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ABSTRACT

Patients with chronic obstructive pulmonary disease (COPD) develop lung hyperinflation 
due to limited expiratory flow, loss of elastic recoil of the lungs or the combination of both, 
a circumstance that can become intensified during exercise. The increased operating lung 
volumes, both at rest and during exercise, overload the inspiratory muscles and limit the 
capacity for lung expansion, resulting in a neuro-mechanical uncoupling that generates 
or intensifies dyspnoea and limits exercise tolerance. In addition, lung hyperinflation can 
contribute to cardiovascular dysfunction during exercise and be a risk factor for the devel-
opment of lung cancer. Bronchodilators are effective for reducing lung hyperinflation, both 
in static and dynamic situations, and other therapeutic alternatives are also available. In 
short, lung hyperinflation is a treatable trait of COPD with an important clinical and 
prognostic impact that requires specific attention. (BRN Rev. 2019;6(1):67-86)
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INTRODUCTION

Chronic obstructive pulmonary disease (COPD) 
is a prevalent disorder characterised by sev-
eral degrees of inflammation and damage to 
the large and small peripheral airways, alve-
oli and adjacent capillary networks1,2. This 
results in expiratory flow limitation  (EFL), 
which is conventionally assessed by spi-
rometry to identify airflow limitation3. How-
ever, the characteristic changes in COPD can 
generate other functional alterations, includ-
ing lung hyperinflation  (LH). The increased 
lung distensibility caused by the lower elas-
tic recoil due to lung parenchyma damage, 
EFL or the combination of both determines 
an abnormal increase in gas in the lungs 
and airways at the end of tidal expiration. 
This circumstance can be further ampli-
fied in situations of stress to the respirato-
ry system, such as exercise or exacerba-
tions.

Over decades, it has been noted that the con-
cept of COPD primarily focused on the pro-
gressive decline in forced expiratory vol-
ume in the first second (FEV1) is simplistic, 
as it does not adequately reflect the entire 
pathological spectrum caused by the dis-
ease4,5. At the same time, LH has been shown 
to markedly influence patients’ perceived 
symptoms, exercise tolerance, comorbidities 
or even disease prognosis. Therefore, it has 
become a new therapeutic target for phar-
macological and non-pharmacological in-
terventions in COPD. The aim of this re-
view is to provide a cohesive, critical view 
of both the pathophysiological and clinical 
repercussions of LH in COPD, as well as 
the therapeutic options that are currently 
available.

DEFINITIONS AND EVALUATION 
PROCEDURES

Functional residual capacity (FRC) represents 
the lung volume at the end of tidal expira-
tion6. Therefore, the diagnosis of static hy-
perinflation requires the demonstration that 
FRC, determined by plethysmography, is 
greater than its upper limit of normal (ULN)7. 
Its evaluation by dilution procedures is not 
recommended as they underestimate the lung 
volumes proportionally to the severity of the 
airflow limitation8. Due to the inverse rela-
tionship between body mass and FRC in pa-
tients with COPD, its evaluation is also not 
recommended with reference equations that 
include weight or body surface area9,10. 

In addition to the FRC, an increase of the 
residual volume (RV) or the RV/total lung 
capacity (TLC) ratio above the ULN may 
also suggest the presence of LH11. On the 
other hand, as the inspiratory capacity (IC) 
is a mirror image of the FRC, a reduction in 
the IC/TLC ratio also indicates static hyper-
inflation, which is an independent predic-
tor of all-cause mortality in patients with 
COPD12. Although the available information 
is still limited, LH prevalence in COPD pa-
tients reaches 20 to 41%12,13, increasing in 
patients with frequent exacerbations or se-
vere airflow limitation14.

Dynamic hyperinflation is defined by the in-
crease in lung volume at the end of tidal ex-
piration during exercise or other situations of 
increased ventilatory demands. Therefore, its 
diagnosis requires demonstrating that the 
end-expiratory lung volume (EELV), analo-
gous to FRC under conditions of active expi-
ration, is higher than its baseline value15. The 
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most common procedure to determine chang-
es in the EELV is to measure the IC during 
exercise and subtract that value from the 
TLC, assuming that the latter does not change 
during exercise16.

Although portable systems for measuring IC 
have been developed17, its assessment during 
exercise requires specific equipment; thus, it 
is expensive and accessibility is limited. As 
an alternative, the induction of tachypnoea 
has been proposed with the use of a metro-
nome, taking IC measurements before and 
after hyperventilation18,19. It has also been 
proposed to consider the relationship be-
tween the peak tidal volume (VTpeak) and 
the baseline TLC, since this would avoid per-
forming IC manoeuvres during exercise20. 

IMPLIATIONS IN RESPIRATORY 
PATHOPHYSIOLOGY

The increase in FRC has a very variable im-
pact on the function of the respiratory mus-
cles, ranging from slight diaphragm dys-
function to hypercapnic respiratory failure. 
Static hyperinflation places the patient with 
COPD in a higher position of the pressure-vol-
ume curve of the respiratory system (Fig. 1), 
which helps to attenuate the EFL and reduc-
es airways resistance, potentially improv-
ing the distribution of the ventilation and 
even the ventilation-perfusion ratio and gas 
exchange21,22. However, the increase in FRC 
places the inspiratory muscles in a more in-
efficient portion of their length-tension re-
lationship, compromising their ability to 
generate force23,24, which surely has more 
impact on the diaphragm than on accessory 
muscles25,26. When the FRC exceeds 55% of 

the vital capacity (VC), the inspiratory mus-
cles must work not only against the elastic 
recoil of the lungs, but also against the in-
ward elastic recoil of the chest wall27. In short, 
static hyperinflation increases the elastic load 
of the inspiratory muscles while reducing 
their ability to generate force.

