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Rationale: Patients with chronic obstructive pulmonary disorder (COPD) complain of
various COPD-related symptoms with different daily frequencies. During the night-time
and at early morning, dyspnea is often reported and may predict an increased risk of
COPD exacerbation and hospitalization and all-cause mortality. The aim of the study was
to assess the underlying mechanisms of this symptom, seeking functional biomarkers of its
occurrence.

Methods: Stable COPD patients with moderate-to-severe airflow obstruction and without
confounding comorbidities underwent extensive baseline function respiratory tests.
Spirometry, maximal flow-volume curves, lung volumes, and lung diffusion capacity para-
meters were obtained. Inspiratory capacity was also measured both in seated and supine
positions. Forced oscillation technique (FOT) and negative expiratory pressure (NEP)
method were used to establish the presence of tidal expiratory flow limitation (EFL) during
recumbency. Questionnaires for recording COPD-related symptoms were administered.
Sleep-related disturbances reported by the patients were also registered.

Results: Forty-two consecutive COPD patients aged 65+9 completed the protocol. They
were divided, according to the absence (NFL) or presence (FL) of supine EFL, in NFL group
(n=17) and FL group (n=25). FL. COPD patients had more severe airflow obstruction (FEV ;=
46.4+19.4 vs 65.1£12.5% pred., p<0.01) and they showed no increase of supine IC in
contrast with NFL COPD patients (AIC= 0.080+0.18 vs 0.390+0.28 L, p<0.01). Dyspnea
either during night-time and at early morning was significantly more reported in FL. COPD
patients than in NFL COPD patients (p<0.05) and in those with less than 10% increase in
supine IC (p<0.05).

Conclusion: Supine EFL is frequently associated with both night-time and early morning
dyspnea, suggesting that the development of recumbent dynamic pulmonary hyperinflation,
heralded by the lack of increment of IC in supine position, is a pivotal mechanism of this
symptom. No or trivial increase in supine IC may indicate the occurrence of dyspnea under
these conditions.

Keywords: COPD, expiratory flow limitation, pulmonary hyperinflation, dyspnea, nocturnal
symptoms, symptoms in the early morning, inspiratory capacity

Introduction

It has been recently recognized that in most patients suffering from Chronic
Obstructive Pulmonary Disorder (COPD) their chronic symptoms may distribute
differently and with different severity along the 24 hours of the day, being present
throughout the day-time or during the night-time or also occurring at early morning
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(ie, on waking up and in the first hours of the morning,
until 11 a.m.), either just in one period or two or all of
them.'

Along with the day, chest tightness, wheezing, cough,
and phlegm and mainly chronic dyspnea can heteroge-
neously affect COPD patients according to the prevalence
of the underlying disease (ie, fibrosing chronic bronchio-
litis, with or without chronic bronchitis, pulmonary
emphysema, overlap with asthma).”

Their occurrence during the night-time and at early
morning, however, has been reported much more frequently
than expected, not only in the presence of severe but also
mild-to-moderate airflow obstruction* and more impor-
tantly, has been related to adverse outcomes including
worse quality of life, increased rate of COPD exacerbations
and hospitalization and increment of all-cause mortality.’
Actually, under these circumstances, the most frequent,
disabling, and prognostic symptom in COPD patients is
dyspnea that could be related to the supine position.

Normally, when lying down because of gravity-related
mechanical reasons, the functional residual capacity
decreases, and inspiratory capacity specularly increases,
despite a small reduction of total lung capacity. This can
be limited or prevented if in COPD patients with moder-
ate-to-severe, and very severe airflow obstruction tidal
expiratory flow limitation (EFL) develops in the supine
position, promoting postural dynamic pulmonary hyperin-
flation and its consequences. Among those, dyspnea might
occur as a result of neuro-mechanical dissociation and
increased (threshold) elastic work of breathing due to the
intrinsic PEEP.

