiratory abnormalities encountered 

in patients with LAC fall within respiratory physiotherapy expertise. To the best of our 

knowledge, there are currently no practical guidelines for physiotherapy practitioners in this 

field and a paucity of evidence on the most effective approach to interventions. The aim of this 

article is to therefore provide a review of this area, focusing on how physiotherapy can be used 

to assess and optimise three key clinical features of LAC: Airways including airway clearance 

and Cough, Breathing including breathlessness and breathing pattern, and Capacity for exercise, 

described as an ‘ABC model’. The overall aim is to provide pragmatic and clinically focussed 

intervention advice, built on our current understanding of the pathophysiology of LAC.   

 

Understanding the pathophysiology of LAC 

In healthy individuals, there is a degree of inward movement of the large airways (termed 

dynamic collapse) during exhalation. This movement is further exaggerated during forced 

expiration and coughing, as a ‘normal’ physiological process, and is an essential component of 

the secretion clearance mechanisms. Some clinicians classify >50% reduction in luminal cross-

sectional area of the trachea on expiration as abnormal; however, this degree of collapse is often 

seen in asymptomatic healthy young individuals and thus >70% collapse on bronchoscopy or 

expiratory CT may be a more pragmatic diagnostic threshold[13]. Regardless, there is often an 



apparent disconnect between the degree of collapse seen and the symptomatic clinical burden 

which may be due to the contribution from co-existing conditions[14,15] (Figure 1). 

<Insert figure 1 near here> 

 

Models to understand pathophysiology of LAC 

Equal Pressure Point theory 

Alveolar pressure (Palv) is the driving pressure that causes gas to flow through the airways on 

expiration. This driving pressure depends on lung volume, which is influenced by pleural 

pressure (Ppl) and elastic recoil of the tissues (Pst) (i.e. Palv = Ppl + Pst). Pressure decreases as air 

flows from the smaller or more distal airways to the larger proximal airways. During forced 

expiration, an equal pressure point (EPP) occurs where extraluminal and intraluminal pressures 

become equal[16]; this point can then can be considered to divide the airway into a distal 

(upstream) and proximal (downstream) segment. Distally, in the upstream segment, the trans-

pulmonary pressure is positive (Palv > Ppl) and thus keeps the airways open. In contrast, more 

proximally (i.e. downstream or centrally) from the EPP, the airways are compressed because the 

transpulmonary pressure is negative within the airways (Palv < Ppl). In the normal healthy lung, 

the compressed segment sits within the central airway and resistance to total airway collapse is 

provided by the cartilage and smooth muscle[17]. In clinical diseases associated with LAC 

however, this stability is lost or there are changes in the length or position of the flow limited 

segment (FLS) within the airway tree making it more prone to collapse[14].  

  



During forced manoeuvres, for example, as lung volume decreases during the expiratory phase 

of respiration (i.e. moving from total lung capacity [TLC] to residual volume [RV]), the EPP 

moves distally and the FLS lengthens but stays in the larger proximal airways. Lung elastic recoil, 

small airway resistance, smooth muscle tone and airway compliance are major factors 

influencing where the EPP will be located[15]. 

 

Wave Speed Theory 

An additional explanation to describe the pathophysiology in LAC is based on ‘Wave Speed 

Theory’. This suggests that the development of the FLS depends on the speed at which moving 

air propagates pressure waves. These waves are created from the interaction of recoil force of 

elastic airway walls and the inertial force of the flowing gas[18]. Expiratory flow limitation 

occurs when the airflow velocity equals the speed of propagation of pressure wave. This is called 

the choke point and occurs where the airway pressure doesn’t change with an increase in driving 

pressure (Palv)[19]. Critically the loss of airway calibre within the airway lumen will disrupt the 

flow, increasing turbulence within the airway, potentially limiting clearance.  

 

APPROACH TO PHYSIOTHERAPY ASSESSMENT IN LAC 

 

An initial physiotherapy assessment for LAC should include a comprehensive evaluation of the 

patient’s history, focusing on how symptoms impact on functional capacity and quality of life. It 

is preferable to use patient reported outcome measures (e.g. Visual Analogue Scale [VAS] and 

questionnaire/other scores, e.g.  MRC Dyspnoea Scale), where possible, to characterise the level 

of impairment and inform subsequent disease surveillance and outcome monitoring. A full 



assessment will typically require 45 mins to one hour, and in some cases may require additional 

assessments (See Table 1).  

 

 

The ABC Model of physiotherapy assessment 

 

A: Airways: Airway clearance and Cough 

Pathophysiology in relation to LAC 

It is well recognised that impaired airway clearance leads to sputum impaction, leading to 

localised pulmonary airspace, bronchial wall inflammation and associated damage and 

suppuration[20].  If untreated this can lead to bronchiectasis and recurrent or persistent 

pulmonary sepsis contributing to the ‘vicious circle’ hypothesis[21]. 

