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Characterizing metabolic abnormality and adipose tissue infiltration in
skeletal muscle of COPD patients using 31P MR spectroscopy and MRI
imaging
Graziele Coissi3, Gregory Shields2, Pillar Jimenez-Royo1, Giulio Gambarota1,
Raul Dimber1, Nicholas Hopkinson3, Paul Mattrews2, Andrew Brown1,
Michael Polkey. 1Imanova Centre for Imaging Sciences, Imanova Centre for
Imaging Sciences, London, United Kingdom; 2GlaxoSmithKline Global Imaging
Unit, GlaxoSmithKline Global Imaging Unit, Stevenage, United Kingdom; 3NIHR
Respiratory Biomedical Research Unit, Royal Brompton and Harefield NHS
Foundation Trust and National Heart & Lung Institute, London, United Kingdom

Background: Anaerobic metabolism (AM) is an extra-pulmonary manifestation
of COPD. 31P Magnetic Resonance Spectroscopy (31P MRS) is an established
technique to assess the oxidative capacity of skeletal muscles, but is unknown
whether similar changes occur in the upper and lower limbs. Dixon MRI has been
demonstrated as a quantitative technique to determine water and fat levels in tissues.
Objective: We hypothesised that AM would occur predominantly in the legs and
that intermuscular adipose tissue (IMAT) infiltration would be a predictor of AM.
Methods: 31P – MRS data for the quadriceps (quads) and biceps were obtained
during 2 min. and 8 secs of endurance exercise and pre and post-exercise. Quads and
its sub-muscle group cross-sectional area and IMAT were measured using Dixon
MR imaging. Quads maximal voluntary strength (QMVC), six minute walking test
(6MWT) and fat free mass index (FFMI) were additionally performed.
Results: Data were obtained for 14 patients with COPD (age 66±5.73) with
a mean ±SD percentage predicted of forced expiratory volume in 1s (FEV1)
of 36.5±12.7 and 14 age matched healthy controls (age 65±6, FEV1 pred%
110±6.5). Patients with COPD had prolonged quads phospholcreatine recovery
time [PCr (t1/2)],(p=0.006) and lower nadir intramuscular pH (p=0.002) as com-
pared to controls. Biceps metabolism was not different between COPD patients and
controls. Quads IMAT was 32% greater in COPD patients than controls (p=0.033).
Conclusion: AM activation appears confined to the quads in COPD. We also
suggest that IMAT, as measured by Dixon MRI, is a sensitive biomarker for AM.

1669
Reduced mitochondrial density in the vastus lateralis muscle of COPD
patients with low fat free mass
Santiago Giavedoni, Ellen Drost, Ramzi Lakhdar, William MacNee,
Roberto Rabinovich. ELEGI Colt Laboratory, Centre for Inflammation Research,
the Queen’s Medical Research Institute, The University of Edinburgh, Scotland,
United Kingdom

Muscle wasting affecting a subgroup of patients with COPD, is a predictor of
health related quality of life and survival. These patients have a further reduction
in exercise capacity and evidence of decreased limb muscle oxidative capacity. We
hypothesise that a further decrease in mitochondrial density occurs in patients with
muscle wasting and may contribute to a lower oxidative capacity of the muscle.
Mitochondrial ultrastructure was analysed using transmission electron microscopy

in the vastus lateralis of seventeen COPD patients, ten with low fat free mass
index (FFMI) (COPDL) (FEV1 33±4.3%pred, FFMI 15±0.2 kg m-2), seven with
preserved FFMI (COPDN) (FEV1 47±7.3%pred, FFMI 19±0.6 kg m-2) and com-
pared with nine age and gender-matched healthy sedentary subjects (C) (FEV1

96±4.0%pred, FFMI 20±0.9 kg m-2). Mitochondrial density was reduced in
COPDL in comparison to COPDN (1.82±0.25% and 2.72±0.34% respectively,
p<0.05). In comparison to C, only COPDL showed a reduction in mitochondrial
least diameter (0.15±0.0μm and 0.13±0.00 μm respectively, p<0.05) reflecting a
reduction in mitochondrial size.
Mitochondrial density correlated with parameters of lung function, muscle func-
tion, exercise capacity and exacerbation frequency. Only exacerbations frequency
remained independently related to mitochondrial density in a multiple regression
analysis.
We conclude that peripheral muscle of COPDL patients have a reduced mitochon-
drial density that is likely to contribute to a decreased oxidative capacity of the
muscle.
Supported by Chief Scientist Office (CSO) Scotland 06/S1103/5 and The British
Lung Foundation (Trevor Clay, Tc07/09). SG was supported by an ERS long term
research fellowship.

