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Conclusion

Dynamic hyperinflation is a common cause of dyspnea and functional limitation in patients with
emphysema. Dynamic hyperinflation occurs in individuals with air-flow limitation when expiratory
time is decreased during periods of relative tachypnea (such as during exercise or agitation, for
example). In this setting, patients with emphysema develop lung hyperinflation, impairment of
inspiratory respiratory muscles, and an increase in work of breathing. The associated decrease in
inspiratory capacity results in the stimulation of several receptors, including chemoreceptors and
pulmonary receptors, which signal the brain to increase tidal volume. The inability of the respira-
tory system to respond to signals of increased demand (eg, by enlarging tidal volume and increasing
inspiratory flow) results in a dissociation between afferent and efferent signaling thereby intensi-
fying breathing discomfort, or what clinicians term dyspnea. A thorough understanding of the
physiology of dyspnea and pathophysiology of dynamic hyperinflation informs the interventions
used to mitigate sensations of dyspnea and the physiologic effects of dynamic hyperinflation, re-
spectively. Pharmacotherapy, pulmonary rehabilitation, breathing techniques, positive airway pres-
sure, and lung volume reduction are well-studied interventions that target pathways to dyspnea in
patients with dynamic hyperinflation. Key words: dynamic hyperinflation; air-flow limitation; dyspnea;
inspiratory threshold load; inspiratory capacity; neuroventilatory dissociation. [Respir Care 0;0(0):1–•.
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Introduction

Dyspnea is a debilitating symptom affecting millions of
individuals in both in-patient and out-patient settings, with
varying levels of acuity. It is formally defined as a sub-
jective experience of breathing discomfort that consists of
qualitatively distinct sensations that vary in intensity.1 Dy-
namic hyperinflation, a contributor to dyspnea in patients
with COPD, often goes unrecognized. Dynamic hyperin-
flation occurs when a breath is initiated prior to complete
exhalation of the previous breath, resulting in an increase
in end-expiratory lung volume and subsequent restrictions
on inspiratory capacity.2 Dynamic hyperinflation can con-
tribute to both acute and chronic dyspnea in patients with
obstructive lung disease in a variety of clinical scenarios.
Dynamic hyperinflation and exercise impairment have been
shown to be independent predictors of mortality in indi-
viduals with COPD.3,4

Emphysema, which is characterized by both structural
and functional impairment of the lung, is the most com-
mon obstructive lung disease associated with dynamic hy-
perinflation. In emphysema, destruction of the alveolar
wall results in a decrease in elasticity of the lung, often
resulting in static hyperinflation as the balance of forces
between the lung and chest wall are altered at total lung
capacity and functional residual capacity. In addition, small
airways in the lung are supported or tethered open by
surrounding lung tissue. Loss or weakening of these sup-
ports results in increased airway resistance when pleural
pressure is elevated during forced exhalation, creating the
potential for expiratory air-flow limitation.5 Functionally,
the destruction of alveolar walls in emphysema reduces
gas exchange capabilities by leading to ventilation-perfu-
sion inequality and by reducing the capillary-alveolar sur-
face area for diffusion of oxygen. Both static hyperinfla-
tion and air-flow limitation leading to dynamic
hyperinflation have been shown to contribute greatly to
dyspnea in COPD,6 and resting hyperinflation is a strong
predictor of exercise impairment in patients who develop

dynamic hyperinflation.7 Exercise limitation is a common
and often debilitating symptom in patients with COPD.8

The Pathophysiology of Dynamic Hyperinflation

The Equal-Pressure Point and Flow Limitation

Dynamic hyperinflation develops when there is expira-
tory air-flow limitation in the face of decreased time for
exhalation. Expiratory flow is determined by airway resis-
tance and driving pressure for air movement (which is the
difference between mouth and alveolar pressure). During
exhalation, pressure in the airway falls as air flows from
the alveolus to the mouth due to three factors: (1) airway
resistance, (2) the acceleration of gas as it moves from
multiple small airways in parallel to fewer larger airways
(Bernoulli’s principle), and (3) the transition from laminar
to turbulent flow associated with the increased velocity of
gas resulting from movement from the peripheral to the
central airways and the consequent diminution in the cross-
sectional area of the airways in parallel. During a forced
exhalation, as the airway pressure decreases along its path
from the alveolus to the mouth, it will eventually decrease
to the point where it matches the pleural pressure (the
pressure outside of the airway).

The point at which transmural pressure is zero is the
equal-pressure point. In this model, further reduction in
airway pressure below the pleural pressure results in col-
lapse of the airway and cessation of flow. In this static
condition (ie, no flow), the alveolar pressure (which is the
sum of the pleural pressure and the elastic recoil pressure)
re-equilibrates with the pressure in the airway proximal to
the collapse. The pressure inside of the airway is once
again greater than the pleural pressure and the airway opens
and expiratory flow resumes. As air flow continues, how-
ever, the airway pressure will again drop, creating a cycle
with repeated airway opening and closing.9,10

In these conditions, the driving pressure for flow is no
longer determined by the difference between alveolar and
mouth pressure, but by alveolar and pleural pressure (the
pressure responsible for reopening the airway at the equal-
pressure point). Because any increase in pleural pressure
results by definition in an increase in alveolar pressure,
increasing pleural pressure by increasing expiratory respi-
ratory effort will not increase the driving pressure and
therefore will not increase expiratory flow. This condition
is called expiratory air-flow limitation11 (Fig. 1).

