
Key points
•  Breathlessness is a major symptom for patients with severe COPD or chest wall restriction, 

impacting adversely on physical performance and quality of life.
•  The immediate and training effects of NIV during exercise include signifi cant improvements in 

breathlessness and exercise endurance beyond those achieved with unassisted breathing or 
oxygen therapy in selected patients with severe COPD or chest wall restriction.

•  A substantial individual variation in response to NIV-assisted exercise is seen in patients with 
severe COPD or chest wall restriction.

•  Mechanisms by which NIV may provide additional benefi ts during exercise training over unas-
sisted breathing or oxygen therapy include unloading of the respiratory muscles, improved 
breathing pattern and consequently gas exchange, and improved peripheral muscle blood fl ow 
and oxygenation.

•  Patients with chest wall restrictive disorders appear to require higher infl ation pressures to 
achieve a positive benefi t from NIV-assisted exercise compared with COPD patients.

•  Most recent studies have used inspiratory pressure support, bilevel ventilatory support or pro-
portional assist ventilation during NIV-assisted training, with no strong evidence at present to 
suggest one mode of NIV is superior to another in achieving benefi ts.

•  Individuals with severe chronic respiratory failure using nocturnal NIV may be a subgroup to 
benefi t from NIV during exercise training or performance of functional activities.  

•  Currently the use of NIV as an adjunct to exercise training should be reserved for selected 
patients with severe exertional dyspnoea, and not as a routine intervention.
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Noninvasive ventilation as 
an adjunct to exercise training 
in patients with chronic 
respiratory disease
Educational aims
 To describe the potential benefi ts of noninvasive positive-pressure ventilation (NIV) as an   
 adjunct to exercise training in selected patients with chronic obstructive pulmonary disease   
 (COPD) or chest wall restriction.
 To outline the mechanisms by which NIV may improve exercise performance in selected   
 patients with COPD or chest wall restriction.
 To identify characteristics of patients with chronic respiratory disease who are more likely to   
 respond to NIV-assisted training.
 To highlight major practical considerations for implementing NIV-assisted training in an   
 individual with COPD or chest wall restriction.

Summary
Severe exertional dyspnoea is a major impediment to physical activity and adversely 
affects quality of life for many individuals with chronic respiratory disease. Although exer-
cise can improve cardiorespiratory and peripheral muscle responses, training at sufficient 
intensity and duration may be difficult for the very breathless, deconditioned patient. Con-
sequently, strategies to optimise training for such individuals are gaining interest. NIV is 
one such option and there is a growing body of evidence outlining its benefits in selected 
patients. However, the technique is not without its constraints and problems. An under-
standing of the mechanisms underlying improvements in exercise performance with NIV-
assisted training is important in targeting appropriate candidates for intervention and 
identifying the best therapy to achieve the maximum benefit.

Severe exertional dyspnoea is a major disa-
bling symptom for individuals with chronic 

respiratory disease secondary to COPD or chest 
wall restriction, limiting physical performance 
and adversely affecting quality of life. Although 
the mechanisms responsible for dyspnoea and 
reduced exercise tolerance will vary depending 
on the underlying primary disorder, alterations 
in pulmonary mechanics along with reductions 
in respiratory muscle strength and endurance 
contribute to respiratory muscle fatigue and 

limit ventilatory capacity. With reduced physi-
cal activity, further peripheral muscle decondi-
tioning occurs, promoting exertional dyspnoea 
and fatigue and causing less activity.

The intention of exercise training is to 
improve exercise capacity by decreasing the 
ventilatory requirement for a given work-rate 
and to reduce lactic acidosis. However, train-
ing needs to be performed at an adequate 
intensity and for a suffi cient duration if such 
benefi ts are to be obtained. For individuals 
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with chronic respiratory disease characterised 
by severe breathlessness, achieving a suffi ciently 
high-intensity training stimulus can be challeng-
ing.  Consequently, there is increasing interest 
in strategies such as NIV that could be used as 
an adjunct to exercise training to reduce ventila-
tory load during exercise and improve exercise 
capacity in patients with respiratory insuffi ciency.  
Recent evidence-based guidelines concluded that 
NIV may confer an immediate after-rehabilitation 
benefi t in improving exercise tolerance in selected 
patients with more advanced COPD [1]. However, 
currently available data show a wide individual 
variability in response to exercise with NIV [2–4], 
stressing that this technique is not suitable as a 
routine intervention and should be targeted at 
those individuals who are “responders”. The pur-
pose of this article is to review current evidence 
for the effectiveness of this technique in enhanc-
ing exercise performance and to highlight impor-
tant practical considerations and limitations 
when using NIV.

