
Conclusions These results confirm previous findings by ourselves
and others that subclinical endotoxaemia sensitises the lung to the
consequences of injurious mechanical ventilation. Importantly, our
ex vivo IPL model demonstrated that this sensitisation can occur in
the absence of circulating blood, adding further support to the
critical role of ‘‘lung-marginated’’ leucocytes in the progression of
VILI. The molecular mechanisms underlying this sensitisation
remain to be elucidated, and the IPL will be a useful tool in these
investigations.
1. Wilson, et al. AJRCCM 2009;179:914–922.

Funding: This work was supported by the Wellcome Trust and BBSRC.

S92 DIFFERENTIAL ACTIVATION OF THE P38 MAP KINASE
PATHWAY IN MOUSE MONOCYTE SUBSETS DURING CO-
CULTURE WITH PULMONARY ENDOTHELIAL CELLS

JO Dokpesi, KP O’Dea, M Takata. Department of Anaesthetics, Pain Medicine and
Intensive Care, Imperial College London, UK

doi:10.1136/thx.2009.127084n

Introduction We recently demonstrated that lung-marginated
‘‘inflammatory’’ Gr-1high monocytes play a significant role in mouse
models of sepsis-associated and ventilator-induced lung injury.1 2

The Gr-1high subset expresses higher levels of tumour necrosis factor
a (TNF) than the ‘‘resident’’ Gr-1low subset in response to
lipopolysaccharide (LPS), both within the lung microvasculature
in vivo1 and in co-culture with primary mouse lung endothelial cells
(MLECs) in vitro.3 Here, we investigated the role of the p38
mitogen-activated protein kinase (MAPK) pathway, an important
regulator of TNF expression and other key inflammatory mediators,
in determining monocyte subset TNF production during co-culture
with MLECs.
Methods MLECs were isolated from C57BL6 mice. Peripheral blood
mononuclear cells (PBMCs) from the same mouse strain were added
to confluent MLEC monolayers and then stimulated with 100 ng/
ml LPS. Levels of phosphorylated p38 and its downstream target,
MK-2, were quantified in permeabilised/fixed monocytes by flow
cytometry using phosphokinase-specific antibodies. The contribu-
tion of the p38 pathway to TNF expression was assessed using the
p38 inhibitor SB203580.
Results At 15 min after LPS treatment, levels of phosphorylated p38
and MK2 increased markedly from baseline in Gr-1high monocytes
(p38, 44.9¡1.3 (SD) vs 20.9¡1.3 mean fluorescence intensity
(MFI); MK-2, 75.9¡3.0 vs 10.3¡1.0 MFI). In Gr-1low monocytes,
phosphorylation of both kinases increased (p38, 22.5¡1.3 vs
17.7¡1.8 MFI; MK-2, 36.6¡1.7 vs 17.0¡0.8 MFI). but the levels
were substantially lower than in Gr-1high monocytes (p,0.001).
SB203580 completely inhibited LPS-induced expression of mem-
brane TNF in both Gr-1high and Gr-1low monocytes.
Conclusion These results strongly suggest that the p38 MAPK
pathway is a critical determinant of the differential TNF
response exhibited by lung-marginated monocyte subsets during
endotoxaemia in mice. The p38 MAPK pathway is therefore
likely to play a pivotal role in monocyte-induced pulmonary
inflammation during sepsis-associated acute lung injury, deter-
mining the expression levels of TNF and the other inflammatory
genes it regulates.
1. O’Dea, et al. J Immunol 2009;182:1155–1166.
2. Wilson, et al. Am J Respir Crit Care Med 2009;179(10):914–922.
3. Dokpesi, et al. Thorax 2008;63(Suppl 7):A70–A73.

Funding: This work was supported in part by BBSRC.

S93 INFLUENCE OF CARDIAC SURGERY UTILISING
CARDIOPULMONARY BYPASS ON NEUTROPHIL-RELATED
PROINFLAMMATORY RESPONSES

EF Goode, LR Hector, AL Lagan, DD Melley, GJ Quinlan, RE Bundy. Department of
Critical Care Medicine, National Heart and Lung Institute, Royal Brompton Hospital NHS
Foundation Trust, Imperial College, London, UK

doi:10.1136/thx.2009.127084o

Introduction The systemic inflammatory response syndrome and its
serious respiratory manifestations, including acute lung injury
(ALI), are complications of cardiac surgery using cardiopulmonary
bypass (CPB). Cardiac surgery is associated with release of
inflammatory mediators. CPB may contribute to this response,
and off-pump surgery may be associated with reduced levels of
postoperative inflammation.