This situation is partially compensated by di-
aphragm shortening, due to the sarcomere 
loss and the shortening of diaphragm sarco-
meres28. Diaphragm shortening shifts the 
length-tension curve to the left, increasing its 
capacity to generate force at high lung vol-
umes29. In addition, alterations in muscle fi-
bre composition and mitochondrial concen-
tration occur, increasing the resistance and 
oxidative capacity of the diaphragm28,30-31. 
All this contributes towards preserving the 
capacity of the overloaded diaphragm to gen-
erate force and increases its resistance to fa-
tigue, although the capacity is not the same 
as in healthy subjects29. 

The development of dynamic hyperinflation 
limits the ability to increase IC during exer-
cise (Fig. 2) and, therefore, generates a lower 
peak VT and lower peak ventilation (VE)32. 
Usually, when VT reaches 75% of the IC, a 
plateau occurs in the VT/VE ratio21 in such 
a way that increasing the VE requires increas-
ing the respiratory rate32-33. This happens ear-
lier in patients with dynamic hyperinflation, 
because they have a lower IC. The tachypnoea 
developed to compensate for the impossibili-
ty of continuing to increase the VT worsens 
the functional weakness of the inspiratory 
muscles by forcing their contraction velocity 
and contributes to decreasing the dynamic 
compliance of the lungs21,34-35. In more ex-
treme situations, it can lead to an increase 
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Figure 1. Schematic representation of static lung volumes and pressure-volume curves in normal subjects and COPD patients with lung 
hyperinflation (reproduced from O’Donnell DE152 with permission of the American Thoracic Society, © 2019 American Thoracic Sociey). 
COPD: chronic obstructive pulmonary disease; EELV: end-expiratory lung volume; ERV: expiratory reserve volume; IC: inspiratory 
capacity; IRV: inspiratory reserve volume; PV: pressure-volume; RV: residual volume; TLC: total lung capacity; ∆IC: change in IC from  
rest to exercise; ∆P: change in pleural pressure during a tidal breath during exercise; ∆V: change in volume during a tidal breath  
during exercise.

Figure 2. Changes in lung volumes during exercise (A) in healthy subjects and (B) in patients with chronic obstructive pulmonary 
disease and dynamic hyperinflation. 
EELV: end-expiratory lung volume; FRC: functional residual capacity; IC: inspiratory capacity; RV: residual volume; TLC: total lung 
capacity.

140

Normal COPD

Volume

Lu
ng

 v
ol

um
e 

(%
 p

re
di

ct
ed

 T
LC

)

Volume

120

TLC

IC

IC

IC

IRV
RV

ΔIC

ΔIC

ΔP

ΔP

ΔV

ΔV
IRV

ERV

RV
Pressure

Pressure
EELV

RV

100

80

60

40

20

0

A

TLC TLC

FRC

FRC

IC IC
IC

IC

EELV EELV

EELV
EELV

RV

RV

B

N
o

 p
ar

t 
o

f 
th

is
 p

u
b

lic
at

io
n

 m
ay

 b
e 

re
p

ro
d

u
ce

d
 o

r 
p

h
o

to
co

p
yi

n
g

 w
it

h
o

u
t 

th
e 

p
ri

o
r 

w
ri

tt
en

 p
er

m
is

si
o

n
  o

f 
th

e 
p

u
b

lis
h

er
. 

 
©

 P
er

m
an

ye
r 

20
20



BARCELONA
RESPIRATORY
NETWORK

Collaborative research

71

F. García-Río: Lung Hyperinflation in Chronic Obstructive Pulmonary Disease 

in the physiological dead space and compro-
mise the efficiency of carbon dioxide (CO2) 
elimination36. In addition, the point at which 
the disproportionate increase in respiratory 
rate occurs to compensate for the impossibil-
ity to continue increasing the VT indicates the 
beginning of the imbalance between the in-
creased central neural drive and the mechan-
ical response of the respiratory system22. As 
dynamic hyperinflation progresses, the VT pla-
teau occurs earlier and, therefore, this neuro-
mechanical dissociation arises at lower work/
ventilation loads37,38. 

Dynamic hyperinflation also increases the elas-
tic and threshold load on the inspiratory mus-
cles, thereby decreasing their efficiency by 
requiring more work and oxygen cost to main-
tain breathing39. In addition, the adaptation 
that occurs during static hyperinflation can-
not compensate for the sudden workload caused 
by hyperventilation induced by exercise40. As 
a consequence, the mechanical disadvantage 
of hyperinflation and the increase in shorten-
ing velocity caused by the tachypnoea during 
exercise determine a functional weakness of 
the inspiratory muscles39. This higher load-ca-
pacity ratio does not allow the increased VE 
to be maintained for a long period of time. In 
turn, the increased oxygen cost of breathing 
and the reduced efficiency of the inspiratory 
muscles may predispose patients with very se-
vere COPD to developing fatigue during ex-
ercise27. 

