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Abstract

Inspiratory muscle weakness is a consequence of prolonged mechanical ventilation and
may contribute to the residual physical disability which has been observed in intensive
care survivors. Inspiratory muscle weakness is associated with duration of mechanical
ventilation, with those ventilated for 7 days or longer most at risk of developing both

strength and endurance deficits.

Specific resistance training of the inspiratory muscles (inspiratory muscle training)
improves inspiratory muscle strength and endurance in normal people, athletes and
patients with a wide variety of underlying pathologies. Mechanisms of improvement include
proliferation of both Type 1 and Type 2 inspiratory muscle fibres, enhanced metabolism
resulting in reduced lactate production, attenuation of a fatigue-induced metaboreflex,
adaptations to neural pathways and modulation of the perception of dyspnoea.
Furthermore, inspiratory muscle training enhances exercise tolerance and reduces
dyspnoea in both patients and athletes, while improving quality of life for patients with

chronic lung or heart disease.

There is a lack of evidence for inspiratory muscle training in intensive care patients,
despite the potential benefits of training in this group. This project explores the feasibility,
safety and efficacy of inspiratory muscle training in intensive care patients who have been
mechanically ventilated for 7 days or longer, as this subset of patients is most likely to
demonstrate inspiratory muscle weakness and therefore benefit from specific training. This
project includes patient-centred outcome measures, as most studies of inspiratory muscle
training to date have focused solely on impairments, rather than the patient experiences of

quality of life, physical function or dyspnoea.

Study 1 establishes the safety and feasibility of high-intensity interval-based inspiratory
muscle training in selected ventilator-dependent patients. Across 195 inspiratory muscle
training sessions, there were no adverse events recorded during or immediately following
the treatment. No significant changes were observed in heart rate, blood pressure,
respiratory rate or oxygen saturation. Furthermore, mean training pressures increased by
a mean difference of 18.6 cm H20 across the 10 patients studied. Thus Study 1 confirms

that inspiratory muscle training is safe in selected ventilator-dependent patients.



At time of project design, there was a lack of established outcome measures to assess
global physical function in intensive care patients. Study 2 explores the clinimetric
properties of the Acute Care Index of Function (ACIF) in a heterogeneous group of
intensive care patients. Study 2 demonstrates that the ACIF has excellent inter-rater
reliability (ICC 0.94 for total ACIF scores), and correlates well with the ICU Mobility Scale
(r=0.84). Moreover, an ACIF score of less than 0.40 at intensive care discharge predicts
discharge from hospital to a destination other than home (sensitivity 0.78). Thus Study 2
confirms the reliability and validity of ACIF as a tool to measure physical function in
Studies 3, 4 and 5.

Study 3 is an observational study that describes the residual impairments of inspiratory
muscle strength and endurance in a cohort of 43 patients recently weaned from
mechanical ventilation. In this group, 37% demonstrated impaired inspiratory muscle
endurance (fatigue resistance index < 0.80), while mean strength scores were only 38% of
predicted values (mean 38.6, SD 19.7). This study also captured deficits in physical
function, with mean ACIF score of 0.40/1.00, and raised perception of exertion both at rest
(1.95/10) and during exercise (3.40/10). Thus even in an intensive care unit where minimal
sedation, early rehabilitation and spontaneous modes of ventilation are the norm, patients
recently weaned from mechanical ventilation have major residual impairments and

functional deficits.

Study 4 is a randomised trial of high-intensity inspiratory muscle training in patients
recently weaned from mechanical ventilation. Using concealed allocation, blinded outcome
assessors and intention-to-treat analysis, Study 4 measures the effects of 2 weeks of
inspiratory muscle training (in addition to usual care) compared to usual care. Patients in
the experimental group demonstrated greater improvements in inspiratory muscle strength
(mean difference 11%), but not endurance, while quality of life improved more in the
experimental group than the control (mean difference 12%). Improvements in physical
function and dyspnoea were equivalent. Thus 2 weeks of inspiratory muscle training

improves inspiratory muscle strength and quality of life in the post-weaning period.
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Finally, Study 5 is a protocol for a randomised trial of inspiratory muscle training performed
by patients while mechanically-ventilated. Study 5 measures the impact of inspiratory
muscle training on duration of mechanical ventilation, as well as residual inspiratory

muscle strength and endurance, quality of life, physical function and perceived exertion.

The clinical implications of this project are that inspiratory muscle training can be used in
the post-weaning period to ameliorate respiratory muscle weakness, which may enhance
quality of life for patients mechanically ventilated for seven days or longer. Furthermore,
the ACIF can be utilised in intensive care patients to map the improvement trajectory and
predict likely hospital discharge destination. Thus this project contributes to the body of
knowledge regarding the rehabilitation of intensive care patients, providing feasible

strategies to enhance patient care.
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CHAPTER 1: INTRODUCTION
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RATIONALE OF THE PROJECT

Modern intensive care saves lives. In 2012 — 2013 more than 160 000 adults and children
were admitted to intensive care units across Australia and New Zealand, and while 5.8%
of patients died in intensive care, 74% were ultimately discharged home (ANZICS Centre
for Research Outcome 2014). With many patients now surviving intensive care and
returning to the community, the burden of intensive care survivorship has been examined.
In a longitudinal study from the United States of America in 2010 (Unroe et al., 2010) the
mean costs of one year of intensive care survivorship were estimated to be US$306 135,
with 67% of patients readmitted to hospital at least once in that period. With increasing

numbers of intensive care survivors around the world, these costs cannot be ignored.

The cost burden of intensive care survivorship can be better understood in terms of the
residual physical and cognitive impairments affecting intensive care survivors. In patients
with acute lung injury managed in intensive care, measures of physical and cognitive
activity at 12 months following intensive care admission are approximately 25% of
predicted values(Needham et al., 2013). Even at five years following intensive care
admission, objective measures of physical activity in survivors of acute respiratory distress
syndrome only improve to a mean of 76% of predicted values(Herridge et al., 2011). The
longer term outcomes are even worse for intensive care survivors aged over 70, with more
than half experiencing functional decline or early death (within 30 days of hospital
admission) following critical illness(Ferrante et al., 2015). As described in an editorial by
lwashyna(2010):

“Distracted by the high mortality rate of critical illness, we tend to overlook the
essential fact that most patients survive the intensive care unit. Every year, millions
of patients are discharged from the ICU to face the challenges of critical illness
survivorship — the complex burdens and legacies of surviving a potentially fatal
disease, often after harsh and painful treatment.”
Invasive mechanical ventilation may be considered one such ‘harsh and painful treatment’
that saves lives. Of those admitted to intensive care in Australia and New Zealand from
2012 to 2013, 39% required invasive mechanical ventilation (ANZICS Centre for Outcome
Resource ANZICS, 2014). Whilst unarguably life-saving for many, mechanical ventilation
has deleterious consequences for respiratory muscle function which may lead to ventilator-

dependence. Within just 70 hours of intubation, invasive controlled mechanical ventilation
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results in diaphragmatic catabolism(Levine et al., 2003). This catabolism manifests as
respiratory muscle weakness which is detectable whilst patients are ventilated(De Jonghe
et al., 2007) and persists even following successful weaning from mechanical
ventilation(Chang et al., 2005a, Bissett et al., 2015b). This respiratory muscle weakness
may contribute to the phenomenon of difficult weaning from mechanical ventilation(Bissett
et al., 2012a), leading to prolonged intensive care stays. As intensive care is expensive
(e.g. $4490 per day (St Vincent's Hospital, 2015)), any intervention which may at least in
part ameliorate respiratory muscle weakness, and consequent ventilator-dependence and

potential long-term disability, deserves exploration.

Over the past 40 years, sports scientists have explored the potential of inspiratory muscle
training to enhance the strength and endurance of inspiratory muscles. Inspiratory muscle
training provides resistance on inspiration and unimpeded expiration, thereby providing a
training stimulus isolated to the inspiratory muscles. There is now unequivocal evidence
that specific high-intensity inspiratory muscle training leads to increased inspiratory muscle
strength in a variety of athletes and healthy individuals(Volianitis et al., 2001, Klusiewicz et
al., 2008, Riganas et al., 2008, Gething et al., 2004b, Johnson et al., 2007, Sonetti et al.,
2001, Kilding et al., 2010, Williams et al., 2002, Inbar et al., 2000, McConnell and Sharpe,
2005, Chatham et al., 1999, Enright et al., 2006), and these improvements have translated
into performance benefits in some endurance sports including rowing(Volianitis et al.,
2001), cycling(Johnson et al., 2007) and running(Leddy et al., 2007). Similarly, in patients
with chronic obstructive lung disease, inspiratory muscle training increases inspiratory
muscle strength, reduces dyspnoea and improves exercise tolerance(Shoemaker et al.,
2009). It is somewhat surprising that in intensive care patients, where inspiratory muscle
weakness has been identified, there is little evidence regarding the efficacy of inspiratory

muscle training.

Thus, drawing primarily on the lessons learned from sports medicine, the rationale of this
thesis is to explore whether inspiratory muscle training is safe and feasible in intensive
care patients, and determine whether inspiratory muscle training enhances the outcomes
of intensive care survivors. These studies will contribute to the existing body of knowledge
in intensive care from a pragmatic and patient-centred perspective, including a focus not
just on measures of muscle strength and endurance, but also quality of life, dyspnoea and
physical activity. With increasing numbers of patients surviving intensive care, and limited

resources in financially-constrained healthcare systems around the world, the findings of
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this work have direct implications for the prioritisation of interventions used by

physiotherapists in the modern intensive care unit.

RESPIRATORY DYSFUNCTION IN VENTILATED PATIENTS

Ventilator-dependence is a significant burden for both individuals and health systems.
Prolonged mechanical ventilation is associated with higher mortality, poor functional
outcomes, lower quality of life and higher incidence of nursing home placement(Cox et al.,
2007, Douglas et al., 2002). In this context, there has been surprisingly little research into
the mechanisms of ventilator-dependence or treatment strategies to facilitate liberation

from mechanical ventilation.

There is mounting evidence that mechanical ventilation itself results in pathological
changes to the respiratory system which may contribute to prolonged ventilator-
dependence and the clinical phenomenon of difficult weaning(Ambrosino and Gabbrielli,
2010). Potential contributors to ventilator-dependent respiratory dysfunction include
inspiratory muscle weakness, polyneuropathy, pharmaceutical influences and nutritional

and psychological factors.

Inspiratory muscle changes with mechanical ventilation

Muscle atrophy

Animal studies have clearly demonstrated that controlled mechanical ventilation results in
measurable changes to the diaphragm. In a study of rats mechanically ventilated for 18
hours(Shanely et al., 2002) atrophy of both Type 1 and Type 2 muscle fibres was
detected, with greater atrophy of Type 2 fibres, and a concurrent increase in diaphragmatic
protease activity and oxidative stress, suggesting muscle catabolism. Another study using
a rodent model(Powers et al., 2002), which rigorously excluded any contribution of
phenobarbital to muscle changes, found that 12 hours of controlled mechanical ventilation
resulted in an 18% reduction in diaphragmatic force, whereas 24 hours resulted in a 46%
reduction. These studies indicate that a dose-dependent relationship between duration of
ventilation and subsequent weakness is likely. Extrapolation of these results to humans is
limited by the infrequent use of completely controlled mechanical ventilation in
contemporary intensive care practice. Many modern intensive care units preferentially use
spontaneous modes of ventilation where possible, whereby patients initiate effort to trigger

each ventilator-supported breath. However, controlled ventilation is still used in some
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cases (e.g. when patients are paralysed to minimise intracranial pressure immediately
following traumatic brain injury) and therefore the potential consequences of controlled

ventilation are still relevant.

Observational studies in humans have similarly shown that longer periods of mechanical
ventilation are associated with greater weaning difficulty(Epstein et al., 2002, De Jonghe et
al., 2007, Hermans et al., 2010). While longer periods of ventilation may be due to the
underlying pathology, it is possible that mechanical ventilation further compounds
respiratory muscle weakness in these patients, contributing to delayed weaning. Even
following successful weaning, prolonged mechanical ventilation appears to affect
respiratory muscle endurance. In a study of 20 patients who received mechanical
ventilation for at least 24 hours(Chang et al., 2005a), there was a 12% reduction in
endurance detectable approximately 1 week following weaning. Importantly, those
ventilated for longer than 7 days showed significantly less fatigue resistance than those
ventilated for fewer than 7 days. Furthermore, in a study of 116 patients ventilated longer
than 7 days(De Jonghe et al., 2007), maximum inspiratory pressure (MIP) was found to be
reduced and correlated with limb weakness. Although these studies do not provide any
direct evidence of muscle atrophy, the results would be consistent with an atrophic

response to mechanical ventilation.

Direct evidence for diaphragmatic atrophy with mechanical ventilation has been obtained
in mechanically ventilated, brain-dead organ donors (Levine et al., 2008). Diaphragmatic
biopsies from 14 brain-dead patients ventilated for between 18 and 69 hours were
compared with biopsies from 8 surgical patients ventilated for no more than 3 hours. The
biopsies from the brain-dead patients demonstrated statistically significant reductions in
mean cross sectional area of both Type 1 and Type 2 muscle fibres, reduced glutathione
and elevated levels of enzyme active caspase-3, suggesting increased proteolysis. These
changes were not detectable in the control muscle studied for each patient (pectoralis
major), suggesting that the atrophy and proteolysis observed was specific to the
diaphragm and not a generalised phenomenon in skeletal muscle due to the abnormal
physiology associated with brain death. As previously discussed, extrapolation of these
results to mechanically ventilated patients whose ventilation has not been completely
controlled should be done with caution. However, this study provides the most convincing
evidence to date that mechanical ventilation has a direct adverse effect on the respiratory
muscles(Tobin et al., 2010).
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Muscle length-tension changes

The development of inspiratory muscle weakness with prolonged mechanical ventilation is
likely to be compounded by other factors that impact on muscle performance. For
example, positive end expiratory pressure (PEEP) is widely used as a therapeutic tool in
patients with respiratory failure, but one of its effects is an adverse impact on the length-

tension relationship of the diaphragm.

Like all skeletal muscles, the diaphragm’s ability to generate force is related to the length
of the muscle fibres(McCully and Faulkner, 1983). The implications of the diaphragm’s
length-tension relationship are well described in the literature pertaining to patients with
COPD(Soicher J, 1998, McConnell and Romer, 2004a, Roussos, 1985). In this clinical
group, chronic hyper-inflation, with average intrinsic PEEP of 2.4 cm H20 (Dal Vecchio et
al., 1990), results in adaptive shortening of the diaphragm causing a more flattened, less
domed structure. This produces an adverse shift along the length-tension curve, so that

diaphragmatic contraction generates less muscular force(McConnell and Romer, 2004a).

Mechanically ventilated patients are often prescribed relatively high levels of extrinsic
PEEP (typically between 5 and 15 cm H20) as a mechanism to maintain alveolar
recruitment, enhance oxygenation and counteract autoPEEP (Hess and Kacmarek, 2003).
Unfortunately, this extrinsic PEEP may also lead to a flattening of the diaphragm and
muscular shortening with disadvantageous shifts along the length-tension curve, further
compounding inspiratory muscle weakness (as demonstrated in animal models(Torres et
al., 1993)). Thus, in considering diaphragmatic weakness, the ideal prescription of
mechanical ventilation should minimise PEEP wherever possible to reduce the negative
impact on diaphragm strength. However, this must be balanced against the potential
benefits of PEEP in patients with respiratory failure(Amato et al., 1998, Haitsma and
Lachmann, 2006). Both impairment of the diaphragmatic length-tension relationship
associated with excessive PEEP, and the worsening of respiratory mechanics seen with
inadequate PEEP, may lead to an increase in respiratory drive and neuroventilatory
efficiency(Passath et al., 2010). Recent work investigating the effects of PEEP in patients
receiving Neurally Adjusted Ventilatory Assist confirms that increasing PEEP reduces
respiratory drive, but also suggests that patients are able to adapt their neuroventilatory
efficiency over a wide range of applied PEEP levels. In addition, it is possible to identify a
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PEEP level at which breathing occurs with an optimum relationship between tidal volume

and diaphragmatic electrical activity(Passath et al., 2010).

While the effects of mechanical ventilation on the diaphragm are relatively well-studied, the
only available evidence regarding the effects of mechanical ventilation and PEEP on the
performance of other inspiratory muscles, such as the parasternal intercostals, comes
from animal research where positive pressure ventilation has been found to reduce
intercostal force generation. However, it has been suggested that this force reduction may
be due to rib orientation changes rather than muscular shortening (De Troyer and Wilson,
2009). In ventilator-dependent patients, the relative contribution of intercostal muscle

dysfunction to inspiratory muscle weakness remains to be determined.

It has been suggested that when patients fail a spontaneous breathing trial, they typically
exhibit rapid shallow breathing which causes a degree of dynamic hyperinflation (Tobin et
al., 2010). As previously discussed, this hyperinflation will impair the length-tension
relationship of the diaphragm and thus compromise inspiratory muscle strength(Tobin et
al., 1998). Furthermore, both intrinsic PEEP and dynamic hyperinflation have been
demonstrated in ventilator-dependent patients when they are removed from ventilatory
support (Zakynthinos et al., 1995), indicating the presence of a high residual inspiratory
load. It is yet to be established whether this intrinsic PEEP remains following successful

weaning from ventilation.

Thus it is important to consider the possibility that the presence of intrinsic or either
inadequate or excessive extrinsic PEEP may be contributing to impaired inspiratory

muscle performance and apparent inspiratory muscle weakness.

Muscle weakness and failure to wean

Studies of patients who fail to wean from ventilation have been performed to determine
whether there are physiological characteristics which distinguish those who wean from
those who fail to wean. A small (n =10) prospective cohort study of ventilator-dependent
patients found that those who could be weaned had significantly higher maximum
inspiratory pressures (MIP) (mean 40 cm H20) than those who failed (mean 20 cm H20)
(Epstein et al., 2002). Similar results were found in a second prospective cohort study of
30 patients who had failed initial weaning attempts in a weaning centre(Carlucci et al.,
2009). In this study, an invasive device at the tip of the tracheostomy tube was used to
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measure transdiaphragmatic pressures during spontaneous breathing trials (SBT).
Patients who consistently failed these SBT concurrently demonstrated lower
diaphragmatic pressures than those who weaned successfully, while those who
successfully weaned demonstrated significantly higher MIP (mean 57 compared to mean
38 cm H20 in success and failure groups respectively). The authors concluded that
recovery of inspiratory muscle force may be a critical determinant of weaning success in

this slow-to-wean population.

A larger prospective cohort study (n = 116) of patients ventilated for 7 days or longer(De
Jonghe et al., 2007) found that not only was MIP significantly reduced in this group (mean
30 cm H20), but a low MIP was an independent predictor of delayed weaning. Yet
paradoxically, other researchers have failed to demonstrate that measures of inspiratory
muscle strength (e.g. MIP or negative inspiratory force) predict accurately weaning
success or failure in the acute setting(Conti et al., 2004, Meade et al., 2001). For example,
in a prospective blinded study of 93 patients, neither the MIP values, nor any other
parameter investigated, had sufficient predictive power to distinguish between those who
would wean successfully and those who would fail(Conti et al., 2004). Although inspiratory
muscle weakness is a problem for patients undergoing prolonged ventilation, it may be
that measures of inspiratory muscle strength only weakly reflect the overall complexity of
respiratory dysfunction (and hence readiness to wean) and cannot be considered in

isolation.

Implications of inspiratory muscle changes with mechanical ventilation

The available evidence strongly suggests that even relatively short durations of
mechanical ventilation result in diaphragmatic atrophy, with associated abnormally high
proteolysis. In healthy people, it is well established that high-resistance strengthening
exercise causes both muscle anabolism and catabolism in skeletal muscle, with a net
anabolic effect(Tipton and Ferrando, 2008). Resultant intra-muscular remodeling and
gains in muscle cross-sectional area have been demonstrated in healthy participants
following a 3-week high resistance training program(Seynnes et al., 2007). Therefore it is
plausible that inspiratory muscle training could reverse or ameliorate inspiratory muscle
proteolysis in ventilator-dependent patients, by providing a net anabolic stimulus. The
associated inspiratory muscle strength gains could thus enhance weaning. However,
appealing as this hypothesis may be, it remains unclear whether the respiratory muscle

weakness associated with prolonged mechanical ventilation is reversible. In addition,
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numerous other factors may contribute to muscle atrophy and apparent weakness in

ventilator-dependent patients, which also must be considered.

Polyneuropathy

ICU-acquired weakness (ICUAW) is the current term used to describe the
pathophysiological weakness observed in many critically ill patients, and while definitions
and diagnostic guidelines have recently been clarified(Stevens et al., 2009), interpretation
of data currently available in this area is clouded by the variations in definitions and
terminology used prior to this (e.qg. critical illness neuromyopathy, critical illness
polyneuropathy). Critical illness polyneuropathy (CIP), a subset of ICUAW, is frequently
present in critically ill patients but remains relatively under-diagnosed(Pandit and Agrawal,
2006). CIP has long been considered a contributor to difficulty in weaning from mechanical
ventilation(Hund, 1999) and in an observational study of 21 patients with ‘inability to
wean’(Spitzer et al., 1992), 62% were found to have neuromuscular disease severe
enough to account for ventilator dependence. A subsequent study of 40 patients ventilated
for 5 days or longer (Maher et al., 1995) found that 83% had polyneuropathy, with a
correlation between the severity of the polyneuropathy and weaning duration. In addition,
while 25% of patients had reduced central drive, 15% had a combination of disorders.
Thus any apparent muscle weakness in critically ill patients may be due to neuropathic as

well as myopathic factors.

It has been suggested that as CIP is associated with duration of mechanical ventilation,
then measures taken to reduce the period of ventilator-dependence may lessen the
potential impact of CIP(Pandit and Agrawal, 2006). This association is confounded by the
likelihood that severity of illness will contribute to both duration of mechanical ventilation
and the development of CIP. A recent systematic review has observed that the respiratory
muscles in patients with ICU-acquired weakness may be relatively spared the negative
effects observed in peripheral muscles, possibly due to the intermittent stretch provided by
the ventilator(Prentice et al., 2010). However, it is also possible that CIP is a contributor to
ventilator dependence, rather than a consequence of it, and while the possible
mechanisms for this remain unclear, lack of core stability due to weakness of structural
trunk muscles may adversely impact respiratory function. In the absence of data, it is
reasonable to consider CIP as a potential factor contributing to respiratory muscle

dysfunction in ventilator-dependent patients.
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In addition to ICUAW, pathologies of the peripheral neurological or neuromuscular
systems, including Myasthenia Gravis and Guillain-Barre syndrome, frequently result in
long-term ventilator-dependence and these underlying pathologies will almost certainly
contribute to respiratory dysfunction. There is some limited evidence that inspiratory
muscle training may increase inspiratory muscle strength and endurance in non-ventilated

patients with myasthenia gravis(Fregonezi et al., 2005).

Further investigation of the interaction between peripheral neuromuscular disease and
muscle retraining would be helpful. In the interim, the possible impact of muscle training on

the pathophysiological processes involved in ICUAW must be considered.

Pharmacological effects

The potential effects of pharmacological agents on respiratory muscle strength also must
be considered in critically ill patients. Neuromuscular blocking agents (NMBAs) and
corticosteroids have both been implicated in the development of ICU acquired
weakness(Schweickert and Hall, 2007). Although use has declined in recent years,
NMBAs are still commonly used in the critical care environment, for management of both
intracranial hypertension and ventilator dyssynchrony. It has been suggested that
blockade of normal neuromuscular transmission and interference with endplate structure
leads to an acceleration of critical illness myopathy; and that muscle will not recover until

normal functional stimulation is provided(Wagenmakers, 2001).

Corticosteroids are prescribed for a diverse range of indications in the critically
ill(Confalonieri and Meduri, 2011, Mason et al., 2009, van de Beek and de Gans, 2004),
however the effect of corticosteroids on inspiratory muscle function in ventilator-dependent
patients has not been studied in detail. In patients without underlying lung disease,
extended duration high dose steroids (prednisone 1 to 1.5 mg/kg/day for 8 weeks) have
been shown to reduce inspiratory muscle strength and endurance(Weiner et al., 1993).
Interestingly, these reductions were reversed when corticosteroid doses were tapered. A
subsequent study(Weiner et al., 1995) found that inspiratory muscle training prevented
these negative effects of corticosteroid therapy. In contrast, no impact on inspiratory
muscle strength was demonstrated in a study of moderate doses of corticosteroids (20mg
daily) in 16 healthy participants(Wang et al., 1991). In asthmatic patients, the combination
of corticosteroids and NMBAs may lead to profound and prolonged ICU acquired
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weakness(Douglass et al., 1992, Griffin et al., 1992). Again, the specific effects on

respiratory muscles have not been well studied.

It is therefore possible that the administration of either NMBAs or corticosteroids could
further compound respiratory muscle weakness in ventilator-dependent patients. The
degree to which these changes can be ameliorated by inspiratory muscle training is yet to

be investigated.

Nutrition

A comprehensive analysis of the nutritional requirements of ventilator-dependent patients
is beyond the scope of this review. However, while overfeeding has been on the list of
factors to be considered in the difficult to wean patient for many years(Hess and

Kacmarek, 2003), inadequate nutrition may also contribute to weaning difficulty.

It must be acknowledged that there is wide variability in the nutritional requirements
between and within patients across their intensive care admission(Griffiths and Bongers,
2005). Trauma, major surgery and short-term starvation are all known to reduce protein
synthesis(Griffiths and Bongers, 2005) . Furthermore, sepsis impairs mitochondrial
function in both respiratory and limb muscles(Fredriksson and Rooyackers, 2007).
However, septic patients demonstrate a relative preservation of energy sources
(adenosine triphosphate, creatine phosphate) in respiratory muscles(Fredriksson and
Rooyackers, 2007). This could enhance the training potential of respiratory muscles

relative to peripheral muscles.

In healthy people, timing and quality of nutrition (particularly amino acid availability) directly
affects muscle synthesis pathways(Tipton and Ferrando, 2008). Thus it would seem
reasonable to conclude that adequate nutrition, titrated to account for anabolic muscle
development, is necessary for successful inspiratory muscle training in critically ill patients.
Conversely, ventilator-dependent patients with inadequate nutrition, or poor baseline
metabolic status, may have inadequate substrate availability to match protein synthetic
demand, reducing the efficacy of muscle training. However, the determination of nutritional
requirements in critical iliness remains controversial. There is some limited data from the
bed rest (aerospace) literature suggesting that overfeeding may be harmful, with increased
inflammatory markers and accelerated muscle atrophy in participants who do not reduce
caloric intake after the initiation of bed rest(Biolo et al., 2008). Congruent with this, a recent
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study in critical illness found that permissive underfeeding (goal 60-70% of estimated
nutritional requirements) resulted in lower hospital mortality compared to those fed with a
goal of 100% of estimated requirements(Arabi et al., 2011). These results are consistent
with previous evidence that feeding goals of 33-65% of estimated requirements resulted in

significantly improved hospital mortality than goals of >66%.

Specific supplementation to augment muscle hypertrophy and overall physical
performance in response to training has long been studied in the sports literature, with
relatively little cross over work to clinical populations. With particular relevance to muscle
weakness and potential training effects, creatine supplements have been shown to
augment training effects in healthy participants(Volek et al., 2004, Vandenberghe et al.,
1997). However a randomised trial of creatine supplementation in 100 patients with COPD
undergoing pulmonary rehabilitation failed to find improvements in exercise capacity in the
creatine group(Deacon et al., 2008). To date no studies of creatine supplementation have
been performed in critically ill patients.

Thus the interaction between the potential training benefits of inspiratory muscle training
and nutritional status is complex. In the absence of clear guidelines regarding overall
nutrition goals, or specific supplementation, inspiratory muscle training should be
conducted with an appreciation of the potential influence of nutritional factors on resistance

training benefits.

Psychological factors

Psychological stress has been identified as a potential factor contributing to difficult
ventilatory weaning(Ambrosino and Gabbrielli, 2010, McCartney and Boland, 1994), yet
there is limited data describing the extent of this problem. In a descriptive study of patient
experiences of ventilator-dependence (Gale and O'Shanick, 1985) reported experiences
included perceived catastrophic loss of control, perceiving the ventilator as an extension of
one’s self, a spectrum of attitudes from depressed passivity to an agitated fight for control,
and a dislike or fear of change, particularly with regard to weaning. While it must be
acknowledged that this research is relatively old (1985), from a time when ventilators were
less synchronised with patient effort, the findings are consistent with more recent studies.
A prospective cohort study of 250 ventilator-dependent patients found that 88% of patients
described their experience of being intubated and ventilated as moderately to extremely
stressful(Samuelson, 2011). A follow-up study of these patients focused on memories of
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intensive care and revealed prominent themes of physical and emotional ventilator-related
distress (e.g. feeling unable to breathe, fear and panic, anxiety). Thus psychological
distress should not be underestimated in ventilator-dependent patients.

The relationship between psychological stress or anxiety and dyspnoea has not been
studied in ventilated patients. However, extrapolation from sports psychology, and
specifically the perception of exertion, may be useful here. In athletes it has been
proposed that during exercise the perception of exertion is not linear, but rather is best
understood as a highly complex system where physiological feedback (e.g. via
mechanoreceptors and chemoreceptors) is analysed by a central controller which also
considers variables such as time to endpoint (e.g. how long until the end of the race) and
previous experience3*3°, Thus the perception of exertion (and therefore dyspnoea) is
conscious and potentially modulated by psychological variables(Edwards and Walker,
2009, Edwards et al., 2008). If a ventilator-dependent patient’s experience of weaning is
analogous to an athlete’s exercise conditions (i.e. both characterised by high ventilatory
workloads and limited by perceived exertion), anxiety or psychological stress may well

modulate the overall perception of effort and manifest as increased dyspnoea.

Although the subjective perception of dyspnoea has not been well studied in ventilated
patients, it could be argued that one of the key methods employed to measure or predict
weaning failure (i.e. rapid shallow breathing index(Yang and Tobin, 1991)) may be in fact
an attempt to objectively quantify the subjective experience of dyspnoea. If subjective
dyspnoea, rather than ventilatory capacity or fatigue, is actually the limiting factor in the
context of weaning failure, it is not surprising that physiological-level measurement tools
have failed to predict weaning success with great accuracy(Conti et al., 2004, Meade et
al., 2001). This is clearly an area requiring further research, but in the interim a possible
role for psychological factors as determinants of ventilator-dependence should be

considered.

Indications for inspiratory muscle training

In light of the above evidence regarding ventilator-dependent respiratory dysfunction,
clinicians have been urged to minimise controlled ventilation and reduce the doses of
drugs known to affect respiratory muscle function(Cader et al., 2010). These approaches
may reduce inspiratory muscle dysfunction but are unlikely to completely avoid it; even

with these strategies, respiratory muscle weakness remains detectable approximately 7
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days following successful weaning(Chang et al., 2005a). As skeletal muscle weakness is
generally a reversible phenomenon, it seems logical to employ training methods as early
as possible to minimise the predictable effects of reduced inspiratory muscle work with
mechanical ventilation. Furthermore, as prolonged mechanical ventilation is associated
with poor functional outcomes (e.g. 21% complete functional dependency at 12
months(Unroe et al., 2010)), any intervention with the potential to hasten ventilatory

weaning, or avoid long-term ventilator dependence, deserves consideration.

MECHANISM OF INSPIRATORY MUSCLE TRAINING

Definition of inspiratory muscle training

Inspiratory muscle training uses progressive resistance to provide loading to the
inspiratory muscles to achieve a strengthening effect. Inspiratory muscle training devices
have evolved considerably and now most commonly consist of a commercially available
spring-loaded threshold valve which can be easily adjusted to provide incremental
resistance. Importantly, the threshold design requires a specified pressure-level to be
achieved with each breath, regardless of flow-rate, allowing the intensity of resistance to
be titrated and progressed accurately. In non-ventilated patients this device is used with a
mouthpiece and nose clip, but for ventilator-dependent patients it can be attached directly
to the tracheostomy or endotracheal tube via a simple connector while patients are briefly

removed from ventilatory support.

Mechanisms of improvement with inspiratory muscle training

The evidence explaining possible mechanisms of change can be grouped into 4
categories: adaptations in muscle structure, changes in muscle perfusion and metabolism,
neural adaptations and modulation of dyspnoea. Each of these will be described in detail

with specific reference to inspiratory muscle training.

Muscle structure and fibre type

There is some direct evidence for the effect of inspiratory muscle training on muscle
structure and specifically muscle fibre type. One key randomised trial (Ramirez-Sarmiento
et al., 2002) investigated the effects of inspiratory muscle training in patients with chronic
obstructive pulmonary disease by taking biopsies of both the external intercostal muscles
and the vastus lateralis muscle (control) before and after an inspiratory muscle training

program. These researchers found that training for 30 minutes, 5 days a week for 5 weeks
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at 40-50% of maximal inspiratory pressure (MIP) resulted in increases in both Type 1
(38%) and Type 2 fibres (21%), whereas no changes were detected in the control muscle.
This study was the first to provide clear evidence of muscular adaptation in response to a
loading stimulus, but given the load was relatively low (40 — 50% of MIP) and subsequent
training regimes in the literature have tended towards higher training intensities (e.g. 45% -
101% of baseline MIP)(Hill et al., 2006), the full potential of muscle fibre adaptation in

response to inspiratory muscle training remains to be elucidated.

In the aforementioned study, inspiratory muscle training resulted in proliferation of both
fibre types but Type 1 to a greater extent. Patients with chronic obstructive pulmonary
disease have an abnormally high ratio of Type 1 to Type 2 fibres in the diaphragm(Levine
et al., 2003). It is yet to be determined whether it is the inspiratory muscle training that
preferentially increased Type 1 fibres in relation to Type 2, or whether this is solely a
reflection of the underlying pathology of chronic obstructive pulmonary disease in this

particular study.

There is corroborative evidence that inspiratory muscle training increases proliferation of
muscle fibres in healthy people. A randomised trial of 20 participants who performed
inspiratory muscle training at 80% of MIP for 8 weeks found not just increases in MIP and
exercise capacity, but also in diaphragm thickness in the treatment group(Enright et al.,
2006). Similarly a smaller randomised trial of healthy participants reported an 8 — 12%
increase in diaphragm thickness in response to 4 weeks of inspiratory muscle training at
50% of MIP(Downey et al., 2007). Thus proliferation of inspiratory muscle fibres in
response to inspiratory muscle training is neither unique to patients with chronic
obstructive pulmonary disease, nor to the external intercostal muscles alone. Accordingly,
muscle fibre proliferation may be considered a key mechanism of improvement attributable

to inspiratory muscle training.

Enhanced muscle perfusion, metabolism and reduced lactate production

There is evidence that inspiratory muscle training enhances muscle metabolism by
affecting the sensitivity of a fatigue-induced metaboreflex (Figure 1). In healthy humans,
inspiratory muscle work during maximal exercise is inversely related to limb muscle
perfusion(Harms et al., 1997) and it has been suggested that this is due to a
sympathetically mediated metaboreflex which preferentially redistributes blood flow away
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from exercising limb muscles in order to return blood supply to the fatiguing inspiratory
muscles (Harms et al., 1997, Witt et al., 2007, Romer and Polkey, 2008).

In 2006, a small study of 8 healthy participants (McConnell and Lomax, 2006)
demonstrated that fatigue of the inspiratory muscles hastened fatigue of the plantar
flexors, but inspiratory muscle training abolished this effect. These authors speculated that
this reduced fatigue of peripheral muscles following inspiratory muscle training, possibly as
a result of decreased or delayed responsiveness of the metaboreflex, may partially explain

improvement in exercise tolerance reported as a benefit of inspiratory muscle training.

RESPIRATORY MUSCLE METABOREFLEX
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Figure 1. Respiratory muscle metaboreflex.
From Romer & Polkey (2008). Journal of Applied Physiology 104 (3), 879-888.

A subsequent randomised trial of 16 healthy participants (Witt et al., 2007) specifically
analysed the effect of inspiratory muscle training on the metaboreflex as measured by
changes in heart rate and blood pressure. These authors confirmed that inspiratory muscle
training attenuates the metaboreflex response during fatiguing respiratory work, describing
a blunted sympathetic response (i.e. significantly lower heart rate and blood pressures

measured in the training group during fatiguing inspiration). These authors suggested that
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the blunted sympathetic response could be a result of decreased sensitivity to lactic acid
produced during fatiguing work, or alternatively an increased aerobic capacity which leads
to lower levels of lactate production.