1670
Blunted muscle angiogenic response after exercise training in COPD patients
Fares Gouzi1,2, Christian Préfaut1, Aldjia Abdellaoui1,3, Emilie Roudier4,
Philippe de Rigal2, Nicolas Molinari5, Dalila Laoudj-Chenivesse1,
Jacques Mercier1, Olivier Birot4, Maurice Hayot1. 1Department of Clinical
Physiology, INSERM U-1046, CHRU Montpellier, University of Montpellier I and
II, Montpellier, France, Metropolitan; 2Pulmonary Rehabilitation, Pulmonary
Rehabilitation Center “La Solane”, Fontalvie Group, Osséja, France,
Metropolitan; 3Pulmonary Rehabilitation, Pulmonary Rehabilitation Center “La
Solane”, Fontalvie Group, Lodève, France, Metropolitan; 4Angiogenesis
Research Group, York University, Faculty of Health, Toronto, ON, Canada;
5Department of Medical Information, CHRU Montpellier, UMR 729 MISTEA,
University of Montpellier I, Montpellier, France, Metropolitan

In chronic obstructive pulmonary disease (COPD) patients, the skeletal muscle
impairment reduces the exercise capacity. Systemic factors (i.e oxidative stress,
low grade inflammation ...) have been incriminated. Then, as for the muscle ox-
idative fibers, the muscle angio-adaptive response to training could also be blunted
in COPD, like in other chronic conditions. Therefore, we aimed to compare the
muscle functional response, myofiber remodeling and angio-adaptations to training
in COPD patients and sedentary healthy subjects (SHS).
21 COPD patients and 23 SHS completed a 6-week rehabilitation program based on
individualized moderate-intensity endurance and resistance training. Histomorpho-
logical muscle analysis and measurements of pro-angiogenic vascular endothelial
factor-A (VEGF-A) and antiangiogenic thrombospondin-1 (TSP-1) were conducted
before and after training.
Both COPD patients and SHS improved their peak oxygen consumption (re-
spectively, +0.96±2.4 and +2.9±2.6mL/kg/min, p<0.001) and muscle endurance
(respectively, +65% and +108%, p<0.001), although improvements were lower in
COPD patients (group-time interaction:p<0.05 and p=0.06 respectively). Whereas
the capillary-to-fiber ratio (C/F) and the angio-adaptive VEGF-A/TSP-1 ratio in-
creased in COPD patients and SHS (C/F: p<0.01and VEGF-A/TSP-1: p<0.05),
the improvement in C/F was significantly reduced in COPD patients vs. SHS
(p<0.05), and no fiber type switch occurred in patients. Absolute changes in C/F
and in VO2SL were correlated (r=0.51, p<0.05).
The angiogenic response may drive the functional improvements. In addition to
a lack of fiber switch, the angiogenic response to training was blunted in COPD
patients.

1671
Effects of a 3-week inpatient pulmonary rehabilitation (PR) on muscle
remodelling in patients with emphysema
Inga Heinzelmann1, Sebastian Gehlert2, Axel Clever2, Christian Wingels2,
Bernd Sczepanski1, Bloch Wilhelm2, Kenn Klaus1. 1Department of Pneumology,
Schoen Klinik Berchtesgadener Land, Schoenau am Koenigssee, Germany;
2Department for Molecular and Cellular Sports Medicine, German Sport
University, Cologne, Germany

Rationale: Exercise training of at least 10 weeks duration induces significant
changes in myofiber size, capillarization and distribution in patients with emphy-
sema. Up to date it is unknown which changes in muscle structure can be achieved
by a German inpatient PR with a standard duration of 3 weeks.
Methods: Ten patients with emphysema (age: 57m5y; BMI: 24m3kg/m2; FEV1:
31±9%pred.) were included in this prospective trial. All patients performed an
incremental cycle test to determine the peak work rate (PWR). The PR included
daily supervised exercise training sessions (strength- and endurance training). Pre
and post PR, biopsies from vastus lasteralis muscle were taken.
Results: PWR improved significantly during PR (+17Watt [95% CI, 6.3 to 27.7]
p<0.01). We observed a significant increase in the capillary to fibre ratio in fibre
types I and IIa respectively (+0.5% [95% CI, 0.1 to 1.0] p=0.03; +1.0% [95% CI,
0.6 to 1.4] p<0.01) in skeletal muscle. We found a significant negative correlation
between FEV1% pred. and the change in capillary to fibre I ratio (r=-0.633,
p<0.05).
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A non-significant but notable increase in the quantity of fibre type I (+6.5%), IIa
(+2.2%) and IIx (+2.6%) was detected. Hybrid fibres decreased during PR (type
I/IIa: -1.3% [95% CI, -2.21 to -0.39] p<0.01; type IIa/IIx: -5.2%, p=0.09).
Conclusions: These preliminary data show that an inpatient 3-week PR is able to
exert relevant adaptations in peripheral muscle of COPD patients. This includes
an increase in capillarization and an augmented type I myofiber distribution. To
confirm these first results, further patients will be investigated.