Nocturnal ventilatory 
support and exercise 
performance 
While nocturnal ventilatory support was initially 
introduced with the intention of reversing respi-
ratory failure and reducing symptoms related 
to hypoventilation, a number of studies have 
reported accompanying improvements in day-
time exercise tolerance and physical activity in 
the absence of formal exercise training [5–7]. In a 
study of patients with chronic hypercapnic respira-
tory failure (CRF) with mixed aetiology, a relation-
ship between the severity of daytime hypercapnia 
and daily activity was found [6]. Furthermore, sig-
nifi cant improvements in activity levels occurred 
following the introduction of NIV, correlating with 
a fall in arterial carbon dioxide tension (Pa,CO2) 
[6]. Similarly, in a group of patients with CRF 
due to restrictive thoracic disease, 3 months of 
nocturnal NIV produced a marked increase in 
endurance time during exercise tests involving 
respiratory and peripheral muscles. In contrast, in 
a matched group of controls assigned to normal 
care, no signifi cant improvement in any test was 
observed [7]. Reports of the benefi cial effects of 
nocturnal ventilatory support on exercise endur-
ance have predominantly come from studies 
involving patients with restrictive chest wall disor-
ders; although in a randomised crossover trial, sig-
nifi cant improvements in walking distance were 

seen in patients with severe cystic fi brosis when 
using nocturnal bilevel support compared with 
the control (air) arm [5]. In contrast, a number 
of randomised trials investigating the addition 
of nocturnal NIV to long-term oxygen therapy 
(LTOT) in severe hypercapnic COPD found no dif-
ference in exercise capacity in the NIV and LTOT 
group compared with LTOT alone [8, 9]. In a more 
recent study examining endurance time during 
constant-load exercise, non-COPD patients with 
hypercapnia increased their exercise time signifi -
cantly following 3 months of NIV, in contrast to 
those with COPD where no signifi cant change 
was observed [10]. These variations in fi ndings 
suggest that the impact of nocturnal NIV alone 
on exercise capacity may differ depending on 
the primary underlying disorder [10]. In addition, 
even when exercise performance is improved, the 
level of daily activity in patients with chronic res-
piratory disease using nocturnal NIV remains well 
below that seen in age- and sex-matched healthy 
subjects [6]. This, along with the lack of improve-
ment in exercise tolerance in COPD patients 
using nocturnal NIV, highlights the important 
role of exercise training in patients with severely 
reduced ventilatory capacity. 

In a randomised trial, GARROD et al. [11] looked 
at the use of NIV in patients with COPD from a 
different viewpoint, proposing that nocturnal NIV 
provided in conjunction with an exercise training 
programme could lead to greater improvements in 
exercise capacity and health status than training 
alone. Importantly, these patients were recruited 
on the basis of their severe COPD and limited 
exercise tolerance due to dyspnoea, and not noc-
turnal sleep disturbance or daytime hypercapnia. 
If patients were unable to sleep with the ventilator 
they were advised to use therapy for ≥6 h during 
the day. Individuals assigned to NIV in addition 
to exercise training demonstrated improvements 
in exercise tolerance and quality of life over and 
above changes seen in the group undergoing 
exercise training alone. This was despite poor 
compliance with NIV, with only 29% using ther-
apy for >4 h per day. More recently, DUIVERMAN 
et al. [12] randomised 72 patients with chronic 
hypercapnic respiratory failure and severe COPD 
to NIV in addition to pulmonary rehabilitation or 
pulmonary rehabilitation alone to determine any 
additional impact on health-related quality of life, 
functional status and gas exchange. Compliance 
with nocturnal NIV therapy improved from the 
earlier study of GARROD et al. [11], with a median 
use of 7.7 h per day. Although NIV provided no 
additional improvement in the total score of the 
Chronic Respiratory Questionnaire (CRQ; the 
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end of exercise [16] and reduced exercise-induced 
lactic acidosis [19]. These changes are consistent 
with the substantial reduction in respiratory mus-
cle loading that has been observed with the appli-
cation of NIV during exercise [3, 15, 16].  

Acute responses to NIV: chest wall restriction
Individuals with chest wall restriction commonly 
have limited ventilatory reserve and severe exer-
tional dyspnoea [4]. Although low-fl ow supple-
mental oxygen during walking has been shown 
to reduce dyspnoea, decrease oxygen desatura-
tion and shorten recovery time compared with 
sham oxygen (air), no improvement in exercise 
performance was demonstrated in patients with 
stable kyphoscoliosis [20]. 

In patients with scoliosis, maximum exercise 
ventilation is reduced proportional to the loss in 
vital capacity while work of breathing is increased 
[21]. Since NIV can increase minute ventilation 
while reducing inspiratory effort, its use during 
exercise training could theoretically improve 
endurance and the intensity of training. To test this 
hypothesis, HIGHCOCK et al. [21] randomised eight 
patients with severe scoliosis to three walking con-
ditions: unencumbered; with mouthpiece alone; 
and during NIV with mouthpiece. All testing was 
performed without supplemental oxygen. While 
ventilation was increased during exercise with 
NIV, exercise capacity did not improve, and the 
authors concluded that there was no role for NIV 
as an adjunct to exercise training in patients with 
scoliosis. In contrast, other studies have reported 
benefi t [4, 22, 23]. TSUBOI et al. [22] studied seven 
patients with chest wall restriction secondary to 
tuberculosis sequelae during constant work rate. 
Exercise tests were performed on a cycle ergom-
eter in the supine position over a 2-day period: 
spontaneous breathing on air and NIV on day 1; 
and spontaneous breathing on oxygen and NIV 
sequentially on day 2. The order of days was ran-
domised. Noninvasive volume preset ventilation 
during exercise improved blood gases, reduced 
breathlessness and improved exercise endurance. 

