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Background: Chronic obstructive pulmonary disease (COPD) is classified by its clinical phenotypes—chronic bronchitis and 
emphysema. A computed tomography (CT)-based mucus plug score (MPS) was recently identified as a biomarker to a subgroup of 
COPD patients with increased airway mucus plugs. While not necessarily linked to more pronounced symptoms or structural lung 
changes, mucus plugs are associated with increased mortality. Interestingly, a higher MPS seems to be associated with a lower body 
mass index (BMI), likewise associated with increased mortality. This study aims to characterize patients with advanced emphysema 
presenting for lung volume reduction therapy with a special focus on mucus plug occurrence.

Material and Methods: This retrospective, monocentric study assessed MPS in advanced COPD (Global initiative for chronic 
Obstructive Lung Disease [GOLD] stages 3 or 4) and emphysema patients evaluated for lung volume reduction therapy at Charité-
Universitätsmedizin Berlin. CT scans were analyzed for mucus plugging, and clinical data were obtained from the emphysema registry.

Results: A total of 127 CT scans were assessed for MPS. About 50% had no mucus plugs (score=0), 25% had an intermediate burden 
(score 1–2), and 25% had a high burden (score ≥3). A higher MPS correlated with a lower BMI, more pronounced emphysema, 
and worse lung function, including forced expiratory volume in 1 second, vital capacity, and diffusing capacity of carbon monoxide. 
Residual volume, partial pressure of carbon dioxide, the 6-minute walk test, and quality-of-life parameters were unaffected. Multivariate 
regression analysis found a strong association between mucus plugs and BMI, showing that a decrease in BMI was associated with a 
higher mucus burden (p<0.001; coefficient of -1.584).

Interpretation: This study supports an association between high MPS and BMI in a vulnerable subgroup of advanced COPD 
patients. Further research is needed to understand the pathophysiology and consequences of mucus plugs, aiming for individualized 
risk assessments and treatment strategies.
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Chronic obstructive pulmonary disease (COPD) is a 
heterogeneous condition with increasing prevalence and 
significant morbidity and mortality, making it one of the 
leading causes of death worldwide.1 Patients are frequently 
classified into clinical COPD phenotypes: emphysema and 
chronic bronchitis. In emphysema, chronic respiratory 
tract inflammation leads to remodeling and thickening of 
the airway walls, particularly in the small airways. The 
resulting airflow trapping in the alveoli worsens during 
expiration, and the ensuing hyperinflation impairs breathing 
mechanics, causing dyspnea and exercise intolerance.2-5 In 
chronic bronchitis, excessive mucus production—resulting 
from an increase in goblet cell number and dysplasia, 
expansion of submucosal glands, mucus dysfunction, and 
impaired mucociliary clearance—results in chronic cough 
and excessive expectoration.2,6-9 Recently, focus has been 
directed towards mucus plugs observed on computed 
tomography (CT) of the chest, which completely occlude 
the airway lumen, as a potential imaging biomarker. Mucus 
plugs can be found in up to 57% of COPD patients and are 
associated with worse lung function and a lower 6-minute 
walk distance, and may even be present without eliciting 
symptoms.10,11 Although higher emphysema scores and 
an increased number of mucus plugs are independently 
associated with impaired lung function, there may be a 
significant overlap between the 2 COPD phenotypes. This 
is particularly relevant, as a higher mucus plug burden has 
been associated with increased mortality.10,12 Emerging 
evidence suggests that mucus plug burden is a valuable 
imaging biomarker for risk assessment in COPD patients. 

Impact of mucus burden in patients with advanced 
COPD and clinically leading emphysema was previously 
underestimated, even though mucus plugs are present in 
25%–76% of patients with COPD.10 Recent publications 
drastically underlined that patients with COPD and high 
mucus burden had worse functional outcomes and increased 
mortality without eliciting more symptoms. Additionally, a 
lower body mass index (BMI), a simple clinical parameter 

Introduction

to assess body adiposity, seemed to be associated with a 
higher mucus burden.10-12 Interestingly, a lower BMI has 
been associated with increased mortality in COPD patients, 
as well.13 

Among COPD patients undergoing endoscopic lung 
volume reduction (ELVR) therapy with valves, despite 
advanced emphysema, there might be a subgroup with 
mucus plugging that is particularly vulnerable and has a 
worse overall prognosis. 

