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Editorial Summary to the Special Edition
on “Recent Advances in Pulmonary
Rehabilitation”
Masahiro Kohzuki, MD, PhD*
Department of Internal Medicine and Rehabilitation Science, Tohoku University Graduate
School of Medicine, 1-1, Seiryo-cho, Aoba-ku, Sendai, Japan

Chronic obstructive pulmonary disease (COPD) is the third leading cause of death
worldwide, and contributes substantially to annual healthcare expenditure. Key management
strategies for people with COPD target symptom reduction and minimization of disease progression. Pulmonary rehabilitation (PR) is recognized as a core component of COPD management, and has been repeatedly shown to improve outcomes that matter to patients, such as
dyspnea, exercise tolerance and quality of life (QoL).
PR is now an essential part of therapeutic strategy in the wide range of respiratory
diseases. Since the effect for rehabilitation is difficult to be evidenced, PR should be recognized not only as an evidenced-based medicine but also as a narrative-based medicine. In this
special edition, we plan to share not only the scientifically established knowledge but also the
narrative experiences in PR for diverse respiratory diseases.
This issue contains ten invited reviews describing recent and exciting scientific advances in PR, including rehabilitation for patients with COPD, pulmonary hypertension (PH),
multi-morbidity and multiple disabilities (MMD), pneumonia, intensive care unit (ICU), palliative care, lung transplantation, and peripheral arterial disease. It also contains assessment
of dyspnea, measurement of activities of daily living for them.
Akizuki et al1 reported that supervised exercise training in patients with PH seems
safe and beneficial although the long-term effect of exercise in PH has not been shown.
Shioya et al2 emphasized that positive outcomes associated with PR in COPD patients are realized without demonstrable improvements in lung function. This paradoxis explained by the fact that PR identifies and treats the systemic effects of the disease.
Kohzuki et al3 indicated that PR, cardiac rehabilitation, and renal rehabilitation have
become important concepts that all rehabilitation-related professionals should be familiar
with in the era of MMD.
Goto4 suggested that one of the problems is the inability to measure changes in ADLresulting from treatment or rehabilitation and interventions to improve physical activity in
patients with COPD, if the instrument cannot accurately measure the concept of daily activity.

Copyright
©2017 Kohzuki M. This is an open
access article distributed under the
Creative Commons Attribution 4.0
International License (CC BY 4.0),
which permits unrestricted use,
distribution, and reproduction in
any medium, provided the original
work is properly cited.
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Dawson et al5 has done a literature review of PR for persons receiving palliative
care treatment. Prominent themes that emerged were the beneficial effects of PR, even in late
stages of lung disease, and the positive impact palliative care can have on the patient. Simultaneously, there were considerable barriers to access mentioned throughout the literature, which
prevents patients from receiving either PR and/or palliative care at the end-of life.
Kanezaki6 focused on the underlying mechanism of dyspnea and recent advances in
assessment in PR in COPD. Dyspnea appears not to be just a single sensation, as it includes
the three sensory quality of dyspnea; work/effort, air-hunger and chest tightness. In addition
to sensation of dyspnea, complex emotions including anxiety, attention and fear can involve
Page Se1
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through processing of the limbic system.
Sato et al7 made an overview of positioning and early mobilization (EM) examined in high-evidence studies. Positioning
and EM in critically ill adult patients have both positive and negative effects.
Ebihara et al8 pointed out that the rehabilitation for aspiration pneumonia should be the combination of pulmonary and
dysphagia rehabilitations. The best strategy to achieve the comprehensive interventions is making the multidisciplinary team with
various medical amenities.
Izoe et al9 summarized the reports on PR before and after lung transplantation (LTx). PR can improve exercise capacity
and QoL. However, it has been reported that after LTx, the rate of return to work is low. It is necessary to consider the effects of
psychotherapy, psychological support, and behavioral therapy for depression on patients after LTx.
Kakihana et al10 outlined the association of COPD with PAD. Increased prevalence of PAD in COPD patients may be
caused by COPD disease itself including systemic inflammation rather than by smoking status. PAD is associated with worse functional capacity and health status in COPD patients.
The Pulmonary Research and Respiratory Medicine - Open Journal is an international journal presenting original research
in all the detailed matters related to pulmonary and respiratory system. The journal publishes original research, review, case-report,
mini-review, editorial, short-communication, book-review, opinion, commentary, letter to the editor, conference proceedings, technical report, errata, illustrations, etc.
The excellent research works published in this journal contribute to improving human health and reducing suffering. I
confirm that this edition will help right away your tomorrow’s respiratory practice.
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ABSTRACT

Traditionally, patients with pulmonary hypertension (PH) were advised to limit their physical activity because of the risk of fatal cardiovascular compromise. However, relatively little
is known about the risks and benefits of exercise for patients with PH. The present article
discussed the effects and safety of pulmonary rehabilitation in PH in light of the current literature. To sum up, exercise training has been reported to significantly improve exercise capacity and quality of life (QoL), whereas the method of intervention, exercise training duration,
and patient status (including medically stable patients, immediately after intervention) varied
slightly among studies. Furthermore, most of the adverse events were nonfatal and not a direct
consequence of exercise training. Accordingly, exercise training in patients with PH seems safe
and beneficial. However, the long-term effect of exercise in PH has not been shown. Thus, the
precise mechanisms through which pulmonary rehabilitation may influence cardiopulmonary
function remains unclear. Future multicenter randomized control trials with longer follow-up
duration are needed to further demonstrate the safety, efficacy, and feasibility of exercise training in patients with various types of PH.Although some questions remain, exercise training in
patients with PH seems safe and beneficial. Therefore, supervised rehabilitation programs for
patients with PH including close monitoring should be encouraged.
KEY WORDS: Pulmonary rehabilitation; Pulmonary hypertension (PH).
ABBREVIATIONS: PH: Pulmonary Hypertension; PAP: Pulmonary Artery Pressure; PAWP:

Pulmonary Artery Wedge Pressure; PEA: Pulmonary endarterectomy.

INTRODUCTION

In the past, physical activity was believed to carry a high risk of sudden cardiac death, increased
pulmonary remodeling resulting from high shear stress, or worsening of right heart failure in
patients with pulmonary hypertension (PH). Therefore, patients with PH were advised to avoid
physical activity because of the risk of fatal cardiovascular compromise.1,2

Copyright
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access article distributed under the
Creative Commons Attribution 4.0
International License (CC BY 4.0),
which permits unrestricted use,
distribution, and reproduction in
any medium, provided the original
work is properly cited.
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PH is a hemodynamic and pathophysiologic condition defined as an increase in the
mean pulmonary artery pressure (PAP) to ≥25 mmHg at rest, as assessed with right heart catheterization. According to the values of pulmonary artery wedge pressure (PAWP), PH is defined as either precapillary (PAWP ≤15 mmHg) or postcapillary (PAWP >15 mmHg).3,4 PH is
categorized into five groups according to the clinical presentation, pathological findings, hemodynamic characteristics, and treatment strategy for the multiple clinical conditions.4,5 Table
1 shows the clinical classifications of PH. The disease results in a markedly reduced exercise
capacity, which is mainly attributable to impaired cardiac output adaptation to the peripheral
oxygen requirements.6-10 As a consequence, patients with PH can show reductions in peak oxygen uptake, anaerobic threshold, ventilatory efficiency, and 6 min walking distance (6MWD).8
Modern PH-specific medications lead to a significant improvement in the symptomatic
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Table 1: Clinical Classifications of Pulmonary Hypertension.
1. Pulmonary arterial hypertension
1.1 Idiopathic PAH
1.2 Heritable PAH
1.2.1 BMPR2
1.2.2 ALK-1, ENG, SMAD9, CAV1, KCNK3
1.2.3 Unknown
1.3 Drug and toxin induced
1.4 Associated with:
1.4.1 Connective tissue disease
1.4.2 HIV infection
1.4.3 Portal hypertension
1.4.4 Congenital heart diseases
1.4.5 Schistosomiasis
1′ Pulmonary veno-occlusive disease and/or pulmonary capillary hemangiomatosis
1′′. Persistent pulmonary hypertension of the newborn (PPHN)
2. Pulmonary hypertension due to left heart disease
2.1 Left ventricular systolic dysfunction
2.2 Left ventricular diastolic dysfunction
2.3 Valvular disease
2.4 Congenital/acquired left heart inflow/outflow tract obstruction and congenital cardiomyopathies
3. Pulmonary hypertension due to lung diseases and/or hypoxia
3.1 Chronic obstructive pulmonary disease
3.2 Interstitial lung disease
3.3 Other pulmonary diseases with mixed restrictive and obstructive pattern
3.4 Sleep-disordered breathing
3.5 Alveolar hypoventilation disorders
3.6 Chronic exposure to high altitude
3.7 Developmental lung diseases
4. Chronic thromboembolic pulmonary hypertension (CTEPH)
5. Pulmonary hypertension with unclear multifactorial mechanisms
5.1 Hematologic disorders: chronic hemolytic anemia, myeloproliferative disorders, splenectomy
5.2 Systemic disorders: sarcoidosis, pulmonary histiocytosis, lymphangioleiomyomatosis
5.3 Metabolic disorders: glycogen storage disease, Gaucher disease, thyroid disorders
5.4 Others: tumoral obstruction, fibrosing mediastinitis, chronic renal failure, segmental PH
BMPR=Bone morphogenic protein receptor type II; CAV1=caveolin-1; ENG=endoglin; HIV=Human immunodeficiency
virus; PAH=Pulmonary arterial hypertension.
*5th WSPH Nice 2013.

status of patients and a slower rate of clinical deterioration. Especially, in patients with chronic thromboembolic PH (CTEPH),
pulmonary endarterectomy (PEA) and balloon pulmonary angioplasty (BPA) are highly effective in improving pulmonary
hemodynamics and exercise capacity.11-13

known about the risks and benefits of exercise for patients with
PH. The present article discusses the effects and safety of pulmonary rehabilitation in PH in light of the current literature.

Traditionally, patients with PH were advised to limit
their physical activity because of the risk of fatal cardiovascular
compromise. This risk arises because during exercise, the PAP
and right ventricular (RV) after load increase, resulting in a transient elevation of RV wall stress.2 However, relatively little is

Mereles et al14 first reported a prospective, controlled, randomized
study showing that low-dose exercise (including interval bicycle
ergometer training with a low workload, walking exercise, and
dumbbell training) and respiratory training (including stretching, breathing techniques such as pursed lip breathing, body

Pulm Res Respir Med Open J
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perception exercises, yoga, and respiratory muscles trengthening) significantly improved exercise capacity, 6 MWD, quality
of life (QoL), World Health Organization functional class, and
peak oxygen consumption. Importantly, improvements in exercise capacity and QoL after pulmonary rehabilitation were observed although the medication remained unchanged during the
study period. The results of the study indicated that respiratory
and exercise training might add to the effectiveness of optimized
medical therapy. Recently, Ehlken et al15 reported that exercise
training (including interval cycle ergometer training with low
workload, walking exercise, dumbbell training of single muscle groups by using low weights [500-1000 g]) and respiratory
training improved peak oxygen consumption and hemodynamics in patients with severe pulmonary arterial hypertension and
inoperable CTEPH. This study reported that exercise training
significantly improved cardiopulmonary parameters such as pulmonary vascular resistance and cardiac index at rest and during
exercise, leading to an increase in exercise capacity. The effect
of exercise training on cardiopulmonary function is of high interest; however, the precise mechanism through which exercisebased interventions benefit patients with PH remains unclear.

tion varies depending on the BPA fields. Taking these results
together, the patient’s condition and response to treatment, and
differences in the exercise program, such as the type of exercise
and the training intensity, should be taken into consideration in
each case.

In several previous studies, exercise training was
implemented only in medically stable patients with no recent
change in symptoms and medication/treatment. However, Fukui
et al. reported the efficacy of cardiac rehabilitation after BPA
for CTEPH.16 Importantly, the study rehabilitation protocol was
initiated immediately after the final BPA. Moreover, no patient
experienced adverse events or deterioration of right-sided heart
failure or hemodynamics, as confirmed with catheterization.
Concerning BPA, we previously reported the influence of this
procedure on the respiratory function of patients with CTEPH.17
The study showed that the effect of BPA on respiratory func-

Patients with PH may be at a greater risk of developing complications during exercise, such as desaturation, syncope, chest pain, arrhythmia, or dizziness. However, there are no
standard criteria for discontinuation of pulmonary rehabilitation
in patients with PH. Moreover, it is not clear which parameters
need to be continuously monitored during exercise.

In several previous reports, exercise training has been
reported to significantly improve exercise capacity and QoL,
whereas the method of intervention, exercise training duration,
and patient status (including medically stable patients, immediately after intervention) varied slightly among studies.14-16,18-27
Risk Management for PH During Pulmonary Rehabilitation

According to previous reports on pulmonary rehabilitation, intensity was systematically reduced if SpO2 decreased to <8590% and heart rate was >120-130 beats/min, and exercise was
stopped in cases of exercise-induced hypotension or excessive
discomfort (Table 2).14,15,18-24,27 Despite these recent reports on
the efficacy of pulmonary rehabilitation for PH, the safety of
pulmonary rehabilitation is still controversial.

Several studies have investigated exercise- and nonexercise related adverse events.28,29 Pandey et al29 summarized
the exercise and non-exercise-related adverse events reported in
17 studies. In their study, adverse effects were observed in 4.7%

Table 2: Indications for Termination of Exercise and Adverse Events.
Author

Year

n

WHO-FC

Indications for termination
of exercise

Adverse events
n (%)

Mereles et al14

2006

30

II – IV

HR>120 bpm
SpO2<85%

3 (10%)

de Man et al18

2009

19

II – III

SpO2<85%
HR>120 bpm

0%

Mainguy et al19

2010

5

II – III

SpO2<85%

2 (40%)

Fox et al20

2011

22

II – III

SpO2<90%

4 (18)

Grunig et al21

2011

58

II – IV

SpO2<85%

12 (20.6%)

Grunig et al

22

2012

183

II – IV

SpO2<85%

24 (13%)

Grunig et al

23

2012

21

II – IV

SpO2<85%

3 (14.2%)

2012

35

II – IV

SpO2<90%

5 (14.3%)
0%
0%

Nagel et al

24

Kabitz et al27

2014

7

III – IV

HR>130 bpm
SpO2<85%

Ehlken et al15

2016

58

II -IV

SpO2<90%

WHO-FC = World Health Organization functional class.
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of all patients (N=480), two-third of which were related to exercise training (in 3.1% patients). Most of the adverse events were
nonfatal and not a direct consequence of exercise training.
The meta-analysis showed that exercise was associated
with significant improvements in 6 MWD, peak VO2, and QoL,
whereas the method of intervention and the exercise training
duration varied slightly among studies.29 Moreover, the study
showed that exercise training was associated with a significant
improvement in resting PAP and peak exercise heart rate from
baseline to follow-up (Figure 1). Importantly, exercise training
was well tolerated and had a low dropout rate, and no major
adverse events related to exercise training were reported. Never-

theless, more adverse events may have possibly occurred during
the exercise stress test.
Cardiopulmonary exercise training (CPX) is widely
recommended for evaluating disease severity in patients with
PH.30,31 In most of the reported studies, a symptom-limited
maximal test had been performed (rating of perceived exertion
≥17/20 in the Borg scale), unless patients met another indication
for test termination, including the development of significant
angina, hypotensive blood pressure response (defined as a drop
in systolic blood pressure >10 mmHg below the resting blood
pressure), horizontal or down-sloping ST depression of >2.0
mm, or ventricular tachycardia of >5 beats in duration. Skalski

Figure 1: Forest Plot Showing Effect of Exercise Training on Resting Peak Systolic Pulmonary Arterial Pressure (n=8, A) and Peak
Exercise Heart Rate (n=9, B). CI Indicates Confidence Interval.20

A Study

Mean Diff (95%CI)

% weight

Becker-Grunig et al26

-11.00 (-23.49, 1.49)

2.06

Ehlken et al15

-4.00 (-7.18, -0.82)

31.78

Fox et al

3.00 (-10.78, 16.78)

1.69

Grunig et al

-2.00 (-7.34, 3.34)

11.26

Grunig et al22

-3.00 (-5.90, -0.10)

38.27

Inagaki et al35

0.10 (-11.22, 11.42)

2.51

Mereles et al

-7.00 (-16.11, 2.11)

3.87

Nagel et al24

-6.70 (-12.83, -0.57)

8.56

Overall (I-squared= 0.0%, p=0.694)

-3.66 (-5.45, -1.87)

100.00

20

23

14

Favors exercise training

0

Does not favor exercise training

B Study

Mean Diff (95%CI)

% weight

Becker-Grunig et al26

19.00 (11.68, 26.32)

10.84

Chan et al34

-1.00 (-13.89, 11.89)

7.19

Ehlken et al15

14.00 (9.23, 18.77)

12.59

Fox et al20

-7.00 (-12.87, -1.13)

11.86

Grunig et al21

10.00 (5.11, 14.89)

12.51

Grunig et al

23

18.00 (9.23, 26.77)

9.81

Grunig et al22

11.00 (8.17, 13.83)

13.65

Mereles et al14

14.00 (5.65, 22.35)

10.10

Nagel et al

14.70 (8.24, 21.16)

11.45

10.54 (5.63, 15.44)

100.00

24

Overall (I-squared= 83.9%, p=0.000)
Note: Weight are from random effects analysis
Does not favor exercise training
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0

Favors exercise training
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et al32 reported the safety of CPX in their study that included 194
patients with PH. More than half of the patients with PH had
an echocardiographic estimate of RV systolic pressure of >40
mmHg. None of the adverse events occurred in patients with PH
during CPX; thus, it can be performed safely.

Eur Heart J. 2016; 37(1): 67-119. doi: 10.1093/eurheartj/ehv317

Changes in the 6 MWD are used to evaluate the efficacy of therapeutic interventions including drugs, PEA, BPA, and
rehabilitation. The risk of adverse events during the 6 min walking test (6MWT) was recently demonstrated by Morris et al33 in
their report of three cases. Therefore, although exercise training
did not result in many adverse events, there is some evidence to
suggest that performing simple tests such as the 6 MWT requires
careful monitoring to ensure safety in these patients.

6. Naeije R. Breathing more with weaker respiratory muscles in
pulmonary arterial hypertension. Eur Respir J. 2005; 25(1): 6-8.
doi: 10.1183/09031936.04.00121004

Future Recommendations

8. Miyamoto S, Nagaya N, Satoh T, et al. Clinical correlates and
prognostic significance of six-min walk test in patients with primary pulmonary hypertension. Comparison with cardiopulmonary exercise testing. Am J Respir Crit Care Med. 2000; 161(2):
487-492. doi: 10.1164/ajrccm.161.2.9906015

This study shows that exercise training may be highly effective
in patients with PH. However, the long-term effect of exercise in
PH has not been shown. Thus, the precise mechanisms through
which pulmonary rehabilitation may influence cardiopulmonary
function remains unclear. Future multicenter randomized control
trials with longer follow-up duration are needed to further demonstrate the safety, efficacy, and feasibility of exercise training
in patients with various types of PH.
CONCLUSION

Although some questions remain, exercise training in patients
with PH seems safe and beneficial. Therefore, supervised rehabilitation programs for patients with PH including close monitoring should be encouraged.
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ABSTRACT

Pulmonary rehabilitation (PR) is a non-pharmacologic therapy that has emerged as a standard
of care for patients with chronic obstructive pulmonary disease (COPD). It is a comprehensive,
multidisciplinary, patient-centered intervention that includes patient assessment, exercise training, self-management education, and psychosocial support. PR is usually given in inpatient,
outpatient, community-based or home-based setting lasting 8-12 weeks. Positive outcomes
from PR include increased exercise tolerance, reduced dyspnea and anxiety, increased selfefficacy, and improvement in health-related quality of life (QoL). Hospital admissions after
exacerbations of COPD are also reduced with this intervention. The positive outcomes associated with PR are realized without demonstrable improvements in lung function. This paradox
is explained by the fact that PR identifies and treats the systemic effects of the disease. This
intervention should be considered in patients who remain symptomatic or have decreased functional status despite optimal medical management. Physical activity in patients with COPD
is dependent on many factors, including physiologic, behavioral, social, environmental, and
cultural factors. A strong inverse association between daily physical activity and dynamic hyperinflation, which correlates strongly with exertional dyspnea in COPD. Changing physical
activity behavior inpatients with COPD needs an interdisciplinary approach, bringing together
respiratory medicine, rehabilitation sciences, social sciences, and behavioral sciences. There is
a need for more education and learning opportunities for primary care physicians, nurse practitioners, and all allied health care professionals about the process and benefits of PR. There is
also a need for the sustainability and the safety of PR in the future study.
KEY WORDS: Pulmonary rehabilitation; Chronic obstructive pulmonary disease (COPD);
Home-based low-intensity rehabilitation; Nutritional therapy; Inspiratory muscle training;
Physical activity.
ABBREVIATIONS: PR: Pulmonary Rehabilitation; COPD: Chronic Obstructive Pulmonary
Disease; ATS: American Thoracic Society; ERS: European Respiratory Society.
INTRODUCTION

Copyright
©2017 Shioya T. This is an open
access article distributed under the
Creative Commons Attribution 4.0
International License (CC BY 4.0),
which permits unrestricted use,
distribution, and reproduction in
any medium, provided the original
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Chronic obstructive pulmonary disease (COPD) is characterized by progressive airflow limitation that is not fully reversible, leading to adverse respiratory effects and systemic sequelae.1,2
Pathophysiology of COPD is thought to be mediated by an inflammatory response to toxic
substances in the lung, especially cigarette smoke. Optimal clinical management of COPD generally requires both pharmacologic and non-pharmacologic therapy.1,2 This review specifically
focuses on recent advances in pulmonary rehabilitation (PR) as an important non-pharmacologic intervention in patients with chronic respiratory diseases, such as COPD.
On the basis of current insights, the American Thoracic Society (ATS) and the Euro-
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pean Respiratory Society (ERS) have adopted the following new
definition of PR: “PR is a comprehensive intervention based on a
thorough patient assessment followed by patient-tailored therapies that include, but are not limited to, exercise training, education, and behavior change, designed to improve the physical and
psychological condition of people with chronic respiratory disease and to promote the long-term adherence to health-enhancing behaviors”.3 Since the previous statement, we understand the
complex nature of COPD, its multisystem manifestations, and
frequent comorbidities. Therefore, integrated care principles are
being adopted to optimize the management of these complex patients with COPD. PR is now recognized as a core component of
this process (Figure 1).3