primary end-point of the study), there were 
improvements in other outcome measures 
including the CRQ fatigue domain, the Maugeri 

Respiratory Failure questionnaire (MRF-28), day-
time Pa,CO2 and daily activity levels. Although 
neither study was designed to investigate the 
mechanisms by which NIV used during sleep 
could improve the response to daytime exercise 
training, it was proposed that the benefi ts seen 
may have arisen from improved respiratory mus-
cle function through unloading of these muscles 
or from improved gas exchange [11, 12]. These 
fi ndings along with recent comparison data [10] 
emphasise the need to incorporate exercise train-
ing into the management of patients with COPD 
using nocturnal NIV in order to achieve addi-
tional exercise benefi ts. 

 

Nonivasive ventilation 
during exercise
Lower-limb exercise
Acute responses to NIV: COPD 
The immediate effects of NIV during treadmill run-
ning and cycling have been addressed in a num-
ber of studies in patients with COPD [2, 3, 13–16]. 
In a meta-analysis, VAN’T HUL et al. [17] found that 
NIV delivered in the form of continuous positive 
airway pressure (CPAP), inspiratory pressure sup-
port (IPS) or proportional assist ventilation (PAV), 
led to acute improvements in exertional dyspnoea 
and exercise endurance. However, the degree 
of improvement varied considerably between 
individuals, with some patients only marginally 
improving while others more than doubled their 
exercise endurance [2, 3]. At the other extreme, in 
a randomised study HIGHCOCK et al. [18] found no 
benefi t from using NIV during treadmill walking, 
with a marked reduction in the distance walked 
during sessions with NIV even though tidal vol-
ume and minute ventilation increased signifi -
cantly compared with walking with a mouthpiece 
alone. Similarly, JOHNSON et al. [13] found that in a 
group of COPD patients unfamiliar with NIV, exer-
cise performance did not immediately improve 
when compared with unassisted exercise, with 
the NIV group exercising for an average of 1 min 
less when using the machine. 

In addition to improvements in dyspnoea and 
exercise endurance, other favourable physiologi-
cal changes have been identifi ed during the acute 
application of NIV during exercise. These include 
an improved breathing pattern as refl ected by a 
reduction in respiratory rate and increase in tidal 
volume [14], increased minute ventilation at the 
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No improvement in endurance was seen with 
oxygen therapy alone, while the combination of 
NIV with supplemental oxygen led to the greatest 
improvements in exercise endurance. In a recent 
randomised crossover study, BOREL et al. [4] dem-
onstrated that the acute use of NIV during cycling 
permitted the extension of constant-workload 
exercise time by 71%. A signifi cant correlation 
between the increase in exercise endurance and 
the reduction in breathlessness during NIV was 
noted [4, 22]. Using a similar randomised cross 
over design in eight patients with kyphoscoliosis, 
NIV was shown to alleviate hypoventilation asso-
ciated with light cycling, while reducing dysp-
noea and perceived effort [23]. However, as seen 
in patients with COPD the immediate response 

to NIV-assisted exercise was variable, with some 
patients greatly improving exercise duration while 
others were slightly impaired [4]. 

NIV as part of a training programme: COPD 
To date seven randomised trials evaluating the 
effect of NIV administered during an exercise 
training programme in people with COPD have 
been published (table 1). The majority of these tri-
als demonstrated that training with NIV allowed 
patients to achieve signifi cantly       higher training 
intensities [24–26], and greater improvements in 
exercise performance compared with unassisted 
training [13, 24–28]. Only one study has reported 
no signifi cant benefi ts [29]; however, patients 
had slightly less severe airfl ow obstruction than 

Author 
[ref.]

Subjects 
n

COPD 
severity

Training Study details Mask Ventilator
mode

Pressure cmH2O Major outcomes

Johnson 
[13] 

39 Severe Treadmill RCT: NIV versus 
Heliox versus UT

Nasal Bilevel IPAP: 8-12; 
EPAP: 2

Greater increase in exer-
cise training time in NIV 

group.

Bianchi 
[29]

33 Mild-to-
moderate

Cycling RCT: PAV versus UT Nasal and 
orofacial

PAV 6.6 (VA 2.2 L);
3.5 (FA 1.6 L 

per s)

Improvements in peak 
work rate, dyspnoea and 
leg fatigue, but no be-

tween group differences. 
NIV not well tolerated.

Hawkins 
[25]

19 Severe Cycling RCT: PAV versus UT Orofacial PAV 12.7 (VA 1.5 L); 
3.6 (FA 0.7 L 

per s)

Higher mean training 
intensity and peak work 

rate favouring NIV.