Neutrophils are crucial in the inflammatory response, releasing
many proinflammatory mediators. Spontaneous neutrophil apop-
tosis is essential for the resolution of inflammation in ALI. We have
previously shown that CPB delays neutrophil apoptosis. We
hypothesised that neutrophil apoptosis is regulated by haem
oxygenase-1 (HO-1) through haemoglobin-dependent mechanisms.
Objectives First, to investigate the relationship between haemolysis,
induction of HO-1 and neutrophil apoptosis during cardiac surgery
with CPB and without CPB (OPCAB). Secondly, to explore the
influence of haem-containing modulators of the HO-1 pathway on
viability and apoptosis of neutrophils obtained from healthy
volunteers.
Methods Nine patients undergoing coronary artery bypass grafting
surgery were recruited (5 CPB, 4 OPCAB). Plasma levels of free
haemoglobin (Hb) were analysed. The expression of HO-1 was
studied by RT-PCR. Neutrophil apoptosis was detected in blood
collected preoperatively or 2 h following CPB and OPCAB by flow
cytometry and morphological assessment following neutrophil
isolation and incubation for 20 h.
Results Hb levels were 0.26 ¡0.12 g/l post-CPB, but no free Hb was
detected in OPCAB patients. HO-1 mRNA expression showed
0.91¡0.29 copies/ml pre-CPB vs 1.56¡0.65 copies/ml post-CPB,
whereas OPCAB levels were 0.85¡0.23 copies/ml presurgery vs
0.57¡0.26 copies/ml postsurgery. Neutrophil viability following
20 h culture was 32.85¡4.11% for control presurgery and rose
1.74¡0.45% 2 h post-CPB vs 1.27¡0.14% post-OPCAB. HO-1
activity inhibition by SnPP (tin protoporphyrin) after 20 h reduced
neutrophil viability dose dependently (47.99¡8.1% control,
45.05¡4.32% 40 mM SnPP, 38.79¡2.32% 80 mM SnPP).
Treatment of volunteer neutrophils with the HO-1 inducer haem
showed cell viability 172.2% of control, which was partially
reversed by SnPP 40 mM (138.9¡52.1%).
Conclusion Surgery increased neutrophil lifespan with a seemingly
greater effect following CPB. Haemolysis during CPB and an
associated induction of HO-1 may promote neutrophil viability and
contribute to a prolonged inflammatory response, thereby poten-
tially increasing the risk of ALI.

CF from top to bottom

S94 CYSTIC FIBROSIS NEWBORN SCREENING: THE CASE FOR
INVASIVE SURVEILLANCE AFTER DIAGNOSIS

P Stafler, JC Davies, IM Balfour-Lynn, M Rosenthal, A Bush. Royal Brompton Hospital,
London, UK

doi:10.1136/thx.2009.127084p

Introduction and Objectives Cystic fibrosis (CF) newborn screening
(NBS) raised the issue of how to manage asymptomatic infants.
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There is evidence of early functional, structural and pathological
changes, and even bronchiectasis in babies with CF diagnosed by
NBS. We have previously shown a high prevalence of unsuspected
lower airway infection in newly diagnosed, unscreened children
with CF. The aim of this study was to determine the yield of
bronchoalveolar lavage (BAL) microbiology/cytology and 24-hour
pH monitoring in a group of NBS-diagnosed infants.
Methods Infants with CF diagnosed by NBS between July 2007 and
July 2009 underwent surveillance fibre-optic bronchoscopy (FOB),
BAL and 24-hour dual-probe pH monitoring. All the invasive
procedures were performed under the same general anaesthetic.
Results Full data sets were available for 19 infants, median age 3 months
(47–193 days) at the time of FOB. In 6 out of 19 (32%) at least one
bacterial organism was identified on BAL. None of the patients was
symptomatic at the time of FOB. Cough swabs taken at various time
points (8–77 days) prior to FOB were all negative. Organisms identified
were Haemophilus influenzae (n = 3), Staphylococcus aureus (n = 2),
methicillin-resistant S aureus (MRSA) (n = 1), Pseudomonas aeruginosa
(n = 1) and Moraxella catarrhalis (n = 1). All led to a change in
antibiotics. Five of 16 (31%) had neutrophilia (median 11.4%, range
0.3–73%). Nine of 17 (53%) had an abnormal pH study with a pH index
>12. Only 2 of those 9 patients (22%) had a clinical diagnosis of gastro-
oesophageal reflux prior to pH study.
Conclusions The high yield of microbiology, cytology and pH probe
investigations in infants subjected to NBS justifies invasive
surveillance FOB. Longitudinal studies to determine if early
aggressive treatment results in improved outcome are awaited.

