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Background: Lung volume reduction surgery (LVRS) is a treatment option for selected patients with
severe chronic obstructive pulmonary disease (COPD) and emphysema. The positive effects of LVRS on
exercise capacity are well known. In contrast, the effect of LVRS on daily physical activity (PA) is less clear.
Methods: In a prospective case-control study we evaluated selected patients with severe COPD and
emphysema who underwent LVRS and COPD patients following usual care. Controls were matched for age,
severity of airflow obstruction (FEV)) and hyperinflation [residual volume to total lung capacity (RV/TLC)].
Treatment effect of LVRS on activity parameters was analysed using univariable regression model adjusting
for treatment group.

Results: A total of 19 patients underwent LVRS and 16 COPD patients without a surgical intervention
during the study period were included. The median (quartile) FEV,%,,.4 was 28% (range, 21-33%), RV/
TLC was 69% (range, 64-73%) in cases while controls had a median (quartile) FEV,%,., of 33% (range,
28.5-49.5%) and a RV/TLC of 58% (range, 49-61%). Age and body mass index (BMI) were comparable
between both groups. Number of steps per day following LVRS was comparable to before the intervention
(mean change: -115, 95% CI: -994.6 to 764.3, P=0.779) and was not significantly different to the change in
control subjects (mean treatment effect: 931.4, 95% CI: -252.4 to 2,115.1, P=0.117).

Conclusions: The results from this study reveal that patients undergoing LVRS did not increase their

daily level of PA despite improvement of exercise capacity and symptoms.
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Introduction

Lung volume reduction surgery (LVRS) is a treatment
option for patients with severe chronic obstructive
pulmonary disease (COPD) and emphysema. This surgical
technique helps to improve symptoms by removing the
most diseased and non-functioning parts of the lungs.
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Usually this patient group is symptomatic despite maximal
bronchodilator therapy and optimal medical management
including pulmonary rehabilitation. The National
Emphysema Treatment Trial (1) defined patients who
are likely to benefit from LVRS potentially improving

lung function, exercise capacity, dyspnea and quality of
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life. Analysis of long term outcomes after LVRS revealed
that improvements in this patient group appear to last
approximately 5 years (2).

The positive effects of LVRS on exercise capacity are
well known. A recent Cochrane analysis (3) included five
randomized controlled trials (215 patients) comparing
the effectiveness of LVRS versus non-surgical standard
therapy in improving several health outcomes for patients
with severe emphysema such as mortality and quality of
life. The results demonstrated that the 6 minutes walking
distance (6MWD) improved on average by 70 meters
after LVRS. However, despite improvement of exercise
capacity the effect of lung volume reduction (i.e., coils,
valves and surgery) on daily physical activity (PA) is less
clear (4-6). Preserved PA has been associated with reduced
risk of hospitalizations and mortality in patients with
COPD (7). LVRS provides a substantial improvement
of airflow obstruction and a reduction of hyperinflation.
As hyperinflation has been previously identified as an
independent predictor of daily PA (8), it could be assumed
that LVRS also leads to an improvement of activity.

In the present study, our objective was to evaluate the
impact of LVRS on daily PA in patients with severe COPD
and to compare the results to patients following usual
care in a case-control study. We hypothesized that LVRS
will lead to an increase in objectively assessed daily PA in

COPD.

Methods
Subjects

The Obstructive Pulmonary Disease Outcomes Cohort
Study (TOPDOCS) is a prospective, non-interventional
cohort project including mild to very severe COPD patients
from seven pulmonary outpatient clinics in Switzerland
with annual assessments. Patients with COPD according
to global initiative for chronic obstructive lung disease
(GOLD) guidelines, aged between 40 and 75 years at
inclusion were recruited during outpatient visits or during
hospital (9) stay between October 2010 and April 2016.
In case of an exacerbation patients were included into the
study with a delay of at least 6 weeks. Selected patients with
severe COPD and emphysema underwent LVRS while
being part of this cohort study. In the current sub-study,
these cases were matched to control subjects with severe
COPD following usual care in this cohort. Controls were
matched for age, severity of airflow obstruction [(forced
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expiratory volume in 1 second (FEV))] and hyperinflation
[(residual volume to total long capacity (RV/TLC)].
Since most of the LVRS patients received pulmonary
rehabilitation in the time period following surgery, only
control subjects receiving pulmonary rehabilitation within
the study period were included. The study was conducted in
accordance with the declaration of Helsinki and all subjects
gave written informed consent to participate. The Ethics
Committee of the Canton of Zurich approved the study
(EK-ZH-NR: 2011-0106) and the study is registered at
www.Clinical Trials.gov, NCT01527773.