Reuveny 
[26]

24 Moderate-
to-severe

Treadmill RCT: NIV versus 
UT

Orofacial Bilevel IPAP: 7-10; 
EPAP:2

Greater increase in train-
ing intensity favouring 

NIV. V’O2,max and 
anaerobic threshold in-

creased only in NIV group.

van’t Hul 
[24]

29 Moderate-
to-severe

Cycling RCT: NIV versus 
sham NIV

Mouthpiece 
and nose 

clip

IPS 10 Increased shuttle walk 
distance and cycle 

endurance, with reduced 
minute ventilation during 

exercise favouring NIV.

Toledo 
[27]

18 Moderate-
to-severe

Treadmill RCT: NIV versus
UT

Nasal Bilevel IPAP: 10-15; 
EPAP:4-6

Increase in V'O2,max at peak 
exercise in NIV group only.

Costes 
[28]

14 Moderate-
to-severe

Cycling Alternate alloca-
tion: NIV versus UT

Bilevel IPAP not speci-
fi ed; EPAP 4-8

Peak V’O2,max higher, and 
dead space to tidal volume 

ratio during maximum 
exercise tests reduced in 

NIV group.

RCT: randomised controlled trial; UT: usual training; IPAP: inspiratory positive airway pressure; EPAP: expiratory positive airway pressure; VA: volume 
assist; FA: fl ow assist; V’O2,max: maximal oxygen uptake. 

Table 1. Summary of randomised trials evaluating NIV as an adjunct to exercise training
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assist inspiration, inspiratory effort is signifi cantly 
increased by the simple act of arm elevation 
[31]. Therefore, strategies that reduce inspiratory 
effort during arm activity may allow patients to 
exercise for longer.  However, in comparison to 
studies investigating the value of NIV in lower 
limb exercise, there are few studies looking at 
upper-limb exercise. POGGI et al. [31] demonstra-
ted that arm elevation signifi cantly increased 
inspiratory muscle work in COPD patients with 
chronic respiratory failure and that NIV during 
arm elevation reduced dynamic intrinsic positive 
end expiratory pressure (PEEPi) and inspiratory 
muscle work while increasing minute ventila-
tion. In a heterogeneous group of patients with 
chronic hypercapnic respiratory failure enrolled in 
an acute randomised crossover trial, NIV during 
unsupported arm exercise increased endurance 
time, reduced dyspnoea and perceived exertion 
and improved oxygenation compared with exer-
cise without NIV [32]. In this study, supplemen-
tal oxygen was added during exercise testing to 
maintain arterial oxygen saturation measured by 
pulse oximetry (Sp,O2) at ~93% at rest. However, 
currently there are no published data evaluating 
the impact of NIV during upper-limb training in 
patients with chronic respiratory disease. Fur-
ther research is warranted to determine whether 
the use of NIV during upper-limb training deliv-
ers additional clinical benefi ts in patients with 
chronic respiratory disease in terms of improved 
ability to perform functional tasks.

NIV during functional 
activities
While NIV can acutely improve exercise perfor-
mance and provide additional benefi ts during 
a lower-limb exercise training programme in 
selected patients, there is limited data on the feasi-
bility of using NIV during functional activities such 
as ground walking [32–34]. In a randomized trial 
DREHER et al. [33] found that plus NIV and   oxygen 
signifi cantly improved arterial oxygen tension 
(Pa,O2), increased distance walked and reduced 
dyspnoea compared with walking with oxygen 
alone in patients with severe stable COPD already 
established on home NIV. The authors speculated 
that the substantial improvement in oxygenation 
with NIV-aided walking could reduce cardiovascu-
lar complications that may arise during exercise 
due to severe desaturation even when supplemen-
tal oxygen is provided. Likewise, in a randomised 
trial in a heterogeneous population of patients 
with severe stable respiratory failure, MENADUE  

studies reporting benefi ts. Interestingly, this same 
group of investigators previously found that NIV 
acutely reduced dyspnoea and improved endur-
ance time [14], although the patients included in 
the earlier trial were hypercapnic with moderate-
to-severe airfl ow limitation.  

Only three studies of NIV-assisted training 
programmes have evaluated quality of life. In 
patients with moderately severe COPD ran-
domised to NIV, no additional benefi t from 
mask NIV on exercise tolerance or health status 
compared with training alone was seen [29]. In 
another study enrolling patients with more severe 
lung disease, additional improvements in exercise 
endurance were achieved in those randomised 
to NIV but this did not translate into signifi cant 
differences in quality of life compared with the 
control group [24]. In contrast, in a small, uncon-
trolled study, BARAKAT et al. [30] found that NIV 
during exercise sessions led to improved exercise 
tolerance and decreased breathlessness during 
exercise as well as improved quality of life. The 
current evidence suggests that NIV is feasible 
and benefi cial in achieving better clinical and 
physiological outcomes from exercise training in 
selected patients with moderate-to-severe COPD 
with marked dyspnoea. However, future studies 
need to evaluate the impact such an approach 
has on quality of life and post-rehabilitation physi-
cal activity levels. 