1672
Changes in fatigue index during an 8 week quadriceps resistance training
programme for patients with COPD & healthy controls
Linzy Houchen1,2, Samantha Harrison1, Carolyn Sandland1, Manoj Menon1,
Mike Morgan1, Sally Singh1,2 , Mick Steiner1. 1Pulmonary Rehabilitation
Research Group, University Hospitals of Leicester NHS Trust, Leicester, United
Kingdom; 2Faculty of Health and Life Sciences, Coventry University, Coventry,
United Kingdom

Introduction: Fatigue index (FI) measures the reduction in muscle force during
muscle testing/training & can be altered by resistance training (RT). FI is seldom
reported in patients with COPD. In isokinetic testing 2 variables are of interest:
peak torque (PT) & total work (TWor).
Aim: To evaluate changes in FI for PT & TWor during 8weeks of RT in patients
& healthy controls.
Methods: 70 patients [mean (SD) age 68.6 (9.1)yr, FEV144.8(15.2)% pr, 42
men] & 22 controls [age 66.6 (5.1)yr, FEV1103.4(15.9)% pr, 12 men] completed
quadriceps RT for 8weeks. RT was 5x30 knee extensions; 3times/week on a cybex
dynamometer (speed=180°/sec). PT (Newton-metres:Nm) & TWor (Joules:J) were
recorded for each set & FI was calculated as: set5/set1x100 for the right leg
(weekly average). A high FI=less fatigue.
Results: There were no significant differences between/within-groups for PT FI
over 8 weeks (FI approx 90% in both groups for all weeks).
TWor FI in the COPD group did not significantly change over 8weeks. Control
subjects displayed improvements in TWor FI & the difference in FI at week8
was significant compared to baseline & week4. However there were no significant
differences between the 2 groups for TWor FI (Fig. 1).

Figure 1

Conclusions: Healthy controls experienced less fatigue in TWor as RT progressed.
This did not occur in the COPD group & may be related to muscle dysfunction.
TWor seems a more sensitive measure than PT.

1673
Effects of home-based pulmonary rehabilitation on the time spent in active-
and passive- walking in elderly patients with COPD
Atsuyoshi Kawagoshi1,2, Noritaka Kiyokawa3, Keiyu Sugawara3,
Hitomi Takahashi3, Takeshi Kashiwagura3, Mitsunobu Homma4,
Shunichi Sakata5, Masahiro Satake1, Takanobu Shioya1. 1Physical Therapy,
Akita University Graduate School of Medicine, Akita, Japan; 2Rehbilitation,
Higashi Inaniwa Clinic, Akita, Japan; 3Rehabilitation, Akita City General
Hospital, Akita, Japan; 4Pulmonary Medicine, Akita City General Hospital, Akita,
Japan; 5Kumamoto technology and Industry foundation, Industry-University
Cooperation and Promotion, Kamimasushirogunn, Kumamoto Prefecture, Japan

Purpose: The objective of this study was to evaluate the effect of home-based
pulmonary rehabilitation (PR) including a chair-walking exercise and lower muscle
training on daily active- and passive-walking time in elderly patients with COPD.
Methods: We assessed walking time according to the walking speed using a
newly developed triaxial accelerometer (A-MES activity monitor, Kumamoto,
Japan), which could measure the time spent in walking, standing, sitting and
lying separately and also could discriminate active walking (≥2 km/hour) from
passive walking (< 2 km/hour). Twenty elderly patients with COPD (Age 76±7
years; FEV1 56.6±18.7% pred) were evaluated using this activity monitor for 3
consecutive days before and after PR. The home-based PR program included a
chair-walking exercise, lower muscle training, stretch of body trunk, respiratory
muscle training and education of self management. Pulmonary function, exercise

capacity (6-min walking distance; 6MWD), quadriceps muscle force (QF), and
health-related QOL (CRQ) were evaluated before and after PR.
Results: Active-walking time increased (pre PR: 27±23 vs. post PR: 52±31
min/day) and lying time decreased (pre PR: 53±18vs. post PR: 38±18 min/day)
significanlty after PR. Frequency of standing increased (pre PR: 80±42 vs post
PR: 117±63 times/day) significantly after PR. The degree of improvement of
active-walking time after PR was correlated with 6MWD and QF.
Conclusions: These data suggested that home-based PR consisting of a chair-
walking exercise and lower muscle training was effective in improving active-
walking time in elderly patients with COPD.