Measurements

Exercise capacity

Exercise capacity was assessed by the 6-minute-walk test
that was performed according to American Thoracic Society
guidelines (10).

The 1-min sit-to-stand (1-min STS) test and handgrip
strength test have been proposed as simple tests of exercise
performance in COPD (11). Both tests were performed
according to standardized protocols (12).

Daily PA

Performance-based daily PA (number of steps per 24 h)
and physical activity level (PAL) were assessed using
a multisensory armband (SenseWear-Pro armband;
Bodymedia, Pittsburgh, PA, USA), which was worn on
the upper arm for 7 consecutive days. The device is suited
to assess physical activities in COPD patients (13). The
threshold for valid data from the armband was set at 4 days
with a minimum of 22.5 hours/day. Different levels of PA
were defined according the recommendation from the
American College of Sports Medicine and the American
Heart Association as inactive [(metabolic equivalent of
task (MET) <3), moderate active (MET: 3-6) and active
(MET >6)] (14).

Respiratory variables
All subjects underwent standard pulmonary functional
testing according to AT'S/ERS guidelines (15,16) to measure
FEV,, forced vital capacity (FVC), RV/TLC and diffusing
capacity for carbon monoxide (DLCO). Only values after
bronchodilation are shown.

Daytime arterial oxygen saturation (Sa0O,) was measured
by arterial blood gas analysis (ABL 700 series, Radiometer
Copenhagen) after 5 minutes of rest.

F Thorac Dis 2018;10(5):2722-2730
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Figure 1 Study flow. COPD, chronic obstructive pulmonary disease; TOPDOCS, Obstructive Pulmonary Disease Outcomes Cohort Study;

LVRS, lung volume reduction surgery.

Data analysis and statistics

All results are shown as mean values [standard deviation
(SD)] or median (lower and upper quartile) unless otherwise
stated. Statistical analysis was performed with STATA 14
(StataCorp, Texas, USA). Missing values were not replaced.
Baseline parameters were analysed using unpaired -test for
parametric variables and Wilcoxon rank sum test for non-
parametric variables. The change in each outcome was
analysed using paired #-test for parametric and Wilcoxon
signed ranks test for non-parametric variables. Treatment
effect of LVRS on activity parameters was analysed using
univariate regression models. A post-hoc analysis using
a multivariate regression model was performed to adjust
the treatment effect of LVRS for imbalances in baseline
characteristics (6MWD). A two-sided P value of <0.05 was
considered to be statistically significant.
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Results
Study participants

Of the 204 patients who were part of the longitudinal
follow-up of the TOPDOCS cohort study, 19 underwent
LVRS and were included in this analysis (Figure I). These
patients were compared to 16 COPD patients without a
LVRS during the study period. The median (quartiles) age
was 65 years (range, 59-68 years), body mass index (BMI)
was 22.3 kg/m’ (range, 20.8-26.7 kg/m’) in cases while
controls had a median (quartiles) age of 64 years (range, 61—
66 years) and a BMI of 26.2 kg/m’ (range, 23.7-29.7 kg/m’).
Lung function was comparable between both groups
[median (quartiles) FEV,%,,.q 28% (range, 21.0-33.0%)
in LVRS wvs. 33% (range, 28.5-49.5%) in controls, median
(quartiles) RV/TLC 69% (range, 64-73%) in LVRS ws.
58% (range, 49-61%) in controls]. The detailed patient
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Table 1 Baseline characteristics
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Variables Control group, mean [range] Intervention group, mean [range]
Number 16 19

Clinical characteristics

Age, years 64 [61-66] 65 [59-68]
Male/female 9/7 11/8

BMI, kg/m® 26.2 [23.7-29.7] 22.3[20.8-26.7]

Pack per year of smoking
Lung function
FEV;, % pred
FVC, % pred
RV/TLC-ratio
DLCO, % pred
Blood gas analysis
Sa0,, %
Physical activity
6MWD, m

Number of steps/24 h

36 [17-46]

