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Abstract
Background: In chronic obstructive pulmonary disease 
(COPD), body mass index (BMI) is significantly lower in the 
emphysema-dominant type. Endoscopic lung volume re-
duction (ELVR) is an innovative way of treating severe em-
physema. However, the specific associations of low BMI val-
ues and outcomes of ELVR is not well-studied. Objectives: 
We evaluated associations between initial BMI and changes 
in major outcomes after endobronchial valve (EBV) place-
ment in patients with heterogeneous severe emphysema. 
Methods: In a retrospective cohort study, patients were di-
vided into 2 groups based on their baseline BMI (higher BMI 
≥21 kg/m2 [n = 18] and lower BMI < 21 kg/m2 [n = 63]). De-
mographics, procedure data, pulmonary function test and 
6-min-walk test (6MWT), dyspnea score (according to the 
modified Medical Research Council [mMRC] scale), BODE 
(BMI, airflow obstruction, dyspnea, exercise capacity) index, 
and complications were recorded. After 6 months, changes 
in variables (dWeight and dBMI) were recorded. Results: 
Comparing the 2 groups, we found the following: a dWeight 

of –2.34 kg and +3.39 kg (p value < 0.01) and a dBMI of –0.74 
and +1.99 kg/m2, in the higher BMI and lower BMI group, re-
spectively (p value < 0.01). Changes in forced expiratory vol-
ume < 1 s (FEV1), 6MWT, mMRC score, and BODE index were 
not statistically significant. The most common complication 
was pneumothorax. The lower BMI group experienced more 
complications than the higher BMI group (40 vs. 24%). Con-
clusion: Baseline BMI is relevant when selecting candidates 
for ELVR. Our results show that the COPD patients with a low-
er BMI gained a significant amount of weight, thus increas-
ing their BMI after the procedure. The rate of complications 
was higher in the lower BMI group. These findings should 
alert physicians and encourage nutritional assessment in 
this population. © 2020 S. Karger AG, Basel

Introduction

The diagnosis of emphysema, a form of chronic ob-
structive pulmonary disease (COPD), is based on the 
pathological findings. It is characterized by permanent 
destruction of airway walls, lung parenchyma, and en-
largement of airspaces distal to the terminal bronchioles 
[1]. Since the 2 well-known forms of COPD, emphysema 
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and chronic bronchitis, can coexist in many patients, 
COPD is used more frequently in the literature when dis-
cussing the epidemiology of the disease [2]. COPD is a 
leading cause of morbidity and mortality worldwide. Its 
burden on economies and societies keeps growing [3, 4]. 
Large-scale epidemiological projects like the BOLD study 
estimated there were 384 million COPD patients in 2010, 
with a global prevalence of 11.7%. Currently, it causes are 
> 3 million deaths per year worldwide [5].

Body mass index (BMI) has been widely used for a long 
time to describe the nutritional status of patients. There 
is also an association between BMI and nutritional status 
in patients with emphysema [6]. When comparing low-
attenuation areas on computed tomography (CT), BMI is 
significantly lower in the emphysema phenotype than in 
the airway phenotype in male patients with COPD [7]. 
However, no difference has been found between these 2 
groups in the forced expiratory volume < 1 s (FEV1) pre-
dicted value. Men with a low BMI have a higher risk of 
developing COPD than those with a high BMI [8]. The 
association between low BMI and advanced COPD is well 
established and is termed “pulmonary cachexia syn-
drome.” Accepted causative mechanisms include poor 
nutritional status related to early satiety, increased energy 
expenditure related to the work of breathing as well as the 
known associated chronic systemic inflammation [9, 10]. 

BMI has a strong association with all-cause mortality. 
In a 2009 study by the Prospective Studies Collaboration, 
a connection was found between BMI and mortality in 
900,000 adults [11]. The lowest mortality rate was found 
in those with a BMI in the range of 22.5–25 kg/m2 and it 
increased with a BMI of > 25 and < 22.5 kg/m2. The latter 
association is mainly due to the strong associations with 
respiratory diseases. Low BMI is also an independent fac-
tor in predicting the mortality of patients with severe em-
physema caused by α1-antitrypsin deficiency [12]. In this 
disease group, a higher risk of death has been found in 
COPD patients with a BMI of < 21.75 kg/m2 [13]. The 
study also found that an increase in BMI was associated 
with a lower risk of death. There is a plausible link be-
tween low BMI and worse outcomes, and between poor 
nutritional status and decreased survival [14]. 

