Dyspnea and Hyperinflation in
Chronic Obstructive Pulmonary Disease:
Impact on Physical Activity
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Introduction
Dyspnea, the sensation of difficult or labored breathing, is
the most common symptom in chronic obstructive pulmo-
nary disease (COPD) and the primary symptom that limits
physical activity in more advanced disease.! According to
the American Thoracic Society, dyspnea may be measured
according to 3 domains*

o what breathing feels like for the patient

o how distressed the patient feels when breathing

o how dyspnea affects functional ability, employment,

health-related quality of life, or health status.

Several studies have shown that patients find dyspnea
and other COPD symptoms most cumbersome in the early
morning and at night-time.** However, symptoms can often
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be underreported by patients.” The impact of COPD symp-
toms manifests in various aspects of patients’ day-to-day
lives, perhaps none more significantly than in the context
of physical activity. Inability to engage in sustained physical
activity is a common feature of COPD, and even in cases
of mild COPD, activity restriction can be evident.® An esti-
mated 29% to 44% of patients with COPD report persis-
tent and troublesome activity-related dyspnea, which may
occur early in the disease course.” While a number of fac-
tors are thought to contribute to the reduced physical activ-
ity observed in COPD patients, dyspnea has been identified
as a primary contributor.? Patients with COPD may enter a
downward spiral of dyspnea-induced inactivity, resulting in
muscular and aerobic deconditioning (FIGURE 1),%'° which,
in turn, results in an increased unwillingness to attempt
activity in the future."

As disease severity increases, breathlessness becomes
more disabling at lower activity levels. These changes further
impact the quality of life of patients, and can lead to anxiety
and depression.'!

Physical inactivity is often considered to be a major
contributor to the progression of COPD,® and is linked to
hospitalizations and increased all-cause mortality.'? There is
therefore a need to recognize symptoms early and treat them
accordingly.

CASE STUDY:

KD, a 64-year-old woman, presented to her primary care physi-
cian’s office for a routine visit. Upon assessment, KD revealed that
she used to enjoy going on walks with her neighbor, but she can-
not walk up the hills in her neighborhood anymore without feeling
“incredibly breathless.” She has become increasingly concerned
that she is “having trouble getting a full breath.” KD informed her
doctor that these symptoms had worsened since her last visit,
and so she had stopped going on neighborhood walks. She was
diagnosed with COPD 4 years ago, and is currently using a long-
acting muscarinic antagonist (LAMA) bronchodilator. KD has a 40
pack-year smoking history, and has previously been advised to
stop smoking, but has relapsed several times. She has a medical
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This figure was published in Principles and Practice of Pulmonary
Rehabilitation, Haas F, Salazar-Schicci J, Axen K. Desensitization
to dyspnoea in chronic obstructive pulmonary disease, 241-251,
Copyright Elsevier 1993.

history of hypertension and depression, and a notable family his-
tory of emphysema, breast cancer, and diabetes.

The relationship between lung hyperinflation
and dyspnea in COPD

In COPD, pathologic changes give rise to physiologic abnor-
malities such as mucus hypersecretion and ciliary dysfunc-
tion, gas exchange abnormalities, pulmonary hypertension,
and airflow limitation and lung hyperinflation.” Lung hyper-
inflation, an increase in resting functional residual volume
above a normal level, represents a mechanical link between
the characteristic expiratory airflow impairment, dyspnea,
and physical activity limitation in COPD.!

The lungs of patients with COPD can be hyperinflated
both at rest (static hyperinflation) and/or during exercise
(dynamic hyperinflation).** Static hyperinflation is caused
by a decrease in elasticity of the lung due to emphysema,
resulting in decreased lung recoil pressure and a higher
resting lung volume.'* In dynamic hyperinflation (FIGURE
2),'%16 the lungs operate at progressively higher volumes of
air with each breath, approaching total lung capacity (TLC);
this is made worse during exertion as the respiratory rate
increases, allowing less time for exhalation.'” As a result, the
volume of air taken in on each breath becomes more limited
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by higher end-expiratory lung volumes, and the “work” of
breathing is increased."”