NIV as part of a training programme: chest wall 
restrictive disorders
Interventions that allow patients with severe 
chest wall restriction to exercise at higher intensi-
ties for a longer duration could achieve greater 
improvements post-exercise training, as shown 
in patients with COPD. While studies examining 
the acute effects of NIV during exercise in people 
with severe chest wall restriction have demon-
strated an increase in exercise capacity compared 
with exercise without NIV, to date, no study has 
been published that determines whether NIV 
in conjunction with exercise training can confer 
benefi ts over and above exercise training alone. 
Therefore, the clinical features of those individu-
als who respond to this intervention need to be 
investigated. 

 
Upper-limb exercise
Upper-limb exercise is an important component 
of a comprehensive exercise training programme 
in people with COPD [1] and may improve the 
performance of everyday tasks involving the arms. 
As many chest wall muscles that are involved in 
the performance of upper-limb activities also 
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et al. [32] similarly found a small but signifi cant 
improvement in Sp,O2 at rest and at isotime exer-
cise with NIV plus supplemental oxygen com-
pared with supplemental oxygen alone during 
ground walking. However, despite the improve-
ment in gas exchange, exercise capacity was not 
improved. One explanation for the discrepancy 
in results between these two studies may be the 
much higher levels of pressure support used by 
DREHER et al. [33]: 25 cmH2O compared with 10 
cmH2O used by MENADUE et al. [32]. This sug-
gests that the level of pressure support provided 
in the latter study may have been insuffi cient to 
adequately unload inspiratory muscles and there-
fore improve exercise capacity [32]. Although 
inspiratory pressure support levels of ~10 cmH2O 
have been shown to be effective in reducing dys-
pnoea and improving exercise tolerance in COPD 
patients during treadmill running and cycling, 
ground walking requires a greater amount of work 
from larger muscle groups [32]. Consequently, 
greater pressure support may be required. In addi-
tion, the study of MENADUE et al. [32] included 
patients with severe chest wall restriction from 
kyphoscoliosis. The available data suggest that 
patients with chest wall restriction require higher 
infl ation pressures to benefi t from NIV-assisted 
exercise [21–23, 32] compared with patients with 
COPD. Further work is needed to determine the 
effects of high and low levels of pressure sup-
port during ground walking in patients with both 
severe obstructive and restrictive thoracic disorders 
to determine the most effective levels of ventila-
tory assistance required to improve dyspnoea and 
functional activity.  

The manner in which ventilatory support can 
be provided in order to facilitate and increase 
unrestricted walking also requires further investi-
gation. In published studies to date, the ventilator 
has generally been attached to a rollator frame. 
While this may be an option indoors, it can be 
limiting for patients wanting more outdoor inde-
pendence. Consequently, the feasibility of carry-
ing ventilatory-assist equipment in a backpack 
to allow less restricted activity has been evalu-
ated. Using a specifi cally designed, lightweight 
and portable inspiratory support device during a 
fi eld endurance walk test in patients with severe 
COPD, a large decrease in endurance time and 
a tendency for higher breathlessness scores com-
pared with unassisted walking was found [35]. 
More recently, DREHER et al. [34] found that the 
addition of NIV to supplemental oxygen during 
a 12-min walk test in patients with severe COPD 
produced better oxygenation than walking with 
supplemental oxygen alone, even at double the 

normal dosage. Despite this, no difference in dys-
pnoea occurred, and as with the previous study 
[34], walking distance was reduced. The weight 
of the backpack (7.3 kg) was seen by DREHER et al. 
[34] as the major barrier to achieving benefi ts 
from ambulatory NIV, while inadequacy of the 
fl ow output to meet ventilatory demand during 
higher-intensity activity was the most likely expla-
nation for the detrimental effects of NIV during 
fi eld walking in the REVILL et al. [35] study. Conse-
quently, lightweight devices that are suitable for 
unrestricted ambulation need to be developed 
and evaluated carefully if NIV-aided daily living 
activities are to become a reality. 

How much does NIV 
during exercise 
improve exercise 
performance? 
Although the mechanisms underlying exercise 
limitation are different for individuals with severe 
COPD than for those with severe chest wall 
restriction, both groups complain of severe exer-
tional dyspnoea and often have a ventilatory limi-
tation to exercise. A number of features common 
to both disorders can contribute to dyspnoea dur-
ing exercise in these two populations, including 
inspiratory muscle weakness, mechanical restric-
tion of the chest wall, abnormal gas exchange, 
excessive loading of the inspiratory muscles and 
cardiovascular factors. In addition, peripheral 
muscle function may also be impaired. The ben-
efi ts of using NIV during exercise may arise from 
addressing any of one or more of these factors. 