33 [28.5-49.5]
75 [61-98]
58 [49-61]
47 [34-54]

93.4 [89.2-95.7]

425 [300-481]
4,093 [2,365-5,011]

40 [35-52]

28 [21.0-33.0]
67 [61-75]
69 [64-73]
32 [27-39]

94.7 [89.5-96.0]

375 [225-430]
2245 [1,169.5-5,229.5]

FEV,, forced expiratory volume in 1 second; FVC, forced vital capacity; RV/TLC, residual volume to total lung capacity; DLCO, diffusing

capacity for carbon monoxide; Sa0,, arterial oxygen saturation; BMI, body mass index; 6MWD, 6-minutes walking distance.

characteristics are shown in 7able 1. The follow-up
assessment to study the effect of LVRS was performed
with a median of 7.3 months (range, 1.6-22.2 months)
after LVRS with maintaining the time frame of 1 year
between two study visits. The time between pulmonary
rehabilitation and follow-up visit was comparable in both
groups (P=0.868).

PA and exercise performance at baseline

At baseline, median (quartile) number of steps per day was
2,245 (range, 1,169.5-5,229.5) in the LVRS group and
4,093 (range, 2,365-5,011) in the control group (P=0.391).
Furthermore, there was no significant difference in all

tested baseline activity parameters between the two groups
(Tuble 2).

Change in PA

Table 3 shows the changes of all measured PA parameters in
subjects who underwent LVRS and matched controls. The
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number of steps per day following LVRS was comparable to
the number of steps per day before the intervention (median
change: -115.2, 95% CI: -994.6 to 764.3). The decrease in
steps per day in control subjects (median change: -1,047,
95% CI: -1,934.7 to -158.4) was not significant. Moreover,
there was no significant mean treatment effect of 931.4 (95%
CI: -252.4 to 2,115.1) steps per day (P=0.117), remaining
non-significant after adjustment for baseline number of
steps per day. As in the control group, the percentage of
time spent at different levels of MET (inactive/moderate
active/active) did not significantly change between baseline
and follow up in the intervention group (Figure 2).

Change in exercise capacity

In the intervention group 6MWD significantly enhanced
at follow-up assessment (P=0.017) while the control group
showed no significant changes. Furthermore, change in
6MWD adjusted for baseline walking distance remained
significant in the LVRS group (P=0.049). Mean treatment
effect was significant with 68.3 (95% CI: 14.3-122.3;

F Thorac Dis 2018;10(5):2722-2730
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Table 2 Comparison of activity parameters at baseline
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Variables Control group, mean [range] Intervention group, mean [range] P
Number 19

6MWD, m 425 [300-481] 375 [225-430] 0.066
Number of sit to stand 20[13.5-23.0] 17 [14-18] 0.355
Handgrip, kg 31.7 [24.6-42.8] 34.8 [28.0-39.0] 0.818
Number of steps/24 h 4,093 [2,365-5,011] 2,245 [1,169.5-5,229.5] 0.391
Time spent at >3 MET, min/day 13 [4.0-45.0] 8[1.0-41.5] 0.486
Time spent inactive (<3 MET), min/day 1,397 [1,379-1,426] 1,407 [1,387-1,421.5] 0.948
Time spent moderate active (3—6 MET), min/day 12 [4.0-45.0] 8 [1.0-36.5] 0.536
Time spent active (>6 MET), min/day 0[0.0-2.0] 0[0.0-0.5] 0.509
Physical activity level 1.45 [1.40-1.50] 1.40 [1.30-1.50] 0.632

MET, metabolic equivalent of task; 6BMWD, 6-minutes walking distance.

P=0.015).

In both groups, number of sit to stand and handgrip
as further variables of exercise capacity did not change
between baseline and follow-up (7able 3).

Change in lung function

LVRS led to a mean increase in FEV,%,,..4 of 7.5% (SD:
1.6%) and RV/TLC decreased by -8.9% (SD: 2.0%).

Discussion

This case-control study investigated various measures
of daily PA and exercise capacity in patients with COPD
receiving LVRS, optimal medical therapy and pulmonary
rehabilitation as compared to patients only receiving the
latter two. The main findings of this study reveal that
patients undergoing LVRS did not increase their daily level
of PA despite improvement of exercise capacity and lung
function.