The aim of this study was to investigate the presence of 
mucus plugging and its impact on patients with emphysema 
presenting for ELVR. Therefore, we evaluated mucus plugs 
on CT scans of the thorax and linked it with baseline 
characteristics, such as BMI, lung function parameters, 
exercise capacity, and quality-of-life parameters in this well-
defined cohort of emphysema patients.

Data Acquisition

Data were obtained from patients with advanced COPD who 
presented for evaluation of lung volume reduction therapy at 
Charité – Universitätsmedizin Berlin. Patients were assessed 
according to the standards of the emphysema registry. The 
emphysema registry14 is a German national open-label, 
noninterventional, multicenter trial. The research presented 
in this article was conducted according to the standards of 
the World Medical Association Declaration of Helsinki and 
the appropriate guidelines for human studies. All data were 
derived from prospective open-label clinical studies in our 
institution which were approved by the Ethics Committee 
of the Charité Universitätsmedizin Berlin, Germany 
(EA2/149/17 and EA1/136/13). All patients consented 
to participation. Inability to sign the consent form was an 
exclusion criterion. Data were acquired from individual 
patient files and via REDCap electronic data capture tools 
managed by CAPNetz.15

Inclusion and Exclusion Criteria

Inclusion and exclusion criteria, as defined by the 
emphysema registry standards, were described in detail 
previously16-20 and are presented in Table 1. Patients with 
advanced COPD (Global initiative for chronic Obstructive 
Lung Disease [GOLD]21 stages 3 and 4), a forced expiratory 
volume in 1 second (FEV1) of <50%, and a residual volume 
(RV) of >150% were included. There were no restrictions 
regarding diffusing capacity for carbon monoxide (DLCO), 
and the 6-minute walk test (6MWT) had to be <450m. 
All patients were required to be nonsmokers for at least 3 
months, as documented by a carboxyhemoglobin level of 
<2%. Mild hypercapnia (partial pressure of carbon dioxide 
[PCO2]<55mmHg) was acceptable; otherwise, patients were 

Material and Methods
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FEV1

RV
DLCO 
6-MWT
Smoking Status
PCO2

Table 1. Inclusion Criteria

Criteria Specification
< 50% of predicted value
> 150% of predicted value
No restriction
< 450 meters
Nonsmoker ≥ 3 months; confirmed by COHb < 2%
< 55 mmHg (mild hypercapnia allowed)

FEV1=forced expiratory volume in 1 second; RV=residual volume; DLCO=diffusing capacity for carbon monoxide; 6MWT=6-minute walk test; COHb=carboxyhemoglobin; PCO2=partial pressure of carbon dioxide

_______________________________________________________________________________________________________________________________________
_______________________________________________________________________________________________________________________________________
_______________________________________________________________________________________________________________________________________
_______________________________________________________________________________________________________________________________________
_______________________________________________________________________________________________________________________________________

evaluated for noninvasive ventilation therapy. Additionally, 
all patients received optimal medical treatment for their 
COPD and participated in a structured exercise program 
for respiratory diseases either before or after lung volume 
reduction therapy. Patient symptoms had to be primarily 
attributed to emphysema, with dyspnea as the lead symptom 
and without chronic cough and sputum production.

Study Population

Patients included in this study were evaluated at Charité 
– Universitätsmedizin Berlin for interventional or surgical 
treatment of advanced COPD and subsequently underwent 
therapy. Eligibility and treatment recommendations were 
determined by the local emphysema board, a multidisciplinary 
team comprising interventional pulmonologists, thoracic 
surgeons, and radiologists. 