Care’. For less complicated patients which have basic needs,
the minimal ‘action plan’ intervention may be sufficient.3,5 In the
face of a progressive disease, long-term maintenance of health
status is challenging. Effing and colleagues5 have commended
change in behavior as the only way health status improvements
can be sustained. Cognitive behavioral techniques have been
proposed as therapies which may be fundamental to facilitating behavior change. Self-efficacy has been acknowledged in the
article as an important aspect of behavior change.5,6 By identifying deficits in self-efficacy and manipulating it, behavior change
might be more successful.5,6

Health behavior change is vital for optimization and
maintenance of benefits from any intervention in chronic care,
and PR has taken a lead in implementing strategies to achieve
this goal.3,4 This model might offer further clarification on the
content and processes by which various levels of support are
achieved. It aids definition of terms and may help practitioners identify individual’s needs and the level of care which is
required. Healthcare professionals interested in the field might
use this tool to help construct interventions, identify appropriate
outcome measures and define the intervention in a standardized
way. As suggested by Effing and colleagues,5 for the most severe
patients the most comprehensive PR program which includes
self-management should be of importance, that is ‘Integrated

Recent evidence-based reviews have confirmed the effect of
PR on COPD outcomes, including improved exercise capacity,
reduced dyspnea and leg discomfort, improved quality of life
(QoL), enhanced self-efficacy, improved activities of daily living (Table 1).2-4

Rationale and Outcomes

The beneficial effects of PR are realized without a demonstrable effect on traditional lung function measurements,
such as forced expiratory volume in one second (FEV1).2,3 This
discrepancy is well explained by the fact that PR ameliorates
the systemic effects of COPD and its common comorbidities.2-4
Prominent systemic effects of COPD include peripheral muscle dysfunction resulting from physical inactivity or systemic

Figure 1: Spectrum of Support for Chronic Obstructive Pulmonary Disease.3
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Table 1: Benefits of Pulmonary Rehabilitation.2
● Reduced hospitalization
● Reduced unscheduled healthcare visits
● Improved exercise capacity
● Reduced dyspnea and leg discomfort
● Improved limb muscle strength and endurance
● Improved health-related quality of life
● Improved activities of daily living
● Improved emotional function
● Enhanced self-efficacy and knowledge
● Enhanced collaborative self-management
● Potential for increased daily physical activity levels

inflammation; muscle wasting, inadequate self-management
skills, and anxiety and depression.2,4 Systemic effects and comorbid conditions contribute to the disease burden and might be
amenable to therapy. For example, physical conditioning of leg
muscles through exercise training reduces lactate production and
decreases ventilator load. A lower ventilatory load allows the
COPD patients to breathe more slowly during exercise, thereby
reducing dynamic hyperinflation. These effects usually reduce
exertional dyspnea, even without a change in FEV1.7
Maintaining Benefits and Integrating Care

The positive outcomes from PR tend to decrease year by year
after discontinuation of the PR program.3,4 The reasons for this
decline are multifactorial and include decreasing adherence to
the exercise program, exacerbations of COPD, development
of comorbidities, and longitudinal deterioration from the disease itself.2-4 Although, many programs provide post-PR maintenance, the effects on long-term PR outcomes have not been
established.3,4 Self-management education may promote long-

term adherence to the exercise program, but this has not been
proven yet. For many years, PR has used an interdisciplinary
and integrated process in the long-term management of chronic
respiratory diseases,such as COPD.3,4 Integration of services is
necessary to provide a seamless transition of care across settings
(hospital, rehabilitation center, and community) and disciplines
(primary care, subspecialty, home services). Although, patient
selection along with assessment, exercise training, self-management education, and psychosocial support make up an interdisciplinary PR program, these components should be ideally integrated into lifelong COPD management for all patients, even if
PR is not available.3,4
Essential Components of Pulmonary Rehabilitation

Essential components of PR include patient selection and assessment, psychosocial support, self-management education,
nutritional support, and exercise training (including inspiratory
muscle training (IMT) (Figure 2).8

Figure 2: Basic Construction of Pulmonary Rehabilitation.8
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One of the actual PR program is a multidisciplinary
home-based program (Figure 3).9,10 In this program, breathing
retraining consists of pursed-lip breathing and diaphragmatic
breathing performed in the supine or sitting positions. Exercise
training includes upper- and lower-extremity exercise, respiratory muscle stretching calisthenics, level walking, and IMT
(Figure 4, 5).9,10 Patients with COPD takes education program
including lectures about respiratory disease, control of dyspnea,
medication, equipment use, nutrition, stress management, relaxation techniques, home exercise, and the concept and benefit of PR.A registered nurse practitioner periodically visits each
patient at home and provides information on the role of PR.9,10
This PR program differs from the recent home-based PR programs.11,12 in the point of low-intensity exercise program including such as respiratory muscle stretching calisthenics and low

intensity IMT.
Patient Selection and Assessment

PR is patient centered; therefore, an initial assessment and goal
setting are very important.3,4 The initial assessment determines
the stage for subsequent optional therapy. Indications for PR
include persistent respiratory symptoms (especially exertional
dyspnea) or dysfunction in activities of daily living despite appropriate medical treatment. Contraindications include conditions that substantially increase risk during rehabilitation (e.g.,
severe valvular or ischemic heart disease) or conditions that interfere with the PR procedure.2-4 In many cases, the underlying
contraindication can be treated or PR can be adapted so that all
patients can participatein PR program.3,4

Figure 3: Pulmonary Rehabilitation Schedule.9,10 Rehabilitation Program is
a Home-based and Low-Intensity Program Supervised by Physiotherapist
Biweekly.

Figure 4: Pulmonary Rehabilitation Program (1) at Akita City General Hospital, Japan.9,10 Training Intensity was Set at 20-30% of the Maximal then
was Increased up to 50% PI max in Inspiratory Muscle Training (IMT) using
ThresholdTM or POWER BreatheTM.

Pulm Res Respir Med Open J

Page S10

pulmonary Research and respiratory medicinE
Open Journal

ISSN 2377-1658

http://dx.doi.org/10.17140/PRRMOJ-SE-2-102

Figure 5: Pulmonary rehabilitation program (2) at Akita City General Hospital, Japan.9,10 Exercise training included respiratory muscle stretch gymnastics,upperand lower-limbs muscle strengthening,level walking and chair exercise (targeting
dyspnea scale: TDR of 2) is carried out for at least 15 minutes twice daily at home.

Traditional PR guidelines state that the degree of airflow limitation is not a major selection criterion for PR, but that
symptom burden and functional status limitation are the major
indications. However, a recent evidence-based practice guideline from the American College of Physicians recommends that
physicians consider PR for patients with an FEV1 less than 50%
of that predicted.13 It states that the evidence is not clear whether
PR is beneficial in patients whose FEV1 is greater than 50% of
that predicted.13 The recommendation was based on moderatequality evidence in the randomized clinical trials that were reviewed.13 The recommendation contradicts the prevailing expert
opinion that symptomatic patients may benefit from PR, regardless of their FEV1 and the severity of COPD is clearly influenced by more than the limitation of airflow alone.3,4

COPD, benefits are derived from comprehensive PR programs
that include these types of interventions.
A systematic review and meta-analysis comparing
comprehensive PR when was compared with standard care
shows that PR leads to small to moderate scale improvements
in anxiety and dyspnea.14 Psychosocial and behavioral interventions vary among PR programs, but often involve educational
sessions or support groups that focus on coping strategies and
stress management.4,14 Patients’ family members and friends are
also encouraged to participate in these support groups. Patients
with substantial psychiatric disease should be referred for appropriate care.4,14
Exercise Training

Self-Management Education

Self-management education is a central and integral component
of PR.3,4 It promotes self-efficacy and encourages active participation in healthcare. Self-management education has been
shown to be highly effective in improving health status and
reducing healthcare utilization. It is usually provided in small
group or in a one-on-one setting. An initial assessment helps
determine individual educational needs, which are reassessed
during the course of PR program. Discussions about advance
directives are an important part of the self-management education, as is counseling about early recognition and treatment of
COPD exacerbations.3,4
Psychosocial Support

Anxiety, depression, coping problems, and decreased self-efficacy contribute to the burden of advanced respiratory disease.3,4
Although, there is minimal evidence to support psychosocial
interventions as a single therapeutic modality in patients with
Pulm Res Respir Med Open J

Exercise training for upper- and lower-extremities: Comprehen-

sive exercise training, including upper- and lower-extremity endurance training and strength training, is an essential component
of PR.3,8 COPD can be considered a disease of the peripheral
muscles with decreased mass, alterations in fiber-type distribution, and decreased metabolic capacity contributing to exercise
intolerance.15-18 These abnormalities may be amenable to exercise training. Higher levels of exercise training are associated
with a greater physiologic training effect, dose-dependent improvements in oxidative enzymes in limb muscles, and larger
improvement in exercise capacity.18
Exercise training is based on general principles of intensity (higher intensity produces greater results), specificity
(only those muscles trained show an effect), and reversibility
(cessation of regular exercise training results in a decrease in
training effect). Although patients with COPD often have ventilatory limitations to maximal exercise, a physiologic training
effect can be achieved if high training targets are used. Exercise
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intensity of 60 to 80% of the patient’s peak work rate is often
feasible.18,19
Strength training is also an important component of exercise training and may yield additional benefits.20 Patients who
cannot tolerate high levels of exercise training can also benefit
from strength training. Maximizing bronchodilation, interval
training (i.e., alternating high and low intensities), and oxygen
supplementation may allow for higher intensity exercise training
in some patients.21-23 The optimal duration of training has not
been established but depends on the progress of the individual
patient. GOLD (Global Initiative for Chronic Obstructive Lung
Disease) guidelines state that eight weeks (with three to four
sessions per week) is the minimum duration of a successful PR
program, but longer duration awards greater benefits.2-4
Although, high-intensity exercise training is effective
and ideal, the rate of implementation and continuation is low especially in home-based PR setting.9,10,24 Therefore, low-intensity
exercise training is a realistic choice in home-based PR setting
(Figures 3 and 4).9,10
Inspiratory muscle training (IMT): Respiratory muscle weakness

is observed in COPD patients and contributes to hypercapnia,
dyspnea, nocturnal oxygen desaturation and reduced walking
distance.25,26 During exercise it has been shown that diaphragm
work is increased in COPD and COPD patients use a larger
proportion of the maximal inspiratory pressure (PI max) than
healthy subjects. This pattern of breathing is closely related to
the dyspnea sensation during exercise and might potentially induce respiratory muscle fatigue.4, 25,26

In an experiment, a meta-analysis including 32 random controlled trials on the effects of inspiratory muscle train-

ing (IMT) in COPD patients were performed.27 In this study the
effect size of each individual study was calculated by the difference between the means of the experimental and the control
groups before and after the intervention divided by the average
population standard deviation.27 Overall the subgroup analyses
with respect to training modality (strength or endurance training, added to general exercise training) and patient characteristics were performed. Significant improvements were found in
maximal inspiratory muscle strength, endurance time 6 or 12
minutes walking distance and QoL (Table 2).27 Dyspnea was significantly reduced (Borg score and Transitional Dyspnea Index).
Endurance exercise capacity was observed to improve, while no
effects on maximal exercise capacity were found. Respiratory
muscle endurance training revealed no significant effect on PI
max, functional exercise capacity and dyspnea. IMT added to a
general exercise program improved PI max significantly, while
functional exercise capacity tends to increase in patients with
inspiratory muscle weakness (PI max <60 cm H2O).27 IMT improves inspiratory muscle strength and endurance, functional exercise capacity, dyspnea and QoL. Inspiratory muscle endurance
training was shown to be less effective than respiratory muscle
strength training. In patients with inspiratory muscle weakness,
the addition of IMT to a general exercise training program improved PI max and tends to improve exercise performance.27-29
Recently, an electronic tapered flow resistive loading
(TFRL) device was introduced that has a different loading profile and stores training data during IMT sessions (Figure 6).30
Inspiratory muscle training (IMT) interventions in patients with
COPD have been implemented as 2 daily home-based IMT sessions of 30 breaths (3-5 minutes per session) using mechanical threshold loading (MTL) devices.29-31 PI max and 6-minute
walking distance (6MWD) increased significantly after IMT using the new protocol with TFRL device (Table 3).30 Randomized

Table 2: Effect of IMT (Meta-analysis Data).27
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Figure 6: Recent Inspiratory Muscle Training Equipment.30 A, B: Threshold type, C,D:
Tapered type (Electrical type)

control study (RCT) of IMT using this new type of device has
also been implemented recently.32
New advances in the exercise training: As an essential compo-

nent of PR, there are many new advances in the exercise training
in recent years. Water-based exercise training has been shown to
be significantly more effective than land-based exercise training
and control in increasing peak and endurance exercise capacity
and improving health-related quality of life (HRQoL) in patients
with COPD and physical comorbidities.33,34 Patients with COPD
develop more quadriceps low-frequency fatigue during downhill
walking compared to level walking and have lower cardiorespiratory costs.33,34 The effectiveness of downhill walking has been
suggested to be effective as part of a comprehensive rehabilitation program.35 The eccentric exercise therapy in the form of
downhill walking has been also shown to have positive effects
on functions and HRQoL and that had an augmenting effect on
the thigh muscles size.36 Whole-body vibration has been shown
to be an effective muscle training and also an option in diminishing weakness and muscle wasting.37 Patients with COPD who
are immobilized and not available for active physiotherapy may
benefit.38 The application of whole-body vibration was safe and
feasible and the technique leads to increased energy expendi-

ture.38,39
Nutritional Support

Patients with lower body weight in COPD have impaired pulmonary condition, reduced diaphragmatic mass, lower exercise
capacity and higher mortality than those who are sufficiently
nourished.40,41 Nutritional support may be useful for their comprehensive care. To assess the impact of nutritional support on
anthropometric measures, pulmonary function, respiratory and
peripheral muscles strength, endurance, functional exercise
capacity and HRQoL in COPD. If benefit is demonstrated, to
perform subgroup analysis to identify treatment regimens and
subpopulations that demonstrate the greatest benefits.
Recently, randomized controlled trials (RCTs)42 from
the Cochrane Airways Review Group Trials Register, a hand
search of abstracts presented at international meetings and consultation with experts have been identified. It has been shown
that nutritional supplementation facilitates significant weight
gain in COPD patients, especially in malnourished COPD.42
Concomitant use of an anti-inflammatory nutritional

Table 3: Effect of IMT Using TFRL Device.30
Baseline

12-weeks

Changes

PImax (cmH2O)

83.7±24.1

105.9±24.8

22.3 (16.4-28.1)**

PEmax (cmH2O)

116.5±31.4

139.2±38.0

22.7 (11.5-33.9)**

QF (kgf)

47.2±11.8

49.4±10.9

2.21 (0.05-4.35)*

WBI (kgf/kg)

0.78±0.18

0.82±0.17

0.04 (0.01-0.07)*

6MWD (m)

486.6±114.4

519.4±111.2

32.7 (17.9-47.6)**

Borg Dyspnea#

4.0 (1.0-4.0)

2.5 (1.0-3.3)

-0.73 (-1.40-(-0.05))

Borg Leg Fatigue#

2.0 (1.0-3.3)

2.0 (0.5-2.3)

-0.20 (-0.72-0.32)

Paired t-test or #Wilcoxon signed-rank test: *p<0.05 vs. Baseline, **p<0.01 vs. Baseline
The values are presented as mean±standard deviation or median (interquartile range).
The change values are presented as mean (95% Confidence Interval).
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supplement containing whey peptide, which exhibits an anti-inflammatory effect, with exercise therapy in stable elderly COPD
patients with %IBW <110% and % FEV1 <80% may not only
increase body weight but may also inhibit systemic inflammation and thus improve exercise tolerance and HRQOL (Figure
7).43,44
Physical activity in COPD: Daily physical activity can be ex-

pressed as an overall measure of active energy expenditure,
using indirect calorimetry techniques such as doubly labelled
water or metabolic carts. Although, doubly labelled water is regarded as a criterion method, this technique does not quantify
the duration, frequency and intensity of physical activity performed. Metabolic cart systems which measure expired O2 and
CO2; however, cannot be used over extended periods of time.45-47
Physical activity can also be monitored directly using physical
activity monitors.
In general, three classes of activity monitors are being
used increasingly in chronic disease populations (e.g., COPD);
pedometers, accelerometers and integrated multi-sensor systems. Pedometers are devices which estimate the number of
steps taken through mechanical or digital measurements in only
the vertical plane.45-47 This is a limited measure of physical activity. Accelerometers detect acceleration in one, two or three
directions (uni-, bi- or triaxial accelerometers). These devices allow determination of the quality, quantity and intensity of movements. Integrated multisensory systems combine accelerometry
with other sensors that capture body responses to exercise (e.g.
heartrate or skin temperature) in an attempt to optimize physical

activity assessments.45,47 With the advancement of technology,
many activity monitors are available recently to measure physical activity (Figure 8).48-50
Physical activity in patients with COPD is dependent
on many factors, including physiological, behavioral, social, environmental, and cultural factors.51,52 Watz and colleagues53 have
shown that daily physical activity is only weakly associated with
post-bronchodilator FEV1. There is, however, a strong inverse
association between daily physical activity and dynamic hyperinflation, which correlates strongly with exertional dyspnea in
COPD.54,55 In contrast to resting lung function testing, performance on lower-limb muscle function tests and field exercise
tests correlates better with physical activity in COPD. Daily
symptoms (e.g., dyspnea and fatigue) are associated with lower
physical activity levels in patients with COPD.54,55 Impaired
health status is weakly-to-moderately related to physical activity in patients with COPD.56,57 Interestingly, this association was
confirmed in a 5-year longitudinal observational study, showing
that a decline in physical activity is associated with a decline in
health status in patients with COPD.58
Physical activity levels predict important outcomes
in COPD. Lower physical activity levels are associated with a
higher risk of an exacerbation-related hospitalization.59 In addition to baseline levels of physical activity predicting COPDrelated hospitalization, a decline in physical activity over time
also predicts this outcome, also after adjustment for age, FEV1,
and prior hospitalizations.56 Lower physical activity levels also
increase the risk of all-cause mortality in patients with COPD

Figure 7: Effect of PR with Nutritional Support (Percent Change from Baseline Values).43,44
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Figure 8: Recent move Monitors.30

after controlling or relevant confounding factors.60-62 Decline in
physical activity over time also predicts mortality.63 Reflecting
these strong associations, physical activity has been included as
a factor in multidimensional prognostic scores for all-cause and
respiratory mortality or exacerbations and COPD-related hospitalization in stable COPD patients.57,64 These outcome studies
underscore the importance of promoting physical activity in the
earliest stages of COPD, with a goal of more than 2 hours per
week.62-64
The effects of pulmonary rehabilitation on physical activity in
COPD: The cornerstones of PR are exercise training and educa-

tion, aimed at behavior change through promoting self-efficacy.65 For PR to have its greatest long-term impact, the increases
in exercise capacity demonstrated in the rehabilitation center

would ideally translate into increases in physical activity in the
home and community settings.3 Both increase in the exercise capacities and changes in the adaptive behaviorial are necessary to
achieve significant and long lasting increase in daily physical activity in the patients suffering from COPD (Figures 9 and 10).47
This clinical review will cover the definition of physical activity (which is a different component than exercise capacity); its
prevalence in COPD, its objective measurement, risk factors for
physical inactivity, and potential ways to improve or maintain
the components of physical strength. PR has arguably the strongest positive effect of any current therapy on exercise capacity
in stable patients with COPD.
Changing physical activity behavior in patients with
COPD needs an interdisciplinary approach, bringing together re-