Although patients can compensate for several of the
negative consequences of hyperinflation (eg, altering the
chest wall due to overdistended lungs), such compensatory
mechanisms are unable to cope with large increases in venti-
lation, such as those that occur during exercise.! Air trapping,
together with ineffectiveness of respiratory muscle function,
leads to increased ventilation requirements and dynamic
pulmonary hyperinflation, resulting in dyspnea.’

Patients with COPD describe a sensation of “air hunger,’
reporting “unsatisfied” or “unrewarded” inhalation, “shal-
low breathing,” and a feeling that they “cannot get a deep
breath,”'® whereas, in fact, they are limited in their ability to
fully exhale. Verbal descriptors (eg, “air hunger” or “chest
tightness”) are important tools in understanding a patient’s
experience with dyspnea, and a patient’s choice of descrip-
tor may be related to dyspnea severity, and the level of dis-
tress that dyspnea causes a given patient.' Air hunger in turn
encourages faster breathing, leading to further shortness of
breath and more dynamic hyperinflation.*

To deflate the lungs of patients with COPD, physiologic,
pharmacologic, and possibly surgical interventions are
required:

« Controlled breathing techniques (eg, purse-lipped
breathing) that encourage slow and deep breathing can
correct abnormal chest wall motion, decrease the work
of breathing, increase breathing efficiency, and improve
the distribution of ventilation to empty the lungs.*

e Bronchodilators can help to achieve lung deflation
by improving ventilatory mechanics, as shown by
increases in inspiratory capacity and vital capacity.?

o Lung volume reduction surgery can also be consid-
ered to treat severe hyperinflation in emphysematous
patients®; bronchoscopic interventions that lower lung
volumes are also in development.?

The impact of lung hyperinflation and dyspnea
on physical activity in COPD

Dynamic hyperinflation can develop early in COPD, when
patients generally experience dyspnea only during more
intense exertion.'"? However, as COPD progresses and
airflow limitation increases, patients begin to experience
shortness of breath with minimal effort and, eventually,
during activities of daily living (ADLSs), or even at rest.>!! It
is important that dyspnea, as well as airway obstruction, is
considered as a variable that affects mortality in patients
with COPD. Categorizing patients with COPD based on
dyspnea severity has been shown to be a more effective
predictor of mortality than using classifications based on
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Abbreviations: COPD, chronic obstructive pulmonary disease; EELV, end-expiratory lung volume; EILV, end-inspiratory lung volume; IC,
inspiratory capacity; IRV, inspiratory reserve volume; TLC, total lung capacity; VC, vital capacity; V., tidal volume.

Reprinted with permission of the American Thoracic Society. Copyright © 2018 American Thoracic Society. O’Donnell DE, Revill SM,
Webb KA, 2001. Dynamic hyperinflation and exercise intolerance in chronic obstructive pulmonary disease. Am J Respir Crit Care Med.
164(5):770-777. The American Journal of Respiratory and Critical Care Medicine is an official journal of the American Thoracic Society.

percentage of predicted forced expiratory volume in 1 sec-
ond (FEV,) (FIGURE 3).* Similarly, inspiratory capacity (IC),
a surrogate measure of hyperinflation, shows better correla-
tion with exercise endurance time than FEV .** Resting IC,
measured as the IC/TLC ratio (which is approximately 60%
in healthy individuals®’) has also been identified as an inde-
pendent risk factor for mortality in patients with COPD?; in
their study, Casanova et al examined the predictive capac-
ity of various IC/TLC ratios, ranging from 15% to 40%, and
found that an IC/TLC threshold of 25% provided the best
power to predict mortality in patients with COPD.?
Dyspnea and hyperinflation are closely interrelated with
physical activity limitation,'***** and so can be viewed as sig-
nificant contributors to patient disability. During an acute
exacerbation, patients with COPD will experience worsening
airway obstruction, dynamic hyperinflation, and dyspnea.*!
Patients with a greater number of comorbid conditions may
also have greater shortness of breath.* In addition, patients
with COPD and hyperinflation perform less physical activ-
ity than individuals without hyperinflation, regardless of
COPD severity, as assessed using the 2007 Global Initiative
for Chronic Obstructive Lung Disease (GOLD) staging (stage
I, mild; stage II, moderate; stage III, severe; stage IV, very
severe) and BODE (Body-mass index, airflow Obstruction,
Dyspnea, and Exercise) index.* These patients also exhibit
increases in dyspnea perception during commonly per-

formed ADLs, which may limit physical activity and worsen
lung hyperinflation.* More limited physical activity also con-
tributes to higher dyspnea scores during ADLs.?

