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Abstract

Background: Electronic auscultation technology has ad-
vanced dramatically in the last few years. Therefore, long-
term pulmonary auscultation could provide additional infor-
mation about respiratory system by monitoring acute chron-
ic obstructive pulmonary disease (AECOPD) exacerbations
or by identifying wheezing phenotypes amongst stable
COPD patients. Objectives: Comparison of respiratory
sounds in stable versus AECOPD patients recorded with a
portable respiratory sound monitor over a period of 24 h.
Methods: This prospective trial evaluated cough and wheez-
ing events using an auscultation monitor specially devel-
oped for this purpose with 4 integrated highly sensitive mi-
crophones, in stable and severely AECOPD patients for a pe-
riod of 24 h in an inpatient setting. Results: Twenty stable
COPD patients (12 male, 60%) and 20 severely exacerbated
COPD patients (14 male, 70%) were analyzed. In AECOPD pa-
tients, long-term auscultation revealed a significantly higher
number of wheezing epochs than stable COPD patients (591
[IQR: 145-1,645] vs. 152 [IQR: 90-400]; p =0.021). Conversely,

cough epochs did not differ between AECOPD and stable
COPD patients (213 [IQR: 140-327] vs. 162 [IQR: 123-243];
p=0.256). The Borg-dyspnea scale, CAT score, and total CCQ
score each showed no correlation with wheezing frequency,
while CAT and CCQ scores did correlate with coughing fre-
quency. Conclusion: Wheezing, but not coughing, occurs
more frequently in AECOPD patients than in stable COPD pa-
tients, indicating that severe wheezing is an important clini-
cal sign of exacerbation, while coughing is not. Therefore,
the patterns of wheezing and coughing, as assessed by long-
term auscultation, differ in stable versus exacerbated COPD
patients. © 2021 S. Karger AG, Basel

Background

Manual pulmonary auscultation is a commonly used
tool for diagnosing and evaluating respiratory diseases,
particularly in the case of chronic obstructive pulmonary
disease (COPD). Nevertheless, the most recent edition of
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the “Global Initiative for Chronic Obstructive Lung Dis-
ease” (GOLD) report does not call for mandatory pulmo-
nary auscultation in the diagnosis and evaluation of
COPD and instead recommends spirometry [1, 2]. This
is because auscultatory findings are assumed to have low
levels of specificity and sensitivity in early COPD [1-3].
However, international guidelines emphasize that ab-
normal respiratory sounds such as wheezing and cough-
ing are characteristic clinical signs of COPD, especially
- but not exclusively - during an acute exacerbation [1,
4-7]. Since it has also been shown that wheezing patients
have more symptoms detected by the COPD Assessment
Test (CAT) and have reduced forced expiratory volume
in 1 s (FEV;) with more frequent exacerbations, the iden-
tification of wheezing could be important for ascertain-
ing a prognosis in COPD patients [8]. Nonetheless, man-
ual auscultation can only assess the patient’s current state
and might, therefore, miss intermittent wheezing epi-
sodes. Electronic pulmonary auscultation technology
has advanced dramatically in the last few years [9], with
different methods now available to detect respiratory
sounds. Furthermore, healthcare professionals have ac-
cess to special computer-based software tools that can
analyze respiratory sounds over long-term periods or
even several nights [9, 10]. Thus, long-term pulmonary
auscultation could provide additional information about
the respiratory system by monitoring acute COPD (AE-
COPD) exacerbations or by identifying wheezing pheno-
types amongst stable COPD patients, who could other-
wise not be identified by manual spot-check ausculta-
tion.