Time Constant

The lungs’ ability to empty back to their baseline func-
tional residual capacity is related to both expiratory flow
and the time allowed for exhalation, and this ability de-
pends upon each individual’s lung mechanics, both com-
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pliance of the lung (which affects the recoil force of the
lung) and resistance of the airways. The product of com-
pliance and resistance is called the time constant. The time
constant is a theoretical construct that provides insight into
how long an alveolus takes to exchange the gas (fill and
empty) within it; low compliance (strong recoil) and low
resistance lead to high flows and low time constants. In-
dividuals with emphysema have an increase in compliance
and airway resistance, both of which directly increase the
time constant and thereby result in an abnormally long
time for complete exhalation.10

An Increase in Duty Cycle

The duty cycle is the ratio of inspiratory time to the total
time of the respiratory cycle. At rest, the duty cycle is
roughly one third of the total respiratory cycle. When we
increase our breathing frequency, we decrease expiratory
time out of proportion to inspiratory time, resulting in an
increase in duty cycle. Thus, an increase in breathing fre-
quency results in shortened time for exhalation and leads
to incomplete emptying of alveoli prior to initiation of
the next breath if one is unable to increase expiratory
flow; that is, if flow limitation is present, end-expira-
tory volume increases and the next breath starts at a
higher volume (Fig. 2).

With each succeeding breath, the end-expiratory vol-
ume increases further until a new steady state is reached.
Steady state, in this circumstance, means that the volume
of gas exhaled equals the volume inhaled and end-expira-
tory lung volume remains constant. To achieve steady state,

expiratory flow must increase. How can this occur if the
patient is flow-limited?

This new steady state (and higher expiratory flow) is
achieved when the lung volume increases to the point that
the radius of the airway (which is determined by lung
volume) is sufficiently enlarged such that resistance is
now reduced, and elastic recoil (driving force for exhala-
tion under conditions of flow limitation) is increased. To-
gether, these changes (greater driving force and lower re-
sistance) result in an increase in flow that will allow the
volume of gas inhaled to be exhaled in the allotted time.
End-expiratory volume reaches a new plateau, and the new
end-expiratory lung volume remains above the original
relaxation volume of the lung (Fig. 2).

Whether it is exertion, anxiety, agitation, or respiratory
distress, any increase in breathing frequency in the setting
of airway resistance and expiratory flow limitation can
result in dynamic hyperinflation. Even in the absence of
expiratory flow limitation, patients with exacerbations of
COPD are at risk for developing dynamic hyperinflation
due to the increase in baseline airway resistance, long time
constant, and exertional breathing pattern that increases
tidal volume and reduces expiratory time.12

The Physiology of Dyspnea

To understand the mechanisms by which dynamic hy-
perinflation contributes to dyspnea, we will review the
physiologic sources of common respiratory sensations that
are often grouped together under the common clinical de-
scription of dyspnea.

Fig. 1. The equal-pressure point model and expiratory flow limita-
tion. As expiratory air flows from the alveolus to the airway open-
ing, Paw will decrease from Palv (depicted by the horizontal arrows).
At a certain point along the airway, Paw decreases to where it is
equal to pleural pressure and will collapse. At the equal-pressure
point, the driving pressure for flow becomes the pressure differ-
ence between Palv and pleural pressure. Any increase in pleural
pressure (depicted by the vertical arrows) will be transmitted to the
alveoli as well as well as the airway and therefore will not influence
expiratory flow. Flow resumes when Palv re-equilibrates with Paw

and the cycle of airway closing and opening continues. Palv �
alveolar pressure; Paw � airway pressure; Pao � airway opening
pressure.

Fig. 2. Dynamic hyperinflation and a new steady state at a higher
lung volume. (a) Resting breathing (solid line): a breath is inhaled to
tidal volume and exhaled to FRC, also known as the relaxation
volume of the lung. (b) Breathing during exertion, agitation, or
anxiety: the tidal volume and breathing frequency increase (the
dotted line) with a diminution in expiratory time. The inspiratory
volume is greater than the expiratory volume and results in a larger
end-expiratory volume with each breath, (c) a new steady state:
eventually, a new steady state is reached due to an increase in
airway diameter and elastic recoil at higher lung volumes, both of
which contribute to higher expiratory flow. TLC � total lung ca-
pacity; FRC � functional residual capacity; EELV � end-expiratory
lung volume.
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The sensation of dyspnea most often starts with a phys-
iologic impairment that alters the function of the respira-
tory pump, increases the work of breathing, and reduces
the ability to achieve appropriate flow, volume, and gas
exchange. Consequently, stimulation of various afferent
receptors is altered, resulting in dyspnea. The relevant af-
ferent receptors comprise (1) chemoreceptors, (2) chest
wall, and (3) pulmonary receptors. We must also consider
corollary discharges, which involve neural messages sent
from the motor to the sensory cortex; the intensity of these
discharges correlates with increased neural output to the
ventilator muscles. The phenomenon called efferent-reaf-
ferent dissociation, or neuroventilatory dissociation10,13–15