Ventilatory demand is increased during exer-
cise, increasing the workload on the inspiratory 
muscles to a point where fatigue may occur. 
Individuals with baseline respiratory muscle 
weakness would be more vulnerable to fatigue 
and therefore dyspnoea during exercise. By           
reducing respiratory muscle effort during exercise 
[15, 31], fatigue and dyspnoea could be decreased 
[2, 16], permitting a higher intensity of exercise 
for a longer period of time. The only factor signifi -
cantly contributing to the improvement in exer-
cise endurance time as a result of applying NIV 
in patients with COPD was baseline inspiratory 
muscle strength [3], although this only explained 
24% of the variance in outcome seen. Never-
theless, unloading of the inspiratory muscles is 
an important direct mechanism by which NIV 
improves exercise endurance and reduces exer-
tional dyspnoea [3, 15, 16, 31]. 
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reduction in leg blood fl ow due to vasoconstric-
tion [37]. This reduction in locomotor muscle 
perfusion coincides with increased leg muscle 
fatigue and has a detrimental effect on exercise 
performance [38]. In patients with moderate-to-
severe COPD, unloading of the      respiratory 
muscles with NIV has recently been shown to 
increase locomotor muscle oxygenation and 
improve perfusion compared with exercise 
with sham NIV [19]. This enhanced leg muscle 
oxygenation during NIV was not secondary to 
improved intrapulmonary gas exchange or to 
enhanced central haemodynamic adjustments to 
exercise. Rather it appeared that the respiratory 
muscle unloading achieved with NIV reduced the 
blood fl ow requirements of the respiratory mus-
cles and permitted a redistribution of the avail-
able cardiac output to the peripheral working 
muscles [19]. Hence, using NIV to reduce work 
of breathing and dyspnoea during exercise may 
lead to improved oxygenation and perfusion of 
the exercising muscles, enabling more intense 
and prolonged exercise training sessions.

Practical aspects of 
using NIV during 
exercise 
While there is a growing body of evidence to 
support the use of NIV as an adjunct to exer-
cise training in patients with severe COPD and 
severe chest wall restriction, substantial work still 
needs to be undertaken to identify those indi-
viduals most likely to benefi t from this interven-
tion and to determine how best to incorporate 
NIV-assisted exercise training in routine clinical 
practice. At present, the use of NIV as a training 
adjunct needs to be carried out by health profes-
sionals who are familiar with the technique set 
up, and used in appropriate patients in whom the 
standard approach to pulmonary rehabilitation is 
not tolerated. 

Patient selection 
A wide response to NIV-assisted exercise has 
been found even among people with severe dis-
ease or a signifi cantly reduced ventilatory capac-
ity [2–4] highlighting the need to select patients 
carefully before embarking on this therapy. In 
a study that investigated the acute effects of 
NIV-assisted exercise, endurance time increased 
in 60% of patients but decreased in 31% of 
patients with severe COPD compared with unas-
sisted exercise [3]. Similarly, in patients with chest 

The use of NIV may also permit a more advan-
tageous pattern of breathing during exercise. In 
both patients with COPD and those with restric-
tive chest wall disorders, the ability to increase 
tidal volume during exercise is often severely lim-
ited.  Therefore, any increase in minute ventilation 
is achieved through an increase in respiratory rate. 
In patients with COPD, the higher tidal volume 
and lower respiratory rate associated with the 
use of NIV [16, 24, 26] would permit more effec-
tive alveolar ventilation and gas exchange [16, 
26], and may limit the development of dynamic 
hyperinfl ation [16, 24], which has previously 
been shown to adversely impact exercise endur-
ance [36].  In patients with severe restrictive chest 
wall disorders, maximum exercise ventilation is 
reduced in proportion to a fall in vital capacity. 
A breathing pattern of low tidal volume with 
high respiratory rate during exercise promotes 
increased dead space ventilation, and therefore 
more extreme oxygen desaturation. By increas-
ing minute ventilation through the generation 
of larger tidal volumes, NIV would permit better 
alveolar ventilation during exercise, reducing the 
fall in oxygen saturation and limiting symptoms, 
thereby improving exercise tolerance. Supporting 
this, several studies have found signifi cant corre-
lations between increased exercise duration and 
improvements in Sp,O2 and dyspnoea relief using 
NIV during exercise [4, 22].

Arterial hypoxaemia can also have a detri-
mental effect on exercise performance due to a 
reduction of oxygen supply to exercising muscles, 
and impairment of cardiac function. In patients 
with chest wall restriction, those responding 
to NIV had a lower oxygen pulse at the end of 
maximum exercise, suggesting a limited ability 
to increase stroke volume and hence cardiac out-
put during exercise [4]. By ameliorating the fall 
in oxygen saturation during exercise, NIV may 
improve exercise tolerance by reducing heart rate 
for a given level of cardiac output, or by reducing 
the contribution of hypoxic vasoconstriction to 
the development of exercise induced pulmonary 
hypertension [4]. 