A recently published trial examined computerized re-
spiratory sounds that were recorded for 20 s in stable ver-
sus exacerbated COPD patients and found significant dif-
ferences between these 2 groups in terms of crackle and
wheezing frequencies [11]. However, this analysis did not
extend to day/night variability in these patients [11].
Therefore, information about wheezing frequencies in
stable and exacerbated COPD patients during the course
of the day is still lacking. Moreover, there are inconsisten-
cies in the literature regarding wheezing rates in stable
COPD [11, 12]. In addition, the work of Oliveira showed
that computer-assisted auscultation can be used to mon-
itor exacerbated patients. It is important to emphasize the
short application over 20 s because here also no data
about the diurnal course can be made. In this study, it
could be shown that inspiratory crackles persist for more
than 15 days after exacerbation [13]. The aim of this trial
was, therefore, to compare long-term respiratory sounds
in stable versus exacerbated COPD patients by means of
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a software-based analysis of data obtained by an portable
acoustic computerized respiratory sound monitor. This
trial especially focused on ascertaining any variability in
respiratory sounds, such as wheezing and coughing, and
used validated questionnaires to correlate this with respi-
ratory symptoms.

Methods

This study protocol was approved by the Institutional Review
Board for Human Studies at University of Witten/Herdecke, Ger-
many, and performed in accordance with the ethical standards laid
down in the Declaration of Helsinki (last revised in October 2013)
[14]. Written informed consent was obtained from all subjects. In
addition, a written agreement for the usage of the photographs has
been obtained. This study was prospectively registered at the Ger-
man Clinical Trials Register (DRKS00010715).

Subjects

Adults with stable or severely exacerbated COPD with an FEV,
of <50% were enrolled between August 2016 and February 2017 at
the Department of Pneumology, Cologne-Merheim Hospital,
Kliniken der Stadt K6ln gGmbH, Witten/Herdecke University
Hospital. The diagnosis of COPD was based on criteria established
by the GOLD report [1].

COPD patients were classified as stable if they had no clinical
signs of exacerbation [1, 15] 4 weeks prior to enrollment. Severely
exacerbated patients were defined as having an acute worsening of
respiratory symptoms that resulted in hospital admission [1]. Pa-
tients with cognitive impairment who are unable to understand the
main aspects of the study and, therefore, cannot be informed or
those receiving any form of mechanical ventilation were excluded
from the study.

Study Design and Measurements

Spirometry (Micro I spirometer CareFusion, Heidelberg, Ger-
many) was performed in each patient prior to long-term ausculta-
tion. Subjective evaluation of dyspnea was assessed by 3 different
questionnaires (COPD Assessment Test - CAT [16, 17], Borg-dys-
pnea Questionnaire [18], and Clinical COPD Questionnaire-CCQ
[19-21]). Demographic data and routine laboratory measure-
ments (leucocyte, eosinophil granulocyte, pro-brain natriuretic
peptide, and C-reactive protein) were documented.

Long-term auscultation was performed by a portable comput-
erized respiratory sound monitor that allows continuous record-
ing of respiratory sounds over a period of 24 h, without restricting
free movement (LEOSound®, Heinen + Lowenstein Medizin-Elek-
tronik GmbH, Bad Ems, Germany) as described in previous stud-
ies [22]. All measurements were performed as an inpatient. It was
possible for the patients to stay outside the room at the ward floor
level in order to ensure that the situation was as transferable as pos-
sible to everyday life. Two bioacoustic sensors monitored respira-
tory sounds at the back of the chest, while another sensor was
placed next to the trachea with an appropriate adhesive patch
(Fig. 1). An additional microphone that is integrated into the mon-
itor was carried around the neck of the patient with a carrying strap
in front of the chest at xiphoid level to discriminate respiratory
sounds from surrounding sounds. Following the 24-h period, data
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Fig. 1. Long-term computerized acoustic
monitor “LEOSound.”