CLINICAL IMPLICATIONS

In patients with COPD, LH is an independent 
risk factor for all-cause mortality12,41 and it 
has also been proposed as a risk factor for 

the development of exacerbations42. Although 
during a severe exacerbation there is wors-
ened static hyperinflation, with an average 
decrease in IC of 280 mL or 16%43, the rela-
tionship could be bidirectional. In fact, static 
hyperinflation and gas trapping (evaluated 
by the RV/TLC ratio) discriminate exacerbators 
from non-exacerbators with COPD better than 
FEV1

44. A follow-up study of patients from the 
Korean Obstructive Lung disease (KOLD) co-
hort for 61 months has shown that the pres-
ence of static hyperinflation independently 
increases the risk of a first exacerbation, as 
well as increasing mortality41. 

Dyspnoea

Patients with COPD frequently describe exer-
cise dyspnoea as a feeling of unsatisfactory 
inspiration, using the descriptor “I can’t take a 
deep breath”34. This difficulty to increase in-
spiration during exercise is perceived as un-
pleasant, alerts that ventilation cannot be main-
tained and triggers an abrupt modification in 
behaviour. In patients who develop dynamic 
hyperinflation, dyspnoea seems to depend pre-
cisely on the limitation to expand VT during 
exercise45. Therefore, it has been suggested that 
dynamic hyperinflation increases the intensi-
ty of dyspnoea, generating a greater neuro-
mechanical uncoupling of the respiratory sys-
tem22. In fact, when the VT/IC ratio (which 
represents the balance between the relative 
respiratory muscle effort and volume displace-
ment) exceeds 70%, the intensity of dyspnoea 
experiences a very sudden increase21,34. 

However, this initial alteration involves dif-
ferent pathways in the generation of dyspnoea 
(Fig. 3). The lower expansion of VT and IC 
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during exercise, as a consequence of the inef-
ficiency of the inspiratory muscles and the 
lower distensibility of the lungs and rib cage, 
decreases the stimulation of the pulmonary 
stretch receptors, showing that the mechani-
cal response of the respiratory system is less 
than expected. In turn, this neuromechanical 
uncoupling induces corollary discharges from 
the motor cortex to the inspiratory muscles in 
an effort to increase tidal volume, which are 

also left unanswered, resulting in significant 
efferent-reafferent dissociation. Simultaneous-
ly, the decrease in tidal volume and increase 
in dead space may contribute to hypoxaemia, 
hypercapnia, and acidosis, causing activation 
of the respiratory centre via the stimulation of 
chemoreceptors46. 

Exercise tolerance

Due to their close relationship with dyspnoea, 
both static32 and dynamic hyperinflation27,47 
reduce the exercise tolerance of COPD patients. 
Together with the limitation of airflow, the 
degree of static hyperinflation is directly and 
proportionally related with the annual dete-
rioration of peak oxygen uptake (VO2) experi-
enced by patients with COPD48,49. When exer-
cise tolerance is assessed by the distance walked 
in six minutes (6MWD), similar results are 
obtained. In 342 clinically stable COPD pa-
tients from the Phenotype Characterisation 
and Course of Chronic Obstructive Pulmo-
nary Disease (PAC-COPD) study, the annual 
rate of change in the 6MWD was independent-
ly associated with IC/TLC13. Another longitu-
dinal study also confirmed that the IC/TLC 
ratio is related to the annual decrease in the 
6MWD, obtaining that for every 0.1 unit de-
crease in baseline IC/TLC ratio, the annual 
decline in the 6MWD distance was 13 meters50. 

Daily physical activity

In addition to the functional capacity of a pa-
tient, it is obvious that the physical activity that 
she/he can perform on a daily basis will de-
pend on several factors, including socio-demo-
graphic and cultural characteristics, lifestyle, 

↑ EELV

↑ VE

↓ Inspiratory
muscles efficiency

↓ VT and IC 
expansion

↓ Chest wall and lung
compliance

↑ VD/VT

 ↑ PaCO2, ↓ PaO2
↓ pH 

 ↑ chemoreceptors
stimulation

↓ VA

↓ Lung stretch
receptors
activity

Efferent-
reafferent

dissociation
Corollary

discharges

Neuromechanical dissociation

Dyspnoea

Figure 3. Potential mechanisms of dyspnoea in dynamic 
hyperinflation. 
EELV: end-expiratory lung volume; IC: inspiratory capacity; 
PaCO2: carbon dioxide arterial pressure; PaO2: oxygen arterial 
pressure; VA: alveolar ventilation; VD/VT: ratio of physiologic 
dead space over tidal volume; VE: minute ventilation; VT: tidal 
volume.
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environment and other clinical aspects, such 
as emotional factors, or the concurrence of 
different comorbidities51. In any case, and 
assuming the concurrence of some of the 
aforementioned factors, the contribution of 
LH is a main determinant of the sedentary 
lifestyle of patients with COPD. In a cohort of 
110 patients with COPD who presented mod-
erate-to-very severe airflow limitation and 
whose daily physical activity was evaluated 
by means of an accelerometer, it was proven 
that dynamic hyperinflation justified some 
84% of the variability in their daily physical 
activity52. 

Cardiovascular function

The link between LH and reduced cardiac 
function has received much attention in re-
cent years. The initial comparison of patients 
with severe emphysema and healthy volun-
teers has shown that the former had lower left 
ventricle (LV) and right ventricle (RV) end-di-
astolic volume index as well as lower cardi-
ac index and stroke volume (SV) index, with 
no differences in LV and RV end-systolic 
volumes, LV wall mass and septal curva-
ture53. In a subsequent cross-sectional study 
on a population-based sample of smokers and 
non-smokers, the extent of emphysema, mea-
sured by computed tomography (CT), was 
inversely related to left ventricular end-dia-
stolic volume (LVEDV), stroke volume, and 
cardiac output (QT), even in patients with 
mild LH and no cardiac comorbidity54. Like-
wise, Smith et al.55 observed that the pulmo-
nary veins were compressed in patients with 
emphysema and proposed that LV filling was 
lowered by reduced preload due to pulmo-
nary causes.