In addition to improving oxygen delivery, NIV 
may also improve exercise tolerance by increas-
ing blood supply to the peripheral exercising 
muscles. It has been previously shown in healthy, 
competitive cyclists that there is competition for 
blood fl ow between the legs and the respiratory 
muscles during sustained high-intensity exercise 
with high levels of ventilation [37]. Increasing 
work of breathing during exercise causes a sub-
stantial portion of cardiac output to be directed 
to the respiratory muscles, with a corresponding 
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wall restriction and CRF, only half were deemed 
“NIV responders” [4]. Generally, it appears that 
patients with more severe inspiratory muscle weak-
ness [24], and more severe obstructive [14, 29] 
or restrictive lung mechanics [4] are more likely 
to respond to therapy. Practically, patients with 
signifi cant improvements in exercise performance 
during an acute application of NIV also tend to 
benefi t most from training with therapy, although 
the predictive validity of this acute response is low 
(table 2) [24].

Familiarity with the technique
Despite the overall positive outcomes of NIV-
assisted exercise that have been reported, not all 
patients with severe COPD or severe chest wall 
restriction tolerate therapy [18, 29, 30].  Familiar-
ity with the technique is likely to be an important 
factor in how well NIV-assisted exercise is toler-
ated. One study found no immediate benefi t in 
using NIV in a group of 39 patients with COPD 
[13]. However, these patients only had a 5–10 
min session to acclimatise to the mask and equip-
ment. In contrast, other studies showing positive 
outcomes with NIV have undertaken practice ses-
sions with the equipment for up to a week [2, 3, 

14, 26]. Noncompliance with NIV will be an issue 
if the patient fi nds the equipment uncomfortable 
or cumbersome [26, 29, 34]. Therefore, ensuring 
the patient is well acclimatised to therapy and 
using an interface which they feel comfortable 
with are important aspects of successfully using 
NIV. For patients with CRF already using noctur-
nal NIV, applying the technique during exercise 
or ambulation is often not a diffi cult transition 
[33]. Medical professionals involved in setting up 
NIV as an adjunct to exercise training also need 
to be familiar with the technique. Some investiga-
tors have reported NIV-assisted training as time 
consuming [29], related to supervision of individ-
uals and the need to adjust the level of assistance 
if required. Therefore, use of NIV during exercise is 
primarily confi ned to centres with some degree of 
experience with the technique.

Interfaces 
A variety of interfaces have been used during NIV-
assisted exercise including nasal masks [13, 14, 
29], oronasal masks [25, 26, 28] and mouthpiece 
ventilation (fi gure 1) [3, 24].  At present no data 
are available to suggest one type of interface is 
superior to another; however, there are potential 
problems that might arise related to the interface 
that could impact on tolerance to therapy. Since 
mouth breathing is common during exercise [39], 
the use of a nasal mask may impose some diffi -
culties for patients preferring to breathe through 
their mouth, resulting in leak, discomfort and inef-
fective triggering of the ventilator [21].  Another 
potential problem is carbon dioxide rebreathing, 
especially when a mouthpiece is used. Current 
face masks are designed to minimise rebreathing, 
with some masks able to reduce dynamic dead 
space to below that of physiological dead space 
[40]. In contrast, the use of a circuit exhalation 
port can create less effi cient washout of carbon 
dioxide [41], especially at high respiratory fre-
quencies and in the absence of end-expiratory 
pressure [42]. Any increase in apparatus dead 
space would promote higher carbon dioxide, 
which in turn could stimulate ventilatory drive 
and produce greater levels of dyspnoea without 
improving exercise tolerance [14].  

Modalities and settings 
Various modalities of NIV have been used success-
fully to improve exercise tolerance in patients with 
COPD or chest wall restriction, including CPAP, 
IPS, bilevel ventilatory support and PAV. PAV was 
designed to provide a variable level of ventilatory 
assistance in proportion to respiratory demand, 

Appropriate patient selection -Ventilatory limitation to exercise
-More severe disease (airway obstruction or reduced 
lung volumes)
- Presence of inspiratory muscle weakness (COPD)
- Ineffi cient ventilation during unassisted exercise 
(high deadspace to tidal volume ratio)
- Exercise endurance increases acutely during a trial 
of NIV-assisted exercise

Familiarity with the technique - Staff skilled at implementing NIV for respiratory 
failure
- Suffi cient time and resources to acclimatise the 
patient to the mask and sensations of positive pres-
sure breathing
- Advantage of patients already using nocturnal NIV

Equipment choice - Interface chosen is comfortable and acceptable to 
the patient especially at higher breathing rates
- Circuit set up minimises CO2 rebreathing
- Performance characteristics of the ventilator used 
suffi cient to ensure
   • appropriate triggering and cycling
   • adequate inspiratory fl ow rates
   • appropriate pressurisation not only at rest but
   during peak exercise
- Suffi cient levels of pressure support to unload the 
respiratory muscles and improve breathing pattern

Table 2  Practical considerations in implementing NIV-assisted   
 training
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tion have used pressures of 15 cmH2O or more  
[4, 22, 23], whereas pressure support ~10 cmH2O 
signifi cantly reduced distance walked compared 
with unencumbered exercise [21]. In a prelimi-
nary report, MENADUE et al. [43] compared the 
effects of high (20 cmH2O) and low (10 cmH2O) 
level pressure support in a group of patients with 
kyphoscoliosis during treadmill walking. Endur-
ance time was found to be signifi cantly greater 
during 20 cmH2O of pressure support compared 
with unassisted exercise, sham pressure sup-
port (CPAP 4 cmH2O) or pressure support of                                                                                           
10 cmH2O, suggesting the need for higher infl a-
tion pressures in this population to adequately 
unload the respiratory muscles and improve   
alveolar ventilation.  

