
lung function. Reductions in forced vital capacity (FVC) and
diffusion capacity for carbon monoxide (DLCO) are the com-
mon clinical endpoints for prognostic monitoring and assessing
treatment outcomes. The use of cardiopulmonary exercise test-
ing (CPET) in IPF remains largely unexplored.
Objectives To explore the feasibility of CPET as a clinical
measure in IPF and identify associations with established clini-
cal variables.
Methods Seventeen patients with IPF were approached, and
fifteen (88%) were recruited (13 male, 68.1±7.5 years). Incre-
mental exercise testing to exhaustion was undertaken via elec-
tronically braked cycle ergometer. Variables included: peak
oxygen consumption (VO2peak), peak work rate (WRpeak),
nadir SpO2, ventilatory drive (VE/VCO2), alongside standard
clinical pulmonary function tests of FVC and DLCO. Pearson’s
correlation coefficients established relationships between
variables.
Results One participant was excluded (high baseline systolic
blood pressure). Eight out of fourteen (57%) participants
reached volitional exhaustion. Five CPETs were terminated
early due to desaturation (SpO2 <88%) and one to an exer-
cise-induced right bundle branch block (recovery within
minutes of ceasing exercise). Mean (±SD) pulmonary and
exercise results were: FVC, 84.9%±17.0%; DLCO, 56.5%
±11.4%; VO2peak, 1.4±0.4 L.min-1, 16.5±5.5 mL.kg-1.min-1;
WRpeak, 104±42 W; SpO2, 90±3%; VE/VCO2, 27.1±6.4. Sig-
nificant correlations were identified between: FVC and SpO2

(r=0.58, p=0.032), DLCO and VE/VCO2 (r=0.81, p<0.001)
and WRpeak (r=0.58, p=0.03). Body-mass relative VO2peak

held moderate, but not significant relationships with FVC
(r=0.44, p=0.11) and DLCO (r=0.53, p=0.51).
Conclusions Initial findings from this study have found CPET
to be acceptable to patients with IPF and potentially feasible
as a testing measure. Preliminary results identified common
exercise desaturation, suggesting less conservative SpO2 termi-
nation criteria (e.g. 80% cut-off) could be considered.
Although exercise parameters held limited relationships with
FVC and DLCO, results from VO2peak identifies potential addi-
tional and dynamic prognostic information and warrants fur-
ther investigation.

P230 THE LUNG CLEARANCE INDEX IN ADULTS WITH
CONNECTIVE TISSUE DISEASE – A PILOT STUDY IN
RHEUMATOID ARTHRITIS

CC Dixon, J Viner, A Medford, H Gunawardena, SL Barratt, H Adamali. North Bristol NHS
Trust, Bristol, UK
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Introduction and objectives Initial manifestations of lung dis-
ease in rheumatoid arthritis often occur in the small airways
which can be challenging to measure using traditional lung
function tests. The lung clearance index (LCI), measured by
the nitrogen multiple breath washout (MBW) is a non-invasive
measure of ventilation inhomogeneity and has been shown to
be elevated in patients with primary lung disease.

This study aimed to assess whether LCI, Scond (convection-
dependent ventilation inhomogeneity) and Sacin (diffusion-con-
vection dependent inhomogeneity) were elevated in patients
with rheumatoid arthritis related lung disease and to assess
whether MBW is feasible in this patient population.
Methods 19 patients with rheumatoid arthritis (5 without lung
disease and 14 with associated lung disease) were recruited

from the respiratory and rheumatology clinics at North Bristol
NHS Trust. Each patient participant completed spirometry,
MBW and health-related quality of life (HRQoL) question-
naires at a single study visit. A separate group of 8 healthy
controls also completed spirometry and MBW at a single visit.
MBW was completed using the EasyOne proLAB™ (ndd Med-
izntechnik AG, Zurich, Switzerland).
Results The mean time to perform a single test was 214 s and
the mean number of tests required to achieve 3 acceptable
efforts was 3.5 tests. All MBW parameters were repeatable
(intra-class correlation coefficient >0.8).

LCI and Sacin were significantly increased in patients with
associated lung disease compared to healthy controls
(p=0.008, p=0.004). No significant difference was seen in
LCI and Sacin between patients without lung disease and
healthy controls (p=0.171, p=0.083). There was no signifi-
cant difference in spirometry z-scores.

There was a significant correlation between LCI and
HRQoL as measured by K-BILD and SGRQ.
Conclusion MBW is a repeatable and feasible technique in
patients with rheumatoid arthritis. The data from this pilot
study suggests that N2 MBW may be a promising technique
in the assessment of lung disease in patients with rheumatoid
arthritis, with LCI and Sacin appearing to be the most useful
parameters.

The findings support the further investigation of MBW in
patients with rheumatoid arthritis in a longitudinal cohort
study to assess the variability over time and the relationship
with HRQoL.