Figure 9: Comparison of Physical Activities between Baseline and 1 Year after.49
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Figure 10: The Changes of Daily Steps and Energy Expenditure.50

spiratory medicine, rehabilitation sciences, social sciences, and
behavioral Sciences.61,62 This concise clinical review has presented data that patients with COPD are generally very inactive,
and that this physical inactivity is detrimental to both quality and
quantity of the life.61,62 Therefore, increased efforts to better understand the determinants of physical activity, as well as effective strategies to improve this variable, must be a prominent goal
in PR. Physical activity is now listed as one of the main outcome
measures of PR programs by the ATS/ERS Official Statement on
PR.39
Low-intensity and home-based PR with the feedback
from using pedometer was effective in improving physical activity, and the improvements of physiological factors were correlated with increased walking time in stable elderly patients with
COPD (Figures 9 and 10).49,50

healthcare professionals about the process and benefits of PR.
There is also a need for the sustainability and the safety of PR in
the future study. Key processes central to achieving these objectives include increasing healthcare professionals, patient awareness and knowledge of PR, increasing patient access to PR, and
promoting quality of this program.
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Japan has become the first super-aged society in the world; particularly, the life expectancy, the rate of population aged 65 and older, and the speed of aging are second to none.1
According to the World Health Organization (WHO), in “aging society”, “aged society” and
“super-aged society” over 7%, 14%, and 21% of the population are aged 65 years and older,
respectively. Japan had already entered an aging society in 1970, an aged society in 1994, and
a super-aged society in 2007; the current rate of the population aged 65 and older in Japan is
26.7%, which is the highest in the world, and this trend is expected to continue to 2060.2
In a super-aged society, the possibility that the elderly population may have Multimorbidity and Multiple Disabilities (MMD) is increased.3 MMD is generally referred to as a state
in which a patient has two or more of the following: external physical disabilities (visual impairment, hearing impairment, speech/voice impairment, mobility impairment, impairment of
masticatory function), internal organ impairments (cardiac disorder, renal disorder, respiratory
disorder, liver function impairment, small intestinal disorder, bladder or anorectal disorder, and
AIDS), and/or mental disorders.4 The increasing number of patients with MMD has resulted
in increased needs for rehabilitation.3 Especially, the number of persons with internal organ
impairments had rapidly increased, with the majority of cases having disabilities related to
cardiac function. Moreover, the number of the patients with co-occurrence of multiple internal
organ impairments, including cardiac, respiratory, and renal disorders, has increased.5 According to a previous study using the lower-limb ergometer test, conducted in 382 patients undergoing stroke rehabilitation, 18% of subjects showed co-occurrence of cardiovascular disorders;
15% also had ischemic heart disease, 2% effort angina, and 1% old myocardial infarction.6 In
the follow-up prognosis research conducted three years later, 51 of 285 patients who could be
followed-up were deceased due to stroke, cancer, or heart disease; 33% of those older than 65
years with heart failure (HF) also had chronic obstructive pulmonary disease (COPD), and 25%
of elderly patients with COPD also had HF.7 COPD coexisting with heart disease and/or kidney
disease may have a significant impact on predicting the prognosis.
In patients with COPD, it has been demonstrated that pulmonary rehabilitation (PR)
can help in easing the difficulty in breathing, increasing the exercise capacity, decreasing the
period in utilization of medical resources, and improving the Health-related Quality of Life
(HRQoL).8,9 Although, there is insufficient evidence to determine whether PR improves survival in patients with COPD,8 a PR program resulted in a significant and large decrease in the risk
of death in rehabilitated patients, as measured using the body-mass index, airflow obstruction,
dyspnea, and exercise (BODE) index.10 The timed walk distance and medical research chronic
(MRC) rated dyspnea have also been shown to improve with PR, and these variables are correlated with survival in patients with COPD.11
In contrast, cardiac rehabilitation (CR) improves exercise capacity; associates with
improved prognosis, such as reduced cardiac death and all-cause mortality; and can increase the
QoL by reducing the symptoms of impaired activities of daily living in ischemic heart failure
patients.12 Moreover, in patients undergoing hemodialysis, renal rehabilitation (RR) and an RR
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exercise program have been shown to improve left ventricular
function, cardiac sympathetic and parasympathetic disharmony,
VO2 max, malnutrition inflammation atherosclerosis syndrome,
anxiety, anemia, sleep quality, HRQoL, and activities of daily
living, and to inhibit protein catabolism and reduce mortality.5,13
Of note, CR or RR should be performed in COPD patients according to the current CR guidelines, as there is no evidence that
CR or RR should be done differently in the presence of COPD.
Until now, medicine has aimed mainly to prolong the
patients’ life expectancy, that is, it has been focused on “Adding Years to life”. On the other hand, rehabilitation medicine
has been proactively implemented to accomplish the concept of
“Adding Life to Years” by helping to overcome any disabilities
through assessment and intervention of socially disadvantaged
functions.14 Furthermore, it has been shown that CR and RR for
internal organ impairments are useful to accomplish the concept
of both “Adding Life to Years and Adding Years to Life”.14 This
suggests that such rehabilitation is effective for patients whose
physical strength is deteriorated, and may hence also be effective for patients with MMD. According to a study on the effects
of CR on patients with disabilities, the death rate of dialysis patients who experienced cardiac infarction decreased by 35% owing to the rehabilitation.15
In the era of MMD, the rehabilitation moreover needs
to consider the existing principle of “Frequency, Intensity, Type,
Time (FITT)”in patients with internal organ impairments.3,9 In
addition, not only problems of each internal organ, but also the
relationship between the internal organs (brain, heart, lungs,
kidneys, and bone joints) should be considered simultaneously.
For example, even a simple exercise like walking may place a
burden on the patient’s heart, because the energy consumption
during the walk in patients with a history of hemiplegic stroke is
higher than in healthy adults.3 Therefore, rehabilitation needs to
be implemented by using a walking stick during the early stage,
because the energy consumption may be reduced as a result. In
the MMD of stroke and HF, the criteria for rehabilitation depend on the criteria for HF.9 Moreover, in the co-occurrence of
respiratory and other diseases, when hypoxemia appears during
exercise, oxygen inhalation should be conducted while monitoring the SpO2 and heart rate, and while measuring the oxygen saturation; the quantity of oxygen needs to be calibrated to
prevent carbon dioxide intoxication.9 Thus, it is important that
rehabilitation programs are prepared after comprehending the
risk factors and physical conditions of each disability, beginning
with low-intensity exercise.
Additional studies on rehabilitation of patients with
MMD need to be implemented, because the contents of rehabilitation, including the appropriate exercise intensity and hours
needed to accomplish the concept of “Adding Life to Years”
may be different from those needed to achieve “Adding Life to
Years and Years to Life”.14 As for rehabilitation medicine in the
era of MMD, from now on, it is particularly important that indi-
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vidualized rehabilitation programs should be prepared, comprehending the risk factors and physical conditions of each patient
and their social or environmental conditions. Above all, rehabilitation medicine should be focused on “Adding Life to Years” or
“Adding Life to Years and Years to Life” in the era of MMD.
SUMMARY AND CONCLUSION

In the super-aged society, it is reasonable to assume that cardiovascular diseases will increasingly occur and that the cooccurrence of MMD will become more frequent. Management
of the risk factors of cardiovascular diseases should be more
emphasized in the era of MMD. PR, CR, and RR have become
important concepts that all rehabilitation-related professionals
should be familiar with in the era of MMD. These professionals should accumulate knowledge and experience related to the
rehabilitation of patients with MMD. Moreover, in the future,
professionals in rehabilitation-related and other fields will need
to work together. The appropriate rehabilitation intensity differs
according to the contents and degrees of each patient’s disabilities. It is particularly important that individualized rehabilitation
programs should be prepared by comprehending the risk factors
and physical conditions of the patients, and their social or environmental conditions. Above all, rehabilitation medicine should
be focused on “Adding Life to Years” or “Adding Life to Years
and Years to Life” in the era of MMD.
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Chronic obstructive pulmonary disease (COPD) is a heterogeneous inflammatory lung
disease characterized by progressive airway obstruction, which results in exertional dyspnea
and physical disability. It is the third leading cause of death worldwide.1 COPD is a progressive,
debilitating and incurable disease with symptoms such as shortness of breath, coughing and
fatigue.2 Its symptoms often interfere with many aspects of daily living. In the advanced stage,
patients suffer from dyspnea in association with minor exertion or even at rest, resulting in a
gradual impairment of their physical ability. Such disability causes severe anxiety and depression,3-5 which can subsequently cause a reduction in their activities of daily living (ADL) and
affect their health-related quality of life (HRQOL).6-8
Pulmonary rehabilitation (PR) improves dyspnea, exercise capacity, ADL, and
HRQOL, each of which is recognized predictors of mortality. PR is an important part in the
clinical management of COPD, and it includes education, exercise training, and psychological
support.9 There are demonstrable improvements in exercise tolerance, muscle strength, dyspnea, and HRQOL in patients with COPD after PR, cemented in a Cochrane review.10 and the
British Thoracic Society (BTS) guidelines.11
ADL includes activities and tasks that people routinely perform in their daily life inside/outside their homes.12 Vriendt et al13 divided ADL into 3 domains namely basic activities
of daily living (BADL) including self-care behaviors, such as dressing and bathing, instrumental activities of daily living (IADL), such as cooking, house chores, and shopping and advanced
activities of daily living (AADL), including voluntary behaviors influenced by cultural and
motivational factors, which indicate satisfying activities beyond personal independence. The
combination of all three domains of ADL includes all the activities that a person performs in
daily life.
Approximately, 40% of patients with COPD report a degree of disability and 68% lose
at least one relevant function in daily life.14 The study indicates that 78% of patients with COPD
have dyspnea even when walking at home, and are faced with difficulties in ADL.15 Insufficient
physical activity is the main cause of disability, severe loss of pulmonary function, anxiety
and depression in the elderly with COPD.5 Velloso et al16 reported that during the ADL such
as sweeping, lifting pots, and replacing lamps, metabolic and ventilator parameters in COPD
were increased, representing as much as 55% of the estimated maximal oxygen consumption
and 63% of the maximal voluntary ventilation. These values are very high and explain the
tiredness, and at times exhaustion, when these patients perform simple daily activities with
their upper limbs. Performing these activities increased the demand for oxygen and lead to the
use of a large part of the ventilatory reserve of these patients and to increased perception. ADL
is an important predictor of mortality in patients with COPD. Increasing ADL is important in
patients with COPD and assessment of ADL is one of the best ways to evaluate the status of
COPD patients.
In the research of papers published from 1980 to 2014 regarding ADL in patients
with COPD,17 13 pen and paper instruments were identified for examining ADL in patients
Page S23

pulmonary Research and respiratory medicinE
Open Journal

ISSN 2377-1658

with COPD; of which, four instruments (CDLM,18 MRADL,19
FPI,19 FPI-SF,20) dealt directly with ADL, while nine instruments
(LCADL,21 CARS,22 ADL-D,23 PFSS,24 PFSDQ,25 PFSDQ-M,26
PFSS-11,27 DIRECT,28 SOBDA,29) designed to measure dyspnea as an indicator of ADL. Especially, PFSDQ-M and CDLM
were designed to measure only BADL. The majority of instruments only dealt with two main dimensions of ADL (BADL and
IADL), and did not consider AADL, which is influenced by cultural and motivational factors.
In patients with COPD, ADL depends on a number of
variables like symptoms of the disease, fitness, level of independence and level of need for mobility aids or other people’s help.
One of the problems is the inability to measure changes in ADL
resulting from treatment or rehabilitation and interventions to
improve physical activity in patients with COPD, if the instrument cannot accurately measure the concept of daily activity.
For patients with COPD, inability to perform ADL is different
from other diseases and conditions. This difference originates
from the fact that due to dyspnea COPD patients are sometimes
unable to carry out the task, despite having the physical capacity
to do it. Relief from dyspnea during ADL represents the major
goal of respiratory rehabilitation and its quantification through
specific instruments (scales) is essential to define disability level
and postrehabilitation improvement. It needs the specific instrument to measure ADL accurately in patients with COPD, and it
will contribute to improving the comprehensive pulmonary rehabilitation.
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ABSTRACT
Introduction: Dyspnea is common in patients experiencing chronic and malignant lung condi-

tions. It is a very distressing symptom that often results in anxiety and depression. Pulmonary
rehabilitation together with palliative care can provide physical, psychological, and quality of
life (QoL) improvements in patients that receive it.
Methods: This literature review examined articles published in the last 5 years to give a current
summary of the scientific literature regarding pulmonary rehabilitation for persons receiving
palliative care treatment. Focus was placed on patients with chronic obstructive pulmonary
disease, cancer, interstitial lung disease, and Huntington’s disease. From an initial 218 articles,
56 met the inclusion criteria for this review.
Results: Prominent themes that emerged were the beneficial effects of pulmonary rehabilitation, even in late stages of lung disease, and the positive impact palliative care can have on
the patient. Simultaneously, there were considerable barriers to access mentioned throughout
the literature, which prevents patients from receiving either pulmonary rehabilitation and/or
palliative care at the end-of life. Educating health care providers on the benefits of pulmonary
rehabilitation, and providing timely referrals to pulmonary rehabilitation and palliative care is
important. Understanding factors which may prompt a patient to attend and complete, or discontinue, pulmonary rehabilitation treatment is important.
Conclusion: Although, pulmonary rehabilitation itself is beneficial, meeting the patient where
they are at and pairing rehabilitation with patient empowerment and motivating therapies such
as mindfulness-based therapy may improve the patient’s QoL and care at the end-of-life. Most
pulmonary rehabilitation programs are focused and tailored to patients with chronic obstructive
pulmonary disease. Exploring how tailored pulmonary rehabilitation programs may be effective in other populations, such as patients with interstitial lung disease, Huntington’s disease,
and end-stage cancer, is warranted.
KEY WORDS: End-of-life; Intervention; Dyspnea.
ABBREVIATIONS: COPD: Chronic Obstructive Pulmonary Disease; CRDs: Chronic Respira-
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BACKGROUND

Dyspnea, often referred to as shortness of breath or difficulty in breathing, is a subjective experience.1 Although, objective values such as respiratory rate, blood oxygen content, or lung
function can be determined, they often only moderately correlate with the patient’s subjec-
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tive assessment of their dyspnea.1 Dyspnea and cough, common
symptoms in patients receiving palliative care, are present in
the majority of patients with non-malignant conditions (experienced by 60-100% of patients) as well as in patients with advanced cancer (experienced by 10-70% of patients).1 Dyspnea
is shown to be associated with a diminished will to live, and
in patients with a prognosis of less than 6 months, it is associated with shorter survival.1 Dyspnea not only affects the patient,
but also the people around them. Informal caregivers of patients
experiencing dyspnea are more likely to experience distress as
compared to caregivers of clients not experiencing dyspnea.2
Chronic respiratory diseases (CRDs) and some malignancies often cause dyspnea and are a natural part of the disease process.
However, emotional feelings of fear or loneliness can exacerbate
dyspnea.1 Since dyspnea itself causes fear and panic in the patient, a vicious cycle of dyspnea-fear-dyspnea can worsen shortness of breath. Therefore, shortness of breath can be a complex
symptom, resulting from an interplay between physiology and
emotion, in which one treatment modality often will not offer
adequate symptom relief. Pulmonary rehabilitation which encompasses tailored therapies that aim to help the physical as well
as the psychological health of the patient is therefore an important consideration for patients receiving palliative care. For the
purpose of this review the definition of pulmonary rehabilitation
will be used from the American Thoracic Society (ATS) and the
European Respiratory Society (ERS): “Pulmonary rehabilitation is a comprehensive intervention based on a thorough patient
assessment followed by patient tailored therapies that include,
but are not limited to, exercise training, education, and behavior change, designed to improve the physical and psychological
condition of people with CRD and to promote the long-term adherence to health-enhancing behaviors.”3 This review excludes
pharmacological interventions and O2 ventilation from its scope,
as the review’s specific focus is of non-pharmacological pulmonary rehabilitation treatment.
The World Health Organization (WHO) defines palliative care as, “An approach that improves the quality of life
(QoL) of patients and their families facing the problem associated with life-threatening illness, through the prevention and relief of suffering by means of early identification and impeccable
assessment and treatment of pain and other problems, physical,
psychosocial and spiritual.” In other words, both pulmonary rehabilitation and palliative care strive to use a multidisciplinary
approach to tailor therapies to the patient in hopes of encouraging physical and psychological well-being. The end goal of
pulmonary rehabilitation among a palliative population nearing
end-of-life is not to cure advanced stage disease, but rather to
enhance the QoL and death of the patient. Although, there are
similarities between pulmonary rehabilitation and palliative
care, there are also differences in their approaches. Pulmonary
rehabilitation is usually hospital-based and focuses on exercise,
promotion of health behaviours, and raising functional status.4
Physiotherapists, respiratory therapists, and other pulmonary
rehabilitation health providers can show patients physical exercises, positioning, and breathing exercises so that the patients
Pulm Res Respir Med Open J
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themselves can take an active role in symptom management.
Often as the disease progresses, patients experience mixed emotions. Rehabilitation can help to realign patients to their new
reality and set new goals. The rehabilitation model itself can
switch from a restorative goal to one of palliative rehabilitation
that focuses on relieving symptoms and enabling the patient to
maintain a good QoL. Even if the patient themselves can no longer benefit functionally from rehabilitation, staff can teach family members or caregivers how to improve patient comfort.5
Palliative care on the other hand provides whole person
centred-care to the patient as well as members of their circle of
care including informal caregivers, family, and friends over a
wide range of domains including; disease and physical symptom
management, psychological, social, and spiritual well-being, assisting with practical aspects of daily living, end-of-life care and
death management as well as loss and grief counselling.6 This
paper will focus on non-pharmacological pulmonary rehabilitation for patients receiving palliative care and will address specific respiratory conditions of: chronic obstructive pulmonary
disease (COPD), cancer, interstitial lung disease, and Huntington’s disease.
METHODS
Identification of Relevant Studies

Four databases (PubMed, OVID Medline, EBSCO PsycINFO,
and EBSCO CINAHL) were used in the search for relevant studies on the topic of pulmonary rehabilitation in the setting of palliative care. Keyword and subject heading search terms included
combinations of “pulmonary or respiratory rehabilitation” and
“palliative care or end-of-life care or terminal care or hospice
care”. The search was limited to studies published in the past 5
years, since 2012. The 5 year cut-off was selected as an appropriate point to be inclusive while remaining up-to-date. Articles
were exported from the databases and managed in the referencing software program Endnote.63
Study Selection and Criteria

A detailed article flow chart with selection criteria can be found
in Figure 1. Two-hundred and eighteen journal article titles were
imported into Endnote, duplicates were removed and then titles
and abstracts were examined to determine if the article met inclusion and exclusion criteria. Initially, 56 articles were removed
as they were not published in the English language, used nonhuman subjects, published prior to 2012, or were not published
as an article in a journal (ex., conference proceedings, editorials, and letters to the editor were excluded). Abstract and article
screening was then performed. Articles were excluded if they included pharmacological treatments, oxygen ventilation, patients
in the early stage of disease, the majority of patients had asthma,
or if the articles did not specify which disease type their study
population had. After screening from an initial 218 articles, 56
articles were included in the review.
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FINDINGS

The majority of studies published focussed on patients with
COPD (n=24)4,7-29 in addition to multi-disease diagnoses studies
(n=10)1,5,30-37 where the majority of patients in the study sample

had a diagnosis of COPD. Patients with cancer diagnoses were
the next studied population of focus (n=13),38-50 followed by patients with interstitial lung disease (n=8),51-58 and lastly one study
focussed on patients with Huntington’s disease (Table 1).59

Figure 1: Detailed Article Flow Chart.
Total records identified through database searching (N=218)
• PsychINFO (n=59)
• PubMed (n=96)
• OVID (n=36)
• CINAHL (n=27)

Record Excluded After ReadingTitle And Abstract (N=162)
• Duplicates removed (n=46)
• Not published in the English Language (n=2)
• Study was published more than 5 years ago (before 2012) (n=3)
• Non-human study participants (n=2)
• Not original research (e.g. Letter to editor, non-academic publication) (n=3)
• Removed due to unrelated abstract (n=106)

Articles Included in Current Analyses (N=56)

Table 1: Summary of Articles Included for This Literature Review (N= 56)
Articles Focussed on Patients with COPD Diagnosis
Institution, Country

Author

Benzo et al7

Benzo et al

8

• Multiple institutions
- USA (Part of NETT
study)

• Mayo Clinic, Rochester,
MN, USA
• Health Partners
Foundation, St. Paul,
MN, USA

Boer et al9

• Radboud University, The
Netherlands

Long et al10

• National Jewish Health,
Denver, CO, USA
• University of Colorado
School of Medicine at the
Anschutz Medical
Campus, Denver, CO,
USA
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Study
Design

Longitudinal

Qualitative

Validation
study

Prospective,
longitudinal,
single arm
mixedmethod pilot
study

Sample Size

Disease of Focus

Study Objectives

Patients enrolled in
National
Emphysema
Treatment Trial
(NETT) with severe
COPD

“To determine if the
change over time of key
parameters in severe
COPD patients can
independently predict
short-term mortality.”
p.491

N=712

Patients with COPD
hospitalized due to
exacerbation, who
were not interested
in enrolling in a
pulmonary
rehabilitation
program

“The objective of this
study is to investigate
the knowledge gap on
the underlying reasons
for nonparticipation in
pulmonary rehabilitation
in the post hospitalization period” p.5

Exploratory
factor
analysis:
n=145
patients.
Confirmatory
factor
analysis:
n=430

Exploratory factor
analysis with patients
with moderate to
severe COPD;
Confirmatory factory
analysis with patients
with mild to very
severe COPD

“… we investigated (1)
whether the clinically
observed stages of denial, resistance, sorrow,
and acceptance can be
identified as independent
stages and
(2) whether the ADIQ is
a valid and reliable
instrument to measure
these stages.” p.562

N=1,218

N=15
patients

Patients with GOLD
stage III or IV
COPD

“The goal of this study
was to evaluate the
feasibility and usefulness
of an advance practice
nurse delivered palliative care intervention in
patients with symptomatic
COPD.” p.514

Intervention

Main Findings

N/A

“…we found that in severe
COPD patients, the
trajectory to end-of-life is
initially signaled by a decline
in a physical function measure
(six-minute walk/gait speed)
or the development of a very
severe sedentary life, followed
by the onset of depressive
symptoms, and a decline in
oxygenation and eventually a
decline in PCO2.” p.498

N/A

N/A

“The themes for not attending
include lack of interest (39%),
the perception of ‘‘being too ill
or frail or disabled’’ (24%), the
perception of being ‘‘too busy
or having too much to do’’
(11%), distance or the need of
travel (11%), commitment
issues (7%), comorbidities
(6%), and lack of social
support (2%)” p.5
“…the ADIQ can assess
several stages of
non-acceptance in patients
with COPD, thereby it may
be a very useful instrument
to formulate patient-tailored
treatment goals in clinical
practice and to help increase
patients’ motivation for
self-management.” p 569

“Pharmacologic
and non-pharmacologic palliative
management of
dyspnea, anxiety,
and depression.”
p.169

“The intervention was
feasible based on the
successful recruitment and
87%retention rate of
participants and completion
of survey measures” p.519
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Goodridge et al13

• School of Nursing
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Work, University of
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Manchester, UK
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Sheffield, UK

• Keele University,
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UK

• University of
Saskatchewan,
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Canada

Harrison et al15

• University of Leicester,
Leicester, UK
• West Park Healthcare
Center, Toronto, ON,
Canada
• Coventry University,
Coventry, UK

Harrison et al14

• West Park Healthcare
Centre, Toronto, ON,
Canada
• Teesside University,
Middlesbrough, UK
• University of Toronto,
Toronto, ON, Canada

Janssen et al16

• Centre of Expertise for
Chronic Organ Failure,
The Netherlands
• Maastricht University
Medical Centre,
Maastricht, The
Netherlands
• University of Kentucky
Medical School, Kentucky Clinic, Limestone,
Lexington, KY, USA

