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ABSTRACT: Manual lung hyperinflation (MH) is one of a number of techniques
which are employed by the physiotherapist in the critical care setting. The technique
was first described with physiotherapy 30 yrs ago and commonly involves a slow, deep
inspiration, inspiratory pause and fast unobstructed expiration. The use of MH varies
between and within countries. It is commonly employed by physiotherapists to assist
in the removal of secretions and re-expand areas of atelectasis.

Despite the popularity of the technique, research examining its efficacy is con-
flicting, especially the effect of MH on cardiovascular parameters. Recent studies
examining mucociliary transport in intubated and ventilated patients have shown
impaired clearance of secretions, but research evaluating the role of MH specifically in
airway clearance is scant. The use of the additional physiotherapy techniques, gravity
assisted drainage and chest wall vibrations, may enhance the efficacy of MH in
promoting airway clearance, but further research is necessary.

Controversy exists regarding the safety and effectiveness of application of manual
lung hyperinflation in intubated patients. Clearly, more randomized controlled
studies are necessary in order to provide a sound scientific rationale for the ap-
plication of manual lung hyperinflation in the treatment of critically ill patients.
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Manual lung hyperinflation (MH) is one of a number of
techniques which are employed by the physiotherapist in
the critical care setting. This paper will review the ap-
plication of MH with specific reference to its role in
airways clearance. Manual hyperinflation is most com-
monly used as a treatment technique in the management of
intubated patients. Intubation and mechanical ventilation
are indicated in acute reversible respiratory failure [1].
However, application of intermittent positive pressure
ventilation is not without adverse pulmonary physiolo-
gical effects. These include: reduced functional residual
capacity (FRC), increased ventilation:perfusion mismat-
ching, decreased compliance and a reduction in surfactant
[2, 3]. In addition, intubated critically ill patients are at
high risk of developing nosocomial infections, especially
nosocomial pneumonia [4]. These infections are an im-
portant cause of morbidity and mortality in the intensive
care unit (ICU) [5]. The goals of physiotherapy man-
agement of patients in the ICU are to maximize mus-
culoskeletal performance and oxygenation, maintain or
improve cardiopulmonary function and prevent compli-
cations by improving mucociliary clearance and alveolar
expansion [2, 6].

The role of the physiotherapist in the management of the
intubated patient is not solely directed toward respiratory
care. Attention to neurological dysfunction and the muscu-
loskeletal needs of the patient are also important. Accurate
assessment is essential. Techniques should not be routinely
applied, rather individual problems should be prioritized
and appropriate techniques chosen which address the spe-
cific needs of each patient.

Definition of manual hyperinflation

Manual hyperinflation was originally defined [7] as in-
flating the lungs with oxygen and manual compression to
a tidal volume (VT) of 1.0 L, requiring a peak in-spiratory
pressure of between 20 and 40 cmH2O. More recent
definitions include: providing a larger VT than baseline
VT to the patient [8] and using a VT which is 50% greater
than that delivered by the ventilator [9]. The technique
involves using a rebreathing or self-inflating circuit to
provide the manual breath, usually with the addition of
100% oxygen. It was first described with physiotherapy
by CLEMENT and HUBSCH [10] in 1968. This paper and that
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by WINDSOR et al. [7] in 1972 described the technique of
MH in detail. These descriptive papers, predominantly
based upon case reports, expounded the effectiveness of
the technique for removing secretions in acutely ill un-
cooperative patients. In these papers, MH was performed
by an anaesthetist and the physiotherapist used chest wall
vibrations through the expiratory phase of each breath.
The technique as described above has been used with few
modifications since this time. Until recently, only limited
research was available which scientifically examined the
technique of MH, its methodology, reproducibility, effi-
cacy and indications in clinical practice. These issues will
be discussed in more detail below.

