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Abstract

A comparison of five airway clearance techniques in the treatment of people

with cystic fibrosis

The evidence in the literature today indicates that there are neither statistically nor
clinically important differences in effectiveness among the airway clearance techniques
of the active cycle of breathing techniques, autogenic drainage, cornet, flutter or
positive expiratory pressure in the short term. There is little evidence of the effects of
the different regimens in the long term. Excluding autogenic drainage, all regimens now
include the forced expiratory manoeuvre of ‘huffing’ and this may be one of the most

effective components of airway clearance.

This study was to evaluate the long term effects, over one year, of the five airway
clearance techniques in adults with cystic fibrosis. Seventy-five subjects entered the
prospective, randomised controlled trial. The primary outcome measure was forced
expiratory volume in one second (FEV,), the null hypothesis being that there are no
differences among the regimens. Secondary outcome measures included other measures
of lung function, body mass index, exercise capacity (modified shuttle test), health
rclated quality of life (Short Form-36 and Chronic Respiratory Questionnaire) and

treatment with intravenous antibiotics.

lsing intention to treat, data was available on 65 subjects at the end of the study period.
The mixed model analysis of vaniance was used to analyse the data. There were no
statistically significant differences among the regimens in the primary outcome
measurement of FEV, (p=0.35). but there was a significant overall deterioration over

time (p=0.02).



There were no statistically significant differences among the regimens in the secondary
outcome measurements of forced vital capacity (FVC). maximal expiratory tlow at 25%
of forced vital capacity (MEF,s). residual volume as a percent of total lung capacity
(RV%TLC), body mass index (BMI), exercise capacity, quality of life or use of
Intravenous antibiotics. In different countries either one or several airway clearance

regimens are practised. This thesis provides evidence in support of current practices.
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Chapter 1. Introduction

Cystic fibrosis is the most common, life threatening, inherited disease in the United
Kingdom (Cystic Fibrosis Trust 2005). It is an autosomal recessive genetic disorder and
in the United Kingdom 2.3 million people are carriers of the faulty cystic fibrosis gene,
that is 1 in 25 of the population. There are currently over 7,500 people with cystic

fibrosis 1n the Unmited Kingdom (Cystic Fibrosis Trust 2005).

If both parents are carriers of the gene there is a one in four chance of a child being born

with cystic fibrosis (Anderson & Goodchild 1976) (Figure 1.1).

Parents Nc NC —— heterozygotes
/ \ / \ (carriers)
Germ cells N c N C
el
Children NN Nc Nc cC
N/
Normal Carners Cystic fibrosis

Figure 1.1: Inheritance pattern. N: normal gene, c: cystic fibrosis gene. From: Anderson & Goodchild

1976.

The first clinical descriptions of the disease were said to have been recorded by Fanconi
in 1936 and Andersen in 1938 (Anderson & Goodchild 1976). At the time the clinical
fecatures focused on abnormal functioning of the pancreas and life expectancy was less
than two vears. Identification of the cystic fibrosis gene was completed in 1989 (Kerem

et al 1989; Riordan e o/ 1989, Rommens ¢r al 1989). The gene is located on the long



arm of chromosome 7 and encodes for a chloride channel known as the cystic fibrosis
transmembrane conductance regulator (CFTR) which is found in epithehal cells.
Although cystic fibrosis affects epithelial cell function in many body svstems. 1t 1s the
respiratory system which is associated with high morbidity and mortality (Hodson

2000).

The cystic fibrosis transmembrane conductance regulator proteins function as
membrane-bound active chloride channels and have a major part in the control of the
salt concentration in epithelial secretions. The sodium concentration in sweat can be
measured and until the advent of genetic testing this was the diagnostic tool for cystic
fibrosis. The sodium concentration in sweat is over twice the normal amount in people

with cystic fibrosis (Wallis 1997), that 1s > 70 millimoles per litre.

Since the 1960’s, with increased recognition of the disease and improved treatment, the
median age of survival has risen from 5 years to over 31 years (Cystic Fibrosis Trust
2005; Shale 1997) and has been predicted to be at least 40 years of age for children born
in the 1990’s (Elborn, Shale, & Britton 1991). From the Cystic Fibrosis Foundation
Patient Registry 2002 (Cystic Fibrosis Foundation 2003) the improvement in actual

survival, of people on the register, since 1980 1s demonstrated in Figure 1.2

The clinical signs and symptoms of respiratory disease in cystic fibrosis are variable,
but at some point the cough becomes prominent and is usually associated with sputum.
With progression of the disease. daily sputum increases and becomes purulent. Blood
streaking and hacmoptysis as a consequence of chronic infection are not uncommon.

Exertional dyspnoea is eventually followed by shortness of breath at rest and
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dependence on supplemental oxygen. Respiratory failure is the most common cause of

death (Gibson, Burns, & Ramsey 2003).

Survival from Age One, by Year of Birth

——

92% —

Percent Surviving

88% —

7 8 9 10 11 12 13 14 1S 16 17
Age (Years)

6

Figure 1.2: Improvement in actual survival. For people born between 1980 and 1984 (blue line) 93
percent were alive at the age of 12 years. For those born between 1990 and 1994 (orange line) 96.5
percent were alive at the age of 12 years. The red line indicates children born between 1995 and 2001 and
would indicate a further increase in survival. From: Cystic Fibrosis Foundation 2003.

Early lung infections in people with cystic fibrosis are most frequently a consequence of

Staphylococcus aureus and Haemophilus influenzae, but the most significant pathogen

is Pseudomonas aeruginosa. Pseudomonas aeruginosa demonstrates an increased

affinity for cystic fibrosis epithelial cells, although the exact mechanism has yet to be

determined (Gibson, Burns, & Ramsey 2003).
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With increasing age, people with cystic fibrosis may experience additional
complications including those of the older person: diabetes mellitus, osteoporosis,
oesophageal reflux and oesophagitis. nasal polyposis, episodic and chronic distal
intestinal obstruction syndrome, chronic liver disease, portal hypertension, gallstones.
pneumothorax, haemoptysis, allergic bronchopulmonary aspergillosis. respiratory and
cardiac failure, inflammatory arthritis, male sub-fertility, and behavioural and

psychological problems (Hodson 2000).

Over 1000 candidate mutations 1n the cystic fibrosis gene have been identified (Cyvstic
Fibrosis Gene Analysis Consortium 2004). There is little apparent correlation between
genotype and severity of lung disease. Patients who are homozygous for the delta FS08
mutation (‘classical’ cystic fibrosis) exhibit a wide spectrum in both the rate of
deterioration and severity of lung disease (Kerem et al 1990; Santis et al 1990). This has
led to the hypothesis that both environmental-lung interactions and the genetic
background of the host contribute to the severity of cystic fibrosis lung disease

(modifier genes) (Boucher 2004).

There are two hypotheses regarding the link between epithelial 1on transport and the

innate defence of the airways against inhaled bactenal pathogens (Boucher 2004):

1. Isotonic volume hvpothesis (Mechanical clearance): This 1s the capacity of the

epithelium to maintain the periciliary hquid layer at the appropriate height. This
requires adjustment of the airway surface liquid volume which is believed to be

mcdiated by isotonic volume transport.



2. Low salt / defensin hypothesis (Chemical shield): In the human lung an endogenous

antibiotic, human B-defensin, may play an important part in preventing pulmonary
infection. Human B-defensin is inactivated by increased concentrations of sodium
chloride. The high concentrations of sodium chloride in the airway surface liquid of
people with cystic fibrosis would allow proliferation of bacteria in the lungs
(Goldman er al 1997, Rosenstein & Zeitlin 1998). This suggests that bactenal
colonisation 1is the primary event and hypersecretion of mucus occurs as a

consequence.

On balance the 1sotonic volume hypothesis appears to be favoured (Boucher 2004). The
steady state of the periciliary liquid 1s probably dependent on a balance between sodium
absorption and chloride secretion. In cystic fibrosis there is evidence of an up regulation
of sodium transport and a down regulation of chlonde transport, into the airway
epithelia. These abnormalities would lead to depletion of the periciliary liquid layer and
the formation of thickened mucus plaques and plugs adherent to cystic fibrosis airway
surfaces. Depletion of the periciliary liquid reduces the efficiency of cihary-dependent
mucus clearance and a further reduction in ciliary efficiency may be a consequence of

the less favourable viscoelastic properties of the concentrated mucus layer for transport

(Boucher 2004).