Enrollment

A

Assessed for eligibility (n = 53)

Excluded (n = 6)
« Didn't meet inclusion criteria (n = 5)
« Declined to participate (n = 1)

Y

Included (n = 47)

A

Allocation/ v

patients (n = 23)

(n=23)

Subgroup of stable COPD

« Received allocated measurement

Subgroup of acute exacerbated

COPD patients (n = 24)

* Received allocated intervention
(n =24)

measurement

A

A

Y

| Measurement dis

continued (n = 3) |

| Measurement discontinued (n = 4) ‘

A

A

Fig. 2. Flowchart of the study according to |

Analysed (n = 20)

Analysis Y

Analysed (n = 20) ‘

consort guideline [27]. COPD, chronic ob-
structive pulmonary disease.

were evaluated by the corresponding software “LEOSound ana-
lyzer” (Lowenstein Medical, Medizin-Elektronik GmbH, Bad Ems,
Germany), which automatically calculated both the amount of
coughing and wheezing during 30-s sequences (referred to as
wheezing and coughing epochs) and respiratory rate [23]. The
software-based evaluation of the auscultation data is based on the
results of the CORSA and MARS database [24, 25]. A preliminary
validation study demonstrated high sensitivity and specificity for
the detection of cough and sensitivity of 98% and specificity of 96%
for wheezing detection, respectively [26].

Statistics

The trial was conducted as a pilot study because no preliminary
data were available. Therefore, a sample size calculation was not
performed. Data analysis was descriptive. All statistical calcula-
tions were performed using SigmaPlot 12.3 (Systat Software
GmbH, Erkrath, Germany) for Windows. Unpaired ¢ tests were
used for quantitative measurements. Comparison of long-term
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auscultation between groups was performed using a ¢ test for nor-
mally distributed data and the Mann-Whitney-Rank-Sum test for
data with non-normal distribution. Pearson’s correlation test was
used for the correlation analysis. Statistical significance was as-
sumed for a p value of <0.05.

Results

A total of 53 patients were assessed for eligibility. Five
patients did not meet the inclusion criteria and were
hence excluded from the study. One patient declined to
participate and 7 measurements were excluded due to in-
complete data. Ultimately, 20 patients were each allocated
to the stable COPD and severely exacerbated COPD sub-
groups, respectively (Fig. 2).
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Table 1. Characteristics of the study cohort

Total, AECOPD, Stable, p value

n =40 n=20 n=20
Male, n (%) 26 (65) 12 (60) 14 (70) 0.523
Age, years 65.4+8.8 65.4+10.0 65.35+7.69 1.000
BMI 24.4+5.3 24.2+6.1 24.6+4.6 0.806
Smoking status (active:previous) 12:28 6:14 6:14 0.930
Smoking index (pack years) 54.5+34.1 49.1£26.5 60.9+41.3 0.297
Pulmonary function testing
FEV,,L 0.9+0.4 0.8+0.3 1.0+0.4 0.024
FEV,, % pred 33.0£15.2 30.2+15.2 35.9+15.1 0.151
FVC,L 2.0+0.7 1.7£0.5 2.4+0.7 <0.001
FVC, % 58.7+20.8 51.3+19.5 66.4+19.8 0.021
FEV,/FVC, % 46.1+13.9 47.5%15.8 44.6£11.8 0.534
Supplemental oxygen flow rates, L/min (n = 16) 2.3+0.8 2.4%0.7 2.1+0.8 0.505
Eosinophil granulocytes, /nL 0.2+0.2 0.1+0.1 0.2+0.2 0.360
Leukocytes, /nL 11.6£6.9 12.5+4.8 10.8+£8.5 0.035

Values are given as mean + standard deviation. n, number; AECOPD, acute exacerbation of COPD; FEV],
forced expiratory volume in 1 s; FVC, forced vital capacity.

Table 2. Symptom scores in stable and exacerbated COPD patients

Stable COPD AECOPD p value

Median (IQR) Median (IQR)
CAT 22.5(19.25-26.5) 33.0 (30.0-35.75) <0.001
Total CCQ score 3.45(2.83-4.35) 4.7 (4.5-5.48) <0.001
Symptom score 3.13 (2.56-3.94) 4.86 (4.06-5.5) <0.001
Mental state score 3.25(2.13-4.88) 5.5 (3.5-6) 0.014
Functional state score 3.75 (2.63-4.5) 5.25 (4.25-5.75) 0.004
Borg dyspnea score at rest 4.0 (3.0-5.75) 7.0 (5.25-9.0) <0.001

Values are given as median with 25 and 75% quartiles (= IQR, interquartile range). COPD, chronic obstructive
pulmonary disease; AECOPD, acute exacerbation of COPD.