The use of MH by physiotherapists varies between and
within countries. Two separate surveys compared the use
of the technique by physiotherapists in Hong Kong, the
UK and Australia. KING and MORRELL [11] in 1992, found
that of the 176 public hospitals surveyed in the UK (of
which 58% responded), all respondents used MH as a
treatment technique in the ICU. JONES et al. [12] in 1992,
compared the frequency of use of MH in hospitals in
Hong Kong, Australia and the UK. The results of these
surveys are presented in figure 1. The proportion of
physiotherapists using MH in the UK in the survey of
JONES et al. [12] was significantly different from that of
KING and MORRELL [11]. The reasons for this may be the
differing criteria used for selection of hospitals in each
survey. The role of the hospital, whether teaching or
community based, or the location (urban or rural) may
have contributed to the different results.

Indications

The indications for the use of MH by physiotherapists in
intubated patients vary, but may include one or a com-
bination of the following: to improve oxygenation pre- and
postsuctioning, to mobilize excess bronchial secretions and
to reinflate areas of the collapsed lung [13, 14]. The
perceived benefits of using MH in the UK [11] are
presented in figure 2. The precautions and contra-in-
dications for use of MH vary between therapists and
units. The adverse consequences of MH result from its

effects upon cardiovascular haemodynamics and intra-
pleural pressures. The precautions for its use reflect these
and may include [11, 23]: unstable cardiovascular system;
undrained pneumothorax; severe bronchospasm; high
peak inspiratory pressure (PIP); positive end-expiratory
pressure (PEEP) >10 cmH2O; raised intracranial pressure;
and acute pulmonary oedema.

The precise definition of an unstable cardiovascular sys-
tem and the level of PIP accepted also vary between ICUs.
Given the risks for alveolar trauma [15], a more cautious
approach to the use of MH in ventilated patients may be
to consider a maximum PEEP of 7.5 cmH2O rather than
the 10 cmH2O documented in most physiotherapy lit-
erature.

There is considerable controversy in recent literature
about the safety of application of positive pressures in
ventilated patients with acute lung pathology [16]. High
airway pressures have been linked to the development of
barotrauma. Apart from extra-alveolar air, subtle physio-
logical and morphological lung changes may occur as a
result of high airway pressures and high lung volumes
[17]. Peak inspiratory pressures between 40 and 50
cmH2O have been associated with alveolar rupture [18].
Others suggest an association between barotrauma and
high levels of PEEP [16]. There is now some evidence
that "volutrauma" may be the more appropriate term and
that transalveolar pressure is the important factor. Much
of the research to date uses animal models and is thus far
from conclusive, in part owing to the difficulty involved
in measuring regional lung volumes in vivo. However, in
managing acute respiratory distress syndrome (ARDS)
the focus of ventilatory management is on avoiding in-
flation pressures and VT which overdistend the reduced
number of functional alveoli [15, 17]. Given the variable
nature of the pressure and volume changes associated
with MH, its use in ARDS is questionable. Since many
patients with ARDS have poor pulmonary compliance
and high levels of PEEP, treatment with MH is most often
not indicated.
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Fig. 1. ± The frequency of use of manual hyperinflation (MH) in
intensive care units in the UK; Australia and Hong Kong adapted from
results of two surveys by KING and MORRELL [11] and JONES et al. [12].
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Fig. 2. ± Perceived benefits of manual hyperinflation (MH) amongst
respondent physiotherapists surveyed in the UK. (Adapted from [11].)
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Description of the technique

The technique of MH is presented in figure 3. It
commonly involves a slow, deep inspiration, inspiratory
pause and unobstructed expiration. The slow, deep
inspiration increases VT and the pause allows filling of
alveoli with slow-time constants [19]. The rapid, un-
obstructed expiratory phase enhances clearance of bron-
chial secretions [10]. The technique has been compared to
a cough, where a deep inspiratory effort is followed by a
very rapid expulsive flow of air [13, 20]. Manual hy-
perinflation is sometimes called "bagging" or "bag sque-
ezing", but differs from the bagging performed during
resuscitation or ventilator circuit changes in that it hy-
perinflates the lungs by increasing resting VT [13]. It may
be performed by anaesthetists, physiotherapists and nurs-
es. In a survey in the UK [11] it was found that phy-
siotherapists and nurses performed the technique in 79%
of hospitals whilst anaesthetists were the sole operators in
8% and nurses in 3% of the hospitals surveyed. Nurses
performed MH in more than one-third of hospitals sur-
veyed in the UK and Australia [12]. The technique of MH
used by ICU nursing staff has shown wide discrepancy in
volumes, pressures and pressure waveforms generated
[9].