S95 EFFECT OF EXERCISE ON LARGE ARTERY HAEMODYNAMICS IN
CYSTIC FIBROSIS

1JH Hull, 2L Ansley, 3CE Bolton, 4JE Sharman, 5RK Knight, 3JR Cockcroft, 3DJ Shale,
1R Garrod. 1St Georges, London, UK; 2University of Northumbria, Newcastle, UK;
3Cardiff University, Cardiff, UK; 4University of Tasmania, Hobart, Australia; 5Frimley Park
Hospital, Frimley, UK

doi:10.1136/thx.2009.127084q

Introduction and Objectives Improved longevity in cystic fibrosis (CF)
has prompted increased focus on extrapulmonary manifestations.
Adults with CF have evidence of abnormal large artery haemody-
namics at rest; however, improved insight into the function of the
cardiovascular system can be obtained by evaluating response in
exercise. We hypothesised that adult patients with CF would have a
maladaptive haemodynamic response to exercise, as evidenced by
increased indices of myocardial loading, in comparison with controls.
Methods We studied 36 patients with stable CF (n = 11 with CF-
related diabetes (CFRD)), mean (SD) age 28.9 (9.0) years, body mass
index (BMI) 23.0 (3.1) kg/m2, forced expiratory volume in 1 s
(FEV1) % predicted 65.8% (21.3%) and 25 age/gender/BMI-matched
healthy controls. Large artery haemodynamics, including blood
pressure (BP), augmentation index (AIx) and augmented pressure
(AP), were determined by applanation tonometry (SphygmoCor) at
rest, during (at 8 min) and following a 10 min period of cycle
ergometry at 60% age-predicted maximal heart rate (HR). The extra
myocardial oxygen requirement to overcome central pressure
augmentation was calculated as wasted left ventricular pressure
energy (DEW). Cardiac output (bioreactance) and peripheral
vascular resistance (PVR) were determined at rest and postexercise.
Lung function, log10 interleukin-6 (IL-6) and habitual physical
activity levels were determined.
Results At rest, AIx was greater in both patients with and without
CFRD than in controls. During exercise, despite a similar absolute
HR and peripheral BP, patients with CFRD had greater mean
arterial pressure, AP and DEW (fig 1) (p,0.05 for all) and a trend for
greater AIx (p = 0.07). None of these indices was different from
those of the controls in patients without CFRD (p.0.05 for all).
Habitual physical activity was similar between groups, whilst

log10IL-6 was increased in patients (p,0.001); both log10IL-6 and
exercise DEW were greatest in patients with CFRD (both p,0.05).
In all subjects, PVR was reduced postexercise from rest but was
comparatively greater at all times in patients with CFRD than in
controls (p,0.01).
Conclusions Haemodynamic response to exercise is similar between
patients without CFRD and healthy controls. In contrast, patients
with CFRD have increased central systolic stress during exercise,
which has implications for myocardial work and oxygen demand.
Further studies to explore long-term consequences for cardiovas-
cular health and exercise capacity are required.

S96 GASTRO-OESOPHAGEAL REFLUX AND COUGH IN PATIENTS
WITH CYSTIC FIBROSIS

1JE McCreanor, 1ID Molyneux, 2S Faruqi, 1W Jackson, 1J O’Donnell, 1P Sedman, 2AH
Morice. 1Hull and East Yorkshire Hospitals NHS Trust, Hull, UK; 2University of Hull, Hull, UK