Furthermore, the ability to perform typical ADLs may be
significantly altered or eliminated altogether in patients with
COPD." Leisure activities are often the first to be dropped by
patients, as they generally require greater effort than simpler
tasks, and are not critical to daily life."! Eventually, these activ-
ities become progressively more difficult, and most patients
with moderate or severe COPD can struggle to complete even
the most basic daily activities."

In addition to the morbidity burden and impact on ADLs,
lower levels of physical activity in patients with COPD have also
been shown to increase the risk of mortality and exacerbations,
and elevate the risk of comorbidities such as heart disease and
metabolic disease.* In light of these observations, improving
exercise capacity should be a key goal in COPD management.

Assessment and measurement of dyspnea

and hyperinflation

Reducing hyperinflation and dyspnea is essential for improv-
ing physical activity endurance and overall physical activity in
patients with COPD; therefore, measuring the degree of impair-
ment is important.* Clinicians should be aware that some
patients may have relief of dyspnea due to improvements in
hyperinflation, despite relatively mild changes in FEV,.* Lung
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(A) Grades determined by 1995 American Thoracic Society staging guideline, which is categorized according to percentage of predicted
FEV,. (B) Grades determined by an adapted version of the Medical Research Council grading system (distinct from the modified Medical
Research Council scale, which is used widely and cited in the GOLD report,® in which dyspnea is classified from Grade 0 to Grade 4),
developed by Fletcher et al?*: Grade |, | get breathless at times other than when doing strenuous exercise; Grade Il, | am short of breath
when hurrying on the level or walking up a slight hill; Grade I, | have to walk slower than most people on the level and | have to stop after
a mile or so (or after 1/, hour) on the level at my own pace; Grade |V, | have to stop for breath after walking about 100 yards (or after a few
minutes) on the level; Grade V, | am too breathless to leave the house, or breathless after undressing.

Reprinted from Chest,121(5), Nishimura K, Izumi T, Tsukino M, Oga T. Dyspnea is a better predictor of 5-year survival than airway obstruc-
tion in patients with COPD,1434-1440. Copyright 2002, with permission from Elsevier.

volume measures, including total lung capacity, residual
volume and functional residual capacity, are valuable tools
in the assessment of lung hyperinflation in COPD, and
therefore constitute a key component of pulmonary func-
tion testing.* However, expanded pulmonary function test-
ing may be required for patients with severe dyspnea that
does not correspond to spirometric findings, or cases in
which diagnosis is uncertain.*

Lung volumes are evaluated primarily by body pleth-
ysmography, during which a patient sits inside an airtight
“body box” equipped to measure pressure and volume
changes.'** Helium dilution and nitrogen washing can also
be used to measure functional residual capacity in patients
with COPD, " butbody plethysmography is considered tobe a
more accurate method of lung volume evaluation in patients
with severe airflow obstruction.** Radiographic techniques
can also be used, but due to a lack of standardization, they
are not typically utilized in clinical practice.'* Measurement
of IC may complement other lung volume measures as part
of assessment of hyperinflation.'® This can be measured
using either spirometry or body plethysmography.***

