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Background: The 6-minute walk test (6-MWT) assesses exercise capacity in patients with chronic obstructive pulmonary disease. 
A recent study revealed that selected patients with an advanced emphysema and a baseline walking distance of ≤140 m in 6-MWT 
benefit from endoscopic lung volume reduction with valves (ELVR) with a remarkable improvement in walking distance. However, 
the reasons for these improvements remain unexplained.
Study Design and Methods: We retrospectively analyzed 54 patients with severe emphysema undergoing ELVR at Charité- 
Universitaetsmedizin Berlin. Patients were stratified into 2 groups by baseline walking distance: those with 6-MWT ≤140 m and those 
with 6-MWT 140–450 m. Changes in lung function, quality of life, and 6-MWT parameters (peripheral oxygen saturation (SpO2), heart rate 
(HR), and walking distance) were evaluated using Generalized Estimating Equations (GEE).
Results: While lung function and quality of life improved comparably in both groups, patients with 6-MWT ≤140 m showed 
a significantly greater improvement in walking distance versus the 6-MWT 140–450 m group (105.6 ± 123.2 m versus 12.1 ± 80.8 m, 
p=0.027). GEE analysis indicated that this improvement was accompanied by a significantly greater reduction in ΔHR from baseline to 
follow-up compared to the 6-MWT 140–450 m group (p=0.023), while changes in SpO2 were similar.
Conclusion: Patients with very limited exercise capacity (≤140 m) improved their walking distance disproportionately after ELVR. 
The concomitant decrease in HR suggests an associated cardiovascular benefit in this subgroup. Therefore, a 6-MWT of 
≤140 m should not be considered an exclusion criterion for ELVR, as these patients can achieve meaningful clinical improvements.
Keywords: lung emphysema, endoscopic lung volume reduction with valves, 6-minute walk test, COPD

Introduction
Chronic obstructive pulmonary disease (COPD) plays an important role in public health as the fourth leading cause of 
death worldwide with an increasing prevalence.1 Lung emphysema is a subtype of COPD that is characterized by air 
trapping and pulmonary hyperinflation impairing breathing mechanics.2 Lung emphysema in advanced stages is 
characterized by dyspnea, especially on exertion.

Endoscopic lung volume reduction with valves (ELVR) is a minimally invasive treatment aiming to reduce pulmonary 
hyperinflation. One-way valves inserted into the bronchi of the target lobe allow air to exit from the target lobe while 
preventing air influx during inspiration, leading to a lung volume reduction of the target lobe or atelectasis.3 The resulting lung 
volume reduction improves breathing mechanics, particularly by enabling better diaphragm movement. ELVR is the lung 
volume reduction procedure with the most supporting evidence. Several randomized controlled trials (RCT) have reported 
improvements in lung function, quality of life, and exercise capacity in carefully selected patients.4–11
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The 6-minute walk test (6-MWT) is a simple and reproducible test evaluating all systems involved in physical 
activity. It is a submaximal exercise test, where patients walk at a self-selected pace without exertion, taking breaks 
whenever necessary.12 Walking distance serves as a surrogate parameter for cardiovascular fitness and often correlates 
with overall disease burden. Therefore, it is commonly used to assess changes in exercise capacity following ELVR. 
Moreover, walking distance in the 6-MWT correlates with forced expiratory volume in one second (FEV1) and overall 
survival.13,14

The National Emphysema Treatment Trial (NETT) is a landmark study as the first large RCT of surgical lung volume 
reduction. It demonstrated a survival benefit in selected patients and identified high-risk groups.15 As a result, NETT 
significantly influenced treatment guidelines and defined new inclusion criteria for the subsequent studies. According to 
NETT protocol, patients with a very low walking distance (6-MWT ≤140 m) were excluded from the study due to 
estimated surgical risks.15 Consequently, this patient cohort was often excluded or underrepresented in later RCTs on 
ELVR, as their risk of complications—such as pneumothorax—was considered too high, and the potential treatment 
benefit was deemed limited.9–11,15,16