Endoscopic lung volume reduction (ELVR) with endo-
bronchial valves (EBV) is an innovative, effective, and safe 
treatment for patients with severe emphysema undergoing 
optimal medical therapy. Several clinical trials have evalu-
ated the safety and effectiveness of different EBV. The 
REACH trial found a significant improvement in clinical 
and quality of life (QoL) measurements in the group treat-
ed with EBV compared to the control group that received 

medical therapy only [15]. The LIBERATE trial showed 
ELVR with Zephyr® valves to be a safe procedure resulting 
in a clinical improvement in lung function, exercise toler-
ance, dyspnea, and QoL [16]. The EMPROVE trial high-
lights that careful selection by high-resolution CT of pa-
tients undergoing ELVR with Spiration® valves resulted in 
the effectiveness of the procedure lasting 12 months [17]. 
The Spiration valve system showed an improvement in pul-
monary function, QoL, and dyspnea score while the risk 
profile remained acceptable in patients with severe hetero-
geneous emphysema and hyperinflation without collateral 
ventilation [18]. There is an associated survival benefit for 
patients with severe emphysema who undergo endoscopic 
valve therapy and achieve lobar atelectasis [19].

There is a paucity of data on the associations between 
low BMI in patients living with COPD and clinical out-
comes after ELVR. In this study, we explored this rela-
tionship and its effects on outcomes in patients with se-
vere heterogeneous emphysema. Our hypothesis was that 
there is a plausible link in severe heterogeneous emphy-
sema between changes in BMI and the ELVR procedure.

Materials and Methods

We performed a retrospective cohort review of patients with 
Zephyr EBV installation for lung volume reduction from Decem-
ber 2016 to July 2018. Data were collected at the Thorax Clinic, 
University of Heidelberg, Germany. We included patients with se-
vere emphysema and without collateral ventilation measured by 
the Chartis® system. All patients had heterogeneous emphysema 
with a difference in emphysema severity of > 50% between lobes. 
Exclusion criteria were incomplete data or refusal to sign the con-
sent form. 

Procedure Protocol
Valves were placed according to the LIBERATE study protocol 

requirements [16]. Collateral ventilation status between the tar-
geted lobe and the adjacent lobes was determined to assess patient 
eligibility according to the Chartis system. Eligible subjects who 
had no collateral ventilation underwent ELVR with EBV to achieve 
complete lobar occlusion. The procedure was performed under 
general anesthesia.  

Data Extraction
We gathered data on demographics (age, gender, pack-year in-

dex, and BMI) and the procedure (the number of EBV and identi-
fication of the target lobe). Pulmonary function and 6-min-walk 
test (6MWT) results, modified Medical Research Council (mMRC) 
dyspnea score, and complications were recorded. Patients were di-
vided into 2 groups based on their baseline BMI: a higher BMI 
group (BMI ≥21 kg/m2) and lower BMI group (BMI < 21 kg/m2). 
We chose the threshold of 21 kg/m2 because, according to the 
BODE (BMI, airflow obstruction, dyspnea, exercise capacity) in-
dex, this value is associated with the inflection point in the inverse 
relationship between BMI and survival [20]. Other data in the lit-
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erature also found association between lower BMI and higher 
mortality [11–13]. However, some reference used the threshold of 
21.75 kg/m2 [13].

Patients were followed up at 6 months. The primary outcome 
was a change in BMI after ELVR (dBMI). Secondary outcomes 
were changes in weight (dWeight), FEV1 (dFEV1), residual volume 
(dRV), distance during 6MWT (d6MWT), dyspnea score 
(dmMRC), and BODE index (dBODE index). Procedure-related 
complications were also recorded. 