Therefore, this study aimed to assess the presence of
supine tidal EFL and its possible relationship with the
dyspnea occurrence reported during the night (orthopnea)
and in the early morning from stable COPD patients and to
see if there were useful tools to foresee this condition and
possibly to prevent or reduce it.

Methods

Subjects

This study was performed at the Respiratory Medicine
Unit of the University of Brescia - Spedali Civili
Hospital of Brescia, Italy, from July 2018 to February
2019. To be included in the study the subjects, older than
45 yrs have had a diagnosis of COPD according to the
presence of individual/environmental risk factors, typical
chronic symptoms, and baseline spirometry, showing a not

reversible obstructive ventilatory defect with FEV{/VC
ratio lower than LLN.® The FEV1 value established the
severity of airflow obstruction as % predicted.’

The greatest possible attention was placed to exclude
any relevant comorbidities potentially able to sustain simi-
lar symptoms such as chronic heart failure, cardiac
arrhythmias, neoplasms, sleep-disordered breathing, obe-
sity, asthma coexistence, endocrine diseases, prostatic
hypertrophy, neuromuscular diseases or skeletal abnorm-
alities involving particularly respiratory muscles and chest
wall structure. Excluded were also subjects with neurocog-
nitive disorders and those unable to perform correctly
respiratory function tests.

The subjects could be smokers or ex-smokers and were
functionally evaluated after adequate wash-out of bronch-
odilator drugs, at least 3 months after an eventual COPD
exacerbation.

Study Design

In the morning, subjects enrolled in the study were asked
to undergo respiratory function tests in sitting position
wearing a nose-clip and breathing through a flanged
mouthpiece to determine slow vital capacity (VC), inspira-
tory capacity (IC), forced vital capacity (FVC), forced
expiratory lung volume in the first second (FEV;), max-
imal expiratory flow-rates (FEFs) at different lung
bell (BIOMEDIN
Instruments, Padua, Italy). After few minutes, not directly

volumes  through spirometry
measurable lung volumes, namely residual volume (RV)
functional residual capacity (FRC), total lung capacity
(TLC) were obtained by a constant pressure body plethys-
mograph (BIOMEDIN Instruments, Padua, Italy). During
the procedure, patients panted at a 0.7 Hertz frequency.
Alveolar Volume (V,) and Transfer Factor for CO (KCO)
were also measured with a single breath method, and Lung
Diffusion Capacity for CO (DLCO) subsequently obtained
(BIOMEDIN Instruments, Padua, Italy).

Twenty minutes after that, tidal expiratory flow limita-
tion (EFL) at rest was assessed in seated position and
10—15 minutes after recumbency by both the NEP method
and FOT technique.®® Soon after that, always in the
supine position, IC was measured to determine the abso-
lute and percent changes as compared to IC in seated
position, assuming that a decrease, no increase or an
increase of IC less than 10% and 200 mL when patients
were lying down meant the development of postural
dynamic pulmonary hyperinflation (DH). This limit was
empirically chosen because the opposite is considered as a
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significant decrease in dynamic hyperinflation after
bronchodilator in COPD.'°

For each functional parameter, the best value obtained
from at least 3 acceptable and repeatable maneuvers were
retained for analysis, except for lung diffusion measure-
ments where only 2 tests were done.

All tests were performed according to the ERS-ATS
recommendations.® Predicted values of lung function para-
meters were those proposed by the European Community
for Coal and Steel."'

Afterward, in the same day, in each patient, the impact
of COPD on their life was measured by the COPD assess-
ment test (CAT) administration, the subjective level of
chronic dyspnea was obtained by modified Medical
Research Council (mMRC) scale, and the Glasgow
Depression Scale and Glasgow Anxiety Scale question-
naires were also used to determine the depression and
anxiety risk.