Using direct evaluation of static hyperinfla-
tion, Watz et al.56 described an impaired LV 
diastolic filling pattern and an impaired 
global RV function in hyperinflated patients. 
Interestingly, their findings also support 
the concept of reduced preload in patients 
with LH, since LV isovolumetric relaxation 
time (IVRT) was unaffected by the IC/TLC 
ratio, suggesting no connection with left 
ventricular distensibility. Likewise, a study of 
615 COPD patients from the German COPD 
and SYstemic consequences-COmorbidities 
NETwork (COSYCONET) cohort reported 
that FRC correlated positively with the mitral 
annulus velocity and negatively with the 
diameter of the left atrium57. Thus, LH has 
been significantly associated with cardiac di-
astolic filling in patients with COPD, suggest-
ing a decreased pre-load rather than inher-
ently impaired myocardial relaxation itself. 
Nonetheless, it is not possible to rule out an 
effect of static hyperinflation on ventricular 
function, given that in COPD patients with an 
IC/TLC ≤ 0.25, in addition to an impaired LV 
diastolic filling pattern, impairment of the RV 
Tei-index has been described, which provides 
a global estimation both systolic as well as 
diastolic function of the RV56. 

Another relevant aspect of cardiovascular 
dysfunction in COPD is the reduced pulmo-
nary microvascular blood flow. Aaron et al.58 
suggested that LH and other smoking-relat-
ed pulmonary vascular changes might lead 
to compression of the pulmonary capillary 
bed. They found an association between re-
duced total pulmonary vascular volume and 
decreased LVEDV, SV and QT, whereas ven-
tricular relaxation and ejection fraction were 
not impaired, again suggesting pulmonary 
causes58. 
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The effect of dynamic hyperinflation on the 
cardiac response to exercise is less known 
and, in a way, comes from classical studies on 
the effect of exercise and voluntary hyperven-
tilation on cardiac function59 as well as the 
extrapolation of studies conducted in patients 
with mechanical ventilation. Potentially, the 
increase in EELV can cause a decrease in pre-
load and an increase in after-load of both ven-
tricles, in addition to increasing ventricular 
interdependence secondary to the effect of 
pulmonary stretching (Fig. 4).

In haemodynamic studies performed during 
submaximal exercise in patients with COPD 
and no heart disease, no differences were ob-
served in the increase in QT related to the 
intensity of exercise (QT/VO2) compared to 
healthy subjects, although a slightly smaller 
increase in SV was observed, which was com-
pensated with a higher heart rate response60,61. 
However, the increase in the right ventricle 
ejection fraction (RVEF) during the submaxi-
mal exercise of patients with COPD correlated 
negatively with total pulmonary resistance, 
which could reflect a certain degree of hyper-
inflation61. Nonetheless, a limitation was iden-
tified for the increase in QT during higher 
intensity exercise. Vogiatzis et al.62 demon-
strated that, during an incremental exercise 
test, QT increased up to a load corresponding 
with 50% of peak work capacity, while at high-
er intensities the increase in QT was attenuat-
ed, even if VO2 kept increasing. As the heart 
rate continued increasing to peak work rate, 
this finding was attributed to a fall in SV at 
exercise intensities above 50% of peak capacity. 
Moreover, the limitation to increase the SV was 
associated with progressive dynamic hyper-
inflation and the increase in expiratory abdom-
inal muscle recruitment62, thereby indicating 

that a limitation in pulmonary mechanics 
might impair hemodynamic responses to ex-
ercise in COPD. Along the same lines, Vas-
saux et al.58 demonstrated that patients with 
COPD and severe static hyperinflation (IC/TLC 
< 25%) have a lower exercise tolerance and a 
lower peak oxygen pulse, which is an indirect 
estimation of SV. In addition, they verified 
that the peak oxygen pulse is independently 
related to the baseline IC/TLC and FEV1, as 
well as body mass index (BMI) and hand-grip 
force63. 

So far, only one study has simultaneously eval-
uated the dynamic hyperinflation and cardiac 
response to exercise of patients with COPD, 
although using surrogated outcomes. In 45 pa-
tients with COPD, Tzani et al.47 analysed the 
relationship between the increase in EELV and 
cardiac response, assessed by the increase in 
the oxygen pulse and the double product (DP) 
reserve (product of the systolic blood pressure 
and heart rate), observing that the increase in 
EELV maintains a negative relationship with 
both heart rates. Although interpretation must 
be done cautiously because they are indirect 
measures, the lower response of the oxygen 
pulse in patients with dynamic hyperinfla-
tion could be attributed to a lower preload 
due to a diastolic filling defect of the LV. But 
the lower response of the DP reserve, an in-
dicator of the maximum performance of the 
LV, suggests the involvement of other mech-
anisms. The DP reserve reflects myocardial 
oxygen consumption during exercise, which 
depends primarily on the tension in the ven-
tricle wall, the contractile state of the heart, 
and heart rate.64 In fact, classical studies have 
shown that oxygen consumption by the myo-
cardium during exercise can be reliably esti-
mated based on the DP value.65 Therefore, the 
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lower cardiac response observed in patients 
with COPD who develop dynamic hyperin-
flation may also depend on impaired LV con-
tractility.