Own recent work showed in a cohort of 54 patients with a baseline 6-MWT ≤140 m comparable treatment results 
regarding lung function and quality of life compared to patients with 6-MWT 140–450 m, with a remarkable improve
ment in walking distance after ELVR, but without an increased risk of complications.17 Data for this analysis were 
derived from the German Lung Emphysema Registry and did not contain 6-MWT parameters such as peripheral oxygen 
saturation (SpO2), walking distance, and heart rate (HR) per minute. Therefore, the aim of the present study was to 
perform an in-depth evaluation of 6-MWT components not captured in the registry data to identify a potential underlying 
explanation.

Materials and Methods
Patient Population
The analyzed data were derived from patients with advanced lung emphysema who underwent ELVR in accordance with 
the standards of the German Lung Emphysema Registry (https://www.lungenemphysemregister.de) at Charité – 
Universitaetsmedizin Berlin. All patients provided written informed consent and were enrolled in an open-label clinical 
trial approved by the local ethics committee (A2/149/17 and EA1/136/13).

Inclusion and Exclusion Criteria
Eligible patients had to present with advanced lung emphysema, defined by a FEV1 <45% predicted and a residual 
volume (RV) >180% predicted.18 There were no restrictions regarding the diffusing capacity of the lungs for carbon 
monoxide (DLCO). Partial pressure of carbon dioxide (pCO2) had to be <55 mmHg; otherwise, patients were first 
evaluated for non-invasive ventilation.18 Additionally, patients required a baseline walking distance of <450 m in the 6- 
MWT and be on optimal medical therapy for COPD. Dyspnea and reduced physical activity had to be primarily attributed 
to severe COPD. All patients were required to be non-smokers for at least three months prior to intervention, confirmed 
by a carboxyhemoglobin (COHb) level <2%.

Evaluation Procedure
Patients underwent a structured evaluation process including body plethysmography, 6-MWT, diffusion capacity test, arterial 
or capillary blood gas analysis, echocardiography, and ventilation/perfusion lung scan. Additionally, all patients received 
a non-contrast computed tomography (CT) of the lungs, and a software-based evaluation of fissure integrity and emphysema 
destruction for each lobe was used to define a potential target lobe for ELVR. Patients completed the COPD Assessment Test 
(CAT), the Modified Medical Research Council (mMRC), and the St. George`s Respiratory Questionnaire (SGRQ) to assess 
symptoms, dyspnea, and quality of life. Collateral ventilation of the target lobe was excluded according to current standards by 
fissure integrity analysis based on computed tomography of the lung. Additionally, bronchoscopic in-vivo measurement of 
collateral ventilation with the Chartis® assessment system (PulmonX Inc., Redwood City, CA, USA) was performed if fissure 
integrity showed an intermediate fissure completeness score of 85–95%. Chartis® assessment was part of the baseline 
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evaluation before the emphysema board and was performed under conscious sedation in spontaneous breathing or under high- 
frequency jet ventilation.19 Chartis® measurements were categorized into conclusive CV-negative or CV-positive phenotypes, 
or inconclusive phenotypes such as low flow/collapse or low plateau.20 At our center, all patients underwent a ventilation/ 
perfusion lung scan. Since it is not required as a standard work-up at the lung emphysema registry, the results were not 
available in the RedCap database and are not reported in this study.

Lung Volume Reduction Therapy
Every case was reviewed by the multidisciplinary emphysema board, consisting of at least one thoracic surgeon, one 
interventional pneumologist, and a radiologist. The target area and type of endoscopic intervention were determined by 
the board. ELVR was performed in a bronchoscopy session with the Zephyr® valve system (Pulmonx, Redwood City, 
CA, USA) or Spiration Valve System (Olympus, Center Valley, PA, USA) according to local endobronchial anatomy.