A more detailed analysis of aerobic pathways in 16 healthy participants(Bailey et al., 2010)
found that inspiratory muscle training resulted in improved VO2 dynamics, specifically the
slow component amplitude, as well as reduced dyspnoea and increased exercise
tolerance. These authors attributed this improved aerobic capacity to the enhanced blood

flow in the exercising limbs as a result of a reduced metaboreflex.

Following an early observational study that suggested inspiratory muscle training reduces
lactate levels (Spengler et al., 1999), the relationship between inspiratory muscle training
and lactate has been clarified. In a randomised trial of 22 healthy participants (Brown et
al., 2008), inspiratory muscle training resulted in significantly lower blood lactate levels in
the treatment group during a high intensity voluntary hyperpnoea task. These results
indicate that the inspiratory muscles themselves are a significant source of the blood
lactate levels detected during fatiguing inspiratory workloads. This is consistent with
previous studies showing that inspiratory muscle training reduces lactate levels during
treadmill running in competitive athletes (Leddy et al., 2007) as well as during cycling in

healthy untrained people (McConnell and Sharpe, 2005).

Together, this evidence suggests that inspiratory muscle training enhances overall aerobic
capacity by not just reducing lactate production in the inspiratory muscles themselves
(possibly due to an increased ratio of Type 1 muscle fibres), but also by enhancing blood
flow to peripheral muscles by attenuating the metaboreflex that would otherwise ‘steal’
blood flow and redirect it to fatiguing respiratory muscles during high intensity exercise.
This overall enhancement of aerobic capacity may explain the global improvements in
exercise performance described as a result of inspiratory muscle training in both healthy

people and those with underlying pathology.
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Neural adaptations

It is well accepted that the strength gains observed with skeletal muscle training are at
least partly attributable to neural mechanisms, particularly early in the training phase
where increases in strength precede changes in muscle mass (Enoka, 1997, Gabriel et al.,
2006). Using magnetic resonance imaging it has been shown with quadriceps training,
less muscle is required to lift the same load and strength gains are also apparent in a
contralateral untrained muscle (Ploutz et al., 1994). Furthermore, strength gains
associated with mental practice alone can be attributed to neural changes in the absence
of muscle-level changes (Yue and Cole, 1992). Possible elements of neural adaptation
include enhanced synchronisation of motor unit firing, decreased co-activation of
antagonistic muscles, increased reflex potentiation and more efficient motor programming
as manifested by reduced motor drive (Kellerman et al., 2000, Enoka, 1997, Yue and Cole,
1992, Gabiriel et al., 2006).

There are 2 studies which specifically investigate the neural adaptations that occur with
inspiratory muscle training. The first (Huang et al., 2003) measured the effect of inspiratory
muscle training on inspiratory motor drive in 23 healthy participants who underwent
inspiratory muscle training 5 days a week, training at 75% of MIP. After 4 weeks of
training, which resulted in a 36% increase in MIP, there was a 22% decrease in inspiratory
motor drive when measured as mouth occlusion pressure. Moreover there was a
significant negative correlation between MIP and motor drive. These results suggest that
inspiratory muscle training causes a down-regulation in motor programming, reflecting less

drive required for a given respiratory workload.

The second study (Ross et al., 2007) measured the effect of inspiratory muscle training on
the peripheral and corticospinal excitability of the diaphragm in 10 healthy participants.
Following submaximal loads (40% MIP, 2 sets of 30 breaths), there was an increase in
neuromuscular junction and muscle membrane propagation indicating increased
peripheral excitability. Conversely there was a reduction in diaphragmatic excitability at the
corticospinal level, possibly indicating better neuronal synchronisation, increased motor
unit firing or more efficient programming. However within 15 minutes of cessation of
inspiratory muscle training these changes in excitability were no longer detectable. The
benefit of transient changes in neural excitability remains unclear, but may be relevant to

specific treatment scenarios (e.g. immediately prior to extubation for ventilated patients, or
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immediately prior to a race for an elite athlete). Nonetheless, this study provides further

evidence that inspiratory muscle training causes neural adaptations at multiple levels.

Given that some inspiratory muscle training studies have reported strength gains within the
first 2 weeks of training (Johnson et al., 2007), and it is generally accepted that structural
changes in the muscle are unlikely before approximately 8 weeks of strengthening (Gabriel
et al., 2006), it seems highly likely that neural adaptations are a critical element of the

training effect of inspiratory muscle training particularly in the first few weeks.

Modulation of dyspnoea

Evidence regarding purely physiological explanations of fatigue and dyspnoea have been
recently challenged (Edwards and Walker, 2009). A randomised trial of 16 healthy
participants (Edwards et al., 2008) compared concurrent inspiratory muscle training and
running training with running alone (control). Within 4 weeks of training, there was no
significant difference between inspiratory muscle training and control groups in terms of
MIP, whereas there were significant between-group differences in both exercise
performance (5000 km running) and related dyspnoea (RPE scores during running). These
results suggest that, at least in the first few weeks of inspiratory muscle training, strength
gains are much less important than changes in the perception of breathing effort in

determining exercise performance.

The authors of this study argue that respiratory muscle receptor feedback is only one of a
complex web of factors (both physiological and psychological) which are processed
centrally to derive an overall perception of dyspnoea. Insofar as exercise performance is
limited by dyspnoea, inspiratory muscle training could well play a role in desensitising the
conscious mind to the effort associated with high respiratory workloads and in doing so
allow the athlete to achieve greater performance. This hypothesis, although in its infancy,
sits neatly with the evidence of improvement noted with inspiratory muscle training in
patients with chronic obstructive pulmonary disease, where dyspnoea is often a critical
determinant of independence and quality of life (Hill et al., 2004). Such modulation of
dyspnoea may also be highly relevant to intensive care patients during the weaning
process. Future research into the mechanisms of improvement noted with inspiratory

muscle training should not underestimate psychological dimensions.

-27-



Summary of mechanisms of improvement with inspiratory muscle training

While the precise mechanisms of improvement produced by inspiratory muscle training are
not yet fully understood, there is reasonable evidence that inspiratory muscle training
increases the proliferation of inspiratory muscle fibres; reduces blood lactate production
and the impact of the sympathetically-mediated metaboreflex, allowing enhanced blood
flow to peripheral muscles; and increases the efficiency of motor programming and / or
peripheral neural networks as reflected by reduced motor outflow for a given inspiratory
workload. In general, changes in the first few weeks of inspiratory muscle training are likely
to be related to neural adaptations and central modulations of the perception of dyspnoea,
whereas later improvements may also be attributable to structural and metabolic changes.
These changes help to explain not just the improvement in inspiratory muscle strength
observed with inspiratory muscle training, but also the enhancement of exercise
performance that has been reported in both healthy people and those with underlying

pathophysiology.

EFFICACY OF INSPIRATORY MUSCLE TRAINING IN OTHER POPULATIONS
Inspiratory muscle training has evolved considerably over the past 35 years, with
proliferation of evidence supporting its efficacy in both chronic obstructive pulmonary
disease and athletes. Whilst these two groups boast the majority of published research on
inspiratory muscle training, there has also been a gradual emergence of evidence for the
efficacy of inspiratory muscle training in a broad range of other patient groups. This review
summarises the evidence to date for the efficacy of inspiratory muscle training in both
patients with chronic obstructive pulmonary disease and athletes. For a detailed
discussion of the evidence for inspiratory muscle training in other patient groups in the
context of the wider literature, please refer to Appendix A.

The effects of inspiratory muscle training in chronic obstructive pulmonary disease
Since 1991, a series of systematic reviews and meta-analyses of the effects of inspiratory
muscle training in chronic obstructive pulmonary disease have shown dramatically
different results (see Table 1). Whereas the first review in 1991(Smith et al., 1992)
revealed no significant effects of inspiratory muscle training, the major limitation of this
review was the inclusion of many studies which failed to control for the intensity of the
resistance provided during inspiratory muscle training (e.g. by using non-linear resistors for
training, in which the intensity of the resistance is flow-dependent and can therefore be

manipulated by the patient’s pattern of breathing)(Belman et al., 1994). By 1997 limited
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evidence emerged that training at 30% of MIP resulted in improved inspiratory strength,
endurance, dyspnoea and exercise tolerance, whereas training at 10 — 17% of MIP either
did not result in any change (Lisboa et al., 1994) or resulted in small increases in
inspiratory strength only (Lisboa et al., 1997). When Lotters and colleagues (Lotters et al.,
2002) subsequently reviewed studies where the training intensity was a minimum of 30%
of MIP, a very different picture emerged: inspiratory muscle training resulted in significant
improvements in inspiratory muscle strength and endurance, as well as reduction in
dyspnoea; however no significant effect of inspiratory muscle training on exercise
tolerance could be detected. Nonetheless Lotters and colleagues suggested that
inspiratory muscle training may be a useful addition to pulmonary rehabilitation programs

for patients with known inspiratory muscle weakness.

Table 1. Outcomes of inspiratory muscle training in chronic obstructive pulmonary
disease from systematic reviews

Systematic Review Inspiratory  Inspiratory Dyspnoea  Exercise  Quality
/Meta-analysis muscle muscle tolerance  of life
strength endurance
Smith et al. (1992) X X N/A X N/A
Lotters et al. (2002) v 4 4 X N/A

Geddes et al. (2005)

v v v X
& update Geddes et al. (2008)
Crowe et al. (2005) v v v v'* v'E
Shoemaker et al. (2009) v v 4 4 v

* = compared to education only; results equivocal comparing inspiratory muscle training to exercise; v’ =
significant at p<0.05

As the number and quality of trials investigating the effects of inspiratory muscle training
increased, further evidence mounted regarding exercise tolerance and quality of life in this
patient group. In the meta-analysis performed by Geddes et al (2005), significant effects
for increased exercise capacity could be detected, while Crowe et al (2005) similarly
reported benefits for both exercise tolerance and quality of life when comparing inspiratory
muscle training to education programs. Most recently, Shoemaker and colleagues (2009)
reported significant effects for inspiratory muscle training for not just inspiratory muscle
strength, endurance and dyspnoea, but also health related quality of life and exercise

tolerance when measured using walking tests.
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Whether or not inspiratory muscle training offers additional benefits to a standard whole
body pulmonary rehabilitation program for patients with chronic obstructive pulmonary
disease remains controversial. In a randomised trial, Magadle and colleagues (2007)
found inspiratory muscle training conveyed additional benefits (increased MIP, reduced
dyspnoea and increased health-related quality of life) beyond those detected following
pulmonary rehabilitation alone. However, a subsequent systematic review by O’'Brien et al
(O'Brien et al., 2008) comparing combined inspiratory muscle training and exercise with
exercise alone did not detect any significant outcome for quality of life, despite finding
increase inspiratory muscle strength and one significant measure of improved exercise
tolerance in the training group. This suggests that further studies are required to determine
if the addition of inspiratory muscle training to pulmonary rehabilitation results in clinically

significant outcomes beyond improving muscle strength alone.

Few studies have assessed the long-term impact of inspiratory muscle training in patients
with chronic obstructive pulmonary disease. One study of 38 patients (Weiner et al., 2004)
trained patients with inspiratory muscle training at 60% MIP for 30 minutes 6 days a week
for 3 months. Following the initial 3 month program, patients were randomised to either a
maintenance program (same intensity and duration but only 3 sessions per week) or a
sham comparison (minimal load at same intensity, frequency and duration) for another 12
months. While this study was hampered by high drop-out rates (7 from the control group, 4
from inspiratory muscle training group), the results indicated that without a maintenance
program, the benefits of the initial inspiratory muscle training program progressively
declined to baseline levels over 1 year. A subsequent long-term randomised trial
(Beckerman et al., 2005) compared inspiratory muscle training and sham training at 3, 6, 9
and 12 months. While the improved MIP and exercise tolerance at 3 months were
predictable, somewhat more impressive was a reduction in hospitalisation days by 30% in
the inspiratory muscle training group across the one year period. Furthermore, significant
quality of life differences in favour of the training group were not detectable until 6 months,
but these were then maintained until 12 months. Surprisingly, changes in dyspnoea were
not detectable until 9 months but were in favour of the training group. Care must be taken
interpreting the results of this study due to the high drop-out rate (11 of 42) and low
attendance rates reported. However these results do suggest that the effects of long-term

inspiratory muscle training in these patients warrant further investigation.
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As inspiratory muscle training intensity has increased and training methods have become
more standardised (i.e. by using pressure threshold devices as opposed to more variable
equipment), the effects of inspiratory muscle training have become clearer for patients with
chronic obstructive pulmonary disease. It is now well accepted that inspiratory muscle
training is a useful and feasible treatment option for these patients and guidelines for
clinicians are now available (Hill et al., 2010). The actual pattern of usage of inspiratory

muscle training by physiotherapists is yet to be determined.

The effects of inspiratory muscle training in athletes and healthy people

Respiratory muscle training in healthy people has been reported in the literature since
1976 (Leith and Bradley, 1976). The potential of inspiratory muscle training to enhance
athletic performance has fuelled much research, particularly in the endurance disciplines
of rowing, cycling, running and swimming, all of which may be limited by respiratory
muscle capacity. There is substantial evidence that inspiratory muscle training increases
inspiratory muscle strength in healthy or athletic people (Table 2). It is less clear how these
changes occur or how increased strength translates into enhanced exercise performance.
However, like patients with chronic obstructive pulmonary disease, athletes’ perception of

dyspnoea may be a critical limiting factor for exercise tolerance.

Considering the importance of intensity described for patients with chronic obstructive
pulmonary disease, it is interesting that the intensity of resistance featured in all training
programs in Table 2 is a minimum of 50% of MIP. While the duration of training programs
studied ranges from 4 to 11 weeks, the largest changes in MIP were typically detected
within the first 4 to 6 weeks of training (Volianitis et al., 2001, Klusiewicz et al., 2008) and
in some studies, as early as 2 weeks (Johnson et al., 2007, Downey et al., 2007). One
particularly well-designed study (Gething et al., 2004b), with both sham and control
groups, further demonstrated that the improvements in MIP were not due to familiarisation
or placebo effects. Most studies did not follow up patients beyond the training period, but
one study of elite rowers (Klusiewicz et al., 2008) showed that at 14 weeks post training

cessation, MIP remained higher than baseline measurements.
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Table 2: Changes in inspiratory muscle strength in healthy participants and trained
athletes

Randomised Trial Sport / Intensity  Duration Frequency AMIP*
Healthy (%MIP) (wk) (sessions/wk
Participants

Volianitis et al. (2001) Rowing 50% 11 14 1 45%
Klusiewicz et al. (2008) Rowing 62-77% 11 14 1 34%
Riganas et al. (2008) Rowing 80% 6 7 1 28%
Gething et al. (2004b) Cycling 80% 10 3 1 34%
Johnson et al. (2007) Cycling 50% 6 14 1T 17%
Sonetti et al. (2001) Cycling 50% 5 5 1 8%
Kilding et al. (2010) Swimming 50% 6 14 1 9%
Williams et al. (2002) Running 50-65% 4 4-5 1 31%
Inbar et al. (2000) Mixed 80% 10 6 125%
McConnell and Sharpe Healthy 50% 6 14 126%
(2005)

Enright et al. (2006) Healthy 80% 8 3 1 41%
Downey et al. (2007) Healthy 50% 4 10 1 24%
Bailey et al. (2010) Healthy 50% 4 14 1 17%

* = significant at p<0.05, MIP = maximum inspiratory pressure

Increased MIP was frequently associated with improved exercise performance (Volianitis
et al., 2001, Gething et al., 2004b, Johnson et al., 2007, Enright et al., 2006, Bailey et al.,
2010, Leddy et al., 2007), although not directly correlated to it(Johnson et al., 2007, Bailey
et al., 2010) suggesting that MIP is not necessarily a good predictor of exercise capacity.
The magnitude of the improvements detected were not necessarily large (e.g. 1.5%
reduction in 200 m swim time (Kilding et al., 2010); 2.66% improvement in 25 km cycling
time trial (Johnson et al., 2007), 4% improvement in 4 mile run time (Leddy et al., 2007))
however as suggested by Voliantis and colleagues (2001) performance improvements
smaller than 2% may be important in determining victory in elite sporting events and thus
remain of practical significance. In the few studies where exercise performance was not
enhanced by inspiratory muscle training, these results can be explained by potentially
conflicting training strategies such as concurrent inspiratory and expiratory muscle training
(Wells et al., 2005); flawed sham devices that could potentially provide a training stimulus
(Sonetti et al., 2001, Goosey-Tolfrey et al., 2010); poor adherence to the training
regimen(Goosey-Tolfrey et al., 2010); or small sample sizes resulting in inadequate
statistical power (McConnell and Romer, 2004b, Williams et al., 2002, Riganas et al.,
2008).
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Fatigue resistance appears to be enhanced following inspiratory muscle training in athletic
and normal healthy people (Volianitis et al., 2001, Bailey et al., 2010). In one study of
trained runners (Leddy et al., 2007) a period of rest (7 days) following cessation of the
inspiratory muscle training program revealed more pronounced improvements in
endurance when compared to measurement 1 day following program cessation.
Inspiratory muscle training has also been shown to accelerate recovery from endurance

events in trained cyclists (Romer et al., 2002).

It is worth highlighting one randomised trial (Edwards et al., 2008) which compared
concurrent running training and inspiratory muscle training with running alone (control).
This study failed to show differences between inspiratory muscle training and control
groups in MIP (both increased significantly). It is possible that the running training alone
was sufficient training stimulus to increase MIP in the control group, meaning the short
inspiratory muscle training period (4 weeks) was inadequate to produce a significant
between-group change in MIP. However this study did demonstrate significantly enhanced
5000 m running performance in the inspiratory muscle training group (4.3% compared to
2.2% in the control) and significantly reduced RPE during week 4 of running training in the
inspiratory muscle training group alone. These authors have suggested that central
modulation of dyspnoea may be a critical effect of inspiratory muscle training in terms of

enhanced exercise performance.

Inspiratory muscle training in athletes results in lower levels of dyspnoea (Bailey et al.,
2010, Gething et al., 2004a, Kilding et al., 2010) and more specifically in a reduced
estimation of the magnitude of a respiratory load (Kellerman et al., 2000). These findings
further indicate that inspiratory muscle training’s effect on dyspnoea may be a critical

determinant of exercise performance success in athletes.

INSPIRATORY MUSCLE TRAINING IN OTHER POPULATIONS
The efficacy of inspiratory muscle training has been explored in other patient groups. For a

detailed summary of this literature, please refer to Appendix A.
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INSPIRATORY MUSCLE TRAINING IN VENTILATOR-DEPENDENT PATIENTS
Evidence for inspiratory muscle training in ventilator-dependent patients

Despite some promising early case studies of inspiratory muscle training in ventilated
patients (Sprague and Hopkins, 2003, Martin et al., 2002, Bissett and Leditschke, 2007), a
single-centre randomised trial in 2005 concluded that inspiratory muscle training was
ineffective this group (Caruso et al., 2005). However, this study used ventilator
manipulations rather than a threshold device and had several limitations. Firstly, the
inspiratory muscle training was performed at a relatively low intensity (i.e. 10 - 40% of
maximum) which may not have provided an adequate training stimulus; secondly the low
number of participants (n =25) may have rendered the study vulnerable to Type 2 errors;
thirdly, despite attempts to optimise sedation levels, they reported less than ideal
cooperation from some of their participants, whereas full alert cooperation is considered
essential in other training protocols(Martin et al., 2002, Sprague and Hopkins, 2003,
Bissett and Leditschke, 2007); and fourthly the equivalence of ventilator manipulations and
threshold-device training may be challenged, not least because temporary removal from all
ventilatory support may be an essential element of successful inspiratory muscle training.
Based on these limitations, the conclusion that inspiratory muscle training is ineffective for

ventilated patients was arguably premature.

In contrast two recent randomised trials, both providing inspiratory muscle training via a
removable threshold device, demonstrated significant improvements in ventilated patients.
In a study of 41 patients aged 70 or older, Cader and colleagues used 5-minute inspiratory
muscle training sessions twice daily, commencing at 30% of MIP and increasing intensity
by 10% daily(Cader et al., 2010). These researchers found a significant increase in
inspiratory muscle strength (mean difference in MIP of 7.6 cm H20 95% CI 5.8 to 9.4), and
a decrease in both the rapid shallow breathing index and weaning time, (mean difference
1.7 days, 95% CI 0.4 to 3.0). Subsequently, Martin et al(Martin et al., 2011) used high
intensity interval training (highest tolerable resistance, progressed daily; sets of 6 to 10
breaths with rests on the ventilator in between) and found that inspiratory muscle training
with a threshold device resulted in significant increases in inspiratory muscle strength
(from mean 44.4 to 54.1 cm H20) whereas no such increase was observable in the control
group. The treatment group had significantly more patients successfully weaned than the
control group following 28 days of intervention (treatment group 71%, 95% CI 55% to 84%;
sham group 47%, 95% CI = 31% to 63%). The number needed to treat for these effects
was reported as 4 (95% CI 2 to 80). Despite quite different training strategies, both these
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studies demonstrated that inspiratory muscle training results in increased inspiratory

muscle strength and favourable weaning outcomes in ventilator-dependent patients. The
optimal training parameters are yet to be established.

The mechanism of improvement with inspiratory muscle training in ventilated patients has
not been investigated. The high-intensity training protocols used in both randomised trials
described above may have provided an adequate training stimulus to halt or reverse the

atrophy and proteolysis that occurs in patients undergoing mechanical ventilation (as
described in Figure 2).
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Figure 2: Model of inspiratory muscle training and enhanced weaning
from mechanical ventilation
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Inspiratory muscle training could also attenuate the metaboreflex pathways described
previously, contributing to enhanced limb muscle perfusion, facilitating early mobilisation
and thus accelerating recovery. Investigation of these hypotheses is warranted.

Psychological implications of inspiratory muscle training in ventilator-dependent
patients

Why would inspiratory muscle training with a threshold device be effective in increasing
strength and enhancing weaning when ventilator manipulations are not? As discussed
above, the psychological aspects of ventilator-dependence can be significant. Threshold-
based inspiratory muscle training protocols require patients to gradually develop
confidence breathing unassisted (i.e. in short bursts off the ventilator whilst supervised and
encouraged by a physiotherapist). This coached inspiratory muscle training approach may
build patients’ confidence breathing without ventilatory support, alleviate weaning-related
anxiety, reduce the perception of effort and dyspnoea, and ultimately increase the
likelihood of weaning success (see Figure 2). This would be consistent with evidence from
the sports literature, where perception of effort is considered a critical determinant of
performance improvements in the absence of physiological changes in response to

inspiratory muscle training (Edwards et al., 2008).

Safety and feasibility of inspiratory muscle training in ventilator-dependent patients

The safety of threshold-based inspiratory muscle training in selected ventilator-dependent
patients has been recently established with stable physiological parameters (blood
pressure, heart rate, oxygen saturation and respiratory rate) in response to treatment and
no adverse outcomes reported in an analysis of 195 treatment sessions (Bissett et al.,
2012Db) (see Chapter 2). This is corroborated by the two recent randomised trials, neither
of which reported adverse outcomes in response to treatment (Cader et al., 2010, Martin
et al., 2011), but contrasts with the study of inspiratory muscle training using ventilator
manipulations(Caruso et al., 2005) which reported 23 cases (14%) of adverse
physiological outcomes (i.e. desaturation, tachypnoea, haemodynamic instability and
arrhythmia). Careful selection of stable, alert and cooperative patients who are able to
psychologically tolerate the temporary high inspiratory workload of inspiratory muscle
training should enhance feasibility and reduce potential tachypnoeic or tachycardic

responses that could be panic-related.
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There are limitations to the usage of inspiratory muscle training using a threshold device in
ventilated patients: patients must be alert and able to cooperate with training, they must be
medically stable and they must not be heavily reliant on high levels of ventilatory support
(e.g. PEEP < 10 cm H20, FiO2 < 60%)(Bissett et al., 2012b). Not all critically ill patients will
be suitable for inspiratory muscle training, particularly in the most acute phase of their
management. However any patient who is at risk of ventilator-induced respiratory
dysfunction, particularly those whose mechanical ventilation has exceeded 7 days, should
be screened for suitability for inspiratory muscle training. Minimising sedation is essential
to maximise training opportunities and will enable the patient to fully participate in
comprehensive early physical therapy, of which inspiratory muscle training could be an

important element.

Summary of respiratory dysfunction and inspiratory muscle training for ventilator-
dependent patients

In summary, mechanical ventilation results in respiratory dysfunction, with muscle atrophy,
secondary to disuse proteolysis, and inspiratory muscle shortening due to high PEEP
leading to impairment of inspiratory muscle force generation capacity. This weakness is
likely to be further compounded by critical illness polyneuropathy, nutritional impairment
and the administration of corticosteroids and neuromuscular blocking agents.
Psychological distress and anxiety is also likely to contribute to ventilator-dependence and
may hamper weaning efforts. Inspiratory muscle training improves inspiratory muscle
strength and exercise performance in healthy and athletic people, as well as those with
chronic disease. Early evidence suggests that inspiratory muscle training increases
inspiratory muscle strength and reduces weaning times in ventilated patients, with
enhanced weaning outcomes. Further research is required to elucidate the mechanisms of
these improvements in ventilated patients, but these are likely to be related to enhanced
protein synthesis, reduced dyspnoea and psychological readiness to tolerate high

respiratory workloads.

Clearly not all ventilator-dependent patients are suitable for inspiratory muscle training.
Nonetheless, given the costs of ventilator-dependence, for both the patient and the health
care system (Ambrosino and Gabbrielli, 2010) clinicians could screen their patients for
suitability for inspiratory muscle training and the evidence suggests many may benefit.

Indeed, these studies provide further impetus for clinicians to maximise alertness in
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intensive care patients to facilitate training. Further research is needed to determine the
ideal training parameters, and also to establish whether physiological improvements (as
reflected in improved inspiratory muscle strength) translate into meaningful improvements
in patient-centred outcomes such as quality of life, exercise tolerance and functional
performance (i.e. similar to the benefits observed with inspiratory muscle training in
chronic lung disease and athletes). Nonetheless, if inspiratory muscle training can hasten
ventilatory weaning by even one day, then these early studies suggest inspiratory muscle

training may be a wise investment in the modern intensive care unit.
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OUTLINE OF THE THESIS

This thesis comprises 5 studies that together describe the feasibility and efficacy of
inspiratory muscle training in intensive care patients who have experienced a minimum of
7 days of invasive mechanical ventilation (

Figure 3).

In Study 1, the safety and feasibility of inspiratory muscle training in ventilator-dependent
patients is described. In this study, physiological variables including oxygen saturation,
blood pressure, heart rate and respiratory rate are reported before, during and after
inspiratory muscle training sessions in intensive care patients. This study is essential in

establishing the feasibility of inspiratory muscle training in Study 5.

Study 2 focuses on the clinimetric properties of the Acute Care Index of Function (ACIF)
as a tool to quantify physical activity levels in intensive care patients, and is a requirement
for the design of Studies 3, 4 and 5.

Study 3 is an observational study that describes the inspiratory muscle strength,
endurance and dyspnoea scores of a cohort of patients who have successfully weaned
from invasive mechanical ventilation. This study compares the cohort to be studied in
Studies 4 and 5 with those described in previous literature. This is important as
physiotherapy and ventilation practices have evolved considerably over the past 10 years
(e.g. focus on early mobilisation, minimisation of sedation and move towards spontaneous

modes of ventilation).

Study 4 is a randomised trial of inspiratory muscle training in patients who have
successfully weaned from mechanical ventilation of at least 7 days’ duration, but whom
were not eligible for inspiratory muscle training whilst mechanically ventilated (e.g. due to
delirium). This study ascertains whether inspiratory muscle training offers superior benefits
over usual care in the 2 weeks following weaning from mechanical ventilation, and
includes measures of dyspnoea, quality of life and physical activity as well as inspiratory

muscle strength and endurance.
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Study 5 is a protocol for a randomised trial of inspiratory muscle training commenced while
patients are ventilator-dependent. This study is presented as a protocol only, as slow
recruitment has prohibited its inclusion in the current thesis. At time of submission, a total
of 48 of 70 patients have been recruited since February 2011, and the study will continue
until the target number of patients is reached (anticipated completion 2017).

Finally, the results of these studies (with the exception of Study 5) will be discussed with

reference to the existing literature, and recommendations for future studies will be made.

Study 1 Study 2

e Feasibility of IMT in » Reliability and utility of the
Ventilator-dependent ACIF in ICU patients
patients

e Inspiratory muscle
endurance following
successful weaning: an
observational study

Study 4 Study 5

¢ IMT to enhance recovery e Protocol for RCT of IMT in
from mechanical ventilator-dependent
ventilation: RCT patients

Figure 3: Flow of studies included in this thesis.
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CHAPTER 2: Study 1

Inspiratory Muscle Training in Ventilator-Dependent Patients:

A Feasibility Study

This chapter has been published as an original research publication in the peer-reviewed

journal Intensive and Critical Care Nursing and is reproduced with permission (Appendix

C): http://www.ncbi.nlm.nih.gov/pubmed/22340987

Bissett B, Leditschke IA, Green M (2012). Specific inspiratory muscle training is safe in
selected patients who are ventilator-dependent: a case series. Intensive & Critical Care
Nursing 28 (2):98-104.
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INTRODUCTION

Mechanical ventilation results in significant respiratory muscle weakness which is
correlated with duration of ventilation (Hermans et al., 2010) and remains detectable 7
days following successful weaning (Chang et al., 2005a). Evidence indicates that this
weakness is due in part to excessive atrophy and proteolysis in respiratory muscles
compared to other skeletal muscles (Levine et al., 2008). This muscle weakness may
hinder weaning from mechanical ventilation and thus contribute to the known high health
care costs of prolonged mechanical ventilation (Cox et al., 2007, Unroe et al., 2010).
Somewhat surprisingly, the possibility of strengthening these weakened respiratory

muscles is a relatively recent area of research in intensive care medicine.

In ventilated patients, ventilator manipulations have not been found to provide an effective
training stimulus for inspiratory muscles (Caruso et al., 2005). In contrast, two recent
randomised trials have demonstrated favourable results with inspiratory muscle training
using a removable threshold device. The first (Cader et al., 2010) studied inspiratory
muscle training in 41 ventilated patients aged 70 and older, and found that a training
regime of 5 minutes twice-daily, commencing at an intensity of 30% of maximum, resulted
in a significant increase in inspiratory muscle strength (mean difference in MIP of 7.6 cm
H20 95% CI 5.8 to 9.4) and a reduction in the weaning period (mean difference 1.7 days,
95% CI 0.4 to 3.0). The second study (Martin et al., 2011) investigated inspiratory muscle
training in 69 patients who had failed conventional weaning methods. These researchers
used a high-intensity interval training strategy (i.e. 4 sets of 6 to 10 breaths), employing the
highest tolerable resistance. In the inspiratory muscle training group, inspiratory muscle
strength increased from 44.4 to 54.1 cm H20 (mean values), whereas no significant
difference was detectable in the sham group. Furthermore there were significantly more
patients successfully weaned in the inspiratory muscle training group at 28 days following
initiation of training (treatment group 71%, 95% CI 55% to 84%; sham group 47%, 95% CI
= 31% to 63%). These results are consistent with several earlier case reports that
indicated that inspiratory muscle training is associated with increased inspiratory muscle
strength and favourable weaning outcomes (Bissett and Leditschke, 2007, Martin et al.,
2002, Sprague and Hopkins, 2003).

However, none of these studies specifically measured the physiological responses to
inspiratory muscle training (i.e. effects of inspiratory muscle training on blood pressure,

heart rate, respiratory rate or oxygen saturation). Given the potential benefits of inspiratory
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muscle training, detailed information about the safety and physiological effects of
inspiratory muscle training in this population would be relevant to clinicians when
determining whether inspiratory muscle training is suitable for a specific ventilator-
dependent patient. It would also be useful to establish whether supplemental oxygen is
required to prevent desaturation with inspiratory muscle training in ventilated patients, as
some studies have included supplemental oxygen (Martin et al., 2002, Sprague and
Hopkins, 2003) but others have not (Bissett and Leditschke, 2007, Martin et al., 2011).

Furthermore, there is very limited evidence regarding the incidence of adverse events in
response to inspiratory muscle training (i.e. new arrhythmia, blood pressure or heart rate
changes > 20% or requiring remedial intervention, oxygen desaturation >10% or requiring
remedial intervention, detachment of equipment or lines, pneumothorax immediately
following intervention) (Zeppos et al., 2007). While other physiotherapy interventions in
intensive care have been found to be safe with an incidence of <0.2% of adverse
physiological outcomes (Zeppos et al., 2007), it is not known how this relatively novel

treatment compares with standard physiotherapy in terms of safety.

Thus the present study aimed to answer the following research questions:

1. Is specific inspiratory muscle training with a threshold device, but without
supplemental oxygen, safe in selected ventilated patients in terms of both
physiological responses and adverse events?

2. Does inspiratory muscle strength increase from baseline to weaning from the
ventilator with a high intensity interval-based inspiratory muscle training protocol in

a heterogeneous group of ventilator-dependent patients?
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METHOD

Design

A study of prospectively collected data for a cohort of 10 tracheostomised adults in the
intensive care unit who had failed to wean from mechanical ventilation and subsequently
underwent inspiratory muscle training was conducted. Inspiratory muscle training was
instituted when patients met the suitability criteria described below and was continued
daily (if clinically appropriate) until successful weaning or death. The study was approved
by the Australian Capital Territory Health Human Research Ethics Committee and patients

provided their own informed consent (Appendix B).

Participants

Patients were selected for inspiratory muscle training if they had failed weaning from
mechanical ventilation via usual methods (i.e. progressively increasing time spent
breathing through a humidified t-piece) and met the inclusion criteria for our inspiratory
muscle training protocol (Bissett and Leditschke, 2007), which requires patients to be alert
and able to cooperate with training, able to rate their dyspnoea via a modified Borg scale
(Borg, 1982) by either mouthing words or pointing, requiring stable and not excessive
ventilatory support (i.e. PEEP < 10 cm H20, FiO2< 0.60), having a tracheostomy in situ

and being otherwise medically stable.

Intervention

A program of daily inspiratory muscle training with a threshold inspiratory muscle trainer
was initiated. This commercially available device allows the setting of specific training
intensities between 9 and 41 cm H20 and has been found to be reliable in guaranteeing

pressure levels independent of patient flow rates (Gosselink et al., 1996).

The training method used was very similar to that described previously (Bissett and
Leditschke, 2007, Martin et al., 2002, Martin et al., 2011, Sprague and Hopkins, 2003).
Patients were positioned in the high Fowler’s (high sitting) position and were briefly
removed from the ventilator, with the inspiratory muscle training device attached directly to
the tracheostomy via a simple connector (Figure 4). Unlike some previous studies (Cader
et al., 2010, Martin et al., 2002, Sprague and Hopkins, 2003), no supplemental oxygen

was applied.
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Each session the physiotherapist supervised the completion of 3 to 6 sets of 6 breaths at a
training threshold that generated a rate of perceived exertion (RPE) of between 6 and 8
out of 10 using a modified Borg scale (Borg, 1982). Inspiratory efforts that did not trigger
the threshold valve to open, detected by an audible sound, were not counted in the set and

the patient was instructed to repeat the effort until a successful breath was achieved.

Figure 4: Attachment of the training device to a tracheostomy tube via a
connector

Rests were allowed between sets as the patient desired, meaning the patient was returned
to the ventilator with typical rest times of 1 to 2 minutes between sets. Each time the
patient's RPE during resisted breaths was lower than 6, the training pressure was
increased by 2 to 4 cm H20. Training continued until patients were weaned from the

ventilator.
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Outcome measures

Primary outcome: The primary outcome was the physiological response to inspiratory
muscle training, as reflected by the following measures: heart rate, mean arterial pressure
(MAP), oxygen saturation and respiratory rate. Heart rate, respiratory rate and oxygen
saturation were monitored non-invasively using standard intensive care electrocardiograph
and pulse oximetry equipment, while MAP was monitored continuously via the arterial line
where in situ, or non-invasively where the arterial line had been removed. All measures
were monitored continuously and transcribed from the monitors by the treating therapist
immediately on completion of each set of inspiratory muscle training (where each set was

< 10 seconds’ duration).

Secondary outcomes: The number of adverse events (i.e. new arrhythmia, blood pressure
or heart rate changes > 20% or requiring remedial intervention, oxygen desaturation >10%
or requiring remedial intervention, detachment of equipment or lines, pneumothorax
immediately following intervention) (Zeppos et al., 2007) in response to inspiratory muscle
training was recorded. Inspiratory muscle training training pressures (cm H20) for a given
RPE (6 to 8 out of 10, modified Borg scale) were recorded each session as a surrogate of

inspiratory muscle strength.