Demographic data as well as lung function parameters
are provided in Table 1. According to the questionnaires
used for this study, exacerbated patients were significant-
ly more symptomatic than stable patients (Table 2).
Wheezing events were recorded in all the participants of
the study with a large interindividual variance. In AE-
COPD patients, long-term auscultation showed signifi-
cantly more wheezing epochs than stable COPD patients
(591 [IQR: 145-1,645] vs. 152 [IQR: 90-400]; p = 0.021)
(Fig. 3).

Analysis of cough epochs showed no difference in AE-
COPD and stable patients (213 [IQR: 140-327] vs. 162
[IQR: 123-243]; p = 0.256) (Fig. 4). Analysis of 24-h fluc-
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tuations in coughing showed a significant difference in
the occurrence of cough epochs between day and night
periods (each 12 h), both in AECOPD (146 [IQR: 57-198]
vs. 87 [IQR: 35-104]; p = 0.024) and stable patients (124
[IQR: 74-171] vs. 42 [IQR: 32-73]; p < 0.001). This indi-
cated that coughing occurs predominantly during the
day. Coughing epochs showed no significant correlation
with lung function parameters, nor with any of the labo-
ratory findings, for example, eosinophil granulocytes (r =
0.35, p = 0.092) and leukocytes (r = 0.04, p = 0.810).
However, pairs of variables for cough epochs and CAT
score showed a significant, albeit weak, positive correla-
tion (r=0.32, p = 0.046). In addition, total score (r = 0.41,
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p =0.008), symptom score (r = 0.44, p = 0.004), and men-
tal score (r = 0.34, p = 0.033) of the CCQ were signifi-
cantly correlated with coughing, as assessed by respira-
tory sound monitoring. On the other hand, neither the
Borg-dyspnea scale (r = 0.24, p = 0.142) nor the function-
al score of the CCQ (r = 0.28, p = 0.078) showed signifi-
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cant correlations with cough epochs. Borg-dyspnea scale
scores (r = 0.19, p = 0.250), CAT scores (r = 0.22, p =
0.172), and total CCQ score (r = 0.12, p = 0.470) were not
correlated with wheezing frequency. In addition, there
was no significant correlation between wheezing fre-
quency and laboratory findings such as eosinophil granu-
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Fig. 5. Case study showing an acute-exacerbated chronic obstructive pulmonary disease patient with severe wheezing.

locytes (r=-0.19, p = 0.323), or lung function parameters
such as FEV| (0.23, p = 0.891).

Case Report

A 60-year-old acute-exacerbated COPD patient (FEV,
1.5 L - 45% predicted) was admitted to hospital with se-
vere dyspnea symptoms as a consequence of severe acute
exacerbation of COPD. Initially, the patient presented
with tachypnea with a breathing rate above 30 breaths per
minute. Long-term auscultation data are shown in Figure
5, showing that severe wheezing prevailed during the day
and overnight. These findings were also evident during
the physical examination.

Discussion

To the best of our knowledge, this is the first study to
investigate the pattern of respiratory sounds in acute ex-
acerbated versus stable COPD patients over a 24-h peri-
od. The main finding is that severe symptoms such as
dyspnea, along with 24-h wheezing, are significantly
more frequent in patients with AECOPD than those with
stable COPD, as expected. This underscores dyspnea and
severe wheezing as important clinical signs of exacerba-
tion that can be reliably detected by long-term ausculta-
tion. On the other hand, coughing frequency did not dif-
fer between stable and exacerbated COPD patients: this
result was unexpected in view of the statements of the
GOLD guidelines [1] since coughing was reported to oc-
cur more frequently in exacerbated than stable COPD pa-
tients.