Study Design
This study retrospectively analyzed data available from the RedCAP electronic database and patient files.21 The 6-MWT 
was conducted according to the American Thoracic Society guidelines, assessing SpO2, HR, walking distance, dyspnea, 
and muscular fatigue – both evaluated using the Borg scale.12 We considered parameters both at baseline and follow-up 
data to evaluate treatment response. Follow-up assessments were conducted at 3- and 6-months post-intervention, 
including lung function tests, 6-MWT, and quality of life measurements. If patients attended only one follow-up 
appointment (either 3- or 6-months after the intervention), the available data point was used for the follow-up analysis. 
For patients with a follow-up assessment from both time points, the visit with the highest walking distance was selected 
for analysis.

Statistical Analysis
Nominal values are presented as counts and percentages, while ordinal and continuous variables are presented as means 
with standard deviations or standard errors. The mMRC score was analyzed as a categorical variable. Baseline dyspnea 
was compared between groups using the frequency of patients with a score of ≥3 points. Treatment response was defined 
as a reduction of ≥1 point in the mMRC scale. Statistical analyses were conducted with SPSS (version 29.0.0.0). We 
applied paired and unpaired t-tests, the Wilcoxon test, Mann–Whitney U-test, Chi-square test, and McNemar test, as 
appropriate. Generalized Estimating Equations (GEE) were used to analyze repeated measurements from the same 
patients during the 6-MWT. This method accounts for the potential correlation among repeated observations and 
estimates group-level trends over time. We applied GEE to assess HR, SpO2, and walking distance, as well as their 
changes (ΔHR, ΔSpO2, and Δ walking distance), calculated as the difference between values before and after ELVR. The 
aim was to determine whether these parameters changed significantly over time and whether the changes differed 
between groups. P-values ≤ 0.05 were considered statistically significant.

Results
Study Population
A total of 87 patients were treated with ELVR between August 2017 and January 2024 at our center. We excluded 33 patients 
due to missing 6-MWT assessments: 11 were missing baseline measurements, 12 were missing follow-up measurements, and 
10 lacked data at both time points due to either non-participation or unavailable documentation. This resulted in a final cohort 
of 54 patients included in the analysis. The patients were categorized into two groups based on their walking distance in 6- 
MWT at baseline: the 6-MWT ≤140 m group (n = 12) and the 6-MWT 140–450 m group (n = 42). Table 1 demonstrates the 
baseline characteristics. Both groups presented comparable distributions in sex, age, and body mass index (BMI). There were 
no significant differences in emphysema score, heterogeneity index, or fissure completeness score. Lung function was 
generally similar, except for a significantly higher vital capacity (VC) in the 6-MWT 140–450 m group. Patients with a 6- 
MWT ≤140 m had higher levels of dyspnea, with 92% having a mMRC score of ≥3 points compared to 71% in the 6-MWT 
140–450 m group. However, this difference did not reach a statistical significance (p=0.148). Patients with a 6-MWT 
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≤140 m reported a significantly worse quality of life based on the SGRQ score. Since the groups were stratified by their 
walking distance in 6-MWT at baseline, a statistical comparison of these values was considered non-applicable as this 
difference was expected by study design.

Comparison of Treatment Outcome After ELVR Between Both Groups
Table 2 summarizes treatment outcomes between baseline and follow-up. Both groups showed comparable improvements 
in lung function and quality of life after ELVR. However, patients with 6-MWT ≤140 m experienced a significantly 
greater increase in walking distance, with an average improvement of 105.6 ± 123.2 m compared to 12.1 ± 80.8 m in the 
6-MWT 140–450 m group (p=0.027).

Table 1 Baseline Parameters of Study Population

6-MWT ≤140 m 6-MWT 140–450 m p

Subjects, n 12 42
Male, n (%) 8/12 (67) 22/42 (52) 0.380

Age, years 66.0 ± 8.3 65.3 ± 6.1 0.761

BMI, kg/m2 22.8 ± 4.1 24.9 ± 6.4 0.603
Emphysema score (−950 HU), % 45.7 ± 11.4 41.9 ± 10.1 0.382

Heterogeneity index, % 13.8 ± 8.7 13.5 ± 10.4 0.924

Fissure completeness score, % 94.2 ± 11.6 95.3 ± 9.5 0.649
Lung function test at baseline