Finally, LH could also contribute to the ele-
vated pulmonary arterial pressure in patients 
with COPD. A cross-sectional analysis of the 
Multi-Ethnic Study of Atherosclerosis (MESA) 
COPD study has identified that the cross-sec-
tional area of the main pulmonary artery, mea-
sured by cardiac magnetic resonance imag-
ing, is related to residual volume, suggesting 

that gas trapping may contribute to pulmo-
nary hypertension in COPD66. 

Peripheral muscle weakness

The increased work of the inspiratory mus-
cles caused by dynamic hyperinflation could 
compromise the oxygen supply to the periph-
eral muscles67-69, favouring their fatigue and 
limiting exercise capacity70. In fact, reducing 
the respiratory load of patients with dynam-
ic hyperinflation through the inhalation of 

Figure 4. Potential deleterious effects of lung hyperinflation on cardiopulmonary functions during exercise in patients with chronic 
obstructive pulmonary disease. 
LV: left ventricular; Pab: abdominal pressure; Ppl: pleural pressure; RA: right arterial; RV: right ventricular.
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heliox increases blood flow in peripheral mus-
cles and reduces the intensity of leg effort, 
with less recruitment of type II muscle fibres, 
which are easily fatigued69-71. Overall, this re-
sults in lower leg muscle fatigue at the end of 
exercise72. 

Lung hyperinflation also influences the abil-
ity to generate force through the muscles of 
the upper extremities. In fact, it has been re-
ported that COPD patients with severe static 
hyperinflation (IC/TLC < 0.25) have lower hand-
grip strength, and the IC/TLC ratio is an in-
dependent factor associated with the strength 
of upper limb muscles73. 

Lung cancer

In recent decades, it has been extensively demon-
strated that COPD increases the risk of lung 
cancer after controlling for smoking history74, 
which suggests the contribution of other fac-
tors, such as genetic or epigenetic alterations, 
inflammation, oxidative stress or noxious sub-
stances75. Furthermore, it is also known that 
the relationship of COPD with lung cancer is 
dependent on the presence of emphysema76-79. 
Recently, in a cohort of 848 COPD patients 
followed for an average of 4.3 years (totalling 
2858 person-years), the presence of static hy-
perinflation was identified as an independent 
risk factor for lung cancer, but not for cancer 
of any origin80. 

Several potential pathogenic mechanisms could 
explain the link between LH and lung cancer. 
Lung hyperinflation is related to reduced elastic 
recoil, loss of alveolar attachments and increased 
airway resistance, which can favour hypoxia 
through ventilation-perfusion mismatching, 

and hypoxia has a recognised role in the de-
velopment and progression of cancer81. More-
over, it has also been described that stable 
COPD patients with LH present higher air-
way oxidative stress, probably due to a higher 
production of reactive oxygen species caused 
by mechanical stretching of the airway epi-
thelial cells, a reduced free-radical scaveng-
ing capacity in the airways, or a combination 
of both circumstances82. In any case, airway 
oxidative stress is associated with oncogenic 
deoxyribonucleic acid (DNA) mutation as well 
as cell injury, which can lead to the replica-
tion of tumour cells and the development of 
lung cancer in the event that cell damage is 
not adequately repaired83-84. It is also known 
that reactive oxygen species damage epitheli-
al cells, induce genotoxic stress capable of DNA 
adduct formation75 and increase micro-ribo-
nucleic acid (RNA) methylation85. Interesting-
ly, the FRC of patients with COPD reportedly 
maintains a directly proportional relationship 
with hypermethylation levels of microRNA-786, 
which has a well-known effect as suppressor 
in several types of cancer (including non-small-
cell lung cancer87), and its reduced levels have 
been associated with increased tumorigenic-
ity88,89. Some evidence suggests that the Mi-
croRNA-7 (miR-7) hypermethylation found in 
COPD patients with hyperinflation might be 
related to smoking-induced up-regulation of 
matrix metalloproteinases as well as excessive 
inflammatory and oxidative stress responses90. 
Finally, it is also feasible that hyperinflation and 
lung cancer share a genetic pathogenic path-
way independent of smoking history. For ex-
ample, it has been reported that a single nu-
cleotide polymorphism in dynein axonemal 
heavy chain (DNAH5) could be related to hy-
perinflation in COPD patients91. Other au-
thors have described that the oncogenic driver 
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originated by the association of DNAH5 and 
transformer-2 protein homolog beta (TRA2B) 
genes might have a role in the development 
of squamous cell lung cancer92. 

Other comorbidities 

Lung hyperinflation has also been related to 
the development of other comorbidities, includ-
ing gastroesophageal reflux disease (GERD), 
a common gastrointestinal disorder associat-
ed with food reflux, acid regurgitation and 
chest pain as well as serious complications 
such as ulcerative esophagitis and oesopha-
geal adenocarcinoma93. It has been shown that 
decreased IC is an independent risk factor of 
GERD symptoms in stable COPD patients94. 
The LH-induced flattening of the diaphragm 
as well as the increased intra-abdominal pres-
sure and the negative intrathoracic pressure 
might compromise the anti-reflux barrier, forc-
ing stomach contents through the lower oe-
sophageal sphincter, changing the oesopha-
gus angle with respect to the diaphragm, or by 
some other mechanism affecting the sphinc-
ter tone.