In addition, a more sophisticated approach to deter-
mining the occurrence of wheezing needs to be taken for
the following reasons: first, there was a wide range of
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wheezing epochs in both stable and exacerbated COPD
patients. Thus, the assessment of wheezing frequency by
long-term auscultation is suggested to be incapable of re-
liably discriminating between exacerbated and stable
COPD patients. Severe wheezing in stable patients may
instead indicate a different COPD phenotype or even the
existence of comorbidities such as asthma, although such
morbidities were not evident in the current cohort. Con-
versely, interindividual differences in wheezing frequen-
cy in exacerbated COPD patients may indicate different
underlying causes of exacerbation. However, this notion
remains purely speculative for the current study and re-
quires further investigation.

Second, an assessment of symptom severity over 24 h
revealed no relationship with the amount of wheezing
epochs, which is in contrast to the findings from a short-
term auscultation trial in Taiwan [8]. However, the pres-
ent study cannot be compared to the Taiwanese trial be-
cause the latter only investigated the occurrence of
wheezing. In particular, dyspnea was not aggravated in
patients with frequent wheezing episodes. The etiology
of dyspnea is complex, and this particularly holds true
for COPD patients [28]. In this regard, the current study
has shown that dyspnea is not exclusively related to air-
way obstruction, which is clinically evidenced by wheez-
ing. Furthermore, wheezing was not related to lung
function testing, particularly FEV,; and FEV,/FVC.
Thus, wheezing is suggested to be a complex clinical
finding and may not even reflect real airway obstruction.
Finally, wheezing frequency did not correlate with labo-
ratory findings in exacerbated and stable COPD pa-
tients, again indicating the complexity of this clinical
finding. However, wheezing was clearly more frequent
in exacerbated COPD patients. From this data, it can be
concluded that wheezing is an interesting phenomenon
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in COPD patients that is still not fully understood.
Therefore, further studies are needed to verify the re-
sults of the present study and to more conclusively un-
derstand their importance in the clinical assessment of
patients, which, in turn, needs to be more sophisticated
than what is currently described by the current GOLD
guidelines [1].

Moreover, there was no significant day/night variabil-
ity in terms of the amount of wheezing that took place,
even though in individual cases wheezing may predomi-
nantly occur overnight. This is supported by recent data
demonstrating the occurrence of nocturnal wheezing ep-
isodes in stable COPD patients [12]. Conversely, cough-
ing occurs more frequently during the day compared to
nighttime. Thus, wheezing and coughing are suggested to
represent 2 symptoms in COPD patients which are equal-
ly important but differ in regard to their etiology and clin-
ical manifestation, as well as their clinical impact. More-
over, further studies are needed to evaluate these aspects
in the long-term follow-up before and after acute exacer-
bation.

There are some limitations of the current study that
need to be addressed. First, although 24-h measurements
were performed, treatment was started in exacerbated
COPD patients as soon as they were admitted to hospital.
This is because it was deemed unethical to postpone ex-
acerbation management in order to perform long-term
auscultation on a treatment-naive basis. Thus, medica-
tion and other treatments may have interfered with the
results observed in exacerbated patients. Second, moder-
ately exacerbated COPD patients were not included in the
study because only patients who were hospitalized for ex-
acerbation management were studied. Thus, the present
results are not valid for exacerbated COPD patients who
are managed as outpatients. Third, from a methodologi-
cal point of view, wheezing, and coughing are technically
differentiated by sound frequencies. This, however, al-
lows the detection of respiratory sound frequencies, but
not their intensity and peculiarity. The importance of
these grades needs to be investigated in the future.

In conclusion, auscultation of respiratory sounds
needs to undergo a renaissance in clinical routine. In-
deed, long-term auscultation is capable of providing
meaningful data on both wheezing and coughing fre-
quency. Thereby, the current study has shown that wheez-
ing occurs more frequently in exacerbated COPD pa-
tients than stable patients, while coughing does not. On
the other hand, coughing is related to symptoms, but
wheezing is not. This study, therefore, shows that wheez-
ing and coughing serve as important but different clinical

Long-Term Auscultation in COPD

signs in COPD patients. However, if assessed by long-
term auscultation over a period of 24 h, the clinical man-
ifestation of wheezing and coughing is more complex
than international guidelines suggest.