Lin et al

17

• National Taipei
University of Nursing
and Health
Sciences, Taipei,
Taiwan
• National Taiwan
University Hospital,
Yun-Lin Branch,
Yun-Lin, Taiwan
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Taichung, Taiwan
• Taichung Veterans
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Taichung, Taiwan
• National Yang- Ming
University, Taipei,
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Qualitative

Participatory Action
Research
design

Feasibility
study

Qualitative

Qualitative

Review

Randomized
controlled
trial

Health
professionals
n=8, patients
n=30,
carers n=2

Baseline survey
of health care
professionals
n=22, patients
n=126

N=19;
n=14 in
therapeutic
arm; n=5
treatment as
usual

Patients with COPD

Health care professionals who care
for patients with
COPD were general
practitioners and
nurses; patients
had COPD

Patients with advanced COPD

“The aim of the study was
to define and compare the
prioritized perspectives
of respiratory specialist
professionals and patients
with COPD for expected
outcomes of respiratory
services.” p. 1525
“Working with primary
care clinicians (GPs and
practice nurses) from eight
practices, this project
developed strategies for
influencing clinician and
patient behaviours as a
means of increasing referral rates for pulmonary
rehabilitation.” p. 226

“Feasibility study to
determine the impact
of singing on COPD
symptoms”

N=6 patients

Patients recently
hospitalized with an
acute
exacerbation of
COPD, who refused
a referral to
pulmonary
rehabilitation

“To explore how patients
who refuse referral to
Pulmonary Rehabilitation
appraise acute
exacerbations of COPD,
in the context of having
considered and declined
pulmonary rehabilitation.”
p. 750

N=39;
n=20 health care
providers; n=19
patients with
COPD

Health care
providers with at
least 1 year clinical
experience with
COPD
management;
Patients with
moderate to severe
COPD

“To explore the views of
healthcare
professionals and patients
towards mindfulness for
individuals with COPD.”
p. 337

COPD

“In this article, an overview
of the complex needs
and barriers involved in
the provision of palliative
care is provided, and how
advance care planning
education as a component
of palliative care can be
introduced during
pulmonary rehabilitation is
described.” p. 412

N/A

N=40;
intervention
n=20, control
n=20

Patients with GOLD
stage II, III, or IV
COPD

“To assess the effects
of respiratory training
on lung function, activity
tolerance and quality of
life in patients with chronic
obstructive pulmonary
disease.” p. 2870

N/A

In-house
education
sessions and
memory aids
(coffee mugs)
to prompt discussion around
pulmonary
rehabilitation

8-week
therapeutic
singing
program

“Professionals cannot
always interpret the needs
of patients
when commissioning
health care or delivering
services.” p. 1531

“The types of strategy
introduced in this study
were each relatively easy
to implement and the
anticipated pay-off is an
increase in the number
of patients accessing
pulmonary rehabilitation
and receiving the health
and quality of life benefits
that is delivers.” p 237
While the program
was well received by
participants, they did
not find improvements
in health-related quality
of life, exercise capacity,
or perceptions of illness
compared to control

N/A

“Prominent in theses
participants’
narratives are
self-conscious cognitions
which appear founded in
shame and stigmatization.
These cognitions seem
to reflect challenges to
self-worth and appear
associated with reduced
help- seeking and
isolation” p. 750

N/A

“Mindfulness appears to
be an attractive therapy
for individuals with COPD.
An understanding of the
perspectives of HCPs and
patients should inform
the delivery of such
programs” p. 337

N/A

“Patients with advanced
COPD have unmet
palliative care needs,
such as high daily
symptom burden, daily
care needs, needs of
family caregivers, and
needs for advance care
planning.” p 418

Pulmonary
rehabilitation
based
intervention
program

“A respiratory training
programme for patients
with chronic obstructive
pulmonary disease was
found to relieve dyspnoea,
maintain lung function,
increase activity tolerance
and improve quality of life.”
p. 2870
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Mathar et al21

McDonald et al22
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• University of Hawaii at
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• University of Sherbrooke,
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Phenomenolgy

Randomized
controlled trial
(RCT)

Experimental

Metasynthesis

Review

N=22
patients, n=12
sampled
for in-depth
interviews (n=6
COPD, n=6
asthma)

N=24 patients

N=26 patients

6 studies (n=4
from the UK,
n=2 from
Australia);
N=65 patients

N/A

Patients with a
diagnosis of
COPD or asthma
and comorbid
symptoms such
as anxiety,
depression, or low
mood

“The aim of this
phenomenological
study was to carry out
in-depth qualitative
interviews with a
purposive sample of
patients with asthma
and COPD taking part
in an 8-week
mindfulness-based
cognitive therapy
(MBCT) course to
explore their
experiences of MBCT.”
p. 1181

Patients with a
diagnosis of COPD
and
self-reported
shortness of breath
with activity

“This feasibility study
measured the effect of
pursed-lip breathing
training delivered over
Skype on dyspnea,
physical activity,
health- related quality
of life, and self-efficacy.” p.424

Patients with moderate to very severe
COPD

“This study aims to
investigate the effect
of telerehabilitation
on exercise tolerance
and quality of life and
to document patient
satisfaction and adherence.” p. 1

Patients with
COPD who
declined to
participate in
pulmonary
rehabilitation

COPD

“This paper aimed
to suggest possible
answers to the
question: Why do
patients with COPD
decline pulmonary
rehabilitation?” p.432

Discuss clinical
perspectives in
advances in COPD

Mindfulness-based
cognitive therapy

“The qualitative
interviews found that
MBCT could facilitate
a greater acceptance
of respiratory illness
and a reduced sense
of perceived
disease-related
stigma.” p 1189

Pursed-lip
breathing taught
over Skype

“The intervention was
found
to be feasible and
demonstrated
marginal
improvements in
quality of life
measures. … using
communication
software for the
education and
management of
patients with chronic
diseases and their
caregivers may be
both
effective and
efficient and
especially useful
for those who are
geographically
dispersed or
homebound.” p. 424

15 in-home
teletreatment
sessions over 8
weeks via
videoconference

“The telerehabilitation
pro- gram was
associated with
beneficial
effects on exercise
tolerance and quality
of life and was well
received by users.”
p. 1

N/A

N/A

“The studies included show
patients’ rational accounts
and reflections on declining
pulmonary rehabilitation.
The included studies tend
to describe accounts for
deselection of pulmonary
rehabilitation in relation to
the preferences and beliefs
of the patients rather than
including the social and
economic variables framing
the behaviour and choices
of the patients” p. 432
“Pharmacologic and nonpharmacologic therapy can
improve symptoms, quality
of life and exercise capacity
and, through their effects
on reducing exacerbations,
have the potential to modify
disease progression.
Comorbidities are common
and require targeted
treatment.” p. 860
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& Medical Center,
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• McGill University
Health Centre,
Montréal, QB, Canada

Solomon et al25

• The Ottawa Hospital
Rehabilitation Centre,
Ottawa, ON, Canada
• University of Ottawa,
Ottawa, ON, Canada

Sully et al26

• Mount Sinai Hospital,
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Canada
• University of Montreal,
Montreal, QB, Canada

Tselebis et al27
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Greece
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Longitudinal

Usual care
n=160
patients;
n=459 patients
in pulmonary
rehabilitation

N=1

Case study

Review

Mixed
methods

Qualitative

Review

N/A

N=195
patients

n=14
clinicians;
n=23 patients

N/A

Patients with
moderate to
severe COPD

“The purposes of the
study are to identify
clinical phenotypes
that reflect the level
of adaptation to the
disease and to
examine whether these
clinical phenotypes
respond differently to
treatment as usual and
pulmonary
rehabilitation.” p. 1.

COPD

Presents discussion
highlighting the
similarities of “two
important components
of the integrated care
model in the patient
with chronic respiratory
disease are pulmonary
rehabilitation and
palliative care” p. 107

COPD

Describes collaborative
self-management and
behavioural change
for improving health
outcomes in patients
with COPD.

Patients with
stage III or IV
COPD
admitted to
a pulmonary
rehabilitation
program

“The goals of this study
were to examine
whether loss of dignity
is also a concern for
patients receiving
interdisciplinary
rehabilitation for Stage
III or IV chronic
obstructive pulmonary
disease. We examined
the prevalence and
correlates of loss of
dignity and determined
whether it improves
with treatment.” p.529

Patients with
moderate to
severe COPD

“The purpose of this
study was to develop
a conceptual model
for the assessment of
patients’
rehabilitation needs
by using a grounded
theory approach.” p.76

COPD

“The objectives of this
paper are to provide an
overview of the prevalence,
impact, and
pathophysiology
associated with anxiety and
depression in
patients with COPD and to
review studies on
pharmacological and
nonpharmacological
interventions.” p.298

Patients were
either receiving treatment
as usual or
pulmonary
rehabilitation

“Different phenotypes exist in
COPD that are based on
behavioural aspects (i.e., the
level of adaptation
to the disease).
Non-adapted patient responds
better to treatments with a
strong emphasis on improving
adaptation by learning the
patient better
self-management skills.” p. 1

N/A

“…pulmonary rehabilitation
and palliative care, provided
as part of comprehensive,
multidisciplinary interventions,
should be considered earlier
in the course of COPD than is
typical current practice.” p.114

N/A

“…team-based COPD CSM
have been shown to improve
outcomes, such as health
status and health care
utilization, in rigorously
de-signed RCTs. However,
self-management may not suit
all patients.” p. 347

Pulmonary
rehabilitation

“The prevalence of a
problematic loss of dignity
among patients with severe
chronic obstructive pulmonary
disease is at least as high as
among those receiving
palliative cancer care.” p. 529

N/A

“… that quality of life as a
“sum total” cannot be
measured, but individual
patient’s needs can and
should be measured as
markers of quality of life.”
p. 86

N/A

“Although the literature on
treating anxiety and
depression in patients with
COPD is limited, we believe that
it points to the
implementation of
personalized strategies to
address their
psychopathological
comorbidities.”
p. 297
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Isselt et al28

Zoeckler et al29

• Leiden University Medical
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• Philipps- University,
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Prospective
cohort study

Prospective
cohort study

N=61
patients

N=96
patients

Patients with
GOLD stage III or
IV COPD
admitted to hospital
for acute
exacerbation

“The aim of this study
is to investigate the
feasibility of the geriatric
rehabilitation-COPD
program” p. 111

Patients with
GOLD stage III or
IV COPD

“The aim of the present
study was to investigate
whether illness
perceptions before
pulmonary rehabilitation
influence exercise
capacity and quality of life
after rehabilitation.” p. 146

Geriatric
rehabilitation
program

“Development and
implementation of a postacute
GR program for these patients
are feasible and likely to offer
substantial improvements.”
p. 111

Pulmonary
rehabilitation

“COPD patients’ perceptions
about their illness before
rehabilitation influence
exercise capacity and quality
of life (psychological
well-being) after treatment.”
p. 146

Articles Focussed on Patients with A Cancer Diagnoses

Arthur et al38

Cheville et al39

• The University of Texas M.
D. Anderson Cancer
Center, Houston, TX, USA

• Mayo Clinic, Minnesota,
USA
• Rehabilitation Institute of
Chicago, Illinois, USA

Case-report

N=1

Randomized
controlled
trial

N=66
outpatient
oncology
clinic
patients

Eickmeyer et al40

• Department of Physical
Medicine and Rehabilitation
at the Medical College of
Wisconsin and Clement J.
Zablocki VA Medical
Center, Milwaukee, WI,
USA
• Northwestern University
Feinberg School of
Medicine, and the
Rehabilitation Institute of
Chicago, Chicago, IL, USA
• University of Texas
Southwestern Medical
Center, Dallas, TX, USA

Ellis et al41

• University of Liverpool,
Liverpool, United Kingdom
• University of Southampton,
Southampton, UK
• Karolinska Institutet,
Stockholm, Sweden
• LaTrobe University,
Melbourne, Victoria,
Australia
• Lancashire Teaching
Hospitals, Lancaster, UK
• University of Manchester,
Manchester, UK
• The Christie NHS
Foundation Trust
Manchester, UK

Qualitative

Farquhar et al42

• University of Cambridge,
Institute of Public Health,
Cambridge, UK
• University of Manchester,
Manchester, UK
• King’s College, London, UK

Single-centre
Phase III
fast- track
single- blind
mixedmethod
randomized
controlled
trial

Pulm Res Respir Med Open J

Review

N/A

n=37
patients
with lung
cancer;
n=23
caregivers

N=67
patients

Patient with
metastatic
non- small cell lung
cancer

“We report the case of
a patient with advanced
cancer who got married in
our acute palliative care
unit weeks before her
death.” p. 466

N/A

“The wedding gave her the
opportunity to acquire further
meaning in life, deepen her
connection with her loved
ones, and enhance her sense
of dignity, self-worth, and
pride. It also was associated
with a significant improvement
in her symptoms and had a
positive effect on the health
care team.” p. 466

Patients with stage
IV lung or
colorectal cancer

“To conduct an
adequately powered trial
of a home-based exercise
intervention that can be
facilely integrated into
established delivery and
reimbursement
structures.” p. 811

8 week trial
comparing
incremental
walking/usual
care and
home- based
strength
training

“A home-based exercise
program seems capable of
improving the mobility, fatigue,
and sleep quality of patients
with Stage IV lung and
colorectal cancer.”
p. 811

Cancer

“This article will
familiarize physiatrists
with the current state
of evidence regarding
the role and efficacy of
exercise in persons with
cancer.” p. 874

N/A

“With improved awareness of
the role of exercise along the
cancer disease continuum,
rehabilitation providers can
use an evidence base to
partner with the
oncology community to
develop critically needed
exercise prescriptions and
programs.” p. 880

Majority of patients
had stage 3 or 4
lung cancer

“The objective of this
study was to identify the
views of patients with lung
cancer and their informal
caregivers on the
desirable components of
a novel
nonpharmacological
intervention for symptom
management” p.831

N/A

“The data from this study
have provided insight into
the key issues that are likely
to influence the
development, uptake, and
delivery of a
nonpharmacological
intervention to help manage
the respiratory symptom
cluster of cough,
breathlessness, and fatigue”
p.832

Majority of
patients had
lung cancer
(49%) and
breast cancer
(19%)

“To establish whether the
Breathlessness
Intervention Service was
more effective, and
cost- effective, for
patients with advanced
cancer and their carers
than standard care “ p.1

Breathlessness
Intervention
Service vs.
standard care

“Breathlessness
intervention service
appears to be more
effective and
cost- effective in
advanced cancer
than standard care.”
p.1
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Germany
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University of Cologne,
Cologne, Germany
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Kumar et al47
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• University of Hull, Hull, UK
• University of York, York,
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Hull, UK
• Humber NHS Foundation
Trust, Willerby, UK
• Castle Hill Hospital, Hull,
UK
• University of Cambridge,
Cambridge, UK

• University of Pennsylvania,
Philadelphia, PA, USA

• Poznan University of
Medical Sciences, Poznan,
Poland
• Gdansk Medical University,
Gdansk, Poland
• Home Hospice for Adults
and Children, Poznan,
Poland
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Medical Sciences, Wroclaw,
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Prospective
observational
study

Retrospective
feasibility analysis

Study protocol

Multi-centre
randomized
controlled
non- blinded
parallel arm trial

Cross-sectional

Prospective
observational
study

N=357
patients

Advanced cancer
patients admitted
to an acute
palliative care
unit

“To examine the
frequency, intensity, and
predictors for symptoms
in the last seven days of
life among patients who
were able to
communicate and died
in an acute palliative
care unit.” p.488

N/A

“Despite intensive
management in acute
palliative care units,
some cancer patients
continue to experience
high symptom burden as
they approached death”
p. 488

N=528
patients

Advanced cancer
patients admitted
to a specialized
palliative care
inpatient ward.
Lung cancer
was the
mostcommon
(23%),
followed by
gastrointestinal
cancer (14%), and
pancreatic cancer
(11%).

“This retrospective study
systematically evaluated
the feasibility of physical
exercise or therapy
in terminally ill cancer
patients.” p.1261

Physical
exercise
and/or
physical
therapy

“Physical exercise/
physical therapy were
feasible in >90% of
terminally ill cancer
patients to whom
physical exercise/physical therapy had been
offered.” p. 1261

“The aims of the study
protocol are to investigate
different adapted
physical training programs
in patients with advanced
lung cancer undergoing
palliative chemo- or
radiotherapy.” p.120

Group 1:
aerobic
exercise,
Group 2:
resistance
training,
Group 3:
control (no
specific
exercise
training)

“The results of this study
will offer an overview
over possible effects of
specific training
interventions on health
related quality of life,
physical and
psychological symptoms,
and on the efficacy of
oncologic treatment.”
p.120

“The present study aims to
test whether three
sessions are better than
one for breathlessness in
this population.” p.1

Group 1: 3
sessions of
breathing
technique
training,
group 2:
1 session
of breathing
technique
training

“There was no evidence
that three sessions
conferred additional
benefits, including
cost-effectiveness, over
one. A single session of
breathing training seems
appropriate and
minimises patient
burden.” p.1

N/A

“Approximately half of
these patients had not
accessed supportive and
palliative care services
since cancer diagnosis
and cite lack of awareness and physician
nonreferral as
barriers.” p. 923

N/A

“Quality of life deteriorated with few differences
between home and
the palliative care unit
patients.” p. 379

N/A

N=156
patients

N=313

N=78
patients

Patients will be
recruited who have
advanced lung
cancer

Adults with
intra-thoracic
malignancy

Patients with a
diagnosis of breast,
lung, or gastrointestinal cancer

“The goals of this study
were to: 1) measure the rate
of utilization of supportive
and palliative care services
(SPCS) at an urban,
academic medical cancer
center; 2) identify factors
related to use of SPCS;
and 3) identify and describe
patient reported barriers to
access to SPCS.” p.924

Adult patients with
advanced lung
cancer

“The aim of the study was
to evaluate the symptom
intensity and quality of life
in patients treated at home
and in those who stayed at a
palliative care unit during the
follow-up.” p.379
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• University of Nottingham,
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Randomized
controlled
trial

N=49
patients

Patients with
advanced
non- small cell
lung cancer

• University of Liverpool,

Nwosu et al50

Liverpool, UK
• Woodlands Hospice
Charity Trust,
Liverpool, UK
• Aintree University
Hospitals NHS
Foundation Trust,
Liverpool, UK

Crosssectional

N=59
healthcare
professionals

Respondents’
perceptions of
rehabilitation
interventions
for patients with
lung cancer

“The primary aim of this
study was to determine the
acceptability of
neuromuscular
electrical stimulation of the
quadriceps to patients with
non-small cell lung cancer
used alongside palliative
chemotherapy.” p.1

“This study aims to
explore the perceptions
of palliative care and
respiratory
multidisciplinary team
members about the role
of rehabilitation for lung
cancer patients.” p.3247

Neuromuscular
electrical
stimulation of
the quadriceps
or control group

“Neuromuscular
electrical stimulation is not
acceptable in this
setting, nor was there a
suggestion of
benefit.” p.1

N/A

“Long waiting times
and lack of knowledge
of services are among
several factors that
may prevent lung
cancer patients being
offered
rehabilitation.” p.3247

N/A

“There is strong
evidence for the use of
pulmonary
rehabilitation and
pirfenidone to improve
6MWD and moderate
evidence for the use of
sildenafil and pulmonary
rehabilitation to improve
QoL.” p. 867

Articles Focussed on Patients With Interstitial Lung Disease Diagnosis

Bajwah et al51

• Royal Marsden and Royal
Brompton NHS Foundation Trusts, London, UK
• King’s College London,
London, UK
• Imperial College, London,
UK

Bajwah et al52

• King’s College London,
London, UK
• Imperial College, London,
UK
• Royal Marsden and Royal
Brompton NHS Foundation Trusts, London, UK

Bajwah et al53

• Royal Marsden and Royal
Brompton NHS Foundation Trusts, London, UK
• King’s College London,
London, UK
• Imperial College, London,
UK

Danoff et al54

Garibaldi et al55

• Johns Hopkins University
School of Medicine, Baltimore, MD, USA

• Johns Hopkins University
School of Medicine, Baltimore, MD, USA
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Systematic
review

N=34 articles

Fibrotic
interstitial lung
disease

“This review aims to
evaluate the evidence for
the use of interventions in
improving dyspnoea, other
symptoms and quality of
life.” p.867

Qualitative

Total participants N=18:
n=8 patients;
n=4 informal
caregivers;
n=6
healthcare
professionals

Patients with
fibrotic interstitial
lung disease,
their informal
caregivers and
their health care
professionals

“This study aims to explore
the specialist palliative care
needs of people living with
end- stage progressive
idiopathic fibrotic interstitial
lung disease.” p.869

N/A

“Education and guidance of appropriate
palliative care
interventions to improve
symptom control are
needed.” p. 869

Patients with a
clinical diagnosis
of advanced
idiopathic fibrotic
lung disease

“To obtain preliminary
information on the impact
of a case conference
intervention delivered in the
home (Hospital2Home) on
palliative care concerns of
patients and their carers,
and to evaluate feasibility
and acceptability.” p.830

Fast tracked to
Hospital2Home
(collaboration between
patients and
health care professionals) or
wait-list group

“Community case
conferences improve
palliative symptoms
and quality of life after 4
weeks. Hospital2Home
for the most part is both
feasible and acceptable.” p. 830

Idiopathic pulmonary fibrosis

“This review will focus on
aspects of
nonpharmacologic
interventions including
palliative care, mental
healthcare, pulmonary
rehabilitation, support
groups, oxygen use, and
vaccinations, as all are
available therapies that
might allow patients with
idiopathic pulmonary fibrosis to optimize their quality
of life.” p.481

N/A

“Incorporating supportive
and palliative measures in
the care of patients with
IPF may improve both
quality of life and survival,
but far more research is
needed in this fledgling
field.” p. 480

Idiopathic interstitial pneumonia

“This article will explore
common symptoms
experienced by patients
with Idiopathic interstitial
pneumonia and focus on
‘symptom- based’ therapies
and interventions that may
be effective.” p.1357-8

N/A

“Patient education and
self-management are key
components of
formulating treatment
plans and establishing
goals of care. Palliative
care is not limited to the
end-of-life and should
begin at the time of diagnosis.” p. 1363