doi:10.1136/thx.2009.127084r

Introduction and Objectives Gastro-oesophageal reflux (GOR) is one
of the most common aetiologies of chronic cough. There is a high
incidence of symptomatic GOR in patients with cystic fibrosis (CF).
We hypothesised that patients with CF might have abnormal
oesophageal physiology.
Methods 24-hour ambulatory oesophageal pH monitoring and
oesophageal manometry was undertaken in patients with CF with
a clinical diagnosis of reflux-associated cough. We used a control
group of DeMeester score-matched patients with reflux-associated
cough without CF. The findings of the pH and manometry studies
were analysed and comparisons were made between the groups.
Results 17 patients with CF (11 males, median age 28 years) and 17
patients with non-CF reflux-associated cough (10 males, median
age 47 years) were included. Resting lower oesophageal sphincter
(LOS) pressure was subnormal (,15 mm Hg) in 16 of 17 patients
with CF (mean 10.4 mm Hg, SD 4.2). 13 had raised DeMeester
scores (mean 33.0, SD 19.3). This was associated with a high
number of transient lower oesophageal sphincter relaxation
(TLOSR) episodes (mean 123.8, SD 40.3). Increasing frequency of
TLOSRs correlated with increasing DeMeester score (coefficient
0.44). Patients with a LOS pressure (8 mm Hg had a significantly
greater DeMeester score (median 38.7, range 25–78) than those
with .8 mm Hg (median 24.1, range 12–46) p,0.015. There was
no statistically significant difference in resting LOS pressure (mean
10.35 vs 11.35; p = 0.21), percentage of peristaltic swallows (84.7%
vs 72.4%; p = 0.13) or TLOSR episodes (123.8 vs 145.6; p = 0.17)
between the CF group and controls. Time spent with oesophageal
pH ,4.0 was significantly greater in the CF group overall despite
DeMeester matching (p,0.04).

Abstract S95 Figure 1 Exercise-related changes in wasted left ventricular
pressure energy (DEW). Symbols represent the mean with error bars¡1 SEM.
CFRD, cystic fibrosis-related diabetes. *p,0.05; CFRD difference from controls.
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Conclusion These results confirm the presence of acid reflux as a
typical finding in patients with CF with a history of reflux cough.
Furthermore, there may be a characteristic physiological abnorm-
ality in patients with CF with high frequency of TLOSR and
increased oesophageal acidification.

S97 ASSESSMENT OF DIAPHRAGM FATIGUE FOLLOWING HIGH
INTENSITY EXERCISE IN PATIENTS WITH CYSTIC FIBROSIS

1C Reilly, 1K Ward, 1L Frank, 1C Jolley, 1A Lunt, 1J Steier, 2C Elston, 1GF Rafferty, 1J
Moxham. 1King’s College London, London, UK; 2King’s College Hospital, London, UK

doi:10.1136/thx.2009.127084s

Introduction There is an increased load placed on the respiratory
muscles in cystic fibrosis (CF). Whether this predisposes the
diaphragm to fatigue following exercise is unknown. The aim of this
study was to examine whether patients with CF develop low
frequency fatigue of the diaphragm after cycle exercise to exhaustion.
Methods Six male patients (median (range) age 22 (20–33) years)
with CF (forced expiratory volume in 1 s (FEV1) % predicted 50%
(31–80%)) were studied. The study was conducted on two
occasions, 1 week apart. The first visit, to determine each subjects’
maximum work load (Wmax) and peak oxygen consumption
(VO2peak), involved an incremental exercise test to exhaustion on
a cycle ergometer. On the second visit patients performed an
endurance exercise test above 80% of their predetermined Wmax at a
constant pedal rate (50–60 rpm) to exhaustion. Twitch transdiaph-
ragmatic pressure (TwPdi), elicited by bilateral anterolateral
magnetic phrenic nerve stimulation (BAMPS), to assess the
presence of low frequency fatigue, was measured before and at
20, 40 and 60 min postexercise.
Results Endurance exercise duration was 10.5 min (6–20) achieving
110% (100–121) of VO2peak. There were no significant differences in
TwPdi at any time point postexercise compared with baseline (median
(range) TwPdi 25.0 cm H2O (16.0–46.0) at baseline, 26.5 cm H2O
(17.5–44.0) at 20 min, 26 cm H2O (17.5–44.0) at 40 min and
26.0 cm H2O (16.0–43.0) at 60 min postexercise (p,0.005)).
Conclusion Patients with CF do not develop low frequency fatigue of
the diaphragm after high intensity, exhaustive constant load cycle
exercise.

S98 THE USE AND PERCEIVED BENEFITS OF NON-INVASIVE
VENTILATION FOR HYPERCAPNIC ADULTS WITH CYSTIC
FIBROSIS IN A REGIONAL CENTRE