FEV1, % 26.9 ± 8.1 28.5 ± 7.2 0.522
RV, % 228.3 ± 34.0 225.3 ± 47.6 0.846

VC, % 54.2 ± 10.5 62.3 ± 12.5 0.041
DLCO, % 25.6 ± 9.0 33.6 ± 13.3 0.065
pCO2, mmHg 37.8 ± 4.5 38.9 ± 5.1 0.523

mMRC ≥3 points, n (%) 11/12 (92) 30/42 (71) 0.148

CAT, points 28.0 ± 6.9 24.9 ± 6.6 0.125
SGRQ, points 74.2 ± 15.2 63.0 ± 11.7 0.040
Walking distance, m 89.3 ± 34.8 283.4 ± 77.2 —

Notes: Data represented as mean ± SD or n (%). Bold text indicates statistically significant results (p≤0.05). —: 
Not applicable; groups were stratified based on baseline 6-MWT performance. 
Abbreviations: 6-MWT, 6-minute walk test; m, Meter; BMI, Body mass index; kg, Kilogram; HU, Hounsfield 
units; FEV1, Forced expiratory volume in the first second; RV, Residual volume; VC, Vital capacity; DLCO, 
Diffusing capacity of the lungs for carbon monoxide; pCO2, Partial pressure of carbon dioxide; mmHg, 
Millimeters of mercury; mMRC, Modified Medical Research Council; CAT, COPD Assessment Test; SGRQ, 
St. George`s Respiratory Questionnaire.

Table 2 Comparison of Outcome Between Both Groups

6-MWT ≤140 m 6-MWT 140–450 m p
n=12 n=42

Δ FEV1, % 5.3 ± 6.4 4.0 ± 8.6 0.646

Δ RV, % −14.1 ± 57.9 −42.6 ± 41.7 0.078
Δ VC, % 7.6 ± 12.2 6.5 ± 16.9 0.839

Δ DLCO, % 0.7 ± 7.6 1.4 ± 9.1 0.834

Δ pCO2, mmHg −1.7 ± 5.0 −0.4 ± 3.8 0.368
Δ mMRC ≤-1 point, n (%) 3/12 (25) 17/33 (52) 0.113

Δ CAT, points −2.6 ± 8.1 −3.3 ± 6.4 0.366

Δ SGRQ, points −7.7 ± 18.7 −7.6 ± 14.2 0.761
Δ Walking distance, m 105.6 ± 123.2 12.1 ± 80.8 0.027

Notes: Data represented as mean ± SD or n (%). Bold text indicates statistically significant results (p≤0.05). 
Abbreviations: 6-MWT, 6-minute walk test; m, Meter; FEV1, Forced expiratory volume in the first second; 
RV, Residual volume; VC, Vital capacity; DLCO, Diffusing capacity of the lungs for carbon monoxide; pCO2, 
Partial pressure of carbon dioxide; mmHg, Millimeters of mercury; mMRC, Modified Medical Research 
Council; CAT, COPD Assessment Test; SGRQ, St. George`s Respiratory Questionnaire.
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Trajectories of 6-MWT Parameters (Walking Distance, SpO2 and HR)
Figure 1 illustrates trajectories of walking distance at baseline (Figure 1a), follow-up (Figure 1b) and changes after ELVR 
(Figure 1c) for both groups. GEE analysis was used to detect parameter differences between groups and to assess 
parameter changes over time. At both time points, walking distance per minute declined progressively over the course of 
the 6-MWT in each group (both p<0.001). This decrease was more pronounced in patients with 6-MWT ≤140 m, 
particularly at baseline. Patients with a 6-MWT 140–450 m walked statistically farther per minute at baseline and follow- 
up (p<0.001). However, the improvement in walking distance after ELVR was significantly higher for patients with a 6- 
MWT ≤140 m (p=0.038).