Equipment considerations 
The performance characteristics of the ventila-
tor used can also have a signifi cant impact the 
response to exercise-assisted NIV. During exercise 
relatively high levels of ventilation need to be 
supported and this places a signifi cant demand 
on the ventilator. If the ventilator is unable to 
meet these demands adequately, exercise perfor-
mance may be impeded rather than assisted          
[17, 21, 28, 35]. Problems may arise from delayed 
or ineffective triggering [21], inadequate inspira-
tory fl ow rates to deliver the preset level of pres-
sure support [35], or dyssynchrony between the 
patient and the ventilator [18]. The perform-
ance characteristics of the ventilator needs to 
be appropriate, particularly when high levels of 
pressure support are being provided and respira-
tory rate is rapid.  If the capacity of a ventilator 
is inadequate, the added resistance of the venti-
lator circuit can increase the load placed on the 
respiratory system and impair rather than aug-
ment exercise performance [17, 18]. Although the    
suitability of widely available “home” ventilators 
to meet the high ventilatory needs of exercise                                                    
has been questioned [44], the increasing                                                                  

theoretically making it of particular value during 
exercise training. However, ventilators capable of 
delivering PAV are more expensive, require knowl-
edge of the patient’s respiratory mechanics and 
are not as widely accessible as devices suitable 
for delivering IPS or bilevel ventilation. Conse-
quently, more recent studies evaluating the role 
of NIV during training have generally used these 
latter two modes of ventilation [4, 11, 12, 23, 24, 
26, 32]. Currently, there is no strong evidence 
favouring one form of NIV over another (i.e. IPS 
versus bilevel support versus PAV).  Furthermore, 
while the application of an end-expiratory pres-
sure (CPAP or expiratory positive airway pressure) 
to inspiratory pressure assist modes could theoret-
ically provide additional benefi ts during exercise 
by offsetting PEEPi [16] and improving inspira-
tory triggering, this has yet to be confi rmed. 

Possibly of more importance than the mode 
of ventilatory assistance are the levels of pressure 
support provided and the technical characteris-
tics of the ventilator used. In patients with COPD, 
pressure support levels of 5 cmH2O have been 
shown to have no effect on exercise endurance 
[3], while levels of 10–15 cmH2O permit training 
at higher intensities [24–26] with improvements 
in exercise tolerance and breathlessness [2,        
24, 26] during treadmill and cycle training. How-
ever, during ground walking, levels of pressure 
support ~10–14 cmH2O appear to be inadequate 
[32, 35]. In contrast, when signifi cantly higher 
levels of pressure support (median 25 cmH2O) 
were administered, signifi cant improvements in 
walking distance, breathlessness and Pa,O2 were 
seen [33].

Lower levels of pressure support that have 
been shown to be effective for patients with 
COPD during treadmill or cycling training also 
appear to be inadequate for those with severe 
chest wall restriction. Studies showing improve-
ments in exercise endurance time, dyspnoea and 
gas exchange in patients with chest wall restric-
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sophistication and capacity of many of these 
devices and the accumulating evidence of ben-
efi t suggest they are suitable. However, clinicians 
need to be aware of the performance characteris-
tics of the devices they are using during exercise 
training, and establish that the device and set-
tings are capable of meeting the patient’s physi-
ological needs throughout exercise.

When NIV is used for independent walking, 
the ventilator needs to be powered either from 
an internal battery or attached to an external 
power source (battery). Supplemental oxygen, if 
required, can be provided through a lightweight 
oxygen tank. At present, the most convenient 
way to allow patient independence is to attach         
the necessary equipment to a rollator [32]. 
Both during exercise training and independent 
walking, oxygen fl ow is adjusted to ensure Sp,O2 
remains above 90–92%. 

Conclusion 
At present, there is no scientifi c or clinical jus-
tifi cation to support the routine use of NIV as 
an adjunction to exercise training in patients 
with COPD or chest wall restriction. However, 
in carefully selected patients with a low ventila-
tory capacity, this approach is feasible and can 
provide additional benefi ts over exercise train-
ing alone. More work is needed to refi ne who 
will benefi t from this intervention and what 
type of ventilatory support and settings are most 
appropriate. Finally, it remains to be established 
whether the improved exercise capacity achieved 
during NIV-assisted training can produce greater 
levels of physical activity outside a rehabilitation 
programme and to what extent this improves 
 quality of life in patients with severe respiratory 
  limitation.  
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