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ABSTRACT

Muscle wasting frequently occurs in severe emphysema.
Improving respiratory mechanics by bronchoscopic lung
volume reduction using endobronchial valves (EBV)
might prevent further loss or even increase in muscle
mass. CT-derived skeletal muscle mass gain was observed
in 39/49 patients 6 months after EBV. Multiple linear
regression showed that gain in muscle (B=2.4; 95% Cl
0.2 to 4.6; p=0.036) and intramuscular fat (3=3.1; 95%
C10.2t0 5.9; p=0.035) is associated with improved 6
min walk distance independent of the change in residual
volume. Skeletal muscle remodelling associates with
improved exercise capacity after EBV, independent of
hyperinflation reduction.

Trial registration number Clinical trial registered
with the Dutch trial register www.trialregister.nl
(NTR2876), Results.

INTRODUCTION

The emphysematous COPD phenotype is prone to
develop cachexia (ie, unintended weight loss and
muscle wasting),' adversely affecting morbidity and
mortality.! > Patients with severe emphysema have
limited treatment options and the efficacy of pulmo-
nary rehabilitation on muscle function and exercise
performance is hampered by impaired respiratory
mechanics. Recently, lung volume reduction has
regained new interest by the arrival of non-invasive
bronchoscopic lung volume reduction. Broncho-
scopic placement of endobronchial valves (EBV)
has been shown to significantly improve symptoms,
exercise capacity and quality of life.®

The impairment of exercise tolerance in severe
emphysema results from ventilatory limitation,
deconditioning and loss of muscle mass and oxida-
tive metabolism.*® While improved lung function
after EBV treatment was accompanied by exercise
capacity and physical activity,® ¢ the effect of EBV
on muscle loss is unknown.

We hypothesise that hyperinflation reduction
results in restoration of energy balance which
increases body weight and maintains or increases
muscle mass contributing to improved exercise
capacity.

METHODS

A post hoc analysis of a randomised controlled cross-
over trial investigating EBV treatment conducted
at the University Medical Centre Groningen in
the Netherlands (STELVIO trial NTR2876) was
performed. The full and detailed methodology
of this study has been published previously.” CT
images were obtained at baseline and 6 months

follow-up after EBV treatment. Skeletal muscle and
adipose tissue cross-sectional area were analysed on
single-slice CT scan at the first lumbar level. These
structures were quantified on the basis of pre-es-
tablished thresholds of Hounsfield units. The mean
Hounsfield units of the muscle cross-sectional area
were assessed as a proposed measure of muscle
quality,” whereby low values reflect increased fat
deposits. Further details of the methods and statis-
tical analyses are in the online Supplementary file 1.

RESULTS

CT scans from 49 enrolled patients were eligible
(online Supplementary file 2). Baseline characteristics
are displayed in the online Supplementary file 1.

Changes in skeletal muscle and adipose tissue
are depicted in table 1. After EBV treatment, body
weight, skeletal muscle, intramuscular fat and
subcutaneous fat cross-sectional area significantly
increased, while mean skeletal muscle Hounsfield
units remained unchanged. Despite a similar
improvement in lung function parameters, muscle
mass was maintained or increased in the majority of
patients (80%), whereas 20% experienced muscle
loss.

Patients significantly improved in residual volume
and their 6MWD after EBV treatment as previously
reported for the total cohort.’ By use of multiple
linear regression analysis, adjusted for gender and
baseline 6MWD, skeletal muscle mass (B=2.4;
95% CI 0.2 to 4.6; p=0.036) and intramuscular fat
(B=3.1; 95% CI 0.2 to 5.9; p=0.035) but not the
change in residual volume, associated with 6MWD
improvement (table 2).

DISCUSSION

This is to our knowledge the first study to present
changes in skeletal muscle and adipose tissue mass
and distribution after EBV in patients with advanced
emphysema derived from chest CT analysis. Skel-
etal muscle remodelling associated with increased
exercise capacity, independent of the degree of
reduced hyperinflation.