Figure 2 presents trajectories of SpO2 at baseline (Figure 2a), follow-up (Figure 2b) and changes after ELVR 
(Figure 2c). In both groups, SpO2 declined significantly over the course of the 6-MWT at baseline and follow-up 
(both p<0.001). No difference between the groups was observed in the magnitude of SpO2 at either time point, and 
ΔSpO2 did not differ significantly between the groups.

Figure 3 illustrates trajectories of HR at baseline (Figure 3a), follow-up (Figure 3b) and the changes after ELVR 
(Figure 3c). In both groups, HR increased significantly over the course of the 6-MWT at baseline and follow-up (p<0.001 
for both). No between-group differences in HR were observed at baseline or follow-up. However, patients with a 6-MWT 
≤140 m showed a significantly higher reduction in ΔHR after ELVR compared with the 6-MWT 140–450 m group 

Figure 1 Trajectories of walking distance per minute after endoscopic lung volume reduction with valves (ELVR) in patients with 6-MWT ≤140 m (solid line) and patients 
with 6-MWT 140–450 m (dotted line). (a) Baseline: Patients with 6-MWT ≤140 m had statistically lower walking distance. (b) Follow-up: Patients with 6-MWT ≤140 m had 
statistically lower walking distance. (c) Changes between Baseline and Follow-up: Patients with 6-MWT ≤140 m had a higher increase in Δ walking distance than patients with 
6-MWT 140–450 m. The grey horizontal line at y=0 in panel indicates the reference line. P-values from the Generalized Estimating Analysis (GEE) assessing differences 
between the groups are shown within panels. Bolded p-values indicate statistically significant results (p≤0.05). Data are presented as mean values with error bars 
representing standard error. 
Abbreviations: t, Time; min, Minute; ELVR, Endoscopic lung volume reduction with valves; 6-MWT, 6-minute walk test. m: Meter.

Figure 2 Trajectories of peripheral oxygen saturation (SpO2) per minute after endoscopic lung volume reduction with valves (ELVR) in patients with 6-MWT ≤140 m (solid 
line) and patients with 6-MWT 140–450 m (dotted line). (a) Baseline: There was no significant difference in SpO2 between the two groups. (b) Follow-up: There was no 
significant difference in SpO2 between the two groups. (c) Changes between Baseline and Follow-up: There was no significant difference in ΔSpO2 between the two groups. 
The grey horizontal line at y=0 in panel indicates the reference line. P-values from the Generalized Estimating Analysis (GEE) assessing differences between the groups are 
shown within panels. Data are presented as mean values with error bars representing standard error. 
Abbreviations: t, Time; min, Minute; ELVR, Endoscopic lung volume reduction with valves; 6-MWT, 6-minute walk test; m, Meter; SpO2, Peripheral oxygen saturation.
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(p=0.023). Using McNemar test, the change in the use of heart rate lowering medications between baseline and follow-up 
was assessed for each group separately. The change was not significant in the group with 6-MWT ≤140 m (p=1.000) or 
the group with 6-MWT 140–450 m (p=0.063).

Discussion
This is the first study evaluating cardiovascular response, assessed by HR, during the 6-MWT in lung emphysema 
patients treated with ELVR. Severe emphysema patients benefitted from ELVR with comparable improvements in lung 
function and quality of life, regardless of their baseline 6-MWT. While the improvements in lung function were 
statistically similar across both groups, a notable discrepancy was observed regarding the reduction in RV. Table 2 
highlights a three-fold greater reduction in RV in the 6-MWT 140–450 m group compared to the 6-MWT ≤140 m group 
(−42.6 ± 41.7% vs −14.1 ± 57.9%, p=0.078). Although this difference in Δ RV between the groups was not statistically 
significant, likely due to the small sample size, the magnitude of this change is substantial. Despite this more pronounced 
RV reduction in the 6-MWT 140–450 m group, the improvement in VC remained nearly the same between the two 
groups (6.5 ± 16.9% vs 7.6 ± 12.2%, p=0.839). This suggests that in patients with 6-MWT ≤140m, even a modest 
reduction in RV can result in a comparable improvement in VC. This may be explained by the profound hyperinflation of 
these patients, where even a low reduction in RV may enhance the mechanical efficiency of the respiratory system.