PHARMACOLOGICAL TREATMENT

Bronchodilators

Bronchodilators are an effective therapy for 
static hyperinflation, as they increase IC and 
inspiratory reserve volume (IRV) at rest, which 
is related to the lower perception of dys-
pnoea and greater tolerance to exercise22. 
The global evaluation by meta-analysis of 
localised clinical trials comparing the effect 
of a bronchodilator or in combination versus 

a placebo for at least one week in patients 
with COPD and LH22,95-115 confirms an in-
crease in IC of 0.16 L (95% confidence inter-
val [CI]: 0.14-0.18 L)116. This effect is main-
tained in the long term, even after four years 
of treatment95. As a result, the administra-
tion of bronchodilators reduces the severity 
of dyspnoea and increases tolerance to exer-
cise in the long term114. 

By increasing resting IRV and reducing EELV, 
bronchodilators also allow for a greater in-
crease in VT during exercise, delaying the 
mechanical limitation point for its expansion. 
In addition, they facilitate breathing at lower 
lung volumes, which places the patient in a 
more linear portion of the pressure-volume 
curve of the respiratory system, delaying neu-
romechanical uncoupling and attenuating dys-
pnoea16,22. To date, 22 clinical trials have been 
identified that evaluate the effect of at least 
one week of bronchodilator treatment on lung 
volumes during exercise in patients with COPD 
versus placebo22,96-98,100-115,117,118. These are 14 par-
allel and 8 crossover studies, twelve of which 
have evaluated the effect of long-acting mus-
carinic agonists (LAMA), another nine long-act-
ing beta-adrenergic agonists (LABA) and five 
combined LAMA/LABA. The joint evaluation 
by meta-analysis demonstrates their effective-
ness in reducing dynamic hyperinflation, de-
creasing IC at isotime by 0.18 L (0.13-0.23) in the 
case of LAMA, 0.19 L (0.15-0.23) in LABA and 
0.19 L (0.16- 0.23) when LAMA/LABA were 
used in combination (Fig. 5-A).

The effect of bronchodilators on dynamic hy-
perinflation is not exclusive to patients with 
severe disease. When the effect of eight weeks 
of dual bronchodilator therapy on dynamic 
hyperinflation induced by a metronome was 
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Figure 5. Forest plot of comparison of bronchodilators versus placebo effect on inspiratory capacity at isotime (A) and endurance time (B).  
ΔIC at isotime: inspiratory capacity decrease at isotime, defined as the highest equivalent exercise time achieved during each of the 
constant-load tests performed by a given subject; Δ endurance time: increase of endurance time to exhaustion during constant-load 
tests; CI: confidence interval; LABA: long-acting beta-agonist; LAMA: long-acting muscarinic antagonist.
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assessed in patients with mild-to-moderate 
COPD, an increase was detected in IC at iso-
time of 0.11-0.13 L versus placebo119. The bron-
chodilator-induced IC increase during exer-
cise determines an overall increase in VT at 
isotime of 0.10 L (0.04-0.15), which is signifi-
cantly higher than with placebo. In addition, 
it reduces the severity of exercise dyspnoea, 
showing a decrease in the Borg scale score at 
isotime of 0.41 (0.27-0.56) units116. Finally, a 
greater exercise tolerance is generated, which 
is demonstrated by an increase in endurance 
time, both with LAMA, LABA or dual bron-
chodilation (Fig. 5-B).

In addition to the effect on lung volumes in 
patients with COPD and LH, several clini-
cal trials have evaluated the impact on car-
diovascular function. Santus et al.120 were 
the first group to examine the effects of 
single-bronchodilator-mediated deflation on 
cardiac function. They found that broncho-
dilators improve RV compliance indices and 
reduce heart rate, in association with a de-
crease of the residual volume. In another 
clinical trial, Stone et al.121 evaluated the ef-
fect of lung deflation induced by a LABA 
on cardiovascular structure and function us-
ing cardiac magnetic resonance. They report-
ed a significant improvement in biventricu-
lar SV, left atrial function, and pulsatility 
within the pulmonary circulation, although 
the bronchodilator did not improve the ejec-
tion fractions of the ventricles. To assess the 
effect of dual bronchodilation, COPD pa-
tients with LH were randomised to inda-
caterol plus glycopyrronium for 14 days99. 
It was observed that, in addition to reduc-
ing FRC and RV as well as increasing IC 
and the IC/TLC ratio, the dual bronchodi-
lator therapy improved diastolic function to 

a greater degree than monotherapy, even 
though the ejection fractions did not change 
in both ventricles99. 

Recently, the effect of lung deflation with 
indacaterol/glycopyrronium versus place-
bo has been assessed on pulmonary micro-
vascular blood flow (PMBF) and regional 
pulmonary ventilation in hyperinflated pa-
tients with COPD and no relevant cardiac 
abnormalities122.  Magnetic resonance im-
aging showed significant improvements in 
total PMBF and regional PMBF in response 
to dual bronchodilation versus placebo. This 
improvement in pulmonary vasculature was 
significantly linked to the increased LVEDV 
and could therefore be mediated by a great-
er regional ventilation, leading to reduced 
parenchymal hypoxia, improved endothelial 
function and vasodilatation of the pulmonary 
vasculature122. 

Inhaled corticosteroids

Their usefulness to treat LH has been exam-
ined in few clinical trials. It has been report-
ed that the association of fluticasone propi-
onate with salmeterol does not potentiate 
its effect on dynamic hyperinflation109, while 
budesonide added to formoterol significantly 
increases the endurance time compared to 
isolated monotherapy104. The administration 
of inhaled corticosteroids in extra-fine par-
ticles also has a potential effect, since the 
association of budesonide in extra-fine par-
ticles and formoterol in hyperinflated pa-
tients with COPD has achieved a greater 
reduction in RV and dyspnoea than the com-
bination of salmeterol/fluticasone123. It is un-
known whether this may be due to the action 
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of ultrafine particle corticosteroids on the 
small airway.