Data analysis

Paired t-tests were used to compare initial (i.e. following set 1) and final (following set 3, 4
or 5, depending on each patient’s training level) values of each physiological variable
within the second treatment session. The second session was selected to avoid the
learning effects and suboptimal intensities likely during the first session, while still
reflecting the acute response to inspiratory muscle training. A paired t-test was also used
to compare training pressures on initiation of treatment and on completion. Statistical
significance was considered as p<0.05. The mean difference (MD) and 95% confidence

intervals are reported for each variable.

RESULTS
Flow of participants through the study

The characteristics of patients who underwent inspiratory muscle training are presented in

Table 3.
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Adherence to study protocol

A total of 195 inspiratory muscle training treatment sessions were delivered to the 10
patients studied. In addition to these sessions, there were more than 50 occasions where
inspiratory muscle training was scheduled but patients failed to meet the inspiratory
muscle training suitability criteria on that day (e.g. became cardiovascularly unstable,
required increased sedation for procedures or investigations). In these instances,
inspiratory muscle training was suspended until patients met the suitability criteria. Only 1

patient had no interruptions to their daily inspiratory muscle training.

Table 3: Characteristics of patients, training parameters and weaning outcomes in
Study 1

Sex Age Primary Day ICU Training Highest Weaning
(yr) Diagnosis commenced LOS sessions training outcome
IMT completed  pressure
Patient 1 Female 64 GBS 12 24 10 41 Weaned
Patient 2 Male 79 Emergency 17 29 11 38 Weaned
bowel
resection
Patient 3 Male 64 CIDP 30 194 28 31 Weaned
Patient 4 Female 55 Septicemia 13 28 10 34 Weaned
Patient 5 Female 74 Interstitial 14 28 6 15 Died
pneumonitis
Patient 6 Female 81 Sepsis, 13 37 3 41 Weaned
oesophageal
tear
Patient 7 Male 75 GBS 96 237 60 33 Weaned
Patient 8 Female 51 GBS 17 49 13 38 Weaned
Patient 9 Male 46 GBS 17 219 34 41 Weaned
Patient 10 Female 24 Polymyositis 13 212 20 11 Died
(GVHD)

IMT = inspiratory muscle training; ICU LOS = Intensive Care Unit Length of Stay; GBS = Guillain-Barre Syndrome; CIDP = Chronic
inflammatory demyelinating neuropathy; GVHD = Graft vs Host Disease (on background of leukaemia)
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Safety of inspiratory muscle training

No adverse events were recorded in response to inspiratory muscle training across the
195 treatments. Figure 5 demonstrates the physiologic effects of inspiratory muscle
training for patients undergoing their second inspiratory muscle training session, while still
physiologically vulnerable from critical illness, but having overcome the learning
requirements of training in session 1. No significant changes in heart rate (MD 1.3 bpm,
95% ClI -2.7 t0 5.3), MAP (MD -0.9 mmHg, 95% CI -6.4 to 4.6), respiratory rate (MD 1.2
bpm, 95% CI -1.1 to 3.5 bpm) or oxygen saturation (MD 1.2%, 95% CI -0.6 to 3.0) were
detected in response to treatment (Figure 5). Although one patient experienced a drop in
oxygen saturation below 90% (from 92%), this was transient, had normalised less than 60
seconds after return to ventilation and did not require any other intervention, thus was not

considered to be an adverse event.
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Figure 5: Physiological parameters following initial and final sets within 1
IMT training session (where box indicates median and interquartile range
and whiskers indicate maximum and minimum values).
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Research question 2

While individual training patterns varied there was a significant overall increase in training
pressures (MD 18.6 cm H20, 95% CI 11.8 to 25.6) (Figure 6). The two patients who did
not increase their final pressures above 20 cm H20 died due to factors unrelated to
inspiratory muscle training or ventilatory failure (i.e., pancreatitis, complicated severe
sepsis). The remaining eight patients successfully weaned from ventilation and were able
to be discharged to the ward. None required subsequent readmission to the intensive care
unit.
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Figure 6: Changes in mean training pressures over entire training period
for each participant
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DISCUSSION

This study demonstrates that a strength-based inspiratory muscle training protocol using a
threshold device, without supplemental oxygen, is safe for use in selected ventilated
patients with no deleterious effects on physiological parameters or clinically significant
adverse events recorded. The high mortality rate (20%) found in this study is not alarming
given the known mortality of intensive care patients who are ventilated longer than 7 days
(13% in our unit, internal audit data Canberra Hospital 2009). The wide variation in

intensive care unit length of stay is not surprising given the heterogeneous patient group.

Our findings contrast with those of Caruso et al (2005) who did not use a threshold device
but instead used ventilator manipulations to perform inspiratory muscle training. The
Caruso study failed to detect an increase in maximal inspiratory pressure in the inspiratory
muscle training group and of 167 treatments, also reported 23 cases (14%) of adverse
physiological outcomes (i.e. desaturation, tachypnoea, haemodynamic instability and
arrhythmia). However, Caruso et al used a training intensity of 10 — 40% which may have
been inadequate for training effects, and included patients from day 2 of ventilation who
may not have been sufficiently alert to actively participate in training. Furthermore, their
training method did not require removal from ventilatory support, and thus their findings
may not be relevant to the threshold inspiratory muscle training method employed in our

study.

Inspiratory muscle training with a threshold device necessitates disconnection from
ventilatory support for brief supervised periods and requires patients to fully and actively
participate in training. There may be important psychological advantages of short, intense
and safely monitored training sessions where patients can build confidence breathing
independently. Previously threshold-based inspiratory muscle training has been found to
have significant psychological benefits in other populations including patients with cystic
fibrosis (Enright et al., 2004) and healthy people (Chatham et al., 1999).

The improvements in inspiratory muscle training pressures demonstrated in this case
series are consistent with the inspiratory strength improvements reported in a recent
randomised trial of inspiratory muscle training in older ventilated patients (Cader et al.,
2010). However our patient sample was more heterogeneous, including younger patients
and those with known neuromuscular disease. Furthermore, our training regime is a

strength-based (high resistance, low repetition) protocol as opposed to the endurance
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protocol (lower resistance, longer duration) used in the study by Cader et al (2010).
Whereas some ventilated patients may not tolerate the duration of training required in the
Cader protocol (i.e. 5 minutes breathing through resistance), they may be able to tolerate
the shorter, more intense training of an interval program (6 high-resistance breaths per set

with rests between sets).

While the improvements in training pressures observed in this case series cannot be
attributed to inspiratory muscle training alone (due to the absence of a control group) the
magnitude of change is consistent with the increased inspiratory muscle strength reported
by Martin et al(Martin et al., 2011), confirming that the training strategy used in the present
study is comparable in terms of intensity. We can therefore be confident that our findings
regarding physiological response and safety are not due to a more conservative training
protocol, but rather could be applied more generally to high intensity interval-based
inspiratory muscle training in ventilator-dependent patients. Thus, it seems reasonable to
conclude that supplemental oxygen is not essential for inspiratory muscle training with high
intensity interval-based inspiratory muscle training in ventilator-dependent patients as it

does not result in significant tachypnoea nor oxygen desaturation.

The decision to apply strength training to what is essentially an endurance muscle (the
diaphragm) may seem curious. However it has been consistently demonstrated in athletic
populations that strength training of the diaphragm (i.e. high resistance, low duration
inspiratory muscle training) also enhances endurance (Gething et al., 2004b, Johnson et
al., 2007, Enright et al., 2006, Bailey et al., 2010). Possible mechanisms include increased
proliferation of both Type 1 and Type 2 muscle fibres (Ramirez-Sarmiento et al., 2002) and
reduced lactate production (Brown et al., 2008), which may in turn enhance the muscle’s
endurance properties. The argument that spontaneous breathing trials alone provide
sufficient endurance training (i.e. low resistance over a longer period of time) is not
supported by the residual impaired fatigue resistance found in patients following
successful weaning (Chang et al 2005), in addition to the substantial proportion of patients
who fail to wean with this strategy and thus experience prolonged weaning and all the
associated costs and challenges (Unroe et al 2010).

A limitation of this study is that it did not capture the patient’s subjective experience of
undergoing inspiratory muscle training. The psychological aspects of ventilator-
dependence should not be under-estimated, with a recent study reporting that up to 88%
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of patients find the experience of intubation and ventilation moderately to severely stressful
(Samuelson, 2011). Whether inspiratory muscle training could reduce this stress remains
to be determined. Anecdotally, our patients not only tolerated inspiratory muscle training,
but appeared to find the specific feedback of the level of training pressure to be somewhat
motivating. Future studies should consider capturing the patient’s perspective in analysing

the utility of inspiratory muscle training in this group.

Further randomised trials are indicated to determine which type of inspiratory muscle
training protocol is optimal and whether inspiratory muscle training attenuates ventilator-
associated respiratory muscle weakness or reduces the duration of ventilation for intensive
care patients across the spectra of age and acuity. In the interim, threshold-based
inspiratory muscle training can be considered a safe and feasible treatment option in
selected ventilated patients and may be a useful adjunct to ventilatory weaning. In the
context of a multidisciplinary approach to critical care rehabilitation, inspiratory muscle
training may be an important element of a comprehensive treatment strategy. Future
studies should also consider whether the known strength gains of inspiratory muscle
training translate into meaningful patient-centred outcomes such as functional ability and

quality of life.
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CHAPTER 3: Study 2

The Acute Care Index of Function in Intensive Care Patients:

A reliability and utility study

This chapter has been published as an original research publication in the peer-reviewed
journal Heart and Lung and is reproduced with permission (Appendix C):

http://www.ncbi.nlm.nih.gov/pubmed/26542832

Bissett B, Green M, Marzano V, Byrne S, Leditschke IA, Neeman T, Boots R, Paratz J (2016).
Reliability and utility of the acute care index of function in intensive care patients: an
observational study. Heart and Lung (in press).
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INTRODUCTION

Over the past decade, clinicians working in intensive care units have started to recognise
the adverse effects of immobility. Lack of early mobilisation in intensive care patients is
associated with longer duration of hospital stay (Morris et al., 2008), and increased risk of
readmission and mortality (Morris et al., 2011). In contrast, early mobilisation of intensive
care patients results in shorter duration of ventilation, better functional outcomes and
reduced delirium (Schweickert et al., 2009). Not surprisingly, there has been a worldwide
paradigm shift towards early mobilisation and rehabilitation of intensive care patients
(Harrold et al., 2015, Schweickert et al., 2009), including those who in the past may have

been managed with deep sedation and immobility.

The shift towards early rehabilitation in intensive care has been enabled through a
willingness of multidisciplinary teams to overcome the barriers to early mobilisation
(Leditschke et al., 2012, Harrold et al., 2015, Honiden and Connors, 2015), including
minimisation of sedation which is thought to contribute to delirium and poor outcomes (Hall
et al., 2009). Through effective collaboration of nursing, medical and physiotherapy staff,
intensive care patients are now achieving higher levels of physical function in the acute
phase of their illness, including mobilisation whilst still ventilator-dependent (Harrold et al.,
2015). However, while we explore the limits of physical function in ICU patients, the lack of
accurate and reliable tools to quantify physical function in this group presents a new

challenge.

There has been recent interest in establishing the clinimetric properties of tools which can
robustly describe physical function in a heterogeneous ICU population (Parry et al.,
2015a). In the last 3 years, tools have been designed to specifically measure physical
function in intensive care patients such as the Physical Function in ICU Tool (P-FIT)
(Denehy et al., 2013), the Chelsea Critical Care Physical Assessment tool (CPax)(Corner
et al., 2014) and the ICU Mobility Scale (IMS)(Hodgson et al., 2014). All these tools have
demonstrated inter-rater reliability. However to our knowledge, none of these tools have
been used to measure physical function for intensive care survivors beyond their intensive
care admission. While early physical rehabilitation in intensive care is of great importance,
much of the rehabilitation continues beyond intensive care discharge. A tool that could be
used to describe physical function across the continuum of intensive care and

rehabilitation would be advantageous in terms of allocating rehabilitation resources, as
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well as determining which interventions improve physical function in the short and long

term for intensive care survivors.

The Acute Care Index of Function (ACIF) tool was developed in 1988 to measure the
physical function of patients with acute neurological problems (Roach and Van Dillen,
1988) (Figure 7). It has excellent inter-rater reliability (intraclass correlation coefficient
0.98) and validity in patients with neurological disease (Van Dillen and Roach, 1988). More
recently it has been suggested that the ACIF is currently utilised by clinicians to measure
physical function in other patient populations, including those with cardiopulmonary
disease, however this evidence is purely anecdotal (Scherer and Hammerich, 2008).
Although the tool was developed 27 years ago, and length of stay may have changed over
this time for acute care patients, its construct validity remains relevant, covering four main
domains of function including mental status, bed mobility, transfers and mobility. The utility
of the ACIF in broader patient populations is appealing due to its ready availability, low

cost and minimal training required.

For the past five years, we have been utilising the ACIF to map the physical function
trajectories of intensive care patients from intensive care unit admission through to hospital
discharge (Bissett et al., 2012d, Latham et al., 2013). Due to the lack of established
clinimetric properties of the ACIF in an intensive care population, the objectives of this
study were to establish the inter-rater reliability of the ACIF in a heterogeneous sample of
intensive care patients, and in the absence of a gold-standard by which to test validity, to
describe the relationship between the ACIF and the IMS. As a crude approximation of
construct validity, we also sought to ascertain whether ACIF scores at intensive care

discharge could predict the recovery trajectory beyond the intensive care stay.

Thus the aims of Study 2 were to answer the following questions:

1) Does the ACIF have acceptable inter-rater reliability in a heterogeneous sample of
intensive care patients?

2) What is the relationship between the ACIF and the IMS?

3) Can the ACIF measured at intensive care discharge predict hospital discharge

destination?
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METHOD

Ethics, consent and permissions

This study was approved by the Australian Capital Territory Health Human Research
Ethics Committee (ETH.14.213), including a waiver of patient consent as the study did not
require change to usual practice for the patient. All 8 staff provided verbal consent to

participate in this study.

Design and setting

In this prospective observational study, data was collected from September to December
2014 inclusive in a 31-bed tertiary ICU (Canberra, Australia) with a mixed surgical /
medical population, including trauma patients. This ICU has a standard practice of minimal

sedation and early mobilisation, as described elsewhere (Leditschke et al., 2012).

Participants

A convenience sample of 8 physiotherapists participated in the study including the senior
intensive care physiotherapist, two senior physiotherapists each with more than 10 years’
experience, as well as the rotating junior staff working in the intensive care unit throughout

the duration of the study. No staff were excluded from the study.

The patients were selected as a convenience sample of all intensive care patients from
Day 3 of admission onwards, such that whenever 2 physiotherapists were simultaneously
involved in the assessment of a patient in intensive care during the study period, the
patient was enrolled in the study. Day 3 of intensive care stay was selected to exclude
patients who were admitted to the intensive care unit with minor iliness or for observation
only (e.g. following elective surgery without complication) as these patients rarely require
substantial assistance to regain independent function. Apart from those whose intensive

care unit stay was shorter than 2 days, no patients were excluded from the study.

Measures

The outcome measures used included the ACIF tool as previously published (Roach and
Van Dillen, 1988) (Figure 7) where a score of 1.00 indicates no loss of function, and a
score of 0.00 indicates worst possible function. Sub-components of the ACIF include
‘Mental Status’, ‘Bed Mobility’, “Transfers’ and ‘Mobility’. No adaptations were made from

the original tool.
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Acute Care Index of Function

The ACIF consists of 20 items that are divided into 4 subsets:

Subscale/ltem Grading Score
No Yes
Mental status (MS) MS Score = (/6)
1. Verbal commands 0 2
2. Commands 0 1
3. Leaming 0 2
4.  Safety awareness 0 1

Unable Dependent Independent
Bed Mobility (BM) BM Score = (/40)

6. Roll supine to right 0 4 10
7. Roll supine to left 0 4 10
8. Supine to sit 0 4 10
9.  Sit fo supine 0 4 10

Transfers (T) T Score = (/60)

10. Chair to bed 0 5 10
11. Bed to chair 0 5 10
12.  Sit to stand 0 5 10
13.  Stand to sit 0 5 10
14.  Sitting balance 0 5 10
15.  Standing balance 0 5 10

Mobility (M) M Score = (/70)

16.  Gait with device (15m) 0 14 20
17.  Gait without device (15m) 0 21 30
18. Ascend 5 stairs 0 7 10
19. Descend 5 stairs 0 7 10
20. Propel wheel chaire 0 14 20
21.  Set-up wheel chair® 0 7 10
Total Score: (1) xMS + (1) xBM+ (2)x T+(2)xM=.../6 =
Unable: Patient cannot physically perform the activity
Dependent:  Independent: Patient assists to perform the activity but requires physical or verbal

assistance.
Patient performs the activity without verbal or physical assistance.

sWheelchair item disregarded unless relevant to patient. For relevant patients M Score = (/100)

Figure 7: Acute Care Index of Function tool for quantifying physical
function (Reproduced with permission).

All health professionals involved in the study attended a 30 minute briefing about the use

of the tool and the processes involved in the study. Whenever 2 assessors were present

throughout a patient assessment in intensive care, each assessor independently

completed an ACIF form (one electronic, one paper-based). The paper-based forms were

stored in a locked filing cabinet and were not accessible to any other staff until study

completion.
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The assessor completing the electronic ACIF form also completed an IMS score, an 11-
point ordinal scale of function (Hodgson et al., 2014), where a score of 0 indicates function
is ‘nothing’ and 10 indicates ‘walking independently without a gait aid’. ACIF and IMS
scores were routinely collected electronically for all intensive care patients at least once

per week beyond Day 3 of admission, and on intensive care unit discharge.

Data including duration of ventilation, duration of intensive care stay, duration of hospital
stay and hospital discharge destination for each patient were obtained from hospital
databases by research nurses not directly involved in the project. We grouped discharge
destination as ‘home’ or ‘not home’, as in our experience patients who discharge directly
home from our facility require substantially less rehabilitation than those who either require
further rehabilitation in another facility prior to discharge home, or those whose final

discharge destination is a residential care facility.

Data analysis

Extrapolating from previous studies of inter-rater reliability in functional measures
(Hodgson et al., 2014, Van Dillen and Roach, 1988) a sample size of 100 ACIF
assessments was chosen, allowing a power of 80% (p = 0.05) to detect a difference of
0.10 on the ACIF scale. To determine inter-rater reliability, we calculated Intra-class
Correlation Coefficients (ICC (1,1)) for total ACIF scores as well as subcomponent ACIF
scores, using variance components analysis to account for variance both between
assessors and within individual patients. We used parametric correlation to describe the
relationship between ACIF scores and IMS scores, with significance at the p< 0.05 level.
To explore the sensitivity and specificity of ACIF scores at intensive care discharge to
predict hospital discharge destination, we created a dichotomous variable (discharge
home versus not home) and generated a receiver operating characteristic (ROC) curve.
Based on our previous research (Latham et al., 2013), we chose an ACIF level of 0.40
level a priori to test sensitivity and specificity. Statistical analyses were performed using
SPSS version 22.
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RESULTS

Participants

Eight assessors, all physiotherapists, participated in the study (male = 1), with a mean
clinical experience of 8.4 years (range 1.5 — 19 years). Assessors reported that, following
their usual assessment procedures, completion of the ACIF tool took approximately 1 to 2

minutes.

A total of 100 patient assessments were included in the study, from 42 unique patients (11

female).

Table 4

Table 3 describes the demographic data of these 42 patients, including their hospital

length of stay and hospital discharge destination.

Table 4: Characteristics of patients included in Study 2

Patient Characteristics N= 42

Age (yr), mean (SD, range) 59 (19, 16-88)
Sex, n female (%) 11 (26)
APACHE Il on ICU admission (0-30), mean (SD) 19 (7)
Duration of ICU Stay (days) (mean + SD) (range) 19 + 29 days (2 — 119)
Hospital Length of Stay (mean + SD) (range) 51 + 37 days (6 — 141)
Duration of mechanical ventilation (mean + SD) (range) 12 + 25 days (0 — 118)
Discharged home from hospital (%) 15 (35%)
Discharged to rehabilitation / other hospital (%) 18 (43%)

Did not survive hospital admission (%) 9 (21%)

SD = Standard Deviation; APACHE Il = Acute Physiology and Chronic Health Evaluation Score
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Inter-rater reliability

The total ACIF scores measured throughout the study period ranged from 0.00 to 0.90 out
of 1.00, with a mean score of 0.30 (standard deviation 0.23). On 10 occasions, total ACIF
was rated as 0 (floor effect of 0/1.00= 10%) while no patients scored 1.00 (ceiling effect of
1.00/1.00 = 0%). The correlation between total ACIF scores between independent

assessors across the 100 patient assessments is represented in Figure 8.
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Figure 8: Correlation between total ACIF scores for 2 independent
assessors in intensive care patients
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Intra-class Correlation Coefficients (1,1) for ACIF scores (including sub-components) are
presented in Table 5, with an ICC of 0.94 for total ACIF scores, indicating extremely strong
agreement between assessors.

Table 5: Inter-rater reliability of the Acute Care Index of Function in intensive care
patients

ACIF COMPONENT ICC VALUE
Mental Status 0.83
Bed Mobility 0.81
Transfers 0.93
Mobility 0.94
Total ACIF score 0.94
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Relationship between ACIF and IMS
IMS scores ranged from O to 10 across the 100 assessments. Total ACIF scores were
strongly correlated with IMS scores (r = 0.84, p = 0.01). However there was notable spread

of ACIF scores within each IMS category as represented in Figure 9.

1.00-

B0

B0

ACIF Score

407

oo

o
o
o
5]
o
w
o
E
o
m
=]
=]
[=]
-
=]
=]
[=]
w0
=]
o
=]

IMS Score

Figure 9: Correlation between total ACIF scores and IMS scores
in intensive care patients
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Utility of ACIF in predicting discharge destination

Of the 42 individual patients included in this study, 15 were discharged directly home from
hospital, 9 died in hospital, and the remainder were discharged to other hospitals for
further rehabilitation prior to discharge home. ACIF scores at intensive care discharge had
good discrimination for predicting discharge home (area under ROC = 0.79, 95% CI1 0.64 —
0.89) (Figure 10). An ACIF score of < 0.40 on intensive care discharge predicted hospital
discharge to a destination other than home (i.e. another hospital, residential care home or
death) with a sensitivity of 0.78 (specificity of 0.47).
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Figure 10: Receiver operating characteristic curve for ACIF score on
intensive care discharge predicting discharge directly home from hospital
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DISCUSSION

The major finding of this study, that the ACIF has very strong inter-rater reliability (ICC
0.94), is consistent with previous clinimetric investigation of the ACIF (Van Dillen and
Roach, 1988). Although the inter-rater reliability of the ACIF in this study is not as high as
that found by Van Dillen and Roach (1988) in patients with neurological impairment (ICC
0.98 — 1.00), the previous study was in a less naturalistic setting (using video footage)
where one would anticipate higher concordance. In contrast, our study required in vivo
application of the tool in an authentic clinical environment, and our results confirm that the
excellent inter-rater reliability of the ACIF is not limited to neurological patients but also

extends to intensive care patients.

Both the ACIF (ICC 0.94) and IMS (ICC 0.8) (Hodgson et al., 2014) have acceptable inter-
rater reliability to be useful in an intensive care context. Whilst this study demonstrated
that the ACIF and IMS correlate strongly across the spectrum of physical function in
intensive care patients, there was significant spread of ACIF scores within each IMS
category. This spread could be attributed to the fact that ACIF captures more subtle
dimensions of function within each category, due to the broader ranges of activities
covered and the distinction between levels of assistance required for various tasks. These
differentiated degrees of function may be useful in measuring change over time,
particularly for patients who make slow progress. Furthermore, the ACIF includes mental
status as an element of overall function, which IMS does not. Mental functioning may be
important in ascertaining patients’ levels of independence with physical function as they
recover from their intensive care admission (e.g. safety awareness or capacity for learning

new tasks).

A limitation of this study is that it did not make direct comparisons with the P-FIT. The
recently modified P-FIT incorporates gait cadence, knee extension and shoulder flexion
measures, as well as assessment of the level of assistance required for sit-to-stand.
However, these can only be assessed if patients meet the criteria for wakefulness,
otherwise they are assigned a score of zero (Denehy et al., 2013). Previous studies have
guantitatively described the significant floor effect (32%) of the P-FIT which may limit its
usefulness in the intensive care unit, particularly early in the intensive care admission
(Nordon-Craft et al., 2014). In contrast, we found that the ACIF had only a small floor effect
(10%) and no ceiling effect in intensive care patients from Day 3 of admission onwards.
Moreover, the ACIF does not require specific measures (e.g. muscle testing) to be
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conducted in addition to a standard physiotherapy functional assessment, and is typically
completed in one to two minutes. Accordingly, we do not use the P-FIT in our intensive
care unit and have instead found the ACIF to be a time-efficient routine functional measure

which differentiates functional performance across the spectrum.

Like both the P-FIT and the CPax, we found that the ACIF has predictive utility for hospital
discharge destination from intensive care discharge. Patients at intensive care discharge
whose ACIF scores are below 0.40 could be identified as high risk for not returning directly
home, and this may be important for allocation of rehabilitation resources. In the absence
of a gold standard with which to compare, this predictive utility also provides some crude

evidence of construct validity of the ACIF in intensive care patients.

Future studies may compare the relative merits of the ACIF and the CPax for measuring
physical function in intensive care patients. Like the ACIF, the CPax is completed by
physiotherapists within 1 to 2 minutes following a standard assessment, and has robust
inter-rater reliability and construct validity (Corner et al., 2014). In contrast to the P-FIT, the
CPax does not have substantial floor (3.2%) or ceiling (0.8%) effects. However, the CPax
differs from the ACIF in that it also captures respiratory function and cough, but does not
include mental status. The relative value of these subcomponents should be explored, as
they may have an impact on the usefulness of each measure. Furthermore, to our
knowledge the CPax has not been used to describe recovery trajectories beyond intensive
care stay. While the authors of the CPax suggest that there will never be a single tool to
capture physical function across hospital admission (Corner et al., 2014), our preliminary
work suggests that the ACIF tool may achieve this (Latham et al., 2013) and deserves

further investigation.

Recently the Functional Independence Measure (FIM) has also been used to describe the
trajectory of recovery for intensive care survivors (Herridge et al., 2015). The FIM is well-
established as a reliable and valid measure of physical function in the rehabilitation setting
(Hamilton et al., 1994). However in Australia, the FIM requires both purchase of a licence
and specific training, including credentialing of staff every two years. As the ACIF is freely
available and does not require specific training, the ACIF has been a more feasible

alternative to adopt in our institution.
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We agree that clinicians and researchers around the world should establish a core set of
physical function outcome measures for intensive care patients (Parry et al., 2015b). Both
clinicians and researchers need measurement tools that are readily available, efficient and
easy to use, inexpensive and clinimetrically sound. Ideally, a single tool could be used to
measure a patient’s physical function from intensive care unit admission right through to
hospital discharge. This study provides some evidence that the ACIF should be
considered in this discussion, in view of its excellent reliability and apparent construct
validity in intensive care patients, as well as its efficiency and affordability. Future studies
should compare the relative merits of the available tools for measuring physical function in
intensive care survivors, not just in intensive care but across the whole pathway of

recovery.

The results of this study have clinical relevance for health professionals working in acute
care settings. Firstly, in our experience, early mobilisation is only feasible in intensive care
when nurses and physiotherapists collaborate effectively at the bedside and prioritise this
time-consuming intervention. We now have a tool which can accurately and reliably
measure the fruit of that collaboration. Secondly, ACIF scores will allow intensive care
clinicians to objectively describe improvements in the physical function trajectory of a long-
term intensive care patient, which can feel frustratingly slow at times. This information can
also be shared with the patient to improve their sense of progress and self-efficacy. Thirdly
and perhaps most importantly, ACIF scores at intensive care discharge can be used to
inform discussion between intensive care staff and subsequent carers. In our facility, it is
the experienced acute care nurses who are most likely to coordinate discharge plans and
referrals for further rehabilitation for intensive care survivors. Thus ACIF scores are
relevant to all acute care clinicians as they strive to maximise the physical function of

patients even beyond intensive care discharge.

CONCLUSION:

The ACIF has excellent inter-rater reliability in intensive care patients. Whilst strongly
correlated with the IMS, the ACIF also strongly predicts the likelihood of discharge home
compared to another facility. The ACIF should be considered in the establishment of a

core set of functional outcome measures for intensive care survivors.
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CHAPTER 4: Study 3

Inspiratory Muscle Endurance is Impaired Following Successful

Ventilatory Weaning: An Observational Study

This chapter has been published as an original research publication in the peer-reviewed
journal Heart and Lung and is reproduced with permission (Appendix C):

http://www.ncbi.nlm.nih.gov/pubmed/25455911

Bissett B, Leditschke IA, Neeman T, Boots R, Paratz J (2015). Weaned but weary: one third
of adult intensive care patients mechanically ventilated for 7 days or more have impaired
inspiratory muscle endurance after successful weaning. Heart and Lung 44 (1):15-20.

-67-


http://www.ncbi.nlm.nih.gov/pubmed/25455911

INTRODUCTION

Intensive care unit patients frequently experience peripheral muscle wasting and these
changes are detectable very early in the admission. Early rapid proteolysis occurs in the
diaphragm muscles of ventilated patients (Levine et al., 2008). Inspiratory muscle
weakness, manifesting as a reduction in maximum inspiratory pressure (MIP), is also
associated with limb muscle weakness in intensive care patients (De Jonghe et al., 2007).
Thus proteolysis of both the skeletal muscles and diaphragm are likely to complicate

illness and affect the recovery trajectory for many intensive care patients.

The resulting diaphragmatic weakness is a potential contributor to difficulty in weaning
from mechanical ventilation (Bissett et al., 2012a). However, few studies to date have
measured functional endurance of the diaphragm in this patient group. This is surprising,
as diaphragmatic endurance, rather than force, is required to achieve breathing

independently of the mechanical ventilator.

In 2005 Chang and colleagues (Chang et al., 2005a) demonstrated that respiratory muscle
endurance is impaired for some time after successful weaning from mechanical ventilation.
In addition, impaired endurance is negatively associated with duration of mechanical
ventilation (r = -0.65, p = 0.007).

To our knowledge, the relationship between respiratory muscle weakness (impaired
strength or endurance) and global functional measures in intensive care patients (e.g.
Barthel Index, Acute Care Index of Function) has not been explored. Functional status (i.e.
the ability to transfer and mobilise independently) is important for longer term outcomes
and quality of life. It is plausible that difficulty breathing, secondary to residual respiratory
muscle weakness, may impact on the functional status of intensive care survivors. It is
therefore important to establish the relationship between respiratory muscle weakness and

physical function in intensive care patients.

Perceived exertion may also impact on functional status, but remains uninvestigated. In
the context of mobilising intensive care patients, patient dyspnoea or perceived exertion
during exercise is likely related to inspiratory muscle weakness. In athletes, perception of
dyspnoea may be the limiting factor during high-intensity endurance exercise (Edwards
and Walker, 2009). Whether this contributes to functional limitation in mobilising intensive

care patients warrants investigation.
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Thus the aim of this study was to answer the following questions:
1. In adult intensive care patients who have been recently weaned from 7 days or
more of mechanical ventilation, is inspiratory muscle endurance impaired?
2. Is there a relationship between inspiratory muscle weakness, functional status and

perceived exertion following successful ventilator weaning in this group?

METHOD

Design

This prospective observational study is a sub-study of a larger trial (Bissett et al., 2012d) of
outcomes in intensive care patients ventilated for 7 days or longer. The present study
analyses the baseline data collected for 43 participants eligible for inclusion in the post-
weaning study between February 2011 and December 2013. The study was approved by
the Australian Capital Territory Health Human Research Ethics Committee and patients

provided their own written informed consent.

Setting

This prospective study occurred in a single tertiary 22 bed mixed medical / surgical
intensive care unit in Canberra, Australia. This unit practices minimal sedation and early
rehabilitation as the standard of care, whereby both nursing and physiotherapy staff
facilitate sitting out of bed and mobilisation of patients as early as possible (in the absence

of established contraindications)(Leditschke et al., 2012).

Participants

All patients ventilated for 7 days or longer were screened for inclusion in this study once
successfully extubated for 48 hours. Patients were included if they were able to provide
informed consent, were alert (Riker Sedation and Agitation Scale = 4)(Riker et al., 1999)
and able to participate actively in inspiratory muscle training, and rate their dyspnoea via a
modified Borg scale (Borg, 1982). Patients were excluded if they were <16 years of age,
pregnant, had heart rates, respiratory rates, blood pressure or oxygen saturation outside
stated limits, had active infection (Bissett et al 2012b) or were likely to be palliated
imminently. Patients were also excluded from the study if they had participated in specific
inspiratory muscle strengthening while ventilated. Figure 11 illustrates the flow of patients
through the study. The most frequent reason for exclusion was impaired neurological

status with an inability to follow commands (n=62).
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Assessed for eligibility
(n=178)

Excluded (n =135)
Not meeting inclusion
criteria
(n=120)
Refused to participate
(n=7)
Palliation
(n=8)

Enrolled & Analyzed
(n=43)

Figure 11: Flow of participants through Study 3

Variables and measures

The primary measure was inspiratory muscle endurance, measured as the Fatigue
Resistance Index (FRI). Using the same protocol described previously by Chang and
colleagues (Chang et al., 2005a), this test compares Maximum Inspiratory Pressures
(MIP) before and after a 2 minute loading challenge, where patients breathe through a
resistance of 30% of MIP. MIP is measured from residual volume using a handheld device
(MicroRPM Respiratory Pressure Meter), in accordance with the protocol recommended
by the American Thoracic Society and European Respiratory Society(Green et al., 2002).
This requires patients to inhale maximally from residual volume, sustaining the effort for at
least one second. Efforts are repeated three times to ensure less than 20% variability
between measurements. This method of measuring MIP is both reliable and valid using
portable handheld devices (Hamnegard et al., 1994). FRI is calculated as the post-
challenge MIP divided by the pre-challenge MIP (scores <1.00 indicate the presence of

fatigue).
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The secondary measures include patients’ rate of perceived exertion (RPE) using a
modified Borg scale (0 — 10) (Borg, 1982) which has acceptable reliability and validity in
intensive care unit patients (Powers and Bennett, 1999). Patients self-reported their RPE
both at rest and during peak exercise. As peak exercise varied between patients (e.g. from
sitting on the edge of the bed, to mobilising around the intensive care unit) depending on
ability, patients were asked to report the highest exertion they experienced during any form
of exercise on the day of measurement. All MIP, FRI and RPE measures were completed

by specifically trained research staff.

Global function was measured by the treating physiotherapist using the Acute Care Index
of Function (ACIF) tool(Scherer and Hammerich, 2008) which has good inter-rater
reliability (Van Dillen and Roach, 1988) and construct validity (Roach and Van Dillen,

1988) in acute neurological patients.

Data analysis

Based on a previous study (Chang et al., 2005a), it was estimated that a sample size of 16
patients would be required to detect a change in 10% of MIP when measuring FRI
(correlation co-efficient of >0.6). Normalized values for MIP scores were calculated using
the method outlined by Evans and colleagues (Evans and Whitelaw, 2009). Parametric
correlations were performed between variables, with statistical significance considered as
p<0.05. Due to the skewed nature of the RPE data, non-parametric correlations were also
calculated (Spearman’s Rho) but results were consistent with parametric calculations and

thus are not reported. All statistical analyses were performed using SPSS version 22.

RESULTS

Participants

The characteristics of the 43 patients (30 male, 13 female) included in the study are
summarised in Table 6. The most common diagnosis in this cohort was pneumonia (n = 9)
followed by sepsis (n=7) and multitrauma (n = 6). The mean duration of ventilation was
10.8 days (range 7 - 26 days) (seeTable 7), with most patients ventilated in spontaneous
(pressure support) modes for the majority of their ventilation period (mean 8.9 days, range
1 — 24 days). The other 2 modes of ventilation used were synchronised intermittent
mandatory ventilation (SIMV) and pressure control ventilation plus (PCV+). Sedation was

used in all patients (predominantly propofol), with a mean sedation-free period of 4.8 days.
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There was wide variability in functional level (ACIF scores), ranging from 8 to 92 (mean
40.3).