Finally, a questionnaire to record symptoms during the
night-time, at early morning (ie, on waking up and in the
early morning until 11 a.m.) and in day-time was adminis-
tered to each subject to investigate the prevalence and
severity of different symptoms in these 3 different periods
of the day in order to assess their variability in our cohort
of stable COPD patients treated with standard therapy. The
questionnaire we used was that adopted in the ASSESS
(observAtional study on characterization of 24h Symptoms
in chronic obstructivE pulmonary diSeaSe patient) study
consisting of 33 questions aimed to detect the presence
and distribution of the five main COPD-related symptoms
throughout the previous week. In more detail, there were
13 questions for night-time symptoms (from to go to bed
to the getting out of the bed), 10 questions for early
morning symptoms (from the getting out of bed to the
11 am.) and 10 questions for day-time symptoms (from
11 a.m. to go to bed)."?

Moreover, the questionnaire had some questions
related to sleep-related disturbances (ie, difficulty in get-
ting asleep, presence of nocturnal awakenings, body posi-
tion assumed to favor sleep, ie, orthopnea), and to use of
rescue drugs to alleviate symptoms in different parts of the
day. All questionnaires were administered under the super-
vision of a trained physician.

The study was performed in accordance with the
Helsinki declaration. The Ethic Committee of Spedali
Civili University Hospital of Brescia approved the proto-
col of the study, and all patients provided written informed
consent upon enrolling.

Statistics
Unless specified otherwise, data are expressed as the mean
+ standard deviation.

The Student’s unpaired z-test was used to assess the
difference of variables between COPD patients with or
without supine EFL. The Exact Fischer test was used for
comparing data relative to symptoms between COPD
patients with or without supine tidal EFL and with or
without significant IC changes in supine as compared to
the seated position.

Statistical significance was accepted if p < 0.05.
Statistical analyses were performed using Graph Pad
Prism 6.0 (Graph Pad Software, La Jolla, CA) and SPSS
23.00 (IBM, Armonk, NY)

Results

Forty-two stable COPD patients with moderate-to-severe
airflow obstruction and without relevant comorbidities
were consecutively enrolled in the study.

Anthropometric and clinical data of the patients are
shown in Table 1, all together and divided into 2 groups
according to the absence (NFL) or presence (FL) of supine
tidal EFL. No significant differences emerged between the
2 groups for demographic characteristics, but FL patients
had more severe chronic dyspnea (by mMRC score) and
perceived worse health status (by CAT score), albeit not
significantly, than the NFL group. No different smoking
habits emerged between NFL and FL groups. No differ-
ences were found concerning either anxiety or depression
scores between FL and NFL subgroups.

Baseline respiratory function data are illustrated in
Table 2, again in all patients, and divided into NFL and
FL groups. COPD patients with supine EFL were more
obstructed (lower FEV/VC ratio and FEV,) with reduced
VC as compared to COPD patients without supine EFL,
but no significant differences in lung volumes and DLCO
and KCO were observed.

IC was slightly lower in seated position but markedly
reduced in supine position in FL. COPD patients as com-
pared with NFL COPD patients and, more importantly, in
average IC did not show any significant change during
recumbency, instead of normally increasing as observed
in NFL COPD patients.

In detail, 21 out of 25 (84%) FL COPD patients had an
IC increase less than 10%, while all NFL COPD patients
had an IC increase equal or greater than 10%, moving
from seated to the supine position (p<0.001) (Figure 1).
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Table | Anthropometric Data of Subjects