Randomized
controlled
phase II and
feasibility trial

Review

Review

N=53 patients

N/A

N/A
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Gulati et al56

Holland et al57

Lewis et al58

http://dx.doi.org/10.17140/PRRMOJ-SE-2-105

• Yale University School
of Medicine, New
Haven, CT, USA

• Alfred Health, Melbourne, Australia
• La Trobe University,
Melbourne, Australia
• Austin Health,
Heidelberg, Australia
• Monash University,
Melbourne, Australia

• Birmingham City
University, Birmingham,
England
• Glenfield General
Hospital, Leicester,
England

Review

Qualitative

Review

N/A

Connective tissue
disease/ interstitial
lung disease

“This article addresses
supportive measures such as
supplemental oxygen and
pulmonary rehabilitation.
Issues related to quality of life,
sleep disturbances, and
identification of mood
disorders are discussed.”
p. 274

n=18 patients;
n=14
clinicians

Patients with
interstitial lung
disease and
clinicians who care
for people with
interstitial lung
disease

“This study explored the
perspectives of patients and
interstitial lung disease
clinicians regarding the
educational content of
pulmonary rehabilitation for
interstitial lung disease.” p. 93

N/A

Idiopathic
pulmonary fibrosis

“This article reviews what
is known about idiopathic
pulmonary fibrosis, discussing
diagnosis, prognostication
dilemmas, the role of
pulmonary rehabilitation, and
best supportive care.” p. 331

N/A

“In managing patients with
advanced connective
tissue associated pulmonary
disorders, clinicians may
neglect to address the daily
challenges confronting their
patients and affecting their
quality of life and general
health status.” p. 279

N/A

“We conclude that people
with ILD have specific
educational needs that may
not be met in the current
pulmonary rehabilitation
format.” p. 93

N/A

“Current pulmonary
rehabilitation programmes
may be limited in
improving lung function but
may improve patients’
functional capacity and
ability to cope with activities
of daily living as well as
providing support. The
management of key
symptoms such as
dyspnoea and cough is
largely based on clinical
practice in other chronic
diseases such as COPD,
and more research is
needed.” p. 336

Increased
resistance
during
respiratory muscle
training or
respiratory muscle
training
with no
increase in
resistance

“A home-based respiratory
muscle training program
appeared to be beneficial to
improve pulmonary function
in manifest Huntington’s
disease patients but
provided small effects
on swallowing function,
dyspnoea and exercise
capacity.” p. 961

N/A

“Regardless of the
diagnosis, the goal for all
palliative care patients
should be to maintain their
QOL and maximize their
function in
accordance with the patient
and family’s
priorities. This narrative
review article has
provided evidence to
support that rehabilitation
should be part of the
palliative care to achieve
that goal.” p. 41

N/A

“In most patients,
shortness of breath and
cough can be relieved by
a series of therapeutic
measures.” p. 563

Articles Focussed on Patients With A Huntington’s Disease

Reyes et al59

• Edith Cowan University, Joondalup, WA,
Australia
• University of Western
Australia, Crawley, WA,
Australia

Pilot
randomized
controlled
trial

N=18 patients

Patients with
manifest
Huntington’s
disease

“To examine the effects of
4-month of respiratory muscle
training on pulmonary and
swallowing function, exercise
capacity and dyspnoea in
manifest patients with
Huntington’s disease.” p. 961

Articles Focussed on Patients With A Multiple Disease Diagnosis

Barawid et al5

Bausewein et al1

• University of California
Irvine Medical Center,
Orange, CA, USA

• Munich University
Hospital, Munich,
Germany
• University Hospital
Cologne, Cologne,
Germany

Pulm Res Respir Med Open J

Review

Review

N/A

N/A

Cancer, COPD,
congestive heart
failure,
neurodegenerat
ive disorders

“This article describes the role
of rehabilitation modalities in
palliative care and reviews the
evidence for the benefit of
rehabilitative care in the
common, major diagnoses. The
following sections will focus
on major diagnoses; cancer,
COPD, CHF, and
neurodegenerative disorders.”
p.35

COPD, cancer

“This article is intended to
acquaint the reader with:
the need for standardized
assessment of shortness of
breath and cough in patients
with advanced disease, the
non-pharmacological treatment
options for shortness of breath
and cough, the most important
medications for the treatment
of shortness of breath and
cough, the role of oxygen in
the treatment of shortness of
breath and its proper, judicious
use.” p.564
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Burge et al30

• La Trobe
University, Melbourne,
VIC, Australia
• University of Melbourne,
Melbourne, VIC,
Australia
• Alfred Health,
Melbourne, VIC,
Australia
• Monash University,
Melbourne, VIC,
Australia

Farquhar et al31

• University of Cambridge,
Cambridge, UK
• Imperial College London,
London, UK
• King’s College London,
London, UK
• University of Manchester,
Manchester, UK

Higginson et al32

• King’s College London,
London, UK
• Cambridge University
Hospitals NHS
Foundation Trust,
Cambridge, UK
• University of Amsterdam,
Amsterdam, Netherlands
• Munich University
Hospital, Munich,
Germany

Malcolm et al33

• St Christopher’s
Hospice, London, UK
• St George’s University
of London and Kingston
University, London, UK
• King’s College London,
London, UK

• King’s College London,
London, UK
• Munich University Hospital, Munich, Germany

Reilly et al34

Rodgers et al

35

Swan et al36

• University of Alberta,
Edmonton, AB, Canada

• University of Hull, Hull,
UK
• University of Cambridge,
Cambridge, UK

Pulm Res Respir Med Open J

Prospective
qualitative
study

Single-centre
phase III
fast- track
single-blind
mixed
method
randomized
controlled
trial

Single-blind
randomized
controlled
trial

Qualitative,
phenomenology

Cross-sectional

Randomized
controlled trial

Review

N=67
patients

Majority of
patients had
COPD (72%),
remaining
patients had
idiopathic
pulmonary
fibrosis, or
other lung
conditions

“To evaluate the introduction
of a structured group advance
care planning information
session from the perspective
of participants
in pulmonary
rehabilitation and
maintenance
programmes.” p. 508

Breathlessness Intervention
Service vs.
standard
care

”Breathlessness
intervention service had a
statistically non-significant
effect for patients with nonmalignant conditions, and
slightly increased service
costs, but had a qualitatively
positive impact consistent
with findings for advanced
cancer.” p.1

“We assessed the effectiveness of early palliative care
integrated with respiratory
services for patients with advanced disease and refractory
breathlessness.” p.979

Breathlessness
support
service

“… findings provide robust
evidence to support the early
integration of
palliative care for patients with
diseases other than cancer
and
breathlessness as well as
those with cancer.” p. 979

“The aim of this study was
to explore patients’ experiences of
participating in group exercise classes in a hospice
setting.” p.1

Participation
in a group
exercise
class

“This study highlights the
positive experiences and
value of group exercise
classes to groups of people
with diverse cancer and noncancer conditions.” p.1

N=87
patients

Majority of patients
had COPD (80%),
remaining patients
had “other” nonmalignant lung
disease

To evaluate the
effectiveness of a
breathlessness
intervention service

N=105
patients

Majority of patients
had COPD (54%),
and the remaining patients had
cancer (20%),
interstitial lung
disease (18%),
or other (8%)

N=9
patients

Majority of patients
had cancer (56%),
the remaining
patients had
end-stage lung
disease (33%), or
“other”

N=25
patients

N=40
patients

N/A

Majority of patients
had COPD (56%),
the remaining patients had cancer
(24%), idiopathic
lung disease
(16%),
or other (4%)

Majority of patients
had COPD (63%),
followed by
asthma (27%), or
other lung conditions (10%)

COPD, cancer

N/A

“Participants in our
pulmonary rehabilitation and maintenance
programmes value the
opportunity to participate in
a structured, group-based
advance care planning
session” p. 508

“This study aimed to
describe patients’
experiences of the
breathlessness support
service and identify the
aspects valued.” p.313

“This study
compared the long-term
effects of exercise and
social implementation
intentions
interventions on
objectively
measured physical activity.” p.480

“Therefore, it is timely
and relevant to review the
research available for the
efficacy and
appropriateness of facial
or nasal airflow.” p.206

Breathlessness
support service

Exercise
implementation
intervention
vs. social
implementation
intervention

N/A

“Patients’ satisfaction with
the breathlessness support
service was high, and identified as important to this was
a combination of
personalised care,
nature of staff, education
and empowerment, and use
of specific
interventions.” p. 313
“Improvements attained by
the exercise group during
the intervention were not
maintained 6-months following
rehabilitation.
Implementation
intentions targeting physical
activity appear to have
positive short term effects
on physical activity, although
the long term effects are less
consistent” p. 480
“The hand-held fan should
be considered as one of
the first
interventions to try in management plans for patients
who present with mild
hypoxaemia or
normoxaemia and chronic
refractory
breathlessness at rest or on
minimal exertion” p. 206
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Weingaertne et al37
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• University Hospital of
Cologne, Cologne,
Germany
• Protestant Hospital
Oldenburg, Oldenburg,
Germany
• University Hospital
Munich, Munich,
Germany
• King’s College London,
London, UK

Prospective,
cohort study

N=82 patients
(n=50 patients
with COPD; n=32
patients with lung
cancer)

A range of study designs were employed including randomized controlled trials, interventional studies, observational
studies, and qualitative studies primarily involving semi-structured interviews, surveys, or questionnaires. The majority of
studies were interventional (n=15) or mixed methods/qualitative
(n=15), with the majority of the studies focussed on populations
with COPD (n=17) and cancer (n=6). There were a number of
review articles (n=14), with equal focus on COPD (n=5) and
interstitial lung disease (n=5). The remaining study designs were
randomized controlled trials (n=5) with the majority of studies
coming from a patient population of multi-disease diagnoses
(n=3), observational studies (n=5), case report (n=1), and retrospective feasibility analysis (n=1). The article on Huntington’s
disease was a pilot randomized controlled trial. Most articles
originated in the United Kingdom (n=15), or the USA (n=13 articles), with other countries contributing as well; Canada (n=5),
Germany (n=4), Australia (n=4), The Netherlands (n=3), and
other countries (n=4). The remaining studies had contributions
from multiple countries (n=8).
Chronic Obstructive Pulmonary Disease (COPD)

COPD is a chronic progressive terminal disease, that although
can be treated, cannot be cured. The trajectory of the disease is
usually a progressive decline with periodic acute exacerbations.
Each exacerbation that leads to hospitalization increases the risk
of death, with mortality rates as high as 22% at 12 months posthospitalization.22 Pulmonary rehabilitation therefore has a role to
play in preventing exacerbations by trying to prevent deterioration and building up resistance. In later stages of COPD, patients
often experience dyspnea, decreased ability to carry out activities of daily living, anxiety and depression, pain, and insomnia.
Most patients with COPD report dyspnea as their most distressing symptom.10 Of patients with severe COPD, the prevalence
of depression ranges from 37% to 71% and the prevalence of
anxiety ranges from 50% to 75%.27 In one study, about 13% of
patients with severe COPD reported a loss of dignity that was
correlated with anxiety and depression but not lung function.25
Community dwelling palliative home care patients experiencing dyspnea were more likely to show overall signs of distress.2
Dyspnea appears to be directly related to anxiety and depression,
because by improving symptoms of shortness of breath, rates of
anxiety and depression also improved in the same patient.10 Patients therefore opted to treat dyspnea and anxiety/depression together as opposed to separately.10 Pulmonary rehabilitation and
palliative care can come together to address the physical detePulm Res Respir Med Open J

Majority of patients
had COPD (61%),
the remaining had
lung cancer

“To describe and compare
the courses of refractory
breathlessness, functional
status, distress, and
palliative care needs in
patients with advanced
chronic COPD or lung
cancer over time.” p.569

N/A

“The palliative care needs
of patients with advanced
chronic obstructive pulmonary
disease are comparable with
lung cancer patients, and
breathlessness severity and
distress are even higher.”
p. 569

rioration of patients with COPD to prevent exacerbations. Focus
can also be put on the psychological well-being of the patient to
improve depression and anxiety as both contribute to functional
decline in patients with COPD.
Traditionally, palliative care has most often been associated with patients suffering with terminal cancer, and less so
on patients with chronic illnesses such as COPD. This may be
due to the fact that the trajectory to death is often less clear in
chronic illnesses as compared to terminal cancer.60 Therefore,
referral to pulmonary rehabilitation and palliative care may
be given too late or not at all for patients with chronic illness.
Patients with COPD have been found to have a worse QoL as
compared to patients with cancer but may survive 5 times as
long on average.10,16 Patients with COPD also report higher perceived breathlessness and report experiencing severe to very
severe breathlessness over the past 24 hours at a rate 3 times
higher as compared to patients with lung cancer receiving palliative care.37 Severity of perceived breathlessness was also correlated with more palliative care needs in persons with COPD
but not for those with lung cancer.37 It is therefore ideal to refer
patients with COPD to pulmonary rehabilitation and palliative
care as soon as they become symptomatic. Palliative care and
pulmonary rehabilitation should be implemented earlier on in
COPD disease progression and programs should be tailored to
the specific needs of persons with this disease as these needs are
different from those with cancer, such as longer survival, worse
QoL, and more palliative care needs.10,16 In doing so, this may
help to alleviate dyspnea, anxiety, and depression and therefore
improve QoL at end-of-life.
Benefits of Pulmonary Rehabilitation for Patients with COPD in
Palliative Care

Pulmonary rehabilitation does not address the underlying pathology of COPD, but works to improve the impairment in function and assist with symptom management.5 Exercise is at the
core of a pulmonary rehabilitation program and it works to recondition the legs and other peripheral muscles in the body to
use oxygen more efficiently, therefore requiring less.27 If patients
are not able to perform physical exercise, such as in the later
stages of their disease, neuromuscular electric stimulation has
been shown to be effective. Stimulating leg muscles in order to
increase strength in patients with COPD showed improvements
in shortness of breath measurements. The beneficial effect is
only seen after 4-6 weeks of regular stimulation (3-5 sessions
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per week) so may not be feasible in very end-of-life care.1
Pulmonary rehabilitation includes: teaching breathing
exercises, educating patients on the importance of smoking cessation, as well as highlighting how to recognize an oncoming
dyspnea attack and equipping patients with methods on how
to control it. A Taiwanese randomized clinical study followed
patients with COPD over the course of a 12-week pulmonary
rehabilitation program.17 It showed that patients in the rehabilitation arm of the study improved in lung function, distance on the
6-minute walk test, and QoL measures. Programs as short as 4
weeks have also been shown to improve health related QoL and
functional exercise capacity in patients with COPD.5 Pulmonary
rehabilitation is under-utilized in palliative care possibly due to
the perceived lack of cost-benefit ratio, due to limited prognoses,
as well as the inaccessibility of the out-patient based clinics for
this patient population.5 For palliative care patients that may not
be well enough to attend an out-patient based 12- week pulmonary rehabilitation program, a Breathlessness Support Service
(BSS) with limited out-patient appointments may be an alternative option. In a randomized, single-blinded study, patients with
COPD were assigned to either the BSS or care as usual.32 The
BSS integrated many disciplines including both palliative care
and pulmonary rehabilitation. The service consisted of 3 stages.
The first stage is an outpatient clinic appointment with respiratory medicine and palliative care physicians. The second stage is
a home assessment by a physiotherapist/occupational therapist
done 2-3 weeks after the initial visit. The final stage, completed
4 weeks after the initial visit, is a second clinic appointment with
a palliative care specialist. Following the 4 weeks, patients in
the Breathlessness Support Service reported better mastery of
breathing and also showed a longer survival rate for 6 months
after randomization.32 In a follow-up to this study, patients who
used the Breathlessness Support Service were asked to fill out
questionnaires.34 A total of 84% of participants who filled out
the survey said they found the service useful, and that it helped
them manage their breathlessness as well as mood and mobility. A similar service also from the United Kingdom, termed the
Breathlessness Intervention Service (BIS), was evaluated to determine if it could influence patient’s reports of distress from
breathlessness.31 The BIS is a multidisciplinary intervention that
educates patients on breathing techniques, secretion clearance,
mindfulness and relaxation, exercise, and energy conservation.
Although the results were non-significant for the primary outcome of patient distress due to breathlessness at 4 weeks, 92%
of patients reported it had made a positive impact on their lives.31
Pulmonary rehabilitation efforts do not need to be complex or expensive. One study showed that placing a hand held
fan in front of a patient’s face and nose can improve shortness of
breath in some patients.1,36 Another study suggested that pursedlip breathing can be effective in helping with breathlessness.10
Other unique avenues for rehabilitation, including therapeutic
singing have been tried.13 One feasibility study involving therapeutic singing reported there were no improvements in health
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related QoL, exercise capacity, or perceptions of illness at the
end of the singing trial, although the singing intervention was
received enthusiastically by patients.
Since access to hospital-based pulmonary rehabilitation programs can be a barrier to use, newer technologies such as
telerehabilitation can be implemented to reach patients receiving
palliative care, whether it be home based or located in a facility.
The feasibility of this was recently tested in a pre-experimental study on the effectiveness, satisfaction, and adherence to a
telerehabilitation intervention.20 Patients with moderate to very
severe COPD participated in 15 in-home teletreatment sessions.
Overall this resulted in improvements in the 6-minute walk test
as well as in dyspnea, fatigue, and emotion.
Another pilot study using telehealth technology to reach
patients trialed teaching pursed-lip breathing using Skype.19 The
study demonstrated that there was an improvement in QoL, and
further showed that as dyspnea worsens, pursed lip breathing
may become more effective.19 This intervention may therefore
be useful for palliative care patients that are suffering from very
severe COPD and who may be house or hospice-bound.
Traditionally, patient improvements in rehabilitation
have been evaluated for functional independence such as the
6 minute walk test. Newer studies addressing pulmonary rehabilitation in palliative care patients should consider alternative
methods of monitoring progress as patients may not have functional independence at baseline. A comprehensive standardized
assessment instrument such as the interRAI Palliative Care Assessment instrument,61 and more specifically the dyspnea Clinical Assessment Protocol (CAPs)62 might be better suited to monitor client progress in this palliative patient population.
Motivation for Patients to Complete Pulmonary Rehabilitation

Motivating patients to engage in and complete pulmonary rehabilitation interventions can be challenging. Up to 50% of patients
with COPD enrolled in a pulmonary rehabilitation program did
not attend any sessions, despite convincing evidence for the
benefit of rehabilitation in this patient population.21 Studies have
shown that patients with COPD that lead active lives before developing COPD tended to be more motivated to do pulmonary
rehabilitation whereas patients that were more sedentary before
developing COPD did not increase activities because of starting
a pulmonary rehabilitation program.26 Risk factors for dropout
or nonadherence to pulmonary rehabilitation include depressive
and anxiety symptoms.21 The development of depressive symptoms in patients with severe to very severe COPD also indicates
a higher risk of dying at 12 months.60 Of note, pulmonary rehabilitation offers the most benefits to patients who score highest
in anxiety and depression before starting rehabilitation, as well
as patients who have not adapted (physically or psychologically)
well to the disease.23,27 Unfortunately, as noted above, these are
also the same patients whom are least likely to finish rehabilita-
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tion even though they would derive the most benefit. Noticing
a change in baseline, or the development of anxiety and depression, should warrant the involvement of palliative care and pulmonary rehabilitation in the patient’s care if they are not already.
Simply enrolling patients in pulmonary rehabilitation
programs and having them attend however, may not be sufficient. In fact, patient’s illness perspectives before starting pulmonary rehabilitation have been linked to less favourable outcomes post-rehabilitation.29 Patients create their own ideas about
the identity of the disease, consequences, and controllability of
it. As an illustrative example, a maladaptive belief such as “my
disease will worsen regardless of what I do and I deserve to have
it” could result in increased levels of anxiety and depression,
and may lead to less motivation to attend or complete a pulmonary rehabilitation intervention. The disease course of COPD
has been shown to have 4 psychological stages associated with
it including: denial, resistance, sorrow, and acceptance.9 Placing patients into pulmonary rehabilitation before they reach the
acceptance phase may not provide functional improvements for
that patient. In fact, patients with severe to very severe COPD,
who began pulmonary rehabilitation with negative beliefs about
the impact of their disease and showed higher levels of fear, anxiety, and distress, saw fewer improvements in exercise capacity and less distance increases in the 6-minute walk test.29 It is
therefore important to identify maladaptive beliefs and misconceptions early on in treatment and work towards changing these
beliefs to facilitate opportunity for the best possible outcome.
Options to achieve this include: screening patients for which
phase of the “grief process” they are in, and then combining
pulmonary rehabilitation with collaborative self-management,
and mindfulness based therapy. The Acceptance of Disease and
Impairments Questionnaire (ADIQ) can be administered to patients before they begin, so that rehabilitation can be tailored
to where on the spectrum they fall (denial, resistance, sorrow,
or acceptance).9 Collaborative self-management is a healthcare
intervention which places patient self-care efforts as well as beliefs at the core of treatment. Pulmonary rehabilitation teaches
patients with COPD what they can do, whereas collaborative
self-management provides the “will do”.
Collaborative self-management attempts to change
unhealthy beliefs and then maintain healthy behaviours and
mindsets.24 Often, reported symptoms of the disease are not in
line with expected results from physiological test results, which
may result from poorly adapted beliefs and viewpoints of the
disease.23 One study was able to put moderate COPD suffers into
two categories: patients who reported low impact of disease on
health status and patients who reported high impact of disease on
health status despite both populations having similar physiological impairments.23 Although, both patient populations improved
with pulmonary rehabilitation, the patients that subjectively experienced a higher impact of disease on their overall health status benefited most from a pulmonary rehabilitation program.23
Changing patients’ beliefs and understanding of their disease is
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therefore an important part of rehabilitation. Another therapy
to assist patients is mindfulness based therapy. An 8-week trial
of mindfulness based therapy was carried out to evaluate patient’s awareness of breathlessness, activity levels, anxiety or
low-mood after the trial.18 As opposed to pulmonary rehabilitation which focuses on how to control the breath, mindfulnessbased cognitive therapy focuses on noticing the breath and
“turning toward difficulty.” An interesting observation from this
study was that participants described “stepping back” from the
breathlessness-fear cycle and creating a “safe-space” in which
to choose an appropriate response to their symptoms. Instead
of allowing fear and anxiety to drive their thought cycle during a dyspnea attack (“I cannot breathe! I am going to die”),
patients took control of the situation and thought through the
best course of action.18 This led to some participants implementing pulmonary rehabilitation advice for the first time. Pulmonary
rehabilitation techniques were not taught during the study, so
participants were linking what they were taught in pulmonary
rehabilitation with mindfulness in a way that worked for them.
Another study showed most patients with COPD were willing to
try mindfulness based techniques if they were taught in a short
session in pulmonary rehabilitation by an enthusiastic knowledgeable trainer.14 Although, breathing techniques are taught in
pulmonary rehabilitation, re-enforcing those techniques and empowering patients to gain control over their breathlessness with
mindfulness-based therapy appears to be a promising avenue.
Barriers to Pulmonary Rehabilitation in Palliative Care