Evaluation Procedure

Patients underwent a standardized evaluation procedure. 
To calculate the BMI, the patient´s weight in kilograms was 
divided by the square of their height in meters (kg/m2). 
Lung function parameters were measured using spirometry, 
body plethysmography, and diffusion tests (Power Cube+, 
Ganshorn Medizin Electronic GmbH; Niederlauer, Germany). 
A 6MWT, capillary blood gas analysis, measurement 
of COHb, and echocardiography were also performed. 
Baseline symptom burden was assessed using the COPD 
Assessment Test (CAT) and the modified Medical Research 
Council (mMRC) dyspnea scale. All patients received a CT 
scan of the thorax in inspiration without contrast media, 
along with a software-based quantification of emphysema 
destruction per lobe and an assessment of fissure integrity 
with StratX (PulmonX Inc.; Redwood City, California). To 
quantify emphysematous destruction, the number of low-
density voxels (≤-950 Hounsfield units) was summed to 
calculate the emphysema score for each lung lobe. In most 
cases, lung volume reduction therapy targets the lobe with 
the highest emphysema score. Accordingly, this target lobe 
is documented in the REDCap database, along with the 
heterogeneity index, which quantifies the difference in 
emphysema scores between the target lobe and its adjacent 
lobe. To evaluate collateral ventilation per lobe with the 

Chartis® assessment system (PulmonX Inc.; Redwood City, 
California), all patients with intermediate fissure integrity 
underwent bronchoscopy under procedural sedation with 
propofol and midazolam, either using high-frequency jet 
ventilation or while breathing spontaneously.22-24

Assessment of Mucus Plug Score

A retrospective analysis of all baseline CT scans was 
performed by 2 expert radiologists (AP and TE with 5 and 
>15 years of experience) to assess mucus plug burden. 
For each case, mucus plug burden was quantified using a 
bronchopulmonary scoring system previously described 
by Dunican et al.10,25 Soft-tissue thin-slice reconstructions 
were evaluated using the multiplanar reconstruction tool of 
the clinical imaging viewer (Visage® 7 version 7.2, Visage 
Imaging GmbH; Berlin, Germany). A lung window (level 
-550 HU, width 1600 HU) was used. 

One point was scored for every pulmonary segment 
with at least 1 mucus plug, resulting in a maximum score 
of 20 points. A mucus plug was defined as an opacification 
that completely occludes the airway. In the most peripheral 2 
centimeters of lung parenchyma, the bronchial diameter was 
too small to detect mucus plugs. CT scans were categorized 
by MPS as suggested by Diaz et al12: 0, 1, 2, and ≥3. 

An example of a typical mucus plug is shown in Figure 
1 (A-C). For visualization of concomitant emphysema the 
corresponding areas are coded in red in the second half of 
Figure (D-F). 

Statistical Analysis

Categorical variables were summarized using absolute and 
relative frequencies for each level. Continuous variables were 
reported as means and standard deviations. Comparisons 
between subgroups, defined by patient characteristics, were 
conducted using analysis of variance, followed by independent 
sample t-tests for pairwise comparisons and chi-quadrat test. 
Interrater reliability was calculated with Cronbach’s alpha. 
To examine the relationship between an ordinal outcome and 
independent variables, an ordinal logistic regression analysis 
was performed. Two separate ordinal logistic regression models 
were constructed. The first included the covariates: gender, age, 
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This is a novel analysis focusing on the impact of mucus 
burden in patients with advanced COPD and emphysema, 
a highly symptomatic and vulnerable patient population. 
Our results showed that patients with a higher MPS had 
worse pulmonary function parameters and more advanced 
emphysema on emphysema quantification, without affecting 
life quality parameters. Interestingly, a decrease in BMI was 
associated with a higher mucus burden. 