A recent study sought to define the technique of MH in
terms of physiological parameters [8]. This involved 10
physiotherapists working in ICUs who used MH. Using a
test lung model and different compliance settings, these
authors found physiotherapists varied the size of the
VT delivered and the use of the inspiratory hold. Mean�SD

VT was found to be 1481.1�242 mL. The mean�SD peak
airway pressure (Paw) was 20.7�6.6 cmH2O and mean
inflation rate 13 per minute. The parameters measured
were significantly influenced by the type of circuit used.
As compliance settings were increased VT reduced and
airway pressure increased. In another study of 16 phy-
siotherapists [21] also using test lungs, results were sim-
ilar with a mean VT of 1140.6 mL and Paw of 25.1
cmH2O. However, in this study the mean inflation rates
were lower (10.3 per minute). Again the type of circuit
used had a significant influence on the results. The mean
inflation rate produced will effect the patient's minute
ventilation and consequently the arterial blood gases.
This factor should be closely monitored during perfor-
mance of the technique and adjusted to appropriate levels

for each patient based on their ventilation requirements.
The inter-therapist reliability was measured as part of this
study and intraclass correlation coefficients were found to
be good for both VT and Paw. Improved reliability was
obtained with the Air Viva circuit (Ohmeda, Sydney,
Australia) compared to the Mapleson C (consisting of
Heidbrink MIE Superlight 7003 expiratory valve and 2-L
anaesthetic bag; Ohmeda). The reliability of application
of MH in patient populations remains to be studied, to the
authors knowledge there is no published data which mea-
sures this. Percentage variations in VT of between -33 and
+127% of baseline values have been reported during MH
in stable ventilated ICU patients [9]. In the same study,
Paw varied between -30 and +250% during MH.

The third component of the MH technique which may
vary with differing equipment and operator technique, is
expiratory flow. This is thought to be a critical factor which
influences secretion mobilization [22]. However, this has
not been extensively examined in the literature. JONES et
al. [23] measured expiratory flow rates in both the La-
erdal and Mapleson C circuits and found that the Laerdal
circuit (Laerdal Medical Corp., Victoria, Australia) prod-
uced a higher peak expiratory flow, and that flow increas-
ed as the pressure to which hyperinflation was performed
increased. Therapists were able to reproduce these flows
more reliably with the Laerdal circuit. Extrapolation of
these results to in vivo conditions can only be made with
caution. The addition of chest compression and vibrations
to MH (delivered by a Laerdal bag) in nine intubated
patients has been shown to significantly increase maxi-
mum expiratory flows [24].

Equipment

The choice of equipment employed in different ICUs
appears to be a subjective decision based upon individual
preference [23]. The most common breathing circuits
used in Australia, the UK and Hong Kong are the Laerdal,
Air Viva, Mapleson C and Magill (Ohmeda MA105). The
Mapleson C and Magill circuits are very similar, as are
the Air Viva and Laerdal. Some of these circuits are
shown in figure 4. The type of circuit used has been
shown in the two previously discussed studies to influ-
ence delivered volumes and pressures. Table 1 presents
this data. It can be seen that there is considerable variation
in these values even with similar circuits. These results
support those of HESS et al. [25], who also found that
individual variation in technique affected outcome. The
reasons for this could be the experience of the operator,
familiarity with the circuit and original training in skill
acquisition [8].