 

In order to move secretions high enough for adequate clearance, the proximal airways depend 

on aerodynamic changes within the airway to facilitate secretion movement[22]. Specifically, to 

clear secretions, a high expiratory airflow is required to produce a ‘two-phase air-liquid flow’ 

effect by which energy is transferred from the gas (air) to the liquid (secretions). This results in 

turbulence and creation of a shearing effect on secretions, aiding the expectoration of 

sputum[23].  Effective airway clearance aims to utilise the EPP and specifically aims to maintain 

its proximal location, thereby acting to enhance airflow and ultimately secretion movement. 

 

The pathophysiology of LAC impedes the normal airway clearance process by moving the EPP 

distally, causing airway compression as the FLS lengthens[14]. This is amplified during 

manoeuvres that cause rapid changes in intrathoracic pressure or suddenly increase expiratory 

airflow (e.g. coughing)[19]. Accordingly, the faster the airflow, the greater the collapse, further 



limiting the proximal movement of secretions. In addition, the loss of proximal airway calibre in 

LAC creates increased generation of pressure waves working against any shearing forces created 

by expiratory airflow manoeuvres[3]. This may create choke points analogous to the EPP, thus 

further limiting effective clearance.  

 

All airway clearance techniques for LAC should consider augmentation of ventilation and 

hydration of airways[24] (described below). Additionally, patients need to be taught how to best 

promote effective expiratory airflow, whilst maintaining airway patency.  

 

Assessment of airway clearance and cough 

 

Assessment for airway clearance in LAC should follow a similar process to any airway clearance 

assessment by including a detailed subjective and objective assessment[25,26]. However the 

impact of LAC on cough effectiveness means it should start with a detailed discussion about the 

nature of the cough and its effectiveness including establishing how ‘effective’ a cough is. In 

particular, the clinician should establish if dynamic collapse is impacting on the ability to clear 

secretions[4]. Commonly used approaches include the use of subjective patient reported 

outcome measures, as well as auscultation to evaluate cough effectiveness[27]. We recommend 

that therapists listen to the quality of the cough to determine how much any collapse (usually a 

clear sounding low pitched noise) is impacting on cough efficacy. Classically, significant airway 

collapse is variably described as a honking, barking or seal like cough (linked audio file). 

Additionally, patients should be asked for details on their sputum including its colour, 

consistency and viscosity.   

 



Advanced assessment should evaluate contribution to cough from upper airway dysfunction 

(e.g. laryngeal hypersensitivity). For example, factors that may impact on cough including reflux 

and/or post-nasal drip, both of which can cause upper airway irritation and increased cough 

frequency, such that airway clearance is impaired[27,28]. Additionally, evaluation of breathing 

pattern especially during airway clearance, such as gasping, breath holding, upper chest 

movement and reduced expiratory time are important as these can impact on the ability to 

breathe in[29] which in turn may limit the effectiveness of forced expiratory manoeuvres.  

 

Airway clearance treatment 

It is standard practice for physiotherapists to educate patients about their respiratory disease 

and teach an airway clearance technique (ACT), for example, in those with chronic sputum 

production and evidence of radiological bronchiectasis[30] and Cystic Fibrosis (CF) [25]. 

However there is limited evidence defining the optimum ACT in bronchiectasis or other 

suppurative conditions [26]; however patient preference, effectiveness of technique and airway 

physiology may direct choice[22]. The final management plan should be personalised to the 

individual patient to ensure it is feasible and thus facilitates good adherence[31]. The guidance 

in this review for patients with LAC, therefore, arises from a synthesis of clinical expertise, 

experience and transferrable knowledge from other conditions.  

 

Recommendations for ACT management 

All patients with excessive sputum production should be taught to complete regular ACT daily 

by a specialist physiotherapist with a review at three months, to optimise technique[26]. Those 

without regular sputum should be taught an airway clearance technique for use during an 

exacerbation. All patients with exacerbations should complete ACT twice a day minimally and 



complete a session of ACT for 15 minutes or until two Forced Expiration Techniques (FETs) are 

clear of sputum[32] (see later). Patients reporting a persistent deterioration in their condition 

either as an outpatient or inpatient and should be referred for a physiotherapy review as part of 

ongoing disease surveillance and optimisation to ensure ACT is optimised[30]. This advice, 

which is pertinent to patients with bronchiectasis, can be extrapolated to those with recurrent 

infections and LAC in absence of condition-specific advice. 