The end result is that of persistent neutrophil dominated airway inflammation with
elevated interleukin-8 and neutrophil elastase. This leads to increased mucus production
and infection with progressive lung tissue damage. The airwvays become dilated and
bronchiectatic. In the later stages. the lung parenchyma becomes affected by atelectasis,
pneumonia and encroachment by cnlarging airways. Secondary consequences include

hyvpertrophy of the bronchial circulation and formation of bronchial cysts. Pulmonary



hypertension may ensue (Gibson, Burns, & Ramsey 2003). Cystic fibrosis primanly
affects the airways and submucosal glands with sparing of the interstitium and alveolar
spaces until late in the disease (Tomashefski er al 1989). Earlier work by Tomashetski
et al (1986) demonstrated that the lung disease and remodelling in cystic fibrosis lungs

was 1rregularly distributed and that the upper lobes were disproportionately affected.

The thick secretions in cystic fibrosis airways result in part from the degradation of the
numerous inflammatory cells found in the presence of infection. The deoxyribonucleic
acid from these cells tends to aggregate and further increase mucus viscosity. Nebulised
recombinant human deoxyribonuclease (Domnase alfa) reduces the viscoelasticity of
mucus, by cleaving extracellular neutrophil-derived deoxyribonucleic acid, and has

been shown to improve lung function and to reduce exacerbations of infection in people

with cystic fibrosis (Hodson et al 2003).

Gene therapy holds potential for the future management of people with cystic fibrosis,
but a curative treatment has yet to be realised. Current therapy is directed at slowing the
progression of secondary organ dysfunction and the consequences of pancreatic
insufficiency and chronic endobronchial infection. A normal CFTR gene can be
produced, but the problem has been to incorporate the gene into the airway cells and to
stimulate its expression into functioning CF TR in vivo (Middleton & Alton 1998). Both
liposomes and genetically modified adenovirus vectors have been used to transfer the
gene. but the functional effect has been poor with only transient or small changes in
CFTR expression. Viral vectors are the more eftective, for incorporating the new gene
into the epithelial cell, but have been associated with significant inflammatory reactions

(McElvaney & Crystal 1995). A recent review (Gnesenbach, Geddes. & Alton 2004) is



more encouraging stating that considerable progress has been made in pre-clinical

research, including the development of new viral and non-viral transfer agents.

As bronchial infection and respiratory failure remain the main cause of morbidity and
mortality in people with cystic fibrosis (Gibson, Burns, & Ramseyv 2003: Hodson 2000),
the physiotherapy management of airway clearance is internationally accepted as a very
important component in the medical management of these people. The main function of
an airway clearance regimen is to assist the removal of tracheobronchial secretions, the
purpose being to reduce airway obstruction and airway resistance, to enhance gas
exchange and to reduce the work of breathing (Wallis & Prasad 1999). In the long term,
reduction of elastase mediated damage to the airways may slow the rate of progression

of lung damage and consequent impairment of mucociliary clearance (Zach 1990).

There 1s debate as to when airway clearance techniques should be introduced if the
infant or young child 1s asymptomatic (Pryor et al 2005). It 1s likely that the newly born
infant has normal lung structure, but repeated episodes of infection and / or aspiration
lead to respiratory inflammation and lung injury (Birrer et al 1994). There is evidence
of pulmonary inflammation and infection from three months of life (Armstrong et al
1995) and adults with minimal symptoms of lung disease show respiratory

inflammation (Konstan et al 1994) even without signs of active infection.

Most adults will have either a chronic productive cough or a history of repeated chest
infections and there is international agreement (International Physiotherapy Group for
Cystic Fibrosis (IPG/CF) 2002) that best practice 1s the establishment of an effective
airwayv clearance rcgimen from the time of diagnosis. Lkxercise 1s known to increase

mucociliary clearance, although 1t 1s not as effective as the airway clearance technique



of the active cycle of breathing techniques (Salh et a/ 1989), but for some people with
mild disease the increase in mucociliary clearance, from physical activity. may be
sufficient in the absence of signs and symptoms of respiratory infection. Lxercise

however has additional positive effects on exercise capacity. strength, lung function and

quality of life (Bradley & Moran 2004).

A number of meta-analyses and reviews have studied the effects of airway clearance
techniques in people with cystic fibrosis (Butler & Sutherland 1998; Eid er a/ 1991
Hardy et al 1994; Hess 2001; Langenderfer 1998; Mcllwaine & Davidson 1996; Prasad
& Main 1998; Williams 1994). They conclude that there is a dearth of high level
evidence to support the efficiency and consequences of any airway clearance technique.
The selection criteria for the most appropnate regimen for an individual and the
problems associated with the treatment related burden an airway clearance regimen
imposes remain unclear. This may be due to many of the studies being small, usually

short term, many using the cross-over design and few using a control group.

However Thomas, Cook, & Brooks (1995) concluded that postural drainage and

percussion resulted in significantly greater sputum expectoration than no treatment and

that postural drainage and percussion, when combined with exercise, were associated
with a moderate increase in forced expiratory volume in one second, compared with
postural drainage and percussion alone. A reduction in forced expiratory volume in one
second has been recognised as a predictor of mortality in people with cystic fibrosis
(Kerem ¢t al 1992). Two earlier studics had shown postural drainage. percussion and
vibration to be effective in slowing the detenoration of lung function in people with
cvstic fibrosis (Desmond ¢ al 1983 Reisman et al 1988) and the introduction of the

active cycle ot breathing techniques had been shown to improve lung function (Webber



el al 1986).

A Cochrane review (van der Schans, Prasad, & Main 2004) compared chest
physiotherapy (postural drainage and percussion) with no chest physiotherapy. for
people with cystic fibrosis. This review concluded that airway clearance techniques
have short term effects in terms of increasing mucus transport, but no evidence was

found on which to draw conclusions concerning the long term effects.

Another Cochrane review (Elkins, Jones, & van der Schans 2004) looked at positive
expiratory pressure for airway clearance in people with cystic fibrosis. This review
concluded that there was no clear evidence that positive expiratory pressure was a more
or less cifective intervention overall than other forms of physiotherapy. There was
limited evidence that positive expiratory pressure was preferred by participants,
compared with other techniques. However this finding 1s from studies of low quality
and the other techniques included postural drainage and percussion which require an

assistant.

A later Cochrane review compared ‘conventional’ chest physiotherapy (postural
drainage and percussion) with other contemporary airway clearance techniques. There
appeared to be no advantage of ‘conventional’ chest physiotherapy over other airway
clearance techniques in the primary outcome measure of lung function. There was an
indication that individuals prefer self-administered regimens (Main, Prasad, & van der

Schans 2005).

The primary meta-analysis used 1in a Cochrane review is on data from randomised

controlled trials, but more recently the generic inverse variance method for meta-
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analysis of data from cross-over trials and data from parallel-designed tnals have been

included for comparison (Main, Prasad, & van der Schans 2005).

In most countries postural drainage and percussion have been replaced by airway
clearance regimens which can be used independent of an assistant. This followed
studies that have shown the independent regimens to be equally effective as, or more

effective than, postural drainage and percussion (Falk et al 1984; Konstan, Stern, &

Doershuk 1994; Mcllwaine et al 1997, Pryor et al 1979).

There continues to be widespread debate as to which airway clearance regimen should
be used and when (Lapin 2000) and in spite of some evidence in support of the efficacy
of an airway clearance regimen, compliance i1s often poor (Abbott et al 1994;
Muszynski-Kwan, Perlman, & Rivington-Law 1988; Passero, Remor, & Salomon
1981). This may in part be due to the short-comings of postural drainage and

percussion, for example lengthy treatment sessions and the need for a skilled provider

(Oermann et al 2001).

Ocrmann et al (2001) have developed an instrument to measure patient satisfaction with
chest physiotherapy in people with cystic fibrosis. Their results 1dentified differences
among the chest physiotherapy regimens of postural drainage, percussion and vibration.
high frequency chest wall oscillation and the flutter. For overall satisfaction, the flutter
and high frequency chest wall oscillation outscored postural drainage, percussion and
vibration. In the convenience domain. the flutter scored higher than high frequency
chest wall oscillation. For efficacv. high frequency chest wall oscillation scored the
highest and for comfort, the flutter was better tolerated than high frequency chest wall

oscillation. The authors concluded that the reasons for these differences wcre
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multifactorial and supported the need to individualise airwayv clearance regimens.