One of the areas of controversy in the use of MH is
whether increasing VT or hyperinflating to specific airway
pressures provides the most effective technique, especially
in reinflating collapsed lung segments. Manual hyperin-
flation was and still is defined as a technique which should
increase the VT. Recently, ROTHEN et al. [26], found that
inflation to airway pressures of 40 cmH2O in normal
subjects undergoing general anaesthesia was more effec-
tive in recruiting the atelectatic lung than hyperinflating
to twice the VT. Extrapolation of this information to lungs
with existing pathology should be made with caution.
However, airway pressures reached in the studies outlined
in table 1 were generally well below 40 cmH2O. These

Lu
ng

 v
ol

um
e

Slow deep
inspiration

Plateau

Unobstructed expiration

Peak expiratory
air flow

Fig. 3. ± A diagrammatic representation of the commonly used tech-
nique in manual lung hyperinflation. (Adapted from [10].)
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pressures may reduce the risk of causing barotrauma or
volutrauma, but are they sufficient to effectively recruit
collapsed lung or promote secretion clearance? In light of
the research by ROTHEN et al. [26], a manometer should be
included in the MH circuit. It is acknowledged that the
pressure obtained at the manometer may not accurately
reflect intrapulmonary pressures. However, the presence
of a manometer may enhance safety and possibly effect-
iveness of the technique by allowing therapists to inflate
to a known pressure. The pressure or volume dilemma
needs further clarification.

Airway clearance and manual hyperinflation

Normal clearance of the airways takes place by two
principal means, mucociliary action and cough. Alveolar
clearance may also deal with peripheral airway secretions
[27, 28]. When either or both of these mechanisms are

impaired, such as when a patient is intubated and has
excess bronchial secretions, movement of secretions may
be achieved by two-phase gas liquid transport [29, 30]. In
this nonciliary dependent phasic flow, energy is trans-
mitted from the moving air to the static liquid, shearing
and moving the liquid in the direction of flow [27, 31].
The major factors influencing flow include: surface velo-
city, liquid layer thickness and the rheological properties
of the liquid [31]. During MH, the high expiratory flows
thought to be produced, together with dynamic change in
airway diameter, may result in annular and mist flow,
both within the trachea and downstream from the equal
pressure point [28]. It is postulated that expiratory flow
velocity needs to be higher than inspiratory for this
clearance to occur [29], and that it may only occur if the
mucus layer exceeds a critical thickness [30]. While this
is a somewhat oversimplification of a complex process, it
seems possible that the mechanism of two-phase flow
may contribute to clearance of secretions in intubated
patients receiving MH treatment.

In humans, the average tracheal transport velocity using
bronchofibreoptic methods has been reported to be ~10
mm.min-1 [32]. Recently, mucociliary transport was
measured in 32 ventilated ICU patients using radiola-
belled albumin and a scintillation camera [33]. The results
of this study showed that the median bronchial mucous
transport (BMT) was 0.8 mm.min-1 in the right main
bronchus and 1.4 mm.min-1 in the left main bronchus.
Pulmonary complications occurred in 14 of the 32 pa-
tients and these patients had a significantly lower BMT
than patients without pulmonary complications. The au-
thors concluded that patients in the ICU have impaired
mucous transport which is associated with retention of
secretions and pneumonia. Apart from intubation, the
effects of drugs, paralysing agents, ventilation with high
oxygen concentrations [34], and suction induced lesions
of the mucous membrane [35] may play a significant role
in altering mucociliary clearance in ventilated patients.
The work of KONRAD et al. [33] therefore provides an
indication for the use of secretion clearance techniques in
these patients.

Although the technique of MH was initially developed
to clear the airways of secretions, early reports of efficacy
were anecdotal [7]. Until recently, no randomized con-
trolled trials had been published which measure the ef-
fectiveness of secretion clearance as a primary outcome
of using MH. Despite this, many physiotherapists in the
UK and Australia use MH as part of their treatment
regimen, and in fact 74% of physiotherapists in the UK

Table 1. ± A comparison of results for the Laerdal, Air
Viva, Magill and Mapleson C manual hyperinflation circuits