A strong association between lower FEV1 and lower 
BMI in COPD patients—linked to increased mortality—has 
been previously described.26 In our analysis, we observed 
an association between mucus burden and BMI in the 
regression models, both with and without adjustment for the 
emphysema score of the target lobe. Multiple mechanisms 
have been suggested for this relationship, including increased 
resting energy expenditure, nonrespiratory skeletal muscle 
atrophy due to reduced peripheral oxygen supply, and 
systemic inflammation.27-30 Furthermore, the recent 

Discussion

Patient Characteristics

Table 2 displays patient parameters of 127 patients who 
underwent ELVR. In 66 cases, the MPS was 0, in 31 cases 
there was an intermediate MPS of 1 or 2, and in the 
remaining 29 cases an MPS of ≥3 was detected (Figure 2). 
All patients had COPD GOLD stages 3 or 4 (GOLD stage 3 
n=38 [31%] versus GOLD stage 4 n=87 [69%]). In patients 
with an MPS of 0, 42% had GOLD stage 3 and 58% had 
GOLD stage 4. With increasing MPSs, more patients had 
GOLD stage 4 airflow obstruction, with only 14% having 
GOLD stage 3, and 86% having GOLD stage 4 in the case of  
MPSs ≥3 (p=0.014).

Age range was comparable among the groups. With 
increasing mucus burden, BMI decreased (p<0.001). There 
were significant differences in gender distribution with an 
almost similar distribution in patients with an MPS of 1 to 2 
and ≥3. In patients with an MPS of 0, 25% were female and 
75% were male (p=0.002).

Interobserver Variability

To determine interobserver variability of the 20 CT scans 
that were independently scored by 2 experienced thoracic 
radiologists, Cronbach’s alpha was calculated. It showed 
an excellent agreement between the 2 radiologists with an 
alpha of 0.955.

Emphysema Score

Emphysema score of the target lobe and difference and 
heterogeneity index between the target lobe and its adjacent 
lobe did increase with increasing MPS (p=0.005 and 
p=0.029 respectively), as displayed in Table 2.

Lung Function Test Parameters, Partial Pressure of Carbon 
Dioxide, and 6-Minute Walk Test

Table 2 shows statistically significant differences in FEV1 
(relative, p=0.023; absolute, p<0.001), vital capacity (VC) 
(absolute, p<0.001), and DLCO (absolute and relative, 
p<0.001) with increasing mucus burden. No difference in 
relative VC, absolute and relative RV, PCO2, and 6MWT was 
noted between the groups. 

Results

Quality of Life Parameters

No association of CAT score or mMRC with increasing 
mucus plug burden was detected (Table 2). 

Additional Parameters

In regard to COPD exacerbations over the past 12 months, 
there was no difference between the groups. When 
comparing the GOLD stages of the 3 groups, patients 
with more mucus plugs had more advanced GOLD stages 
(p=0.014) (Table 2).

Body Mass Index, Emphysema, Lung Function, and Mucus 
Burden 

To detect associations between mucus burden and patient 
characteristics, we examined a logistic ordinal regression 
model and included the following variables: age, gender, BMI, 
emphysema in target lobe (%), FEV1 (%), and 6MWT (m) (Table 
3). A statistically significant association between mucus burden 
and BMI was detected, showing that a decrease in BMI was 
associated with a higher mucus burden (p<0.001; coefficient 
of -1.584).

Body Mass Index, Lung Function, and Mucus Burden 

To account for a possible interaction between emphysema 
and BMI, we repeated the logistic ordinal regression model 
excluding emphysema in the target lobe (Table 4). The 
statistically significant association between mucus burden 
and BMI remained, showing that a decrease in BMI was 
associated with a higher mucus burden (p<0.001; coefficient 
of -1.724).

BMI, emphysema in the target lobe (%), FEV1 (%), and 6MWT 
(m). The second model excluded emphysema and included: 
gender, age, BMI, FEV1 (%), and 6MWT (m). As no adjustment 
for multiple comparisons was applied, all p-values should be 
considered exploratory. Statistical analyses were conducted using 
SPSS software (version 24.0.0.0, IBM; Armonk, New York).
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Figure 1. Mucus Plug on Computed Tomography Thorax

Figure 2. Mucus Plug Score

Frequency of mucus plug score in patients with advanced COPD GOLD stages 3 or 4 and emphysema

COPD=chronic obstructive pulmonary disease; GOLD=Global initiative for chronic Obstructive Lung Disease

Patient with advanced COPD.