There are many barriers to patients accessing pulmonary rehabilitation and palliative care in the context of COPD. Examples
include: patients attributing their symptoms to a natural case of
“getting older” and therefore do not seek help, a patient holds
a belief that there are no treatments available to improve their
situation, or a patient may have guilt for causing their condition, fear they will be judged and blamed for their condition
and therefore do not deserve or seek treatment.4,15,16 One study
showed that patients with COPD admitted to having dyspnea
severe enough to disrupt their lives and accepted this as a normal
part of life rather than as a consequence of the disease.4 Patients
also identified distance as a barrier to participating in pulmonary
rehabilitation including transportation to and from and the associated cost in getting to the hospital.21 Another barrier appears
to be a lack of education in the general population as to what
COPD is and the time course of the disease. When interviewing
patients and health care professionals in the United Kingdom,
there was agreement between the two groups about a lack of
knowledge about COPD and the trajectory of the disease at the
national, local, and individual level.11 Another studied indicated
that poor communication among health care professionals and
with patients as to what pulmonary rehabilitation is and how it
can benefit patients, frequently occurs.12,26 Patients complained
that health care providers were not taking the time to explain
their condition and offer solutions. Contributing to this problem
was that some patients felt their general practitioners had lim-
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ited knowledge about pulmonary rehabilitation and they were
therefore not told of the benefits of rehabilitation or simply not
referred to these programs at all.12,21,26 One study found only
3-16% of eligible patients were referred for pulmonary rehabilitation.12 Even the referring physician’s attitude toward pulmonary rehabilitation influences whether a patient will attend
or not.21 Healthcare professionals need to improve tailoring of
education to meet the individual needs of their patients regarding COPD and its trajectory, referring patients to and discussing
benefits of pulmonary rehabilitation, and involving palliative
care early on in their patient’s treatments so that patients can
derive maximum benefit.
Advanced Directives Introduced in Pulmonary Rehabilitation

The unpredictable course of COPD and the lack of education/
understanding patients have regarding the debilitating course of
the disease, means that end-of-life directives and access to palliative care is often started too late. Despite this, patients report
that their physicians are not very willing to discuss the topic of
advanced directives.16 Invariably, these decisions are often left
to a time late in the disease trajectory when patients may not
be well enough to participate in the decision making process.
This is especially true for patients with COPD. In one study only
31% of patients with advanced COPD correctly estimated that
their life expectancy was less than 1 year, in the month before
their death.16 Pulmonary rehabilitation may be a well-suited environment for patients to be educated on and discuss end-of-life
directives. In a study of 67 participants with a range of chronic
lung diseases, the majority of participants felt pulmonary rehabilitation was an appropriate setting to discuss advance care
planning.30 The participants also accepted the group format and
were happy to receive the information from a non-medical facilitator.30 Since some patients may receive pulmonary rehabilitation earlier on in the disease trajectory before they encounter
palliative care, rehabilitation may be an appropriate setting for
patients to be introduced to and discuss advanced directives before they functionally decline.
Geriatric Rehabilitation for COPD

Geriatric rehabilitation has emerged as a new field. Although,
the rehabilitation approach is the same as in pulmonary rehabilitation (multi-disciplinary and patient-centred), the patient
population it targets is aged. Older adult patients referred to geriatric rehabilitation often have many co-morbidities and differ
in their rehabilitation goals as compared to younger, healthier,
or more mobile patients. Geriatric care is primarily for patients
who are usually more advanced in the disease trajectory and who
may be excluded from other pulmonary rehabilitation programs
due to the patients advanced age and disease stage. A study has
shown that elderly patients (mean age=70 years) who refused to
participate in a pulmonary rehabilitation program after a COPD
exacerbation cited non-interest (39%) or felt “too sick or frail” to
participate (24%) as the two main reasons for declining pulmo-
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nary rehabilitation.8 To counter this perspective, a geriatric rehabilitation study was performed on patients (average age=68.9
years) with severe and very severe COPD. The results showed
that patients improved on the 6 minute walk test (208 m (±119m)
to 274 m (±122m)), on activities of daily living (Barthel Index),
and less patients were underweight when the study concluded.28
This suggests a pulmonary rehabilitation program tailored specifically to elderly patients with severe/very severe COPD is still
beneficial. As mentioned above in the “Barriers to Pulmonary
Rehabilitation” section, communication between healthcare
providers and patients’ needs to be strengthened so that patients
can see and experience the value and importance of participating in pulmonary rehabilitation. Healthcare providers should
also be realistic about the outcomes of pulmonary rehabilitation,
as a study has shown that patient expectations (“to be cured of
the disease”) can often be confused with physician goals (“to
improve walking distance”).26 When communicated clearly to
patients, pulmonary rehabilitation programs and specifically geriatric rehabilitation programs, can help focus a patient to set
realistic goals so that patients can maintain activities that are
important to them.26,28 Information should also be given to the
patient that regardless of how advanced their disease is, there is
potential for rehabilitation to assist with improving health status
and functional capacity.28
Cancer

Rehabilitation for persons with advanced cancer has been shown
to be feasible and beneficial.39,40,42,44 Even in later stages of palliative care, patients wish to maintain some level of independence and to be physically strong.40 Disability and loss of independence can occur in this population due to prolonged bed rest,
resultant deconditioning, and musculoskeletal complications of
treatment.5 Patients also expressed a need for help with tiredness and lack of energy.44 Rehabilitation can address these issues and help patients to maintain some degree of function. A
home exercise program adapted to patients with stage IV lung
and colorectal cancer over 8-weeks showed improved mobility, fatigue, and sleep quality compared to usual care.39 Patients
also commented that physical therapy was important to them
and provided comfort as well as increased capabilities of carrying out daily routines and offering hope.40 Although, a possible
benefit for neuromuscular stimulation was reported for patients
with COPD, there does not appear to be any functional benefit
for patients with lung cancer, although changes in dyspnea were
not studied.49
A study showed that implementing an exercise or therapy program for terminally ill cancer patients (primarily lung
cancer) was feasible in >90% of cases.44 Fifty-four percent of
patients could perform physical exercise whereas, the remaining
patients experienced relaxation therapy or breathing exercises.
Authors reported that a study looking at the outcomes of aerobic exercise, resistance training, or a control group in patients
with metastatic lung cancer is being planned.45 This study could
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provide insight into the type of exercise advanced lung cancer
patients would most benefit from to allow tailored rehabilitation
programs to be designed.
Patients with lung cancer experience a respiratory
symptom cluster that consists of breathlessness, cough, and fatigue that is often not relieved from pharmacological treatment
alone.41 Usually, only breathlessness is targeted for treatment,
leaving the other symptoms present. When patients with lung
cancer were asked what were important characteristics of nonpharmacological interventions to manage their symptoms they
mentioned the importance of seeing benefits in the short-term,
easy/simple exercises they could fit into their routine, the timing
of suggested interventions, and the venue of where the intervention would be given. Due to differing opinions in this study, it
would be helpful if there was an adaptable rehabilitation program
that could cater to the specific needs of individual patients and
their preferences.41 Patients also mentioned they would not use
interventions that they felt were not relevant to them. It is important therefore, that the education side of pulmonary rehabilitation is continually and consistently given to patients throughout
their program, re-enforcing the benefits of rehabilitation. A BIS
in the United Kingdom seemed to implement this individualized
intervention program for patients with advanced cancer (mostly
lung).42 The service was provided for 2 weeks and usually consisted of consultations in the patient’s home. Integrated services
educated patients, provided resources, and connected them with
palliative care. If deemed necessary, patients could be referred to
other services (including further rehabilitation). Patients reported managing their breathlessness better, and feeling less anxious
or fearful. Even simpler interventions may assist patients with
intrathoracic cancer.46 The teaching of breathing management
techniques were delivered over a one-hour long session or over
three one-hour long sessions. In terms of the primary outcome,
patient reported intensity of worst-breathlessness over the past
24 hours was the same in both groups.46 Suggesting even a brief
pulmonary rehabilitation counseling session may prove beneficial and cost-effective, especially when patients may have a limited prognosis.
Barriers to Pulmonary Rehabilitation in Patients with Cancer

Similar to patients with COPD, patients with cancer experience
many barriers to accessing pulmonary rehabilitation. In a questionnaire sent to healthcare professionals, primarily doctors and
nurses, 84.7% perceived that rehabilitation was beneficial to
their patients with lung cancer.50 However, only 59.3% of health
care professionals (primarily nurses and doctors) reported that
they would initiate a referral to rehabilitation services.50 Barriers to referral were: lack of knowledge about services, long-wait
list times, and the perceived idea patients did not want rehabilitation services. Another study found similar results. The major
barriers to access were lack of knowledge about palliative care/
rehabilitation services and lack of physician referral.47 Patients
diagnosed with lung cancer were half as likely to access pal-
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liative care/rehabilitation services when compared to patients
diagnosed with another cancer type.47 Due to the high-level of
symptom burden experienced by patients with lung cancer, this
information warrants further investigation. Although, the survival rate for lung cancer is shorter as compared to other cancers,
palliative care and rehabilitation should nevertheless be started
in these patients as early as possible to assist with symptoms and
QoL issues.
End-of-Life care

In the advanced stages of cancer, addressing unresolved psychological issues may improve physical well-being and assist
in managing other symptoms. A case-report describes a woman with advanced lung cancer who presented to an emergency
department with worsening dyspnea.38 She was referred to an
acute palliative care unit. While there, it was discovered that
she was supposed to be married the weekend she was admitted
to hospital. In consultation with the patient and her family, it
was determined that the wedding should take place in the patient’s hospital room. After the wedding the patient’s dyspnea,
anxiety, depression, and well-being scores all improved.38 This
highlights the important impact taking the patient’s whole self
into context and treating all aspects of the patient’s suffering can
help in symptom management and alleviate physical as well as
psychological suffering.
In the last week before death, self-reported dyspnea
greatly increased in patients with cancer, intensifying as death
approached, whereas depression decreased.43 Pain and nausea
were reasonably well controlled. Although, dyspnea may be unavoidable in the last stages of life, studies aimed at discovering
novel interventions to assist in managing this distressing symptom at end-of-life are warranted.
Interestingly, patients with lung cancer at end-of-life
in a palliative care unit experienced less dyspnea as compared
to the same patient population cared for at home.48 Therefore,
some interventions are effective at decreasing dyspnea right before death. However, there is still much that can be learned about
how to manage dyspnea in the actively dying.
Interstitial Lung Disease

Interstitial lung disease is an umbrella term for over 200 different types of diseases that primarily affect the parenchyma
of the lungs. Interstitial lung disease can be broadly separated
into known causes (medications, autoimmune conditions, environmental exposure) or unknown causes (idiopathic pulmonary
fibrosis). They are a progressive, debilitating group of diseases
and once diagnosed the median survival time is 2-3 years.58 Aside
from lung transplantation there are no viable treatment options
available that impact morality rates.54 Patients with interstitial
lung disease experience shortness of breath, cough, and insomnia. Shortness of breath is a common symptom among persons
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nearing end-of-life, with over 90% of patients with interstitial
lung disease experiencing it.52,55 Patients expressed frustration at
the way their illness limits their abilities to carry out activities
of daily living and how it impacts their independence. The goals
of managing interstitial lung disease should therefore involve
maintaining function, improving QoL, and reducing disease related complications. There is strong evidence that pulmonary rehabilitation can improve 6 minute walk test outcomes (increasing patient endurance), moderate evidence that it can improve
QoL, and it may assist with managing dyspnea for patients with
fibrotic interstitial lung disease despite decreases in lung function.51,54-56 However, there are no guidelines for maintenance of
pulmonary rehabilitation for these patients once the program finishes. The benefits of pulmonary rehabilitation for patients with
interstitial lung disease are not as sustained as compared to patients with COPD after the program has ended.54,55,58 This could
be due to a non-tailored pulmonary rehabilitation protocol given
to patients with interstitial lung disease or the lack of a formal
maintenance program.
Most patients with interstitial lung disease (particularly
idiopathic pulmonary fibrosis) understand they have a progressive and eventually terminal diagnosis however, many do not understand their prognosis or how the disease will manifest in the
later stages.57 A study showed that only 13.7% of patients with
interstitial lung disease were referred to palliative care.55 Palliative care has a central role for caring for and educating patients
with interstitial lung disease and patients should be referred to
these services at the time of diagnosis. Poor communication and
coordination of care may occur53 therefore, organization of care
and improved communication across disciplines, including with
the patient themselves regarding disease progression, is needed.
In an attempt to improve communication, a trial called Hospital2home was tested.53 The trial involved the patient, their carer,
a Hospital2Home nurse, a general practitioner, a community
nurse, a respiratory nurse, and a community palliative care nurse
(as well as any other health/social care professional involved in
the patient’s care they felt were important to attend). Before the
case conference, the Hospital2Home nurse contacted the patient
to discuss which issues were of importance to them and what
they hoped to achieve from the case conference. During the case
conference, current and anticipated issues were discussed including physical, psychological, social, and spiritual concerns.
If appropriate, end-of-life issues were also discussed. At the end
of the meeting an action plan was agreed upon for each concern
discussed and assigned to a healthcare professional.
Afterwards an individualized care plan was drafted.
This plan was then communicated to all healthcare professionals
involved in delivering care to that patient. Overall, this resulted
in improvement of symptom control and QoL, including anxiety
and depression, for patients receiving the intervention.53 Therefore, involving all members who provide patient care, whether
they be a family physician, palliative care nurse, or respiratory
therapist leads to overall satisfaction and improved health outcomes in the patient.
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Pulmonary rehabilitation programs are usually designed around patients living with COPD and may or may not be
generalizable to persons with interstitial lung disease. The needs
of patients with interstitial lung disease, including different
physiological reasons for exercise limitations, quicker disease
progression, and shorter survival times, contrast the trajectory
experienced by patients with COPD who may live longer and
progress more slowly across their disease course.54,57 Although,
patients with interstitial lung disease appreciated the general information given in pulmonary rehabilitation related to COPD,
they preferred information more tailored to their condition including how to manage cough and strategies to limit disease
progression.57 The majority of patients interviewed for a study
voiced the opinion that they would like to discuss end-of-life
issues in pulmonary rehabilitation, once again suggesting this
may be an appropriate setting to begin this conversation.57 Many
patients also supported the group nature of discussing end-oflife issues and actually preferred it to individual meetings.
Pulmonary rehabilitation should therefore strive to address and tailor programs to the differing disease populations it
targets and serves.
Huntington’s disease

Huntington’s disease is a terminal genetic condition which
mainly results in death from complications due to poor pulmonary function.59 One study in the current review reported the effects of a respiratory muscle training program piloted on randomized patients with Huntington’s disease. The trial consisted
of home-based inspiratory (5 sets of 5 repetitions) and expiratory (5 sets of 5 repetitions) muscle training, 6 times a week
for 4 months. At the end of the trial, lung function improved,
but there were smaller non- significant effects on dyspnea and
the 6-minute walk test.59 Although, Huntington’s disease may
not be as prevalent as COPD or cancer, patients still experience
progressive decline and eventual death due to failed pulmonary
function. Further studies are needed to investigate whether or
not pulmonary rehabilitation and palliative care provide benefit
in this patient population and since the disease can be detected
very early on through genetic testing, the appropriate time to
initiate these interventions.
DISCUSSION AND CONCLUSION

Although, pulmonary rehabilitation and palliative care were
addressed above in individual sections and it was suggested to
tailor therapy to disease, there were also studies that looked at
combining rehabilitation across different diseases. One study
looked at a group exercise intervention including patients with
cancer, advanced respiratory diseases, and amyotrophic lateral
sclerosis (ALS) and found beneficial effects of the exercise class
across all patient groups.33 Patients reported improvements in
physical function, a positive effect on the ability to complete
activities of daily living, as well as enhanced mood. The environment was also described as supportive, allowed sharing of
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information, and promoted self-management. It was not the
social interactions alone however, that provided the benefit as
one study showed that patients with COPD randomized to an
exercise group versus a social group (unrelated to exercise) only
the exercise group showed improvements in the number of steps
taken.35 The group delivery of a pulmonary rehabilitation program across different disease states still provided benefits, while
it also allowed for an economical cost-benefit ratio. Hospices or
palliative care units could therefore provide a pulmonary rehabilitation program for all of their patients regardless of the type
of disease they have.
While there are a number of trials examining the benefits of pulmonary rehabilitation in patients with COPD, there is a
corresponding lack of trials examining pulmonary rehabilitation
in other diseases such as lung cancer, interstitial lung disease,
and Huntington’s. Most pulmonary rehabilitation programs are
based around COPD and its disease specific requirements. It
would be of value if tailored pulmonary rehabilitation programs
were offered to other patient groups and the outcome of these
programs were monitored.
A common theme emerging across patients with COPD,
cancer, and/or interstitial lung disease is the lack of knowledge
regarding palliative care and pulmonary rehabilitation and the
benefits both services can provide. Patients are frequently not
being referred to these services12,21,26,47,50,55 and even if they are,
there are considerable barriers that must be overcome in order
for the patients to be able to attend pulmonary rehabilitation.
Healthcare providers need to be educated about pulmonary rehabilitation and the evidence that supports its benefits in patients
with a wide degree of chronic as well as malignant conditions.
Barriers to access need to be overcome. There is promise in
pulmonary rehabilitation programs being offered remotely by
telerehabilitation. Further studies, should examine if patients received as much benefit from shorter telerehabilitaiton programs
as they do from traditional hospital based 12-week programs.
Pulmonary rehabilitation has repeatedly been shown
to be beneficial in helping to manage dyspnea, anxiety and depression, and functional capabilities of patients suffering from
chronic lung diseases. Although, much evidence exists regarding its benefits, patients are frequently not referred soon enough
or not referred at all to pulmonary rehabilitation and palliative
care services. Patients and healthcare providers should be educated on the benefits of both services. An important concept is
one of adaptability. Although, chronic lung diseases present with
similar symptoms, including dyspnea, tailored and individualized plans appear to be important to the success of these programs. Pulmonary rehabilitation has been shown to be beneficial
in even advanced stages of disease, so it is an appropriate intervention to give in a palliative care setting. The end goal of palliative care and pulmonary rehabilitation is to ensure the physical
and emotional well-being of the patient and to enable function
while managing symptoms. Pulmonary rehabilitation and palliaPulm Res Respir Med Open J
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tive care should therefore synergistically work together to provide patients with the best possible outcome with the time they
have left.
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ABSTRACT

As pulmonary rehabilitation can provide various benefits on managing the symptoms of dyspnea, alleviating dyspnea represents a major goal in pulmonary rehabilitation. Dyspnea appears
not to be just a single sensation, as it includes the three sensory quality of dyspnea; work/effort,
air-hunger and chest tightness. In addition to sensation of dyspnea, complex emotions including anxiety, attention and fear can involve through processing of the limbic system. Recent
studies emphasized the multidimensional nature of dyspnea in the sensory-perceptual (intensity and quality), affective distress and impact domains. This review focused on the underlying mechanism of dyspnea and recent advances in assessment in pulmonary rehabilitation in
chronic obstructive pulmonary disease (COPD).
KEY WORDS: Dyspnea; Air-huger; Chest tightness; Multidimensional approach.
ABBREVIATIONS: COPD: Chronic Obstructive Pulmonary Disease; FEV1: Forced Expiratory

Volume in 1 s; BDI: Baseline Dyspnea Index; TDI: Transition Dyspnea Index; MDP: Multidimensional Dyspnea Profile.