First
author

[Ref.] Circuit Tidal
volume

mL

Peak airway
pressure
cmH2O

SMITH [21] Air Viva 787.5 16.4
Mapleson C 1494.1 35.5

MCCARREN [8] Magill 1663.1 24.8
Laerdal 1315.3 16.9

Results are mean values for all therapists using two or three
compliance settings with the test lungs. Data are adapted from
MCCARREN et al. [8] and SMITH et al. [21].

a)

b)

c)

Fig. 4. ± Different types of bagging circuit. a) Magill, b) Laerdal, and
c) Air Viva.
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who use MH perceive its main benefit to be removal of
excessive secretions [11]. In a recent study, HODGSON et
al. [36] measured secretions produced by 18 ventilated
intensive care patients receiving MH positioning and suc-
tion compared to positioning and suction alone. They
found a significant increase in the wet weight of secre-
tions produced following the treatment with MH. In a
study of the effects of chest physiotherapy upon the res-
olution of lobar atelectasis [37], secretion clearance was
measured using the volume of secretions cleared to the
nearest 5 mL. This was not a primary outcome measure in
this study, but the authors reported that the volume of
secretions cleared was not different between the groups
who received different physiotherapy treatment regimens.
These included using gravity-assisted drainage with and
without vibrations or MH and suction alone. The inexact
measurement of secretion volume in this study may have
masked any differences which may exist. Resolution of
atelectasis was the primary outcome of interest in this
study. The authors found that the addition of gravity-ass-
isted drainage with MH and suction was more effective
in assisting radiological resolution of atelectasis than MH
and suction alone. The small sample sizes used in this
study (n=7 in each of five groups) limit its generaliz-
ability, however, the study does add to the limited existing
research in this field.

Additional factors which may enhance the effectiveness
of MH in removing secretions, are its performance in a
gravity assisted drainage position, with the addition of
chest wall vibrations throughout the expiratory phase of
the technique. Gravity-assisted drainage or postural drain-
age can be defined as placing the body into a position that
allows gravity to assist in the drainage of mucous from the
lung periphery to the upper airway [38]. The technique has
been used since the beginning of this century [39] and the
positions used are based on the anatomy of the bronchial
tree. Intermittent drainage was advocated by NELSON [40]
in 1934 but scientific evaluation of the technique has only
more recently been documented [39]. Most previous
research has focused on patients with cystic fibrosis. In
these patients with impaired airway clearance, gravity
assisted drainage has been shown to be effective in
removing excess secretions from the lungs [41±43]. It has
been demonstrated [33] that intubated patients have slow-
er mucociliary clearance, which is compounded by by-
passing of the upper airways and less than optimal
humidification of secretions [6]. It could, therefore, be
argued that intubated patients require help with muco-
ciliary clearance in a similar way to patients with cystic
fibrosis.

The addition of gravity assisted drainage in patient
management may also improve lung compliance. This may
be achieved by facilitating drainage of secretions [44] or
by altering regional compliance of the lung [45]. In light
of the previously discussed work by KONRAD et al. [33]
and research in patient populations with excessive sec-
retions, the use of gravity-assisted drainage positions
should be advocated where patients are receiving MH,
with the aim of increasing secretion clearance. In some
patients, the use of the head down tilt position may re-
quire caution or be contra-indicated [2, 46]. Continuous
monitoring of cardiovascular and respiratory parameters
is essential during all forms of physiotherapy treatment in
the ICU.