Statistical Analysis
Results are expressed as mean (±SD) (range). Quantitative data 

were evaluated with a nonparametric test (the Mann-Whitney U 
test) and qualitative with the Fisher exact test. We also explored a 
potential correlation between changes in BMI and major out-
comes. For this, we used a linear regression model and R2 was cal-
culated for each major outcome in order to explore any association 
between initial BMI and the following outcomes: dWeight, dBMI, 

dFEV1, dRV, d6MWT, dmMRC, and dBODE index after ELVR. 
As a confounder assessment, we performed a multivariate regres-
sion analysis between significant outcomes and the following pre-
specified variables at baseline: age, male gender, pulmonary func-
tion testing (VC, FEV1, RV, and TLC), 6MWT, and BODE index. 
Analyses were performed using SPSS v17.0 (IBM, Chicago, IL, 
USA) and p < 0.05 was considered statistically significant.

Results

Eighty-two patients were included in total (higher BMI 
group: n = 62; lower BMI group: n = 20 patients). Median 
age was 61.2 (range 28–81) years. Mean baseline BMI was 
25.79 (range 21.54–36.29) and 19.57 (range 16.99–20.83) 
kg/m2 in the higher BMI and lower BMI group, respec-
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Fig. 1. Change in BMI after endobronchial valve placement. In the 
higher BMI group, BMI decreased, while in the lower BMI group, 
it increased (p < 0.01). 
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Fig. 2. The change in FEV1 after endobronchial valve placement. 
FEV1 increased more in the lower BMI group than in the higher 
BMI group (p = 0.13). 

Table 1. Changes in measured parameters after endoscopic valve placement

Parameters Higher BMI
group

SD of higher 
BMI group

Lower BMI 
group

SD of lower 
BMI group

p value

dWeight, kg –2.34 6.8 3.39 7.2 <0.01*
dBMI, kg/m2 –0.74 2.7 1.99 3.2 <0.01*
d6MWT, m 36.8 76 37.6 83.3 0.96
dmMRC score 0.15 1.5 –0.3 1.1 0.14
dBODE index –0.96 1.8 –1.15 2.0 0.70
dFEV1, mL –290* 154.93 78.33 139.42 0.28
dFEV1, % 1.20 5.6 3.47 6.0 0.13
dRV, mL 32.5 1,090.9 –235 729.8 0.31
dRV, % –0.30 49.0 –8.80 34.5 0.39

6MWT, 6-min-walk test; RV, residual volume; * p < 0.05.
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tively. After ELVR with EBV, the mean dWeight in the 
higher BMI group was –2.34 kg (±6.8) (–7.8 to 2.6) and 
the lower BMI group reported an improvement of 3.39 kg 
(±7.2) (–2.3 to 8.4) (p < 0.01). After ELVR with EBV, BMI 
decreased in the higher BMI group by –0.74 kg/m2 (±2.7) 
(–3.02 to 3.8); in the lower BMI group, it improved by 
+1.99 kg/m2 (±3.2) (–0.7 to 4.2) (p < 0.01) (Fig. 1). 

Other objective parameters are shown in Table 1. We 
found no statistical significance between dFEV1 in the 
lower BMI group (3.47% ± 6.0) and higher BMI group 
(1.2% ± 5.6) (p = 0.13) (Fig. 2). 

In the higher BMI group, d6MWT was 36.8 m (±76); 
in the lower BMI group, it was 37.6 m (±83.3) (p = 0.96). 
The dmMRC was –0.15 (±1.5) in the higher BMI group 
and –0.3 (±1.1) in the lower BMI group (p = 0.14). dBODE 
index was –0.96 points (±1.8) in the higher BMI group 
and –1.15 (±2.0) in the lower BMI group (p = 0.7) (Fig. 3). 

Linear regression analysis found an R2 value of 0.99  
(p < 0.01) between dBMI and dWeight in the lower BMI 
group and an R2 value of 0.96 (p < 0.01) between dBMI 
and dWeight in the higher BMI group. In the lower BMI 
group, 40% of patients had complications; in the higher 
BMI group, 24% had complications. The specific compli-
cations and their occurrence rates are listed in Figures 4 
and 5. 

Multivariate regression analysis used the following 
confounders at baseline: age, male gender, VC, FEV1, RV, 
TLC, 6MWT, BODE index. The candidate variable was 
dBMI. As a result, female gender at baseline was indepen-
dently associated with dBMI with a B coefficient of –0.14 
(confidence interval: 3.3 to –0.4) (p = 0.01). Finally, we 
found no statistically significant difference between dBMI 
and other prespecified variables.