1. Active Cycle of Breathing Techniques 

Active Cycle of Breathing (ACBT) consists of breathing control (BC), thoracic expansion exercises 

(TEEs), and the FET[33]. It can be adapted to individual need, but with each component of the 

cycle clearly defined (Figure 3). Other techniques include Autogenic Drainage (AD) or the FET 

used alone. There is no specific evidence supporting the efficacy of these techniques in LAC 

patients; however, there is evidence to show ACBT is effective and efficient in the mobilisation 

and clearance of secretions and improvement in lung function in other respiratory conditions 

[33] including bronchiectasis[34] and Cystic Fibrosis[25]  Moreover, they are simple to perform 

and not associated with any complications/harmful effects[33] .  

 

 

Recommendations for ACBT 

 

• All patients should be taught ACBT. If ineffective other techniques may be chosen 

• The length of each phase is flexible and should be adapted to individual patient need and 

their symptoms (e.g. longer breathing control if breathless) 



• Patients with a productive cough should be advised to use this technique regularly, and 

ideally once-twice a day between infections but should expect to increase the frequency 

of use during exacerbations (minimum twice daily) 

 

2. Positive Expiratory Pressure (PEP) 

To assist with airway clearance, Positive Expiratory Pressure (PEP) can be generated in the 

airways by blowing into a device with a valve that provides resistance to the expiratory flow[35]. 

‘PEP’ is a flow-regulated technique that has three effects: to increase lung volume (causing a 

temporary increase in FRC), to reduce hyperinflation and to improve airway clearance[36]. It is 

used during tidal breathing to facilitate increased interdependence between alveoli via 

increased collateral ventilation. This enables air to reach deeper into the lung, specifically the 

small airways, thus facilitating the movement of air and sputum plugs from the small to the large 

airways[37]. Evidence in both cCystic Fibrosis[38] and COPD [39] suggest that it may be useful 

in these conditions as an alternative technique to ACBT.  Additionally the use of PEP can 

ameliorate airflow limitation by splinting open collapsible airways (Figure 4) and enabling tidal 

breathing without encroaching on closing volumes[22] , both of which are likely to be especially 

important in LAC.  

 

 

In LAC, clinical experience has shown that PEP, delivered via a PEP mask  to support ACT (Figure 

5) for both tidal breathing and with FET can be used to improve tidal volumes and prevent 

proximal airway collapse during forced manoeuvres. Caution is required however, as use of this 

resistance could also limit expiratory airflow if applied incorrectly. Sirithangkul et al.[40] 

studied 40 children (aged below 14 years old) with TBM. They performed a technique called 

https://www.sciencedirect.com/topics/medicine-and-dentistry/hyperinflation
https://www.sciencedirect.com/topics/medicine-and-dentistry/lung-clearance


‘cough spirometry’, evaluating cough expiratory flow at the 25-75% flow point (i.e. determining 

the effectiveness of cough at mid lung volumes). Using this technique, they evaluated cough with 

the addition of PEP at 5, 10, 15 and 20 cm H2O compared with 21 healthy controls. Cough flow 

increased at 5, 10, 15 cm H20 respectively but decreased at 20 cm H2O. In comparison, in healthy 

controls, PEP impaired airflow. Thus, it appears that lower pressures of PEP were helpful for 

augmenting flow. In practice, the assessment of use of PEP in tidal breathing or with the addition 

of FET and cough requires skilled assessment, in order to ensure the optimal pressure is chosen 

to minimise the impact of airway collapse and to optimise expiratory airflow and subsequent 

secretion clearance. 

 

Recommendations for PEP 

• PEP should be considered as a potential airway clearance technique for patients with LAC 

who present with retained secretions and impaired cough effectiveness, despite ACBT 

and/or FET 

• Use with tidal breathing and/or during FET should be considered 

• Patient preference and tolerability should be considered when choosing an appropriate 

airway clearance modality 

 

3. Oscillatory devices  

Oscillatory PEP (OPEP) 

OPEP is an alternative technique, whereby positive expiratory pressure is generated by blowing 

out against a variable resistance that also produces an oscillation in flow[34]. Individuals 

breathe out to expiratory reserve volume (ERV) enabling a modulation of both pressure and 

flow.  



 

There are a number of devices that can be used for this, including the Flutter™, PariOPEP™, 

Aerobika™ and Acapella™. All OPEP devices aim to help with loosening viscous secretions as they 

provide a frequency of oscillation within the range necessary to decrease the viscoelasticity and 

spinnability of mucus, which may provide a benefit for some patients with secretions that are 

difficult to clear[31] . Most of these devices are closed systems (Aerobika™ and Acapella™) 

allowing patients to breathe in through the device, therefore having the added benefit of PEP 

being maintained throughout the breath[22]. Studies in bronchiectasis suggests the AcapellaTM 

may improve quality of life in comparison to no airway clearance technique[41] and is also safe 

to use in exacerbations[42] . A recent review in COPD also showed modest evidence that the use 

of OPEP devices was associated with decreased symptoms of COPD and exacerbations (OR 0.37, 

95% CI 0.19 to 0.72)[43] and may have a superior effect on Length Of Stay during exacerbations 

of COPD compared to PEP alone[44]. Additionally evidence in Cystic Fibrosis suggests that OPEP 

is not more or less effective than other forms of ACT[45] and maybe chosen if a patient prefers 

this device and resources allow. 