Multiplanar reconstruction (A: parasagittal, B: paracoronal, C: paratransversal orientation with orientation cubes in the left lower corner of each image) in 1mm slice thickness in a lung window (center -500 HE, width 
1500 HE). The yellow bar in each image indicates the length of 5cm. The mucus plug is outlined by yellow arrows in each image.

COPD=chronic obstructive pulmonary disease

publication by Diaz et al reported an overall decline in lung 
function parameters, higher emphysema scores, and lower 
BMI with increasing mucus burden, along with a higher 
risk of mortality in patients with a high mucus burden.12 
Our study similarly demonstrates a decline in lung function 
parameters and BMI with increasing mucus burden in 
a cohort of patients with very advanced emphysema. 
Importantly, our results also reveal a novel finding: a strong 
association between BMI and mucus burden, both of which 
serve as indicators of increased mortality in COPD. 

The MPS is a helpful and reproducible radiological 
biomarker in quantifying mucus plugs in medium-to-large 
sized airways demonstrated by an almost perfect agreement in 
our analysis, which is in line with previous publications.10,25 In 
our study, the distribution of mucus burden was similar to that 
reported by Diaz et al from the COPD Genetic Epidemiology 
(COPDGene®) study cohort: approximately 50% of cases 
exhibited low MPSs (0), about 25% showed intermediate 
scores (1–2), and roughly 25% demonstrated high scores 

(≥3). In the COPDGene study, around 40% of patients were 
active smokers.12 In contrast, among participants from the 
Subpopulations and Intermediate Outcome Measures in 
COPD Study (SPIROMICS) cohort reported by Dunican et al, 
a very high MPS (≥5) was observed in 50%–60% of patients 
with severe COPD (GOLD stages 3 or 4). Notably, in the 
SPIROMICS cohort, 17.8% of patients with GOLD stage 4 and 
30.1% of those with GOLD stage 3 were current smokers. 
Dunican et al also found that a higher MPS was associated 
with smoking and that mucus plugs and emphysema had 
a similar impact on airflow obstruction (FEV1) and resting 
hypoxemia.10 In the mucus plug study by Dunican et al,10 
400 patients with COPD across all GOLD stages and 20 
never-smokers were included. Although the majority of cases 
were COPD GOLD stage 3 (51%) and stage 4 (15%), the 
remaining 34% comprised patients with COPD GOLD stages 
1 and 2. Similarly, the larger patient cohort from Diaz et al12 

(n=4363) included all stages of COPD irrespective of clinical 
phenotype—specifically, 72% of patients had COPD GOLD 
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Baseline CT (n)
Mucus Plug Score (n)
Age (years)
Sex, n (%)

Male
Female

Body Mass Index
Emphysema Score Target Lobe, %
Heterogeneity Index, %
FEV1, L 
FEV1, % 
VC IN, L 
VC IN, % 
RV, L
RV, % 
DLCO SB in mmol/min/kPa 
DLCO SB, % 
PCO2, mmHg
6MWT, m
CAT Score, points
mMRC, points
GOLD Stage

Stage 3
Stage 4

Exacerbations (n)

Table 2. Patient Characteristics

MPS 1+2 MPS ≥3 p

<0.001
0.340

0.002
<0.001

0.005
0.029

<0.001
0.023

<0.001
0.053
0.541
0.573

<0.001
<0.001

0.326
0.167
0.236
0.579

0.014
0.409

31
1.4±0.5

65.9±6.4

15 (48%)
16 (52)

21.8±0.8
43.8±11.2
12.3±9.9
0.7±0.2

25.3±7.1
1.9±0.5

57.4±13.8
5.1±1.2

225.1±42.5
2.1±0.8

26.1±9.2
40.1±11.4

262.2±98.7
25.4±6.2
3.2±0.7

7 (23)
24 (77)