1674
The effect of post operative physical training on activity after curative
surgery for non small cell lung cancer (NSCLC) – RCT
Gill Arbane1, Belen Valladares2, Claire Speed2, Abdel Douiri3 , Nicholas Hart4,
Nick Hopkinson5, Sally Singh6, Rachel Garrod2. 1School of Rehabilitation,
Faculty of Health and Social Care Sciences, St George’s University of London;
2Therapy Department, Kings College Hospital NHS Foundation Trust, London;
3Health and Social Care Research, Kings College London; 4Respiratory &
Critical Care Medicine, Guy’s & St Thomas’ NHS Foundation Trust, London;
5National Heart and Lung Institute, Royal Brompton Hospital, London; 6Cardiac
and Pulmonary Rehabilitation, University Hospitals of Leicester NHS Trust,
Leicester, United Kingdom

Background: In England and Wales the incidence of lung cancer is around 0.05%,
13.5% of patients receive surgery with curative intent. Strategies addressing quality
of life (QoL) and activity post op are lacking.
Aims and objectives: To evaluate the effect of in-patient, cycle training, provided
post op for NSCLC on physical activity at 4 weeks post op.
Methods: This RCT recruited patients undergoing curative lung resection. The
control group received usual care. The active group additionally received daily
cycle training a home walking programme with diary. Outcomes, measured pre, 5
days and 4 weeks post op, activity monitor data, muscle strength, exercise tolerance
and QoL (SF36). ANCOVA was used to test for differences between groups.
Results: 131 patients (72 female), mean age 67.5 (SD: 10.97) years, FEV1 2.4
(1.13) l, median ISWT m 290 (IQR: 190-440) were randomised. 63 (48%) had
evidence of spirometric obstruction (OB). Physical activity was not significantly
different between groups nor in those with OB. There were no significant differ-
ences in any secondary outcomes for the groups as a whole. However, in those
with OB, physical and mental component scores for the SF36 were 11.7 (p = 0.04)
and 19.6 (p=0.01) higher in the active group compared to controls at 4 weeks post
op and muscle strength was significantly different between groups in favour of
active (p = 0.04).
Conclusions: Compared with a control group, a cycle and home walking pro-
gramme prevented decline in QoL and quadriceps muscle strength seen at 4 weeks
post op in people with OB. These data support the need for further exercise
interventions aimed at patients with OB undergoing surgery for NSCLC.

1675
Atherosclerosis in subjects with COPD is independently determined by the
degree of airflow limitation
Lowie Vanfleteren1, Frits Franssen1, Martijn Spruit1 , Miriam Groenen1,
Emiel Wouters1,2 . 1Program Development Center, CIRO+, Centre of Expertise
for Chronic Organ Failure, Horn, Netherlands; 2Respiratory Medicine, MUMC,
Maastricht University Medical Center, Maastricht, Netherlands

Background: Subjects with COPD have an increased cardiovascular risk that
may be related to shared risk factors. To date, it is not clear whether this is a
consequence of the severity of COPD itself.
Objective: We aimed to determine independent predictors of the presence of
atherosclerosis in patients with COPD and establish whether and to what extent
the degree of airflow obstruction is independently predictive for the degree of
atherosclerosis in a model including all traditional cardiovascular risk factors.
Method: Pulmonary function, blood gases, packyears, body composition (BMI,
FFMI), lipids, glucose, hsCRP, renal function (eGFR) and blood pressure were
determined in 197 patients ((mean±SD) age: 64±7 year, 60% male, FEV1:
51±17% pred., BMI: 26,2±5,2 kg/m2) with stable COPD prior to pulmonary
rehabilitation. Carotid-wall intima–media thickness (c-IMT) was assessed in all
patients (mean±SD: 0,93±0,18 mm) as an ultrasonographic surrogate measure of
atherosclerosis. Independent predictors of an increased c-IMT were assessed using
multivariate backward linear regression.
Results:

Independent predictors of an increased c-IMT

Beta t-test p-value

BMI, kg/m2 0,450 6,830 <0.001
Age, years 0,237 3,886 <0,001
FEV1, % predicted -0,174 -2.865 0,005
Mean blood pressure, mm Hg 0,142 2,330 0,021
Triglycerides, mmol/L 0,143 2,262 0,025

Other variables included in the model: Gender, FFMI, packyears, pCO2, pO2, TLCO%, HDL,
LDL, hsCRP, glucose and eGFR.
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Conclusion: In addition to traditional cardiovascular risk factors, such as obesity,
older age, higher blood pressure and higher fasting triglycerides, atherosclerosis
(c-IMT) is independently predicted by increasing airflow limitation in patients
with COPD.
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