Acknowledgements

We acknowledge all participants for the effort they devoted to
this study. We acknowledge Dr. Sandra Dieni, Ph.D. for helpful
comments on the manuscript before submission.

Statement of Ethics

This study protocol was approved by the Institutional Review
Board for Human Studies at University of Witten/Herdecke, Ger-
many, and performed in accordance with the ethical standards laid
down in the Declaration of Helsinki (last revised in October 2013)
[14]. Written informed consent was obtained from all subjects. In
addition, a written agreement for the usage of the photographs has
been obtained. This study was prospectively registered at the Ger-
man Clinical Trials Register (DRKS00010715).

Conflict of Interest Statement

The authors S.B.S., W.W., D.M,, J.C., and F.S.M. have accepted
speaking honoraria and/or travel funding from companies in-
volved in mechanical ventilation. M.P. has no conflicts of interest.

Funding Sources

A research grant including study devices and consumables
were provided by Lowenstein Medical (Lowenstein Medical
GmbH, Bad Ems, Germany). The authors state that neither the
study design, results, interpretation of the findings, nor any other
subject discussed in the submitted manuscript was dependent on
financial support.

Author Contributions

S.B.S. is the guarantor of the content of the manuscript, includ-
ing the data and analysis. S.B.S., M.P., and W.W. had full access to
all of the data in the study and take responsibility for the integrity
of the data and the accuracy of the data analysis, especially includ-
ing any adverse effects. S.B.S., M.P., W.W.,, E.S.]M,, ].C., and D.M.
contributed substantially to the study design, data analysis and in-
terpretation, and the writing of the manuscript. All authors read
and approved the final manuscript. All authors agreed to be ac-
countable for all aspects of the work.

Respiration 2021;100:201-208 207
DOI: 10.1159/000513439

>
<
3
&
=
=
]
=
2
@




10

References

Global Initiative for Chronic Obstructive
Lung Disease (GOLD). Global strategy for the
diagnosis, management and prevention of
COPD. 2020.

National Institute for Health and Care Excel-
lence. Chronic obstructive pulmonary dis-
ease: management of chronic obstructive pul-
monary disease in adults in primary and sec-
ondary care. 2010.

Oshaug K, Halvorsen PA, Melbye H. Should
chest examination be reinstated in the early
diagnosis of chronic obstructive pulmonary
disease? Int ] Chron Obstruct Pulmon Dis.
2013;8:369-77.

Wedzicha JA, Hurst JR. Structural and func-
tional co-conspirators in chronic obstructive
pulmonary disease exacerbations. Proc Am
Thorac Soc. 2007;4(8):602-5.

Bergstresser T, Ofengeim D, Vyshedskiy A,
ShaneJ, Murphy R. Sound transmission in the
lung as a function of lung volume. J Appl
Physiol. 2002;93(2):667-74.

Sdnchez Morillo D, Astorga Moreno S,
Ferndndez Granero MA, Leén Jiménez A.
Computerized analysis of respiratory sounds
during COPD exacerbations. Comput Biol
Med. 2013;43(7):914-21.

Morillo DS, Leén Jiménez A, Moreno SA.
Computer-aided diagnosis of pneumonia in
patients with chronic obstructive pulmonary
disease. ] Am Med Inform Assoc. 2013;20(el):
elll-7.

Huang WC, Tsai YH, Wei YF, Kuo PH, Tao
CW, Cheng SL, et al. Wheezing, a significant
clinical phenotype of COPD: experience from
the Taiwan obstructive lung disease study. Int ]
Chron Obstruct Pulmon Dis. 2015;10:2121-6.
Gross V, Reinke C, Dette F, Koch R, Vasilescu
D, Penzel T, et al. Mobile nocturnal long-term
monitoring of wheezing and cough. Biomed
Tech. 2007;52(1):73-6.