NON-PHARMACOLOGICAL 
TREATMENT

Volume reduction surgery

This surgical approach increases the elas-
tic recoil of the lung, which reduces hyper-
inflation and facilitates the function of the 
respiratory muscles124. In selected patients, 
it improves static lung volumes, respiratory 
muscle function, exercise dyspnoea and ex-
ercise tolerance124. It also has an effect on 
dynamic hyperinflation, getting patients to 
adopt a slower and deeper respiratory pat-
tern. Thus, in a series of 42 patients with 
emphysema predominantly in the upper 
lobes who underwent volume reduction sur-
gery, a reduced EELV/TLC ratio was ob-
served with an increased IRV; these chang-
es remained 36 months after surgery and 
were associated with an improvement in 
the 6MWD and the maximum load reached 
in a progressive exercise test125. In patients 
with severe COPD, volume reduction sur-
gery also increases the dimensions and fill-
ing of the LV and improves the wedge pres-
sure in the pulmonary artery, in addition to 
improving the cardiac index, SV index and 
stroke work index126.

Endoscopic volume reduction

In patients with heterogeneous emphysema 
and poor collateral ventilation or lack there-
of in the treated lobe, the implantation of en-
dobronchial valves has a limited effect on 

short-term lung volumes. Three months af-
ter the implantation of Zephir valves in 
dyspnoeic patients, with limitation to exer-
cise, severe airflow limitation and an RV 
>  150%, the improvement in FEV1 achieved 
was less than 6%127. However, six months 
after the implantation of the valves, a re-
duction in the RV of 700 mL was achieved 
as well as an increase in the 6MWD of 
78  meters and an improvement in quality 
of life evaluated by the St George Respira-
tory Questionnaire (SGRQ) of 6.5 units, al-
though 29% of cases presented pneumotho-
rax128. The improvement in these outcomes 
was sustained during 12 months after valve 
placement, although 25% of treated patients 
presented pneumothorax in this period129. 

Endobronchial coils compress emphysema-
tous lung tissue and may improve lung func-
tion, exercise tolerance and symptoms in 
patients with emphysema and severe LH. 
Most clinical trials show a striking effect on 
health-related quality of life, which reaches 
8.4 units of the SGRQ in three months130, and 
a more discrete effect on lung function. In 
a European multicentre study, the improve-
ment in the 12-month SGRQ was 11.1 units, 
while the 6MWD increased by 51 meters, the 
FEV1 by 110 mL and the RV by 710 mL131. 
These results have been confirmed by other 
studies132-133.  The most numerous included 
315 patients with emphysema and severe gas 
trapping, who were randomised to conven-
tional care or usual care plus bilateral coil 
treatment involving two sequential proce-
dures four months apart in which 10 to 
14  coils were placed by bronchoscope in a 
single lobe of each lung. Twelve months lat-
er, the group treated with the coils experi-
enced slight improvements in the distance 
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walked (14.6 meters) and FEV1 (7%), and much 
more striking improvements in the SGRQ 
score (8.9 units), although 20% of patients had 
developed pneumonia and 10% pneumotho-
rax133. Endobronchial coils have also demon-
strated an effect in small series of patients 
with severe emphysema due to alpha-1 anti-
trypsin deficiency, in whom a reduction was 
achieved in RV of 300 mL one year after im-
plantation134. 

Pulmonary rehabilitation

Because pursed-lip breathing increases expi-
ratory time and counterbalances the intrinsic 
positive end-expiratory pressure (PEEP)6, it 
could be useful in patients with LH, by creat-
ing a more efficient ventilatory pattern with a 
lower respiratory rate and a higher VT during 
exercise135. Although some studies confirm that 
it reduces EELV and the pressure generated by 
the inspiratory muscles, reducing the sensa-
tion of dyspnea135, other authors have report-
ed more variable results for the reduction of 
dyspnoea and increased exercise tolerance136. 

Exercise training of the lower and upper 
limbs reduces the ventilatory needs for a cer-
tain level of exercise due to the improved 
function of the peripheral muscles, which is 
able to reduce the respiratory rate and in-
crease VT, decreasing dyspnoea and increas-
ing tolerance to exercise137,138. In addition, the 
increase in VT reduces dead space, so that 
metabolic requirements are further reduced. 
However, despite its effect on dyspnoea, 
the ability to perform activities of daily liv-
ing and at the best metabolic performance 
during exercise, it has not been possible to 
demonstrate that a conventional respiratory 

rehabilitation program reduces the increase 
in EELV during exercise139. 

Strength training of inspiratory muscles im-
proves dyspnoea and increases exercise ca-
pacity in patients with COPD and LH140, 
probably due to compensation of the muscle 
weakness caused by hyperinflation. In fact, 
this type of training has been shown to im-
prove the strength and endurance of the 
inspiratory muscles140, so it seems more effec-
tive in patients with a certain degree of inspi-
ratory muscle dysfunction. In any case, it has 
been shown that inspiratory muscle training 
in patients with COPD reduces static hyper-
inflation evaluated by the IC/TLC ratio and 
is accompanied by clinically relevant im-
provement in exercise tolerance and percep-
tion of dyspnoea141. 