P231 THE FEASIBILITY AND REPEATABILITY OF THE LUNG
CLEARANCE INDEX VIA MULTIPLE BREATH WASHOUT
MEASUREMENTS IN STABLE CHRONIC OBSTRUCTIVE
PULMONARY DISEASE
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Introduction and objectives Chronic Obstructive Pulmonary
Disease (COPD) is a small airway disease associated with
ventilation heterogeneity. The Lung Clearance Index (LCI)

Abstract P230 Figure 1 Lung clearance index in each group. Median
and inter-quartile range (IQR) for each group indicated by solid lines
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is a potential early marker of lung damage and has been
demonstrated to be repeatable within visit for patients with
stable COPD. We sought to evaluate the feasibility and
repeatability of the LCI between visits among subjects with
stable COPD.
Methods The LCI was measured by performing an inert
Multiple Breath Washout using a modified photoacoustic
Innocor device with 2% Sulphur Hexafluoride (SF6) on sub-
jects with stable COPD, GOLD Stage II-IV alongside phase
3 slope analyses. The LCI SF6 was repeated (in triplicate) at
weeks one and eight in accordance to ERS/ATS standards.
Repeatability data was analysed using a combination of
Intraclass Correlation Coefficients (ICC) and Bland-Altman
plots. Phase 3 slopes were analysed using a custom MAT-
LAB algorithm.
Results 20 patients were initially recruited, 18 of which were
suitable for analysis (16 male, mean [SD] age 70 [6.5],
FEV1%predicted 51 [15.4], LCI 11.104 [2.372]). The between
visit repeatability (ICC) was: FRCLCI 0.919, LCISF6 0.881,
Scond 0.517, Sacin 0.801. The Bland Altman plot did not reveal
any systematic bias.
Conclusions The LCISF6 is feasible and repeatable between
visits over an eight week period in patients with stable
COPD. This demonstrates high ICC’s in the FRCLCI, LCISF6
and the Sacin. The repeatability of the Scond was considered
moderate.
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Introduction Breathlessness is a dominant, distressing, symp-
tom of chronic obstructive pulmonary disease (COPD)
which has a significant impact on quality of life. Neural
respiratory drive (NRD), quantified as diaphragm electro-
myogram (EMGdi) activity, is closely related to

breathlessness intensity in COPD. The surface mechano-
myogram (sMMG), which can be recorded using skin-sur-
face triaxial accelerometers, measures the lateral vibration
of muscle fibres and is considered to be the mechanical
counterpart of the surface EMG (sEMG). The principal
aim of this study was to investigate the relationship
between the sMMG of the diaphragm (sMMGdi) and
breathlessness in COPD. We hypothesised that there would
be strong positive relationships between sMMGdi and
modified Borg (mBorg) breathlessness intensity during an
inspiratory threshold loading protocol.
Methods Nine COPD patients (7 male, median (IQR) age 70
(64–78) years, BMI 25.6 (24.8–30.1) kg/m2, FEV144.7
(37.1–63.9)%predicted), underwent an incremental inspira-
tory loading protocol at 12%, 24%, 36%, 48% and 60% of
maximum mouth inspiratory pressure (PImax). Left and
right sEMGdi and sMMGdi activity were recorded using 2
pairs of sEMG electrodes, and one pair of triaxial acceler-
ometers, positioned over the 7th/8th intercostal spaces in
the anterior axillary lines bilaterally. sEMG and sMMG sig-
nals were analysed using fixed sample entropy (fSampEn)
and the relationships with mBorg breathlessness intensity
during each inspiratory load were determined using correla-
tion analysis.
Results Moderate to strong correlations were observed
between mBorg breathlessness intensity and the sEMG and
sMMG signals, expressed as fSampEn, recorded at all sites
(table 1).

Abstract P232 Table 1 Association between mBorg
breathlessness intensity and measured variables during an
incremental inspiratory loading protocol in 9 COPD patients

Signal Spearman (r) p Value

sEMGdi left 0.643 <0.001

sEMGdi right 0.537 <0.001

sMMGdi left 0.606 <0.001

sMMGdi right 0.638 <0.001

Conclusion The relationships observed between mBorg breath-
lessness intensity and sMMGdi, and sEMGdi, expressed as
fSampEn, demonstrates the potential value of sMMGdi as a
complementary tool to sEMGdi for the investigation of
breathlessness in COPD. sMMGdi could provide a novel non-
invasive physiological correlate of breathlessness intensity in
COPD and other chronic respiratory diseases.

P233 STRUCTURED LIGHT PLETHYSMOGRAPHY CORRELATES
WELL WITH INSPIRATORY MUSCLE STRENGTH IN
POMPE DISEASE

SC Madathil, A Al-Asadi, JA Stockley, S Huq, R Mukherjee, BG Cooper, T Geberhiwot.
University Hospitals Birmingham, Birmingham, UK

10.1136/thorax-2018-212555.390

Introduction This is the first study to use Structured Light Ple-
thysmography (SLP) in patients with confirmed Pompe disease
(PD) to look at respiratory function. PD or Glycogen storage
disease 2 is an autosomal recessive metabolic disorder due to
deficiency of the lysosomal enzyme acid alpha glucosidase.
The resultant accumulation of glycogen affects various tissues

Abstract P231 Figure 1 Difference vs average: LCIsf6 between visit
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