Lenniger P, Gross V, Kunsch S, Nell C, Nolte
JE, Sohrabi AK, et al. [Nocturnal long-term
monitoring of lung sounds in patients with
gastro-oesophageal reflux disease]. Pneumol-
ogie. 2010;64(4):255-8.

11

12

13

14

15

16

17

18

19

20

Jacome C, Oliveira A, Marques A. Computer-
ized respiratory sounds: a comparison be-
tween patients with stable and exacerbated
COPD. Clin Respir J. 2017;11(5):612-20.
Kronig J, Hildebrandt O, Weisstlog A,
Cassel W, Gross V, Sohrabi K, et al. Long-
term recording of night-time respiratory
symptoms in patients with stable COPD II-
IVEpub ahead of print. COPD. 2017;14(5):
498.

Oliveira A, Rodrigues J, Marques A. Enhanc-
ing our understanding of computerised ad-
ventitious respiratory sounds in different
COPD phases and healthy people. Respir
Med. 2018;138:57-63.

World Medical Association Declaration of
Helsinki. World Medical Association Decla-
ration of Helsinki: ethical principles for med-
ical research involving human subjects.
JAMA. 2013;310(20):2191-4.

Kinkade S, Long NA. Acute Bronchitis. Am
Fam Physician. 2016;94(7):560.

Jones PW, Harding G, Berry P, Wiklund I,
Chen WH, Kline Leidy N. Development and
first validation of the COPD Assessment Test.
Eur Respir J. 2009;34(3):648-54.

Mackay AJ, Donaldson GC, Patel AR, Jones
PW, Hurst JR, Wedzicha JA. Usefulness of the
chronic obstructive pulmonary disease as-
sessment test to evaluate severity of COPD ex-
acerbations. Am | Respir Crit Care Med. 2012;
185(11):1218-24.

Hareendran A, Leidy NK, Monz BU, Win-
nette R, Becker K, Mahler DA. Proposing a
standardized method for evaluating patient
report of the intensity of dyspnea during ex-
ercise testing in COPD. Int ] Chron Obstruct
Pulmon Dis. 2012;7:345-55.

van der Molen T, Willemse BW, Schokker S,
ten Hacken NH, Postma DS, Juniper EF. De-
velopment, validity and responsiveness of the
clinical COPD questionnaire. Health Qual
Life Outcomes. 2003;1:13.

Miravitlles M, Garcia-Sidro P, Fernandez-Ni-
stal A, Buendia M]J, Espinosa de los Monteros
M]J, Molina J. Course of COPD assessment

208

Respiration 2021;100:201-208

DOI: 10.1159/000513439

21

22

23

24

25

26

27

28

test (CAT) and clinical COPD questionnaire
(CCQ) scores during recovery from exacerba-
tions of chronic obstructive pulmonary dis-
ease. Health Qual Life Outcomes. 2013;11:
147.

Trappenburg JC, Touwen I, de Weert-van
Oene GH, Bourbeau ], Monninkhof EM, Ver-
heij TJ, et al. Detecting exacerbations using
the Clinical COPD Questionnaire. Health
Qual Life Outcomes. 2010;8:102.

Berger M, Wollsching-Strobel M, Majorski D,
Magnet FS, Windisch W, Schwarz SB. Tag-/
Nachtvariabilitit von Hustenereignissen bei
interstitiellen Lungenerkrankungen. Pneu-
mologie. 2020, DOI: 10.1055/a-1266-6408.
Koehler U, Brandenburg U, Weisstlog A,
Sohrabi K, Grob V. LEOSound, an innovative
procedure for acoustic long-term monitoring
of asthma symptoms (wheezing and cough-
ing) in children and adults. Pneumologie.
2014;68:277-81.

Gross V, Hadjileontiadis L], Penzel T, Koehler
U, Vogelmeier C. Multimedia database “Mar-
burg Respiratory Sounds (MARS)”. Annual
int Conf. IEEE EMBS. 2003;25.