In addition to evaluating hyperinflation, ADLs, physical
activity, exercise capacity, and dyspnea should all be assessed
in patients with COPD in primary care. It is known that
patients may self-limit ADLs to avoid symptoms of COPD; in
doing so, worsening symptoms may be underappreciated,
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and subsequently underreported, by the patient. Thus, it is
essential that physicians ask patients with COPD, as well as
individuals at risk of COPD, questions about changes in their
physical activity or ability to perform common tasks. There
are anumber of methods to measure functional performance,
but for a simple assessment of ADLs, clinicians can ask the
patient or caregiver questions related to basic daily tasks." In
early COPD, patients who experience mild dyspnea during
exercise should be able to perform most productive activi-
ties. Patients with stable COPD and moderate dyspnea during
exercise should be able to carry out most of the higher func-
tioning ADLs, whereas patients with severe COPD may strug-
gle to complete basic ADLs without assistance." It should be
noted, however, that patients may experience dyspnea with
fairly routine activities, and even reduce physical activity at
relatively early stages of airflow limitation.***

There is a clear distinction between symptom assessment
tools that should be used, and which of these can be used
practically in primary care. Although family physicians rarely
perform spirometry or measure lung volumes in the clinic, it
is important to highlight that spirometry assessment is con-
ducted by some primary care practitioners, and should be uti-
lized more readily in primary care to provide reinforcement
of diagnoses. Similarly, the St. George’s Respiratory Question-
naire and the Chronic Respiratory Questionnaire, which are
widely used in the scientific literature to assess symptoms,

Downloaded from www.ccjm.org on July 12, 2025. For personal use only. All other uses require permission.


http://www.ccjm.org/

.:-TW1 Summary of commonly used dyspnea measures in primary care5444

DYSPNEA AND HYPERINFLATION

Dyspnea Key features Strengths Limitations

measure

COPD Assessment | Evaluates 8 items on a 6-point | Short, simple questionnaire Does not categorize patients
Test (CAT) scale, corresponding to health into symptom severity groups

status impairment in COPD

Higher scores represent worse
health

Covers wide range of symptoms
Well-validated and reliable
Correlates closely with SGRQ
Readily available

for scores in the range of
10-40

Medical Research
Council (MRC)
Dyspnea Scale

Evaluates everyday situations/
activity levels on a 5-point
scale

Higher scores represent greater
disability

Short, simple questionnaire
Well-validated and reliable

Relates well to other measures
of health status

Able to predict future mortality
risk
Readily available

Less effective at detecting
change in response after an
intervention than alternative
measures

Considers dyspnea alone,
so does not account for the
broader impact of COPD

COPD Control Evaluates 10 items on a 6-point | Short, simple questionnaire Does not categorize patients
Questionnaire scale based on the previous Well-validated and reliable into symptom severity groups
(CCQ) week’s symptoms, measuring )

COPD-related health status Measqrgs functional and mental

: capacities as well as symptoms

Higher scores represent worse ) )

health Readily available
Chronic Evaluates 20 items on a 7-point | Well-validated and reliable License required to use
Respiratory scale across 4 domains: Responds well to changes over questionnaire
Questionnaire dysppea, fatigue, emotional time Longer than alternative
(CRQ) function, mastery

Higher scores represent better
health-related quality of life

dyspnea measures

Does not categorize patients
into symptom severity groups

Abbreviations: COPD, chronic obstructive pulmonary disease; SGRQ, St. George’s Respiratory Questionnaire.

are generally considered to be too time-consuming for use
in routine clinical practice® the Transition Dyspnea Index is
similarly lengthy.** However, shorter measures, such as the
COPD Assessment Test (CAT) and the COPD Control Ques-
tionnaire are suitable,® with the CAT score representing the
best available tool for primary care physicians to evaluate
COPD symptoms (TABLE 1). The International Primary Care
Respiratory Group Research Subcommittee was set up to pro-
vide guidance on the best measures of quality oflife in COPD.*
The committee scored the CAT, COPD Control Questionnaire,
and Chronic Respiratory Questionnaire highly for a primary
care population.* An additional tool often useful in clinical
practice is the Medical Research Council (MRC) Dyspnea
Scale,® but it is important to note that this measure does not
provide information on any symptoms other than dyspnea.
Other tests may be useful in assessing the impact of an
intervention, be it pharmacologic or nonpharmacologic, on
dyspnea severity. For example, increases in the 6-minute-
walk distance (6MWD) have been shown to correlate with