Increased longevity has been associated with improved quality of life and many people
with cystic fibrosis lead normal, busy lives at work and at play. It is important that time
spent on treatment is beneficial. Airway clearance can be undertaken independent of an
assistant, but considerable time is spent on airway clearance and different airway
clearance regimens are used. There is evidence that the active cycle of breathing
techniques, autogenic drainage, cornet and positive expiratory pressure are equally as
effective in the short term, but are they equally effective in the long term? There 1s a

dearth of long term randomised controlled trials in airway clearance.



Aim of the study

The aim of the study was to evaluate the long term (one vear) effects of the airway
clearance techniques of the active cycle of breathing techniques, autogenic drainage.
cornet, flutter and positive expiratory pressure in people with cystic fibrosis, and to

identify any differences which may exist among them.

The primary outcome measure was:

* lorced expiratory volume in one second (FEV)).

The secondary outcome measures were:

* Forced vital capacity (FVC), maximal expiratory flow at 25% of forced vital
capacity (MEF,5) and residual volume as a percent of total lung capacity (RV%TLC)

* Body mass index (BMI)

» Exercise capacity (Moditied Shuttle Test)

* Quality of life (Short Form-36 and Chronic Respiratory Questionnaire)

* Time for treatment

* Adherence to treatment

» (ourses of intravenous antibiotics.

Null hypothesis

The null hypothesis was that there are no significant differences among the airway
clearance regimens of the active cycle of breathing techniques, autogenic drainage,

cornet. flutter and positive expiratory pressure. over a period of one vear.




Chapter I1. Airway Clearance Techniques: the literature

Historical perspective

Under normal physiological conditions, the movement of mucus secretions 1n the
airways 1s efficiently undertaken by the cilia, regular breathing movements and the
occasional cough. However changes in the quantity of mucus, in the characteristics of

mucus or changes in lung physiology may overwhelm the mucociliary escalator (Lapin

2002).

The use of airway clearance techniques to augment the normal mucociliary and cough
clearance mechanism of the lungs is not new. Ewart in 1901 published three cases
where he had instigated treatment ‘by posture and by respiratory exercises’ for people
with bronchiectasis. His first case benefited considerably from ‘the relative luxury of
recst and hospital treatment’, but the winter of 1900 brought a return of the patient’s
signs of a high fever, severe cough and expectoration of sputum. The patient was
‘prevailed upon’ to lie down and Dr Ewart raised the foot of the bed. It was said that
expectoration began to flow easily and the patient was much relieved. Figure 2.1 shows

the dramatic effect on the patient’s temperature following the raising of the foot of the

bed on 26 October 1900.
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Figure 2.1: The effect of the head-down tipped position on temperature in a patient with bronchiectasis.
From: Ewart 1901.

Ewart recommended either continuous drainage or, as in the case of a woman who was
seven months pregnant, drainage of an hour two or three times a day. Ewart credits the
originality of the technique to Quinke who published a description of this form of

treatment in 1898 in ‘Zeitschrift fiir Krankenpflege’ (August 1898 p.525).

By 1976 physiotherapy had become an established part of the management of people
with cystic fibrosis (Anderson & Goodchild 1976). Anderson and Goodchild state that
adequate and consistent physiotherapy may well be the single most important factor in

preventing chronic lung infection and in aiding antibiotics to eradicate infection once

this has occurred.
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The main features of physiotherapy at this time, as documented by Anderson and
Goodchild (1976), were:

1. Efforts are made to loosen sputum in all areas of the lung fields.
2. The patient is placed in five basic positions, as 1llustrated (Figure 2.2).

Figure 2.2: The 'five basic' postural positions.

3. Percussion of the chest is extremely important, using cupped hands, for 2-3
minutes in each of the positions so that the total time is about 15-20 minutes.

4. In older children able to co-operate, a few minutes ot vibrations and rib
springing in each position are beneficial.

S. The patient is encouraged to expel secretions by coughing between each change
of position.

6. The most effective time for physiotherapy is the early morning before breakfast
so that secretions accumulated during the night are expelled. Most should have a
second treatment in the evening and if the child has a cold or fresh chest
infection. or is severely affected and has copious sputum, a third, possibly

shorter, treatment at midday or at 4 p.m. on returning from school.

7 This treatment should be given before meals to avoid vomiting which may be
induced by the changes in position and by swallowed sputum.

If babies should vomit, care should be taken to give extra feeds so that total

caloric intake can be maintained.




8. Positioning. Babies and small children can be treated over the knee, while older
children can lie over pillows of a bundle of newspapers covered by a pillow.

9. Apart from the above, simple breathing exercises and effective coughing should
be taught as soon as possible. Older children with restricted thoracic movement
and poor posture should be taught thoracic mobilizing exercises and correct
posture.

10. Participation in as many physical activities and games as patients feel able to
manage should be encouraged, as these all help to clear secretions from the
lungs.

Swimming is especially helpful
Trampolines for young children are very effective in loosening bronchial

secretions.

Postural drainage and percussion, as an airway clearance regimen, has remained the
‘pold standard’ of airway clearance in the United States of America (Accurso ef al
2004), but other airway clearance regimens have evolved, independently, in different
parts of the world — active cycle of breathing techniques (New Zealand and the Umted
Kingdom), autogenic drainage (Belgium), cornet (Germany), flutter (Switzerland) and
positive expiratory pressure (Denmark). In addition, high frequency chest wall
oscillation is widely used in the United States and Canada, and intra-pulmonary

percussive ventilation is used in parts of the United States, Canada and Europe.

The Cystic Fibrosis Trust (United Kingdom) has published ‘Clinical Guidelines for the
Physiotherapy Management of Cystic Fibrosis® (Association of Chartered
Physiotherapists in Cystic Fibrosis 200.2). The section on airway clearance techniques
includes the active cycle of breathing techniques. autogenic drainage. positive

expiratory pressure and oscillating positive expiratory pressure (cornet and flutter).




Forced expiration technique

Livingstone and Gillespie discussed the value of breathing exercises in asthma over 70
years ago (l.ivingstone & Gillespie 1935). They had recommended "a short inspiration
through the nose and then a long expiration through the mouth, with a whistling or
hissing noise’. This was combined with re-education of diaphragmatic movements and
may be one of the first publications on what we now recognise as the “forced expiration
technique’. Following this publication there was little reference to the use of a
controlled forced expiratory manoeuvre in airway clearance until the publication of the
peer review paper ‘Forced expiration exercises in asthma and their effect on FEV," by
Thompson and Thompson in 1968. At the time there was international criticism of the

Thompsons’ work 1n this field.

Mr Heath Thompson was a Cardiothoracic Surgeon, Respiratory Physician and
Intensivist at the Chnstchurch Hospital and The Princess Margaret Hospital in
Christchurch, New Zealand. Today these are separate protfessional specialities. Mrs
Bernice Thompson was a New Zealand trained physiotherapist with her own private
Thoracic Physiotherapy Practice in Christchurch, the first of its kind in New Zealand.
Mr and Mrs Thompson had worked in Sully Hospital, Wales, following Mr Thompson's
postgraduate training as a Thoracic Surgeon, in London, and betfore they both returned
to New Zealand to practise. The Medical Superintendent at Sully Hospital (1950 -
1953) was also a New Zealander, Dr Foreman, and the Head of Physiotherapy was
Verna Davics. At Sully Hospital, hutfing was used to ‘raise mucus where there was
collapse or danger of collapse of lobes’ together with correction of the breathing pattern

(Thompson 2004). Chest compression and chest shaking were used 1f indicated and

paticnts were treated in the sitting position (Thompson 2004). Manyv ot the patients had
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tuberculosis and were seen following thoracic surgery (lobectomy and
pneumonectomy), but little had been published and the technique of “huffing™ was later

disregarded in the United Kingdom.

A sigmficant proportion of Mrs Thompson’s patients in her practice in New Zealand
had asthma. It is important to remember that the pharmacological management of
asthma was not as effective as it is today and most patients with asthma, in the 1960's
and early 1970’s, presented with cough and a moderate amount of sputum in addition to
wheeze. It was the use of forced expiration exercises as an airway clearance technique
in asthma that the Thompsons reported in 1968 and this was very controversial at the

time.