1.4±2.0

30
5.4±3.3

64.1±7.9

12 (41)
17 (59)

18.1±1.9
51.5±12.1
19.9±14.2

0.6±0.2
23.8±7.2
1.8±0.7

52.2±15.0
4.8±1.1

222.5±49.4
1.9±0.8

22.7±9.3
42.1±6.7

221.8±104.0
27.5±6.2
3.4±0.8

4 (14)
25 (86)

2.0±2.0
Missing data: Sex (2 missing), age (3 missing), BMI (1 missing), emphysema score (16 missing), heterogeneity index (16 missing) FEV1, L (2 missing), FEV1, % (2 missing), VC IN, L (4 missing), VC IN, % (4 missing), 
RV, L (3 missing), RV, % (3 missing), DLCO SB in mmol/min/kPa (8 missing), DLCO SB, % (5 missing), PCO2, mmHg (12 missing), 6MWT, m (9 missing), CAT Score, points (8 missing), mMRC, points (8 missing), 
GOLD Stage (2 missing)

Data represented as mean ± SD. Highlighted p-value indicates statistically significant results.

CT=computed tomography; MPS=mucus plug score; FEV1=forced expiratory volume in 1 second; VC IN=inspiratory vital capacity; RV=residual volume; DLCO=diffusing capacity for carbon monoxide; SB=single 
breath; PCO2=partial pressure of carbon dioxide; 6MWT=6-minute walk test. CAT=COPD Assessment Test; mMRC=modified Medical Research Council; GOLD=Global initiative for chronic Obstructive Lung Disease; 
BMI=body mass index; SD=standard deviation

_______________________________________________________________________________________________________________________________________
_______________________________________________________________________________________________________________________________________
_______________________________________________________________________________________________________________________________________
_______________________________________________________________________________________________________________________________________
_______________________________________________________________________________________________________________________________________
_______________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________
_______________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________
_______________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________
_______________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________
_______________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________

MPS 0
66

0.0±0.0
66.5±6.8

49 (75)
17 (25)

26.3±3.0
42.4±11.7
13.7±10.4

0.8±0.3
28.1±7.5
2.3±0.7

59.7±12.7
5.1±1.2

215.1±47.8
3.2±1.6

35.0±14.8
39.5±5.4

219.8±105.4
25.1±6.2
3.2±0.8

27 (42)
38 (58)

1.8±1.4

Gender
Age
Body Mass Index
Emphysema in Target Lobe, %
FEV1, %
6MWT, m
n

Table 3. Multivariable Logistic Analysis for Mucus Plugs Including Emphysema

Standard Error Wald CI
1.411
0.064
-1.007
0.056
0.135
0.011

0.711
0.058
0.294
0.028
0.057
0.004

0.001
0.720

28.930
0.000
0.167
0.505

CI=confidence interval; FEV1=forced expiratory volume in 1 second; 6MWT=6-minute walk test

_______________________________________________________________________________________________________________________________________
_______________________________________________________________________________________________________________________________________
_______________________________________________________________________________________________________________________________________
_______________________________________________________________________________________________________________________________________
_______________________________________________________________________________________________________________________________________
_______________________________________________________________________________________________________________________________________

Variables Coefficient
-0.018
-0.049
-1.584
0.000
0.023
0.003

103

p-value
0.980
0.396

<0.001
0.994
0.682
0.477

95%
-1.734
-0.162
-2.161
-0.056
-0.088
-0.005

Gender
Age
Body Mass Index
FEV1, %
6MWT, m
n

Table 4. Multivariable Logistic Analysis for Mucus Plugs Excluding Emphysema

Standard Error Wald CI
1.234
0.064
-1.127
0.149
0.011

0.706
0.049
0.305
0.052
0.004

0.045
0.426

32.039
0.780
0.577

CI=confidence interval; FEV1=forced expiratory volume in 1 second; 6MWT=6-minute walk test

_______________________________________________________________________________________________________________________________________
_______________________________________________________________________________________________________________________________________
_______________________________________________________________________________________________________________________________________
_______________________________________________________________________________________________________________________________________
_______________________________________________________________________________________________________________________________________