Table 6: Characteristics of participants in Study 3

Duration Spontaneous

APACHE of ventilation Sedation
1l Ventilation  (PSV'only)  SIMV?/Pcv+ Free
DIAGNOSIS Scores (Days) days days Sedation® Days®
57 Male Multitrauma 13 8 5 3 P,O,B 5 8
39 Male  Chest multitrauma 6 7 3 4 P 3 8
45 Male  Community acquired pneumonia 10 8 7 3 P,0,B 1 70
68 Male  Chest & pelvic trauma 18 7 6 1 P 0 17
52 Male  Multitrauma 22 11 6 5 0,B 6 17
81 Male Hepatectomy 19 12 12 0 P,B 7 38
64 Male  Chest trauma 33 19 15 4 P,0,B 6 20
64 Female Acute hepatic failure 40 7 3 4 P 4 60
69 Female Middle cerebral artery CVA 27 10 10 0 P 2 60
43 Female Sepsis 18 11 10 1 P,O 2 40
81 Female Sepsis, pneumonia 17 8 ik P 7 37
81 Male  AAA Repair 14 9 6 3 P,0,B 7 34
66 Male  Chest multitrauma 20 11 10 il P 9 47
60 Male Septicshock 25 6 5 YT 0 50
70 Male  Bacterial pneumonia 23 9 8 at P,B,D 1 31
77 Female Respiratory arrest 17 9 8 1 P 6 29
49 Female Necrotizing fasciitis 21 9 7 2 P,B 0 16
55 Female Status epilepticus 15 13 5 8 P,B 7 26
47 Male  Hospital Acquired pneumonia 25 9 8 1 P 8 49
67 Male  Bacterial pneumonia 16 22 21 1 P 17 50
43 Male  Hepatorenal syndrome 25 16 14 2 P,O 11 57
66 Female Acute pulmonary oedema 16 9 8 1 P 7 20
49 Male  Left lung haematoma 17 16 13 3 P,B,D 2 20
85 Male  Hyponatraemia 33 8 7 1 P,B 5 92
63 Female Bilateral pneumonia 29 9 0 P B 40
63 Male Bacterial meningitis 25 8 6 2 P,0,B,D 0 30
77 Male  Perforated duodenal ulcer 24 26 24 2 B 17 25
79 Male  Community acquired pneumonia 15 7 7 0 P 4 70
76 Male  Sepsis, pneumonia 12 8 0 P 6 40
61 Male  Vasculitis 10 7 7 0 P 6 70
85 Male CABG 23 8 7 1 P 5 42
66 Male  Sepsis, multiple organ dysfunction 28 11 11 0 P 6 15
T2 Male  Multifactorial respiratory failure 15 13 13 0 B 4 50
42 Female Sepsis unclear origin 28 11 11 0 P,0 1 15
48 Male  Multiple organ failure 21 12 12 0 P 0 16
62 Male  Post CABG pleural effusions 24 10 7 3 P 7 56
80 Female CABG 39 13 11 2 B 10 17
86 Male  Cardiogenic shack 31 13 10 3 P,B,D 0 58
41 Female Exacerbation of Asthma 21 9 5 4 P,0,8,D 0 ik
43 Female Staph Aureus Bacteraemia 14 7 2 5 P 3 63
55 Male  Community acquired pneumonia 24 7 i 4 P 5 60
24 Male  Neutropaenic Respiratory Sepsis 16 10 7 3 P,0,B,D 2 64
48 Male  MVA Chest trauma 20 10 9 1 P,0,B 5 87

! psV = Pressure Support Ventilation. ° SIMV = Synchronised Intermittent Mandatory Ventilation. ° PCV+ = Pressure Control Ventilation Plus.  Sedation: where

P = Propofol, O = Opioid {eg Morphine), B = Benzodiazepines, D = D [ idine {recorded as any dose delivered on any day). * Sedation free days - full

days where no sedation of any kind was administered during the ventilation period. ® ACIF = Acute Care Index of Function {score / 100).

72—



Table 7: Characteristics of participants and summary of measures in Study 3

Mean Standard  Range
Deviation

Age (years) 61.6 15.17 24 -86
Apache Il Score (Admission) 211 7.45 6-40
Total duration of ventilation (days) 10.8 4.11 7-26
Pressure Support Ventilation (days) 8.9 4.48 1-24
Sedation-free period (days) 4.8 4.01 0-17
Acute Care Index of Function (score / 100) 40.3 21.7 8-92
Maximum Inspiratory Pressure (cm H20) 34.2 19.4 6 -87
Maximum Inspiratory Pressure (% predicted) 38.6 19.7 6-86
Fatigue Resistance Index (FRI) 0.90 0.32 0.21-2.00
Rate of Perceived Exertion (Rest) (score / 10) 1.95 2.78 0-9
Rate of Perceived Exertion (Exercise) (score / 10) | 3.40 3.50 0-10

While the mean FRI was below 1.0 (0.90, SD 0.319), there was considerable spread in the
sample (Figure 12), such that 15 (37%) of patients scored less than 0.80, while 4 (10%)
scored above 1.20, including one notable outlier at 2.0.
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Frequency
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Mean = .90
Std. Dev. = 311
N=42
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Fatigue Resistance Index (FRI)

Figure 12: Frequency distribution of fatigue resistance index, where
scores below 1.0 indicate a drop in strength after an endurance challenge
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There was also wide variability in MIP scores (Figure 13), with one patient scoring 86% of
their predicted MIP (87). This patient had an FRI of 1.06, i.e. no evidence of fatigability. In
contrast, the patient with the lowest MIP score (6) had an FRI of 0.33, indicating severely
impaired fatigue resistance. MIP was significantly positively correlated with FRI (r = 0.39, p
=0.01).

6—

Mean = 34.24
Std. Dev. =19.404
N=42

5—

4-

3

Frequency

2

90

10 20 30 40 50 60 70 80

Maximum Inspiratory Pressure (cmH20)

Figure 13: Frequency distribution of maximum inspiratory pressure (cm
H20)

There was a weak positive trend (see Figure 14b), but no significant correlation between
MIP scores and functional (ACIF) scores (r = 0.243, p = 0.121).
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Figure 14: Correlations between measures: a) between MIP (cm H20) and
FRI scores. b) between MIP (cm H20) and ACIF scores. c) between RPE
scores at rest and during exercise.
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Of the 43 patients, 17 (40%) reported an RPE greater than zero at rest. While RPE at rest
was strongly correlated with RPE during exercise (r = 0.78, p <0.01)(Figure 14c), there
were no significant correlations between RPE and ACIF, MIP or FRI (see Table 3).
Duration of ventilation and APACHE Il scores were not correlated with ACIF, MIP or FRI
(Table 8).

Table 8: Correlations between variables in Study 3 (Pearson r)

ACIF MIP FRI
RPE (Rest) r=-0.17 r=-0.18 r=-0.12
p=0.28 p=0.27 p=0.46
RPE (Exercise) |r=-0.11 r=-0.15 r=-0.14
p=0.95 p=0.37 p=0.39
APACHE II r=0.05 r=-0.12 r=-0.79
p=0.77 p=0.44 p=0.62
Duration of r= -0.10 r=-0.45 r=-0.20
ventilation p=0.51 p=0.77 p=0.20

DISCUSSION

The results of this study provide further evidence that inspiratory muscle endurance is
often impaired in intensive care patients who have been recently weaned from mechanical
ventilation of at least 7 days duration, even if the patients have been ventilated
predominantly with spontaneous modes (e.g. pressure support). However there does not
appear to be a close relationship between inspiratory muscle weakness and either function

or perceived exertion in this cohort.
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Our findings regarding impaired fatigue resistance (FRI 0.90) within 48 hours of weaning
from mechanical ventilation are consistent with previous findings (Chang et al., 2005a).
Chang and colleagues demonstrated a mean FRI of 0.88 in a group of 20 participants who
had been ventilated for a mean of 4.6 days and were followed up on average 7 days
(range 2 — 16) following weaning. The consistency in the magnitude of the observed FRI
deficit suggests that impairments in FRI may be mostly attributable to changes that occur
within the first few days of ventilation, rather than following weaning. This early change
would be consistent with clinical studies showing proteolysis occurring within 69 hours of
controlled ventilation (Levine et al., 2008) and recent physiological studies demonstrating
reduced muscle fibre cross-sectional area and reduced protein to DNA ratios (29%) in
skeletal muscles within the first 3 days of intensive care admission (Puthucheary et al.,
2013).

However, the fact that the relatively longer duration of ventilation in our group (mean 10.5
days) did not result in lower FRI scores is in contrast with the finding by Chang et al-that
FRI is negatively correlated with duration of ventilation (r = -0.65, p = 0.007). In the present
study there was only a non-significant negative association between FRI and duration of
ventilation (r = -0.20, p = 0.20). This may be explained by the predominance of
spontaneous modes (e.g. pressure-support ventilation) used in the current study (see
Table 6), whereas patients in Chang’s cohort were predominantly ventilated using

controlled methods.

It is not surprising that RPE scores at rest were strongly correlated with RPE scores during
exercise. A patient feeling short of breath at rest is highly likely to feel more exertional
distress when they exercise as the metabolic demand for oxygen increases. In this study,
40% of patients reported an RPE greater than zero at rest indicating an elevated work of
breathing. However it was unexpected that RPE scores were only weakly correlated with
fatigue resistance or functional scores, as it was expected that poor inspiratory fatigue
resistance would manifest as increased perceived exertion as the work of breathing
increases during exercise. It is possible that some participants have difficulty using the
Modified Borg Scale to rate their perceived exertion and dyspnoea, or that the scale is
insufficiently sensitive to detect relationships at this level. However to our knowledge there
is no other readily available standardised tool to measure perceived exertion or dyspnoea
in this context. The development of a sensitive standardised tool to measure exertion in

critically unwell patients could be helpful in future.
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The lack of correlation between MIP and function could also partly be explained by deficits
in motor control. While inactivity leads to early muscle proteolysis, it is highly likely that
inactivity also affects neural programming. In studies of specific inspiratory muscle training,
early apparent improvements in MIP scores (e.g. within 2 weeks of training) could be
attributed to more efficient motor programming (Huang et al., 2003) rather than muscle
hypertrophy. Thus it is likely that there is not a simple linear relationship between strength

and function, and neural factors should be considered in future studies.

As 60% of patients in this study rated their perceived exertion as zero during exercise, it is
also possible that ‘peak exercise’ (e.g. mobilisation with assistance away from the bed
space) was of insufficient intensity to challenge inspiratory muscles. If these recently
weaned patients do not perceive any raised exertion, the training intensity may be
inadequate. Even in an intensive care unit where early mobilisation is the standard of care,
we may be yet to determine the limitations of exercise in the critically ill. However, the
patient’s perceived exertion is likely to be an important determinant of exercise capacity. In
athletes working at peak exercise, exercise performance can be limited by the perception
of exertion, even in the absence of peripheral biomarkers of fatigue (Edwards and Walker,
2009). The evidence that this perception of exertion is modifiable in athletes with training
of the respiratory muscles may also have implications for recently weaned intensive care
patients. It is possible that the 37% of patients demonstrating reduced FRI in this study
may benefit from targeted training of their inspiratory muscles. inspiratory muscle training
can hasten weaning in older intensive care patients (Cader et al., 2010) but to our
knowledge this remains uninvestigated in the post-weaning period. This is an important

area of future research.

The limitations of this study include the fact that these results may be valid only for
intensive care patients who have been weaned in a unit where minimal sedation and early
mobilisation are the norm. It is plausible that FRI, MIP and ACIF scores would differ
considerably in patients undergoing deep sedation and bed rest as early deep sedation
independently delays extubation and increases mortality (Shehabi et al., 2012).
Furthermore, the failure to find correlations between these variables may be attributable to
the relatively small sample size, although this study was larger than previous studies
(Chang et al., 2005a).
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Despite these limitations, the consistency of the primary measure (FRI) with previous
studies confirms that impaired fatigue resistance is detectable in at least a third of
intensive care patients within the first few days following weaning. These results have
implications for all clinicians working with intensive care patients in the immediate post-
weaning period. Medical and nursing staff can reassure patients that it is common to
experience raised perceived exertion following weaning, even at rest, as this is a
foreseeable consequence of prolonged mechanical ventilation. As dyspnoea is complex
and multifactorial in weaning from mechanical ventilation (Bissett et al., 2012a), the
psychological benefits of acknowledgement and reassurance may be important for the

patient’s experience.

Furthermore, clinicians should be aware that recently weaned patients may report high
RPE levels during exercise, particularly if RPE is raised at rest. However, in our
experience, raised RPE is not necessarily a barrier to participation in early rehabilitation in
intensive care and physiotherapists and nurses can work together to optimise patients’

exercise capacity even in the presence of inspiratory muscle weakness.

In conclusion, in intensive care patients recently weaned from mechanical ventilation of
duration 7 days or longer, impaired respiratory endurance is detectable in one third of
patients. Impaired respiratory muscle endurance is associated with inspiratory muscle
weakness. Inspiratory muscle weakness does not appear to be closely associated with
functional measures or perceived exertion 48 hours following successful weaning in an

intensive care unit where early mobilisation and minimal sedation are the standard of care.
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CHAPTER 5: Study 4

Inspiratory Muscle Training to Hasten Recovery from

Mechanical Ventilation: A Randomised Trial

This chapter has been accepted as an original research publication in the peer-reviewed

journal Thorax and is currently in press.
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INTRODUCTION

Invasive mechanical ventilation causes respiratory muscle weakness in intensive care unit
(ICU) patients(Levine et al., 2008). After 18 to 69 hours of controlled mechanical
ventilation, diaphragm proteolysis and atrophy occurs(Levine et al., 2008) and respiratory
muscle weakness has been observed both while patients are mechanically ventilated(De
Jonghe et al., 2007) and following successful extubation(Chang et al., 2005a, Bissett et al.,
2015b). Persistent respiratory muscle weakness may contribute to the residual
dyspnoea(Bissett et al., 2015b), impaired physical function(lwashyna et al., 2010, Bissett
et al., 2015b) and poor quality of life(Cuthbertson et al., 2010) observed in ICU survivors.

Inspiratory muscle training (IMT) is a relatively novel training strategy to improve
inspiratory muscle strength in intensive care patients. Threshold-based IMT is performed
using a handheld device which provides carefully titrated constant resistance on inspiration
only. A pre-set threshold level of pressure is required to open a one-way valve and allow
inspiratory flow, which is important in ensuring accurate titration of resistance as some
other IMT devices are flow-dependent which means the resistance varies with patient
effort. Using a threshold IMT device the level of inspiratory pressure required to open the
valve is increased over time to provide an ongoing training load as the patient’s inspiratory
muscles become stronger. IMT improves respiratory muscle strength in patients
undergoing invasive mechanical ventilation(Bissett and Leditschke, 2007, Cader et al.,
2010, Martin et al., 2002, Martin et al., 2011, Condessa et al., 2013) and a recent
systematic review suggested that IMT performed prior to extubation enhances weaning
success, although it does not appear to reduce rates of reintubation or likelihood of

survival(Elkins and Dentice, 2015).

However, participation in threshold-based IMT while mechanically ventilated requires
patients to be alert and cooperative with training(Bissett et al., 2012b). For many reasons,
intensive care patients may not be suitable candidates for IMT whilst ventilator-dependent
(e.g. due to sedation or delirium) and may only have sufficient cognitive capacity to
participate in training once weaned from mechanical ventilation. Although case studies
have shown improvements in inspiratory muscle strength with IMT(Chang et al., 2005b),
there have been no randomised trials of IMT in intensive care patients in the post-

extubation period.
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As residual inspiratory muscle impairment has been demonstrated in intensive care
survivors ventilated for 7 days or longer(Chang et al., 2005a, Bissett et al., 2015b), we
conducted a randomised trial to establish the effects of post-extubation IMT in a
heterogeneous sample of intensive care patients who had been invasively ventilated for at
least 7 days. Primary endpoints included inspiratory muscle strength and endurance
following 2 weeks of training. This 2 week time frame was selected pragmatically, as pilot
data indicated that most intensive care survivors remained inpatients during this 2 week
period and would receive supervised physiotherapy. To date, no studies of IMT in
intensive care patients have included patient-centred outcomes or rates of readmission to
ICU. Therefore secondary endpoints included health-related quality of life, dyspnoea and
functional levels after 2 weeks of training. Post-intensive care length of stay, rate of
intensive care readmission and in-hospital mortality were also explored. We hypothesized
that in the IMT group, improvements in inspiratory muscle strength and fatigue resistance
would lead to reduced dyspnoea, improved quality of life and physical function, and lower
rates of intensive care readmission and in-hospital mortality compared to the control
group(Bissett et al., 2012d) .

MATERIALS AND METHODS

Design

We conducted a single-centre randomised trial with concealed allocation (computer-
generated random-number sequence, managed by off-site administrative staff and
obtained via telephone by the chief investigator following enrolment), assessor-blinding
and intention to treat analysis (Bissett et al., 2012d). The study was approved by the
Australian Capital Territory Health Human Research Ethics Committee and the University
of Queensland Medical Research Ethics Committee, and the published study
protocol(Bissett et al., 2012d) (trial registration ACTRN12610001089022) complied with
the CONSORT guidelines for clinical trials(Moher et al., 2001).

Participants, therapists, centre

All patients invasively mechanically ventilated for 7 days or longer were screened for
eligibility. Patients were deemed eligible if they had been successfully weaned from
mechanical ventilation (>48 hours), and within the 7 days following successful weaning
they met the inclusion criteria (aged = 16 years, able to provide informed consent, and

alert and able to participate in training with a Riker(Riker et al., 1999) score of 4). Patients
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were excluded if they had participated in inspiratory muscle training while mechanically
ventilated, declined to participate, were pregnant, were not alert or able to participate with
training, were experiencing significant pain or distress that interfered with breathing
capacity, were deemed medically unstable or for palliation (i.e. death likely in the next few
weeks). Based on a priori power calculations, a total of 70 participants was required to
detect a 0.10 change in the primary outcome measures with a power of 0.80 (inflating
group size by 15% to allow for known mortality of 12.8%(Bissett et al., 2012d)). Although
the minimal clinically important difference in MIP scores has not been established in this
patient group, the 0.10 change level was selected based on previous studies of inspiratory
muscle strength and fatigue resistance in intensive care survivors(Chang et al., 2005a,
Chang et al., 2005b) to allow comparisons to be drawn between studies. All participants

provided informed written consent to participate in the study.

Training was supervised by registered physiotherapists specifically trained in delivering
inspiratory muscle training as described in our previously published protocols(Bissett et al.,
2012b, Bissett et al., 2012d). Therapists could not be blinded to group allocation. The
study was conducted in an Australian tertiary hospital (Canberra Hospital) where usual
intensive care practice includes minimal sedation and early proactive
mobilisation(Leditschke et al., 2012). A second site was also included (Calvary Hospital),
however no patients were recruited from this site due to failure to meet eligibility

requirements.

Intervention

Participants were randomised to receive either usual care (control group) or inspiratory
muscle training in addition to usual care (IMT group) for 2 weeks following enrolment.
Usual care physiotherapy included an individually tailored and supervised program of
interventions which included any of the following: assisted mobilisation, secretion
clearance treatments including positive expiratory pressure techniques, deep breathing

exercises without a resistance device and upper and lower limb exercises.

IMT was performed using the Threshold IMT inspiratory muscle trainer (Threshold IMT
device HS730, Respironics NJ, USA). This device was used with the mouthpiece, or a
flexible connector if required to attach to a tracheostomy (Figure 15). Where a
tracheostomy remained in situ, IMT was always performed with the cuff inflated to ensure

accurate loading. The physiotherapist prescribed an intensity of 50% of MIP for the first
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training set, but then quickly increased this to the highest tolerable intensity that allowed
the participant to just complete the 6! breath in a set of 6 breaths, with 5 sets of 6 breaths
completed each session. Patients were allowed to rest between sets until they felt ready
to commence the next set, which was typically less than 1 minute of resting. The intensity
was increased daily by the physiotherapist across the training period to provide an
adequate training stimulus. This was achieved by manually increasing the threshold
resistance by 1-2cm H20 until the participant could only just open the poppet valve on the
6" breath in each set. Training commenced on the day of enrolment and continued once
daily (weekdays only) for 2 weeks. A sham device was not used for comparison as
previous studies of IMT have found the sham device may provide a training effect in
participants with very low baseline strength(Cheah et al., 2009).

Figure 15: Inspiratory muscle training via a tracheostomy.
Note the flexible tubing connecting the inspiratory muscle trainer to the closed
suction device.

-85-



Measures

Primary endpoints:

Measures of inspiratory muscle performance were recorded on enrolment and at the end
of the intervention period 2 weeks later by 6 specifically-trained research nurses blinded to
group allocation. Inspiratory muscle strength was assessed as maximum inspiratory
pressure (MIP), measured as previously described(Bissett et al., 2012d) using a portable
MicroRPM Respiratory Pressure meter (CareFusion, San Diego, USA) in accordance with
the protocol described by the American Thoracic Society and European Respiratory
Society(Green et al., 2002). This device has been shown to have excellent reliability in
measuring MIP in non-ventilated participants (ICC 0.83-0.90)(Dimitriadis et al., 2011). Raw
MIP scores were normalised using the method described by Evans et al(Evans and
Whitelaw, 2009) and have been presented as percentage of predicted values to account
for known variation of MIP with age and gender. Inspiratory muscle fatigue was measured
using the fatigue-resistance index (FRI) technique described by Chang and
colleagues(Chang et al., 2005a), based on the Maximum Incremental Threshold Loading
test described in the American Thoracic Society / European Respiratory Society
guidelines(Clanton et al., 2002).The pre-specified endpoint was the between-group
difference in change in outcome measures (i.e. the change from enrolment to 2 week

follow-up values).

Secondary endpoints:

Measures of quality of life, dyspnoea and physical function were completed on enrolment
and 2 weeks later. Quality of Life was measured using the SF-36v2 tool (acute 1 week
time frame) (under license QualityMetric USA) and the EQ-5D-3L tool (under license
EuroQol International). These tools were administered by research nurses blinded to
group allocation. The SF-36 tool has demonstrated reliability, responsiveness, construct
and criterion validity and is responsive to clinical improvement in an intensive care
population(Hayes et al., 2000). The EQ-5D-3L tool has also been used in intensive care
patient follow-up(Granja et al., 2003) and is likely to give a more general measure of
health-related quality of life than the SF-36.

Dyspnoea was measured using a Modified Borg Dyspnoea scale, where dyspnoea is a
patient-reported categorical score out of 10, which has acceptable reliability and validity in
patients undergoing mechanical ventilation(Powers and Bennett, 1999). Dyspnoea was
recorded both at rest (sitting comfortably in the chair or bed) and during exercise (the peak
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exercise activity experienced in the previous 24 hours) by research nurses blinded to

group allocation.

Functional level including mental status, bed mobility, transfers and mobility, was
assessed using the Acute Care Index of Function (ACIF)(Roach and Van Dillen, 1988)
which has excellent inter-rater reliability in intensive care patients(Bissett et al., 2015a).
Scores on enrolment were completed by physiotherapists blinded to group allocation,
however follow-up ACIF scores were recorded by the treating physiotherapist who was not

blinded to group allocation.

Other secondary endpoints included rate of intensive care unit readmission, requirement
for reintubation, post-ICU hospital length of stay and in-hospital mortality. These data were
extracted from hospital databases by research nurses blinded to group allocation. Post-
hoc analysis of participants who died during the hospital admission included retrospective
calculation of the risk of death based on acute physiology and chronic health evaluation
(APACHE II) scores.

Data analysis

The intent-to-treat (ITT) population was defined as all 70 randomised participants. The per-
protocol population was defined as all participants with both enrolment and 2 week follow-
up data. All analyses were repeated in both the ITT and per-protocol populations. Paired t-
tests were used to compare within group differences. Mixed linear models were used to
assess the between-group difference of the changes between enrolment and follow-up
measures, including age and APACHEII scores as covariates. Diagnostic plots (predicted
means versus Pearson's residuals) were generated to assess model assumptions.
Mortality data were analysed using chi square and Fisher’s exact test. Statistical

significance was set as p<0.05. All analyses were done using SPSS version 21.
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RESULTS
Flow of participants through the study

The flow of participants is presented in Figure 16. Between February 2011 and August
2015, 70 participants were recruited to participate in the study with 34 allocated to the IMT
group and 36 to the control group. Participant characteristics are presented in Table 9 and
are similar between IMT and control groups, except for a higher percentage of male
participants in the IMT group (71 vs 58%).

The most frequent reason for exclusion from the study was poor neurological status with
resultant inability to provide consent. Six participants were lost to follow-up in each group,
most commonly due to transfer to another hospital within the study period. Two
participants died within the intervention period, both in the IMT group. Two participants
died after the intervention but prior to hospital discharge, both in the IMT group. Thus the
total mortality in the treatment group was 12%, compared to 0% in the control group.
Where patients were lost to follow-up regarding the primary outcome measures, other
post-intervention secondary measures were still obtained through hospital databases
(Table 12).
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Figure 16: Flow of participants through Study 4
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Table 9: Characteristics of Participants in Study 4

Characteristic Randomised Lost to follow-up
(n=70) (n=12)
IMT Control IMT Control
(n=34) (n=36) (n=6) (n=6)
Age (yr), mean (SD) 59 (16) 59 (13) 67 (11) 50 (10)
Gender, n males (%) 24 (71) 21 (58) 4 (67) 2(33)
Diagnosis, n (%)
Sepsis 4(12) 9 (25) 0 (0) 1(17)
Pneumonia 4 (12) 7 (19) 0 (0) 0 (0)
Multitrauma 6 (18) 8 (22) 0 (0) 2(33)
CVA 1(3) 1(3) 0 (0) 0 (0)
Respiratory Failure 4 (12) 1(3) 0 (0) 0 (0)
Cardiothoracic Surgery 1(3) 1(3) 2(33) 0 (0)
Abdominal Surgery 3(9) 1(3) 2 (33) 0(0)
Encephalopathy / Seizures 3(9) 4 (11) 1(17) 1(17)
Other 8 (24) 4 (11) 1(17) 2 (33)
APACHE Il scores, mean (SD) 20.1 (7.8) 22.9 (8.3) 23.5(9.0) 19.3 (12.0)
Highest SOFA score, mean (SD) 7(4) 8 (4) 4(2) 7 (5)
Length of ICU stay (days), mean (SD) 15 (6) 13 (8) 20 (7) 9 (1)
Total duration of ventilation (days), mean (SD) 11 (4) 10 (2) 14 (7) 8 (1)
Duration of PSV (days), mean (SD) 10 (4) 9 (3) 12 (7) 7 (1)

IMT = Inspiratory Muscle Training group, CVA = cerebrovascular accident, APACHE Il = acute physiology and chronic
health evaluation score; SOFA = sequential organ failure assessment score; ICU = intensive care unit, PSV = pressure
support ventilation; SD = standard deviation.
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Compliance with trial protocol

In the IMT group, across the 34 participants, 85% of all intended IMT treatments (potential
10 treatments for each patient) were completed. 23 participants (67%) completed more
than 90% of the prescribed IMT sessions, while 2 (6%) participants completed 20% or less
of the prescribed IMT sessions. The most frequent reason for lack of completion was
participant refusal due to generalised fatigue. IMT was generally well-tolerated and no
adverse effects were reported during or immediately after training in any participant. No
participants in the control group inadvertently received inspiratory muscle training. Two
participants (both in the control group) were discharged home prior to completion of the
two week intervention period, however they attended the outpatient department for

completion of outcome measures.

Effect of intervention

The intention-to-treat and per-protocol analyses yielded entirely congruent results,
therefore only the intention-to-treat analysis is presented. Changes in outcome measures
within and between groups are summarized in Table 10 and Table 11. MIP improved in
both groups, with a statistically significant greater increase in the IMT group than the
control group (17% in IMT group vs 6% in control, p = 0.024) ( Figure 17a). No statistically
significant change in FRI was observed for either group at the end of the study period
(0.03 vs 0.02, p=0.81) (Figure 17b).
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Table 10: Comparisons within groups for outcome measures in Study 4

OUTCOME GROUPS
Week 0 Week 2
Estimated Marginal Mean (SEM) Estimated Marginal Mean (SEM)
IMT Control IMT Control
(n=34) (n=36) (n=34) (n=36)
MIP % predicted 44 40 B1x** 47*
(5) (5) (5) (5)
Fatigue 0.86 0.96 0.89 0.98
rleglostance index / (0.05) (0.05) (0.05) (0.05)
QOL: SF-36 0.43 0.47 0.51%* 0.51
(0.02) (0.02) (0.02) (0.02)
QOL: EQ5D 41 51 55* 53
() 4 4 (4)
ACIF /1.00 0.36 0.43 0.61%** 0.68%**
(0.04) (0.04) (0.04) (0.04)
RPE rest /10 20 1.3 1.1 0.9
(0.4) (0.4) (0.4) (0.4)
RPE exercise /10 3.2 2.4 2.7 2.6
(0.5) (0.5) (0.5) (0.5)

SEM = standard error of the mean, IMT = Inspiratory Muscle Training group, MIP = maximum inspiratory pressure, QOL
= Quiality of Life (SF-36 or EQ5D tools), ACIF = Acute Care Index of Function, RPE = rate of perceived exertion. * = p
<0.05. ** =p < 0.01. *** = p < 0.001.
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Table 11: Differences within and between groups for each outcome measure at 2
weeks in Study 4

Outcome Differences within Differences between groups
groups (Mixed Model Analysis)
Week 2 minus Week 0
Mean (SEM)
IMT Control Difference between groups p value
(n=34) (n=36) (95% confidence interval)
MIP % 17 6 11 p=0.024*
predicted 4) 3) (2 to 20)
Fat_igtue 0.03 0.02 0.02 p=0.816
resistance 0.05 0.5
Ay (0.05) (0.5) (-0.15t0 0.12)
QOL: SF-36 0.08 0.04 0.05 p=0.123
(0.02) (0.02) (-0.01 to 0.10)
QOL: EQ5D 14 2 12 p=0.034*
4) 4) (1to 23)
ACIF /1.00 0.25 0.25 0.00 p=0.974
(0.04) (0.04) (-0.12t0 0.12)
RPE rest /10 -0.8 0.4 04 p=0.483
(0.4) (0.4) (-1.5t00.7)
RPE exercise 05 0.2 -0.7 p=0.223
10 (0.4) (0.4) (-1.8 10 0.4)

SEM = standard error of the mean, IMT = Inspiratory Muscle Training group, QOL = Quality of Life (SF-36 or EQ5D
tools), ACIF = Acute Care Index of Function, RPE = rate of perceived exertion. * = p <0.05. ** = p < 0.01. *** = p < 0.001.
All analyses are intention-to-treat.
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Figure 17: Inspiratory muscle changes in both groups in Study 4
Inspiratory muscle changes in both groups: A) Changes in Maximum Inspiratory Pressure scores pre and

post intervention, B) Changes in Fatigue Resistance Index pre and post intervention. The box is drawn from
the 25th percentile to the 75th percentile, the whiskers are drawn at 1.5 times inter-quartile range, with
outliers represented with dots.
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Both quality of life measures demonstrated statistically significant improvements from
baseline in the IMT group only (mean difference = 14, p = 0.001 for EQ5D; mean
difference = 0.08, p = 0.001 for SF-36) (Figure 18a and Figure 18b). Between groups, the
difference in EQ5D scores was higher in the IMT group (14 vs 2, p=0.034). There was no
statistically significant difference in SF-36 scores, although the point estimates suggested
a potential benefit (mean difference = 0.05, 95% CI = -0.01 — 0.10).

Both groups demonstrated significant improvements in functional outcomes, as measured
by the ACIF (Figure 18c); however, these improvements did not differ between groups
(0.25 vs 0.25, p=0.974). Changes in dyspnoea scores both at rest and during exercise
were not statistically significant either within or between groups across the intervention

period.

There were no significant differences between groups for post-ICU length of stay,
reintubation rate or ICU readmission (Table 12). However in-hospital mortality was higher
in the IMT group (p=0.051) with 4 deaths, 2 during the 2 week intervention period and 2

following the intervention period (Table 13).
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Figure 18: Quality of life and functional measures in both groups in Study 4

Quality of life and functional measures in both groups: a) Changes in EQ5D scores pre and post intervention, b)
Changes in SF36 scores pre and post intervention, ¢) Changes in Acute Care Index of Function pre and post
intervention. The box is drawn from the 25th percentile to the 75th percentile, the whiskers are drawn at 1.5
times interquartile range, with outliers represented with dots.
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Table 12: Comparisons between groups for post-intervention outcome measures in

Study 4
Randomized
Outcome (n=70)
IMT Control
(n=34) (n=36)
Post-ICU hospital length of stay, mean (SEM) 35 (8) 37 (9)
Number of participants re-admitted to ICU, n (%) 6 (18) 8 (22)
Number of participants re-intubated, n (%) 6 (18) 8 (22)
In-hospital mortality,n (%) 4 (12)" 0 (0)

IMT = Inspiratory Muscle Training group, SEM = standard error of the mean.

#p =0.051 between IMT and control groups.

Table 13: Characteristics of participants in Study 4 who died during hospital

admission
Age, Main Diagnosis APACHE Il Cause of Death Co-morbidities
Gender on ICU score (during or after intervention
admission (Risk of Death) period)
74, Perforated 24 Major hemorrhage secondary HTN, GORD,
Male duodenal ulcer (0.65) to perforated duodenal ulcer dyslipidemia
(during)
78, Coronary artery 39 Septic shock, aortic dissection, IHD, NIDDM, HTN,
Female bypass grafting (0.93) acute renal failure hyperlipidemia,
(during) hypothyroidism,
GORD
61, Coronary artery 24 Multiple organ failure, Alcoholic liver disease,
Male bypass grafting (0.07) decompensated chronic liver HTN, GORD, AF
disease & encephalopathy
(after)
40, Hepatorenal 25 Pleural effusion, renal failure & Alcoholic liver
Male syndrome (0.15) fluid overload +/- dilated cirrhosis, GORD,

cardiomyopathy
(after)

hypercholesterolemia,
recurrent septicemia,
recurrent syncopal
episodes

APACHE Il = acute physiology and chronic health evaluation score, HTN = hypertension, GORD = gastroesophageal
reflux disease, IHD = ischaemic heart disease, NIDDM = non-insulin-dependent diabetes mellitus, AF = atrial fibrillation.
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DISCUSSION

We have shown for the first time that in the post-extubation period, participants who
complete 2 weeks of IMT have greater improvement in respiratory muscle strength than
those who do not train. This is congruent with previous studies of IMT in mechanically
ventilated patients(Cader et al., 2010, Martin et al., 2011, Condessa et al., 2013) and with
the rapid strength gains within 2 weeks of commencing IMT previously described in
healthy cyclists (e.g. increased MIP scores by 8.4%(Johnson et al., 2007)). It is possible
that some of the apparent strength gains could be attributable to a learning effect, given
the similarity between the IMT technique and the MIP testing manoeuvre. However, in
intensive care patients rapid atrophy has been observed in both skeletal(Puthucheary et
al., 2013) and respiratory muscles(Levine et al., 2008) within the first few days of
admission. With an adequate training stimulus, some of these changes could be reversible
within a relatively short timeframe. Regardless of the underlying mechanism of
improvement, the apparent strength gains in this cohort translated into benefits in quality of
life, which is arguably a more important patient-centred outcome than inspiratory muscle

strength.

Our inability to demonstrate an improvement in inspiratory muscle endurance in the IMT
group is somewhat surprising, as IMT has been shown to increase proliferation of both
Type 1 and Type 2 inspiratory muscle fibres(Ramirez-Sarmiento et al., 2002) and
endurance benefits of IMT have been reported after 8 weeks of training in patients with
chronic obstructive pulmonary disease(Hill et al., 2006), after 11 weeks of training in
athletes(Volianitis et al., 2001) and after 4 weeks of training in recreationally active people
(Bailey et al., 2010). While it is possible that the specific training regime employed in our
study translates into strength benefits alone, it is more likely that the duration of training
was insufficient to effect a measurable improvement in endurance, or that the FRI is
insufficiently sensitive to detect subtle changes in endurance over such a short time frame.
A more sustained constant loading test may have better elucidated changes in inspiratory
muscle endurance, however our experience with these participants resonated with that of
Chang and colleagues(Chang et al., 2005a) who found a limited tolerance for even the
basic 2 minute FRI test. Thus measuring inspiratory muscle endurance in this patient

group remains a challenge.
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The statistically significant improvements in quality of life in the IMT group, as measured
with the EQS5D tool (Figure 18a), warrant further exploration. The magnitude of change in
EQSD scores (14 in the IMT group compared to 2 in the control) is likely to be clinically
important in this group which struggles with poor quality of life following weaning. While the
IMT group commenced from a lower baseline EQ5D score (41 in the IMT group compared
to 51 in the control) we believe it is unlikely that there was a ceiling effect in this cohort, as
scores at 2 weeks remained well below maximal values (i.e. mean 54% across both
groups). We would expect quality of life to continue a slow trajectory of improvement
beyond the ICU stay(Herridge et al., 2011) but it is possible that IMT provides an
advantage early in this trajectory.