improvements in dyspnea.** The 6MWD has also been shown
to be an important predictor of hospitalization and mortality
in patients with COPD.*” However, it is important to note that
improvements in 6MWD show only a very weak correlation
with patient-reported outcomes,” and may be a less sensi-
tive measure for patients with less disability than those with
more profound functional limitation.* Moreover, 6BMWD can
be affected by a patient’s psychologic motivation,** as well as
other comorbidities observed in patients with COPD, such as
osteoporosis, heart failure, and peripheral vascular disease.*6!
Although notused for COPD diagnosis or evaluation of dyspnea
or physical activity limitation, a chest X-ray can also be a useful
tool for excluding alternative diagnoses, as well as for detecting
significant comorbidities in patients with COPD, such as con-
comitant respiratory, cardiac, and skeletal diseases.’

Management of dyspnea and hyperinflation

in primary care
Physicians can utilize a variety of pharmacologic and
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EEE The crucial role of daily activity in patients with COPD3*

Effective treatment
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pulmonary performance
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(eg, cardiovascular
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diseases)

Improved
survival

nonpharmacologic strategies to reduce hyperinflation and
dyspnea and improve physical activity in patients with COPD
(FIGURE 4).%

Pulmonary rehabilitation is a tailored intervention that
encompasses exercise training, education, and self-manage-
ment support for people with chronic respiratory disease,
based on detailed assessment of their exercise capacity and
symptoms.®® Pulmonary rehabilitation is as important as
medication in COPD management, providing a cost-effective
intervention with minimal adverse effects.”® Moreover, pul-
monary rehabilitation has been shown to benefit patients
with mild to severe dyspnea (as classified according to the
Medical Research Council dyspnea scale), demonstrating the
value of successful execution of these programs in patients
with COPD, irrespective of disease severity.** Although the
most significant improvements in patient quality of life are
observed when a multimodality approach is used, exer-
cise and proper pulmonary rehabilitation programs have
been shown to improve quality of life more than medication
alone.>* Notably, there are few supporting data for the use of
supplemental oxygen in patients experiencing dyspnea with-
out hypoxemia. Oxygen supplementation is only of minimal
benefit to relieving the sensation of dyspnea.***’

The relationship between the impact of pulmonary reha-
bilitation in patients with COPD and frailty scores has also
been evaluated. Frailty scores are calculated based on an indi-
vidual’s level of physical activity, and other key criteria that are
indicative of their ability to self-manage their medical condi-
tion.*® These scores are particularly relevant in the context of
COPD, given the high prevalence of the condition in older
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people.® Although frailty is a strong independent predictor
of noncompletion of pulmonary rehabilitation, completion of
a pulmonary rehabilitation program in patients who are frail
has been shown to reverse their frailty in the short term.* It
is therefore important that physicians guide and encourage
these patients for the duration of a pulmonary rehabilitation
program, from initiation through to completion, to ensure
that those who are likely to derive the greatest benefit from
pulmonary rehabilitation are supported to do so.