is associated with impairment of the ventilatory pump and
has a direct effect on dyspnea.16 Historically, this was first
conceived as length-tension inappropriateness, a term de-
noting that the perception of effort (emanating from cen-
tral drive) increased when ventilatory muscles generated
tension with relatively little shortening due to increased
airway resistance or decreased compliance of the lungs
and chest wall. The consequence was stimulation of mus-
cle spindles alerting the sensory cortex to the fact that the
respiratory system had not performed as expected for the
neural output of the motor cortex; the result was the per-
ception of increased effort of breathing and dyspnea. This
concept has now been broadened to take into account not
only neural input from muscle spindles but from other
structures that monitor expansion of the lung and chest
wall and inspiratory flow (Fig. 3).13 The increased neural
messages subsequently sent from the motor to the sensory
cortex, which lead to the sense of effort, are associated
with increased neural discharge to the ventilatory muscles.

Pulmonary receptors, physically located within the lungs,
stimulate the respiratory controller when they are either
over- or underactivated. The pulmonary stretch receptors
respond to both inflationary and deflationary influences,
for example, and may be stimulated by a lack of stretch (or

low tidal volume). Other pulmonary receptors, such as C
fibers and rapidly adapting receptors, are stimulated by
chemicals and mediators of inflammation. Chemorecep-
tors include those receptors in the carotid bodies and brain-
stem that perceive changes in PaO2

, PaCO2
, and acidemia

and stimulate the respiratory control center to increase
ventilatory drive in conditions of hypoxemia, hypercapnia,
and acidemia, respectively.17 Upon stimulation of the re-
spiratory center by these afferent signals, a neural impulse
is sent from the motor cortex to the ventilatory muscles to
contract, and a corollary discharge signal is sent from the
motor cortex to sensory cortex. A corollary discharge is a
copy of the signal that sends an efferent message from the
motor cortex to the ventilatory muscle and is thought to be
responsible for the sense of effort associated with an in-
crease in ventilator drive.18 Efferent-reafferent dissocia-
tion describes the mismatch between outgoing signals from
the respiratory controller and the response from the com-
ponents of the respiratory symptom (eg, change in flow,
pressure, volume) that can occur in various pathological
states. The term reafferent is used because it is in response
to the original efferent motor signal.10 Stated otherwise,
there is a mismatch between the drive to breathe and the
response of the respiratory system that causes neuroven-
tilatory dissociation. Expressed as a sensory term, effer-
ent-reafferent dissociation is mostly closely aligned with
the sense of effort or work of breathing but may increase
the intensity of air hunger, which arises when there is an
increase in respiratory drive and is among the most un-
pleasant types of dyspnea described.16

Investigators have been able to isolate some of these
pathways and can attribute particular afferent outputs to
particular patient descriptions of dyspnea. For example,
patients with asthma characteristically describe chest tight-
ness, which has been shown to be independent of the work
of breathing and is believed to arise from stimulation of
pulmonary receptors. For example, patients with conges-

Fig. 3. Efferent-reafferent dissociation, also known as neuroventilatory dissociation. While tidal volume is shown in the boxes, other
associated parameters (eg, flow, pressure changes in the thorax, tension generated in the inspiratory muscles, shortening of inspiratory
muscles) are dictated by the output from the motor cortex and monitored by the sensory cortex.
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tive heart failure often report suffocating.19–22 The obser-
vation of associations of clusters of patient descriptions of
dyspnea with particular disease states supports the theory
that these various afferent pathways may be involved in
the production of dyspnea; hence, different pathophysiol-
ogy leads to different sensations. Clinically, multiple af-
ferent pathways and receptors are likely involved in con-
cert to produce what are often multiple qualitatively distinct
sensations.23 Patients’ descriptions of dyspnea quality and
changes in dyspnea quality are important clues to the un-
derlying pathophysiology. Dynamic hyperinflation pro-
vides an example of a process involving multiple afferent
pathways along with an increase in respiratory drive, and
may result in variety of unpleasant respiratory sensations
including air hunger, an inability to get a deep breath, an
unsatisfying breath, and an increased effort and work of
breathing.