Although the IMT group expressed improved quality of life using the EQ5D tool, the effect
was less marked when assessed by the SF36. This may reflect difficulty in completing all
components of the longer SF36 questionnaire. One of the challenges in ICU outcomes
research is the effect of residual cognitive impairment(lwashyna et al., 2010) and fatigue
on a participant’s ability to complete lengthy quality of life assessment tools. The reasons
for improved quality of life in the absence of a demonstrated effect on respiratory

endurance, dyspnoea or functional level, remain unclear.

Improvements in inspiratory muscle strength did not have a clinically or statistically
significant impact on the other patient-centred outcomes in this study. While physical
function improved similarly in both groups, it is likely that other aspects of treatment (e.g.
whole body exercise and gait retraining) had a stronger influence on recovery of physical
function than IMT. The fact that both groups improved in terms of physical function may
reflect the high standard of usual care in this unit, which includes early rehabilitation and
mobilisation. Thus, the findings of this study may only be generalisable to acute settings
where early mobilisation and rehabilitation are the norm. Furthermore, the failure of IMT to
significantly affect reintubation rates or length of stay may be attributable to the small
sample size, as the effect size of IMT may be very small in relation to the many other
variables that impact on these clinically significant outcomes. Future studies of IMT in the

post-weaning period should be adequately powered to further clarify these relationships.
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The difference in in-hospital mortality between groups was unexpected, although the
mortality in the IMT group (12%) was close to that anticipated in the trial design (12.8%).
To our knowledge, no increase in mortality has been reported with IMT in any population
to date, including ventilated intensive care patients, or patients with chronic obstructive
pulmonary disease or heart failure. As summarised in Table 13, none of the deaths
appeared to be related directly to IMT or respiratory complications. Given the small
number of study participants and heterogeneity of diagnoses, further study of the impact of
IMT on in-hospital mortality is indicated before robust conclusions about mortality can be

drawn.

Limitations of this study include a loss to follow up of 17%, which should have been partly
offset by the planned sample size augmentation of 15% to account for anticipated
mortality. A lack of follow-up of primary outcomes beyond 2 weeks is another limitation.
Moreover, some patients may benefit from ongoing IMT beyond a 2 week training period,
particularly as most did not return to 100% of predicted MIP values during this study. In
patients with chronic obstructive pulmonary disease, IMT has longer-term benefits
including lower rates of hospitalisation over a 12 month period(Beckerman et al., 2005). It
is possible therefore that IMT in the post-extubation period has ongoing effects which
should be assessed further.

With regard to the training device, a ceiling effect was problematic in 2 participants whose
MIP exceeded 82 at baseline. As the maximum resistance setting on the device is
41cmH20, it was impossible to provide training at greater than 50% of MIP in these 2
participants. While all other participants commenced at 50% MIP intensity during the
training period, 16 participants (47%) achieved the 41cmH20 maximal setting on the
device at some point during the 2 week period, limiting further incremental training. Thus
our study may have underestimated the potential impact of IMT. In future studies of IMT
we recommend using a device with the capacity to provide higher training intensities, such
as an electronic device(Langer et al., 2015). Furthermore, future studies may target those
with identifiable strength deficits, as these may constitute a subgroup which is most likely
to benefit from training, while those with high baseline values have probably diluted the

potential benefits of training in our cohort.
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This study is the first to demonstrate the value of IMT for patients in the post-extubation
period. IMT can be considered an effective strategy to reverse some of the residual
inspiratory muscle weakness which is common following prolonged mechanical ventilation,
and may enhance quality of life in these patients with just 2 weeks of training. Future
studies of intensive care patients in the post-extubation period should further explore the
impact of IMT on quality of life, as well as the longer term effects of IMT in this group,
including effects on mortality.
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CHAPTER 6: Study 5

Protocol for a Randomised Controlled Trial of Inspiratory Muscle Training to

Hasten Recovery from Mechanical Ventilation

This chapter has been published in the peer-reviewed journal BMJ Open and is
reproduced with permission (Appendix C):

http://bmjopen.bmj.com/content/2/2/e000813.abstract

Bissett B, Leditschke IA, Paratz J, Boots R (2012). Protocol: Inspiratory Muscle training for
Promoting Recovery and Outcomes in Ventilated patients (IMPROVe): a randomised
controlled trial. BMJ Open 2;2 (2):e000813.
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INTRODUCTION

Mechanical ventilation used in intensive care units, whilst often essential in the
management of respiratory failure, can result in respiratory dysfunction and inspiratory
muscle weakness (Tobin et al., 2010). Even patients who can successfully wean from
mechanical ventilation may suffer impaired fatigue resistance of the inspiratory muscles
following successful weaning (Chang et al., 2005a). Inspiratory muscle weakness has
been associated with difficulty weaning from mechanical ventilation (De Jonghe et al.,
2007) and the degree of weakness is correlated with the duration of ventilation (Chang et
al., 2005a, De Jonghe et al., 2007). One case-control study demonstrated that mechanical
ventilation results in increased proteolysis and atrophy in the diaphragm muscle, while
other skeletal muscles are spared (Levine et al., 2008). Clearly inspiratory muscle
weakness is likely to be at least one of the factors that could contribute to difficult and

prolonged weaning from mechanical ventilation (Bissett et al., 2012c).

Inspiratory muscle training with a threshold device has been used in patients with chronic
lung disease for many years, resulting in not just increased inspiratory muscle strength,
but also increased inspiratory muscle endurance, reduced dyspnoea and increased
exercise tolerance and quality of life (Shoemaker et al., 2009). Since 2002, case reports of
inspiratory muscle training in ventilator-dependent patients have suggested that inspiratory
muscle training is associated with favourable weaning outcomes (Sprague and Hopkins,
2003, Martin et al., 2002, Bissett and Leditschke, 2007). More recently, two randomised
trials (Cader et al., 2010, Martin et al., 2011) using different training strategies have
demonstrated benefits of inspiratory muscle training for ventilated patients, including
statistically significant increases in inspiratory muscle strength (Martin et al., 2011, Cader
et al., 2010) reduced weaning time by a mean of 1.7 days (Cader et al., 2010) and a
higher rate of successful weaning at day 28 (71% compared to 47%)(Martin et al., 2011) .
However the generalisability of these results is limited by the sub-groups studied (aged
over 70(Cader et al., 2010), failed to wean(Martin et al., 2011)) as well as the sedation and
rehabilitation approaches used in the investigating centres units. It is not yet known
whether similar results would apply to a more heterogeneous group of intensive care
patients in an Australian context. For example an approach of minimal sedation and early
active rehabilitation may result in different training effects and relative benefits of

inspiratory muscle training. It is also not known which training parameters are optimal.
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In an analysis of 195 inspiratory muscle training treatments in ventilated patients,
inspiratory muscle training was found to be safe with zero adverse outcomes and stable
physiological parameters in response to training (blood pressure, heart rate, oxygen
saturation and respiratory rate)(Bissett, 2012). However, the mechanisms of improvement
with inspiratory muscle training in ventilated patients have not been investigated. It is
theoretically feasible that a high-intensity training protocol could provide an adequate
training stimulus to halt or reverse diaphragmatic atrophy and proteolysis (Levine et al.,
2008). As has been shown in athletes, inspiratory muscle training could also attenuate a
sympathetically-mediated metaboreflex, resulting in enhanced limb muscle perfusion (Witt
et al., 2007). This improved limb perfusion could facilitate early mobilisation, resulting in

enhanced functional capacity or quality of life.

The following protocol outlines the process by which we intend to answer some of these
guestions with regards to inspiratory muscle training in a heterogeneous group of patients
who have been ventilator-dependent for seven days or longer in our Australian intensive
care unit setting. The protocol describes a randomised trial of patients who commence

inspiratory muscle training whilst still ventilated.

STUDY OVERVIEW:

This trial (RCT1) examines the effects of inspiratory muscle training on post-weaning
outcomes for patients who undergo mechanical ventilation for at least 7 days and
commence training while ventilator-dependent. This trial was registered with the Australia
New Zealand Clinical Trials Registry December 13 2010 (ACTRN12610001089022).
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Aims:
RCT1 aims to answer the following questions:

1. Does inspiratory muscle training, commenced while mechanically ventilated, affect
the fatigability of respiratory muscles following weaning from prolonged mechanical
ventilation (> 7 days)?

2. Does inspiratory muscle training, commenced while mechanically ventilated, affect
the duration of ventilation required or the rate of reintubation in these patients?

3. Is there a measurable difference in the stress response and / or anabolic response
in patients undergoing inspiratory muscle training, compared to routine
physiotherapy?

4. Does inspiratory muscle training affect dyspnoea, quality of life or functional
measures or post-intensive care length of hospital stay following successful

ventilatory weaning?

Hypotheses:

The hypotheses are that inspiratory muscle training will reduce inspiratory muscle
fatigability, dyspnoea and possibly duration of ventilation and post-intensive care length of
hospital stay, and will improve quality of life and functional measures in this population
without concomitant increases in the stress response or detectable changes in muscle

anabolism.

METHOD:

The randomized controlled trial will be conducted, with the anticipated flow of patients
described in Figure 19. Randomisation for the study will be provided through a computer
generated random number sequence, managed off-site by clerical staff unconnected with
the study, and accessible to the investigators only via telephone to ensure concealed
allocation. All intensive care patients will be screened daily for study eligibility by the senior
intensive care physiotherapist. Eligible participants will be invited to participate and
subsequently enrolled by the chief investigator and baseline measures completed prior to

allocation.
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A total of 70 participants will be required for RCT1. On the basis of data extrapolated from
previous case series this provides a power estimate for expected differences in fatigue
resistance indices between the groups of 0.8, if a = 0.05. Sample sizes have been inflated
15% to account for the known mortality of this patient population (12.8%) (Canberra

Hospital intensive care unit audit data 2009).

Subjects:

Subjects will be recruited from Canberra Hospital intensive care unit (Canberra, Australia).
Patients mechanically ventilated for more than 7 days who are alert and able to co-operate
with training (Riker sedation agitation score(Riker et al., 1999) of 4) and can provide
informed consent will be randomised (computer generated random number sequence,
concealed allocation) to receive either inspiratory muscle training or usual physiotherapy
care. Usual physiotherapy care typically involves deep breathing exercises (without a
resistance device), manual hyperinflation (Blattner et al., 2008), secretion clearance
techniques, assisted mobilisation (Schweickert et al., 2009, Morris et al., 2008) and upper

and lower limb exercise as indicated.

Ventilated > 7 days
Able to participate in IMT?
YES
RCT #1 (IMT while ventilated)
Measure MIP, RPE, QOL

IMT group Control group
(n=35) (n =235)
Weaned between 24 hrs &
7 days.
Now able to participate in
IMT?

1

s |

Weaned 24 hours
Measure FRI NO
= exclusions
’ YES ‘ (ineligible)
l & Refusals
Weaned for 7 days
Measure FRI, RPE, QOL RCT #2 (IMT post ventilation)

Measure FRI, RPE , QOL
IMT group Control group
(n=35) (n=35)

2 weeks post IMT treatment
Measure FRI, RPE, QOL

Figure 19: Flow of participants through Study 5.
(N.B. RCT2 refers to the patients already described in Study 4).
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Inclusion criteria

All patients admitted to the intensive care unit who:

are mechanically ventilated through invasive means for 7 days or longer

are aged = 16 years

are alert and able to co-operate with training (Riker score 4)

are able to provide informed consent

are haemodynamically stable and requiring minimal ventilatory support (i.e. PEEP
<10)

Exclusion criteria

Patients will be excluded from RCT 1 if they are:

undergoing non-invasive ventilation only

aged < 16 years

unwilling to consent or not able to provide informed consent

previously included in RCT 1 (i.e. patients readmitted to intensive care)

pregnant

mechanically ventilated less than 7 days

not alert or able to co-operate with training (Riker score < 4 or > 4)

requiring high levels of ventilatory support (e.g. PEEP > 10 cm H20, FiO2 > 0.60,
nitric oxide, nebulised prostacycline, high frequency oscillation) and / or where the
treating team (medical and / or physiotherapy) deems risks of brief disconnection
from ventilation unacceptable

medically unstable (e.g. new cardiac arrhythmia, acutely septic) where the treating
team (medical and / or physiotherapy) consider interference with ventilatory support
could compromise patient’s recovery; and / or are deemed suitable for palliation
experiencing significant pain which interferes with breathing capacity (e.g. fractured
ribs): inspiratory muscle training could be reconsidered when pain is controlled and

patient is able to participate
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Outcome measures:Table 14 summarises the outcome measures used in Study 5.

Table 14: Outcome measures used in Study 5

OUTCOME MEASURE Timing of Assessment
Fatigue Resistance Index (FRI) (Primary e 24 hours post weaning
outcome measure) e 7 days post weaning
Maximum Inspiratory Pressure (MIP) e Commencement of training

e 24 hours post weaning
e 7 days post weaning

Quality of Life / Functional assessments ¢ Commencement of training
(SF-36, EQ-5D, Acute Care Index of Function) e 7 days post weaning

Rate of Perceived Exertion (RPE) at rest and e Commencement of training
during training e 7 days post weaning
Duration of mechanical ventilation (days) v

Duration of weaning (from commencement of v
pressure-support only to 24 hrs ventilator-free)

Post ICU-discharge length of hospital stay (days) v

Hospital discharge destination (including in- v

hospital mortality)

ICU readmission rates v
Reintubation rates (%) — defined as reintubation v

required within 48 hours of extubation
¢ Commencement of training
Urinary cortisol, creatinine and urea levels e Day 7 of training

Interventions, samples and assays:

Muscle trainer:

Inspiratory muscle training will be performed using the Threshold inspiratory muscle trainer
(Threshold IMT device HS730, Respironics NJ, USA). This device has been validated in
both healthy patients and those with chronic lung disease (Gosselink et al., 1996) and is
superior to alternative flow-resistance devices due to its reliability in ensuring prescribed

pressures are achieved regardless of participant’s flow rate (Gosselink et al., 1996).

The training parameters are based on previously published case studies (Bissett and
Leditschke, 2007, Martin et al., 2002, Sprague and Hopkins, 2003) and are consistent with
evidence-based inspiratory muscle training guidelines in patients with chronic lung disease

(Hill et al., 2010) which recommend that high intensity interval training is well tolerated and
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optimises outcomes (Hill et al., 2006). The physiotherapist prescribes the highest tolerable
intensity that allows the participant to just complete the 6™ breath in a set of 6 breaths
(Martin et al., 2011). The intensity is gradually increased by the physiotherapist across the
training period to provide adequate training stimulus. Training is performed daily on week
days, with the physiotherapist assisting the patient to perform 5 sets of 6 breaths each
session. Between sets, patients are returned to the ventilator for a rest period as required
(typically less than 60 seconds). The whole training session takes less than 10 minutes per

day.

Training will be provided by either the chief investigator, senior intensive care
physiotherapist or a physiotherapy department staff member who has been trained and
credentialed in the technique in accordance with our previously published protocol (Bissett
and Leditschke, 2007).

Respiratory strength and fatigue measurement

Inspiratory muscle strength will be measured as maximum inspiratory pressure (MIP), in
accordance with the protocol described by the American Thoracic Society and European
Respiratory Society (Green et al., 2002). Briefly, this technique requires the patient to
maximally inhale from residual volume into a hand-held pressure manometer and sustain
the effort for more than 1 second. Nose clips are not required. The patient is coached to
ensure adequate lip seal around the mouth piece and achieve maximum voluntary effort,
and the effort is repeated until at least 3 measurements have less than 20% variability
between them (Green et al., 2002).

The device used to perform MIP testing is a portable MicroRPM Respiratory Pressure
meter (CareFusion, San Diego, USA) (Australian Therapeutic Goods Administration
approval 166760). Such hand-held devices have demonstrated reliability and validity
(Hamnegard et al., 1994) and are easy to use at the bedside in intensive care or ward

environments. The device will be zeroed and calibrated before each measurement.
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The method of determining fatigue resistance capacity is the protocol used by Chang and
colleagues (Chang et al., 2005a) and is based on the Maximum Incremental Threshold
Loading test described in the American Thoracic Society / European Respiratory Society
guidelines (Clanton et al., 2002). Following successful weaning from mechanical
ventilation (i.e. within 24 — 48 hours), the patients’ fatigue resistance (FRI) is calculated.
Following 3 MIP measurements (as above), participants breathe through inspiratory
resistance (through the Threshold inspiratory muscle training device) equivalent to 30% of
the initial MIP for 2 minutes. This level of resistance has been selected as the preliminary
trials by Chang et al indicated that resistance equivalent to 50% of MIP resulted in severe
dyspnoea (Chang et al., 2005a). If the participant is not able to inspire at 30% of their MIP,
no resistance is applied. MIP measurements are repeated at 2 minutes.

During the loading task, the testing will be ceased if the RPE is = 7, pulse oximetry
saturation falls > 10% from initial values or to < 90%, or the heart rate increases by> 30
beats per minute. FRI is calculated comparing the pre- and post-loading values of the MIP
(i.e. Post MIP / Pre MIP). The FRI procedure is repeated 7 days post successful weaning

from ventilation.

Cortisol & urea sampling
Patients with an indwelling catheter in situ will have 24 hours urine at baseline and Day 7.
Urine will be assayed for cortisol, creatinine and urea using High Performance Liquid

Chromatography.

Dyspnoea (shortness of breath):

Dyspnoea will be measured using a Modified Borg scale (RPE categorical score out of 10)
which has been found to have acceptable reliability and validity in patients undergoing
mechanical ventilation (Powers and Bennett, 1999). RPE will be recorded both at rest and
during exercise at successful weaning (24 hours) and 1 week post weaning (by a blinded

assessor).

-110-



Quality of Life and Functional measures:

Quality of Life is measured using the SF-36v2 tool (acute 1 week time frame) and the EQ-
5D tool as one combined survey. The SF-36 tool has demonstrated reliability,
responsiveness, construct and criterion validity and is responsive to clinical improvement
in an intensive care population(Hayes et al., 2000). The EQ-5D tool has also been used in
intensive care patient follow-up (Granja et al., 2003) and is likely to give a more global
measure of health-related quality of life. The survey will be completed on enrolment and 7

days following successful weaning.

Functional level will be measured using the Acute Care Index of Function (ACIF) which
has good levels of inter-rater reliability (Van Dillen and Roach, 1988) and construct validity

(Roach and Van Dillen, 1988) in acute neurological conditions.

TERMINATION CRITERIA:

An individual would be withdrawn from the study in the case of death, withdrawal of
consent or ability to participate actively. Should a patient in the view of the treating
physician not tolerate the intervention, for whatever reason, the patient may be withdrawn
from the study, however follow up data including FRI would still be collected and all data
collected will be analysed on an intention to treat basis. Adverse outcomes are not
anticipated, due to the demonstrated safety of the technique in our own pilot data (Bissett,
2012), and the lack of documented adverse sequelae in other studies (Martin et al., 2002,
Sprague and Hopkins, 2003, Martin et al., 2011, Cader et al., 2010).

According to a recent multi-site study on the safety of physiotherapy intervention in
intensive care (Zeppos et al., 2007), the following criteria would cause the treating
therapist to cease the intervention immediately and alert on-site medical attention (i.e.
senior intensive care registrar): alteration in blood pressure > or < 20% resting; alteration
in heart rate < or > 20% resting; new arrhythmia; oxygen desaturation > 10%; pulmonary
artery pressure (systolic) > 60 mmHg; suspected pneumothorax; agitation risking
detachment of equipment or lines or requiring increase sedation. Should such an episode
occur, the participant’s suitability for remaining in the trial would be reviewed by the Chief

Investigator, in consultation with senior intensive care medical staff.
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MINIMISING BIAS:

Outcome measures will be taken by blinded assessors, however therapists providing the

intervention cannot be blinded.

Patients will be informed that the study is investigating different types of ‘breathing
exercises’, without reference to a device, thus allowing blinding of the patients. Although a
sham comparison would be ideal, most sham interventions with the threshold device have
used low training pressures (e.g. 9 — 11 cm H20). The concern is that for the weakest
patients, this level of training can be challenging. In our pilot case series(Bissett, 2012)
several participants trained for several sessions with pressures below 15 cm H20
pressure, generating RPE scores of > 7. Our observations are also substantiated by the
work of DeJonghe et al(De Jonghe et al., 2007) who were able to quantify the median MIP
for ventilated patients who have returned to consciousness as only 30 cm H20. That is, a
mere 9 cm H20 training pressure would equate to 30% of MIP, and 30% intensity has
shown training benefits in patients with chronic obstructive pulmonary disease (Preusser et
al., 1994, Lisboa et al., 1994, Sanchez Riera et al., 2001). Thus it would be difficult to use
a true sham without risking inadvertent ‘training’ of the weakest patients. As an alternative
to a true ‘sham’ comparison, the control participants will receive daily coached breathing
exercises (deep breathing or demand ventilation exercises without a threshold device) to

minimise the potential Hawthorne effect.
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PROPOSED METHODS OF DATA ANALYSIS:

Data will be analysed using both an intention to treat and per protocol analysis with a carry
forward analysis for missing data. Mean changes scores, standard deviations and 95%
confidence intervals will be calculated between groups for pre and post intervention. It is
anticipated that the analysis will use a combination of t-tests, chi square tests and
repeated measures ANOVA (or non-parametric equivalents) as appropriate. If missing
data is a problem a mixed model may be used. There will be a baseline comparison of
age, gender, APACHE Il scores, highest SOFA score, and length of stay. There will be a
priori stratification of those participants with known neuromuscular disease (e.g. Guillain

Barre, Motor Neurone Disease, Myaesthenia Gravis).

Predictive Modeling:
A sub-study of RCT1 will analyse the correlation between inspiratory muscle training
pressures (cm H20) and duration of weaning (hours off ventilator in a 24 hour period). If

possible a mathematical model linking these two variables will be described.

CONTINGENCIES:
Should participant recruitment prove slow to reach the required sample size for this study,
the study duration may be increased by 6 to 12 months as required, pending ongoing

ethics approval.

DATA MANAGEMENT:

A custom-designed database will store de-identified patient data in a secure password-
protected file accessible only to designated research office staff. Data will be entered by
blinded research office staff from hard copies which are stored in a locked office. Data
completeness will be reviewed by research office staff quarterly and cross-referenced with
existing medical records. The investigators will only have access to the database on

completion of the study.
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CONCOMITANT INTERVENTIONS:
All usual physiotherapy interventions, including early mobilisation as is the standard of
care in both ICUs, will be allowed. No specific medical or surgical interventions are

disallowed for trial participants other than those described in the exclusion criteria above.

ETHICS AND DISSEMINATION
Ethics approval has been gained for these studies through these institutional committees:
1. Australian Capital Territory Health Human Research Ethics Committee (ETH
10.10.370)
2. University of Queensland Medical Research Ethics Committee (2010001488)
Any adverse events connected with the trial would be immediately reported to these
committees as well as registered through the hospital risk management system.
The results of this study will be presented at national and international intensive care and
physiotherapy conferences, and will be submitted for publication in peer reviewed journals

particularly focused on intensive care medicine.

DISCUSSION

The findings of this study would be highly relevant to intensive care staff who address the
challenges of ventilatory weaning and physical rehabilitation. Any intervention which can
hasten weaning from mechanical ventilation, or recovery following intensive care stay, is
highly likely to reduce overall length of stay and may reduce associated morbidity and
mortality. In addition to the individual patient benefits that this will produce, there is the
potential for a substantial community economic benefit due to reduced hospital costs.

If efficacy of inspiratory muscle training can be demonstrated, this could lead to a change
in intensive care practice internationally across disciplines, including physiotherapy,
respiratory therapy, nursing and intensive care medicine. Ultimately, the people most likely
to benefit from this study are the patients, with improved understanding of methods to

optimise treatment and minimise the complications of prolonged mechanical ventilation.
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UPDATE & ETHICAL DISCUSSION OF CONTINUATION OF STUDY 5

Recruitment for Study 5 commenced in February 2011, and following screening of 282
patients, 48 of the required 70 participants have been enrolled in the study (as of
December 2015). Based on current recruitment rates the new projected time frame for
completion of this study is December 2017. Since February 2011, there have been no
adverse events associated with any of the IMT sessions and as expected, based on Study

1, these have been well-tolerated by patients.

In light of the unexpected in-hospital mortality findings in Study 4, we deemed it prudent to
conduct an interim analysis of in-hospital mortality in Study 5. As stated in the protocol for
Study 5, we anticipated high mortality in this group and inflated sample sizes by 10% to
allow for this. Indeed the mortality rate in Study 4 (4 of 70, 5%) was not surprising,
although the fact that all 4 deaths were in the IMT group was unexpected. As of November
2015, there does not appear to be an association with in-hospital mortality in Study 5, with
small numbers of patients dying in both treatment and control groups prior to hospital

discharge.

We have provided feedback to the ACT Health Human Research Ethics Committee about
the unexpected mortality finding in Study 4, including the specific causes of death (i.e.
Table 13) which appear to be unrelated to respiratory failure. We have also reiterated that
Study 4 was underpowered for mortality and the finding is particularly fragile given the very
small numbers involved. The fact that 2 of the patients died weeks after cessation of IMT
(2 and 5 weeks respectively) makes it difficult to directly link the mortality finding with the
intervention. In this context, and in light of the fact that no other study of IMT in ventilator-
dependent patients to date has reported increased mortality, we have been encouraged by

the committee to continue Study 5 and will continue to monitor in-hospital mortality closely.

It is also hoped that the examination of cortisol levels in Study 5 will further enhance
understanding of any stress response associated with IMT. Although the results of Study 1
suggest that high-intensity IMT is well-tolerated physiologically, the cortisol results will
further contribute to our understanding of the safety of IMT in ventilator-dependent

patients.
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Thus as a research team we are confident that we have extensively explored the reasons
behind the unexpected mortality finding in Study 4, and are satisfied that it is ethically
sound to continue completion of Study 5 as per the advice of the ethics committee.
Although the timeframes required for completion of Study 5 prohibit its inclusion in this
thesis (due to slow recruitment), this final element of the project will continue to be
overseen by this research team to ensure it is completed to the highest possible standard
and the results are disseminated widely. Extension of ethical approval through the ACT

Health Human Research Ethics Committee has been accordingly obtained until 2017.
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CHAPTER 7: DISCUSSION

FINDINGS AND CONCLUSIONS

The major findings of this project are that patients who undergo mechanical ventilation for
more than 7 days are likely to develop deficits in inspiratory muscle strength, with
approximately one third also developing impaired inspiratory muscle endurance following
successful ventilatory weaning. These deficits occur even when patients have been
managed with spontaneous modes of ventilation and early proactive mobilisation. Further,
this project has demonstrated that inspiratory muscle training is feasible and safe in
selected mechanically-ventilated patients who are alert and able to participate with
training. However, for those who cannot participate in inspiratory muscle training while
ventilated, it would appear that following successful ventilatory weaning, 2 weeks of
inspiratory muscle training improves inspiratory muscle strength and quality of life, but

does not improve inspiratory muscle endurance.

A secondary finding of this project has been the establishment of the clinimetric properties
of the Acute Care Index of Function, an outcome measure that has been used to quantify
physical function and activity levels of patients in intensive care. It has excellent inter-rater
reliability and reasonable construct validity of the Acute Care Index of Function in intensive
care patients, allowing it to be validly used as an outcome measure in the other studies in

this project.

Since this project commenced in 2010, there has been an increase in research into
inspiratory muscle training in mechanically-ventilated patients. Since 2011, 9 randomised
trials of inspiratory muscle training in intensive care patients have been published (Cader
et al., 2010, Martin et al., 2011, Condessa et al., 2013, Dixit and Prakash, 2014, Elbouhy
et al., 2014, Ibrahiem et al., 2014, Mohamed et al., 2014, Pascotini et al., 2014, Shimizu et
al., 2014), and the results of these studies have been summarised in 2 systematic reviews
with meta-analyses (Moodie et al., 2011, Elkins and Dentice, 2015). While the meta-
analyses confirmed that inspiratory muscle training in ventilator-dependent patients
increases respiratory muscle strength and facilitates weaning (Moodie et al., 2011, Elkins
and Dentice, 2015), there is wide variability in both patient selection and training programs
used across the studies. For example, Cader et al (2010) studied inspiratory muscle

training in patients aged over 70 but excluded those with tracheostomies. Given that many
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long-term patients in intensive care will require tracheostomy beyond seven days of
mechanical ventilation, this exclusion criterion limits the usefulness of the findings of this
study. Patients in the study by Martin et al (2011) were a subset of intensive care patients
who had failed to wean from mechanical ventilation and underwent training in a
specialized weaning unit. These patients had experienced several weeks of mechanical
ventilation prior to commencing training, and therefore may be at much higher risk of
respiratory muscle weakness than a typical cohort of intensive care patients. In contrast,
Condessa et al (2013) did not demonstrate improvements in weaning rates in their
intensive care patients, but this may be due to selecting a patient cohort who had only
been mechanically ventilated for 48 hours and therefore have less strength deficit initially.
Moreover, these researchers only used a training intensity of 40% of maximum inspiratory
pressure, which may be an inadequate training stimulus to achieve the strength and
weaning benefits demonstrated in other studies. Given the heterogeneity of both patients
and training parameters used across the studies to date, further research is needed to
identify the intensive care patients who would benefit most from inspiratory muscle
training, as well as the ideal training parameters. Study 5, described in Chapter 6, will add
to this body of knowledge, particularly as it includes patients of all ages who were
ventilated for 7 days or longer, via both endotracheal tubes and tracheostomies.
Furthermore it focuses on patient-centred outcomes including physical function and rate of

perceived exertion, which other studies in this field have not yet explored.

CONTEXT OF THE FINDINGS

All studies completed in this project were undertaken in an intensive care unit where
minimisation of sedation is the standard practice. This may limit the generalisability of the
findings of the project, particularly as many intensive care units around the world are still
exploring ‘sedation interruption’ as opposed to complete alertness as the standard of care
for intubated and ventilated patients. Early mobilisation is also standard practice in this
unit, including for ventilated patients (Leditschke et al., 2012). In contrast, other studies of
inspiratory muscle training have been performed in units where patients do not actively
participate in any other rehabilitation (Condessa et al., 2013), or where the amount of
rehabilitation activity was reduced during the training period (e.g. Martin et al (2011)
reduced duration and intensity of rehabilitation activities by approximately 50%). It is
conceivable that mobilisation and whole body rehabilitation may affect inspiratory muscle
strength and endurance, and therefore possible that units which do not practice early

rehabilitation may have different outcomes with inspiratory muscle training in their patients
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relative to those demonstrated in this project. The relationship between whole-body
exercise and specific respiratory muscle function is yet to be studied in the intensive care
context, but given the relationships between inspiratory muscle strength and exercise
performance in athletes (as described in Chapter 1), the relative effects of global and

specific exercise training deserve further exploration in this patient group.

Over the past 5 years there has been a proliferation of research into the effects of early
mobilisation and rehabilitation in intensive care (Morris et al., 2011, Team Investigators et
al., 2015, Stiller, 2013). While recent suggestions that physiotherapists should focus on
early mobilisation as a matter of priority(Stiller, 2013) may have changed the landscape of
physiotherapy practice in many units, this suggestion is unlikely to have had a local impact
across the life of this project as early mobilisation and rehabilitation were already the norm
(Leditschke et al., 2012). Thus despite the relatively long duration of Studies 3, 4 and 5, it
would not be expected that the international shift in intensive care physiotherapy paradigm
would have compromised the findings of this study. Furthermore, as described in Study 3,
early progressive mobilisation and rehabilitation does not safeguard against respiratory
muscle impairment and dyspnoea as a consequence of prolonged mechanical ventilation.
This information is valuable to clinicians who are focusing on early rehabilitation as
dyspnoea may limit exercise tolerance in these patients. Thus the findings of this project
are highly relevant to the contemporary intensive care unit which focuses on early

proactive rehabilitation.

Despite the recent evidence in favour of inspiratory muscle training in intensive care
patients, it is not yet standard practice in most intensive care units around the world. A
recent study of French physiotherapists revealed that although many claim to provide
inspiratory muscle training to facilitate weaning, only 16% of those surveyed used an
evidence-based approach, and only 2% titrated a suitable training intensity from maximal
inspiratory pressure (Bonnevie et al., 2015). This study revealed that most
physiotherapists considered diaphragmatic breathing control a form of inspiratory muscle
training. Based on evidence from many populations (including athletes and those with
chronic disease, as outlined in Chapter 1), accurately titrated high resistance is key to
obtaining benefits from inspiratory muscle training, whereas there is no evidence to date
that deep breathing exercises (without resistance) improve outcomes for ventilator-

dependent patients. Thus clinicians should be deterred from confusing deep breathing
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exercises with inspiratory muscle training which requires carefully titrated resistance

training at precise pressures.

STRENGTHS AND LIMITATIONS OF THE STUDIES

The strengths of the studies contained in this project include the fact that they were
performed in a modern tertiary intensive care unit with the usual resources and staffing
levels available in Australia. Thus the assessments and treatments studied have occurred
in a realistic clinical setting. Furthermore, the robustness of design in Study 4 has
minimised bias through randomisation with concealed allocation, blinded outcome
assessors for the primary outcomes, dyspnoea and quality of life scores, and intention-to-
treat analysis. As with most studies of physiotherapy interventions, it was not possible to
blind physiotherapists delivering the interventions in this project. Furthermore, Acute Care
Index of Function assessments in these studies were performed by the treating
physiotherapist who was not blinded to the intervention. This pragmatic approach may
have introduced some bias regarding functional outcomes. Nonetheless, it is a strength of
these studies that patient-centred outcome measures were included, as few studies of
inspiratory muscle training in intensive care patients have considered the importance of

physical function and quality of life.

A limitation of the studies in this project is lack of longer term follow-up beyond hospital
discharge. Given the benefits of inspiratory muscle training observed in Study 4 within 2
weeks of training, it would be valuable to know whether these benefits were preserved in
the subsequent weeks and months. It would also be worthwhile exploring whether there
was any ongoing association between inspiratory muscle strength and quality of life for
these patients. Furthermore, it would be informative to examine mortality in the longer term
for the participants in Study 4, specifically to ascertain whether the trend in favour of the

control group persisted beyond hospital discharge.

The fact that these studies were conducted in a single unit may limit the extrapolation of
the findings to intensive care units with very different practices. All patients that
participated in Studies 1, 3 and 4 were alert, able to provide consent and participate
actively. In intensive care units where patients are mostly sedated, patients will be unable
to participate in the inspiratory muscle training described in the protocols for Studies 1, 4
and 5. Even following successful weaning, patients who have experienced prolonged

sedation may suffer the residual effects of long-term sedation on cognitive function (i.e.

-120-



delirium), and may not be able to participate adequately in inspiratory muscle training.
Thus sedation practices must be considered when determining whether the findings of this
project could be applied to intensive care units around the world.

Similarly, in units where early mobilisation is not standard practice, it is unknown whether
the impact of inspiratory muscle training would be different. Given the wide variety in
practices of early mobilisation around Australia (Berney et al., 2013) and the world
(Chawla et al., 2014, Malone et al., 2015, Nydahl et al., 2014), it is probably prudent to
limit extrapolations of these findings to units with similar practices regarding mobilisation

and rehabilitation.

In light of these concerns regarding external validity, these studies should be replicated in
other intensive care units around the world to ensure the robustness and generalisability of
the findings. Ideally these studies should be powered to detect changes in both quality of
life and in-hospital mortality.

CLINICAL IMPLICATIONS

The findings of this project have several implications for clinicians working in intensive
care. The results from Study 3 suggest that clinicians can anticipate considerable
inspiratory muscle weakness, manifesting as elevated dyspnoea both at rest and during
exercise, in patients recently weaned from mechanical ventilation of at least 7 days’
duration. This knowledge can be used by medical, nursing and allied health clinicians to
reassure patients that their symptoms are normal and, based on Study 4, are likely to
improve within 2 weeks. Furthermore, if physiotherapists wish to enhance inspiratory
muscle strength and quality of life in these patients, they may use high-intensity inspiratory

muscle training and anticipate positive results within 2 weeks in the majority of patients.