 

High Frequency Chest Wall Oscillation (HFCWO) 

This device involves the patient wearing an inflatable vest attached to a machine that creates 

positive and negative pressure changes through high frequency air pulses at a set pressure 

(between 5 and 20 cm H
2
O) and frequency (between 2 and 25 Hz). These pressure changes cause 

short bursts of expiratory air flow of up to 1.6 L sec-1 within the airway, increasing the air-liquid 

shear forces during expiration. Additionally, displacement of the airway walls may disengage 

secretions and enhance the effect of air-liquid flow as well as enhance ciliary beating[46].  



There is no evidence specifically in LAC, however evidence from bronchiectasis[47] and 

COPD[48] suggests that secretion clearance may be increased whilst using the device. However 

evidence in CF showed an increased in exacerbation frequency when compared with PEP 

alone[49]. In the UK it is recommended that the individual uses the device alongside regular 

thoracic expansion exercises and the Forced Expiration Techniques (FET) to ensure secretions 

moved by the device are cleared effectively from the proximal airways[50]. This device is not 

widely provided in the UK due to the cost (these devices are usually over £8000) whereas in the 

US they are often purchased for patients within insurance policies. The choice to use is often 

based on preference vs. cost, as there is lack of evidence on its superiority vs. less expensive 

treatments[46]. 

 

Practitioners should be aware that some patients with LAC struggle with oscillatory devices 

(OPEP and HFCWO), as they may stimulate coughing. The oscillation in flow produced by the 

devices can increase turbulence within the airways, increasing resistance, and thus further 

limiting flow. Airflow in the airways already impaired by the floppy proximal airways may be 

exacerbated further by the oscillations produced. 

 

Recommendations for OPEP 

• Assessment of the impact of the device on coughing and potential increased irritability of 

airways is important 

• Consider use of devices that utilise a closed system to maintain PEP while providing 

oscillations (e.g. Acapella™ and Aerobika™) 

  



 

4. Continuous Positive Airway Pressure (CPAP) and Non Invasive ventilation (NIV) 

Some patients with LAC may have access to a positive pressure ventilation system and most 

often this will be a CPAP device prescribed to treat associated sleep disordered breathing. 

Clinical experience suggests that patients often describe disturbed sleep due to coughing, 

choking, breathlessness and secretions ‘getting stuck’. The addition of CPAP as an airway 

clearance adjunct, is based on the theory that CPAP may work as a ‘pneumatic splint’, helping to 

prevent dynamic airways collapse as flow and effort increase[10,51]. Physiological increases in 

flow at FRC arise secondarily to an increase in lung volume with CPAP[52]. This may help in 

generating higher elastic recoil and increased expiratory flow[53]. Moreover, if intraluminal 

pressure increases this may ‘stiffen’ the airways leading to less turbulence from waves and lower 

resistance, increasing expiratory flow[11].  

 

Evidence from TBM studies in infants/children indicates CPAP improves gas flow at FRC and 

reduces atelectasis, helping to open closed airways[54]. However, there may be a point (of 

optimal flow), where the CPAP provides an increase in lung volume, but the individual is not 

flow-limited during tidal breathing[55]. Clinical experience has shown that NIV (bilevel) may be 

preferred in some patients (e.g. those requiring higher PEEP or with co-existing lung disease). 

In individuals with more severe symptoms that are not optimised by independent breathing 

techniques or PEP, the addition of CPAP can be helpful.  

 

Patients can be taught to use CPAP in a variety of ways. CPAP can be used prior to airway 

clearance to optimise ventilation prior to ACT by opening up airways and improving FRC[11] . 

Additionally, some patients may be taught to use CPAP for tidal breathing (e.g. as they would a 



PEP device) before removing it to complete FET. In some cases, patients may benefit from use 

during FET as this could help prevent airways collapse (as previously described). Assessment 

and training must ensure that CPAP used in this way does not prevent expiratory airflow. Some 

centres have started to evaluate level of CPAP pressure required to maintain airway patency 

with expiratory manoeuvres which may help with selection of pressures[55]. In the absence of 

this information, we recommend that a physiotherapist should look at cough effectiveness (e.g. 

measuring sputum expectorated), the patient’s subjective evaluation of their cough as well as 

assessment of the cough sound (reduction in stridulous noise and increase in effective cough 

sounds) having used CPAP. 