In addition to pulmonary rehabilitation, other nonphar-
macologic interventions have emerged in recent years that
may help to relieve dyspnea in patients with COPD. Airway
clearance devices, such as acapella (Smiths Medical; Min-
neapolis, MN), Flutter (Allergan; Dublin, Ireland), Lung Flute
(Medical Acoustics; Buffalo, NY), Quake (Thayer Medical;
Tucson, AZ), and Aerobika (Monaghan Medical; Plattsburgh,
NY) promote the clearance of sputum through the applica-
tion of positive expiratory pressure, possibly allowing medi-
cines to penetrate the lungs more effectively, and improving
diffuse airflow obstruction.**' Incorporating an airway clear-
ance device into a bronchodilator therapy regimen has been
shown to improve dyspnea scores, both before and after exer-
cise, compared with bronchodilator therapy combined with a
nonfunctional control device in patients with severe COPD.*
In addition, noninvasive forms of ventilation, such as continu-
ous positive airway pressure and bi-level positive airway pres-
sure (BiPAP), have been shown to effectively reduce dyspnea
in patients with COPD.®*® In a 24-month study in patients
with severe COPD, resting dyspnea improved significantly in
patients using the BiPAP Auto-Trak (Philips Respironics, Best,
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The Netherlands) in conjunction with their regular bronchodi-
lator therapy, compared with those receiving long-term oxygen
therapy in addition to their typical therapeutic regimen.® Fur-
ther studies are required to establish the impact of these devices
in the management of dyspnea and other symptoms of COPD.
These nonpharmacologic interventions can be supple-
mented with pharmacologic treatments to help patients
achieve their treatment goals of improved dyspnea and
increased exercise performance. Bronchodilators, which
form the basis of various COPD treatment options, include®:
o short-acting muscarinic antagonists (SAMAs), such as
ipratropium
« short-acting B,-agonists (SABAs), such as albuterol,
levalbuterol, and terbutaline
o SAMA/SABA combinations
e LAMAs, such as aclidinium, glycopyrrolate, tiotro-
pium, and umeclidinium
« long-acting 3,-agonists (LABAs), such as arformoterol,
indacaterol, formoterol, olodaterol, salmeterol, and
vilanterol
o LAMA/LABA combinations (umeclidinium/vilanterol,
tiotropium/olodaterol, glycopyrrolate/formoterol,
glycopyrrolate/indacaterol)

Inhaled corticosteroids can also be used in a fixed-dose
combination with a LABA, which can be combined with
a LAMA, in select patients’; however, these combination
products may have minimal value in treating dyspnea unless
asthma is concomitantly present.>** Further discussion of the
different treatment options available for patients with COPD
can be found in the final article of this supplement.

In addition to improving quality of life, long-acting
bronchodilators, such as LAMAs, LABAs, and LAMA/
LABA combinations, increase expiratory flow, reduce
dynamic hyperinflation, and improve exercise capacity of
patients.®%” As disease severity worsens, physicians may
opt for long-acting bronchodilator options that have twice-
daily dosing, which may confer a benefit in improving
night-time symptom control.®®

As well as active pharmacologic and nonpharmacologic
interventions, physicians should always encourage smok-
ing cessation in patients with COPD, as this has the greatest
capacity to influence the natural course of the disease.’ It is
essential that health care providers continually deliver smok-
ing cessation messages to patients with COPD; patients can
also be supported to stop smoking by using nicotine replace-
ment therapy, pharmacologic interventions, attending smok-
ing cessation programs, and counseling.’

Lung volume reduction surgery may also be considered
as a strategy for the management of dyspnea in severe, refrac-

DYSPNEA AND HYPERINFLATION

tory COPD.® Similarly, nonsurgical bronchoscopic interven-
tions are being developed that look to achieve similar results
to lung volume reduction surgery, including endobron-
chial one-way valves, lung volume reduction coils, airway
bypasses, adhesives, and vapor therapy.

CASE STUDY:

The primary care physician assessed KD’s dyspnea using the CAT
and ordered a chest X-ray to identify any significant comorbidities,
such as concomitant respiratory, skeletal, or cardiac diseases. As
KD’s CAT score was 17, and her symptoms were uncontrolled
on LAMA monotherapy, her physician prescribed a long-acting
LAMA/LABA combination, along with pulmonary rehabilitation.
The physician also counseled KD on the importance of smoking
cessation, and referred her to a local smoking cessation program.

Conclusions

Dyspnea, the most common symptom of COPD and the
primary consequence of the condition’s characteristic lung
hyperinflation, is a heavy burden on the lives of patients. The
impact of dyspnea is perhaps most apparent in the context of
physical activity, with activity limitation observed frequently
in patients with COPD, regardless of disease stage. This can
affect patients’ quality of life significantly, and has long-term
consequences on disease progression. Improving dyspnea
and increasing exercise endurance should therefore be a key
goal for COPD management, which should encompass both
nonpharmacologic interventions, such as pulmonary reha-
bilitation, and pharmacologic interventions, such as use of
bronchodilator therapy. @
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