This project also provides clinicians with confidence that inspiratory muscle training can be
performed safely in selected ventilator-dependent patients. If physiotherapists use the high
intensity interval-approach described in Study 1, the patient is likely to maintain adequate
oxygenation without supplemental oxygen, and they are likely to remain cardiovascularly
stable. However the efficacy of this training approach for ventilator-dependent patients is
yet to be demonstrated, and the results of Study 5 will be highly relevant to clinicians with

regards to prioritising this intervention.
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Based on the findings of Study 2, intensive care physiotherapists may confidently utilise
the Acute Care Index of Function to quantify the functional trajectory of intensive care
patients. Most importantly, clinicians can identify patients with a score of less than 0.40 at
intensive care discharge, and proactively direct rehabilitation resources towards these
patients, or use this information to guide discharge planning. This information will be of
great clinical relevance not just to physiotherapists, but also the whole multidisciplinary
team who continue to care for the patient following discharge from intensive care.

FURTHER RESEARCH

While this project has demonstrated the value of inspiratory muscle training in the post-
weaning period, it would be worthwhile determining whether such benefits also occur when
inspiratory muscle training is commenced while patients are mechanically-ventilated. While
Study 1 established the safety of high-intensity interval training for selected ventilator-
dependent patients, the protocol outlined in Chapter 6 (Study 5) is a robust exploration of
the efficacy of inspiratory muscle training in this group, including important patient-centred
outcomes like physical function, dyspnoea and quality of life. The consistency of measures

between Studies 4 and 5 will also allow valuable comparisons to be made in future.

This project has highlighted numerous challenges with studying long-term intensive care
patients, including the intermittent delirium and impaired cognition which can make
completion of lengthy outcome measures problematic in this patient group. Future studies
may benefit from selecting outcome measures which do not require sustained attention
spans (i.e. selecting EQ5D in preference to SF36). Furthermore, these studies have
highlighted the limitations of simple spring-loaded inspiratory muscle trainers, which can
thwart training efforts through a ceiling effect at an intensity of 41 cm H20. Since this study
was designed, there has been much progress in the development of electronic inspiratory
muscle training devices (Langer et al., 2015) which have a much wider training bandwidth
and may therefore be better suited to training intensive care patients. The feasibility and
utility of these devices deserves exploration in both ventilator-dependent and

spontaneously breathing intensive care patients.

As one of the findings of Study 4 was that quality of life appears to improve with just 2
weeks of inspiratory muscle training, this is worth exploring in a larger multi-centre study
which is powered to detect improvements in quality of life. Such a study should ideally
evaluate the effects of inspiratory muscle training beyond the initial 2 week training period.
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Given that many of the patients in Study 4 had not yet returned to 100% of their predicted
values of maximum inspiratory pressure by 2 weeks, there is potential benefit from
continuing training for several more weeks and evaluating the impact on quality of life and

dyspnoea symptoms over several months.

Finally, the trend towards higher mortality in the treatment group in Study 4 should be
further investigated with a longer term follow-up of this patient cohort to determine whether
mortality remains elevated between the groups in the longer term. It will be valuable to
collect follow-up data from this cohort specifically comparing morbidity and mortality

between 1 and 5 years of intensive care survival.

CLOSURE

The findings of this project have been disseminated widely, including presentation at the
European Society of Intensive Care Medicine (2011), the Australian Physiotherapy
Association Conference (2011), International Physical Medicine and Rehabilitation
Conference (2013), Australia New Zealand Intensive Care Society Scientific Meeting
(2013, 2015) and the Canberra Health Annual Research Meeting (2011, 2014, 2015). An
abstract for Study 4 has also been submitted to the American Thoracic Society conference
for 2016.

As reproduced with permission in Appendices B to F, the literature review and studies
have been published in both Australian and international peer-reviewed journals. Copies of
these articles have been provided to funding bodies and ethics review committees for their
records. Furthermore, the results have been presented to stakeholders including staff in
the intensive care unit and physiotherapy department at Canberra Hospital, as well as the

University of Queensland.

All data has been de-identified and stored electronically in the Canberra Hospital Intensive
Care Research office in accordance with ethical requirements. The ACT Health Human
Ethics Review Committee has been advised of the in-hospital mortality results described in
Study 4.

Recruitment for Study 5 has commenced and at time of thesis submission, is at 48 of 70
patients (since February 2011). This study has extension of ethics approval to continue
until recruitment has been finalised (anticipated 2017).

-123-



SUMMARY

The combined findings of this project have implications for the current practice of
physiotherapy and intensive care medicine. First, clinicians can recognise inspiratory
muscle weakness and fatigability as a likely consequence of prolonged mechanical
ventilation. These residual impairments are likely to manifest as dyspnoea both at rest and
during exercise for many patients in the post-weaning period. Second, inspiratory muscle
weakness can be at least partly reversed with high-intensity inspiratory muscle training in
the post-weaning period, with just two weeks of daily training resulting in improvements in
both inspiratory muscle strength and quality of life. Third, inspiratory muscle training is safe
in selected ventilator-dependent patients and supplemental oxygen is not required to
maintain respiratory and cardiovascular stability during and after training. Fourth, the Acute
Care Index of Function is reliable and valid in intensive care patients, and can be used to
predict hospital discharge destination. This new information provides the ability to target
rehabilitation and direct resources to patients who require it most. These combined
findings are a patient-centred and clinically-meaningful contribution to the existing body of

knowledge regarding rehabilitation of intensive care patients.

~124-



REFERENCES

AMATO, M. B,, BARBAS, C. S., MEDEIROS, D. M., MAGALDI, R. B., SCHETTINO, G.
P., LORENZI-FILHO, G., KAIRALLA, R. A., DEHEINZELIN, D., MUNOZ, C,,
OLIVEIRA, R, TAKAGAK]I, T. Y. & CARVALHO, C. R. 1998. Effect of a
protective-ventilation strategy on mortality in the acute respiratory
distress syndrome. N Engl | Med, 338, 347-54.

AMBROSINO, N. & GABBRIELLI, L. 2010. The difficult-to-wean patient. Expert
Rev Respir Med, 4, 685-92.

ANZICS 2014. ANZICS Centre for Outcome and Resource Evaluation Annual
Report 2012-2013. Melbourne.

ARABI, Y. M., TAMIM, H. M., DHAR, G. S., AL-DAWOOD, A., AL-SULTAN, M,,
SAKKIJHA, M. H., KAHOUL, S. H. & BRITS, R. 2011. Permissive
underfeeding and intensive insulin therapy in critically ill patients: a
randomized controlled trial. Am J Clin Nutr, 93, 569-77.

AZNAR-LAIN, S., WEBSTER, A. L., CANETE, S., SAN JUAN, A. F., LOPEZ MOJARES,
L. M., PEREZ, M., LUCIA, A. & CHICHARRQO, J. L. 2007. Effects of inspiratory
muscle training on exercise capacity and spontaneous physical activity in
elderly subjects: a randomized controlled pilot trial. Int | Sports Med, 28,
1025-9.

BAILEY, S.]., ROMER, L. M., KELLY, ]., WILKERSON, D. P., DIMENNA, F. ]. & JONES,
A. M. 2010. Inspiratory muscle training enhances pulmonary O(2) uptake
kinetics and high-intensity exercise tolerance in humans. | Appl Physiol,
109, 457-68.

BAKER, S. E., SAPIENZA, C. M., MARTIN, D., DAVENPORT, S., HOFFMAN-RUDDY,
B. & WOODSON, G. 2003. Inspiratory pressure threshold training for upper
airway limitation: a case of bilateral abductor vocal fold paralysis. J Voice,
17, 384-94.

BECKERMAN, M., MAGADLE, R., WEINER, M. & WEINER, P. 2005. The effects of 1
year of specific inspiratory muscle training in patients with COPD. Chest,
128,3177-82.

BELMAN, M. ]., BOTNICK, W. C., NATHAN, S. D. & CHON, K. H. 1994. Ventilatory
load characteristics during ventilatory muscle training. Am J Respir Crit
Care Med, 149, 925-9.

BERNEY, S. C.,, HARROLD, M., WEBB, S. A,, SEPPELT, 1., PATMAN, S., THOMAS, P. |.
& DENEHY, L. 2013. Intensive care unit mobility practices in Australia and
New Zealand: a point prevalence study. Crit Care Resusc, 15, 260-5.

BIOLO, G., AGOSTINI, F., SIMUNIC, B., STURMA, M., TORELLI, L., PREISER, J. C,,
DEBY-DUPONT, G., MAGNI, P., STROLLO, F., DI PRAMPERO, P., GUARNIER],
G., MEKJAVIC, 1. B., PISOT, R. & NARICI, M. V. 2008. Positive energy balance
is associated with accelerated muscle atrophy and increased erythrocyte
glutathione turnover during 5 wk of bed rest. Am J Clin Nutr, 88, 950-8.

-125-



BISSETT, B., GREEN, M., MARZANO, V., BYRNE, S., LEDITSCHKE, 1., NEEMAN, T.,
BOOTS, R. & PARATZ, ]. 2015a. Reliability and utility of the acute care
index of function in intensive care patients: an observational study. Heart
Lung, In press.

BISSETT, B., LEDITSCHKE, 1., PARATZ, ]. & BOOTS, R. 2012a. Respiratory
dysfunction in ventilated patients: can inspiratory muscle training help?
Anaesth Intensive Care, 40, 236-46.

BISSETT, B. & LEDITSCHKE, 1. A. 2007. Inspiratory muscle training to enhance
weaning from mechanical ventilation. Anaesth Intensive Care, 35, 776-9.

BISSETT, B., LEDITSCHKE, I. A. & GREEN, M. 2012b. Specific inspiratory muscle
training is safe in selected patients who are ventilator-dependent: A case
series. Intensive Crit Care Nurs, 28, 98-104.

BISSETT, B., LEDITSCHKE, I. A, NEEMAN, T., BOOTS, R. & PARATZ, J. 2015b.
Weaned but weary: one third of adult intensive care patients mechanically
ventilated for 7 days or more have impaired inspiratory muscle endurance
after successful weaning. Heart Lung, 44, 15-20.

BISSETT, B., LEDITSCHKE, 1. A., PARATZ, ]. & BOOTS, R.J. 2012c. Respiratory
dysfunction in ventilated patients: can inspiratory muscle training help? A
review. Anaesth Intensive Care, In press.

BISSETT, B., LEDITSCHKE, I.A., GREEN, M. 2012. Specific inspiratory muscle
training is safe in selected patients who are ventilator-dependent: A case
series. Intensive and Critical Care Nursing, 28, 98-104.

BISSETT, B. M., LEDITSCHKE, 1. A,, PARATZ, ]. D. & BOOTS, R. ]. 2012d. Protocol:
inspiratory muscle training for promoting recovery and outcomes in
ventilated patients (IMPROVe): a randomised controlled trial. BMJ Open, 2,
e000813.

BLATTNER, C.,, GUARAGNA, J. C. & SAADI, E. 2008. Oxygenation and static
compliance is improved immediately after early manual hyperinflation
following myocardial revascularisation: a randomised controlled trial.
Aust ] Physiother, 54, 173-8.

BONNEVIE, T., VILLIOT-DANGERD, ]., GRAVIERA, F., DUPUISF, ]., PRIEURC, G. &
MEDRINALC, C. 2015. Inspiratory muscle training is used in some
intensive care units, but many training methods have uncertain efficacy: a
survey of French physiotherapists. Journal of Physiotherapy, 61, 204-2009.

BORG, G. A. 1982. Psychophysical bases of perceived exertion. Med Sci Sports
Exerc, 14, 377-81.

BROWN, P. L., SHARPE, G. R. & JOHNSON, M. A. 2008. Inspiratory muscle training
reduces blood lactate concentration during volitional hyperpnoea. Eur J
Appl Physiol, 104, 111-7.

CADER, S. A, VALE, R. G., CASTRO, J. C.,, BACELAR, S. C., BIEHL, C., GOMES, M. C,,
CABRER, W. E. & DANTAS, E. H. 2010. Inspiratory muscle training
improves maximal inspiratory pressure and may assist weaning in older
intubated patients: a randomised trial. / Physiother, 56, 171-7.

-126-



CAHALIN, L. P., SEMIGRAN, M. ]. & DEC, G. W. 1997. Inspiratory muscle training
in patients with chronic heart failure awaiting cardiac transplantation:
results of a pilot clinical trial. Phys Ther, 77, 830-8.

CARLUCCI, A., CERIANA, P., PRINIANAKIS, G., FANFULLA, F., COLOMBO, R. &
NAVA, S. 2009. Determinants of weaning success in patients with
prolonged mechanical ventilation. Crit Care, 13, R97.

CARUSO, P., DENARI, S. D., RUIZ, S. A., BERNAL, K. G.,, MANFRIN, G. M,,
FRIEDRICH, C. & DEHEINZELIN, D. 2005. Inspiratory muscle training is
ineffective in mechanically ventilated critically ill patients. Clinics (Sao
Paulo), 60, 479-84.

CHANG, A. T., BOOTS, R. ]., BROWN, M. G., PARATZ, ]. & HODGES, P. W. 2005a.
Reduced inspiratory muscle endurance following successful weaning from
prolonged mechanical ventilation. Chest, 128, 553-9.

CHANG, A. T., BOOTS, R.]., HENDERSON, R., PARATZ, ]. D. & HODGES, P. W.
2005b. Case report: inspiratory muscle training in chronic critically ill
patients--a report of two cases. Physiother Res Int, 10, 222-6.

CHATHAM, K., BALDWIN, J., GRIFFITHS, H., SUMMERS, L. & ENRIGHT, S. 1999.
Inspiratory muscle training improves shuttle run performance in healthy
subjects. . Physiotherapy, 35, 676-683.

CHATHAM, K., GELDER, C. M,, LINES, T. A. & CAHALIN, L. P. 2009. Suspected
statin-induced respiratory muscle myopathy during long-term inspiratory
muscle training in a patient with diaphragmatic paralysis. Phys Ther, 89,
257-66.

CHAWLA, R.,, MYATRA, S. N, RAMAKRISHNAN, N., TOD], S., KANSAL, S. & DASH,
S. K. 2014. Current practices of mobilization, analgesia, relaxants and
sedation in Indian ICUs: A survey conducted by the Indian Society of
Critical Care Medicine. Indian | Crit Care Med, 18, 575-84.

CHEAH, B. C., BOLAND, R. A,, BRODATY, N. E., ZOING, M. C,, JEFFERY, S. E,,
MCKENZIE, D. K. & KIERNAN, M. C. 2009. INSPIRATIonAL--INSPIRAtory
muscle training in amyotrophic lateral sclerosis. Amyotroph Lateral Scler,
10, 384-92.

CHIAPPA, G. R.,, ROSEGUINI, B. T, VIEIRA, P.]., ALVES, C. N,, TAVARES, A,,
WINKELMANN, E. R, FERLIN, E. L., STEIN, R. & RIBEIRO, J. P. 2008.
Inspiratory muscle training improves blood flow to resting and exercising
limbs in patients with chronic heart failure. ] Am Coll Cardiol, 51, 1663-71.

CLANTON, T., CALVERLY, P. & CELLI, B. 2002. Tests of respiratory muscle
endurance. ATS / ERS Statement on Respiratory Muscle Testing. American
Journal of Respiratory and Critical Care Medicine, 166, 559-570.

CONDESSA, R. L., BRAUNER, ]. S., SAUL, A. L., BAPTISTA, M., SILVA, A.C. &
VIEIRA, S. R. 2013. Inspiratory muscle training did not accelerate weaning
from mechanical ventilation but did improve tidal volume and maximal
respiratory pressures: a randomised trial. ] Physiother, 59, 101-7.

CONFALONIERI, M. & MEDUR], G. U. 2011. Glucocorticoid treatment in
community-acquired pneumonia. Lancet, 377, 1982-4.

-127-



CONTI, G.,, MONTINI, L., PENNISI, M. A., CAVALIERE, F., ARCANGELI, A., BOCCI, M.
G., PROIETTI, R. & ANTONELLI, M. 2004. A prospective, blinded evaluation
of indexes proposed to predict weaning from mechanical ventilation.
Intensive Care Med, 30, 830-6.

CORNER, E.].,, SONI, N., HANDY, ]. M. & BRETT, S. ]J. 2014. Construct validity of
the Chelsea critical care physical assessment tool: an observational study
of recovery from critical illness. Crit Care, 18, R55.

COX, C.E., CARSON, S. S., GOVERT, J. A., CHELLURI, L. & SANDERS, G. D. 2007. An
economic evaluation of prolonged mechanical ventilation. Crit Care Med,
35,1918-27.

CROWE, |, REID, W. D., GEDDES, E. L., O'BRIEN, K. & BROOKS, D. 2005.
Inspiratory muscle training compared with other rehabilitation
interventions in adults with chronic obstructive pulmonary disease: a
systematic literature review and meta-analysis. COPD, 2, 319-29.

CUTHBERTSON, B. H.,, ROUGHTON, S., JENKINSON, D., MACLENNAN, G. & VALE,
L. 2010. Quality of life in the five years after intensive care: a cohort study.
Crit Care, 14, R6.

DAL VECCHIO, L., POLESE, G., POGGI, R. & ROSSI, A. 1990. "Intrinsic" positive
end-expiratory pressure in stable patients with chronic obstructive
pulmonary disease. Eur Respir ], 3, 74-80.

DALL'AGO, P., CHIAPPA, G. R., GUTHS, H., STEIN, R. & RIBEIRO, J. P. 2006.
Inspiratory muscle training in patients with heart failure and inspiratory
muscle weakness: a randomized trial. ] Am Coll Cardiol, 47, 757-63.

DE JONG, W., VAN AALDEREN, W. M., KRAAN, ]., KOETER, G. H. & VAN DER
SCHANS, C. P. 2001. Inspiratory muscle training in patients with cystic
fibrosis. Respir Med, 95, 31-6.

DE JONGHE, B., BASTU]JI-GARIN, S., DURAND, M. C., MALISSIN, I., RODRIGUES, P.,
CEREF, C., OUTIN, H. & SHARSHAR, T. 2007. Respiratory weakness is
associated with limb weakness and delayed weaning in critical illness. Crit
Care Med, 35,2007-15.

DE TROYER, A. & WILSON, T. A. 2009. Effect of acute inflation on the mechanics
of the inspiratory muscles. | Appl Physiol, 107, 315-23.

DEACON, S.]., VINCENT, E. E., GREENHAFF, P. L., FOX, J., STEINER, M. C., SINGH,
S.J. & MORGAN, M. D. 2008. Randomized controlled trial of dietary
creatine as an adjunct therapy to physical training in chronic obstructive
pulmonary disease. Am | Respir Crit Care Med, 178, 233-9.

DENEHY, L., DE MORTON, N. A,, SKINNER, E. H.,, EDBROOKE, L., HAINES, K.,
WARRILLOW, S. & BERNEY, S. 2013. A physical function test for use in the
intensive care unit: validity, responsiveness, and predictive utility of the
physical function ICU test (scored). Phys Ther, 93, 1636-45.

DICKINSON, J., WHYTE, G. & MCCONNELL, A. 2007. Inspiratory muscle training:
a simple cost-effective treatment for inspiratory stridor. Br ] Sports Med,
41, 694-5; discussion 695.

-128-



DIMITRIADIS, Z., KAPRELI, E., KONSTANTINIDOU, I., OLDHAM, J. &
STRIMPAKOS, N. 2011. Test/retest reliability of maximum mouth pressure
measurements with the MicroRPM in healthy volunteers. Respir Care, 56,
776-82.

DIXIT, A. & PRAKASH, S. 2014. EFFECTS OF THRESHOLD INSPIRATORY MUSCLE
TRAINING VERSUS CONVENTIONAL PHYSIOTHERAPY ON THE WEANING
PERIOD OF MECHANICALLY VENTILATED PATIENTS: A COMPARATIVE
STUDY. International Journal of Physiotherapy and Research, 2, 424-428.

DOUGLAS, S. L., DALY, B.]., GORDON, N. & BRENNAN, P. F. 2002. Survival and
quality of life: short-term versus long-term ventilator patients. Crit Care
Med, 30, 2655-62.

DOUGLASS, J. A, TUXEN, D. V., HORNE, M., SCHEINKESTEL, C. D., WEINMANN,
M., CZARNY, D. & BOWES, G. 1992. Myopathy in severe asthma. Am Rev
Respir Dis, 146, 517-9.

DOWNEY, A. E.,, CHENOWETH, L. M., TOWNSEND, D. K., RANUM, J. D., FERGUSON,
C.S. & HARMS, C. A. 2007. Effects of inspiratory muscle training on
exercise responses in normoxia and hypoxia. Respir Physiol Neurobiol, 156,
137-46.

DRONKERS, J., VELDMAN, A., HOBERG, E., VAN DER WAAL, C. & VAN
MEETEREN, N. 2008. Prevention of pulmonary complications after upper
abdominal surgery by preoperative intensive inspiratory muscle training:
arandomized controlled pilot study. Clin Rehabil, 22, 134-42.

EDWARDS, A. M. & WALKER, R. E. 2009. Inspiratory muscle training and
endurance: a central metabolic control perspective. Int ] Sports Physiol
Perform, 4, 122-8.

EDWARDS, A. M., WELLS, C. & BUTTERLY, R. 2008. Concurrent inspiratory
muscle and cardiovascular training differentially improves both
perceptions of effort and 5000 m running performance compared with
cardiovascular training alone. Br ] Sports Med, 42, 823-7.

ELBOUHY, M., ABDELHALIM, H. & HASHEM, A. 2014. Effect of respiratory
muscles training in weaning of mechanically ventilated COPD patients.
Egypt ] Chest Dis Tuberc., 63, 679-687.

ELKINS, M. & DENTICE, R. 2015. Inspiratory muscle training facilitates weaning
from mechanical ventilation among patients in the intensive care unit: a
systematic review. | Physiother, 61, 125-34.

ENOKA, R. M. 1997. Neural adaptations with chronic physical activity. ] Biomech,
30, 447-55.

ENRIGHT, S., CHATHAM, K., IONESCU, A. A., UNNITHAN, V. B. & SHALE, D.].
2004. Inspiratory muscle training improves lung function and exercise
capacity in adults with cystic fibrosis. Chest, 126, 405-11.

ENRIGHT, S. J., UNNITHAN, V. B.,, HEWARD, C., WITHNALL, L. & DAVIES, D. H.
2006. Effect of high-intensity inspiratory muscle training on lung volumes,
diaphragm thickness, and exercise capacity in subjects who are healthy.
Phys Ther, 86, 345-54.

-129-



EPSTEIN, C. D., EL-MOKADEM, N. & PEERLESS, ]. R. 2002. Weaning older patients
from long-term mechanical ventilation: a pilot study. Am J Crit Care, 11,
369-77.

EVANS, J. A. & WHITELAW, W. A. 2009. The assessment of maximal respiratory
mouth pressures in adults. Respir Care, 54, 1348-59.

FERRANTE, L. E., PISANI, M. A,, MURPHY, T. E., GAHBAUER, E. A,, LEO-SUMMERS,
L.S. & GILL, T. M. 2015. Functional Trajectories Among Older Persons
Before and After Critical Illness. JAMA Intern Med.

FREDRIKSSON, K. & ROOYACKERS, 0. 2007. Mitochondrial function in sepsis:
respiratory versus leg muscle. Crit Care Med, 35, S449-53.

FREGONEZI, G. A.,, RESQUETI, V. R., GUELL, R., PRADAS, ]. & CASAN, P. 2005.
Effects of 8-week, interval-based inspiratory muscle training and
breathing retraining in patients with generalized myasthenia gravis. Chest,
128, 1524-30.

FRY, D. K, PFALZER, L. A.,, CHOKSHI, A. R.,, WAGNER, M. T. & JACKSON, E. S. 2007.
Randomized control trial of effects of a 10-week inspiratory muscle
training program on measures of pulmonary function in persons with
multiple sclerosis. | Neurol Phys Ther, 31, 162-72.

GABRIEL, D. A., KAMEN, G. & FROST, G. 2006. Neural adaptations to resistive
exercise: mechanisms and recommendations for training practices. Sports
Med, 36, 133-49.

GALE, J. & O'SHANICK, G. ]J. 1985. Psychiatric aspects of respirator treatment and
pulmonary intensive care. Adv Psychosom Med, 14, 93-108.

GEDDES, E. L., O'BRIEN, K., REID, W. D., BROOKS, D. & CROWE, ]. 2008.
Inspiratory muscle training in adults with chronic obstructive pulmonary
disease: an update of a systematic review. Respir Med, 102, 1715-29.

GEDDES, E. L., REID, W. D., CROWE, J., O'BRIEN, K. & BROOKS, D. 2005.
Inspiratory muscle training in adults with chronic obstructive pulmonary
disease: a systematic review. Respir Med, 99, 1440-58.

GETHING, A. D., PASSFIELD, L. & DAVIES, B. 2004a. The effects of different
inspiratory muscle training intensities on exercising heart rate and
perceived exertion. Eur | Appl Physiol, 92, 50-5.

GETHING, A. D., WILLIAMS, M. & DAVIES, B. 2004b. Inspiratory resistive loading
improves cycling capacity: a placebo controlled trial. Br ] Sports Med, 38,
730-6.

GOOSEY-TOLFREY, V., FODEN, E., PERRET, C. & DEGENS, H. 2010. Effects of
inspiratory muscle training on respiratory function and repetitive sprint
performance in wheelchair basketball players. Br ] Sports Med, 44, 665-8.

GOSSELINK, R.,, WAGENAAR, R. C. & DECRAMER, M. 1996. Reliability of a
commercially available threshold loading device in healthy subjects and in
patients with chronic obstructive pulmonary disease. Thorax, 51, 601-5.

GRANJA, C., MORUJAO, E. & COSTA-PEREIRA, A. 2003. Quality of life in acute
respiratory distress syndrome survivors may be no worst than in other
ICU survivors. Intensive Care Med, 29, 1744-50.

-130-



GREEN, M., ROAD, J., SIECK, G. & SIMILOWSKI, T. 2002. Tests of respiratory
muscle strength. ATS/ERS Statement on Respiratory Muscle Testing.
American Journal of Respiratory and Critical Care Medicine, 166, 528-547.

GRIFFIN, D., FAIRMAN, N., COURSIN, D., RAWSTHORNE, L. & GROSSMAN, J. E.
1992. Acute myopathy during treatment of status asthmaticus with
corticosteroids and steroidal muscle relaxants. Chest, 102, 510-4.

GRIFFITHS, R. D. & BONGERS, T. 2005. Nutrition support for patients in the
intensive care unit. Postgrad Med ], 81, 629-36.

HAINES, K. ], SKINNER, E. H., BERNEY, S. & AUSTIN HEALTH, P. S. 1. 2013.
Association of postoperative pulmonary complications with delayed
mobilisation following major abdominal surgery: an observational cohort
study. Physiotherapy, 99, 119-25.

HAITSMA, ].]. & LACHMANN, B. 2006. Lung protective ventilation in ARDS: the
open lung maneuver. Minerva Anestesiol, 72, 117-32.

HALL, ]. B.,, SCHWEICKERT, W. & KRESS, ]. P. 2009. Role of analgesics, sedatives,
neuromuscular blockers, and delirium. Crit Care Med, 37, S416-21.

HAMILTON, B. B.,, LAUGHLIN, J. A., FIEDLER, R. C. & GRANGER, C. V. 1994.
Interrater reliability of the 7-level functional independence measure
(FIM). Scand ] Rehabil Med, 26, 115-9.

HAMNEGARD, C. H.,, WRAGG, S., KYROUSSIS, D., AQUILINA, R.,, MOXHAM, J. &
GREEN, M. 1994. Portable measurement of maximum mouth pressures.
Eur Respir ], 7, 398-401.

HARMS, C. A,, BABCOCK, M. A.,, MCCLARAN, S. R.,, PEGELOW, D. F.,, NICKELE, G. A,
NELSON, W. B. & DEMPSEY, ]. A. 1997. Respiratory muscle work
compromises leg blood flow during maximal exercise. | Appl Physiol, 82,
1573-83.

HARROLD, M. E,, SALISBURY, L. G.,, WEBB, S. A., ALLISON, G. T., AUSTRALIA &
SCOTLAND, I. C. U. P. C. 2015. Early mobilisation in intensive care units in
Australia and Scotland: a prospective, observational cohort study
examining mobilisation practises and barriers. Crit Care, 19, 336.

HAYES, J. A, BLACK, N. A, JENKINSON, C., YOUNG, ]. D.,, ROWAN, K. M., DALY, K. &
RIDLEY, S. 2000. Outcome measures for adult critical care: a systematic
review. Health Technol Assess, 4, 1-111.

HERMANS, G., AGTEN, A.,, TESTELMANS, D., DECRAMER, M. & GAYAN-RAMIREZ,
G. 2010. Increased duration of mechanical ventilation is associated with
decreased diaphragmatic force: a prospective observational study. Crit
Care, 14, R127.

HERRIDGE, M., CHU, M. L., MATTE, A. L., TOMLINSON, G. A., CHAN, L., THOMAS, J.
0., FRIEDRICH, S., MEHTA, M., LEVASSEUR, F., LAMONTAGNE, N. D,,
FERGUSON, N., ADHIKAR], ], RUDKOWSK]I, H., MEGGISON, Y., SKROBIK, J.
& FLANNERY, M. 2015. The RECOVERY program: One-year disability in
critically ill patients mechanically ventilated (MV) for 7 days. American
Thoracic Society International Conference. Denver, Colorado, U.S.

-131-



HERRIDGE, M. S., TANSEY, C. M., MATTE, A., TOMLINSON, G., DIAZ-GRANADOS,
N., COOPER, A., GUEST, C. B.,, MAZER, C. D.,, MEHTA, S., STEWART, T. E,,
KUDLOW, P., COOK, D., SLUTSKY, A. S. & CHEUNG, A. M. 2011. Functional
disability 5 years after acute respiratory distress syndrome. N Engl ] Med,
364, 1293-304.

HESS, D. R. & KACMAREK, R. M. 2003. Essentials of mechanical ventilation,
McGraw-Hill Medical.

HILL, K., CECINS, N. M., EASTWOOD, P. R. & JENKINS, S. C. 2010. Inspiratory
muscle training for patients with chronic obstructive pulmonary disease: a
practical guide for clinicians. Arch Phys Med Rehabil, 91, 1466-70.

HILL, K., JENKINS, S. C., HILLMAN, D. R. & EASTWOOD, P. R. 2004. Dyspnoea in
COPD: can inspiratory muscle training help? Aust | Physiother, 50, 169-80.

HILL, K., JENKINS, S. C., PHILIPPE, D. L., CECINS, N., SHEPHERD, K. L., GREEN, D.
J., HILLMAN, D. R. & EASTWOOD, P. R. 2006. High-intensity inspiratory
muscle training in COPD. Eur Respir ], 27, 1119-28.

HODGSON, C., NEEDHAM, D., HAINES, K., BAILEY, M., WARD, A., HARROLD, M,,
YOUNG, P., ZANNI, J., BUHR, H., HIGGINS, A., PRESNEILL, ]. & BERNEY, S.
2014. Feasibility and inter-rater reliability of the ICU Mobility Scale. Heart
Lung, 43, 19-24.

HONIDEN, S. & CONNORS, G. R. 2015. Barriers and Challenges to the Successful
Implementation of an Intensive Care Unit Mobility Program:
Understanding Systems and Human Factors in Search for Practical
Solutions. Clin Chest Med, 36, 431-40.

HOUSTON, B. W., MILLS, N. & SOLIS-MOYA, A. 2008. Inspiratory muscle training
for cystic fibrosis. Cochrane Database Syst Rev, CD006112.

HUANG, C. H., MARTIN, A. D. & DAVENPORT, P. W. 2003. Effect of inspiratory
muscle strength training on inspiratory motor drive and RREP early peak
components. | Appl Physiol, 94, 462-8.

HULZEBOS, E. H., HELDERS, P. ., FAVIE, N. ], DE BIE, R. A.,, BRUTEL DE LA
RIVIERE, A. & VAN MEETEREN, N. L. 2006. Preoperative intensive
inspiratory muscle training to prevent postoperative pulmonary
complications in high-risk patients undergoing CABG surgery: a
randomized clinical trial. JAMA, 296, 1851-7.

HUND, E. 1999. Myopathy in critically ill patients. Crit Care Med, 27, 2544-7.

IBRAHIEM, A.,, MOHAMED, A. & H., S. 2014. Effect of respiratory muscles training
in addition to standard chest physiotherapy on mechanically ventilated
patients. . ] Med Res Prac, 3, 52-58.

INBAR, 0., WEINER, P., AZGAD, Y., ROTSTEIN, A. & WEINSTEIN, Y. 2000. Specific
inspiratory muscle training in well-trained endurance athletes. Med Sci
Sports Exerc, 32,1233-7.

-132-



INVESTIGATORS, T. S., HODGSON, C., BELLOMO, R., BERNEY, S., BAILEY, M.,
BUHR, H., DENEHY, L., HARROLD, M., HIGGINS, A., PRESNEILL, ]J., SAXENA,
M., SKINNER, E., YOUNG, P. & WEBB, S. 2015. Early mobilization and
recovery in mechanically ventilated patients in the ICU: a bi-national,
multi-centre, prospective cohort study. Crit Care, 19, 81.

INZELBERG, R., PELEG, N., NISIPEANU, P., MAGADLE, R., CARASSO, R. L. &
WEINER, P. 2005. Inspiratory muscle training and the perception of
dyspnea in Parkinson's disease. Can | Neurol Sci, 32, 213-7.

IWASHYNA, T.]. 2010. Survivorship will be the defining challenge of critical care
in the 21st century. Ann Intern Med, 153, 204-5.

IWASHYNA, T.]., ELY, E. W,, SMITH, D. M. & LANGA, K. M. 2010. Long-term
cognitive impairment and functional disability among survivors of severe
sepsis. JAMA, 304, 1787-94.

JOHNSON, M. A., SHARPE, G. R. & BROWN, P. 1. 2007. Inspiratory muscle training
improves cycling time-trial performance and anaerobic work capacity but
not critical power. Eur J Appl Physiol, 101, 761-70.

JOHNSON, P. H.,, COWLEY, A. ]. & KINNEAR, W. ]. 1998. A randomized controlled
trial of inspiratory muscle training in stable chronic heart failure. Eur
Heart], 19, 1249-53.

KELLERMAN, B. A,, MARTIN, A. D. & DAVENPORT, P. W. 2000. Inspiratory
strengthening effect on resistive load detection and magnitude estimation.
Med Sci Sports Exerc, 32, 1859-67.

KILDING, A. E.,, BROWN, S. & MCCONNELL, A. K. 2010. Inspiratory muscle
training improves 100 and 200 m swimming performance. Eur | Appl
Physiol, 108, 505-11.

KLEFBECK, B. & HAMRAH NED]JAD, J. 2003. Effect of inspiratory muscle training
in patients with multiple sclerosis. Arch Phys Med Rehabil, 84, 994-9.

KLEFBECK, B., LAGERSTRAND, L. & MATTSSON, E. 2000. Inspiratory muscle
training in patients with prior polio who use part-time assisted
ventilation. Arch Phys Med Rehabil, 81, 1065-71.

KLUSIEWICZ, A., BORKOWSK], L., ZDANOWICZ, R., BOROS, P. & WESOLOWSK]I, S.
2008. The inspiratory muscle training in elite rowers. | Sports Med Phys
Fitness, 48, 279-84.

KOESSLER, W., WANKE, T., WINKLER, G., NADER, A., TOIFL, K., KURZ, H. &
ZWICK, H. 2001. 2 Years' experience with inspiratory muscle training in
patients with neuromuscular disorders. Chest, 120, 765-9.

KULKARNI, S., FLETCHER, E., MCCONNELL, A., POSKITT, K. & WHYMAN, M.
2010. Pre-operative inspiratory muscle training preserves postoperative
inspiratory muscle strength following major abdominal surgery - a
randomised pilot study. Ann R Coll Surg Engl.

LANGER, D., CHARUSUSIN, N., JACOME, C., HOFFMAN, M., MCCONNELL, A.,
DECRAMER, M. & GOSSELINK, R. 2015. Efficacy of a Novel Method for
Inspiratory Muscle Training in People With Chronic Obstructive
Pulmonary Disease. Phys Ther, 95, 1264-73.