ALL NFL FL P

Subjects (nr) 42 17 25 ns
Age (yr) 65.2+8.7 6.43+9.8 66.4+7.9 ns
Sex (f/m) 11731 4/13 7/18 ns
Weight (kg) 68.4+12.3 68.9+15.1 68.1+£10.4 ns
Height (cm) 168.7+7.6 169.8+8.0 167.9+7.4 ns
BMI (kg/m2) 24.0+3.4 23.7+3.6 24.1+3.3 ns
Smoking habit (ExS/S) 24/18 7/10 17/8 ns
MRC (score) 2.0%1.1 1.4+0.9 24%].1 P<0.004
0-1 (%) 38.1(16) 53.0(9) 28.0(7)
2 or >(%) 61.9 (26) 47.0(8) 72.0(18)
CAT (score) 14.34+5.38 12.6+4.8 15.5£5.6 ns
0-15(%) 50.0(21) 64.7(11) 40.0(10)
>15(%) 50.0(21) 35.3(6) 60.0(15)
GDS (score) 7.68+4.79 7.5+4.6 7.8+5.0 ns
GAS (score) 14.34+5.38 12.6+4.8 15.5£5.6 ns
Baseline COPD drugs
LAMA n(%) 4 (10%) 3 (18%) | (4%)
LAMA+LABA n(%) Il (26%) 4 (23%) 7 (28%)
ICS+LABA n(%) 8 (19%) 3 (18%) 5 (20%)
ICS+LABA+LAMA n(%) 19 (45%) 7 (41%) 12 (48%)

Note: Data are mean + SD.

Abbreviations: ExS, ex-smokers; S, smokers.

Table 2 Baseline Functional Characteristics of Patients

ALL NFL FL p

VC (L) 3.6x1.0 4.0£0.9 3.310.9
VC % pred 98.1+£18.7 105.7%15.1 93.0£19.3 p<0.05
FEVI/VC % 41.8%13.5 47.8+£10.0 37.7x14.2
FEVI/VC % pred 55.1 £ 17.6 62.7+12.5 49.9+18.9 p<0.05
FEVI (L) 1.5+£0.6 1.9£0.5 1.2+0.5
FEVI % pred 54.0£19.3 65.1+£12.0 46.4£18.9 p<0.01
FRC (L) 4.7+1.1 4.7«1.1 4.8+1.2
FRC % pred 142.94£29.2 138.5+22.5 146.0£33.1 ns
RV (L) 3.7+1.0 3.5+0.9 3.9£1.0
RV % pred 161.6£42.9 151.0+34.2 168.9+47.2 ns
TLC (L) 7.3%l1.6 7.5%1.6 7.2%1.6
TLC % pred 118.8%£19.2 119.2+16.4 118.6%21.3 ns
TLCO ml/(min*mmhg) 12.8+6.3 14.84£7.0 11.3£5.4
TLCO % pred 51.7+23.5 57.6+£24.4 47.4+22.4 ns
KCO ml/(min*mmhg)/L 2.3%1.1 2.5%1.2 2.2%1.0
KCO % pred 55.4+24.7 58.5+23.6 53.1+24.7 ns
IC (L) 2.3+0.6 2.61+0.6 2.210.6
IC % pred 84.5t16.4 88.8+12.2 81.4+18.5 ns
IC sup. % pred 92.5+21.5 104.8+16.8 83.8+20.5 p<0.01
AIC (L) 0.2+0.3 0.39+0.28 0.08+0.18 p<0.01

Notes: Data are mean * SD.
Abbreviation: AIC, IC sup — IC.

During the night-time, 8 out of 25 (32%) FL COPD  0.06). Chest tightness and wheezing were reported only by
patients had dyspnea at least 3 times in the past week as FL COPD patients, in 3 (12%) and 5 (20%) out of 25,
compared to 1 out of 17 (6%) NFL COPD patients (p = respectively. Always during the night-time, cough and
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Figure | A representative COPD patient reporting no dyspnea and orthopnea during night-time and dyspnea at early morning (two days in the past week — no rescue
drugs). Note the absence of supine EFL during tidal expiration assessed by the NEP method and an increase of supine IC of 730 mL (upper panels A and B). A representative
COPD patient reporting dyspnea and orthopnea during night-time and dyspnea at early morning (all days in the past week — rescue drugs on two occasions). Note the
presence of supine EFL during tidal expiration assessed by the NEP method and no change in supine IC (lower panels C and D).

phlegm were present at least 3 times in the past week in 13
out of 25 (52%) FL COPD patients and in 3 out of 17
(18%) NFL COPD patients (p<0.05) (Figure 2A).