Sovijarvi ARA, Dalmasso F, Vanderschoot J,
Malmberg LP, Righini G, Stoneman SAT.
Definition of terms for applications of respi-
ratory sounds. Eur Respir Rev. 2000;77:97-
610.

Koehler U, Hildebrandt O, Weissflog A,
Zacharasiewicz A, Sohrabi K, Koehler N, et al.
LEOSound: a new device for long-term re-
cording of wheezing and cough in pediatric
and adult patients with asthma (during sleep).
Clin Invest. 2018;8(3).

Schulz KF, Altman DG, Moher D. CONSORT
2010 statement: updated guidelines for re-
porting parallel group randomized trials. Ann
Intern Med. 2010;152(11):726-32.

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, assess-
ment, and management of dyspnea. Am ]
Respir Crit Care Med. 2012;185(4):435-52.

Schwarz/Windisch/Majorski/Callegari/
Plicking/Magnet

Downloaded by:

Access provided by the University of Michigan Library

141.215.93.165 - 5/20/2021 5:08:56 AM


https://www.karger.com/Article/FullText/513439?ref=3#ref3
https://www.karger.com/Article/FullText/513439?ref=4#ref4
https://www.karger.com/Article/FullText/513439?ref=4#ref4
https://www.karger.com/Article/FullText/513439?ref=5#ref5
https://www.karger.com/Article/FullText/513439?ref=5#ref5
https://www.karger.com/Article/FullText/513439?ref=6#ref6
https://www.karger.com/Article/FullText/513439?ref=6#ref6
https://www.karger.com/Article/FullText/513439?ref=7#ref7
https://www.karger.com/Article/FullText/513439?ref=8#ref8
https://www.karger.com/Article/FullText/513439?ref=8#ref8
https://www.karger.com/Article/FullText/513439?ref=9#ref9
https://www.karger.com/Article/FullText/513439?ref=9#ref9
https://www.karger.com/Article/FullText/513439?ref=10#ref10
https://www.karger.com/Article/FullText/513439?ref=10#ref10
https://www.karger.com/Article/FullText/513439?ref=11#ref11
https://www.karger.com/Article/FullText/513439?ref=12#ref12
https://www.karger.com/Article/FullText/513439?ref=13#ref13
https://www.karger.com/Article/FullText/513439?ref=13#ref13
https://www.karger.com/Article/FullText/513439?ref=14#ref14
https://www.karger.com/Article/FullText/513439?ref=15#ref15
https://www.karger.com/Article/FullText/513439?ref=15#ref15
https://www.karger.com/Article/FullText/513439?ref=16#ref16
https://www.karger.com/Article/FullText/513439?ref=17#ref17
https://www.karger.com/Article/FullText/513439?ref=18#ref18
https://www.karger.com/Article/FullText/513439?ref=18#ref18
https://www.karger.com/Article/FullText/513439?ref=19#ref19
https://www.karger.com/Article/FullText/513439?ref=19#ref19
https://www.karger.com/Article/FullText/513439?ref=20#ref20
https://www.karger.com/Article/FullText/513439?ref=21#ref21
https://www.karger.com/Article/FullText/513439?ref=21#ref21
https://www.karger.com/Article/FullText/513439?ref=22#ref22
https://www.karger.com/Article/FullText/513439?ref=22#ref22
https://www.karger.com/Article/FullText/513439?ref=23#ref23
https://www.karger.com/Article/FullText/513439?ref=24#ref24
https://www.karger.com/Article/FullText/513439?ref=24#ref24
https://www.karger.com/Article/FullText/513439?ref=25#ref25
https://www.karger.com/Article/FullText/513439?ref=26#ref26
https://www.karger.com/Article/FullText/513439?ref=27#ref27
https://www.karger.com/Article/FullText/513439?ref=27#ref27
https://www.karger.com/Article/FullText/513439?ref=28#ref28
https://www.karger.com/Article/FullText/513439?ref=28#ref28

	startTableBody
	startTableBody