-133-



LAOUTARIS, I. D., DRITSAS, A.,, BROWN, M. D., MANGINAS, A., KALLISTRATOS, M.
S., DEGIANNIS, D., CHAIDAROGLOU, A., PANAGIOTAKOS, D. B,
ALIVIZATOS, P. A. & COKKINOS, D. V. 2007. Immune response to
inspiratory muscle training in patients with chronic heart failure. EurJ
Cardiovasc Prev Rehabil, 14, 679-85.

LATHAM, S., GREEN, M., MITCHELL, I., LEDITSCHKE, I. A., BISSETT, B. &
NEEMAN, T. 2013. Acute Care Index of Function predicts hospital
discharge destination in intensive care patients expected to be ventilated
for greater than 72 hours. . European Society of Intensive Care Medicine
Congress. Paris.

LEDDY, ].]., LIMPRASERTKUL, A., PATEL, S., MODLICH, F., BUYEA, C,,
PENDERGAST, D. R. & LUNDGREN, C. E. 2007. Isocapnic hyperpnea
training improves performance in competitive male runners. Eur | Appl
Physiol, 99, 665-76.

LEDITSCHKE, L. A,, GREEN, M., IRVINE, ]., BISSETT, B. & MITCHELL, I. A. 2012.
What are the barriers to mobilizing intensive care patients? Cardiopulm
Phys Ther ], 23, 26-9.

LEITH, D. E. & BRADLEY, M. 1976. Ventilatory muscle strength and endurance
training. | Appl Physiol, 41, 508-16.

LEVINE, S., NGUYEN, T., KAISER, L. R, RUBINSTEIN, N. A., MAISLIN, G.,
GREGORY, C.,, ROME, L. C,, DUDLEY, G. A, SIECK, G. C. & SHRAGER, ]. B.
2003. Human diaphragm remodeling associated with chronic obstructive
pulmonary disease: clinical implications. Am J Respir Crit Care Med, 168,
706-13.

LEVINE, S., NGUYEN, T., TAYLOR, N., FRISCIA, M. E., BUDAK, M. T,
ROTHENBERG, P., ZHU, J., SACHDEVA, R., SONNAD, S., KAISER, L. R,,
RUBINSTEIN, N. A, POWERS, S. K. & SHRAGER, J. B. 2008. Rapid disuse
atrophy of diaphragm fibers in mechanically ventilated humans. N Engl |
Med, 358, 1327-35.

LIAW, M. Y., LIN, M. C., CHENG, P. T., WONG, M. K. & TANG, F. T. 2000. Resistive
inspiratory muscle training: its effectiveness in patients with acute
complete cervical cord injury. Arch Phys Med Rehabil, 81, 752-6.

LIMA, E. V., LIMA, W. L., NOBRE, A., DOS SANTOS, A. M., BRITO, L. M. & COSTA
MDO, R. 2008. Inspiratory muscle training and respiratory exercises in
children with asthma. J Bras Pneumol, 34, 552-8.

LISBOA, C., MUNOZ, V., BEROIZA, T., LEIVA, A. & CRUZ, E. 1994. Inspiratory
muscle training in chronic airflow limitation: comparison of two different
training loads with a threshold device. Eur Respir ], 7, 1266-74.

LISBOA, C., VILLAFRANCA, C., LEIVA, A, CRUZ, E., PERTUZE, ]. & BORZONE, G.
1997. Inspiratory muscle training in chronic airflow limitation: effect on
exercise performance. Eur Respir ], 10, 537-42.

~134-



LOTTERS, F,, VAN TOL, B.,, KWAKKEL, G. & GOSSELINK, R. 2002. Effects of
controlled inspiratory muscle training in patients with COPD: a meta-
analysis. Eur Respir ], 20, 570-6.

MAGADLE, R.,, MCCONNELL, A. K., BECKERMAN, M. & WEINER, P. 2007.
Inspiratory muscle training in pulmonary rehabilitation program in COPD
patients. Respir Med, 101, 1500-5.

MAHER, J., RUTLEDGE, F., REMTULLA, H., PARKES, A., BERNARDI, L. & BOLTON,
C. F.1995. Neuromuscular disorders associated with failure to wean from
the ventilator. Intensive Care Med, 21, 737-43.

MALONE, D., RIDGEWAY, K., NORDON-CRAFT, A., MOSS, P.,, SCHENKMAN, M. &
MOSS, M. 2015. Physical Therapist Practice in the Intensive Care Unit:
Results of a National Survey. Phys Ther.

MANCINI, D. M., HENSON, D., LA MANCA, J., DONCHEZ, L. & LEVINE, S. 1995.
Benefit of selective respiratory muscle training on exercise capacity in
patients with chronic congestive heart failure. Circulation, 91, 320-9.

MARTIN, A. D., DAVENPORT, P. D., FRANCESCH]I, A. C. & HARMAN, E. 2002. Use
of inspiratory muscle strength training to facilitate ventilator weaning: a
series of 10 consecutive patients. Chest, 122, 192-6.

MARTIN, A. D., SMITH, B. K., DAVENPORT, P. D.,, HARMAN, E., GONZALEZ-ROTH]I,
R.J.,, BAZ, M., LAYON, A.]., BANNER, M. ]., CARUSO, L. ]., DEOGHARE, H.,
HUANG, T.T. & GABRIELLI, A. 2011. Inspiratory muscle strength training
improves weaning outcome in failure to wean patients: a randomized trial.
Crit Care, 15, R84.

MASON, P. E., AL-KHAFA]JI, A., MILBRANDT, E. B., SUFFOLETTO, B. P. & HUANG,
D. T.2009. CORTICUS: the end of unconditional love for steroid use? Crit
Care, 13, 3009.

MCCARTNEY, J. R. & BOLAND, R.]. 1994. Anxiety and delirium in the intensive
care unit. Crit Care Clin, 10, 673-80.

MCCONNELL, A. K. & LOMAX, M. 2006. The influence of inspiratory muscle work
history and specific inspiratory muscle training upon human limb muscle
fatigue. ] Physiol, 577, 445-57.

MCCONNELL, A. K. & ROMER, L. M. 2004a. Dyspnoea in health and obstructive
pulmonary disease : the role of respiratory muscle function and training.
Sports Med, 34, 117-32.

MCCONNELL, A. K. & ROMER, L. M. 2004b. Respiratory muscle training in
healthy humans: resolving the controversy. Int ] Sports Med, 25, 284-93.

MCCONNELL, A. K. & SHARPE, G. R. 2005. The effect of inspiratory muscle
training upon maximum lactate steady-state and blood lactate
concentration. Eur | Appl Physiol, 94, 277-84.

MCCULLY, K. K. & FAULKNER, J. A. 1983. Length-tension relationship of
mammalian diaphragm muscles. ] Appl Physiol, 54, 1681-6.

MEADE, M., GUYATT, G., COOK, D., GRIFFITH, L., SINUFF, T., KERGL, C.,
MANCEBQO, J., ESTEBAN, A. & EPSTEIN, S. 2001. Predicting success in
weaning from mechanical ventilation. Chest, 120, 400S-24S.

-135-



MOHAMED, A, EL BASIOUNY, H. & SALEM, N. 2014. Response of mechanically
ventilated respiratory failure patients to respiratory muscles training. .
Med ] Cairo Univ., 82, 19-24.

MOHER, D., SCHULZ, K. F. & ALTMAN, D. G. 2001. The CONSORT statement:
revised recommendations for improving the quality of reports of parallel-
group randomized trials. Ann Intern Med, 134, 657-62.

MOODIE, L., REEVE, ]J. & ELKINS, M. 2011. Inspiratory muscle training increases
inspiratory muscle strength in patients weaning from mechanical
ventilation: a systematic review. | Physiother, 57, 213-21.

MORRIS, P. E., GOAD, A, THOMPSON, C., TAYLOR, K., HARRY, B., PASSMORE, L.,
ROSS, A., ANDERSON, L., BAKER, S., SANCHEZ, M., PENLEY, L., HOWARD,
A., DIXON, L., LEACH, S., SMALL, R., HITE, R. D. & HAPONIK, E. 2008. Early
intensive care unit mobility therapy in the treatment of acute respiratory
failure. Crit Care Med, 36, 2238-43.

MORRIS, P. E., GRIFFIN, L., BERRY, M., THOMPSON, C., HITE, R. D., WINKELMAN,
C., HOPKINS, R. O., ROSS, A., DIXON, L., LEACH, S. & HAPONIK, E. 2011.
Receiving early mobility during an intensive care unit admission is a
predictor of improved outcomes in acute respiratory failure. Am | Med Sci,
341, 373-7.

NEEDHAM, D. M., DINGLAS, V. D., MORRIS, P. E., JACKSON, J. C., HOUGH, C. L.,
MENDEZ-TELLEZ, P. A.,, WOZNIAK, A. W., COLANTUONI, E,, ELY, E. W,
RICE, T. W.,, HOPKINS, R. 0. & NETWORK, N. N. A. 2013. Physical and
cognitive performance of patients with acute lung injury 1 year after initial
trophic versus full enteral feeding. EDEN trial follow-up. Am ] Respir Crit
Care Med, 188, 567-76.

NORDON-CRAFT, A., SCHENKMAN, M., EDBROOKE, L., MALONE, D. J., MOSS, M. &
DENEHY, L. 2014. The physical function intensive care test:
implementation in survivors of critical illness. Phys Ther, 94, 1499-507.

NYDAHL, P., RUHL, A. P, BARTOSZEK, G., DUBB, R, FILIPOVIC, S., FLOHR, H. ].,
KALTWASSER, A.,, MENDE, H., ROTHAUG, 0., SCHUCHHARDT, D.,
SCHWABBAUER, N. & NEEDHAM, D. M. 2014. Early mobilization of
mechanically ventilated patients: a 1-day point-prevalence study in
Germany. Crit Care Med, 42, 1178-86.

O'BRIEN, K., GEDDES, E. L., REID, W. D., BROOKS, D. & CROWE, ]. 2008.
Inspiratory muscle training compared with other rehabilitation
interventions in chronic obstructive pulmonary disease: a systematic
review update. /] Cardiopulm Rehabil Prev, 28, 128-41.

PADULA, C. A.,, YEAW, E. & MISTRY, S. 2009. A home-based nurse-coached
inspiratory muscle training intervention in heart failure. Appl Nurs Res, 22,
18-25.

PANDIT, L. & AGRAWAL, A. 2006. Neuromuscular disorders in critical illness.
Clin Neurol Neurosurg, 108, 621-7.

-136-



PARRY, S. M., DENEHY, L., BEACH, L. ].,, BERNEY, S., WILLIAMSON, H. C. &
GRANGER, C. L. 2015a. Functional outcomes in ICU - what should we be
using? - an observational study. Crit Care, 19, 127.

PARRY, S. M., GRANGER, C. L., BERNEY, S., JONES, |, BEACH, L., EL-ANSARY, D.,
KOOPMAN, R. & DENEHY, L. 2015b. Assessment of impairment and
activity limitations in the critically ill: a systematic review of measurement
instruments and their clinimetric properties. Intensive Care Med, 41, 744-
62.

PASCOTINI, F., DENARD]I, C., NUNES, G., TREVISAN, M. & ANTUNES, V. 2014.
Treinamento muscular respirato” rio em pacientes em desmame da
ventilac,a”0 meca'nica [Respiratory muscle training in patients weaning
from mechanical ventilation]. . ABCS Health Sci., 39, 12-16.

PASSATH, C., TAKALA, J., TUCHSCHERER, D., JAKOB, S. M., SINDERBY, C. &
BRANDER, L. 2010. Physiologic response to changing positive end-
expiratory pressure during neurally adjusted ventilatory assist in sedated,
critically ill adults. Chest, 138, 578-87.

PELLIZZARO, C. O.,, THOME, F. S. & VERONESE, F. V. 2013. Effect of peripheral
and respiratory muscle training on the functional capacity of hemodialysis
patients. Ren Fail, 35, 189-97.

PETROVIC, M., LAHRMANN, H., POHL, W. & WANKE, T. 2009. Idiopathic
diaphragmatic paralysis--satisfactory improvement of inspiratory muscle
function by inspiratory muscle training. Respir Physiol Neurobiol, 165, 266-
7.

PLOUTZ, L. L., TESCH, P. A, BIRO, R. L. & DUDLEY, G. A. 1994. Effect of resistance
training on muscle use during exercise. | Appl Physiol, 76, 1675-81.

POWERS, J. & BENNETT, S. J. 1999. Measurement of dyspnea in patients treated
with mechanical ventilation. Am J Crit Care, 8, 254-61.

POWERS, S. K., SHANELY, R. A.,, COOMBES, J. S., KOESTERER, T. J., MCKENZIE, M.,
VAN GAMMEREN, D., CICALE, M. & DODD, S. L. 2002. Mechanical
ventilation results in progressive contractile dysfunction in the
diaphragm. ] Appl Physiol, 92, 1851-8.

PRENTICE, C. E., PARATZ, J. D. & BERSTEN, A. D. 2010. Differences in the degree
of respiratory and peripheral muscle impairment are evident on clinical,
electrophysiological and biopsy testing in critically ill adults: a qualitative
systematic review. Crit Care Resusc, 12, 111-20.

PREUSSER, B. A, WINNINGHAM, M. L. & CLANTON, T. L. 1994. High- vs low-
intensity inspiratory muscle interval training in patients with COPD. Chest,
106, 110-7.

PUTHUCHEARY, Z. A., RAWAL, ]., MCPHAIL, M., CONNOLLY, B., RATNAYAKE, G.,
CHAN, P., HOPKINSON, N. S., PADHKE, R., DEW, T., SIDHU, P. S., VELLOSO,
C., SEYMOUR, J., AGLEY, C. C., SELBY, A., LIMB, M., EDWARDS, L. M., SMITH,
K., ROWLERSON, A., RENNIE, M. ]., MOXHAM, J.,, HARRIDGE, S. D., HART, N.
& MONTGOMERY, H. E. 2013. Acute skeletal muscle wasting in critical
illness. JAMA, 310, 1591-600.

-137-



RAMIREZ-SARMIENTO, A., OROZCO-LEVI, M., GUELL, R., BARREIRO, E.,
HERNANDEZ, N., MOTA, S., SANGENIS, M., BROQUETAS, ]J. M., CASAN, P. &
GEA, J. 2002. Inspiratory muscle training in patients with chronic
obstructive pulmonary disease: structural adaptation and physiologic
outcomes. Am J Respir Crit Care Med, 166, 1491-7.

REEVE, ]. C,, NICOL, K., STILLER, K., MCPHERSON, K. M., BIRCH, P., GORDON, I. R.
& DENEHY, L. 2010. Does physiotherapy reduce the incidence of
postoperative pulmonary complications following pulmonary resection
via open thoracotomy? A preliminary randomised single-blind clinical
trial. Eur J Cardiothorac Surg, 37, 1158-66.

RIGANAS, C. S., VRABAS, 1. S., CHRISTOULAS, K. & MANDROUKAS, K. 2008.
Specific inspiratory muscle training does not improve performance or
VO2max levels in well trained rowers. ] Sports Med Phys Fitness, 48, 285-
92.

RIKER, R. R,, PICARD, J. T. & FRASER, G. L. 1999. Prospective evaluation of the
Sedation-Agitation Scale for adult critically ill patients. Crit Care Med, 27,
1325-9.

ROACH, K. E. & VAN DILLEN, L. R. 1988. Development of an Acute Care Index of
Functional status for patients with neurologic impairment. Phys Ther, 68,
1102-8.

ROMER, L. M., MCCONNELL, A. K. & JONES, D. A. 2002. Effects of inspiratory
muscle training on time-trial performance in trained cyclists. / Sports Sci,
20,547-62.

ROMER, L. M. & POLKEY, M. I. 2008. Exercise-induced respiratory muscle
fatigue: implications for performance. ] Appl Physiol, 104, 879-88.

ROSS, E. Z., NOWICKY, A. V. & MCCONNELL, A. K. 2007. Influence of acute
inspiratory loading upon diaphragm motor-evoked potentials in healthy
humans. /] Appl Physiol, 102, 1883-90.

ROUSSOS, C. 1985. Function and fatigue of respiratory muscles. Chest, 88, 124S-
132S.

RUTCHIK, A., WEISSMAN, A. R., ALMENOFF, P. L., SPUNGEN, A. M., BAUMAN, W.
A. & GRIMM, D. R. 1998. Resistive inspiratory muscle training in subjects
with chronic cervical spinal cord injury. Arch Phys Med Rehabil, 79, 293-7.

SAMUELSON, K. A. 2011. Adult intensive care patients' perception of
endotracheal tube-related discomforts: a prospective evaluation. Heart
Lung, 40, 49-55.

SANCHEZ RIERA, H., MONTEMAYOR RUBIO, T., ORTEGA RUIZ, F., CEJUDO
RAMOS, P., DEL CASTILLO OTERO, D., ELIAS HERNANDEZ, T. & CASTILLO
GOMEYZ, J. 2001. Inspiratory muscle training in patients with COPD: effect
on dyspnea, exercise performance, and quality of life. Chest, 120, 748-56.

SAPIENZA, C. M., BROWN, J., MARTIN, D. & DAVENPORT, P. 1999. Inspiratory
pressure threshold training for glottal airway limitation in laryngeal
papilloma. J Voice, 13, 382-8.

-138-



SAWYER, E. H. & CLANTON, T. L. 1993. Improved pulmonary function and
exercise tolerance with inspiratory muscle conditioning in children with
cystic fibrosis. Chest, 104, 1490-7.

SCHERER, S. A. & HAMMERICH, A. S. 2008. Outcomes in cardiopulmonary
physical therapy: acute care index of function. Cardiopulm Phys Ther ], 19,
94-7.

SCHOLES, R. L., BROWNING, L., SZTENDUR, E. M. & DENEHY, L. 2009. Duration of
anaesthesia, type of surgery, respiratory co-morbidity, predicted VO2Zmax
and smoking predict postoperative pulmonary complications after upper
abdominal surgery: an observational study. Aust J Physiother, 55, 191-8.

SCHWEICKERT, W. D. & HALL, J. 2007. ICU-acquired weakness. Chest, 131, 1541-
9.

SCHWEICKERT, W. D., POHLMAN, M. C., POHLMAN, A. S., NIGOS, C., PAWLIK, A.].,
ESBROOK, C. L., SPEARS, L., MILLER, M., FRANCZYK, M., DEPRIZIO, D.,
SCHMIDT, G. A., BOWMAN, A., BARR, R,, MCCALLISTER, K. E., HALL, ]. B. &
KRESS, J. P. 2009. Early physical and occupational therapy in mechanically
ventilated, critically ill patients: a randomised controlled trial. Lancet, 373,
1874-82.

SEYNNES, O. R, DE BOER, M. & NARICI, M. V. 2007. Early skeletal muscle
hypertrophy and architectural changes in response to high-intensity
resistance training. ] Appl Physiol, 102, 368-73.

SHANELY, R. A,, ZERGEROGLU, M. A, LENNON, S. L., SUGIURA, T., YIMLAMAI, T.,
ENNS, D., BELCASTRO, A. & POWERS, S. K. 2002. Mechanical ventilation-
induced diaphragmatic atrophy is associated with oxidative injury and
increased proteolytic activity. Am | Respir Crit Care Med, 166, 1369-74.

SHEHABI, Y., BELLOMO, R, READE, M. C.,, BAILEY, M., BASS, F., HOWE, B,
MCARTHUR, C., SEPPELT, I. M., WEBB, S. & WEISBRODT, L. 2012. Early
intensive care sedation predicts long-term mortality in ventilated critically
ill patients. Am | Respir Crit Care Med, 186, 724-31.

SHIMIZU, J.,, MANZANO, R., QUITE" RIO, R., ALEGRIA, V., JUNQUEIRA, T. & EL-
FAKHOURI, S. 2014. Determinant factors for mortality of patients
receiving mechanical ventilation

and effects of a protocol muscle training in weaning. . Man Ther Posturology
Rehabil ], 12, 136-142.

SHOEMAKER, M. J., DONKER, S. & LAPOE, A. 2009. Inspiratory muscle training in
patients with chronic obstructive pulmonary disease: the state of the
evidence. Cardiopulm Phys Ther ], 20, 5-15.

SILVEIRA, ]J. M., GASTALDI, A. C., BOAVENTURA CDE, M. & SOUZA, H. C. 2010.
Inspiratory muscle training in quadriplegic patients. J Bras Pneumol, 36,
313-9.

SMITH, K., COOK, D., GUYATT, G. H., MADHAVAN, ]. & OXMAN, A. D. 1992.
Respiratory muscle training in chronic airflow limitation: a meta-analysis.
Am Rev Respir Dis, 145, 533-9.

-139-



SOICHER J, D. G. 1998. Inspiratory muscle function in chronic obstructive
pulmonary disease (COPD). Physical Therapy Reviews, 3, 31-39.

SONETTI, D. A,, WETTER, T. J., PEGELOW, D. F. & DEMPSEY, J. A. 2001. Effects of
respiratory muscle training versus placebo on endurance exercise
performance. Respir Physiol, 127, 185-99.

SPENGLER, C. M., ROOS, M., LAUBE, S. M. & BOUTELLIER, U. 1999. Decreased
exercise blood lactate concentrations after respiratory endurance training
in humans. Eur | Appl Physiol Occup Physiol, 79, 299-305.

SPITZER, A.R., GIANCARLO, T., MAHER, L., AWERBUCH, G. & BOWLES, A. 1992.
Neuromuscular causes of prolonged ventilator dependency. Muscle Nerve,
15, 682-6.

SPRAGUE, S. S. & HOPKINS, P. D. 2003. Use of inspiratory strength training to
wean six patients who were ventilator-dependent. Phys Ther, 83, 171-81.

ST VINCENT'S HOSPITAL, S. 2015. International patient information [Online].
Sydney. Available:
http://exwwwsvh.stvincents.com.au/index.php?option=com content&tas
k=view&id=515&Itemid=574 [Accessed 26/7/2015.

STEIN, R., CHIAPPA, G. R., GUTHS, H., DALL'AGO, P. & RIBEIRO, ]. P. 2009.
Inspiratory Muscle Training Improves Oxygen Uptake Efficiency Slope in
Patients With Chronic Heart Failure. | Cardiopulm Rehabil Prev.

STEVENS, R. D.,, MARSHALL, S. A.,, CORNBLATH, D. R, HOKE, A., NEEDHAM, D. M,,
DE JONGHE, B., ALI, N. A. & SHARSHAR, T. 2009. A framework for
diagnosing and classifying intensive care unit-acquired weakness. Crit
Care Med, 37, 5299-308.

STILLER, K. 2013. Physiotherapy in intensive care: an updated systematic
review. Chest, 144, 825-47.

TIPTON, K. D. & FERRANDO, A. A. 2008. Improving muscle mass: response of
muscle metabolism to exercise, nutrition and anabolic agents. Essays
Biochem, 44, 85-98.

TOBIN, M. ]., LAGHI, F. & JUBRAN, A. 1998. Respiratory muscle dysfunction in
mechanically-ventilated patients. Mol Cell Biochem, 179, 87-98.

TOBIN, M. ], LAGHI, F. & JUBRAN, A. 2010. Narrative review: ventilator-induced
respiratory muscle weakness. Ann Intern Med, 153, 240-5.

TORRES, A., KACMAREK, R. M., KIMBALL, W. R., QVIST, J., STANEK, K., WHYTE, R.
& ZAPOL, W. M. 1993. Regional diaphragmatic length and EMG activity
during inspiratory pressure support and CPAP in awake sheep. ] Appl
Physiol, 74, 695-703.

UNROE, M., KAHN, J. M., CARSON, S. S., GOVERT, J. A,, MARTINU, T., SATHY, S. ].,
CLAY, A. S., CHIA, ]., GRAY, A.,, TULSKY, ]. A. & COX, C. E. 2010. One-year
trajectories of care and resource utilization for recipients of prolonged
mechanical ventilation: a cohort study. Ann Intern Med, 153, 167-75.

UNRUH, M. L. & HESS, R. 2007. Assessment of health-related quality of life
among patients with chronic kidney disease. Adv Chronic Kidney Dis, 14,
345-52.

~140-


http://exwwwsvh.stvincents.com.au/index.php?option=com_content&task=view&id=515&Itemid=574
http://exwwwsvh.stvincents.com.au/index.php?option=com_content&task=view&id=515&Itemid=574

VAN DE BEEK, D. & DE GANS, J. 2004. Dexamethasone and pneumococcal
meningitis. Ann Intern Med, 141, 327.

VAN DILLEN, L. R. & ROACH, K. E. 1988. Reliability and validity of the Acute Care
Index of Function for patients with neurologic impairment. Phys Ther, 68,
1098-101.

VANDENBERGHE, K., GORIS, M., VAN HECKE, P., VAN LEEMPUTTE, M.,
VANGERVEN, L. & HESPEL, P. 1997. Long-term creatine intake is beneficial
to muscle performance during resistance training. | Appl Physiol, 83, 2055-
63.

VOLEK, J. S., RATAMESS, N. A, RUBIN, M. R., GOMEZ, A. L., FRENCH, D. N,
MCGUIGAN, M. M., SCHEETT, T. P., SHARMAN, M. J., HAKKINEN, K. &
KRAEMER, W. J. 2004. The effects of creatine supplementation on
muscular performance and body composition responses to short-term
resistance training overreaching. Eur | Appl Physiol, 91, 628-37.

VOLIANITIS, S., MCCONNELL, A. K., KOUTEDAKIS, Y., MCNAUGHTON, L., BACKX,
K. & JONES, D. A. 2001. Inspiratory muscle training improves rowing
performance. Med Sci Sports Exerc, 33, 803-9.

WAGENMAKERS, A.]. 2001. Muscle function in critically ill patients. Clin Nutr,
20,451-4.

WANG, T. G.,, WANG, Y. H.,, TANG, F. T., LIN, K. H. & LIEN, I. N. 2002. Resistive
inspiratory muscle training in sleep-disordered breathing of traumatic
tetraplegia. Arch Phys Med Rehabil, 83, 491-6.

WANG, Y. M., ZINTEL, T., VASQUEZ, A. & GALLAGHER, C. G. 1991. Corticosteroid
therapy and respiratory muscle function in humans. Am Rev Respir Dis,
144,108-12.

WANKE, T., TOIFL, K., MERKLE, M., FORMANEK, D., LAHRMANN, H. & ZWICK, H.
1994. Inspiratory muscle training in patients with Duchenne muscular
dystrophy. Chest, 105, 475-82.

WEINER, P., AZGAD, Y. & WEINER, M. 1993. The effect of corticosteroids on
inspiratory muscle performance in humans. Chest, 104, 1788-91.

WEINER, P., AZGAD, Y. & WEINER, M. 1995. Inspiratory muscle training during
treatment with corticosteroids in humans. Chest, 107, 1041-4.

WEINER, P.,, MAGADLE, R., BECKERMAN, M., WEINER, M. & BERAR-YANAY, N.
2004. Maintenance of inspiratory muscle training in COPD patients: one
year follow-up. Eur Respir ], 23, 61-5.

WEINER, P., WAIZMAN, ., MAGADLE, R., BERAR-YANAY, N. & PELLED, B. 1999.
The effect of specific inspiratory muscle training on the sensation of
dyspnea and exercise tolerance in patients with congestive heart failure.
Clin Cardiol, 22,727-32.

WEINER, P., ZEIDAN, F., ZAMIR, D., PELLED, B., WAIZMAN, ]., BECKERMAN, M. &
WEINER, M. 1998. Prophylactic inspiratory muscle training in patients
undergoing coronary artery bypass graft. World | Surg, 22,427-31.

~141-



WELLS, G. D., PLYLEY, M., THOMAS, S., GOODMAN, L. & DUFFIN, J. 2005. Effects
of concurrent inspiratory and expiratory muscle training on respiratory
and exercise performance in competitive swimmers. Eur | Appl Physiol, 94,
527-40.

WILLIAMS, ]. S.,, WONGSATHIKUN, J., BOON, S. M. & ACEVEDO, E. 0. 2002.
Inspiratory muscle training fails to improve endurance capacity in
athletes. Med Sci Sports Exerc, 34, 1194-8.

WINKELMANN, E. R,, CHIAPPA, G. R, LIMA, C. 0., VIECILI, P. R., STEIN, R. &
RIBEIRO, J. P. 2009. Addition of inspiratory muscle training to aerobic
training improves cardiorespiratory responses to exercise in patients with
heart failure and inspiratory muscle weakness. Am Heart J, 158, 768 e1-7.

WITT, J. D., GUENETTE, J. A,, RUPERT, ]. L., MCKENZIE, D. C. & SHEEL, A. W. 2007.
Inspiratory muscle training attenuates the human respiratory muscle
metaboreflex. | Physiol, 584, 1019-28.

WYNNE, R. & BOTTI, M. 2004. Postoperative pulmonary dysfunction in adults
after cardiac surgery with cardiopulmonary bypass: clinical significance
and implications for practice. Am ] Crit Care, 13, 384-93.

YANG, K. L. & TOBIN, M. J. 1991. A prospective study of indexes predicting the
outcome of trials of weaning from mechanical ventilation. N Engl ] Med,
324, 1445-50.

YUE, G. & COLE, K. J. 1992. Strength increases from the motor program:
comparison of training with maximal voluntary and imagined muscle
contractions. | Neurophysiol, 67, 1114-23.

ZAKYNTHINOS, S. G., VASSILAKOPOULOS, T. & ROUSSOS, C. 1995. The load of
inspiratory muscles in patients needing mechanical ventilation. Am |
Respir Crit Care Med, 152, 1248-55.

ZEPPOS, L., PATMAN, S., BERNEY, S., ADSETT, J. A., BRIDSON, ]J. M. & PARATZ, ].
D. 2007. Physiotherapy in intensive care is safe: an observational study.
Aust ] Physiother, 53, 279-83.

~142-



APPENDIX A:

The effects of inspiratory muscle training in other populations

Given the efficacy of inspiratory muscle training in both athletes and patients with chronic
obstructive pulmonary disease, is it not surprising that inspiratory muscle training has
increasingly been explored in other patient populations. Although neither the quality nor
guantity of the evidence in other groups is comparable to that previously described, it is
worth comparing the application of inspiratory muscle training in different states of
pathology as this give further insight into possible causative mechanisms and ideal training
parameters. Furthermore, patients admitted to intensive care often have several
comorbidities (e.g. chronic heart failure or kidney failure), which makes discussion of

inspiratory muscle training in these groups all the more pertinent.

Chronic heart failure

Early published case studies of inspiratory muscle training in chronic heart failure (Mancini
et al., 1995, Cahalin et al., 1997) were compromised by low adherence to training
protocols (e.g. 63%), low training intensity (e.g. 20% MIP) and lack of a control group. An
early randomised trial of inspiratory muscle training in chronic heart failure was also
confounded by a potentially ineffective sham comparison, where 15% of MIP may have
provided a training effect in the control group (Johnson et al., 1998), while another early
randomised trial was also limited by high drop-out rates and ineffective blinding (Weiner et
al., 1999). In the context of these shortcomings, improvements in MIP of up to 32% were
reported (Cahalin et al., 1997) with most of this change detectable in the first 2 weeks of

training, which is similar to findings in healthy people described previously.

Two subsequent randomised trials (Dall'Ago et al., 2006, Padula et al., 2009) both
employed a relatively low training intensity (30% MIP) for 12 weeks training 20 - 30
minutes per day. While both studies found significant improvements for chronic heart
failure patients in terms of MIP (e.g. 115%)(Dall’'Ago et al., 2006) and dyspnoea, the study
of the home-based nurse-supervised program (Padula et al., 2009) failed to detect
significant changes in quality of life as measured by the SF-36 tool. In contrast, the
inspiratory muscle training program supervised once-weekly by a physiotherapist (Dall'Ago
et al., 2006) demonstrated not just improvements in exercise performance and quality of

life (as measured by the Minnesota Living with Heart Failure Questionnaire), but also
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improved circulatory power and oxygen uptake kinetics. Importantly, this study also
showed that the improvements in MIP and quality of life were sustained up to 12 months
following cessation of training. A contemporaneous study (Laoutaris et al., 2007) further
showed that high intensity training (60% MIP) resulted in superior benefits compared to
low intensity training (15% MIP) in terms of exercise tolerance and dyspnoea measures.
Moreover, this latter study also showed that inspiratory muscle training was not associated
with significant anti-inflammatory effects in patients with chronic heart failure.

Studies which selectively studied chronic heart failure patients with inspiratory muscle
weakness found significant effects for inspiratory muscle training in terms of oxygen
uptake or adaptions of blood flow distribution. Using a relatively low training stimulus (30%
MIP) and an endurance-type protocol (30 minutes per day for 12 weeks), Winkelmann and
colleagues (2009) failed to show significant results for exercise tolerance and quality of life
in patients with chronic heart failure, but did detect significant improvements in VOzmax and
MIP in the training group. For patients with known inspiratory muscle weakness,
inspiratory muscle training has also been shown to increase blood flow to limbs during
exercise (Chiappa et al., 2008) as well as improve oxygen uptake efficiency (Stein et al.,
2009) when patients trained at 30% of maximal intensity for 30 minutes daily for 12 weeks.
These results provide some clues as to how inspiratory muscle training may enhance
exercise capacity in chronic heart failure and are not dissimilar to findings in athletic
populations. These findings also reinforce the importance of identifying patients with
inspiratory muscle weakness and targeting them selectively with inspiratory muscle

training.

Chronic kidney disease

The benefits of inspiratory muscle training have been explored to a limited extent in
patients with chronic kidney disease. In a randomised trial of patients undergoing
haemodialysis (Pellizzaro et al., 2013), patients who underwent inspiratory muscle training
3 times per week for 10 weeks at an intensity of 50% of maximum inspiratory pressures
demonstrated greater gains in inspiratory muscle strength than those who completed only
peripheral exercise or no exercise while on dialysis. Greater gains were also seen with the
inspiratory muscle training group compared with the control group in distance walked
during the 6 minute walk test (65 m versus -0.5 m respectively). This study also
demonstrated benefits of inspiratory muscle training with regards to sleep, which was

significantly greater in the inspiratory muscle training group than both the peripheral
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training and control groups. While no other studies of inspiratory muscle training have
explored sleep benefits specifically, these findings deserve further exploration in other
populations where poor sleep impacts on quality of life.

It is not yet known whether inspiratory muscle training may benefit patients with chronic
kidney failure in the pre-dialytic phase of the disease. However given the known
detrimental impact of chronic kidney disease on health-related quality of life (Unruh and
Hess, 2007), it would be worth exploring whether the benefits seen in the dialytic
population also extend to those managing the disease in the earlier phases.

Cystic Fibrosis

There are only a few articles published which investigate the effects of inspiratory muscle
training in cystic fibrosis. One study of inspiratory muscle training in children with cystic
fibrosis (Sawyer and Clanton, 1993) found that 10 weeks of daily training at 60% of MIP for
30 minutes resulted in increased inspiratory muscle strength (13%), increased exercise
capacity (10%) and subjectively enhanced sputum clearance. This is one of very few
studies in the inspiratory muscle training literature to describe an increase in lung volumes
(i.e. vital capacity 14%, total lung capacity 11.6%) as a result of inspiratory muscle training.
The authors speculated that this change in lung volume may be in part due to the young

age of the participants involved, who may still be benefiting from alveolar multiplication.

A more recent randomised study of inspiratory muscle training in adults with cystic fibrosis
(Enright et al., 2004) found further evidence that inspiratory muscle training increases both
lung volumes and diaphragm thickness, but also improves psychosocial status and
exercise capacity. However these benefits were found at a training intensity of 80% of
MIP, and not at 20% of MIP. This also compares with a previous non-randomised trial of
16 patients with cystic fibrosis (de Jong et al., 2001) which found that 6 weeks of training
at an intensity of 40% of MIP resulted in increased inspiratory muscle strength, but not
measures of exercise capacity, lung volumes, dyspnoea or fatigue. Overall, these results
echo the findings in the wider literature that intensity of inspiratory muscle training is

critical.

In 2008 a Cochrane systematic review (Houston et al., 2008) of inspiratory muscle training
in cystic fibrosis found the overall quantity and quality of research in this field so limited

that meta-analysis was not possible, and suggested that clinicians consider using
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inspiratory muscle training on a case by case basis. Given the slow emergence of
convincing evidence for the efficacy of inspiratory muscle training in patients with chronic
lung disease over the past few decades, where early studies were similarly confounded by
variable training equipment and low intensities, it is arguably premature to dismiss the
potential of inspiratory muscle training to improve quality of life, lung function and exercise
tolerance in both children and adults with cystic fibrosis. Specific quantitative analysis of
the impact of inspiratory muscle training on sputum clearance would be useful in this

particular patient group.