 

Prior to using CPAP or adapting pressures, a risk assessment should be completed. This should 

include a review of potential risk factors including pneumothorax, increased blood pressure and 

history of pulmonary hypertension. Any concerns should be discussed with the medical team, 

prior to use. If suitable, CPAP should be set on a fixed pressure. Clinical experience to date 

describes that this is often at higher pressure than any overnight setting due to the need to 

prevent the collapse in LAC caused by the increased expiratory airflow produced during ACT.  

 

Recommendations for CPAP/NIV 

• CPAP/NIV may be considered in patients with LAC to enhance airway clearance if cough 

effectiveness is inhibited by dynamic airways collapse. Ensuring that the patient is not 

flow limited with CPAP would need consideration with any application 

• Use of CPAP at overnight settings would be a starting point for pressure and selection of 

a fixed level should be considered. A full risk assessment should be completed before any 

changes to pressures 



• The effectiveness of CPAP should then be assessed, based on whether secretions are 

cleared and airway collapse is minimised (assessed by sputum expectorated and audible 

changes to a patient’s subjective report of cough) 

• CPAP can be evaluated on bronchoscopy to help select the pressure that minimises 

collapse on coughing and/or FET 

 

5. Mucolytics 

As commonly found in other respiratory diseases, secretions may become thick and sticky and 

difficult to remove, particularly during chest infections. In this instance, it may be appropriate 

to consider the use of nebulised mucolytics, to assist with secretion removal. Humidification may 

reduce sputum viscosity, improve airway hydration and decrease airway irritability[24]. 

Mucolytics could be used pre, post and during airway clearance.  

 

Hypertonic Saline (HTS) for example, may increase airway surface liquid, alter sputum rheology 

by breaking ionic bonds and increase ionic concentration within the mucin gel in the 

sputum[56]. It may also increase cough frequency, which in other conditions could enhance 

clearance; however, in LAC, a vigorous and sustained increase in coughing may be counter-

productive. Guidelines in bronchiectasis suggest that a trial of normal saline (NS) or HTS to 

facilitate clearance may be appropriate if other strategies have been unsuccessful[30]. 

Preliminary data in 69 patients with LAC nebulising HTS delivered by mouthpiece PEP device, 

showed a reduction in annualised exacerbation rate from a mean (min-max) of 4 (0-28) 

compared to 2.8 (0–7)[57]. Preliminary data from our centre also suggests a possible role of 

nebulised N-acetyl cysteine (NAC). This is used in patients who might benefit from a mucolytic 



but who cannot tolerate HTS. Anecdotally, some do very well and attribute their sustained 

reduction in respiratory infections to using this within their airway clearance regime. 

 

Recommendations for mucolytics 

• A trial of mucoactive medications (NS or HTS) may be appropriate for patients with thick 

and sticky secretions whose ACT is not optimised. Such medication should be trialled for 

tolerability and safety with a patient prior to commencement and reviewed for 

effectiveness 

 

 

B: Breathing (Breathlessness and Breathing Pattern) 

 

Patients with LAC often report pervasive breathlessness, and in most cases this will be 

multifactorial in nature[14]. Indeed, in many patients there will be a contribution from 

obstructive components of lung disease especially during exercise (see below), but additionally 

patients with LAC often complain of expiratory and sometimes inspiratory sensations of airway 

closure within the larger airway, especially with forced and/or expiratory manoeuvres. It is 

becoming increasingly well recognised that there is often an overlap between LAC and laryngeal 

dysfunction[58]. Expiratory laryngeal narrowing as well as mechanisms including pursed lip 

breathing may be functionally helpful to create intrinsic positive end-expiratory pressure and 

splinting open of the airways in expiration, which has also been shown to be present in patients 

with moderate/severe COPD[59]. 

 



Unfortunately, there is also a risk that such adaptations could also lead to breathing pattern 

dysfunction (BPD) and/or inducible laryngeal obstruction at the most extreme, through 

increased tension in the structures around the larynx[59]. Ineffective coughing, discomfort in 

the large airways and changes to breathing pattern (mouth breathing, gasping, apical breaths), 

could also increase the sensitivity of the larynx and may increase cough frequency as well as 

increase the sensation of breathlessness.  

 

Assessment of Breathlessness and Breathing Pattern 

The evaluation of breathing should look broadly at breathlessness but also more specifically at 

breathing pattern. Breathlessness symptoms and triggers should be recorded as described by 

the patient, including its nature, what makes it worse, how the patient manages and improves it. 

This should occur concurrently with a physical assessment evaluating ‘work of breathing’ and 

breathing pattern. Breathing pattern assessment should include evaluation of respiratory rate, 

upper or lower chest breathing, whether it is regular or erratic and evaluation of inspiratory and 

expiratory flow. Use of the Brompton Breathing Pattern Assessment Tool (BPAT) may be helpful 

to organise this assessment and improve recognition of those with BPD[29]. Symptoms within 

the upper airway should also be assessed to ensure any laryngeal components are considered. 