INTRODUCTION

Dyspnea generally decreases functional status and psychological health in diverse respiratory
disease who require the pulmonary rehabilitation. Specifically, in chronic obstructive pulmonary disease (COPD), dyspnea has been shown to be better predictor of 5-year survival than
forced expiratory volume in 1 s (FEV1).1 Since it is well-known that pulmonary rehabilitation
can provide help to manage the symptoms of dyspnea2; therefore, alleviating dyspnea represents a major goal in pulmonary rehabilitation. This review focused on the underlying mechanism of dyspnea and assessments in pulmonary rehabilitation in COPD.
THE DEFINITION AND SENSORY QUALITY OF DYSPNEA

Copyright
©2017 Kanezaki M. This is an
open access article distributed under the Creative Commons Attribution 4.0 International License (CC
BY 4.0), which permits unrestricted
use, distribution, and reproduction
in any medium, provided the original work is properly cited.
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On the American thoracic society/European respiratory society (ATS/ERS) statement, dyspnea
can be defined as “subjective experience of breathing discomfort that consists of qualitatively
distinct sensations that vary in intensity”.3 As this statement concludes,3 dyspnea appears not
to be a single sensation. At least, there would be three distinct sensations of dyspnea; 1) work/
effort (“breathing takes work or effort”); 2) tightness (“chest is constricted, chest feels tight”;
3) air hunger (unsatisfied inspiration, urge to breathe and starved for air).3 There are solid
evidences showing that these respiratory sensations may consist of qualitatively distinct neurophysiological mechanisms.4
Work/effort may be originated from increased respiratory motor command. In addition, it has been reported that air hunger may derive from increased central chemoreceptors that
are stimulated by hypercapnia.5,6 On the other hand, activation of C-fiber receptors or rapidly
adapting stretch receptors induced by bronchoconstriction may play key role in the production
of sensation of chest tightness.7 The peripheral afferent inputs involved in these above sensa-
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tions are thought to convey each cortical pathway, pathway parallel to respiratory somatic sensation or limbic system.8,9 Thus,
the variety on these neurophysiological mechanisms is thought
to lead to the distinct treatment for the perceptions. However, despite no single sensation, only labeled dyspnea during physical
exercise has been mainly focused in most pulmonary rehabilitation research or practice.
THE UNDERLYING MECHANISM ABOUT DYSPNEA IN COPD

In COPD, peripheral airway obstruction during expiration can
result in expiratory flow limitation that reduce the tidal expiration but not inspiration, which causes the dynamic lung hyperinflation. In clinical settings, the dynamic hyperinflation
is generally represented by the decreased inspiratory capacity
(IC). Excessive inspiratory muscle effort occurs as a result of
increased elastic loading induced by abnormal dynamic mechanics during restrictive IC situation.10 Actually, on the S-shaped
pressure-volume curves of the respiratory system, a high lung
volume can force to breathe with a high respiratory pressure.
Based on the changes in respiratory mechanics, the augmented
efferent ventilatory drive to the respiratory muscles may reflect
in the central neural pathway for the production of the sensation
of work/effort.

http://dx.doi.org/10.17140/PRRMOJ-SE-2-106

with greater unpleasantness and emotional response than work/
effort.12 Therefore, recent studies emphasized that multidimensional nature of dyspnea in the sensory-perceptual (intensity and
quality) are effective against distress and impact domains.4
In multidimensional ratings to measure dyspnea, there
are currently three available methods that consist of Multidimensional Dyspnea Profile (MDP),13 Dyspnea-12 (D-12)14 and
Cancer Dyspnea Scale.15 The MDP evaluates dyspnea during a
specific time or a particular activity and is designed to examine
individual items. Other multidimensional dyspnea scale assess
recalled recent dyspnea over a period of days using aggregate
score.12 These multidimensional approaches to assess dyspnea
may contribute to the treatment based on the underlying mechanisms, but would require over 1-2 min. Thus, there is no consensus as to the best approach concerning the measuring the multidimensional component of dyspnea during exercise challenging.
However, it is still clarified whether both sensory and affective
dimensions on dyspnea during exercise can accurately be evaluated in elderly patients with COPD in clinical setting.
THE INDIRECT ASSESSMENTS OF DYSPNEA

Dyspnea generally can be assessed by direct and indirect evaluation in pulmonary rehabilitation practice. Indirect assessment
of dyspnea was often recorded by the Modified MRC Scale or
New York Heart Association Functional Class. Since the comportments of these measurements have to request the intensity
for dyspnea in daily activities with yes-or-no question, it is common that the degree of experienced dyspnea using these scales is
dependent on the uncertain intensity of physical exercise. Therefore, needless to say, they seems to be not suitable for investigating the details about the effect of pulmonary rehabilitation
program on exertional dyspnea.

In peripheral organs, afferents from muscle spindles
and tendon organs in respiratory musculature appears as the
sensing mechanism of ventilation.10 In addition to this sensing
system, the nasal Transient Receptor Potential Melastatin-8
(TRPM8) channel are thought to play key role in monitoring
the airflow.11 On the other hand, increased central and peripheral
chemo-stimulation may arise from alveolar ventilation/perfusion
abnormalities, arterial oxygen desaturation, early embolic acidosis and ergo- and metabo-receptors in skeletal muscle.10 The
insufficient respiratory afferent inputs in response to efferent
ventilatory motor output (neuro-mechanical uncoupling)might
evoke not only work/effort but also air hunger. Furthermore, the
bronchospasm during exercise may induce the chest tightness.
Taken together, dyspnea during daily physical activities may often occur as a result of the integration of these sensory qualities
based on distinct mechanisms, we have to pay more attention
to evaluate the sensory quality of dyspnea in COPD in clinical
practice.

Other indirect assessments of dyspnea include baseline
dyspnea index (BDI) and transition dyspnea index (TDI).16 The
BDI index developed by Mahler et al16 evaluates dyspnea based
on three components that evoke dyspnea in activities of daily
living, in symptomatic individuals. TDI measures changes in
dyspnea severity from the baseline as established by the BDI.16
The limitation is few specific instructions included in the instrument.

MULTIDIMENSIONAL APPROACHES TO ASSESS DYSPNEA

THE DIRECT ASSESSMENTS OF DYSPNEA

Sensation of dyspnea and such complex emotions including
anxiety, attention and fear, can evolve through processing of the
limbic system. Accumulating evidences indicate that dyspnea,
like pain perception, consists of “sensory quality” and “affective” components. For example, this study showed that unpleasantness of dyspnea during inspiratory resistive breathing can
vary independently from perceived intensity.12 In addition to this
finding, air hunger and work/effort do not evoke the same unpleasant or affective dimension: air hunger is usually associated

The modified 10-point Borg scale or visual analog scale for dyspnea in response to the cycling and walking protocols are often
used as the direct approach for the assessment of dyspnea.17,18
However, there are no well-designed exercise protocol from the
viewpoint of evaluating the effect of pulmonary rehabilitation
on exertional dyspnea.

Pulm Res Respir Med Open J

Six-minute walking test is a self-paced walking test,
and represents the most commonly used field test in diverse
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respiratory diseases. Although, this test is the most appropriate
evaluation of functional exercise capacity in respiratory disease,
due to lack of control of the exercise stimulus, it is not optimally
designed to evaluate the effects of pulmonary rehabilitation on
exertional dyspnea.
On the other hand, constant work load and the endurance shuttle walking test are usually conducted up to symptom
limitation for leg fatigue or dyspnea with the purpose of quantifying exercise duration. However, since therapeutic intervention
may alter the exercise duration, those tests could not evaluate
the effects of pulmonary rehabilitation on dyspnea and on exercise. There are similar limitations on the incremental exercise
testing including the incremental shuttle walking test. However,
the measurement of dyspnea ratings at a standardized submaximal time or load (iso-time/loads) during above exercise tests is
thought to be able to evaluate the effect of pulmonary rehabilitation on exertional dyspnea.
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ABSTRACT

Pulmonary rehabilitation is important to prevent complications in critically ill patients in the
intensive care unit (ICU) who are on mechanical ventilation. However, the effectiveness and
adverse events related to pulmonary rehabilitation for patients in the ICU are largely unclear
because of the diversity of diseases and various levels of severity in this situation. This review
aims to clarify the evidence currently available for pulmonary rehabilitation in critically ill
adult patients requiring mechanical ventilation, with a focus on positioning and early mobilization. Prone positioning (PP) does not seem to benefit adults with hypoxemia mechanically
ventilated in the ICU. However, it improved survival among patient subgroups like those enrolled within 48 h of meeting the trial entry criteria, those treated with PP for ≥16 h per day,
and those with severe hypoxemia at trial entry. PP using the protective lung ventilation strategy
for patients with acute respiratory distress syndrome was associated with reduced mortality. On
the other hand, PP may cause pressure sores and tracheal tube obstruction. The semi-recumbent
position may prevent ventilator-associated pneumonia with no adverse events. Early mobilization (EM) enhances mobility status and muscle strength and increases days of life and out of the
hospital for up to 6 months; it also shortens the duration of delirium. The main adverse events
with EM are hemodynamic changes and desaturation. Therefore, medical staff should carry out
pulmonary rehabilitation for patients in the ICU, given the effectiveness and adverse events.
Future studies should identify diseases that would benefit from pulmonary rehabilitation and
optimize the method.
KEY WORDS: Pulmonary rehabilitation; Intensive care unit (ICU); Positioning;
Early mobilization
ABBREVIATIONS: ICU: Intensive Care Unit; PP: Prone Positioning; EM: Early Mobilization;
RR: Risk Ratio; CI: Confidence Interval; ARDS: Acute Respiratory Distress Syndrome; VAP:
Ventilator-associated pneumonia; OR: Odds Ratio; MRC: Medical Research Council; IL: Interleukin; COPD: Chronic Obstructive Pulmonary Disease.
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All mechanically-ventilated critically ill patients in the intensive care unit (ICU) may experience difficulty coughing and excreting secretions. This in turn predisposes them to severe
lung complications, decreases ventilator-free days, increases the length of ICU and hospital
stay, and may consequently increase in mortality rates.1,2 Pulmonary rehabilitation is a major
step in the management of patients in the ICU, in order to prevent complications.3 Physical
therapy including pulmonary rehabilitation in the ICU has been shown to improve quality of
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life (QoL), physical function, and respiratory muscle strength;
increase ventilator-free days; and decrease the length of hospital
and ICU stay.4 However, limited information is available on the
effectiveness of pulmonary rehabilitation and associated adverse
events in patients who are in the ICU for different diseases or
conditions of varying severity.5 The objective of this review is to
confirm the evidence currently available for pulmonary rehabilitation of critically ill adult patients on mechanical ventilation,
with a focus on positioning and early mobilization (EM).
POSITIONING

Positioning refers to the use of body position as a specific treatment technique. Positioning strategies used in the ICU include
prone positioning (PP), semi-recumbent positioning, upright positioning, and lateral positioning.3 This review describes PP and
semi-recumbent positioning.
A recent systematic review of clinical trials showed
that PP did not appear to be beneficial for adults with hypoxemia
mechanically ventilated in the ICU, but certain subgroups may
show improved survival with the use of this position: those enrolled within 48 h of meeting the entry criteria (risk ratio [RR],
0.75; 95% confidence interval [CI], 0.59-0.94), those placed in
PP for ≥16 h per day (RR, 0.77; 95% CI, 0.61-0.99), and those
with severe hypoxemia at trial entry (RR, 0.77; 95% CI, 0.650.92).6 Additionally, subgroup analyses of short- and long-term
mortality showed an RR of 0.79-0.85 for PP among patients
with acute respiratory distress syndrome (ARDS), although the
findings were not statistically significant. It has also been reported that compared with supine positioning, PP along with
a protective lung ventilation strategy (tidal volume <8 mL/kg)
significantly reduced mortality among patients with ARDS (RR,
0.74; 95% CI, 0.59-0.95).7 PP is considered to improve survival
rate by reducing the extent and duration of severe hypoxemia,
propensity to ventilator-induced lung injury, or occurrence of
nosocomial or ventilator-associated pneumonia (VAP).6 Because
recent studies showed that the incidence rate of pneumonia in
patients with acute respiratory failure was not significantly different between the prone and supine position groups,2,6 the main
mechanism of improvement in mortality rates might not be prevention of pneumonia. However, PP may have some adverse effects, namely, pressure sores (RR, 1.37; 95% CI, 1.05-1.79) and
tracheal tube obstruction (RR, 1.78; 95% CI, 1.22-2.60).6
The semi-recumbent position, in which the head of the
bed is elevated by tilting, might prevent VAP. The results of a
recent meta-analysis showed that the semi-recumbent position
(30º to 60º) significantly reduced the risk of clinically suspected
VAP compared to the 0º to 10º supine position (RR, 0.36; 95%
CI, 0.25-0.50), although the number of studies with this finding and quality of evidence were low.8 A randomized crossover
study using radiolabeled gastric contents showed that reflux of
contaminated gastric contents and aspiration were reduced in patients on mechanical ventilation placed in the semi-recumbent
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position.9 The results of this crossover study prove that to prevent clinically suspected VAP, patients should be placed in the
semi-recumbent position. This position might not have adverse
effects, although some effects such as pressure ulcers, thromboembolism, and heart rate or blood pressure effects have been
noted.8
EARLY MOBILIZATION

Mobilization strategies include passive and active turning and
moving in bed, active-assisted and active training, cycling pedals in bed, sitting on the edge of the bed, standing, stamping,
transferring from the bed, chair exercises, and walking.10 EM is
the application of physical therapy within the first 2-5 days of
critical illness.11 EM has received substantial attention because
of the increasingly recognized sequelae of polyneuropathy and
myopathy in critically ill patients.
A meta-analysis conducted in 2017 found that active
mobilization in the ICU increased the probability of walking
without assistance at hospital discharge (odds ratio [OR], 2.13;
95% CI, 1.19-3.83), greater muscle strength at ICU discharge as
measured using the Medical Research Council (MRC) Sum Score
(mean difference, 8.62 points; 95% CI, 1.39-15.86), and more
days of life and out of hospital for 6 months (mean difference,
9.69; 95% CI, 1.7-17.66), although no impact on short- or longterm mortality was evident.12 This meta-analysis also showed
that early low-dose rehabilitation defined as commencing within
3 days of admission for less than 30 min per day favored days
alive and out of the hospital for 6 months. Further, the results of
randomized controlled trials showed that EM led to a shortened
duration of delirium.13,14 The mechanisms underlying the effects
of EM have been examined in a few studies.15,16 For example, it
has been reported that the average ratio of interleukin-6 (IL-6)
to IL-10 improves after low levels of passive physical activity in
patients with prolonged critical illness.15 However, we must take
into account the peculiarities of the patient population and the
time to the first mobilization. In patients with stroke (infarct or
intracerebral hemorrhage), very early mobilization intervention
started at a median of 18.5 h after onset and was associated with
a reduction in favorable outcomes 3 months after stroke.17 Similarly, in patients with acute exacerbation of chronic obstructive
pulmonary disease (COPD), EM started within 48 h of hospital
admission was associated with an increase in mortality at 1 year
(OR, 1.74; 95% CI, 1.05-2.88).18 The main adverse events during active mobilization include hemodynamic changes (pooled
incidences per 1,000 mobilization/rehabilitation sessions, 3.8;
95% CI, 1.3-11.4) and desaturation defined as oxygen saturation
of 80-90% (pooled incidences per 1,000 mobilization/rehabilitation sessions, 1.9; 95% CI, 0.9-4.3).19
CONCLUSION

Our review presents an overview of positioning and EM examined in high-evidence studies. Positioning and EM in critically ill
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Table 1: Effectiveness of and Adverse Events Related to Pulmonary Rehabilitation for Patients in the ICU.
Pulmonary rehabilitation

Effectiveness

Adverse events

Prone positioning

Reduced mortality

Pressure sores

Patients with acute hypoxemia: those enrolled
within 48 h of meeting entry criteria; those
treated with PP for ≥16 h per day; and
participants with more severe hypoxemia at trial
entry.

Tracheal tube obstruction

Patients with ARDS: using protective lung
ventilation strategy (tidal volume <8 mL/kg)
Semi-recumbent position

Early mobilization

Prevented VAP
Improved mobility status and muscle strength
and increased days alive and out of the hospital
for up to 6 months
Shortened the duration of delirium

No adverse events
Hemodynamic changes

Desaturation

ICU: Intensive care unit; PP: Prone positioning; ARDS: Acute respiratory distress syndrome; VAP: Ventilator-associated pneumonia.

adult patients have both positive and negative effects. Similarly,
certain patient populations may or may not benefit from pulmonary rehabilitation in the ICU, although research on this topic is
not extensive. Thus, medical staff should carry out pulmonary
rehabilitation for patients in the ICU, given the effectiveness and
adverse events. Studies should be conducted to identify the conditions that benefit from these treatment strategies and the optimal parameters of the method (e.g., time of initiation, intensity,
frequency, and duration) (Table 1).
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ABSTRACT

Respiration and swallowing are intimately related to each other. The respiration center and the
swallowing center in the brain stem are located very closely and the activation of each center
inhibits the other center in a very sophisticated way. Therefore, the rehabilitation for aspiration
pneumonia should be the combination of pulmonary and dysphagia rehabilitations. Dysphagia
rehabilitation includes food modification, oral hygiene, indirect and direct training, and positioning. Since the rehabilitation for aspiration pneumonia is covered in the wide range, the
rehabilitation is a comprehensive intervention. The best strategy to achieve the comprehensive
interventions is making the multidisciplinary team with various medical amenities. The decision to stop and start eating should be made by concluding under multidisciplinary discussion.
The construction of the system towards dysphagia is a key of successful rehabilitation for
aspiration pneumonia.
KEY WORDS: Dysphagia rehabilitation; Food modification; Team approach.
INTRODUCTION

Occurrence of aspiration pneumonia is based on dysphagia.1 It is also important to notify that
respiration and swallowing are intimately related to each other.2 The respiratory and swallowing centers in brainstem are located very close and affects each other. During the respiratory
distress, the firing of respiratory center is too busy to be coordinated with the firing of the swallowing center.2 Therefore, the rehabilitation for aspiration pneumonia should be the combination of pulmonary and dysphagia rehabilitations. The pulmonary rehabilitation for aspiration
pneumonia is basically similar to the pulmonary rehabilitation in intensive care unit (ICU)
which has been discussed in another manuscript “Recent Advances in Pulmonary Rehabilitation for Patients in the Intensive Care Unit (ICU)” of this special edition.3 Since older patients
are particularly vulnerable to dysphagia because they undergo multiple age-related changes
which increases the risk of dysphagia. Dysphagia is a highly prevalent and is of growing concern in the population of Japan. Here, we have focused on the dysphagia rehabilitation for
aspiration pneumonia.
FOOD MODIFICATION

Copyright
©2017 Ebihara S. This is an open
access article distributed under the
Creative Commons Attribution 4.0
International License (CC BY 4.0),
which permits unrestricted use,
distribution, and reproduction in
any medium, provided the original
work is properly cited.

Pulm Res Respir Med Open J

Among the rehabilitation intervention for dysphagia, food modification has the strongest effect
based on the research.4 Food texture and liquid consistency modification has become one of
the most common forms of intervention for dysphagia, and is widely considered important for
promoting safe and efficient swallowing. The widespread manipulation of texture modification
as a clinical intervention has created a need to establish clear terminolgies to describe the target
consistencies that are recommended for patients with dysphagia. However, till date, there is
no single convention with respect to the terminology used to describe levels of liquid thickening or food texture modification for clinical use, as it is impossible to remove subjectivity in
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the terminologies. Therefore, the levels of liquid thickening or
food texture modification should be quantified with an objective
device with clarity.
ORAL HYGIENE

Oral hygiene is recognized as an essential aspect of dysphagia
rehabilitation. Many dentists and dental-associated persons understand the importance of oral hygiene for disabled persons,
and it has many prevalent educational programs in the community to impart the knowledge to the citizens. Several important
studies have been managed by collaborations between dentists
and geriatric physicians. One of them showed that the oral hygiene treatment of the disabled elderly in nursing homes reduced
the incidence of aspiration pneumonia.5 A study regarding the
effects of oral care and functional training on entirely tube-fed
patients showed that professional oral care and indirect therapy
by a dental hygienist once weekly was sufficient to maintain oral
hygiene and reduce the incidence of pneumonia.6
DYSPHAGIA REHABILITATION BY THERAPIST

At clinics, during daily practical rehabilitation by therapists
such as speech therapists, the rehabilitation was largely divided
into the indirect therapy and the direct therapy. Indirect therapy
was applied to all the patients. However, the application of direct
therapy depends on the patients medical status and the severity
of dysphagia.
Indirect therapy for dysphagia is widely practiced and
has many treatments, including respiratory exercise or rangeof-motion exercise for the neck or around the shoulder. Therapist often apply the head-raising exercise developed by Shaker
and colleagues to many kinds of dysphagia,7 which is called as
‘‘Shaker exercise.’’ Balloon expansion of the upper esophageal
sphincter is applied for dysphagia in cases where large amounts
of pharyngeal retention is present after swallowing.8
Direct therapy is conducted not only by speech therapists but also by nurses certified nand well trained in dysphagia
treatment. In direct therapy, during the early stage, food with
more liquid consistency are often recommended. Recently,
many food companies have developed easy-to-swallow foods,
or easy-to-eat foods for patients with dysphagia, which can also
be used in therapy for recovery. It should be noted that ‘rice’ is
the staple diet of the Japanese and has some viscosity and wellprepared rice porridge is good for many patients with dysphagia.
POSITIONING

The positioning/changing posture, is an important technique
to facilitate swallowing during both direct and indirect training such as swallowing saliva exercise. The reclining posture
changes the inlet of the larynx position and makes it higher than
the inlet of the esophagus and this change works to keep the
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pharyngeal retention in the piriform sinus and inhibit aspiration after the swallow.9 After this process, patients are able to
proceed safely with a second or third swallow, or apply some
swallowing maneuvers to improve pharyngeal clearance. The
reclining posture also helps the dysphagic patients hold a bolus
in the pharynx without aspiration. The neck rotation posture is
applied to the patients of bulbar palsy that have obvious lateral
dislocation. The patient is asked to rotate the neck towards affected side, and the neck rotation to the affected side shifts the
bolus passage to the unaffected side, resulting in improving safe
pharyngeal clearance. When the reclining position and the head
rotation are applied simultaneously, the patient should lie with
the unaffected side down and neck rotation to the affected side
because of the gravity effect.
TEAM APPROACH

Since the rehabilitation for aspiration pneumonia is ranging
from oral care to nutritional intervention, the rehabilitation
should be the comprehensive intervention. The best strategy to
achieve the comprehensive interventions is making the multidisciplinary team consisting of rehabilitation doctor, otolaryngologist, neurologist, dentist, speech therapist, dietitian, pharmacist,
social worker, and nurses certified in dysphagia treatment.10 The
decision to continue or discontinue eating should be made by
multidisciplinary discussion. Also the patients should be periodically followed-up by the team. It is also important to set the
link nurse who take care of the swallowing status of in-patients
in each ward. The link nurse frequently consults dysphagia certified nurses and should have the responsibility for indirect rehabilitation in the ward. The well build construction of the system
toward dysphagia is a key of successful rehabilitation for aspiration pneumonia.
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ABSTRACT

Lung transplantation (LTx) has become an established therapeutic option for treating patients
with end-stage pulmonary disease. Before and after LTx, physical ability might be restricted
due to certain effects on respiration, circulation, and skeletal muscles. Severe and chronic lung
disease is associated with physiological changes. Limb muscle dysfunction, inactivity deconditioning and nutritional depletion can affect exercise capacity and physical functioning in candidates for LTx. At present, evidence-based guidelines for exercise training completed in the
before and after LTx phases have not been described. However, the use of exercise training for
chronic respiratory failure conditions such as chronic obstructive pulmonary disease (COPD),
interstitial lung disease, and cystic fibrosis has been well-documented. This knowledge could
be applied to exercise training problems before and after LTx. Pulmonary rehabilitation (PR)
has been proven to be effective for the overall improvement of quality of life (QOL) of patients
following LTx. PR can improve exercise capacity and QOL, regardless of the type of exercise
that is conducted and the disease background of the patient. There are not many large-scale
reports on the effects of exercise therapy before and after lung transplantation. Therefore, it is
necessary to study the effects of long-term prognosis after LTx.
KEY WORDS: Lung transplantation (LTx); Pulmonary rehabilitation (PR); Quality of life

(QOL).