However, GEE analysis revealed a different effect on exercise capacity after ELVR between the groups. Patients with 
a baseline 6-MWT ≤140 m exhibited a significantly greater reduction in HR at follow-up and showed a disproportionately 
larger improvement in walking distance compared with those walking 140–450 m at baseline. This reduction in HR suggests 
that ELVR not only enhances respiratory mechanics in the most severely limited patients but may also modify their 
cardiovascular response to physical exertion.

6-MWT is an important clinical tool for assessing exercise capacity in COPD patients. Although clinical trials for ELVR 
show consistent improvements in lung function parameters, the response in 6-MWT was found to be more heterogeneous. 
STELVIO and TRANSFORM trials demonstrated a significant mean increase in walking distance from baseline of 
60 m and 36 m, respectively, which were both above the minimal clinically important difference of 25 m.6,16,22 In contrast, 
the BeLieVeR-HIFi trial observed a statistically significant but more modest improvement in walking distance of ELVR 
groups (median 25 m) compared to the control group, whereas the EMPROVE trial found no significant differences 
between the groups.5,11 This variability suggests that not all patients improve their physical capacity to the same extent after 
ELVR, but the reasons for that are still unknown. The present study offers an explanation for this heterogeneity by 
demonstrating that a very low baseline walking distance may serve as a predictor of gains in exercise capacity after ELVR.

Physiologically, increases in physical activity, reflected by longer walking distance during the 6-MWT, are achieved by 
a rise in cardiac output and HR. However, this response also depends on adequate breathing mechanics and physical fitness. In 

Figure 3 Trajectories of heart rate (HR) per minute after endoscopic lung volume reduction with valves (ELVR) in patients with 6-MWT ≤140 m (solid line) and patients 
with 6-MWT 140–450 m (dotted line). (a) Baseline: There was no significant difference in HR between the two groups. (b) Follow-up: There was no significant difference in 
HR between the two groups. (c) Changes between Baseline and Follow-up: Patients with 6-MWT ≤140 m had a higher decrease in ΔHR than patients with 6-MWT 140– 
450 m. The grey horizontal line at y=0 in panel indicates the reference line. P-values from the Generalized Estimating Analysis (GEE) assessing differences between the 
groups are shown within panels. The bolded p-value indicates a statistically significant result (p≤0.05). Data are presented as mean values with error bars representing 
standard error. 
Abbreviations: t, Time; min, Minute; ELVR, Endoscopic lung volume reduction with valves; 6-MWT, 6-minute walk test; HR, Heart rate; m, Meter; bpm, Beats per minute.
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this study, patients with 6-MWT ≤140 m walked significantly farther after ELVR, while exhibiting -or possibly because of- 
a lower HR at follow-up compared with baseline. This pattern suggests a regained HR reserve, indicating that patients 
recovered the ability to increase their HR as a response to physical activity. GEE analysis confirmed that HR rose significantly 
over time during the 6-MWT. Thus, it is tempting to speculate that the lower starting HR allowed more efficient use of the 
restored reserve to support higher levels of physical activity. However, functional analyses are warranted to provide evidence 
for this concept. Although these are the first data describing cardiovascular changes in an ELVR cohort, analogous findings 
have been documented after lung volume reduction surgery (LVRS). For instance, Armstrong et al reported a significant 
decrease in resting HR (89 ± 12 bpm vs 85 ± 12 bpm) as well as decreasing HR at exercise (118 ± 15 bpm vs 114 ± 18 bpm).23 

Similarly, a study by Benditt et al found a significant decrease in HR during exercise (from 115 bpm to 111 bpm) and observed 
a significant increase in oxygen pulse at maximal exercise, suggesting an improvement in stroke volume.24

Both groups in the present study showed a comparable decline in SpO2 during the 6-MWT after ELVR as compared to 
baseline, indicating that all patients performed the test at the required submaximal intensity and were respiratorily exhausted 
during the procedure. This suggests that the substantial improvement in walking distance observed in the 6-MWT 
≤140 m group is not primarily attributable to enhanced oxygenation or lung function but rather to improved exercise capacity 
linked to changes in HR.