Mineo et al® previously investigated body compo-
sition in patients with emphysema by dual-energy
X-ray absorptiometry (DEXA), prior to and 1, 3
and 5 year following lung volume reduction surgery.
A sustained increase of whole-body fat mass and
fat-free mass was reported in patients treated with
lung volume reduction surgery, while a decline in
fat and fat-free mass was observed after 3 and 5
years in patients who received usual care. DEXA
analyses, however, do not allow direct quantifica-
tion of muscle mass or intramuscular changes.
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Table 1 Change in skeletal muscle, adipose tissue and clinical
outcome

Absolute change P values
Weight, 95% Cl (kg) 1.3(0.5t02.1) 0.001
Skeletal muscle cross-sectional area, 2.4(-14.410 16.6) 0.002
median (range) (cm?)
Hounsfield unit skeletal muscle, —-0.1 (-1.31t0 0.6) 0.882
95%Cl
Intramuscular fat cross-sectional area, 1.3(-7.0t023.8) 0.017
median (range) (cm?)
Subcutaneous fat cross-sectional area, 5.3 (—68.8 to 38.3) 0.014

median (range) (cm?)
Residual volume, 95% Cl (%)

6MWD, 95% Cl (m)
6MWD, 6 min walk distance.

-17.0 (-20.5 to —13.5) <0.001
72.4(57.71091.2) <0.001

A remarkable observation in this study was the observed
increase in intramuscular fat associated with improved exercise
performance independent of muscle cross-sectional area. The
observed muscle remodelling may enhance exercise performance
by improving muscle strength but also by alleviating fatigue. In line
with the athlete’s paradox, the observed increase in intramuscular
adipose tissue could reflect improved muscle mitochondrial metab-
olism and insulin sensitivity via an effect of peroxisome prolifera-
tor-activated receptor gamma coactivator-1 on intramuscular lipid
programming.” Supportive for this hypothesis are two studies by
Mineo et al showing that resting metabolic rate after lung volume
reduction surgery was associated with a conversion from prevalent
lipid to carbohydrate metabolism® and demonstrating a reduction
in insulin resistance,'® but obviously this requires further in-depth
investigation.

Although the strength of our study comes from the well-defined
randomised patient cohort, there are some limitations. Gender
distribution in the study population was unequal with a predomi-
nance of females. We adjusted for gender in statistical analyses, but
the sample size did not allow investigating putative gender differ-
ences in the response. We do not expect profound differences as
the previous studies by Mineo et al® ' were performed in males.
Furthermore, while the standard site to measure muscle tissue as
proxy for whole body muscle mass is the third lumbar vertebra;
this is typically outside the field of view of clinically acquired

Table 2 Multivariate analysis for predictors of change in 6MWD,
corrected for gender (n=45)

B 95%Cl P values
ASkeletal muscle cross-sectional area, cm” 24 0.16t04.63 0.036
Alntramuscular fat cross-sectional area, cm? 3.1 0.231t05.94 0.035
6MWD baseline -03 -0.49t0-0.17 <0.001
AResidual volume, % -0.7 -1.93100.48 0.232

6MWD, 6 min walk distance.

CT imaging in patients with COPD. Therefore, in this study, we
analysed CT scans at the level of the first lumbar vertebra. This
hampered analysis of visceral fat mass, because CT scans at this
level frequently include the lower lung lobes. Furthermore, a
minimal clinically important difference is not yet been determined.
We furthermore recognise that CT slice derived intramuscular fat
cannot distinguish between intramyocellular and extramyocellular
lipids. This requires additional biopsy-derived muscle tissue anal-
ysis. We did not observe changes in the mean Hounsfield units of
the muscle cross-sectional area as proxy for muscle fat deposits,
which might be due to the sample size.

In conclusion, bronchoscopic lung volume reduction treatment
using one-way endobronchial valves induces muscle remodelling
in patients with severe emphysema which associates with improve-
ments in exercise performance.
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