Inhaled gases and ventilatory support

Oxygen supplementation during constant 
load exercise increases endurance time and 
maximum exercise capacity, reducing ventila-
tion and fatigue at isotime142. This is probably 
a result of the reduced ventilatory demand 
due to attenuation of the response of the pe-
ripheral chemoreceptors, which delays the 
appearance of the ventilatory limitation143,144, 
and to the improved oxygen supply to the 
peripheral muscles145. 

Breathing heliox decreases airway resistance 
and airflow limitation, so this could also at-
tenuate the increase in EELV during exer-
cise146. It has been reported that heliox inha-
lation improves exercise tolerance and reduces 
dyspnoea in patients with COPD147. Improved 
VO2 kinetics and increased Q have also been 
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reported with an acceleration of the average 
response time of Q and heart rate71. 

In patients with COPD and LH, non-invasive 
ventilation increases endurance time and re-
duces the perception of dyspnoea during con-
stant load exercise148, probably due to the bet-
ter demand/capacity balance, by unloading 
the inspiratory muscles during exercise149. In 
general, positive pressure counteracts the in-
trinsic PEEP by minimizing the threshold load 
of the inspiratory muscles, while the pressure 
support reduces the elastic and resistive load 
of the ventilatory muscles during exercise150. 
In fact, it has been demonstrated that the 
application of positive expiratory pressure in 
patients with COPD during the six-minute 
walk test reduces FRC and RV, increasing the 
distance walked151. Similarly, several authors 
have shown that proportional assisted venti-
lation applied to COPD patients during con-
stant load exercise increases the endurance 
time and oxygenation of the muscles of both 
extremities, improving dyspnoea and leg fa-
tigue symptoms68-72. 

CONCLUSIONS

Lung hyperinflation is a frequent functional 
disorder in patients with COPD that is a con-
sequence of alterations in the elastic recoil of the 
lung parenchyma as well as the limited expi-
ratory flow, which can become worse in situa-
tions of stress for the respiratory system, such 
as exacerbations or exercise. Lung hyperinfla-
tion significantly compromises ventilatory me-
chanics and respiratory muscle function, which 
precipitate many of the perceived symptoms of 
patients with COPD, especially dyspnoea and 
exercise intolerance. It is an independent risk 

factor for mortality in COPD, and recent evi-
dence supports that LH may contribute to car-
diovascular dysfunction during exercise and 
increase the risk of lung cancer. Due to its 
recognised relevance, LH has been the thera-
peutic target of numerous clinical trials that 
have shown a relevant response to bronchodi-
lators, in addition to non-pharmacological ther-
apeutic procedures that have also demonstrat-
ed a certain degree of efficacy. Therefore, LH 
is undoubtedly a treatable trait of COPD (Ta-
ble 1), with an exceptional clinical and prog-
nostic relevance, which is necessary to consid-
er in the phenotypic characterisation of patients. 
The information currently available does not 
allow for an evidence-based recommendation 
to be established about in which patients or 
how often LH should be evaluated in COPD. 
However, it seems possible that those with 
greater severity of airflow limitation, frequent 
exacerbations, severe dyspnoea, poor exercise 
tolerance or cardiovascular comorbidity pres-
ent LH more frequently and may benefit from 
some intervention of this disorder. In such cas-
es, the measurement of FRC, or alternatively of 
the IC/TLC ratio, might be systematically con-
sidered over a period of at least three years to 
assess its progression. The potential relation-
ship of LH with lung cancer, gastroesophage-
al reflux or even sleep disturbances broadens 
its potential interest, but information in these 
fields is still very scarce.
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Table 1. Summary table

Pathophysiological 
implications

– Static hyperinflation increases the elastic load of inspiratory muscles while reducing their ability to generate force.
– Diaphragm shortening and alterations in muscle fibre composition and mitochondrial concentration improves diaphragm 

capacity to generate force and increases its resistance to fatigue.
– Dynamic hyperinflation limits the ability to increase tidal volume, which requires a higher respiratory rate during exercise.
– Tachypnoea worsens weakness of inspiratory muscles, increases physiological dead space and may compromise  

the efficiency of CO2 elimination.
– Uncoupling between the increase of inspiratory central drive and the mechanical respiratory of respiratory system  

has been associated with perception of dyspnoea.

Clinical consequences – LH is an independent risk factor for all-cause mortality.
– Static hyperinflation increases the exacerbation risk and discriminates between exacerbator and non-exacerbator 

patients better than FEV1.
– Dynamic hyperinflation increases the intensity of dyspnoea.
– Longitudinal studies confirm that LH is related to annual decline in exercise tolerance.
– LH is a main determinant of the sedentary lifestyle of COPD patients.
– LH worsens cardiac diastolic filling in COPD patients mainly due to a decreased preload, although it is not possible  

to rule out an effect on ventricular function.
– Dynamic hyperinflation depresses cardiac response to exercise reducing left ventricle preload and probably worsens 

the ventricle contractility.
– LH may contribute to increase of pulmonary artery pressure.
– Dynamic hyperinflation compromises the oxygen supply to peripheral muscles favouring their fatigue.
– Static hyperinflation has been identified as an independent risk factor for lung cancer.
– LH is related to the development of gastroesophageal reflux disease.
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dyspnoea intensity.
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– Volume reduction surgery reduces hyperinflation and improves respiratory muscle function, exercise dyspnoea  
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CO2: carbon dioxide; COPD: chronic obstructive pulmonary disease; FEV1: forced expiratory volume in the first second; LH: lung hyperinflation.
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