Table 1 summarizes changes in parameters after endo-
scopic valve placement.

Discussion

Emphysema is associated with a lower BMI (< 18.5 kg/
m2) [21]. We found a correlation between initial BMI, 
change in BMI, and weight after ELVR with EBV. Our 
results show that COPD patients with a lower BMI gained 
a significant amount of weight and increased their BMI 
after the procedure. On the other hand, patients with a 
higher BMI lost weight, so their BMI decreased. However, 
after our confounder analysis, the principal change in 
BMI was independently associated with age. Younger 
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Fig. 3. The change in BODE index after endobronchial valve place-
ment. The BODE index in the lower BMI group decreased more 
than in the higher BMI group (p = 0.7).

■ Acute exacerbation (10%)
■ Pneumothorax (20%)
■ Respiratory insufficiency, NIV (5%)
■ Valve migration (5%)
■ None (60%)

Total = 20

Complications - lower BMI group

Fig. 4. The rate of complications in the higher BMI group after en-
dobronchial valve placement. 

■ Acute exacerbation (8%)
■ Pneumothorax (11%)
■ Respiratory insufficiency, NIV (3%)
■ Valve migration (2%)
■ None (76%)

Total = 62

Complications higher BMI

Fig. 5. The rate of complications in the lower BMI group after en-
dobronchial valve placement.

D
ow

nl
oa

de
d 

by
: 

U
N

S
W

 L
ib

ra
ry

14
9.

17
1.

67
.1

48
 -

 9
/2

/2
02

0 
4:

48
:2

4 
A

M



Endoscopic Lung Volume Reduction and 
Body Mass Index in Emphysema

481Respiration 2020;99:477–483
DOI: 10.1159/000507591

participants reported better results than older ones. Our 
results show that only BMI changed significantly 6 
months after the procedure in patients with severe het-
erogeneous emphysema. We did not find any other sig-
nificant changes in lung function variables. This suggests 
that ELVR might affect other parameters, e.g., metabolic 
functions, thus causing the BMI change. All patients un-
derwent a lifestyle consultation 3 months after the proce-
dure which included information about nutrition, vacci-
nation, exercise, etc. This can contribute to the degree of 
weight change after the procedure. Spelta et al. [22] raised 
awareness about the obesity paradox possibly present 
with COPD. According to their review, several studies 
have reported obesity to be a protective factor against all-
cause mortality, including COPD. However, they high-
lighted that several confounding factors might be present 
in the association of COPD, obesity, and mortality. The 
lower FEV1 in obese people may be due to restrictive de-
fects, not due to obstructive ones. COPD patients with 
increased fat mass/obesity have modified mechanical 
properties of their chest wall, and therefore a hyperinfla-
tion in the lower lungs which is associated with a higher 
mortality rate. Another possible bias mentioned in this 
review is the extent of emphysema and its link to mortal-
ity, which can bias the connection between survival and 
weight. Using body composition would be a better pre-
dictor of mortality than BMI [22]. Others suggest using a 
dynamic index of nutrition status, i.e., the temporal body 
weight change, which could be more accurate than BMI 
for detecting malnutrition [23]. However, most studies 
have used BMI to evaluate connections between weight, 
mortality, and COPD. Finally, there is a possibility of a 
reverse bias, i.e., that unintentional weight loss could be 
the major factor increasing the mortality rate, rather than 
reflecting on obesity as the protective factor [22]. 

As stated above, 1 study identified lower BMI as an im-
portant risk factor in the development of COPD in men 
[8]. According to the hypothesis in that study, early nutri-
tional supplementation could prevent or delay the occur-
rence of COPD. The Hertfordshire Study identified mal-
nutrition as a probable major cause of poor gestational 
growth [24]. Animal studies have shown that a deprived 
nutritional intake during the neonatal period in rats causes 
emphysematous changes like a deterioration in lung 
growth and elastin production, enlargement of the alveo-
li, and a reduction in elastic recoil [25–28]. The resting 
energy requirement of COPD patients with malnutrition 
is relatively greater; this includes more energy needed for 
ventilation. The reason for this might be the decreased re-
spiratory muscle efficiency caused by severe COPD [29]. 