Asthma in children

Whilst most trials of inspiratory muscle training have used training frequencies of between
3 and 7 days per week, one study of inspiratory muscle training in asthmatic children aged
between 8 and 12 (Lima et al., 2008) was unusual in that training was performed just twice
a week for 7 weeks. Particularly in paediatric patients, minimising treatment sessions may
enhance training compliance. Although this study showed improvements in MIP, maximum
expiratory pressure and peak expiratory flow (a key indicator of disease severity in
asthma), the interpretation of the results are limited by the fact that inspiratory muscle
training was delivered in combination with deep breathing exercises, purse-lipped
breathing and fractionated breathing, while control participants experienced education
only; thus it is impossible to isolate the true effect of inspiratory muscle training alone in
this study. Nonetheless, given the positive results reported, the question of optimal training

frequency with inspiratory muscle training remains unanswered in this patient group.

Pre-operative surgical patients

As patients undergoing thoracic or abdominal surgery are at risk of postoperative
pulmonary complications (Haines et al., 2013, Scholes et al., 2009, Reeve et al., 2010,
Wynne and Botti, 2004), the idea that inspiratory muscle training may provide a degree of
prophylaxis against postoperative pulmonary complications is attractive. For patients
undergoing cardiac surgery, 2 weeks of daily pre-operative inspiratory muscle training
reduced post-operative decline in lung function and gas exchange compared to a control
group (Weiner et al., 1998). In this study significantly more patients in the control group
required longer than 24 hours of mechanical ventilation, and whether this is attributable to
the effects of inspiratory muscle training, or is rather a confounding variable, remains to be

determined.
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A more recent investigation of patients undergoing cardiac surgery(Hulzebos et al., 2006),
which selectively included those at high risk of post-operative pulmonary complications,
found that 2 to 4 weeks of preoperative inspiratory muscle training resulted in significantly
lower post-operative pulmonary complications in the inspiratory muscle training group
(18%) compared to the control group (35%). These authors also reported a trend towards
shorter length of stay but this failed to reach statistical significance despite the large
sample size (n = 279).

There is limited evidence to support the use of pre-operative inspiratory muscle training to
prevent postoperative pulmonary complications in abdominal surgery, with a one pilot
study (Dronkers et al., 2008) showing trends towards increased inspiratory muscle
strength and less atelectasis in the inspiratory muscle training group. However the small
sample size (n = 20) and lack of statistical significance (p = 0.07) means these results
must be interpreted with caution. A second pilot study (Kulkarni et al., 2010) compared 2
weeks of pre-operative inspiratory muscle training, deep breathing exercises, incentive
spirometry and no therapy. Whilst this study observed a significant post-operative
preservation of MIP in the inspiratory muscle training group only, it was also confounded
by a small sample size (20 per group) and a high drop-out rate (> 25%) with a lack of
intention-to-treat analysis. This study also reported surprisingly low levels of postoperative
pulmonary complications, perhaps because it deliberately excluded those with known or
suspected respiratory infections. As acknowledged by the authors, it may be useful to
selectively study those at high risk of developing postoperative pulmonary complications in
determining the true clinical usefulness of preoperative inspiratory muscle training in

abdominal surgery patients.

While research into the effects of inspiratory muscle training as a pre-operative
intervention is in its infancy, it would not be surprising if surgeons welcome the potential of
pre-operative inspiratory muscle training as a standard measure in the near future,
considering the low financial burden and potential benefit in terms of post-operative

outcomes.

Spinal cord injury
Since the mid-1990s several studies have specifically describe the effects of inspiratory
muscle training in patients with spinal cord injury. The first (Rutchik et al., 1998), a case

series of 10 patients with chronic spinal cord injury (level C4 — C7 for longer than 1 year),
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observed that inspiratory muscle training for 15 minutes twice daily for 8 weeks resulted in
improvements in lung volumes (i.e. forced vital capacity, vital capacity, total lung capacity
and functional residual capacity). However a reduction in dyspnoea in the experimental
group did not reach statistical significance, possibly due to the small sample size.
Furthermore, changes in lung volumes and dyspnoea were not maintained 6 months

following cessation of inspiratory muscle training.

The second observational study (Wang et al., 2002) focused on sleep-disordered
breathing in 14 patients with traumatic spinal cord injury. While these researchers detected
a small increase in MIP and a small reduction in carbon dioxide levels during sleep
following 6 weeks of inspiratory muscle training, this study was confounded by limited
monitoring of the treatment intervention, where patients saw the therapist only every
second week, and furthermore no attempt was made to increase the training intensity over
time. Thus the adherence to the training protocol and the training stimulus itself may be
guestioned. Furthermore, the conclusions that can be drawn from this and the previous

observational study are limited due to the absence of a control group.

A third study (Liaw et al., 2000) randomly allocated 20 patients with acute spinal cord
injury (level C4 -C7 for less than 6 months) to either inspiratory muscle training or control
groups, where inspiratory muscle training was performed for 15 minutes twice daily for 6
weeks. These authors found greater improvements in lung volumes in the inspiratory
muscle training group (i.e. total lung capacity, vital capacity, forced expiratory volume in 1
second) but also found significant improvements in dyspnoea in the inspiratory muscle
training group compared to control. However, the absence of an intention-to-treat analysis,

in the context of several drop-outs, may be of concern in interpreting these results.

Whilst promising, these initial results must be interpreted with caution as all studies
employed a resistance device where intensity was flow-dependent and adequate training
stimulus cannot be guaranteed. More recently an observational study of 8 patients with
spinal cord injury at levels C4-C7 (Silveira et al., 2010) used a threshold device to provide
inspiratory muscle training at 30% of MIP for 30 minutes on weekdays for 8 weeks. While
improvements in MIP and forced vital capacity were observed at the end of the program,
the lack of a control group was a major limitation. Further randomised studies of inspiratory

muscle training in spinal cord injury using threshold-based devices would be useful in
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determining whether high intensity inspiratory muscle training produces similar, or

potentially greater, benefits in this population.

Amyotrophic Lateral Sclerosis

A randomised trial of inspiratory muscle training in 19 patients with amyotrophic lateral
sclerosis (Cheah et al., 2009) failed to find significant results in terms of changes in lung
volumes or inspiratory muscle strength. It is possible that the early training parameters
used (weeks 1 to 4) were of inadequate intensity (15 — 60% of sniff nasal inspiratory
pressure) to induce change, particularly in the context of the wider literature where high
intensity training has been vital. It is also possible that the lack of significant results was

due to the small sample size.

Moreover there were significant issues with the sham training used: by removing the
spring-loaded valves from the inspiratory muscle training devices to produce sham devices
for the control group, there was an audible difference in the training between those with
intact devices and those using a sham. This lack of audible noise invalidated the blinding
of the assessors and possibly of the patients as well. Furthermore, the fact that the control
group also increased their lung volumes significantly suggests that in this patient group,
the sham device provided some degree of training effect, masking the overall effect of
inspiratory muscle training. When studying patients with low baseline level of inspiratory
muscle strength, such as those with amyotrophic lateral sclerosis, motor neurone disease
or long term ventilator-dependent patients, the potential training effects of the sham device

must be carefully considered.

Parkinson’s disease

One study has investigated the effect of inspiratory muscle training in patients with
Parkinson’s Disease (Inzelberg et al., 2005). Despite a small sample size (n = 20), this
randomised trial found that 30 minutes of inspiratory muscle training performed 6 days per
week for 12 weeks resulted in significant improvements in inspiratory muscle strength and
perception of dyspnoea in the inspiratory muscle training group. Of interest, the training
parameters were very similar to those described above in the study of patients with
amyotrophic lateral sclerosis and similarly found no significant change in lung volumes
following inspiratory muscle training. The failure of to detect changes in health-related

quality of life in this study raises interesting questions regarding the importance of
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dyspnoea for functional performance in this patient group and these deserve further

exploration.

Myaesthenia Gravis

The benefits of inspiratory muscle training have also been studied in patients with
myasthenia gravis, with one randomised trial (Fregonezi et al., 2005) demonstrating that a
combined program of inspiratory muscle training and purse-lipped breathing resulted in
significant improvements in inspiratory muscle strength, endurance and chest wall mobility.
While this study failed to detect changes in lung function (as measured by spirometry), it
unusually detected an improvement in maximum expiratory pressures as a result of
inspiratory muscle training. Given the well-accepted specificity of inspiratory muscle
training, the authors speculated that this surprising result may be due to enhanced chest
wall mobility in this particular patient group. These results must be interpreted with caution,
due to the combination of therapies applied.

Muscular Dystrophy

There is limited evidence regarding the effect of inspiratory muscle training in patients with
Muscular Dystrophy. One randomised trial (Wanke et al., 1994) used specially-designed
equipment to provide inspiratory muscle training through a resistive circuit whilst still
ensuring adequate flow. This small study showed improvements in MIP only in those
patients whose baseline vital capacity exceeded 25% of predicted values. Interestingly,
when improvements did occur, these were still detectable up to 6 months following
completion of the inspiratory muscle training program. These authors concluded that
inspiratory muscle training may be beneficial in the early stages of muscular dystrophy. A
subsequent long-term observational study of patients with either muscular dystrophy or
spinal muscular atrophy (Koessler et al., 2001) found that patients could train up to 2 years
with daily inspiratory muscle training, resulting in increased MIP, however the
improvements appeared to plateau at 10 months. Nonetheless, a plateau may be
preferable to respiratory deterioration in this particular patient group.

Poliomyelitis

A non-randomised study of 10 patients with prior poliomyelitis and part-time ventilator-
dependence (Klefbeck et al., 2000) observed increased endurance capacity from 10.7 to
16.7 cm H20 following 10 weeks of daily inspiratory muscle training. However the clinical
significance of this change could be questioned and furthermore only 7 of 10 patients
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completed the training, thus further research would be required to describe the effect of

inspiratory muscle training on this patient group.

Multiple Sclerosis

There is some evidence that a 10 week regime of daily inspiratory muscle training
improves inspiratory muscle weakness (MIP) as well as lung function (FEV1, FVC) in
patients with multiple sclerosis (MS)(Fry et al., 2007). However this trial only included
patients with mild to moderate physical disability. Another randomised trial of inspiratory
muscle training in patients with severe MS (Klefbeck and Hamrah Nedjad, 2003) (i.e. 70%
wheelchair bound and 30% bedridden) also demonstrated increased MIP following a 10
week inspiratory muscle training program, but failed to demonstrate any spirometric
changes. This may be due to the reduced training frequency (every other day) or rather a
reflection of the severity of the underlying pathology. Future studies of inspiratory muscle
training in patients with MS should consider patient-centred variables such as quality of life

to determine the clinical usefulness of inspiratory muscle training in this population.

Healthy elderly

One small pilot double-blind randomised trial of inspiratory muscle training in healthy
elderly patients (Aznar-Lain et al., 2007) found that 8 weeks of inspiratory muscle training
5 times per week, with 8 — 10 sets of 5 breaths at 50 — 80% of MIP, resulted in increased
MIP, enhanced exercise tolerance and increased physical activity in the inspiratory muscle
training group. This study also demonstrated increased VO:zmax in the experimental group,
a finding less commonly reported in studies of younger healthy or athletic patients.
However, interpretation of this study’s findings is compromised by its small sample size, as
well as the fact that the control group had a significantly higher body mass index and were

less physically active at baseline than the treatment group.

Other conditions

Inspiratory muscle training has also been reportedly used to treat inspiratory muscle
weakness in a wide variety of pathological conditions including laryngeal papilloma
(Sapienza et al., 1999), idiopathic diaphragm paralysis (Chatham et al., 2009, Petrovic et
al., 2009), bilateral abductor vocal fold paralysis (Baker et al., 2003), and exercise-induced
inspiratory stridor (Dickinson et al., 2007). Most authors describe a high-intensity regime
resulting in increases in inspiratory muscle strength, reductions in dyspnoea and one

group of researcher described successful weaning from nocturnal non-invasive ventilation
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(Petrovic et al., 2009). While this latter result was described in the context of an absence
of change in phrenic nerve latency, suggesting that spontaneous recovery was not a
factor, all these results must be interpreted with caution as they are case reports only and
further clinical trials are required to ascertain the true efficacy of inspiratory muscle training

in the presence of these conditions.

Summary of inspiratory muscle training in other populations

There is very strong evidence that inspiratory muscle training improves inspiratory muscle
strength in athletes and patients with chronic obstructive pulmonary disease, and some
evidence that similar results can also be obtained in patients with chronic heart failure,
cystic fibrosis, degenerative neurological conditions and spinal cord injury. Whilst there is
strong evidence that inspiratory muscle training also improves exercise performance in
athletes and patients with chronic obstructive pulmonary disease, this is yet to be clearly
demonstrated in other patient groups. Regardless of patient presentation or sporting
arena, it would appear that intensity and modality of training are critical to the success of
any inspiratory muscle training regime. Also, the perception of dyspnoea may be affected
by inspiratory muscle training and the link between inspiratory muscle weakness,
dyspnoea and functional performance deserves further consideration. There is much
potential to further investigate the potential benefits of inspiratory muscle training across a
wide spectra of pathological conditions, with particular focus on patient-centred outcomes
including exercise tolerance and quality of life.
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ACT Health Human Research Ethics Committee

Level 6 Building 10, The ACT Health Research Office, Canberra Hospital ACT 2605

PO Box 11 Woden ACT 2606

Hea'th ' Phone: 02 6205 0846 Fax: 02 62443002
Webslte: www.health.act.gov.au

ABN: 82 049 056 234

L ]

Dr Anne Leditschke

ICU Research .
Building 12 Level 3
Canberra Hospital

Garran ACT 2605

Dear Dr Leditschke
Re: ETHLR.10.408

The ACT Health Human Research Ethics Committee’s Low Risk Sub-Committee received
notification of the proposed study:

Inspiratory muscle training is safe in selected ventilated patients: a case series at its
meeting of 15 December 2010.

| am pleased to inform you that your application has been approved.

The Sub-Committee agreed that the application is for low risk research and determined
that the research meets the requirements of the Nationa! Statement on Ethical Conduct in
Human Research and is ethically acceptable.

[ attach for your records an QOutcome of Consideration of Protocol form.

| confirm that the ACT Health Human Research Ethics Committee is constituted according to

the National Health and Medical Research Council Guidelines and operates in compliance with

applicable regulatory requirements and the International Conference on Harmonization
Guidelines on Good Clinical Practice.

Yours sincerely
e 3
)oA. é,,”

Professor John SG Biggs MA MD

FRCOG FRANZCOG DHMSA

Chairman

ACT Heaith Human Research Ethics Committee

17 December 2010
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ACT HEALTH HUMAN RESEARCH ETHICS COMMITTEE
Outcome of Consideration of Protocol

Submission No: ETHLR.14.213  Date of Approval: 1 September 2014
Project Title: Reliability and validity of the ACIF tool in Critical Care Patients

Submitted by: Ms Bernie Bissett

Your project was considered by the ACT Health Human Research Ethics Committee and
Approved for a period of 3 years.

First Annual Review due: September 2015
The Ethics Committee require as part of the review process that:

o Atregular periods, and not less frequently than annually, Prin'cipa! Investigators are to
provide reports on matters including:

- security of records

- compliance with approved consent procedures and documentation

- compliance with other approved procedurés.

- as a condition of approval of the protocol, that Investigators report immediately.
- adverse affects on subjects

- proposed changes in the protocol

unforeseen events that might affect continued ethical acceptability of the project.

o Al published reports to carry an acknowledgement stating:

- Approved on 1 September 2014 by the ACT Health Human Research Ethics
Committee’s Low Risk Sub-Committee.

(j&\/u\ 9&0\&@@;@@%
Louise Morauta PSM PhD
Chair

ACT Health Human Research Ethics Committee
LLow Risk Sub Committee

1 September 2014
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THE UNIVERSITY OF QUEENSLAND
Institutional Human Research Ethics Approval

Project Title: ‘ Reliability and Validity of the ACIF Tool in Critical Care
Patients

Chief Investigator: Ms Bernie Bissett

Supervisor: Dr Jennifer Paratz

Co-Investigator(s): None

Schoolls): UQ School of Medicine; Canberra Hospital

Approval Number: 2014001220

Granting Agency/Degree: PhD
Duration: 30th September 2015

Comments/Conditions:

Expedited review on the basis of approval from ACT Health HREC dated 01/09/2014

Note: ifthis approval Is for dmenis lo an already approved protocol for which a UQ Clinical Trials Protection/insurance Farm was
originally submitted, then the researchers must directly notily the UQ Insuranca Office of any changes to that Form and Parlicipant
Informallon Sheels & Consent Forms as a result of Ihe amendments, before acllon,

Name of responsible Committee:
Medical Research Ethics Committee
This project complies with the provisions contained in the National Statement on

Ethical Conductin Human Research and complies with the regulations governing
experimentation on humans. 7

Name of Ethics Committee representative:

Professor Bill Vicenzino

Chairperson
Medical Research Ethics Committee

Date 17 i.,rf Ly

Signature
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ACT Health Human Research Ethics Committee
Bullding 10, Level 6, ACT Health Research Office, Canberra Hospital ACT 2606

PO Box 11 Woden ACT 2606

Phone: 02 6205 0846 Fax: 02 62443092

Website: www.health.act.gov.au

ABN: 82 049 056 234

Ms Bumie Bissett
Physiotherapy Depariment
Building 3 Level 1
Canberra Hospital
Garran ACT 2605

Dear Ms Bissett,

Re: ETH.10.10.370

The ACT Health Human Research Ethics Committee considered the proposed;

Inspiratory Muscle Training for Ventilated patients (> 7 days) at its meeting of 8
November 2010.

| am pleased to advise you that the study has been approved including:

ACT Health Application form

Sample size calculations table

Inspiratory muscle training protocol (ventilated patients)
Patient Information Sheet, version received October 2010
Consent form, version received October 2010

Salary budget costings

Quality of Life Survey (SF36v2 and EQ-5D)

| confirm that the ACT Health Human Research Ethics Committee is constituted according
to the National Heaith and Medical Research Council Guidelines and operates in
compliance with applicable regulatory requirements and the International Conference on
Harmonization Guidelines on Good Clinical Practice.

| attach for your records an Dutcome of Consideration of Protocol form.

A copy of your application will be sent to ACT Insurance Authority for consideration.
Please note that this may take up to four weeks for more complex matters,

The study cannot commence until you receive written approval from the Insurance and
Legal Liaison Manager, Mr Simon Fenton, who can be contacted on (02) 620 50928, Any
enquiries regarding insurance matters must be addressed to Mr Fenton.

Yours sincerely

PR

Professor John SG Biggs MA MD

FRCOG FRANZCOG DHMSA

Chairman '

ACT Health Human Research Ethics Committee

10 November 2010
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ACT HEALTH HUMAN RESEARCH ETHICS COMMITTEE

Outcome of Consideration of Protocol
Submission No: ETH.10.10.370 Date of Approval: 10 November 2010
Project Title: Inspiratory Muscle Training for Ventilated patients (> 7 days).

Submitted by: Ms Burnie Bissett

Your project was considered by the ACT Health Human Research Ethics Committee and
Approved for a period of 3 years.

Review due: November 20_11
The Ethics Committee require as part of the review process that:

« Atregular periods, and not less frequently than annually, Principal Investigators are to
provide reports on matters including:

security of records

- compliance with approved consent procedures and documentation
- compliance with other approved procedures.

_as a condition of approval of the protocol, that Investigators report immediately:

- adverse affects on subjects

- proposed changes in the protocol

_ unforeseen events that might affect continued ethical acceptability of the project.
+ All published reports to ,carry an acknowledgement stating:

- approved on 10 November 2010 by the ACT Health Human Research Ethics
Committee.

/I./gm B“ﬁ“

PROFESSOR JOHN SG BIGGS, CHAIR 10 November 2010
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THE UNIVERSITY OF QUEENSLAND
Institutional Approval Form For Experiments On Humans

Including Behavioural Research

Chief Investigator: Ms Bernie Bissett

Project Title: - The Effect Of Inspiratory Muscle Training On The
Residual Respiratory Muscle Weakness And The Quality
Of Life Of Ventilated Patients

Supervisor: Dr Jenny Paratz, Dr Robert Boots, Dr Anne Leditschke

Co-Investigator(s): - Margot Green, Dr Anne Leditschke, Dr Jenny Paratz, Dr
Robert Boots

Department(s): ~ School of Medicine, UQ; Physiotherapy Dept &

Intensive Care Unit, Canberra Hospital
Project Number: 2010001488
Granting Agency/Degree: PhD

Duration: _ 31st December 2013

Comments:

Expedited review on the basis of approval from the ACT Health HREC, dated
- 10/11/2010.

Name of responsible Committee:-

Medical Research Ethics Committee

This project complies with the provisions contained In the National Statement on
Ethical Conaluct in Human Research and complies with the regulations governing
experimentation on humans.

Name of Ethics Committee representative:-

Professor Bill Vicenzino

Chairperson

Medical Research Ethics Committee

Date; XYt Tl Signature: /‘L'"
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ETH.10.10.370 - Insurance confirmed

2 messages

Fenton, Simon <Simon.Fenton@act.gov.au> 15 December 2010 at 15:16
To: "berniembissett@gmail.com” <berniembissett@gmail.com>, "Bissett, Bernie" <Bernie.Bissett@act.gov.au>
Cc: ACTHealth-HREC <ACTHealthHREC@act.gov.au>

Hi Bernie,

The ACT Health Human Research Ethics Committee (ACTHHREC) have forwarded your documents to me
in order to arrange for the vetting of the insurance and indemnity arrangements for the following study granted

ACTHHREC approval recently - -

The Effect of Inspiratory Muscle Training on the Residual Respiratory Muscle Weakness and the
Quality of Life of Ventilated Patients (ACTHHREC Ref. ETH.10.10.370)

Insurance Confirmed

ACTIA and | have reviewed the intemal study and are satisfied that it meets ACT Government's Insurance
and indemnity requirements and it has accordingly been included within our policy coverage limited to the
acts, errors and omissions of the Termitory, subject to the ordinary terms and conditions of the policy

Please note, ACT Health's insurance policies cover the respective interests of the Territory only therefore we
can only provide coverage for insurance and workers compensation to ACT Government employees involved
in this study only. Our assumption is that the other external parties involved will hold their own coverage for
insurance and workers compensation for their conduct in this study.

This cover is provided on the basis that:

14 ACTHHREC approval has been confirmed;

* Coverage is continuous for the duration of the approval provided by the ACTHHREC; and
* All researchers involved in the conduct of this study outside of ACT Government, provide their own
insurance.,

Augie - Please file accordingly. | will note that coverage is confirmed on the spreadsheet.

Cheers

Simon Fenton

Manager

Insurance and Legal Liaison Unit
ACT Health

Phone - {02) 620 50928

Fax - (02) 620 50842

Email - simon.fenton@act.gov.au,

This email, and any attachments, may be confidential and also privileged. If you are not the intended
recipient, please notify the sender and delete all copies of this fransmission along with any attachments

hitps:#imail.google.com/mail/0/2ui= 2&ik=127a36ad548view=ptdq=ethics &qs=truedsearch=query&th=12ce83e6e1eb3B818simI=12ce83e6e 1eh38818si... 172
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APPENDIX C: Licences and Permissions:

b)

Permission / Entitlements to include published articles in thesis:
Anaesthesia and Intensive Care

Intensive and Critical Care Nursing (Elsevier)

Heart and Lung

BMJ Open

Patient consent form (BMJ) relating to Figure 15

Licences:

SF36 Quality of Life Survey Instrument

EQS5SD Quality of Life Survey Instrument
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ANAESTHESIA AND INTENSIVE CARE:

* Caitlin Murphy [CMurphy@asa.org.au] @« @& & Actions:

To: Bernie.Bissett

nbau ‘Wednesday, Movember 04, 2015 8:57 AM

Hi again Bernie,
Have just heard back from the Executive Editor and she is happy for you to use the article as an Appendix, provided you include a statement of
acknowledgement somewhere within the manuscript ("Reproduced with permission of the Australian Society of Anaesthetists” should suffice).

Let me know if you have any further questions about this issue.

Best,

Caitlin Murphy
Publications Assistant
Australian Society of Anaesthetists

PO Box 6278, Morth Sydney, NSW 2059
Tel: 02 8556 9712 | Fax: 02 8556 9750 |[cmurphy@asa.org.au | www.asa.org.au

INTENSIVE & CRITICAL CARE NURSING:
On 4 Nov 2015, at 3:08 am, Permissions Helpdesk <permissionshelpdesk@elsevier.com> wrote:

Dear Bernig,
Thank you for your e-mail.

As an Elsevier journal author, you retain various rights including Inclusion of the article in a thesis or dissertation (provided that
this is not to be published commercially) whether in part or in toto; see http://www.elsevier.com/about/company-

information/policies/copyright#Author%20rights for more information. As this is a retained right, no written permission is
necessary provided that proper acknowledgement is given.

This extends to the online version of your dissertation and would include any version of the article including the final published
version provided that it is not available as an individual download but only embedded within the dissertation itself.

If the article would be available as an individual download, only the praprint or (subject to the journal-specific embargo date)
accepted manuscript version, but not the final published version, may be made available; see http://www.elsevier.com/journal-
authors/sharing-your-article for more information. Information regarding embargo dates can be found here
http:/fwww.elsevier.com/ _data/assets/pdf_file/0018/121293/external-embargo-list. pdf

If you need any additional assistance, please let us know.

Best Wishes,
Laura

Laura Stingelin
Permissions Helpdesk Associate

1600 John F. Kennedy Boulevard

Suite 1800

Philadelphia, PA 19103-2893

T: (215) 239-3867

F: (215) 239-3805

E: Lstingelinf@elsevier com

Questions about obtaining permission: whom to contact? What rights to request?
When is permission required? Contact the Permissions Helpdesk at:

T +1-800-523-4069 x 3808 <ATT72324 2.jpg> permissicnshelpdesk@elsevier.com
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HEART AND LUNG:

Permission to include article in Thesis

« Ardis O'Meara [heartlungjournal@gmail.com]
To: Bernie.Bissett

Cc:  Redeker, Nancy [nancy.redeker@yale.edu]

Inbesx

Dear Bernie,
Thank you for your message.

Please refer to our website at http://www.heartandlung.org/content/permission for permission to reuse.

Please let me know if you have further questions.

Thank you,
Ardis

Permission Guidelines

For further guidelines about obtaining permission, please review our Frequently Asked Questions below:
When is permission required? +

When is permission not required? +

Written permission may not need to be obtained in certain circumstances, such as the following:

¢ Public domain works are not protected by copyright and may be reproduced without permission, subject to
proper acknowledgement. This includes works for which copyright has expired (for example, any US work
published prior to 1923), works that are not copyrightable by law (for example, works prepared by US
government employees as part of their official duties), and works expressly released into the public domain
by their creators. (Permission would however be required to re-use the final formatted, edited, published
version of a public domain journal article, for example, as this version is owned by the publisher.)

Open access content published under a CC-BY user license, as well as open access content published under
other types of user licenses depending on the nature of your proposed re-use (for example, commercial vs.
nonprofit use), may not require written permission, subject to proper acknowledgement. Permissions vary
depending on the license type, and we recommend that readers check the license details carefully before re-
using the material.

* Creating an original figure or table from data or factual information that was not previously in figure or table
format typically does not require permission, subject to proper acknowledgement of the source(s) of the data.

Can I include/use my article in my thesis/dissertation? +

Yes. Authors can include their articles in full or in part in a thesis or dissertation for non-commercial purposes.
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BMJ OPEN:

Permission to include article in thesis

info bmjopen [info.bmjopen@bmj.com]

To: Bernie.Bissett

Dear Bissett,

Thank you for your email.

| can confirm that you can include this provided that there's a proper citation/acknowledgement.
Should you have more concemn, please let me know.

Kind regards,

Bernadette

Jo Bernadette Berido

Editorial Production Assistant

BMJ, BMA House, Tavistock Square, London WC1H 9JR
T:020 7383 6879

F: 020 7383 6668
E: info.bmjopen@bmj.com
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PATIENT CONSENT FORM (Figure 15):

BMJe

For a patient’s consent 1o publication of information about them in BMJ Publishing
Group Ltd (“BMJ Group”) publications and products.

Name of person described in article or shown in photograph: JTULIE GENGE
Subject matter of photograph or article: | SNEANRS| raV S CLE TNk
Journal name: | HO€ AX

Manuscript number 2082719

INSAVEmaRy MuStLE T@mpmiint TO Srdarae Ceroeey /o
A e C. v AT e A 20 3D T

Corresponding author: RERNE  S\SSETY

JuLic  EeEnNGE [insert full name)] give my consent for
this information abo! CHILD OR WARDMY RELATIVE [circle correct
description] relating to subject matter above (“the Information”) to appear in the journal
and associated publications.*

I have seen and read the material to be submitted to the journal

| understand the following:

(1) The Information will be published without my name attached and BMJ Group will make
every attempt to ensure my anonymity. | understand, however, that complete anonymity
cannot be guaranteed. It is possible that somebody somewhere - perhaps, for example,
somebody who looked after me if | was in hospital or a relative - may identify me.

(2) The text of the article will be edited for style, grammar, consistency, and length

{3) The Information may be published in the journal, which is distributed worldwide. The
journal goes mainly to doctors but is seen by many non-doctors, including joumnalists.

(4) The Information will also be placed on the journal website, hitp/group bmj.com/products

(5) *The Information may also be used in full or in part in other publications and products
published by the BMJ Group or by other publishers to whom the BMJ Group licenses its
content. This includes publication in English and in translation, in print, in electronic formats,
and in any other formats that may be used by the BMJ Group or its icensees now and in the
future. In particular the Information may appear in local editions of the journal or other journals
and publications published overseas.

(6) The BMJ Group will not allow the Information to be used for advertising or packaging or 1o
be used oyt of context.

(7) I can revoke my consent at any time before publication, but once the Information has been
committed to publication ("gone to press”) it will not be possible to revoke the consent.

Signed: 3&’ %J%? Date: S" )= 'b

BMJ Publishing Group Limited
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SF36 LICENCE AGREEMENT (and extension)

’

QualityMetric

neorporoles

QUALITYMETRIC LICENSE AGREEMENT

License Number: QMO006395
Effective Date: January 10, 2011
Licensee Name: ACT Health
Licensee Address: Level 3, ACT Health Bldg., Canberra City, 2601 Australia

Approved Purpose: Inspiratory muscle training for ventilated patients

Study Name: The Effect of Inspiratory Muscle Training on the Residual Respiratory
Muscle Weakness and the Quality of Life of Ventilated Patients
Study Type: Observational
Therapeutic Area:  Wellness & Lifestyle

Other Definitions: As indicated on Appendix B “License Agreement — Details”, including without
limitation: Licensed Surveys, Modes, Fees, Administrations, Services, Approved
Languages and (if applicable) License Term

This License Agreement (the *Agreement’) is entered into as of the Effective Date, by and between
QualityMetric Incorporated (“QM"), 24 Albion Road, Building 400, Lincoln, RI 02865 and Licensee.

Subject to the terms of this Agreement, including the QualityMetric License Terms and Conditions
attached as Appendix A: (a) QM grants to Licensee, and Licensee accepts, a non-exclusive, non-
transferable, non-assignable, non-sublicensable worldwide license to use, solely for the Approved
Purpose and during the License Term, the Licensed Surveys in the authorized Modes and Approved
Languages indicated on Appendix B and to administer the Licensed Surveys only up to the total number
of Administrations (and to make up to such number of exact reproductions of the Licensed Surveys
necessary to support such administrations) in any combination of the specific Licensed Surveys and
Approved Languages and Modes and to use any related software provided by QM, (b) Licensee agrees
to purchase the Services, and (c) Licensee agrees to pay the Fees in accordance with the invoice to be
provided upon execution hereof by Licensee.

Capitalized terms used in this Agreement and not otherwise defined herein shall have the meanings
assigned to them in Appendix A. The appendices attached hereto are incorporated into and made a part
of this Agreement for all purposes.

EXECUTED, as of the Effective Date, by the duly authorized representatives as set forth below.

QualityMetric Incorporated ACT Health

[Licensor] [Licensee]

Name: Name: ETY
Title: Title:_MRS

Date: Date: mmg_u_'_.? (oY1)
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APPENDIX B

LICENSE AGREEMENT - DETAILS

QualityMetric
incosporotec
Licensee: ACT Health License Number. QMO006395
Bernie Bissett
Yamba Drive Amendmentto:  N/A
Garran, 2605
License Term:  11/01/10 to 11/01/13
Master License
Term:  N/A
Approved Purpose Study Name: Inspiratory muscle training
Inspiratory muscie training forventilated patients Pratocol.
Gowvt 1D:
Study Type: Observational
Clients Reference:
Licensed Surveys (Modes) and Services:
Item Description Mode of Admin Quantity
ES0230 SF-38v2, Acute Recall, Project Registration Fee Paper 1

LANGUAGES Language Fee
ADMO012 Patients Enrolled
ADMINS Administrations

SS040 Scoring Software v4

SS047 Score 8 Domains and 2 Summary Measures

55997 Missing Item Recovery

58596 Data Quality Evaluation DQE/MDE Report

$5998 Scoring Software Add-on: Ul

EMO034 Guide to Development of Cert. Modes of Short Form Survey
EMO35 g:i;o to Integration of Cert. SF Scoring & DQE Capabilities
Approved Languages:

United States (English)

EMO036 Guide to Development of Cert. of SF Survey Interp. & Rping
Approved Languages.

United States (English)
NORMO55 SF-36v2 General Population Norms 1998

TOTAL FEES: 2,882.00 USD

Payment Terms:  Due on Receipt (\%\A’ﬁ‘
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OPTUMInsight’

AMENDMENT TO LICENSE AGREEMENT

Eifective Date: September 25, 2013
Amendment Number: QM021120
Amendment To: QMO006395
Licensee Name: ACT Health
Licensee Address:  Yamba Drive
Garran,
2605

Approved Purpose: Inspiratory muscle training forventilated patients
Therapeutic Area: Wellness & Lifestyle

This Amendment to License Agreement (the “Amendment”) is entered into as of the Amendment
Date, by and between Optuminsight Life Sciences, Inc. (f/k/a QualityMetric Incorporated)
(“Optuminsight™), and Licensee.

The following term(s) of the License are modified as indicated below:

License fee: $475.00

Total Administrations: 280 total administrations

Term: December 31, 2013 through December 31, 2015
Licensed Surveys: SF-36v2 Health Survey

Other Change: Renewal of License through 2015

Except as expressly modified by this amendment, ail terms and conditions of the License shall
continue in full force and effect without change.

EXECUTED, as of the Effective Date, by the duly authorized representatives as set forth below.

[Optuminsight] [Licensee]

C{P‘Umlnsight}i@ ?fien%ﬁ'nf' i ﬁ l'\c‘l'l-lealth %’Q /M%
Signature: %LL"/ : " Signature: _A J |

Name: _Michelle White Name: .‘33\3%\7\)6 (X< A

Title: Director of Consulting Scienge SEnueR. PSS OTRe GAOS T
Date: 2 OLL AL(3F Date: 3(I 10% 3
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EQS5SD LICENCE & REGISTRATION:

———————— Original Message --------
Subject:EQ-5D
Date:Fri, 1 Oct 2010 12:15:58 +0000
From:Malinie Banarsi <banarsi@eurogol.org>
To:berniembissett@gmail.com <berniembissett@gmail.com=

Dear Ms/Mr. Bissett,

Thank you for registering your research at the EuroQol Group's website.

As the study you registered at the EuroQol website involves low patient numbers (140) and is not funded by a pharmaceutical
company/medical device manufacturer, or any other profit-making stakeholders, you may use the EQ-5D instrument free of charge. If
this is not the case, or the situation changes, please inform us as the EuroQol Group Foundation has a specific policy for large
academic studies and/or studies funded by profit making bodies.

Please note that permission granted above only relates to the paper version of EQ-5D. Requests to use digital representations of EQ-
5D (e.g. web, tablet, PDA) should be made separately to userinformationservice@euroqol.org attaching your initial registration.

Please find attached the English version for Australia of the EQ-5D (word format). A brief user guide is downloadable from the
homepage of the EuroQol website (www.eurogol.org)

Kind regards,

Malinie Banarsi

Office Assistant

Eur o Foundation
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