Upon awakening and in the early morning, 17 out of 25
(68%) FL COPD patients had dyspnea at least 3 times in
the past week as compared to 4 out of 17 (23%) NFL
COPD patients (p<0.05). Again, chest tightness and
wheezing were reported only by FL. COPD patients, in 5
(20%) and 2 (8%) over 25, respectively. Always upon
awakening and in the early morning, cough and phlegm
were present at least 3 times in the past week in 11 out of
25 (44%) FL COPD patients and in 10 out of 17 (59%)
NFL COPD patients (n. s.) (Figure 2B).

Dyspnea (during night-time and at early morning) was
reported by 81% (17 out of 21) of COPD patients with an
IC increase less than 10% of the respective seated IC value
as compared to 33% (7 out of 21) of those with an IC
increase >10% of the respective seated IC value (p<0.05),

suggesting postural DH as a main pathophysiological
mechanism of this symptom (Figure 3). Three out of 7
patients claiming dyspnea during the night and/or in the
early morning with significant supine IC increase were FL
when lying down.

Concerning the sleep-related disturbances, 17 over 25
(72%) FL. COPD patients reported at least one among diffi-
culty falling asleep, orthopnea after falling asleep and noc-
turnal awakenings, as compared to 3 out of 17 (18%) NFL
COPD patients more than twice in the past week (p<0.05).

In detail, difficulty falling asleep more than twice in the
past week occurred in 7 out of 25 (28%) FL COPD
patients as compared to 1 out of 17 (6%) NFL COPD
patient, orthopnea was present only in FL COPD patients,
namely in 7 out of 25 (28%), and nocturnal awakenings
were reported in 11 out of 25 (44%) FL COPD patients
versus 2 out of 17 (12%) NFL COPD patients (p<0.05),
respectively (Figure 4).
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Figure 2 (A) Night-time symptoms reported by FL and NFL COPD patients 3 or more times in the past week were shown. Cough and phlegm were more significantly
reported in FL patients (*p<0.05). Dyspnea occurred more frequently (§p=0.06) in FL patients as well as wheezing (§p=0.06). (B) At early morning symptoms reported by FL

vs NFL COPD patients, 3 or more times in the past week were shown. Dyspnea was significantly more frequent in FL patients (*p<0.05).
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Figure 3 The presence of dyspnea reported, either during night-time or early morning, in the past week is shown in the function of change in IC with recumbency (AIC). An
increase of AIC< 10% of the respective value in seated position was associated with a significantly greater prevalence of dyspnea in COPD patients (¥p<0.05).

Discussion

The main finding of this study is that dyspnea during
night-time and/or at early morning is reported mostly or
almost exclusively from COPD patients who exhibit tidal
EFL in supine position, likely because this mechanical

condition is very often associated with DH, that is her-
alded by the lack of a significant IC increment with
recumbency.'?

While determining tidal EFL in the supine position
might be problematic without negative expiratory pressure
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Figure 4 Sleep-related disturbances reported by FL and NFL COPD patients more than twice in the past week are shown. Overall, and for orthopnea, the frequency is

significantly increased in FL patients (¥p<0.05).

(NEP) devices or FOT availability, the measurement of IC
at rest can be very easily obtained in both positions (seated
and supine) in any Lab, suggesting the development of
supine DH if IC does not increase or increases very little
when the patient is lying down and giving a pathophysio-
logic explanation of his/her dyspnea occurring during the
night-time or at early morning. In this respect, no or
minimum increment of IC with recumbency is more expla-
natory of dyspnea under these conditions than the presence
of supine tidal EFL.