Dynamic Hyperinflation and Dyspnea

In the case of dynamic hyperinflation, several physio-
logic impairments contribute to stimulation of afferent path-
ways to cause dyspnea. The most notable physiologic con-
sequence of dynamic hyperinflation can be understood by
exploring the change in pulmonary mechanics that occurs
when an individual must initiate a breath at a higher end-
expiratory lung volume, and the sensations generated when
inspiratory capacity is limited.24 Studies suggest that the
intensity of dyspnea is more closely correlated with the
degree of dynamic hyperinflation than with air-flow lim-
itation.22

Inspiratory Threshold Load

In dynamic hyperinflation, the brain signals the inspira-
tory muscles to contract before the lung reaches its relax-
ation volume (ie, functional residual capacity); pressure in
the airways is still positive, that is, greater than pressure at
the mouth. The positive pressure in the alveoli and airways
at the end of exhalation is called intrinsic PEEP. For air to
flow from the mouth to the alveoli during inspiration, the
alveolar pressure must be negative relative to atmospheric
pressure. Thus, inspiratory flow does not begin immedi-
ately when the diaphragm is stimulated; rather, pressure in
the alveolus must first be reduced from the PEEP level to
zero. The added end-expiratory pressure due to dynamic
hyperinflation, which has been called an inspiratory thresh-
old load, increases the amount of work the patient must do
to generate a breath. The increased inspiratory threshold
load potentiates neuroventilatory dissociation by both lead-
ing to an increase in central drive to breathe as well as the
lag between effort for inspiration and actual inflation of
the respiratory system. Oxygen demand is also increased
in this setting.2,25

A Decrease in Lung and Chest Wall Compliance at
Higher Lung Volumes

As the respiratory system operates at increasingly high
volumes, the compliance of both the lungs and chest wall
decreases; more pressure is needed to achieve an increase
in volume, leading to an increase in the work of the in-
spiratory muscles.26 This can be experienced by taking a
deep breath to a volume just below total lung capacity and
then attempting a subsequent tidal ventilation from this
resting point. Doing so alters the force-length relationship
of the inspiratory muscles by creating a geometric disad-
vantage, whereby the muscles contracting from a short-
ened length results both in reduced pressure generation
and chest displacement despite increased efferent drive.27

When the drive to breathe is increased, leading to a sen-
sation of air hunger,28 dyspnea is worsened if tidal volume
is restricted.

Decreased Ventilatory Efficiency

The idea that hypercapnia in COPD is the direct result
of inspiratory muscle fatigue has not been proven in the
literature. Likewise, a chronic decrease in ventilatory drive
in this population has not been seen. In fact, studies have
shown that in subjects with COPD and hypercapnia, re-
spiratory drive is at least preserved or even magnified.29,30

Rather, the development of hypercapnia in patients with
COPD during exertion is thought to be related to ventila-
tory inefficiency from the mechanical constraints on ven-
tilation as a consequence of dynamic hyperinflation.31 The
decrease in tidal volume generated by the disadvantaged
inspiratory muscles and decreased compliance of the re-
spiratory system, particularly as end-inspiratory volume
nears total lung capacity, increases the ratio of physiologic
dead space over tidal volume (VD/VT), minimizing alve-
olar ventilation, increasing the subsequent need for total
ventilation, and potentially leading to worsening hypercar-
bia and hypoxemia.32,33,34

Cardiocirculatory Consequences of Dynamic
Hyperinflation

Cardiocirculatory impairment has become increasingly
recognized as a contributor to exercise intolerance in pa-
tients with pulmonary hyperinflation.35 In a large group of
COPD subjects, the degree of COPD severity correlated
with cardiac dysfunction.36 The effect of the increase in
alveolar and airway pressure in the face of increased end-
expiratory lung volume is to increase the intrathoracic pres-
sure. This added pressure is transmitted to the key struc-
tures in the thorax and can have significant functional
consequences on the most compliant structures such as the
right atrium and the great veins. High intrathoracic pres-
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sures may decrease filling pressure of the right and left
ventricles and impair cardiac output. This has been dem-
onstrated on cardiac magnetic resonance imaging, which
showed a decrease in right and left ventricular diastolic
volume in patients with dynamic hyperinflation.37 Venous
return may also be influenced by expiratory abdominal
muscle recruitment, which is augmented in pulmonary hy-
perinflation, causing a decrease in right ventricular filling
pressures.38 The hemodynamic consequences of dynamic
hyperinflation further limit exercise capacity due to inad-
equate oxygen delivery to exercising skeletal muscle.39–41

Interestingly, there has been an observed association be-
tween limited heart rate response to exercise, also known
as chronotropic incompetence, and dynamic hyperinfla-
tion, which is not well understood.42

Tachypnea: A Maladaptive Response to Dyspnea in
Dynamic Hyperinflation

The physiologic consequences of dynamic hyperinfla-
tion as outlined above provide stimuli for the various af-
ferent pathways that contribute to dyspnea. The decrease
in tidal volume due to the respective increase in inspira-
tory threshold load and decreased efficiency of the inspira-
tory muscles decreases the stimulation of pulmonary stretch
receptors; the mechanical response of the respiratory sys-
tem is less than expected. Corollary discharges from the
motor cortex sent to the inspiratory muscles in an effort to
increase tidal volume are left unanswered, resulting in
significant efferent-reafferent dissociation. Simultane-
ously, the decrease in tidal volume and increase in dead
space may contribute to hypoxemia, hypercapnia, and ac-
ademia, causing activation of the respiratory center via
stimulation of chemoreceptors (Fig. 4).