The application of chest wall vibrations during MH has
been advocated since the technique was first described
[10]. These involve a vibratory action by the hands placed
on the chest wall in the direction of normal movement of
the ribs, transmitted through the chest using body weight
[47]. They are performed throughout expiration. Much of
the available research has been carried out in patients with
cystic fibrosis and chronic bronchitis [41, 43]. Few stu-
dies are available which examine the effectiveness of
vibrations in intubated patients in isolation, as this tech-
nique is most commonly performed in a gravity-assisted
drainage position, often during MH. As discussed earlier
in this review vibrations have been shown to increase
maximum expiratory flow rates [24]. No attempt was
made to relate this to secretion clearance in the patients
studied. The work of STILLER et al. [37] previously dis-
cussed in this paper, compared the effects of the addition
of vibrations to MH, suction and gravity-assisted drain-
age in patients in the ICU. They concluded that vibrations
could be omitted from treatment without any loss of effect
on the resolution of acute lobar atelectasis. This study has
methodological limitations and the primary goal of phy-
siotherapy treatment was to improve lung collapse. How-
ever, these two conflicting papers examining vibrations
highlight the paucity of sound scientific evidence upon
which to make clinical treatment decisions. It is the
author's view that until more evidence is available which
examines the effectiveness of the technique in isolation,
vibrations could be included in a treatment regimen with
MH where removal of secretions is the main goal of
treatment. The efficacy of the technique could then be
assessed for each individual patient.

The instillation of a small bolus of normal saline into the
endotracheal tube prior to suctioning is a technique which
is often used and is thought to help wash out secretions
[48]. The effectiveness of this technique has not been
substantiated in the literature [49]. The value of saline in-
stillation prior to, or during, MH to improve secretion
clearance has not, to the author's knowledge, been studied.

It has been suggested [50] that conventional chest
physiotherapy (including gravity-assisted drainage, vi-
brations), only addresses one aspect of the oxygen de-
livery pathway and is therefore ineffective. The use of
positioning, exercise and mobililization is advocated in
preference to any of the other forms of management.
However, whilst these techniques are also important in
the management of intubated patients, and should con-
tribute to improved secretion clearance and lung vol-
umes, the use of conventional management should not
be completely discarded [51]. Clearly, more randomized
controlled research in this patient group will enable
physiotherapists to choose appropriate and effective man-
agement strategies for individual patient problems.

Despite the popularity of the technique, research exam-
ining the use of MH is conflicting, sample sizes are
generally small and methodology often flawed. In addition,
many of these papers are difficult to compare owing to the
varying technique of MH employed, concurrent treatment
techniques used and the different patient populations stud-
ied. There is support for the use of MH to improve
atelectasis [26, 52±54], lung compliance [36, 44] and gas
exchange [36, 54±56]. Others have reported no change
[57±59] or deterioration [60] in gas exchange and the
effect of the technique upon haemodynamics remains
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controversial. Reductions in cardiac output have been
reported [9, 57], whilst other studies report no changes in
mean arterial blood pressure or heart rate [9, 36]. Table 2
summarizes the relevant research literature on MH.

Summary and recommendations

The recommendations from reviewing the literature re-
garding MH are that: 1) education of therapists is essential
to improve reliability and, potentially, effectiveness of the
technique; 2) outcomes of MH depend upon the skill of the
practitioner and type of equipment used. This fact must
also be considered when critically reviewing the literature;
3) inclusion of a manometer in the circuit should be
mandatory; 4) an optimal treatment regimen for MH needs
to be established. This should include dosage, patient po-
sition and levels of pressures and volumes which are
necessary to achieve effectiveness and maintain patient
safety; 5) the types of patient conditions which respond
best to treatment with MH need to be elucidated; 6) more
research is necessary using secretion clearance as a primary
outcome measure when studying the effects of MH; and 7)
research examining the longer term outcomes of physio-
therapy management in intubated patients is needed whilst
acknowledging that controlled research in this area is
difficult.

The role of manual hyperinflation in airway clearance
remains unclear. Despite this, it is commonly employed in
the management of intubated patients by physiotherapists
who empirically perceive the technique to be effective in
mobilizing secretions and improving atelectasis. It is com-
monly used in a gravity-assisted drainage position with the
addition of chest wall vibrations on expiration. The mech-
anisms by which this treatment may enhance mucociliary
clearance are undoubtedly multifactorial. Clearly more
research is necessary to establish the reliability, safety and
efficacy of the technique, especially compared with other

modalities of treatment including positioning, exercise and
mobilization. More results from randomized controlled
trials using large subject numbers, possibly at a number of
different centres, will enable the physiotherapist to make
informed treatment choices for individual patients in the
critical care setting.
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