The improvement in HR regulation may reflect a rebalancing of the autonomic nervous system function.23 Patients with 
severe lung emphysema commonly develop sympathetic nervous system abnormalities due to impaired breathing mechanics, 
driven by increased intrathoracic pressure, hypoxemia, hypercapnia, inflammation, and increased respiratory effort.25,26 These 
pathological processes elevate pulmonary vascular resistance and pulmonary artery pressure, ultimately reducing right ventri
cular function.27–29 This results in an imbalance of the autonomic nervous system with an increase in sympathetic nerve activity 
with a higher resting HR to maintain cardiac output against the high resistance.25,30 ELVR appears to disrupt this vicious cycle. 
By reducing lobar volume and hyperinflation, lung volume reduction lowers intrathoracic pressure, improves right ventricular 
preload and afterload, and increases stroke volume.24,31 Consequently, the sympathetic tone required for cardiac function is 
reduced, which leads to a recovery of the autonomic nervous system, contributing to the observed HR reduction.

Lung function parameters at baseline and their improvement after ELVR were comparable in both groups and therefore do 
not explain the observed differences in HR and walking distance. Other factors not assessed in this study, such as emphysema 
heterogeneity and pulmonary perfusion distribution, may also play a role. Previous research highlights the importance of 
disease pattern for ELVR outcome. Roodenburg et al found that patients with heterogeneous emphysema have greater 
improvements in walking distance compared to patients with homogeneous emphysema.32 Thomsen et al demonstrated 
that preserved perfusion in the ipsilateral non-target lobe is associated with superior gains in exercise capacity.33

Following the NETT trial, patients with a very low walking distance were frequently excluded from volume reduction 
trials because of an assumed higher risk for complications and limited therapy benefit.15 Of note, the findings of this 
study suggest a reversible physiological mechanism in this subgroup. The data indicate that this severe limitation in 
exercise capacity may be due to a cardiovascular strain, which is reduced by ELVR. For this reason, 6-MWT 
≤140 m should not be viewed as an absolute exclusion criterion. As shown here and in prior work from this study 
group, these patients benefit substantially from ELVR without an increased risk of complications.17 Instead, a reduced 
walking distance combined with elevated HR may help identifying patients with the greatest need for intervention.

The clinical significance of these findings extends beyond symptom improvement. Physical activity and exercise 
capacity are strong predictors of mortality in COPD.34 A meta-analysis by Fermont et al demonstrated that both shorter 
walking distance and elevated resting HR are associated with a higher risk of early mortality.35 In this study, ELVR 
favorably influenced both factors in the 6-MWT ≤140 m group, increasing walking distance by more than 100 m and 
significantly reducing HR. Thus, ELVR may offer a survival benefit in this particularly vulnerable population.

Strengths of this study include the detailed minute-by-minute analysis of HR and SpO2 throughout the 6-MWT and the use 
of GEE to effectively compare repeated measurements. Nevertheless, several limitations should be acknowledged. First, the 
study is retrospective with a small sample size of patients, especially in the subgroup of patients with 6-MWT ≤140 m, limiting 
generalizability. Second, the study did not include direct measurements of cardiac output, such as right heart catheterization, or 
direct assessments of the autonomic nerve system, such as heart rate variability analysis. Third, patients were recruited from 
a single center, and the follow-up period was relatively short, precluding assessment of long-term outcomes.
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Conclusion
In conclusion, this study defines a subgroup of highly symptomatic patients with advanced emphysema and severely 
impaired exercise capacity (6-MWT of ≤140 m) who improve their walking distance disproportionately well after ELVR. 
The concomitant significant reduction in HR from baseline to follow-up suggests an associated cardiovascular benefit and 
recovery in this subgroup. Therefore, a baseline walking distance of ≤140 m should not be considered an exclusion 
criterion for ELVR, as these highly symptomatic patients can derive substantial clinical benefit.
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