In fact, while essentially none of NFL COPD patients
reported dyspnea during the night-time, and about one/
fourth in the early morning, possibly due to the beginning
of the daily physical activity, not all FL. COPD patients
were complaining of dyspnea during the night-time (only
one/third did) and/or at early morning (only two/third did).
One reason is that resting EFL does not induce necessarily
dynamic pulmonary hyperinflation if the expiratory time is
long enough to deflate the lung until the relaxation volume
of the respiratory system. Therefore, not all FL COPD
patients (21 out of 25) do exhibit a lack or a trivial
increase of supine IC. Another reason could be the thresh-
old of supine DH needed to produce dyspnea, which is a

function of the level of intrinsic PEEP (and related
increase in work of breathing) produced, depending on
pulmonary compliance at end-expiratory lung volume.
Actually, not all FL COPD patients with absent IC
increase declared persistent dyspnea during the night
and/or at early morning (17 out of 21). Finally, for dyspnea
to be perceived, the duration of supine DH might be
important since dyspnea was reported in FL COPD
patients by 32% during night-time and by 68% at carly
morning.
COPD-related
addressed in the function of the period of the day in
different cohorts of stable COPD patients, and a large
variability was found in more than two/third of the

chronic symptoms were recently

patients.” Quite surprisingly, these symptoms also
occurred during the night-time and at early morning in a
large percentage of these patients and not only in those
with severe or very severe airflow obstruction.'~*
Dyspnea during the night-time more than others
chronic symptoms were related to worse prognosis in a
large population of COPD patients followed for a mean of
5 years, predicting a higher risk of COPD-related exacer-

bation and hospitalization and all-cause mortality.” This
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was true after adjusting for age, sex, and severity of air-
flow obstruction. In this general COPD population with a
prevalence of mild and moderate GOLD stages, night-time
dyspnea was initially reported from 4% of the patients and
was related to the severity of airway obstruction, chronic
dyspnea, phlegm and cough and presence of ischemic
heart disease and atrial fibrillation.’

The pivotal ASSESS study was designed to character-
ize and determine the prevalence and severity of early
morning, day and night-time symptoms and to evaluate
their correlation with each other and with different aspects
of COPD such as chronic dyspnea, disease severity,
health-related quality of life, levels of anxiety/depression,
sleep quality and COPD exacerbations. A cohort of 726
stable COPD patients, aged 6719 yrs with mean FEV; =
53+21% pred., mostly in stage 2 and 3 GOLD, receiving
the usual therapy, was recruited. The night-time and early
morning symptoms were largely reported at the baseline
visit. More than 50% of the patients declared dyspnea,
cough, and phlegm three or more times in a typical week
or the past week at early morning and more than 30% at
the night-time, while lower percentages of patients com-
plained by wheezing and chest tightness in these periods
of the day.'” After 6 months of checking by a follow-up
phone interview, the annualized number of COPD exacer-
bations were doubled in the COPD patients with night-
time and early morning symptoms as compared with those
without them.'* However, although there was a significant
association between night-time and early morning symp-
toms and exacerbations during follow-up, at multivariate
analysis, the presence of the symptoms did not stay as an
independent factor predicting exacerbations.'*

In a survey performed by telephone interview in a quite
large number of COPD patients (n=1239), meeting the
inclusion criteria of the study and agreed to participate,
the respondents (about 60%) who declared both night-time
and early morning symptoms, had a greater probability of
low or moderate adherence to COPD treatment and a
significantly higher risk of COPD exacerbations (one or
more) in the past year.'?