INTRODUCTION

Copyright
©2017 Izoe Y. This is an open access article distributed under the
Creative Commons Attribution 4.0
International License (CC BY 4.0),
which permits unrestricted use,
distribution, and reproduction in
any medium, provided the original
work is properly cited.
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Lung transplantation (LTx) has become an established therapeutic option for treating patients
with end-stage pulmonary disease. The first LTx was performed by Hardy at the University
of Mississippi, Mississippi, USA in 1963.1 By 1978, 38 cases of LTx had been performed;
however, there were only three survivors over one month after LTx. Cyclosporine has had a
major impact on long-term survival after LTx.2 Cyclosporine was first used for LTx in 1983 at
the University of Toronto, Toronto, Canada. Since then, LTx has spread rapidly worldwide.3
Today, 4,000 cases of LTx are performed annually in Europe and the United states. Furthermore, to date, the number of completed LTx cases has exceeded the cumulative total of 50,000.4
However, because of difficulties in the acceptance of brain death, the clinical application of
LTx was delayed in Japan. The Japanese brain death act for organ transplantation first came
into effect in October 1997. The first lung transplants from living donors were successfully
performed in Japan in 1998. LTx from a brain-dead cadaver donor (BDCD) was first completed in our country in 2000. A modified Japanese transplantation law has been enforced since
July 2010; thereafter, an increase in the number of cadaveric organ transplantations has been
achieved. BDCDs were included in 49 transplantation cases in 2016, the largest annual number
to date. A total of 332 cadaveric lung transplantation (174 single, 158 bilateral) and, 198 livingdonor lobar lung transplantation procedures were performed by the end of 2016. By the end
of 2015, 5-year and 10-year survival rates of cadaveric lung transplantations were 72.1% and
58.8%, respectively, which were superior to those noted in the International Registry (53.0%
and 31.0%, respectively). Additionally, 5-year and 10-year survival rates of living-donor lobar
transplantations were similar to those of cadaveric lung transplantations, at 71.7% and 65.9%,
Page S57

pulmonary Research and respiratory medicinE
Open Journal

ISSN 2377-1658

http://dx.doi.org/10.17140/PRRMOJ-SE-2-109

respectively. However, at present, living-donor lobar transplantations are rarely performed in Europe and the United States.
Performing lung transplantations in patients with advanced lung
disease is becoming more feasible, especially in those individuals with chronic respiratory failure, cardiovascular risk factors,
or muscular and nutritional conditions, all of which are factors
that can influence the prognosis of successful lung transplantation. Therefore, pulmonary rehabilitation (PR) is an important
process that focuses on avoiding comorbidities and complications.
REHABILITATION

Most PR program are fashioned in accordance with the American College of Sports Medicine (ACSM) guidelines, which
recommend that patients with chronic diseases participate in
aerobic exercise, resistance training, flexibility training, and
muscular activities. In general, PR exercise follows the principles of exercise prescription guidelines from the ACMS, which
is a methodology based on frequency, intensity, time, and type
of activity. Intensity is based on a rated perceived exertion or on
60% to 80% of peak work rate if results from an exercise test are
available. The PR program typically must be individualized and
the modality and intensity of training tailored for each patient.
Before and after LTx, physical ability might be restricted due to certain effects on respiration, circulation, and skeletal muscles. Severe and chronic lung disease is associated with
physiological changes. Limb muscle dysfunction, inactivity deconditioning and nutritional depletion can affect exercise capacity and physical functioning in candidates for LTx.5 After LTx,
extended intensive care unit (ICU) and hospital stays, prolonged
sedentary time and persisting inactivity, the use of immunosuppressant medications and episodes of organ rejection might affect lung recipients’ recovery in terms of their exercise tolerance
and quality of life (QOL).

LTx recipients often experience persistent impairments
in exercise capacity and skeletal muscle function despite a vast
improvement in lung function after transplantation. Rehabilitation might be beneficial in improving exercise capacity in lung
transplant recipients. At present, evidence-based guidelines for
exercise training completed in the before and after LTx phases
have not been described. However, the use of exercise training
for chronic respiratory failure conditions such as chronic obstructive pulmonary disease (COPD), interstitial lung disease,
and cystic fibrosis has been well-documented. This knowledge
could be applied to exercise training problems before and after LTx.6 A systematic review has reported an examination of
the evidence for rehabilitation on functional outcomes in lung
transplant recipients.7 There are also reports that exercise training has improved exercise capacity in lung transplant recipients
(Table 1).8-10,12-14 There were a variety of study designs, including
one controlled trial and five prospective cohort studies. Outcome
measures included spirometry six-minute walk test (6MWT),10,14
quadriceps and handgrips force (QF and HGF),9,10 health-related
QOL,14 maximal oxygen consumption (VO2max), and VO2peak,8,9,12
peak power output,8 endurance time,13 and additional measures
of hemodynamic responses12 to exercise and mitochondrial bioenergetics.13 Six studies8-10,12-14 included aerobic exercise, and
two studies included both aerobic and resistance exercise. In
these studies, exercise tolerance was improved. In addition, the
presence of osteoporosis accompanying long-term oral administration of steroid drugs helps to uncover the effectiveness of
resistance exercises in randomized controlled trials (RCTs).15
Rehabilitation before LTx

Rehabilitation is important in the preoperative management
of patients.17 Before LTx rehabilitation can help individuals to
maintain or optimize their functional status before undergoing
surgery.18 The importance of pretransplant rehabilitation has
been shown in the latest joint American Thoracic Society/Euro-

Table 1: Summary of Studies.
Author

Study design

Sample size

Interventions

Outcome
measures

Findings

Ross et al12

Prospective
cohort

8

Aerobic exercise

VO2max,
hemodynamic
responses

Increased VO2max

Stiebellehner L et al8

Prospective
cohort

9

Aerobic exercise

VO2max,
Wpeak

Significant Increase in
VO2max and Wpeak

Guerrero et al13

Controlled trial

12

Aerobic exercise

Mitochondrial
respiration

Significant Increase in
Bioenergetics at cellular level

Maury G et al10

Prospective cohort

36

Aerobic and
resistance exercise

6MWD, QF,
HGF, FEV1

Significant Increase
in 6MWD, QF, HGF

Munro et al14

Prospective
cohort

36

Aerobic and
resistance exercise
and enducation

6MWD, FEV1
FVC, SF36

Significant Increase
in 6MWD, FEV1, and FVC

Vivodtzev et al9

Prospective
cohort

12

Aerobic exercise

VO2max,
Tend, VE, QF,

VO2max

6MWD: Six-minute walk distance; FEV1: Forced expiratory volume in one second; FVC: Forced vital capacity; HGF: Handgrip force; QF: Quadriceps
force; RCT: Randomized controlled trial; SF36: Short-form 36 questionnaire; VO2max: Maximal oxygen consumption ; w, workload.
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pean Respiratory Society (ATS/ERS) official statement on pulmonary rehabilitation.20 Rehabilitation can provide patients with
a comprehensive knowledge base regarding the upcoming surgery, potential complications, and the impact of post-operative
medications.18 The ideal content of education and exercise training before LTx has been proposed by Rochester et al (Tables 2
and 3).16 Patients in the phase before LTx are intervened with respiratory rehabilitation for each pulmonary disease. Before LTx,
while patients were waiting for surgery, rehabilitation was found
improve exercise tolerance and activity of daily living (ADL),
without any significant change in respiratory function.11 Patients
with severe pulmonary disease are typically unable to perform
aerobic exercise. Such patients are encouraged to acquire ADL.
Additionally, performing exercise using lower muscular strength
is tolerated well by this patient population, while performing
upper limb training using an upper limb ergometer might lead
to difficulty breathing. This is because upper limb exercise can
be difficult to synchronize with the breathing. Exercise therapy
should include warm-up and cool-down period of about 5 to 10
minutes, as well as stretching and joint range of motion training.6
Rehabilitation after LTx

The importance of acute phase rehabilitation performed in the
ICU has been recognized.20,21 Early post-operative rehabilitation
is very important. Decrease of muscle mass and muscle strength
occur early after admission to the ICU, and are associated with

long-term functional disability, and increased mortality.22 Thus,
early active muscle training prevents ICU-acquired weaknesses
from increasing. Active lower limb resistance training has previously been proved to be an effective and feasible treatment
option for severely disabled patients.23 When patients are discharged from the ICU, a more active rehabilitation approach
should be sought mainly with respect to building sufficient lower
extremity strength, balance and gait to ensure patient safety and
to minimize the risk of falls prior to hospital discharge. The suggested content of rehabilitation during hospitalization after LTx
is summarized in Table 4.16 At one year after transplantation, exercise tolerance typically improves. However exercise tolerance
is remarkable ever in the first three months (Figure 1).16 After
LTx, ventilator disability improves. However, exercise capacity
has been found to be lower than the predicted value as compared with one year after LTx.16 In general, exercise limitations
after LTx not only decrease respiration and circulation but also
decrease the utilization rate of oxygen supply and its uptake in
muscles.27 After transplantation, it is important for exercise therapy at home to give guidance about continuing exercise (Table
5).29 Following transplantation, it should be noted that osteoporosis can be caused because of a decrease in bone density due to
lack of physical activity. Therefore, these patients are at a higher
risk for fractures. For preventing osteoporosis, administration of
bisphosphonate and resistance exercise are considered useful.
Balance training is also effective for reducing the risk of falls
and fractures. However, patients at a high risk of falling should

Table 2: Elements of Educational Content of Rehabilitation before LTx.16
Educational topics before transplantation
Familiarization with the surgical procedure
Preparation for the perioperative period
- Secretion management
- Controlled coughing techniques
- Chest tubes
- Wound and pain management
- Importance of early mobilization
Disease-specific educational topics
- Anatomic and physiologic basis of symptoms
- Importance and proper use of supplemental oxygen therapy
- Management of daily activities: pacing energy conservation and when to stop exercise

Table 3: Elements of Exercise Training during Rehabilitation before LTx.16
- Begin with initial evaluation that examines hemodynamic stability, oxygen requirements, bone health, body mass index, medical
comorbidities, respiratory mechanics, and overall functional capacity
- Complete patient assessment using psychological, health related and generic (e.g., SF-36) QOL measures, shortness of-breath
questionnaires, manual muscle testing, and 6MWD.
- PR should consist of exercise training, including progressive aerobic exercise and upper/lower extremity strengthening under close
supervision and continuous monitoring.
- Exercise should begin at low intensity and be progressed gradually to the highest capacity tolerated by the individual, maintaining
adequate oxygenation during activity.
- Place strong emphasis on patient/caregiver education, as well as psychological, dietary and occupational therapy support.
- Frequent reassessments are necessary because of the progression of the underlying lung disease; close communication with patients’ health care providers outside PR is essential.
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Table 4: Elements of Rehabilitation during Hospitalization after LTx.16
- Begin approximately 24 h post-operatively, with an emphasis on early mobilization (e.g., bed cycle, neuromuscular electrical stimulation),
breathing exercise, secretion clearance, and posture improvement.
- Early in-patient post-operative rehabilitation should include breathing retraining, reassessing supplemental oxygen requirements, balancing activities, building upper and lower extremity range of motion, and managing any neuropathic pain.
- Because of incisional pain and the denervated cough reflex of the donor lung, patients require direction and encouragement to cough.
- At a later stage, begin with transfers from bed to chair and start ambulation using a specialized walker, with careful management of chest
tubes and pain.
- Exercise progression should gradually incorporate lower limb resistance training.
- Lifting and upper limb range of motion precautions and limitations persist up to 6 weeks post-operatively dependent on the type of surgical approach.
- Ensure that lower extremity strength, balance, and gait are sufficient to ensure patient safety and minimize the risk of falls before hospital
discharge.
- Necessary medical and adaptive equipment should be provided at discharge.

Figure 1: Progression of Quadriceps Force, Six-Minute Walking Distance (6MWD) and Daily Walking Time during the Intervention Period (Baseline to 3 Months Post-operation), and During the Follow-up Period (3 months to 1 year post operation).24

*

significant difference between the groups; #significant difference in slopes between the groups.

Table 5: Example Exercise Therapy Regimens Performed at Home after LTx.29
Recommended
Frequency • time

Intensity

Type

Four to five times per week
30 minutes per time

Continuous exercise

Set the target heart rate in 6-minute
walking distance or cardiopulmonary
exercise testing

• Regularly evaluate and adjust exercise prescription
• one year after LTx, exercise tolerability improves
• Decrease of muscle condition and muscle atrophy
cause limitation of exercise

Treadmill exercise, bicycle
ergometer, upper limb ergometer

Increase anaerobic metabolism threshold

be watched over during training. Importantly, it is also key to
continue exercise while enjoying it.
QOL IN PATIENTS WITH LUNG TRANSPLANTATION (LTx)

Pulmonary rehabilitation has been proven to be effective for the
overall improvement of QOL of patients following LTx. The improvement of QOL is dependent on the incidence of post-operative complications, including infections and rejections, which
can lead to increased physical restrictions in addition to symptoms of depression and anxiety.29,31 After LTx, pulmonary function is generally improved; however, patients may continue to
have significant limitations as the result of general deconditioning, poor strength, and other peripheral factors, with physiological changes associated with post-transplantation medications
Pulm Res Respir Med Open J

Comment

compounding this effect.32 Traditionally, outcome measurements
after LTx have been primarily based on survival and pulmonary
function recovery. However, in recent years, increasing attention has been given to assessment of survival and recovery,
with particular importance given to patients’ self-evaluations of
health-related quality of life (HRQOL) after the transplant procedure.34,35 HRQOL has been reported by several investigators
to improve significantly within the first few years after LTx.35,36
Beyond two years after LTx-the frame in which any major clinical complications to occur may begin to develop and threaten
the patients recovered autonomy-HRQOL declines again. Furthermore, many investigators have shown that exercise capacity
continues to be impaired after LTx despite the removal of limitations.37,38 Peripheral factors limiting exercise capacity are almost
universally seen and are attributed to multiple factors, including
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the myotoxic effects of immunosuppressants and deconditioning.39

transplantation: A systematic review. J Heart Lung Transplantat. 2010; 29(5): 497-503. doi: 10.1016/j.healun.2009.12.008

A PROBLEM TO BE SOLVED

8. Stiebellehner L, Quittan M, End A, et al. Aerobic endurance
training program improves exercise performance in lung transplant recipients. Chest. 1998; 113(4): 906-912. doi: 10.1378/
chest.113.4.906

There are not many large-scale reports on the effects of exercise
therapy before and after lung transplantation. PR can improve
exercise capacity and QOL, regardless of the type of exercise
that is conducted and the disease background of the patient.
Comprehensive respiratory rehabilitation in combination with
exercise therapy and education has also been shown to improve
exercise tolerability and HRQOL.14 However, it has been reported that after LTx, the rate of return to work is low. It has already
been reported that depression can result in a decrease in QOL.41
In future, it is necessary to consider the effects of psychotherapy,
psychological support, and behavioral therapy for depression on
patients after LTx. It is reported that it is necessary to evaluate
QOL by increasing the number of cases and continuing examine
appropriate evaluation methods.40 This has been shown to increase the effectiveness of exercise therapy for LTx. Therefore,
it is necessary to study the effects of long-term prognosis after
LTx.
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INTRODUCTION

Chronic obstructive pulmonary disease (COPD) is a representative chronic pulmonary disease and is predicted to become the third leading cause of death in middle-income countries
by 2030.1 COPD has been recognized not only as a lung but also a systemic disease.2 Smoking is a major cause of COPD, cardiovascular disease,3 stroke4 and peripheral arterial disease
(PAD). Smoking-induced inflammation and other risk factors like dyslipidemia cause vascular
endothelial damage via oxidative stress, and a vicious cycle with the characteristics of atherosclerosis ensues.5 Recent studies paid particular focus on PAD as COPD comorbidities because
it has been unclear that prevalence of PAD in COPD patients.
PAD stems from atherosclerosis and encompasses a range of noncoronary arterial syndromes which are caused by altered structure and function of arteries that provide blood supply
to the brain, visceral organs, and the limbs.6 Major risk factors of PAD are diabetes mellitus,
smoking, hypertension, hyperlipidemia, and kidney dysfunction.7 Ankle-brachial index (ABI)
is the primary noninvasive evaluation to diagnose PAD.8 An ABI of ≤0.90 was demonstrated to
be highly sensitive and specific for PAD diagnosis.9 Many PAD patients exhibit no symptoms,
and the ratio of symptomatic to asymptomatic PAD patients was reported to be 1:3.8 Fontaine
classification is often used to explain PAD symptoms (Table 1). Intermittent claudication is a
classic symptom complex in patients with PAD and manifests as exercise-induced discomfort
in the lower limbs that is relieved on rest. Both Fontaine class III and IV PAD is characterized
by critical limb ischemia characterized by end-stage PAD with pain provoked at rest or tissue
loss.
PREVALENCE OF PAD IN PATIENTS WITH COPD
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The reported prevalence of PAD in COPD patients ranges widely, from 8.0% to 81.4%. (Table 2). The recent large-scale observational COPD and Systemic Consequences-Comorbidities
Network (COSYCONET) study reported by Houben-Wilke et al10 recruited 2,741 patients with
COPD, with 2,088 included in final analyses. The prevalence of PAD was higher in patients
with COPD than in those with non-COPD among the age- and sex-matched cohort (8.8% vs.
1.8%-2.6%, respectively). Even when smoking status was matched, the prevalence of PAD was
higher than in patients with COPD than in those with non-COPD (7.7% vs. 2.6%, respectively). PAD is more prevalent in patients with more severe COPD (Global Initiative for Chronic
Obstructive Lung Disease [GOLD] stage I-IV: 5.1%, 7.4%, 11.1%, and 9.5%, respectively).
Moreover, functional capacity evaluated by the six-minute walking test was significantly lower
in COPD patients with PAD than those without PAD (256 m vs. 422 m, p<0.001). Furthermore,
health status evaluated by the COPD-specific St. George’s Respiratory Questionnaire, COPD
Assessment Test, and EuroQol-5 Dimensions questionnaire was significantly worse in COPD
patients with PAD than those without PAD. However, the rate of COPD in PAD patients is
currently not known, which warrants future investigation.
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Table 1: Fontaine Classification.
Stage

Clinical symptoms

I

Asymptomatic

IIa

Mild claudication

IIb

Moderate to severe claudication

III

Ischemic rest pain

IV

Ulceration or gangrene

developed new lower extremity arterial lesions and that 26% of
patients developed new intermittent claudication one year after
diagnosis.14 Therefore, COPD patients should be evaluated for
early detection of PAD as even asymptomatic PAD impacts durability, muscle strength, mortality, and symptom progression.

RELATIONSHIP BETWEEN COPD AND ASYMPTOMATIC PAD

Understanding asymptomatic PAD is critical for early intervention. In the COSYCONET study, more than two-thirds of COPD
patients with PAD were diagnosed during the study. Similarly, Pecci et al reported that 84 patients (36.8%) had abnormal
ABI (<0.9) and that 49 patients (70.9%) were asymptomatic for
PAD among 246 COPD patients.11 Thus, the majority of PAD in
COPD patients are predicted to be asymptomatic. Hooi et al reported that asymptomatic PAD was significantly associated with
cardiovascular morbidity (hazard ratio [HR] 1.6, 95% confidence interval [CI] 1.3-2.1), total mortality (HR 1.4, 95% CI 1.11.8), and cardiovascular mortality (HR 1.5, 95% CI 1.1-2.1).12
McDermott et al reported that even in patients with asymptomatic PAD, a lower ABI level was associated with impaired
lower extremity functioning such as walking speed and standing
balance.13 Mohler et al reported that 35% of lower limbs had

CONCLUSION

In this mini-review, we outlined the association of COPD with
PAD. Increased prevalence of PAD in COPD patients may be
caused by COPD disease itself including systemic inflammation
rather than by smoking status. PAD is associated with worse
functional capacity and health status in COPD patients. Clinicians should evaluate COPD patients for PAD to identify their
functional impairment and health status as well as their risk for
cardiovascular disease and stroke.

Table 2: Prevalence of PAD in Patients with COPD.
Author

Country

n

Age (years)

Definition of PAD

Prevalence (%)

Lung function

Castagna et al15

France

151

67

ABI <0.9

81.4

FEV1 37%
FEV1 /FVC 47%

Blum et al16

Israel

87

69.8

ABI <0.9

31

FEV1 with PAD 34%
FEV1 without PAD 45%

Pecci et al11

Spain

246

70.2

ABI <0.9

36.8

FEV1 with PAD 46%
FEV1 without PAD 52%

Lin et al17

Taiwan

427

70

ABI <0.9

8

FEV1 with PAD 51.8%
FEV1 without PAD
51.1%

Matsuoka et al18

Japan

55

72.4

ABI <0.9

9.8

FEV1 47.2%

Sun et al19

Taiwan

200

70.9

ABI <0.9

8.5

FEV1 with PAD 55.9%
FEV1 without PAD
56.5%

Chakrabortyet al20

India

115

68.02

ABI <0.9

29.57

FEV1 with PAD 51.8%
FEV1 without PAD
51.1%

Houben-Wilke et al10

Germany

2088

65.3

ABI <0.9

8.8

FEV1 with PAD 48.4%
FEV1 without PAD
53.4%

PAD: Peripheral Arterial Disease; ABI: Ankle-Brachial Index; FEV1: Forced Expiratory Volume-One Second; FVC: Forced Vital Capacity.
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