The paper by Thompson and Thompson (1968) begins:

‘Many authorities say that forced or prolonged expiration in the treatment of asthma is
wrong..... Forced expiration by producing an accentuation of the normal expiratory
movements of the bronchial tree, 1.e. narrowing and shortening, squeezes mucus from the
small peripheral to the larger central bronchi..... We believe that mucus 1s moved 1n the more
peripheral bronchi, not by a blast of expired air. but by the squeezing action of the narrowing

and shortening of the bronchial tree during forced expiration — the peripheral branches

shortening towards the central bronchi .

These statements were supported by cine-radiography (Figure 3.3. p.92). The technique

advocated was that of a ‘mix’ of forced expiration and breathing control (diaphragmatic
breathing) often combined with postural drainage. Attention was also paid to postural
and mobilising exerciscs, and to nose blowing. It was said that the forced expiration
should be performed as “vigorously as possible’. The techniques are delightfully

outlined in Bernice Thompson's books “Asthma and vour child™ and "Better Breathing’
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(Thompson 1963; Thompson 1967). An example of one of the little cartoon characters

which illustrate the text is reproduced in Figure 2.3.

CHUFFY THE ENGINE

Once upon a time there was a little engine and his name was
Chuffy. Sometimes he made a big noise that went Chshshshsh!

Put your hands on your shoulders. Now lean forward and punch
while you make your noise.

Figure 2.3: Breathing exercise for asthma. From: Thompson 1963.

In the study by Thompson & Thompson (1968) patients were tested over a two-month
period. The pulmonary function measure of forced expiratory volume in one second
(FEV) was taken before and after treatment with breathing exercises, for 111 subjects.
The time interval of the measurement following treatment is not recorded, but
bronchodilator therapy was withheld before treatment on that day. Ninety-one of the
111 patients demonstrated an improvement in FEV, on their initial test. Only four

remained unchanged on later testing. The details available are outlined in Table 2.1.
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91 demonstrated improvement in FEV, ‘ -

| 6 demonstrated no change in FEV, 2 improved, 4 no change in FEV,

| 14 demonstrated a reduction in FEV| [ 14 demonstrated improvement in FEV;

% improvement in FEV{: 0 — 150% (Mean: 33%)
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Table 2.1: Data from ‘Forced expiration exercises in asthma and their effect on FEV,” (Thompson &
Thompson 1968).

It was concluded that following treatment using forced expiration and breathing control,

the airways were less obstructed. The improvements demonstrated on later testing were
thought to be a consequence of more efficient airway clearance with regular daily

practice of the exercises.

In 1972 Mrs Thompson presented her work at the World Congress of Rehabilitation, in
Sydney, Australia. This paper (Thompson 1973) received international criticism. It was
claimed that the exercises would increase airflow obstruction and should not be used.
The paper was descriptive, but stills’ taken from a piece of x-ray movie film (Figure
3.3, p.92), during a bronchogram, demonstrate the squeezing of the radio-opaque
material from the distal branches to the main bronchi. with a forced expiration. The

narrowing of the lobar bronchi and inefifective movement of distal secretions by a cough

were also demonstrated.
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Mrs Thompson stated that the exercises themselves were not new. but their application
to the treatment of asthma was new. She emphasised that the length and strength of the
expiration needed to be gauged to each person’s ability to produce a feeling of
contraction without provoking a cough. It was ‘mixed’ carefully with diaphragmatic
breathing. Mrs Thompson had identified that coughing released mucus largely from the
upper airways and that the more ‘dynamic’ form of postural drainage using forced
expiration took ‘only a few minutes as opposed to 20 to 30 minutes of passive postural

drainage’. The technique was practised in Christchurch, New Zealand, but was not

widely taken up elsewhere.

Jennifer Pryor was privileged to be one of the physiotherapy students and physiotherapy
graduates to be trained by the Thompsons. The technique was clinically effective in all
patients with excess bronchial secretions and in the Christchurch Hospitals, in the
1970"s, the Thompson technique was the recognised airway clearance technique, the
‘gold” standard. At the Brompton Hospital, in the 1970°s, huffing was used on the
surgical wards, but was not accepted practice on the medical wards as 1t was said to

increase airflow obstruction in patients with medical chest problems.

During the 1970°s the life expectancy of people with cystic fibrosis was increasing. It
was becoming a disease of the adolescent and young adult. The airway clearance

regimen was assisted postural drainage. The description, in “The Brompton Hospital

Guide to Chest Physiotherapy’ (Gaskell & Webber 1973) was:

‘The patient is positioned to assist the drainage of secretions from specific areas of the lungs by
means of gravity. The positions are based on the anatomy of the bronchial tree... This drainage
should be assisted by vibratory shaking or percussion of the chest, combined with localised
breathing cxercises... The appropriate positions should be maintained for up to half an hour 2-6

times a dav. according to the individual patient’s needs’.
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If children with cystic fibrosis wished to spend a night away from home and their
parents, someone had to be taught chest clapping. This was usually possible when the
child was staying with friends or relatives, but was becoming increasingly difficult
when the adolescent was considering college or university. Mr Kenneth Flower, an
engineer at Salford University (England), was aware of this problem and designed a
postural drainage frame with a mechanical percussor (a modified Black and Dekker®

drill) as an alternative regimen (Figure 2.4).

b.
Figure 2.4: Postural drainage frame and mechanical percussor. a. Frame in use. The white arrow denotes

the position of the mechanical percussor. b. Returning to the upright position to cough.

Mr Flower approached the Brompton Hospital, which had established the first Adult

Cystic Fibrosis Unit in the United Kingdom, to ask if this regimen could be assessed.
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T'he challenge was accepted and a cross-over study designed. There were three arms to

the study:

I. Conventional postural drainage: Postural drainage using thoracic cxpansion
exercises combined with chest clapping and shaking by a physiotherapist. The

subject was encouraged to cough when secretions reached the upper airwavs

(Treatment A) (Gaskell & Webber 1973).

2. Postural drainage using huffing combined with breathing control (the forced
expiration technique) with thoracic expansion exercises, coughing, and chest

clapping and compression by the subject himself (Treatment B).

3. Postural drainage using a full length frame and mechanical percussor (Figure

2.4). The subject coughed when secretions reached the upper airways.

The number of monitored treatment sessions ranged from two to four. The third
regimen, that of the postural drainage frame and mechanical percussor, had to be
discontinued. In the 1970’°s the nutritional management of people with cystic fibrosis
was different from that of today and many were thin and undemourished. The

mecchanical percussor was not well tolerated by the patients, and the frame and

percussor were cumbersome and noisy.

More sputum was expectorated in a shorter period of time using Treatment B which

included huffing and breathing control (Table 2.2 and Figure 2.5).




Results:
l Pryor et al 1979 ;
| _ _ N=18 (mean age: 20.5 years) |
| Treatment A | Treatment B | p-value |
; |
: Mean (SEM) | Mean (SEM) |
— —_— 4 -
| Total time for treatment in one day | 127.0(8.25) | 99.4(5.76) | p<0.01 |
(minutes) | i
—
Weight of sputum expectorated during | 45.6 (5.76) 63.1 (6.92) | p<0.025 |
| treatment sessions in one day (grams) h
— — . — :
Rate of sputum clearance (milligrams / | 358.5 (36.13) | 652.1 (64.1) | p<0.005 |

|
minute) : |

Table 2.2: Results Part 1 (Pryor er a/ 1979). Treatment A: Conventional postural drainage with an

assistant. Treatment B: Postural drainage using the forced expiration technique without an assistant.
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Figure 2.5: Mean + SEM time for treatment, weight of sputum expectorated during treatment and rate of
sputum clearance during treatment sessions in one day. Treatment A: Conventional postural drainage with

an assistant. Treatment B: Postural drainage using the forced expiration technique without an assistant

(Pryor er al 1979).




As a consequence of discontinuing the regimen with the mechanical percussor and
postural drainage frame, there were two variables in the study:
1. An assistant (Treatment A) and no assistant (Treatment B)
2. The use of the forced expiration technique (Treatment B) and the absence of the
forced expiration technique (Treatment A).

It was important to 1dentify the role of the assistant. Treatment B was compared with
Ireatment C (Postural drainage using the forced expiration technique with an assistant)

(Table 2.3).