Therefore, there is consistent evidence than night-time
and early morning symptoms, mainly dyspnea and chronic
cough and phlegm, are associated with the greater risk of
having future COPD exacerbation, particularly if not ade-
quately treated.>'*!*

Sleep disturbances were also mostly reported from FL
COPD npatients and significantly more than NFL. COPD
patients. Low quality of sleep due to poor sleep efficiency

and frequent symptom-related nocturnal awakenings has
been inversely related to health status and more than
chronic dyspnea or degree of airflow obstruction in
COPD patients.'® In a cohort of 98 COPD patients with
moderate-to-severe airflow obstruction, a series of insom-
nia-related symptoms, such as difficulty to fall asleep,
nocturnal awakenings, adequacy of sleep duration were
cross-sectionally related to dyspnea and cough, but not to
FEV; value. More interestingly, these insomnia-related
symptoms were longitudinally related to a higher risk of
COPD exacerbations and hospitalizations and all-cause
mortality in 2.4 years mean follow up, also after adjusting
for several confounders such as socio-demography char-
acteristics, BMI, FEV, and COPD global severity score.'”

In our cohort of patients, orthopnea, defined as the
necessity of assuming the seated position to breathe during
the night, putting two or more pillows behind the back,
was reported only by FL. COPD patients. The presence of
orthopnea was shown to occur much more frequently in
FL COPD patients, as compared with NFL. COPD patients
already 20 years ago by Eltayara and coworkers in a series
of 98 stable COPD patients without cardiovascular
comorbidities.'® Our findings confirm this previous obser-
vation, indicating that nocturnal orthopnea in COPD
patients without relevant comorbidities is associated with
supine tidal EFL.

Ultimately, the occurrence of COPD-related symptoms
during night-time and at early morning needs to be care-
fully assessed in COPD patients, also in those with mild-
to-moderate airflow obstruction, because their presence is
likely associated not only with worse quality of life but
also with adverse outcomes in COPD patients. Although in
the presence of frequent phlegm and cough, suggesting the
coexistence of chronic bronchitis or less frequently
bronchiectasis, a greater possibility of negative events
such as COPD-related exacerbations and hospitalizations
has been already demonstrated together faster lung func-

tion decline in COPD patients,'” !

also resting dyspnea
during night-time and/or at early morning has been asso-
ciated with deleterious consequences such as sleep distur-
bances, severe acute exacerbations and all-cause mortality
in COPD patients.>'*'>!7

Based on our findings, a mechanistic link between
dyspnea and the aforementioned clinical consequences
under these circumstances is very often the persistent
development of DH during recumbency that is greatly
favored by the presence of supine EFL. Normally, when

lying down, tidal breathing moves at lower lung volume
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with FRC shifting towards RV, and IC substantially
increases. This largely happens even in COPD patients
with mild-to-moderate airflow obstruction. Sometimes
this shift does not occur or is limited because the expira-
tory flow reserve towards RV is too scarce, and tidal EFL
is unavoidable in COPD patients with greater airflow
obstruction.”” As a functional consequence, a postural
DH may develop, and this can be easily shown by an
absent or trivial increase of IC in the supine position as
compared with the seated position. Since DH can induce
dyspnea by several mechanisms, we suggest measuring the
recumbent IC change in COPD patients claiming frequent
orthopnea and/or dyspnea at early morning without other
possible reasons.*?

In case any effort should be done to obtain round-the-
clock symptom control, particularly dyspnea, treating
these COPD patients with a bronchodilator drug regimen
that maintains them deflated as much as possible also
during the second half of the day.**

We recognize that the relatively small number of
COPD patients is a limit of the study, as well as the
reliability of the questionnaires to assess the presence of
symptoms accurately, but this is what usually has been
used in similar studies. Moreover, the presence of a control
group could have been useful to have a more informative
comparison.

The strength of our work is to have selected COPD
patients very carefully without confounding comorbidities
that in the presence of moderate-to-severe airflow obstruc-
tion is a difficult task, so limiting the cohort of the patients
that could be enrolled in the study.

In conclusion, we found that in stable COPD patients
without comorbidities, dyspnea during the night-time and/
or at early morning is strongly associated with the pre-
sence of supine EFL, frequently leading to the develop-
ment of postural DH, as shown by the absence of
significant IC increase during recumbency. Thus, no or
trivial increase in supine IC may be a useful functional
biomarker to foresee dyspnea under these conditions.
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