Treatment 

Patients who are breathless may benefit from breathing pattern re-education to optimise nasal 

breathing at rest and reduce thoracic/ upper chest breathing. Reducing the turbulence of flow 

into the upper airway and during expiration may minimise symptoms of collapse, as well as 

reduce irritation and dehydration. It is also important that patients are given strategies to ensure 

they are not over-using their upper airway when creation of intrinsic PEEP is required. 



Modification of this and encouragement to PLB may be important as well as education in 

recognising increased tension in the upper airway during inspiration[60].  

 

For some patients, breathlessness on exertion is so severe that breathing modifications are not 

enough. This is when using positive pressure support on exertion through CPAP may be useful 

(see below).  

 
 

C: Capacity for exercise 

 

Impaired exercise tolerance is a key and pervasive feature for many patients with severe 

LAC[61].  Exercise increases TV and minute ventilation (VE), resulting in an increase in driving 

pressure (Palv) and pleural pressure (Ppl) increasing turbulent flow and resistance. This may lead 

to flow limitation and possible early airway closure which increases expiratory airway 

collapse[15,62] and increases the sensation of breathlessness. The unpredictability of 

pathophysiology and degree of functional limitation will be heterogeneous within each 

lung/segment and within each patient. Predominant symptoms during exercise are 

breathlessness and expiratory wheeze, often with no changes on flow volume loops at rest or 

during exercise.  

 

Assessment 

Patients with LAC should be evaluated with a functional exercise assessment (e.g. 6-minute walk 

test [6MWT]) to formally evaluate functional ability[63]. During this assessment the patient’s 

physiological parameters should be measured (HR, Sp02, BORG) as well as evaluation of the 

patient’s breathing pattern. Moreover, assessment of airway collapse should be made through 



listening to the patient’s breathing, especially on expiration. Other symptoms to observe include 

upper airway symptoms and/or coughing[62]. 

 

Treatment 

Techniques to support exercise tolerance should optimise expiratory airflow in an otherwise 

narrowed lumen. Initially the focus should be on increasing awareness of the impact of increased 

flow, especially on inspiration. This may be by encouragement of nasal breathing to encourage 

laminar flow, and/or with the addition of pursed lip breathing (PLB) to reduce expiratory flow 

by providing a resistance to breathe out against, as previously described. This may also reduce 

the turbulent flow upstream. Evidence comes from a small study where patients were taught 

either PLB, oral PEP (PEP delivered through a device with a resistor fitted and worn in the 

mouth) and nasal PEP (as oral, but worn at the nose)[64]. Continuous upper airway monitoring 

was used to assess airway pressure. The results showed some evidence of reduced 

breathlessness and increased function with use of airway splinting by these different techniques. 

 

Ambulatory CPAP 

The use of CPAP during ambulation may ameliorate early airway collapse and improve exercise 

capacity. Kaltsakas et al[65]  trialled 19 patients with LAC using CPAP at pressures of 4, 7 and 

10 cm H2O or a SHAM. Patients then underwent repeat 6MWT on sham or active CPAP in a 

random order. Neural respiratory drive index (NRDI) was also measured. 6MWT distance on 

optimal CPAP was increased compared to self-ventilation and sham CPAP. Treatment effect 

between sham and optimal CPAP was 31±39 m (95% CI: 13 to 50 m). Respiratory muscles were 

more unloaded in the CPAP group, as measured by NRDI. Additional evidence supports the 

utility of CPAP in this group: 27 patients with LAC had a 6MWT on air vs. CPAP[66]. The distance 

achieved with 6MWT improved significantly with CPAP (by median{range} 32{8-53} metres) 



compared to room air (p=0.003). The average PEEP used was 13 +/-4 cm H2O which is higher 

than most average overnight settings. Clinical use at our centre suggests PEEP should be set at 

resting settings or just above. This may be titrated to ensure LAC symptoms are optimised 

without increasing the work of breathing (likely between 10-14 cm H20). Additionally, a fixed 

pressure is advised for use with exercise and may enhance the effectiveness of pulmonary 

rehabilitation (PR) in this population. For a suggested assessment protocol, please see below 

(Ambulatory CPAP Assessment Protocol). 