The sensation of dyspnea is brought to consciousness
when efferent signals from the brain stem stimulate corti-
cal and subcortical structures, mediated by the limbic and
paralimbic centers, as well as the sympathetic nervous
system. Both discriminative processing (what the sensa-
tion is) and affective processing (how the sensation feels)
are part of the ultimate experience of dyspnea; the latter,
which includes aversive experiences, involves the amygdala
and its associated structures.43–45 Upon conscious process-
ing, the sensation of dyspnea often evokes a range of
strong emotional responses such as anxiety, distress, and
fear, which may lead to maladaptive breathing patterns for
the individual with flow limitation. Because dyspnea is
sensed as distressing, the behavioral response is often to
increase the breathing frequency. As time for exhalation
decreases in response to the increased duty cycle, hyper-
inflation may worsen, causing a deleterious cycle of dys-
pnea, tachypnea, and hyperinflation. This will lead to more
distress and anxiety. Metronome-paced tachypnea is a con-
trolled method to artificially induce tachypnea and has

been used to study the effects of tachypnea on respiratory
mechanics. The effect of decreased expiratory time on the
development of dynamic hyperinflation has been demon-
strated during metronome-paced tachypnea in subjects with
COPD46 and has been shown to have physiologic effects
similar to those of incremental exercise in patients with
expiratory flow limitation.47

Measuring Exertional Dyspnea Related to Dynamic
Hyperinflation

Dynamic hyperinflation is often underappreciated by
providers as a cause of exertional dyspnea and a contrib-
utor to acute respiratory decompensation. In part, this is
because individuals with exertional dyspnea may uncon-
sciously modify their daily routine to avoid activities that
pose difficulty and may thus underreport their symptoms. In
addition, resting pulmonary function tests do not capture the
functional respiratory changes that occur as a result of exer-
tion or tachypnea-related dynamic hyperinflation.

In an attempt to identify patients with hyperinflation-
related exertional dyspnea, several studies have explored
the utility of functional testing to screen patients for dy-
namic hyperinflation. Measurements of inspiratory capac-
ity and the ratio of end-expiratory lung volume to total
lung capacity during exercise in subjects with COPD have
been used to measure the degree of dynamic hyperinfla-
tion.2,24,25,48 Use of these measurements has been applied

Fig. 4. The physiology of dyspnea in dynamic hyperinflation. EELV �
end-expiratory lung volume.
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in the out-patient setting using the 6-min walk test fol-
lowed by measurements of inspiratory capacity to evaluate
the contribution of dynamic hyperinflation to exertional
dyspnea.49,50

Cardiopulmonary exercise testing has been proposed as
a method to evaluate patients’ perceived dyspnea, exercise
intolerance, and the potential factors contributing to their
breathing discomfort. As expected, in individuals with even
mild COPD, the abnormalities described include an in-
crease in respiratory drive as well as an increase in intrin-
sic end-expiratory pressure leading to functional mechan-
ical constraints and exertional dyspnea. In individuals with
more severe disease, these effects are magnified and tend
to occur earlier during exercise.51 A breakdown of the
various components contributing to dyspnea may be elu-
cidated, including cardiac causes, from formalized cardio-
pulmonary exercise testing to better target potential inter-
ventions.

Alternatively, metronome-paced tachypnea has been pro-
posed as a potential screening tool to identify patients with
dynamic hyperinflation.52,53 Both cardiopulmonary exer-
cise testing and metronome-paced tachypnea have been
studied as potential screening tools to identify patients
with dynamic hyperinflation and have been able to iden-
tify patients who hyperinflate during activities of daily
living. Metronome-paced tachypnea is simpler and less
expensive; it has been found to be less sensitive, however,
than cardiopulmonary exercise testing (sensitivities of 89%
vs 96%, respectively).54

Management of Dyspnea Related to Dynamic
Hyperinflation: A Mechanistic Approach

Interventions to improve functional capacity and quality
of life in patients with obstructive lung disease and dy-
namic hyperinflation target a variety of pathophysiologic
pathways to decrease expiratory flow limitation, reduce
end-expiratory lung volume, and improve inspiratory mus-
cle strength and capacity (Table 1). Treating the sensation

of dyspnea itself, with opioids for example, may have a
role in patients with advanced disease as well as in those
with acute dynamic hyperinflation.

Pharmacotherapy

Pharmacotherapy can be useful in the treatment of dys-
pnea. Categories of drugs include bronchodilators, opi-
oids, and inhaled furosemide.