In patients with severe COPD and end-stage
emphysema, LVRS is an option to obtain clinically
meaningful improvement in quality of life, lung function
and exercise tolerance. However, it is unclear whether these
improvements also translate in a higher amount of daily PA.
Therefore, we evaluated patients before and after LVRS and
compared them to a control group that received optimal
medical therapy including pulmonary rehabilitation during
the observational period. Control subjects were comparable
regarding baseline PA and exercise capacity.

© Journal of Thoracic Disease. All rights reserved.
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As alternative to LVRS, there are two options of
bronchoscopic lung volume reduction (BLVR). Both, lung
volume reduction coils (LVRC) and endobronchial valves
(EBV) have been demonstrated to improve exercise capacity,
symptoms and lung function as recently summarized by
Shah et al. (17).

A previous study investigated the effect of LVRC for
severe emphysema on activity pattern (5). LVRCs are
implanted bronchoscopically in their straightened form
and revert to their original double loop shape after lobar
placement to achieve mechanical volume reduction.
Fourteen patients with a baseline number of steps per
day of 2,084 were investigated before and 6 months after
the BLVR. After 6 months, no significant changes in PA
were detected, despite significant improvement of lung
hyperinflation. In contrast, a study by the same group
recently performed in 19 patients receiving EBV treatment
as alternative option to LVRS showed an impressive increase
of 1,340 steps per day 6 months after the intervention (6).
The change in steps per day was not associated with any
other clinical variables such as change in FEV, and exercise
capacity. Compared to the author’s first study investigating
coils, the baseline number of steps per day was significantly
higher (3,456 steps per day). Furthermore, the longitudinal
effect of LVRS on daily PA remains to be examined in
further studies.

Demeyer er al. (18) investigated the minimal important
difference (MID) in PA in patients with COPD. Daily PA
was measured in 74 patients before and after 3 months of
pulmonary rehabilitation. The results of this study showed

F Thorac Dis 2018;10(5):2722-2730



2727

Journal of Thoracic Disease, Vol 10, No 5 May 2018

"}$8} JUsWISSasSE asessip Aleuownd 8AI3ONIISO DIUOIYD |D
‘yise} Jo 1usleAinbs oljogeiaw ‘| J|A ‘eourlsIp Bupjiem SaInuIW-9 ‘QMING 10848 JUsWeal} 8y} Jo) G0'0>d ‘. "SIePOoW uoissalbai ajeleAlun AQ pasAjeue aie s1oaye juswiiesl]

(€001 0°2-) [c-016-] [09ro10gH] [0ez 01 0°GH] [5}ore-] [czorgel]l [oegzorgvi]
ee- 200 G- i 0z €eL0 b= 9l 6l 1v0

(91'0 01 50°0-) [20°0 01 50°0-] [s5 L 01 0g 1] [0G'L 01 0¢7 1] [¥0'0 01 ¥1°0-] losroroet] [0S+ oropH]
S0°0 GG/0 100 or'k or't 1620 GO0~ oc't Sl leAs| Ananoe [edishyd
[2010] [8 01 0] [s0010] [Lor0] [go10] Aepyuiw ‘(13N 9<)
(02010050 11O 0 G0 0 060 [oor0]0 ! 0 aA11oe Juads awil]
Aepyuiw
(0'2010€1L-) [5v 01¢-] [sep o162l [s9g 01 1] [601 -] [t 01 6] [s¥ 01 9] ‘(13N 9-€) @Anoe
Sz ¥¥8°0 S0 6 8 0LE0 4 ze zk ajelepow juads awi|
(0ec 01 091-) [syrorgee-]  [eer'torgoe’t]  [S eyl 01288t [0 01 9¢-] o1y L orzze ] [ogy L o1 628 4] Aep/uiw ‘(13N €>)
GLL 69€°0 G0 Sy0v‘L L0t°L LEL0 gh- 26e° L 16€°L aAoBUl JUeds awi]
(06 01001-) [6012-] [S 1y o1 1] [0F 01 1] Aepyuiw
G0 ¥52°0 Sl [sygorgelgolL 8 0Le0 € [ev 016l 22 [shoryl el ‘LAIN £<1ejuads swil