 

Recommendations   

• All patients should be encouraged to participate in regular physical activity and should 

be educated to meet the minimum guidelines for physical activity provided by the 

American Council Sports Medicine 

• Physical training programmes should include aerobic and resistance training, which have 

been shown to demonstrate clinically meaningful improvements in whole body 

endurance and strength as per pulmonary rehabilitation (PR) guidelines (e.g. British 

Thoracic Society PR Guidelines) 

• Patients whose breathlessness affects activities of daily living (MRC>3) should be 

referred to PR, as extrapolated from other conditions including COPD, bronchiectasis and 

asthma 

• Patients should be taught how to manage their exercise/activity symptoms with control 

of flow, nasal breathing, breathing control and PLB techniques  

• In patients who are symptomatic of LAC during exercise (cough, stridor, breathlessness, 

reduced exercise capacity), the use of NIV/CPAP should be considered and used during 

exercise training and/or pulmonary rehabilitation 



Ambulatory CPAP Assessment Protocol  

• A full risk assessment should be completed prior to any commencement or change in level 

of positive pressure in accordance with local service guidelines 

• A 6MWT should be completed on air and on CPAP to assess for any increase in exercise 

capacity and/or symptom reduction 

• PEEP should be set on a fixed pressure at resting settings or just above with titration as 

required to optimise comfort 

• If patients are unable to complete a 6MWT, a repeated sit to stand test for 1 minute should 

be completed[67] 

• Subjective measures of perceived exertion, breathlessness and fatigue should be used to 

assess symptoms during exercise 

• In patients with severe symptoms or already utilising NIV, this should be used instead of 

CPAP 

 

Limitations  

A key limitation to this review is the paucity of published evidence to support physiotherapy 

interventions in the management of LAC. This review provides a timely opportunity to explore 

the physiological principles underpinning techniques commonly used by physiotherapists, in 

the context of the clinical challenges of this condition. By extrapolating evidence from other 

respiratory conditions, and drawing on associated clinical expertise, this has enabled us to 

rationalise the value of the interventions being delivered by physiotherapists to support the 

conservative management of patients with LAC and highlights the need to develop protocols to 

evaluate the physiological principles discussed. 

 



Conclusion 

In our experience, physiotherapists play a key role in the assessment and management of 

individuals with LAC. The ABC model, described herein, provides a therapy framework for LAC, 

outlining the importance of evaluating Airways, Breathing and Capacity for exercise, as part of a 

comprehensive management strategy. Despite this, there remains a paucity of high quality 

research in this area to help inform the best choice of treatment and this is a clear limitation to 

the review. In the absence of this data, assimilation of clinical expertise and extrapolation from 

literature addressing other similar conditions provides therapists with the best way to assess 

and treat the pathophysiological impairments of LAC. It remains a priority area for future studies 

to improve treatment selection in this important condition. 
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FIGURES LEGENDS 

 

Figure 1: Flow limiting segment in LAC 

Figure 1 caption 

1) Airway with LAC. The flow limiting segment is limiting the expiratory airflow and/or creating unwanted 

turbulent airflow due to the invagination of the airway influenced by the equal pressure point theory and wave 

speed theory. PT = Total pleural pressure  PPl= Pleural  

2) Normal Airway. The EPP is kept proximal and promotes movement of expiratory airflow to enhance sputum 

clearance 

  



 

Figure 2: Dynamic movements of equal pressure points in different examples of airway 

physiology 

Figure 2 caption 

EPP: Equal Pressure Point; FLS: Flow limited segment 

  



 

Figure 3:The Active Cycle of Breathing Technique 

  



 

 

Figure 4: Visual representation of the physiological mechanism behind the PEP  

  



 

 



Figure 5: PEP Mask (PEP/RMT© Henleys Medical Supplies) 
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Table 1: Subjective and Objective Physiotherapy assessment for a patient with LAC 

Ax: Assessment, ACT; Airway Clearance Techniques, UA; Upper Airway, PLB; Pursed Lip Breathing, NIV: Non Invasive 
Ventilation, CPAP: Continuous Positive Airways Pressure, RR: Respiratory Rate, SOB: Shortness of Breath, 6MWT: Six 
minute walk test, 1 min STS: 1 minute sit-to-stand test, BPAT: Breathing Pattern Assessment Tool, SOB: Shortness of 
Breath, WOB: Work of Breathing, VAS: Visual Analogue Scale

Subjective: PATIENT’S DESCRIPTION/REPORT Objective: PHYSIOTHERAPIST’S 
OBSERVATIONS/MEASUREMENTS 

A: Airways 

NASAL SYMPTOMS 
Blocked or runny nose 
Sinus pain 
Post Nasal Drip 
Altered sense of smell 
AIRWAY CLEARANCE  
Technique completed 
Frequency & Length of Rx 
Efficacy 
% adherence 

COUGH 
Effectiveness/ease of 
clearance 
Triggers 
Dry/rattling/productive 
Feeling of airway closure  
SPUTUM 
Colour/consistency 
24 hour volume 

NASAL SYMPTOMS 
Quality of secretions 
Throat clearing 
AIRWAY CLEARANCE 
Observed technique 
Impact of airway closure 
on clearance  
Observed effectiveness  

 