Results:

Pryor et al 1979

N = 8 (mean age: 23.9 years)

L |

Treatment B | Treatment C p-value

Mean (SEM) LMean (SEM)

_r

98.3 (5.63) 95.3 (5.61) NS

| Time for treatment 1n one day

(minutes) l

l J — o - — — — M

Pl

Weight of sputum expectorated during | 46.4 (6.2) 44.6 (4.61) | NS |

treatment sessions 1n one day (grams) | |

_ i | _

—

| Rate of sputum clearance (milligrams / | 493.1 (69.04) 4822(5213) | NS

minute)

L

i ol —

Table 2.3: Results Part 11 (Pryor er al 1979). Treatment B: Postural drainage using the forced expiration

technique without an assistant. Treatment C: Postural drainage using the forced expiration technique with

an assistant.

It was concluded that when clinically stable, people with cystic fibrosis could do therr
own postural drainage effectively without an assistant (Pryor et a/ 1979). The results of
this studv changed clinical practice. Adolescents with cystic fibrosis could be trained to

do their own phvsiotherapy independently. This had a big impact on quality of life




opening up opportunities for holidays independent of parents, college and university.
These studies did not however indicate that people could be equally as effective on their

own during an acute pulmonary exacerbation of infection.

The above studies had demonstrated that the inclusion of the forced expiration
technique together with postural drainage (the use of gravity assisted positioning)
increased the effectiveness and efficiency of airway clearance in people with cystic
fibrosis. The lung function values of forced expiratory volume in one second (FEV)),
forced vital capacity (FVC) and peak expiratory flow (PEF) were recorded before and
30 minutes following treatments A, B and C. There were no significant differences
when before treatment lung function values were compared with after treatment values
(Pryor et al 1979). This indicated that there was no increase in airflow obstruction when
hutfing and breathing control were included in the regimens. The subjects in these
studies were people with cystic fibrosis. In the 1970°s these people had copious
bronchial secretions and minimal bronchospasm. Would these findings be reflected in

people with asthma?

Twenty patients admitted to hospital with asthma were recruited to this study. at the
time their cough became productive ot sputum.

Treatment D was postural drainage using thoracic expansion exercises and coughing,
combined with chest percussion and shaking by a physiotherapist and interspersed with
periods of relaxed, diaphragmatic breathing.

Treatment E was postural drainage using the forced expiration technique. thoracic
expansion cxercises and coughing, combined with chest percussion and shaking by a

physiotherapist and interspersed with periods of relaxed. diaphragmatic breathing.




The end point of treatment was when coughing no longer resulted in the expectoration

of sputum.

Results:

— — — - .

Pryor & Webber 1979
N = 20 (mean age: 34.2 years)
YT < Hdet: -
: Treatment D | Treatment E p-value |
Mean ' Mean |
—_— — e e
' Time for a treatment session (minutes) | 10.5 | 8.9 | p<0.001
: —— e 1 " ———— l—— w
- |
| Weight of sputum expectorated during 3.9 3.7 NS |
i a treatment session (grams) J
| Rate of sputum clearance (milligrams / |~ 375.0 | 425.0 NS
| minute)
I _ 1 L j

Table 2.4: Results Part 111 (Pryor & Webber 1979). Treatment D: Conventional postural drainage with an

assistant. Treatment E: Postural drainage using the forced expiration technique with an assistant.

Lung function (FEV,;, FVC and PEF) was measured before and 30 minutes after
treatment. When the lung function data were combined there was a significant

improvement after treatment with both regimens (p<0.001), but there was a significantly

shorter time for treatment when the forced expiration technique was included. These
studies were published in the British Medical Journal (Pryor et al 1979) and 1n
Physiotherapy (Pryor & Webber 1979). Clinical practice changed in the United
Kingdom, Australia and New Zealand as the use of huffing and breathing control

became an accepted component of airway clearance in both medical and surgical chest

patients.
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Van der Schans ef al (1994), using an experimental model, confirmed the hyvpothesis
that airway narrowing, as during a forced expiratory manoeuvre, can be used to assist
clearance of mucus. As a consequence of this work van der Schans (1997)
recommended that forced expiratory manoeuvres should be considered the first
treatment for mucus retention as the dynamic compression that occurs during a forced
expiration 1S essential for effective transport of mucus. In conclusion van der Schans
implied that this ‘mechanistic’ approach validated the use of the forced expiration

technique and active cycle of breathing technique (sic) in airway clearance.
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Active cycle of breathing techniques

The use of the forced expiration technique in airway clearance had always been a
component of a cycle of breathing techniques. Bernice Thompson had used it together
with positioning, chest clapping, posture and chest wall mobility exercises. Research
groups (Falk et al 1984; McDonnell, McNicholas, & FitzGerald 1986; Reisman et al
1988) misinterpreted the literature (Pryor et al 1979; Pryor & Webber 1979) and used
hutfing in 1solation and often without breathing control. It became important to
emphasise that huffing must be combined with breathing control. the forced expiration
technique, and for many people with excess bronchial secretions it should be used in
conjunction with other airway clearance techniques, for example thoracic expansion
exercises and positioning if indicated. In an attempt to describe, more accurately, the
regimen of the studies of 1979 (Pryor er al 1979; Pryor & Webber 1979) a paper was
written describing the regimen as the active cycle of breathing techniques (Webber

1990).

It was described as consisting of three breathing techniques:
1. Breathing control

2. Thoracic expansion exXercises

3. Forced expiration technique: one or two hutts tollowed by breathing control.
This, in practice, is exactly the same as the description published in the British Medical

Journal (Pryor ef al 1979):

. Forced expiration technique: one or two hutts (forced expirations) from mid-

lung volume to low lung volume followed by

2. A period of relaxed. controlled diaphragmatic breathing

dinw w

3. Expansion breathing cxercises.

-




Five years later (Wilson, Baldwin, & Walshaw 1995). in the United Kingdom.

undertook a study to compare “traditional’ chest physiotherapy with the active cvele of

breathing (sic) in patients with chronic suppurative lung disease as thev claimed that no

direct comparison between postural drainage with percussion, vibration and breathing
exercises and postural drainage combined with the active cycle of breathing techniques
had previously been undertaken. This was a cross-over study with 17 subjects (15 had
cystic fibrosis, 1 bronchiectasis and 1 Job’s syndrome). The mean age was 24.0 vears.
The active cycle of breathing (sic) produced significantly more sputum (p=0.013) and
took significantly less time to perform (p=0.01). They concluded that the active cycle of
breathing techniques was more effective than traditional methods of physiotherapy in
clearing sputum from the chest. This was further evidence in support of the study

undertaken 16 years earlier (Pryor ¢t al 1979) and also in the United Kingdom:.

In retrospect 1t 1s appreciated that a name change causes considerable confusion in the

literature with the use of the electronic searches of today. To access all papers on the
active cycle of breathing techniques it 1s necessary to use the key words of ‘forced
expiration technique’. ‘“forced expiratory technique’. ‘“active cycle of breathing
techniques”, ¢ active cycle of breathing” and ‘active cycle of breathing technique’.
However in the clinical context the name change allowed the active cycle of breathing
techniques to enter Europe. "It was a good thing you changed the name, we might be
allowed to use it now™ (Oberwaldner 1991). Prior to this many of the kuropeans had

remained concerned that the use of forced expirations, in airwav clearance, would

increasc airflow obstruction.
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The active cycle of breathing techniques is a cyvcle of the techniques of (Figure 2.6):

e Breathing control - tidal breathing at the patient’s own rate and depth, encouraging

use of the lower chest with relaxation of the upper chest and shoulders.

e lhoracic expansion exercises — deep breathing exercises emphasising inspiration.
with or without a breath hold at the end of inspiration. Expiration is quiet and

relaxed.

e Forced expiration technique — one or two huffs (forced expirations) combined with

periods of breathing control. Huffing to low lung volumes will assist in mobilising
and clearing the more peripherally situated secretions and when secretions have

reached the larger proximal upper airways, a huff or cough from a high lung

volume can be used to clear them.

Figure 2.6: The components of the active cycle of breathing techniques: BC - Breathing control,

TEE - Thoracic expansion exercises, FET - Forced expiration technique.