Variables Coefficient
-0.149
-0.032
-1.724
0.046
0.003

114

p-value
0.832
0.832

<0.001
0.377
0.447

95%
-1.532
-0.129
-2.321
-0.057
-0.005
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stages 1 and 2, 20% had GOLD stage 3, and 8% had GOLD 
stage 4. In contrast, our study population consisted exclusively 
of nonsmokers with advanced COPD (GOLD stages 3 and 4) 
and the clinical subtype of emphysema, with approximately 
one-third of patients having COPD GOLD stage 3 and two-
thirds having COPD GOLD stage 4. Dunican et al10 report a 
higher degree of mucus plugging than Diaz, whose findings 
align with ours. It remains unclear whether the lower mucus 
plugging observed in our study is due to the inclusion of only 
nonsmokers or a selection bias, as we included only patients 
with clinically predominant emphysema.

Furthermore, more advanced stages of COPD in our study 
were associated with overall worse lung function parameters 
compared to those reported in other studies. Consistent with 
previous publications, a higher mucus burden was strongly 
correlated with lower FEV1, VC, and DLCO.10,12 Notably, no 
differences in RV were observed among the 3 groups, even 
though both the emphysema score in the target lobe and the 
heterogeneity index increased with a higher mucus burden. 
This suggests that quantitative emphysema measures may 
more precisely characterize differences in patients with 
advanced COPD and emphysema than RV alone. The data 
showed a higher heterogeneity index in patients with 
greater mucus burden. While the underlying reason is not 
entirely clear, this finding likely reflects more extensive 
emphysema and more severely impaired lung function in 
this patient group. Additionally, there were no differences 
in the 6MWT and PCO2 between the groups in our study. 
While previous studies have demonstrated an association 
between mucus burden and 6MWT performance, our data 
did not replicate these findings. The most likely explanation 
is that our study population consisted exclusively of patients 
with very advanced stages of COPD, potentially limiting the 
variability in exercise capacity.12,25

Symptoms reported by the CAT score and mMRC were 
comparable in all 3 groups, highlighting the observation 
that an increase in mucus plugs does not correlate with an 
increase in mucus burden.11 

These findings suggest that the MPS should be used 
to evaluate patients with advanced emphysema presenting 
for lung volume reduction therapy for individual risk 
stratification. Additionally, our results support that these 
patients might benefit from airway clearance techniques 
and inhaled mucokinetic or mucolytic therapies such as 
hypertonic saline or novel reducing agents that are currently 
in clinical testing for COPD.31,32 

The main limitations of this study are its retrospective 
monocentric design and the relatively small sample size. 
However, by focusing exclusively on patients with advanced 
COPD and emphysema, the study provides a detailed 
overview of mucus burden in this specific patient group. 
Unfortunately, our data does not show to what extent mucus 
plugs influence lung volume reduction therapies, such 

as ELVR therapy with valves. More research is needed to 
elucidate these questions. 

This study demonstrates that high mucus burden is 
present in patients with advanced emphysema—a subgroup 
of patients with COPD in which its impact may have been 
previously underestimated. Our data also corroborate 
previous findings that mucus plugs are associated with 
worse lung function parameters due to increased airflow 
obstruction. Notably, this is the first study to link a higher MPS 
with a lower BMI. This observation is particularly relevant 
given recent findings associating higher mucus burden with 
increased mortality, and that lower FEV1 and lower BMI are 
both independent risk factors for mortality in COPD patients. 
Furthermore, it highlights the heterogeneity of COPD and 
the significant overlap between emphysema and chronic 
bronchitis, 2 clinical entities once considered distinct. These 
findings underscore the need to explore novel treatment 
strategies to target mucus plugging for personalized, risk-
stratified management of patients with advanced COPD and 
emphysema. Our results also raise the question of whether 
mucus burden should be routinely evaluated in all patients 
with advanced COPD and emphysema presenting for lung 
volume reduction therapy.
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