Bronchodilators. Bronchodilators, such as long-acting
beta agonists and long-acting muscarinic agents, help mit-
igate the contribution of airway resistance and expiratory
flow limitation to the development dynamic hyperinfla-
tion.55 Several studies have demonstrated the beneficial
effect of inhaled bronchodilators on dynamic hyperinfla-
tion and exercise tolerance56–59. The use of tiotropium,
specifically, has been associated with a reduction in hy-
perinflation both at rest and with exertion with subsequent
improvement in tidal volume and exercise tolerance.58 Gly-
copyrronium has been suggested to have some advantages
as a faster and longer-acting bronchodilator and has been
shown to effectively reduce lung hyperinflation in patients
with COPD.60 The examination of breathing patterns after
receiving bronchodilator therapy has demonstrated a slower
and deeper respiratory pattern during exercise as well as
improved cardiovascular response to exercise.61–63

Opioids. Opioid therapy has been shown to be effective
in reducing the sensation of breathlessness in individuals
with a variety of lung disorders.1,64-66 Two main mecha-
nisms for the reduction of dyspnea with opioid therapy are
suggested by laboratory experiments: (1) altered percep-
tion of dyspnea and a reduction of anxiety via direct action
on central synapses, and (2) a reduction in respiratory
drive and corollary discharges through action on the med-
ullary respiratory centers.65,67 In combination, these ef-
fects alleviate the efferent-reafferent dissociation and af-
fective response to dyspnea that may contribute to

Table 1. Physiologic Mechanisms of Action of Treatments for Dyspnea Related to Dynamic Hyperinflation

Treatments
Decrease Expiratory

Flow Limitation
Increase

Expiratory Time
Decrease Inspiratory
Threshold Loading

Increase Respiratory
Muscle Efficiency

Decrease Perception
of Dyspnea

Bronchodilators �

Inhaled furosemide � �

Pursed-lip breathing � �

Positive expiratory � �

Pressure therapy
Pulmonary � �

Rehabilitation
Lung volume � �

Reduction surgery
Opioids � �
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respiratory discomfort or distress.67 Opioid therapy for pa-
tients with refractory dyspnea is often only used as a pal-
liative treatment for patients at the ends of their lives;
however, it may be underutilized in patients with more
stable disease who suffer from refractory or episodic dys-
pnea. Low-dose opioids have been shown to be effective
in both episodic and chronic dyspnea in both in-patient
and out-patient settings.66,68,69 Clinicians may be reluctant
to prescribe opioids due to fear of adverse effect such as
respiratory depression, falls, confusion, etc.70 Morphine,
in doses of approximately 5 mg intravenously, has been
shown to reduce dyspnea without causing significant re-
spiratory depression in normal subjects.64

In acute dynamic hyperinflation, low-dose morphine
could be considered as an adjunctive treatment in the man-
agement of acute dyspnea in patients with obstructive lung
disease. Though there are no controlled studies demon-
strating that opioid therapy can mitigate dynamic hyper-
inflation by improving inspiratory capacity and lung me-
chanics, there have been cases of morphine mitigating the
affective response and thereby improving lung mechanics
and lessening acute dynamic hyperinflation.71 Opioids may
blunt the perception of respiratory discomfort or distress,
relieve anxiety, and slow the breathing frequency, thus
providing more time for exhalation and reducing end-ex-
piratory lung volume.

Inhaled Furosemide. Inhaled furosemide has been stud-
ied as a treatment for dyspnea and is believed to work via
direct effect of the pulmonary stretch receptors,72,73 thereby
improving efferent-reafferent dissociation, and by induc-
ing bronchodilation.74 Primarily studied in terminally ill
cancer subjects with dyspnea, furosemide was shown to
reduce patient-perceived dyspnea, particularly sense of ef-
fort, independent of any contribution to diuresis. Breathing
frequency in this patient population was unchanged, how-
ever.73 Several small studies evaluating the efficacy of
inhaled furosemide in subjects with COPD have shown
similar benefit. In a study of 20 subjects with COPD ran-
domized to receive placebo versus furosemide, subjects
who received inhaled furosemide reported an alleviated
sensation of dyspnea induced by constant-load exercise
testing. A significant bronchodilator response was also
seen.74 Another study of inhaled furosemide in subjects
with COPD showed an improvement in exercise endur-
ance accompanied by an increase in dynamic inspiratory
capacity, oxygen saturation, and oxygen uptake.75

Breathing Techniques and Pulmonary Rehabilitation

Pulmonary rehabilitation has been shown to improve
inspiratory muscle strength, decrease dyspnea, and im-
prove exercise capacity as well as central hemodynamic
responses to exercise in subjects with COPD76–79. Pulmo-

nary rehabilitation primarily addresses issues related to
inspiratory muscle weakness and rapid and shallow breath-
ing patterns that reduce the efficiency of breathing. Pul-
monary rehabilitation programs may target muscle strength-
ening through incremental exercise training to strengthen
both ventilatory and non-ventilatory skeletal muscles. Di-
aphragm movement during inhalation and exhalation, as
assessed by fluoroscopy, has been shown to improve after
pulmonary rehabilitation.80 Breathing techniques with a
focus on slow, deep breaths in contrast to rapid shallow
breathing helps alleviate effects of dynamic hyperinflation
and improve exercise capacity. Muscle training and breath-
ing techniques implemented in pulmonary rehabilitation
settings have been shown to increase exercise tolerance
and, more specifically, increase inspiratory capacity.