COUGH 
Nature/sound  
e.g. barking/honking sound 
SPUTUM 
Viscosity/colour of sputum  
Microbiology 

B: Breathing 

BREATHLESSNESS 
Symptoms 
Triggers  
Recovery techniques 

VOICE/UA 
Voice changes e.g. 
husky/strained/lost voice 
Closure/discomfort in 
throat 
BREATHING PATTERN  
Awareness of breathing 
pattern 

BREATHLESSNESS 
Work of breathing  
Upper limb fixation 
Accessory muscle use 
SpO2 
Auscultation 

VOICE/UA 
Audible upper airway 
sounds 
Quality  
BREATHING PATTERN 
Completion of BPAT score 
-Upper chest v lower chest 
-Nose-mouth breathing  
-flow/air 
hunger/RR/rhythm 

C: Capacity for Exercise 

EXERCISE ABILITY 
Frequency of exercise 
Intensity of exercise 
Time spent on exercise 
Type of exercise 
Symptoms with exercise  
-cough/airway closure 
General physical activity levels 
Barriers to exercise 
Use oxygen/NIV/CPAP for exercise 

 

EXERCISE TESTING   
6MWT 
1 min STS 
Ax with and without CPAP/NIV 
Cough/SOB/WOB/SpO2 
Breathing pattern changes during exercise 

 
UA SYMPTOMS  
Observed adaptations to breathing 
Audible airway collapse          

 

Other Ax 

SLEEP 
Quality/duration 
Epworth sleep score 
NIV/CPAP history +/- use 

OUTCOME MEASURES 
VAS: Ease of Clearance/Airway Closure 
Dysopnea-12 
BPAT* 
MRC Grading 
Leicester cough questionnaire (LCQ) 
 



Table 2: Airway Clearance Techniques and evidence 
 

ACT Physiological principles Evidence Pragmatic approach in LAC 

ACBT Flexible Three phase cyclical technique of BC, TEE and FET. 
Enhances tidal volumes, collateral ventilation and 
expiratory airflow 
Modification for use in LAC to ensure FET is optimised  

Physiological background[32] 
Bronchiectasis[34] 
Cystic Fibrosis[25] 

No direct evidence  
• Clinical experience in LAC demonstrates that 

caution may be required in FET to ensure 
balance of airway calibre with creation of equal 
pressure points 

PEP A flow-regulated technique that has three effects; to 
increase lung volume (Functional Residual Capacity (FRC) 
and  Tidal Volume (VT)), to reduce hyperinflation and to 
improve airway clearance. Positive pressure is then 
achieved by augmenting expiratory flow against this 
resistance 

Physiological background[35] 
COPD[39] 
Cystic Fibrosis[38] 
TBM (improve expiratory airflow)[40] 

No direct evidence 
• Use in LAC to reduce airway closure during 

expiration and modify FET 
• Caution to prevent airway collapse but not to 

cause limitation to expiratory airflow 

OPEP PEP is applied by blowing out against a variable 
resistance that produces an oscillation in flow 
Individuals breathe out to expiratory reserve volume 
(ERV) enabling a modulation of both pressure and flow 

Physiological background[22] 
Bronchiectasis[42] 
Cystic Fibrosis[45] 
COPD[43] 
 

No direct evidence 
• Use in LAC with caution as oscillations may 

cause airway collapse and irritation in some 
patients  

• If used comfortably may have similar benefits to 
OPEP 

HFCWO Patient wears an inflatable vest attached to a machine 
that creates positive and negative pressure changes 
through high frequency air pulses at a set pressure and 
frequency. Displacement of the airway walls additionally 
disengages secretions, enhancing airflow and ciliary 
beating 

Physiological background[22] 
Bronchiectasis[47] 
Cystic Fibrosis[49,50] 
COPD[48] 
 
 

No direct evidence 
• Clinical experience suggests this technique must 

be combined with FET (with relevant principles 
discussed for patients with LAC) 

CPAP Creates a ‘pneumatic splint’, helping to prevent dynamic 
airways collapse as flow and effort increase 

Paediatric TBM[51] 
 

Extrapolation of knowledge from paediatric TBM 
although caution required as different conditions 

• Clinical expertise/extrapolation of knowledge 
from use of PEP/High PEP 

• Caution required as underlying pathology may 
be different 

ACBT: Active Cycle of Breathing Technique; PEP: Positive Expiratory Pressure; OPEP: Oscillating Expiratory Pressure; HFCWO: High Frequency Chest Wall Oscillation; 
CPAP: Continuous Positive Airway Pressure 

https://www.sciencedirect.com/topics/medicine-and-dentistry/tidal-volume
https://www.sciencedirect.com/topics/medicine-and-dentistry/hyperinflation
https://www.sciencedirect.com/topics/medicine-and-dentistry/expiratory-flow