The mechanical percussor and postural drainage framc (Figure 2.4, p.40) were not

pursued further, but other percussive devices were being developed for usce in airway
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clearance. The hand-held mechanical percussor (Flower et a/ 1979) was compared with
manual self chest clapping in regimens using the forced expiration technique. Twelve
patients (mean age: 18.7 years), with cystic fibrosis and undertaking their own

treatment, entered this study. There were no significant differences between the two

regimens (Pryor, Parker, & Webber 1981).

The next question was whether the component of self chest clapping contributed to the
expectoration of sputum and this was studied by Webber er a/ (1985). Postural drainage
including thoracic expansion exercises was combined with self chest clapping and
interspersed with the forced expiration technique. In 16 patients (mean age: 21.1 vears)
with cystic fibrosis, this regimen was compared with postural drainage including
thoracic expansion exercises interspersed with the forced expiration techniquce. but
without self chest clapping. The authors concluded that there was no greater weight of
sputum expectorated during treatment with self chest clapping than trcatment without
self chest clapping. These patients were clinically stable and the results must not be
extrapolated to the patient with cystic fibrosis with an acute pulmonary exacerbation of

infection. In these patients, chest clapping by an assistant may be of value.

It was appreciated that the increase in sputum expectorated using the forced exptration

tcchnique could have been a consequence of an increase in the salivary component of

the expectorated material. or irritation of the bronchial walls causing inflammation and
an increase in the amount of mucus secreted by the goblet cells. Sutton et al (1983)
evaluated the regimens of the forced expiration technique in sitting. the forced
cxpiration technique in the head-down tipped position and directed coughing 1n sitting
in 10 paticnts with copious sputum production (mean of 63.6 millilitres in 24 hours).

The control was the subject resting in the upright (sitting) position. Sputum was
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obtained during the 30-minute treatment session and for 30 minutes following
treatment. In addition to the measurement of the wet weight of sputum, each sample was
freeze dried and the dry macromolecular weight calculated. In all four regimens the
ratio of the wet weight of sputum to the dry weight was similar. indicating that the wet

welght of sputum reflected tracheobronchial secretions. This result has also been

confirmed by Cecins (2000).

Each subject (Sutton et al 1983) also inhaled a radioaerosol preparation before the
treatment session and this was monitored using an imaging procedure before treatment
and 30 minutes following the 30-minute treatment session. All the physiotherapy
regimens eliminated more particles from the whole lung than the control, but only
following the forced expiration technique in both sitting and in postural drainage
positions was this of significance (p<0.01). They concluded that postural drainage plus
the forced expiration technique was the most effective in airway clearance. Later
findings by Verboon, Bakker and Sterk (1986) were contrary to this. They studied the
forced expiration technique, in eight adults, but following a night of sleep in the head-
down posttion. They concluded that postural drainage, the following day, conferred no
added advantage to an airway clearance regimen of the forced expiration technique

under these circumstances.

In 1998, at the University Hospital Niymegen, The Netherlands, conventional

physiotherapy was compared with postural drainage using the forced expiration

technique (van llengstum et a/ 1988). This group concluded that there was no difference

in tracheobronchial clearance, regional lung clearance, sputum production or lung

function between the two groups.



In 1984 Falk et al compared the use of the positive expiratory pressure mask in postural
drainage positions and the use of the positive expiratory pressure mask in sitting with
two other regimens — the ‘forced expiration technique’ in postural drainage positions
and pursed lipped breathing in the sitting position. Treatment sessions ranged from 20

to 35 minutes and in the regimens where gravity assisted positioning was used, seven

positions were undertaken with four to five minutes spent in each position.

The “forced expiration technique’ was *...forced expirations with the glottis open from
midway between functional residual capacity and total lung capacity to midway
between functional residual capacity and residual volume™ which is not ‘the’ forced
expiration technique. It was forced expirations without breathing control and without
the flexibility to alter lung volume to loosen and mobilise secretions appropriately. It is
not surprising that oxygen tension deteriorated in the regimen of postural drainage and
the forced expiration technique (sic) and that the positive expiratory pressure regimen,
in sitting, was the one preferred by the patients. Details of this study are reported in the

‘Positive expiratory pressure’ section of this Chapter (p.79).

Two years later (Hofmeyr, Webber, & Hodson 1986) published the results of a study in
which they had compared postural drainage using the forced expiration technique in
gravity assisted positions (ITreatment A) with positive expiratory pressure In gravity
assisted positions (Treatment B) and positive expiratory pressure 1n sitting (Treatment
("), in 18 adults with cystic fibrosis (mean age: 22.5 years). Usually two areas of the
lungs were treated in one treatment session. This differs from the seven areas
undertaken by Falk er al (1984). More sputum was expectorated with the regimen of
postural drainage using the forced expiration technique. This group continued with

postural drainage using the forced expiration technique in gravity assisted positions.



Details of this study are reported in the "Positive expiratory pressure” section of this

Chapter (p.81).

Reisman ef al, in Canada in 1988, undertook a 3-year prospective study in 67 children
with cystic fibrosis (mean age: 12.2 years). The children were randomised to receive
either ‘conventional’ physiotherapy which comprised postural drainage with percussion
and the ‘forced expiratory technique’ (sic) or physiotherapy using the “forced expiratory
technique’ (sic) alone. The forced expiratory technique was ‘two maximal inspirations,
each followed by a prolonged, controlled, forced expiration, and then three normal quiet
inspirations, each followed by a prolonged, controlled. forced expiration’. In the study
by Reisman ef al, it was not surprising that the children using the forced expiratory
technique only had a mean annual rate of dechine in lung function which was
significantly greater than the rate of decline in the ‘conventional’ physiotherapy group

(p<0.04).

The intention had been to use the forced expiration technique (Reisman 1989), but there
had been no discussion with the proponents of the forced expiration technique and the
interpretation of the researchers, from the literature, was incorrect. It had also never
been recommended that the forced expiration technique be used in 1solation. The papers

quoted by Reisman et al (Sutton et al 1983; Verboon, Bakker, & Sterk 1986) were not

the original studies on the forced expiration technique.

Understandably the "gold” standard in Canada and the United States of Amenca
remained postural drainage and percussion (either manual or mechanical). In the United
Kingdom there was considerable correspondence and communication regarding the

paper by Reisman ef al (1988) It was said (Freitag 1988) that the papcer was “in print .



that is it had been peer reviewed and was ‘pretty conclusive™ as it was a long term study.
The differences between the regimens of the ‘forced expiratory technique™ and the
‘forced expiration technique’ were unable to be highlighted until the publication of a

letter to The Journal of Pediatrics (Webber & Pryor 1989).

Appreciating difficulties in interpretation of the forced expiration technique the
characteristics were outlined. A group of nine experienced respiratory physiotherapy
clinicians and a senior researcher met to attempt to establish a set of unambiguous
descriptors of the technique. The listed items were sent to hospitals in 57 health districts
in the United Kingdom and Australia, and physiotherapists 1n respiratory care were
asked to assess the accuracy of the descriptors. The response rate was 63%. The
characteristics of effective and ineffective huffing, and effective and ineffective

breathing control were summarised (Partridge, Pryor, & Webber 1989) as:

Effective Huffing
. Mouth open, O-shaped, to keep the back of the throat (glottis) open.

2. (a) A forced expiration from mid-lung volume to low-lung volume (to move the

more peripheral secretions).

(b) A forced expiration from high-lung volume to mid-lung volume (to move the

more proximal secretions).

3. Muscles of the chest wall and abdomen contract.

4. Sound is like a sigh, but forced.

5. Rate of expiratory flow varies with the degree of airflow obstruction and disease
and is specific to the individual.

6. Crackles will be heard if excess secretions are present.

Ineffective Huffing
1 Mouth half closed or almost closed.

2

Expiration always starting from high-lung volume.

3 Abdominal muscles not used.
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4. Sound more like hissing — mouth shape as for "E" sound, or blowing.

5. Expiration too vigorous or too long, producing paroxysmal coughing. or too

gentle, or too short.

6. "Catching’ or "grunting’ at the back of the throat.

Effective Breathing Control

I.  Gentle breathing using the lower chest, at normal tidal volume and at a natural

rate.