(1'SHL2 01 ¥ 2Se-) [e192 01 9v66-] [G L2PY 01 G690°L] [G6'622'G 01 G691 L] [F8s1—o1 2 ve6'L-] [821v 01068] [LL0'S 0169¢°T]

v'1€6 6,20 Sk 61T Sve'e G200 Y0 L= L0V €60y Y pg/sdais jo JequinN

(e'go122) [t or62-] [06€ 01 0'82] [grore] [eerorp82] [82r 01 9v2]
1e0 ¥5°0 20— [6ev 01 €'62] g€ 8ve ere0 0= zee L'Le B ‘dubpueH

(e 01 2¢€-) [2vorgL-] [z o1 Gi] [8L 01 p1] g0y 1] [o0gzorgvi] [o'ezoigell
€0 0S€0 St L1 L1l 9e£0 zl 0z 02 puess 0} YIS JO JaquinN

(c2zeLorevl) [5'¥8 01 6] [ost 01 00€] loet 01 52zl [6'61 01 G29-] [oosor0t2]  [18% 01 00€]
£'89 2100 A4 18 G/e 2820 ele- G/e Gy w ‘aming

d abueyn dn-mojjo4 auljeseg d abueyn dn-mojjo4 auljaseg

(10 %S6) se|qeLEeA

108yJ0 JUsWeal|

[eBued] uesw ‘(g =u) dnoib uonuarialu|

[eBued] uesw ‘(9=u) dnoib |osu0D

s1orourered Lranoe ut saduey)) ¢ J[qey,

F Thorac Dis 2018;10(5):2722-2730

jtd.amegroups.com

© Journal of Thoracic Disease. All rights reserved.



2728

Baseline

Controls

- .

Sievi et al. LVRS and PA

Follow-up

I inactive (% of 24h)
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Figure 2 The figure illustrates the percentage of time spent at different levels of PA (inactive/moderate active/active) in both groups at

baseline and follow up. The allocation did not significantly change between baseline and follow up and the changes were comparable

between both groups (inactive P=0.327, moderate active P=0.550, active P=0.218). LVRS, lung volume reduction surgery; PA, physical

activity.

that the MID lies between 600 and 1,100 steps per day. In
our study, neither the intervention group nor the control
group enhanced their PA at follow-up visit. In contrast to
the study by Demeyer et al., we performed the follow-up
visit with a mean of 6 months after rehabilitation. However,
since most of the studies assessing the effect of pulmonary
rehabilitation on PA end 3 months after rehabilitation
it is still unclear if there is a sustained effect on activity
behaviour (19). In this context a previous review on the effect
of exercise training on daily PA showed a small increase of
PA after rehabilitation, however, a clinically meaningful
change of activity behaviour was not achieved (20).

Although exercise capacity and symptoms are still
meaningful increased 6 months after LVRS, this potential
benefit does not translate into a change of activity
behaviour. We speculate that lung volume reduction
without modification of patient behaviour including
motivational and psychological aspects is unlikely to be
sufficient to change the actual amount of daily PA that a
patient engages in.

Another approach in this field is not to focus on an
increase in time in moderate-to-vigorous intense activities
after interventions but on enhancing time spent for leisure

© Journal of Thoracic Disease. All rights reserved.
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activities or domestic household activities (21). However,
the results of our study showed no change in time spent at
different activity levels (inactive/moderate active/active)
after LVRS. Patients in the intervention and control group
maintained their usual activity behaviour although their
exercise capacity was enhanced after LVRS. Furthermore,
symptoms assessed by COPD assessment test (CAT) were
reduced above the MID of two points (22). The findings on
exercise capacity and symptoms are consistent with previous
findings reported in patients with severe COPD undergoing
LVRS. The intervention group increased their mean (95%
CI) 6MWD by 68.3 meters (range, 14.3-122.3 meters). This
change is evident above the MID for 6MWD in COPD of
25 meters (23).

The study was conducted as part of the TOPDOCS
cohort study and therefore the sample size calculation was
not performed for this outcome. We cannot exclude that
our findings may be due to a small sample size. However,
our findings indicate that LVRS does not lead to a clinically
meaningful increase in daily PA. Furthermore, lung
function, symptoms and exercise capacity changed after
LVRS above the MID pointing towards a better health
condition after LVRS.

7 Thorac Dis 2018;10(5):2722-2730
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Conclusions

The results from our study reveal that patients undergoing
LVRS did not increase their daily level of PA despite
improvement of lung function, exercise capacity and
symptoms.
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