Breathing techniques can have a significant impact on
exercise performance and dyspnea. Expiratory positive air-
way pressure, by way of pursed-lip breathing, is often used
spontaneously in individuals with COPD but can also be
taught as a tool for management of both acute and chronic
hyperinflation.81 Pursed-lip breathing is a breathing tech-
nique by which a person exhales through tightly pressed,
or pursed, lips. This technique may relieve air trapping by
prolonging expiratory time and by encouraging a slower
breathing frequency. The improvement in expiratory time
causes a relative decrease in end-expiratory volume, thereby
improving inspiratory capacity, alleviating inspiratory mus-
cle work and thus reducing dyspnea. Figure 5 shows a
chest roentgenogram of a patient with COPD who devel-
oped acute dynamic hyperinflation in the setting of agita-
tion, with improvement after being coached through a
pursed-lip breathing technique. The application of expira-
tory positive airway pressure has been shown to improve
inspiratory capacity,82 exercise tolerance,83 and exertional
oxygen saturation.84,85 A recent, small, randomized study
evaluated the impact of directing an air current to the face
of subjects with COPD during exercise and found that
inspiratory capacity, exercise performance, and reported
dyspnea improved. The proposed mechanism of this ob-
served benefit is an alteration in the breathing pattern that
diminished development of dynamic hyperinflation.86

Continuous Positive Airway Pressure (CPAP)

Noninvasive ventilation is a well-accepted therapy in
patients with exacerbations of COPD as evidenced by ran-
domized, controlled trials and is supported by worldwide
clinical guidelines as a method to reduce mortality and
endotracheal intubation rates.87,88 Its use for chronic dys-
pnea or exertional dyspnea associated with dynamic hy-
perinflation is less well-established. Several studies have
evaluated the use of noninvasive ventilation with inspira-
tory pressure support, expiratory pressure, or both, and
have found that its use may acutely reduce exertional dys-
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pnea and improve exercise tolerance in subjects with
COPD.89,90 Some of these studies have demonstrated im-
provement in inspiratory capacity, arterial blood gas oxy-
gen tension, and ventilatory patterns with the use of non-
invasive ventilation during exercise.91,92 CPAP improves
respiratory mechanics by reducing the inspiratory thresh-
old load. With application of external PEEP, there is a
decreased pressure gradient between the airway opening
and alveoli, therefore decreasing the amount of negative
pressure the inspiratory muscles need to generate to cause
an inspiratory flow of air.93

Addressing the Affective and Emotional Dimension
of Dyspnea

Beyond inducing distress that may increase respiratory
drive or alter the perception of dyspnea, the effect of emo-
tions on dyspnea remain somewhat ambiguous. There is
some evidence to suggest that alteration of the emotional
state may improve dyspnea and objective measures of ex-
ercise capacity.43,94 Pulmonary rehabilitation may address
issues of anxiety and distress and has actually been shown
to improve depression and anxiety, independent of changes
in dyspnea or health-related quality of life.95–97 Though
not directly observed, it is theorized that addressing affec-
tive and emotional components of dyspnea may optimize
breathing patterns to reduce dynamic hyperinflation and
improve exercise capacity.98

Lung-Volume Reduction

Lung-volume-reduction surgery is a treatment modality,
first introduced in 1957, reserved for patients with severe

upper-lobe-predominant emphysema.99 Lung-volume-
reduction surgery has been shown to improve dyspnea and
exercise tolerance in select patients with severe emphy-
sema.100–104 The mechanisms proposed to explain this ben-
efit include: (1) an increase elastic recoil of the lung, (2) a
reduction in air trapping, (3) improved ventilation and
perfusion matching, and (4) improved inspiratory muscle
function.104,105 In patients with severe emphysema who
underwent lung-volume-reduction surgery, dynamic hy-
perinflation was reduced (as evidenced by the end-expira-
tory lung volume/total lung capacity ratio), inspiratory re-
serve volume was increased, and patients adopted a slower,
deeper breathing pattern with exercise.105 Cardiocircula-
tory effects of dynamic hyperinflation have also been al-
leviated in response to lung-volume-reduction surgery.
Lung-volume-reduction surgery has been shown to increase
left ventricular end-diastolic volume and improvement in
left ventricular function.106

Conclusions

Dynamic hyperinflation is a significant cause of mor-
bidity and mortality in patients with chronic obstructive
pulmonary disease. Dynamic hyperinflation contributes to
acute, chronic, and exertional dyspnea. A thorough under-
standing of the pathophysiology of dynamic hyperinflation
and its contributions to dyspnea can help practitioners pre-
scribe a treatment plan that addresses the functional, struc-
tural, and emotional issues that come together to contrib-
ute to this complex disease process. Areas for further study
to alleviate the sensory and physiological consequences of
dynamic hyperinflation include expanding the use of opi-
oids for episodes of acute dyspnea as well as the use of

Fig. 5. (A) Chest roentgenogram of a patient with chronic obstructive pulmonary disease who became agitated and developed dynamic
hyperinflation. Notice the flattened diaphragm. (B) Chest roentgenogram of the same patient after pursed-lip breathing. Note the improve-
ment in hyperinflation and more natural shape of the diaphragm.
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noninvasive ventilation during exercise in patients with
expiratory air-flow limitation.