2. Unforced expiration.

Ineffective Breathing Control

1. Use of the upper chest breathing pattern, i.e. accessory muscles.

2. Forced expiration.
3. Breathing above or below tidal volume.

4. Unnatural rate imposed by a physiotherapist.

The amount of sputum expectorated is not the only important outcome measure for an
airway clearance regimen. Webber et al (1986) studied 12 patients with cystic fibrosis
(mean age: 19.25 years) who had been admitted to hospital, but had not previously used
the forced expiration technique. Full lung function tests were performed before and
three days following the introduction of the airway clearance technique using the forced
expiration technique. This was the only change in the patients’ management. There were
improvements in forced expiratory volume 1n one second (FEV ) (p<0.001), forced vital
capacity (FVC) (p<0.001). peak expiratory flow (PEF) (p<0.001), peak inspiratory flow
(PIF) (p<0.001) and maximal expiratory flow at 50% of forced vital capacity (MEFsq)
(p<0.025). It was not ethical to continue this study for more than three days, as the

patients either required antibiotics or were ready to be discharged from hospital.

At a later date (Phillips er al 1996) the active cvcle of breathing techniques was

introduced as the only change 1n the treatment of 58 children with ¢ystic fibrosis. 1n the
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Ukraine. A medical team from the United Kingdom had been invited to assist in the
management of these children. Seven months later the children were reassessed by the
same medical team. There were significant improvements in ox\gen saturation (p=0.02)
and for those who had previously used a form of airway clearance. the active cvcle of
breathing techniques was preferred because there was ‘less pain’. ‘increased exercise

tolerance’ and ‘greater independence’.

McDonnell, McNicholas and FitzGerald (1986) demonstrated a fall in oxygen saturation
during chest physiotherapy in nine patients with cystic fibrosis (mean age: 19 years)
supposedly using the forced expiration technique. The paper does not describe the
physiotherapy used, but personal communication with the physiotherapist involved
(Concannon 1986) identified a regimen different from postural drainage using the
forced expiration technique. Long periods (one minute) of chest clapping were used

without thoracic expansion exercises and huffing was not combined with periods of

breathing control.

In response to publication of the paper by McDonnell, McNicholas and FitzGerald
(1986), the etfect on oxygen saturation of postural drainage with the forced expiration
technique was studied in 20 patients with cystic fibrosis (mean age: 26.2 years). All
subjects were receiving antibiotics for an exacerbation of their bronchopulmonary
infection (Pryor, Webber. & Hodson 1990). There were no significant difterences 1n
oxygen saturation when values during and after physiotherapy were compared with
values before treatment. There was a marginal increase in oxygen saturation during
treatment and, contrary to the work by McDonnell et al, the oxvgen saturation tended to

rise during the chcest clapping phase which was combined with three or four thoracic
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expansion exercises. This represents a much shorter period of time for chest clapping

than that used by McDonnell et al.

Other devices for airway clearance, in addition to the positive expiratory pressure (PEP)
mask, were being developed. The Flutter VRP1 was designed and manufactured in
Switzerland and it was requested that this be compared with the forced expiration
technique (active cycle of breathing techniques). Twenty-four adults with cystic fibrosis
(mean age: 24.4 years) entered this study and twenty completed it. It was a cross-over
design comparing the active cycle of breathing techniques alone with a regimen of the
active cycle of breathing techniques together with the flutter. The length of time for
each monitored treatment session was determined on assessment before entry to the
study. The concern was one of sputum retention when the flutter was included in the
regimen as there was little spontaneous coughing and little sputum was expectorated
during this part of the regimen. The authors (Pryor er al 1994) concluded that no
advantage was demonstrated by the inclusion of the flutter to a regimen of the active
cycle of breathing techniques as measured by sputum clearance, lung function or

oxygenation.

In this study (Pryor et al 1994) the flutter was used as advocated by the Swiss
proponents. The technique was to breathe out through the flutter, but without any forced
expiratory manoeuvre. During the study period, the forced expiratory manoeuvre was
gaining increasing acceptance in airway clearance in Europe and it was hypothesised by
the Swiss that the reduction in sputum expectoration during the use of the flutter may
have been a consequence of the absence of huffing. A few years later it was possible to
repeat this studv combining forced expirations with the flutter technique (Pike et al

1999). It was concluded that the flutter and forced expirations, when compared with the



58

active cycle of breathing techniques, are comparable. The outcome measures were wet

weight of sputum, spirometry and oxygen saturation.

High frequency chest compression is widely used as an airway clearance technique in
the United States of America (Warwick & Hansen 1991). The Havek oscillator cuirass
has been compared with the active cycle of breathing techniques in ten children with
cystic fibrosis (median age: 14 years) admitted to hospital with an exacerbation of
infection (Phillips ef al 2004). There were significantly greater improvements in lung
function and in the amount of sputum expectorated with the regimen of the active cyvele
of breathing techniques. Other studies looking at the use of high frequency chest
compression 1n people with cystic fibrosis have compared the regimen with that of
postural drainage and percussion (Arens et al 1994; Warwick & Hansen 1991), but this
had been shown to be significantly less effective than the active cycle of breathing

techniques over 10 years earlier (Pryor et al 1979).

Autogenic drainage was said to be compared with the active cycle of breathing
techniques in the study by Miller et al (1995), but the regimen originally described was
not the active cycle of breathing techniques as used by Pryor et al in 1979. Eighteen
adolescents and adults with cystic fibrosis (age range: 11-32 years) had entered the

study. The paper as submitted for review, for consideration for publication. described a
rigid regimen for the active cycle of breathing techniques:

e Tidal volume breathing with the lower chest (breathing control) for 6 breaths

e 3-4 deep inspirations of full capacity

e Breathing control

e 2 forced expirations: the first huff from mid to low lung volume and the sccond

huff at a higher lung volume.



On submission of the paper, one of the reviewers pointed out that the active cvcle of
breathing techniques was a flexible regimen and not one huff from mid to low lung
volume followed by another huff at a higher lung volume. Several huffs to low lung
volume, interspersed with breathing control, are often needed before secretions are
mobilised from the smaller peripheral airways to the larger airways. It 1s only when
secretions have reached the larger proximal airways that the huff from high lung volume
1s required. It is a waste of time and effort for the patient to huff from high lung volume
when the secretions have not yet reached the proximal airways. When the paper by
Miller et al was published, the description of the active cycle of breathing techniques

had been altered to the description given by this reviewer and read:

e Tidal volume breathing with the lower chest (breathing control) for

approximately 6 breaths

e 3-4 deep inspirations of full capacity

e Breathing control

o [ or2forced expirations (huffs) from mid to low lung volume

o If secretions were felt to be high enough in the proximal airways, a huff was

performed at a higher lung volume.

The paper concluded that peripheral clearance was greater with autogenic drainage. but
the two regimens might have been equally effective if, in reality, the huff had been used

to mobilise and clear secretions from the more peripheral airways.

The place of thoracic expansion exercises, as a part of the active cycle of breathing
techniques. was investigated by White, Stiller & Willson (1997). They studied 15 adults
with cvstic fibrosis (mean age: 21.8 vears). One regimen was the active cyvele of
breathing techniques with thoracic expansion exercises and the other the active cycle of

breathing techniques without thoracic expansion cxercises. They found no difterences.
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in the short term, between the regimens in the measurements of spirometry. sputum
weight or oxygen saturation. However comment was made that measurements bevond
the scope of the study, for example ventilation, may detect a difference and in
conclusion the authors said that further work needs to be undertaken to clarify the long

term effects especially in people with hypoxaemia who receive chest clapping or

vibrations.

Tucker et al (1999) looked at the effect of unilateral breathing exercises, in the sitting
position, on regional lung ventilation using Technegas lung ventilation scans in ten
physiotherapists, with no history of significant cardiorespiratory disease (mean age:
22.5 years). An increase in relative regional ventilation, on the side of the unilateral
thoracic expansion exercise, was observed and this occurred soon after the initiation of

Inspiration.

The eftect of the head-down tilt position was evaluated by Cecins ef al (1999) in
nineteen adult subjects. Thirteen of the subjects had cystic fibrosis, five bronchiectasis
of unknown cause and one immotile cilia syndrome (mean age: 37.1 years). There were
no significant differences in the wet weight of sputum expectorated or in oxygenation or
lung function. The perception of breathlessness, measured using a visual analogue scale,
increased significantly following treatment in the head-down tilt position (p=0.02). If
treatment in the horizontal position makes subjects feel less breathless and in practical

terms 1t is an easier position to adopt, it i1s likely that the use of this position will

increase adherence to treatment.