J Barrett, P Agostini, S Cameron, E Nash, J Whitehouse, D Honeybourne. West
midlands regional adult Cystic fibrosis centre. Birmingham Heartlands Hospital,
Birmingham, UK

doi:10.1136/thx.2009.127084t

Introduction Non-invasive ventilation (NIV) improves gaseous
exchange and aids secretion clearance in patients with cystic
fibrosis (CF). A recent study demonstrated that NIV improved
chest symptoms and exercise tolerance, and reduced maximal
nocturnal CO2 levels in this patient group. The objectives of this
study were to examine the reasons for NIV initiation, and the
perceived benefit in adults with CF with hypercapnia.
Method We conducted a retrospective observational study of adult
patients treated with NIV during admission to a regional CF centre
over an 18-month period. We recorded indication for treatment,
perceived benefit in terms of work of breathing, symptoms of
hypercapnia (early morning headache) and sputum clearance.
Patient tolerance of NIV was also noted.
Results 19 patients, 5 of which were on the active lung
transplantation list, were treated with NIV over 34 episodes during
the 18-month period. Mean percentage predicted forced expiratory
volume in 1 s (FEV1) on admission was 22% (range 10–53%) and 10

patients were female. Seven (20%) NIV episodes were initiated for
treatment of decompensated respiratory acidosis, 24 (71%) episodes
were in patients with compensated hypercapnic respiratory failure
and in 3 (9%) episodes NIV was used exclusively as an adjunct to
airway clearance. In patients with decompensated respiratory
acidosis, NIV use resulted in a reduction in PaCO2, from
11.4¡6.1 kPa to 6.25 ¡2.2 kPa (mean¡SD, p = 0.2) and an
increase in pH, from 7.26¡0.14 to 7.49¡0.12 (p,0.04). In 68%
of episodes the patient was discharged from hospital (n = 23), 16
with domiciliary NIV and 7 without NIV. 89% (n = 17) of patients
reported subjective benefits from the NIV, including decreased
work of breathing (n = 8), decreased hypercapnic symptoms (n = 5)
and improved sputum clearance (n = 4).
Conclusion NIV was used successfully to treat and control symptoms
of hypercapnic respiratory failure and was generally well tolerated,
with a number of subjective benefits reported by patients.

New techniques in diagnosis and treatment of
respiratory diseases

S99 COMPARISON OF THE MEASUREMENT OF BRONCHODILATOR
RESPONSE IN PATIENTS WITH ASTHMA AND HEALTHY
VOLUNTEERS USING SPIROMETRY AND IMPULSE
OSCILLOMETRY

1JH Ward, 1A Nair, 2BJ Lipworth. 1Ninewells Hospital and Medical School, Dundee,
UK; 2Asthma and Allergy Research Group, Ninewells Hospital and Medical School,
Dundee, UK

doi:10.1136/thx.2009.127084u

Introduction Reversible airflow obstruction is often used as a
criterion to support a clinical diagnosis of asthma. Bronchodilator
reversibility is conventionally measured by forced expiratory
spirometric manoeuvres, but is effort dependent and requires
patient cooperation. Impulse oscillometry (IOS) is an effort-
independent and patient-friendly lung function technique which
appears to be an attractive alternative, but there are limited data
correlating the bronchodilator response using the two techniques in
adults with asthma and healthy volunteers.
Objectives To correlate clinical measurements performed by
spirometry and IOS in response to administration of a bronchodi-
lator in adults with asthma and healthy volunteers.
Methods The study was a prospective audit of ptients with asthma
and healthy volunteers attending routine screening at a research
unit in a university teaching hospital. Reversibility testing was
carried out using standardised ATS/ERS criteria after administering
400 mg of sallbutamol via a valved spacer device. Spirometric (forced
expiratory volume in 1 s (FEV1)) and IOS measurements (R5, R20,
X5) were as per ERS/ATS guidelines.
Results Ninety-five patients with asthma and 61 healthy volunteers
underwent screening. The mean percentage predicted (SEM)
baseline prebronchodilator FEV1 was 83.99 (2.23) for those with
asthma and 99.25 (1.72) for healthy volunteers. Baseline percentage
predicted oscillometry indices in the group with asthma were
162.22 (7.5) for R5; 154.73 (4.71) for R20; and 441.72 (173.86) for
X5. In the healthy volunteers this was 111.01 (3.96) for R5; 127.75
(4.12) for R20; and 2229.80 (125.75) for X5.R5 was the only
impulse oscillometry measure that showed correlation with
spirometric indices (FEV1). The mean percentage predicted (SEM)
postbronchodilator change in FEV1 and R5 in the group with
asthma was 6.35 (0.65) and 233.78 (4.43), respectively; correspond-
ingly in healthy volunteers it was 2.24 (0.32) and 214.91 (2.48). A
negative correlation was demonstrated r = 20.40, p,0.001 between
the two indices. Linear regression modelling demonstrated that a 1
unit change in %FEV1 corresponds to a 2.5% change in %R5.
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