REFERENCES

1. Parshall MB, Schwartzstein RM, Adams L, Banzett RB, Manning
HL, Bourbeau J, et al. An official American Thoracic society state-
ment: update on the mechanisms, assessment, and management of
dyspnea. Am J Respir Crit Care Med 2012;185(4):435-452.

2. O’Donnell DE, Laveneziana P. The clinical importance of dynamic
lung hyperinflation in COPD. COPD J Chronic Obstr Pulm Dis
2006;3(4):219-232.

3. Casanova C, Cote C, de Torres JP, Aguirre-Jaime A, Marin JM,
Pinto-Plata V, Celli BR. Inspiratory-to-total lung capacity ratio pre-
dicts mortality in patients with chronic obstructive pulmonary dis-
ease. Am J Respir Crit Care Med 2005;171(6):591-597.
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ñiz-González F, Cano-Aguirre MP, Alonso-Viteri S. Opioids for
management of episodic breathlessness or dyspnea in patients with
advanced disease. Support Care Cancer 2016;24(9):4045-4055.

70. Janssen DJA, Spruit MA, Uszko-Lencer NH, Schols JMGA, Wout-
ers EFM. Symptoms, comorbidities, and health care in advanced
chronic obstructive pulmonary disease or chronic heart failure. J
Palliat Med 2011;14(6):735-743.

71. Soffler MI, Rose A, Hayes MM, Banzett RB, Schwartzstein RM.
Treatment of acute dyspnea with morphine to avert respiratory
failure. Ann Am Thorac Soc 2017;14(4):584-588.

72. Kallet RH. The role of inhaled opioids and furosemide for the
treatment of dyspnea. Respir Care 2007;52(7):900-910.

73. Kohara H, Euoka H, Aoe K, Maeda T, Takeyama H, Saito R, et al.
Effect of nebulized furosemide in terminally ill cancer patients with
dyspnea. J Pain Symptom Manage 2003;26(4):962-967.

74. Ong K-C, Kor A-C, Chong W-F, Earnest A, Wang Y-T. Effects of
inhaled furosemide on exertional dyspnea in chronic obstructive
pulmonary disease. Am J Respir Crit Care Med 2004;169(9):1028-
1033.

75. Jensen D, Amjadi K, Harris-McAllister V, Webb KA, O’Donnell
DE. Mechanisms of dyspnea relief and improved exercise endur-
ance after furosemide inhalation in COPD. Thorax 2008;63(7):606-
613.

76. Nasis I, Kortianou E, Vasilopoulou M, Spetsioti S, Louvaris Z,
Kaltsakas G, et al. Hemodynamic effects of high intensity interval

RESPIRATORY SENSATIONS IN DYNAMIC HYPERINFLATION

RESPIRATORY CARE • ● ● VOL ● NO ● 11

RESPIRATORY CARE Paper in Press. Published on June 27, 2017 as DOI: 10.4187/respcare.05198

Copyright (C) 2017 Daedalus Enterprises ePub ahead of print papers have been peer-reviewed, accepted for publication, copy edited 
and proofread. However, this version may differ from the final published version in the online and print editions of RESPIRATORY CARE



training in COPD patients exhibiting exercise-induced dynamic hy-
perinflation. Respir Physiol Neurobiol 2015;217:8-16.

77. Porszasz J, Emtner M, Goto S, Somfay A, Whipp BJ, Casaburi R.
Exercise training decreases ventilatory requirements and exercise-
induced hyperinflation at submaximal intensities in patients with
COPD. Chest 2005;128(4):2025-2034.

78. Ramponi S, Tzani P, Aiello M, Marangio E, Clini E, Chetta A.
Pulmonary rehabilitation improves cardiovascular response to ex-
ercise in COPD. Respir Int Rev Thorac Dis 2013;86(1):17-24.

79. Lötters F, van Tol B, Kwakkel G, Gosselink R. Effects of con-
trolled inspiratory muscle training in patients with COPD: a meta-
analysis. Eur Respir J 2002;20(3):570-576.

80. Chun EM, Han SJ, Modi HN. Analysis of diaphragmatic movement
before and after pulmonary rehabilitation using fluoroscopy imag-
ing in patients with COPD. Int J Chron Obstruct Pulmon Dis 2015;
10:193-199.

81. Fagevik Olsén M, Lannefors L, Westerdahl E. Positive expiratory
pressure – Common clinical applications and physiological effects.
Respir Med 2015;109(3):297-307.

82. Monteiro MB, Berton DC, Moreira MAF, Menna-Barreto SS, Teix-
eira PJZ. Effects of expiratory positive airway pressure on dynamic
hyperinflation during exercise in patients with COPD. Respir Care
2012;57(9):1405-1412.
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