A mechanical device, Test of Incremental Respiratory Endurance (TIRE), which

facilitates repeated maximum inspiratory vital capacity manoeuvres against a fixed
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resistance, was initially marketed as an inspiratory training device. This device has been
shown to improve inspiratory muscle function when used for eight weeks in people with
cystic fibrosis (Enright ef al 2004). The same device is currently being marketed as a
resistive inspiratory manoeuvres (RIM) device for airway clearance. following
publication of the study by Chatham et al/ (2004). Twenty adults with cvstic fibrosis
were randomised to receive, in random order, resistive inspiratory manoeuvres and the

active cycle of breathing techniques. There was a two-fold increase in expectoration of

sputum with the resistive inspiratory manoeuvres (p<0.001).

As the authors state in their conclusion, airway clearance techniques have aimed to
increase expiratory flow with resultant high shearing forces to loosen and mobilise
excess secretions from the smaller peripheral to the larger more central airways. With
the resistive inspiratory manoeuvres method the subject 1s required to carry out a tull
inspiratory vital capacity manoeuvre at 80% of maximal pressure, by breathing aganst a
fixed resistance. The maximum pressure is that developed between residual volume and
total lung capacity. This increases inspiratory time and the authors hypothesise that
resistive inspiratory manoeuvres may increase inspiratory airflow to more peripheral
airways with consequent shearing forces acting on airway secretions during the
inspiratory phase. This may reduce the need for higher expiratory flows. A reduction in
lung volumes with resistive inspiratory manoeuvres, identified by lonescu et al (1998),
may alter the positions of the equal pressure points allowing increased movement of

more peripherally situated secretions (Chatham et al 2004).

Contrary to the Chatham study is the work by Patterson, Bradley & Elbomn (2005).
These researchers also compared resistive inspiratory manoeuzres with the active cycle

of breathing techniques in 20 subjects with bronchiectasis and their results showed an



INCrease in sputum expectoration with the active cycle of breathing techniques (p=0.02).
In neither the Chatham et al nor Patterson, Bradley & Elborn studies were the effects of

the regimens on oxygen saturation or fatigue identified.



Autogenic drainage

Autogenic drainage is breathing at different lung volumes and expiration is used to
move the mucus. The aim is to maximise expiratory flow. Breathing at low lung volume
level, 1n the individual patient, is used to mobilise more peripherally situated mucus
(‘unstick’ phase). Breathing around the individual’s tidal volume is said to collect
mucus 1n the middle range (‘collect’ phase) and with breathing around high lung
volume, expectoration of secretions from the central airways is promoted (“evacuate’

phase) (Figure 2.7). When sufficient mucus has reached the upper airways. it may be

cleared by coughing.
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Figure 2.7: The phases of autogenic drainage: Phase 1: Unstick, Phase 2: Collect, Phase 3: Evacuate.
From: David 1991. IRV: inspiratory reserve volume, ERV: expiratory reserve volume, RV: residual

volume, V. tidal volume, FRC: functional residual capacity.

Many of the publications on autogenic drainage are descriptive (David 1991). It was
conceived by Jean Chevaillier in Belgium in 1967, but one of the first published papers
was by Kraemer ef al (1986) and in German. Schoni (1989) prescnted a paper on
autogenic drainage at the Royal Society ot Medicine and this was published in English.

The idea had arisen, in the 1960°s. out of concern that postural drainage based on



gravity and coughing, especially in people with asthma, may cause exhaustion. poor
expectoration, bronchospasm and even irreversible lung damage. As noted. the regimen
required an assistant (Chevaillier 1992). The medical literature was not available

electronically and there was no awareness of the paper by Thompson and Thompson

(1968), which was in people with asthma.

Chevaillier had observed that mucus clearance increased during breathing exercises.
playing, laughing and forced expiratory manoeuvres, and in children during sleep. This
appeared to be greater than any increase in clearance with pursed lip breathing.
vibration or clapping. Chevaillier’s ‘'new’ technique was called autogenic drainage to
emphasise that it was a technique which could be undertaken without assistance. The
original technique has since been modified by the Germans as they felt that the “unstick’
phase, where the patient breathes into his expiratory reserve volume (Figure 2.7), was
difficult for the breathless patient to maintain and the Germans advocated autogenic

drainage breaths around tidal volume (Kieselmann 2002).

The autogenic drainage breath begins with inspiration through the nose. At the end of
inspiration and with the glottis open, the patient holds his breath for two to three
seconds to encourage optimal filling via collateral airways. This ‘hold™ 1s said to
facilitate more equal filling of lung segments by allowing for the variation in time
constants within different lung regions (Chevaillier 1992). Expiration is performcd
through the open glottis and open mouth, without pursed lips. as 1f sighing. The
expiratory force is balanced to obtain the highest possible airflow without causing
airway compression. This is to encourage narrowing, but not compression. of the airway

lumen and consequent increase in the speed of airflow.
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In the “unstick’ phase, tidal breathing is lowered into the normal expiratorv resere
volume to encourage movement of mucus from the smaller more peripheral airwavs by
the increase in airflow during expiration. Tidal volume breathing is graduallv brought
up into the inspiratory reserve volume, the ‘collect” phase, and it is said that the longer
the expiratory time, the greater the distance the mucus will be transported (Chevaillier
1992). Coughing is discouraged throughout these two stages. Finally. from the middle
of the inspiratory reserve volume, the ‘evacuate’ phase. the patient increases expiraton
flow and gentle coughing is used to clear the mucus. It is accepted that this technique
takes concentration to perform effectively and it may take longer to learn than the active

cycle of breathing techniques (Miller ef al 1995).

Miller et al (1995) compared autogenic drainage with the active cycle of breathing
techniques. There is evidence that it was not the active cycle of breathing techniques
which was used in this study (Webber 1995), but the study demonstrated that in 18
patients (adolescents and adults) with cystic fibrosis (age range: 11-32 years) autogenic
drainage i1s eftective 1n augmenting the movement and expectoration of excess bronchial
secretions. The results showed no deterioration 1n oxygen saturation during or after
treatment, no clinically significant change 1n heart rate and no statistically significant
difference in lung function although there was a trend towards an improvement in
forced expiratory flow from 25-75% (FEF>s.75). The weight of sputum expectorated.
during the 30-minute treatment and for up to one hour after treatment, ranged from 2 to

105 grams. Using radio-labelled aerosol, clearance was demonstrated from both central

and peripheral lung regions.

Giles ¢t al (1995) compared the short term effects of postural drainage and clapping

(‘conventional” postural drainage) with autogenic drainage in 10 adolescents and adults
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with cystic fibrosis. The outcome measures were oxygen saturation. pulmonary function
and sputum expectoration. The results showed no significant differences in pulmonar
function or sputum expectorated. Oxygen saturation fell during the postural drainage

treatment (p<0.01) but had returned to pre-treatment values 15 minutes later. With

autogenic drainage, oxygen saturation increased during treatment (p<0.01) and this was
maintained 60 minutes following treatment. The authors concluded that postural
drainage and autogenic drainage have similar short term benefits, but the improvement
In oxygen saturation with autogenic drainage may be advantageous in older patients

with worsening oxygenation.

This paper (Giles et al 1995) demonstrates the influence the Reisman study (Reisman ef
al 1988) had on the direction of airway clearance in the United States. The study quotes
Reisman ef al (1998) as evidence for postural drainage and clapping as the ‘gold’
standard 1n enhancing mucus clearance, but that it required assistance from another
person which was inconvenient for adolescent and adult patients. Autogenic drainage
was described as a technique which would allow patients to do their own therapy,

providing more independence and control for the individual.

The viscoelasticity of sputum was examined by App et al (1998) in 14 people with
cystic fibrosis (age range: 7-41 years). Subjects were randomised to either autogenic
drainage or the flutter. Before and after four weeks of treatment, forced expiratory
volume in one second (FEV,) forced vital capacity (FVC). sputum volume and sputum
viscosity were measured. Following a one-week washout period, the subjects crossed
over to the altermative regimen. There were no significant differences between the

regimens in pulmonary function or sputum volume, but sputum viscoelasticity (ngidity
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index) was significantly lower following the flutter regimen (p<0.01). when compared

with the autogenic drainage regimen.

Mcllwaine et al (1991) looked at the effect on oxygen saturation of postural drainage
(‘conventional’) and aut<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>