Lung volume reduction surgery will result in weight 
gain by nonobese patients with emphysema, possibly re-
lated to enhanced lung function, exercise capacity, and 
the ability to strengthen muscles including respiratory 
muscles, and thus increased ventilation capacity [30]. By 
supplementing for nutritional deficiencies, patients un-
dergoing lung volume reduction surgery might not only 
benefit from decreased morbidity and length of stay in 
hospital, but also decreased overall costs [6]. 

Baseline BMI is relevant in order to select candidates 
for EBV. Our results show that patients undergoing ELVR 
with EBV with a higher BMI reported fewer complica-
tions. There is not much research on whether weight af-
fects the postoperative complication rate. Nezu et al. [31] 
evaluated COPD patients with different nutritional status 
and the complication rate after bilateral lung volume re-
duction. They calculated ideal body weight and BMI, and 
measured fat-free mass and fat mass using a bioelectrical 
impedance analyzer. Those patients with low fat-free 
mass index experienced a higher rate of complications. 
Obese patients when compared to “normal weight” pa-
tients were found to have no increased risk for intra- or 
postoperative complications (except for pneumonia) 
[32]. 

For patients living with chronic diseases, symptom se-
verity is a major factor contributing to their QoL. In 
COPD, dyspnea is this crucial factor. COPD patients with 
a lower BMI are more dyspneic based on their mMRC 
score, pulmonary function test and arterial blood gas re-
sults, and respiratory muscle strength [33]. 

In other studies, the BODE index significantly im-
proved in those with COPD undergoing EBV therapy 
compared to conservative therapy [34]. In one of our re-
views on ELVR with different techniques, including 
valves compared to surgical therapy, we found that ELVR 
can result in improvements in lung function, exercise tol-
erance, and QoL, with fewer associated complications 
[35]. Despite an increased risk for procedure-related ad-
verse events found with EBV, observational studies re-
port an improved long-term outcome [36]. In a system-
atic review of Zephyr® valves, we found an improvement 
in QoL and spirometry results for up to 12 months in 
patients with severe homogeneous or heterogeneous em-
physema with no collateral ventilation [37]. Though oth-
er studies have found that lung functions test and QoL 
results change significantly after ELVR in this limited 
number of patients, we did not find any significant differ-
ence in these variables (d6MWT, dBODE index, dFEV1, 
and dmMRC). A possible solution could be increasing the 
number of patients.
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The main limitations of this study are the following. 
First, the data were retrospectively collected from a single 
center. Second, the study may have been underpowered due 
to the small sample size. A pooled analysis including data 
from ELVR using Zephyr® valves, or a post hoc patient lev-
el meta-analysis could confirm our findings. Third, the in-
cluded data were restricted to patients with heterogeneous 
emphysema and no collateral ventilation was measured by 
the Chartis® system. Fourth, no exams (e.g., bioimpedance, 
quantitative magnetic resonance, etc.) were done to deter-
mine body composition to see what type of tissue (e.g., mus-
cle or fat) was lost or gained during the study. Finally, not 
all the patients had radiologic outcomes recorded after the 
procedure. Whether the conclusion is generalizable to oth-
er emphysema types or valve devices remains unknown. 

To date, there is a paucity of research regarding the 
relationship between BMI and ELVR. Our results showed 
that, in patients with lower BMI, there is a higher rate of 
complications directly after the procedure, and that EBV 
are associated with increased BMI 6 months after treat-
ment. We suggest supplemental nutrition for emphyse-
matous patients with lower BMI undergoing ELVR. Even 
though this practice comes at extra cost, the advantages 
of improved BMI and its outcomes can contribute to low-
er overall costs for the individual as well as decrease the 
enormous economic and social burden of COPD. Most 
importantly, it can help patients with COPD to have a 
better QoL. We would like to highlight that the associa-
tion between BMI and long-term outcomes of ELVR 
should be studied further. Our findings suggest a poten-
tial nutritional benefit in emphysematous patients with 
low BMI undergoing ELVR with EBV. 
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