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arterypressures creating a two compartment model of disease. Precise 
haemodynamic abnormalities are likely to be determined by several 
factors including thrombuschronicity, load, distribution, pulmonary 
artery compliance and right ventricular adaptation in response to 
increased after load though there is no discernible relationship between 
routinely measured haemodynamics and any of these parameters. Fur-
thermore, the effect of right ventricular performance on exercise 
capacity remains poorly characterised in this disease subgroup.
Aims and Methods We hypothesise that exercise capacity in our-
patient cohort ultimately depends on the adaptation of both right 
ventricle and pulmonary arteries to thrombotic insult. Using a con-
ductance-based pressure volume approach at the time of right heart 
catheterisation, we measured the right ventricular mechanoenerget-
ics in six patients (2 female) with chronic pulmonary vascular occlu-
sion but different resting haemodynamics. These results were 
compared with peak exercise oxygen consumption assessed by con-
temporaneous cardiopulmonary exercise testing.
Results and Conclusions Peak exercise capacity (peak V02)was 
inversely related to PVR throughout our patient group (p=0.046). 
The close association between PVR and right ventricular stroke work 
index (RVSWI)(r=0.96), derived from the area within the pressure 
volume loop (Fig 1), suggests an increased resting stroke work may 
result in earlier cardiovascular limitation at peak exercise in those 
with more severe pulmonary hypertension. This seems physiologi-
cally compatible given the greater after load seen with more severe 
pulmonary hypertension and diminished cardiac reserve. Initial anal-
ysis of isovolumic relaxation indices (Tau, dP/dtmin) suggest pulmo-
nary hypertension is not mediated by diastolic dysfunction within 
the right ventricle and may be more related to reduced pulmonary 
artery compliance(Ea). The impaired right ventricular stroke work for 
low/normal PVR fits with patient symptoms and provides insight 
into the early stages of the process of right ventricular failure.
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Sleep apnoea diagnosis and consequence

TWO YEAR VASCULAR EVENT, HOSPITAL ADMISSIONS, 
AND ACCIDENT INCIDENCE: FURTHER DATA FROM THE 
MOSAIC SLEEP APNOEA TRIAL
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Introduction. The MOSAIC multicentre trial investigated the 
effect of CPAP versus no CPAP on both sleepiness and a vascular risk 
score, over 6 months, in nearly 400 minimally symptomatic patients 
with OSA. The results on the vascular risk score, reported previously, 
suggested no potential vascular benefit of CPAP, although endothe-
lial function improved. The incidence of real events is needed to cal-
culate the size of any future trials in this group of patients. 
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TNFa REDUCES BMPR-II EXPRESSION BUT ENHANCES 
BMP6 SIGNALLING VIA ACTR-IIA IN PULMONARY 
ARTERIAL SMOOTH MUSCLE CELLS
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Mutations in the bone morphogenetic protein type-II receptor 
(BMPR-II) underlie ~70% of heritable pulmonary arterial hyperten-
sion (PAH) cases. However, the low penetrance in mutation carriers 
implies a ‘second hit’ is required for disease onset. A possible trigger is 
inflammation. Circulating tumour necrosis factor alpha (TNFα) is 
raised in PAH patients and TNFα can alter smooth muscle cell prolif-
eration. Thus, we examined the effect of TNFα on BMP signalling.

Human pulmonary arterial smooth muscle cells (PASMCs) were 
derived from patients with BMPR-II mutations and from disease-
free controls. Quantitative polymerase chain reaction (qPCR) and 
western blotting revealed that 24 hours of TNFα stimulation 
reduced the expression of BMP2 and BMPR-II but increased BMP6 
expression. TNFa reduced BMP2-mediated signalling, as expected. 
In contrast, BMP6 treatment in the presence of TNFα increased 
smad1/5 activation and upregulated ID1 expression, implying that 
BMP6 can signal independently of BMPR-II Furthermore, BMPR-II 
mutant PASMCs proliferated in response to BMP6 and TNFα. 
Quantitative PCR revealed increased ActR-IIa expression following 
TNFα stimulation and siRNA knockdown of ActR-IIa abrogated 
this enhanced proliferative response.

In summary, TNFα increases BMP6 expression, which in the 
absence of functional BMPR-II, can bind to receptor complexes 
involving ActR-IIa to accelerate PASMC proliferation. The potential 
contribution of this novel mechanism to vascular remodelling in the 
systemic and pulmonary circulation requires further study.

CONDUCTANCE-DERIVED RIGHT VENTRICULAR STROKE 
WORK MEASURED BY PRESSURE VOLUME LOOPS IN 
CHRONIC THROMBOEMBOLIC PULMONARY VASCULAR 
DISEASE
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Background The most significant determinant of both symptoms 
and survival in pulmonary arterial hypertension (PAH) is the degree 
of cardiac impairment that results from increased right ventricular 
after load.[1] Resting haemodynamic parameters however do not 
always correlate with exercise symptoms and performance limita-
tion. Pulmonary vascular resistance (PVR) is normally measured at 
rest and is derived from mean flow data. This fails to take into 
account both the pulsatile nature of flow in the pulmonary artery 
and thus pulmonary arterial compliance.[2]

Chronic thromboembolic pulmonary hypertension (CTEPH) lies 
within Group IV of the Dana Point 2008 Classification and arises from 
persistent pulmonary vascular occlusion secondary to arterialthrom-
bus. However, for unclear reasons a proportion of patients with sig-
nificant thrombus burden do not develop elevation of pulmonary 
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been at least partly implicated. Using fractal analysis we have devel-
oped a new biomarker called fractal dimension (Df) to assess the 
microstructure of incipient clot in whole blood. Df relates to the 
kinetics of clot formation and quantifies clot fibrin network micro-
structure as it forms. A higher Df represents a more pro-coaguable 
state. Healthy volunteers have a reproducible Df of 1.74 ±0.07. (1)
Aim To see if Df changes after sleep in OSAS and symptomatic 
snorers.
Methods 28 patients with newly diagnosed and untreated OSAS: 
24 males, mean+SD BMI=38±7.3 kg/m2, age 56.8±10.7 years, 4% 
Dip-rate (DR)=47.8±32.9 events/hour, Epworth Sleepiness Score 
(ESS)13.1±5.0. 17 symptomatic Controls with symptoms of OSAS 
but who had negative sleep studies: 14 males, BMI=32.1±6.8 kg/m2, 
age 52.7±13.6 years, 4% DR=5.6±3.2 events/hour, ESS 11.3±6.6. 
We excluded anyone on warfarin, heparin or with a family history 
of bleeding, thromboses. 36% in the OSAS group and 24% in the 
Controls were prescribed aspirin but there were no changes in medi-
cations throughout the study. Blood was collected at 4pm then 8am 
the following morning, immediately after an inpatient limited 
channel overnight sleep study (Visilab, Stowood Instruments, UK). 
Samples were tested for fractal analysis (AR-G2 Rheometer, TA 
Instruments, UK) and routine APTT, PT, fibrinogen levels, platelet 
aggregation. NCT01525160.
Results Df was significantly higher in the early am (post sleep) 
(p<0.001) than in the afternoon in OSAS but there was no diurnal 
variation in the Control group (p= NS) Figure 1. There were no 
statistically significant differences for routine coagulation and 
platelet function tests both within and between groups.
Conclusion OSAS is associated with a significantly increased pro-
thrombotic state in the morning that is only detected by Df. Larger 
numbers will allow sub-group analyses (e.g. severity of OSAS, aspi-
rin effects) and seeing possible response to CPAP therapy. This pre-
liminary data suggest Df could be used as a new sensitive biomarker 
to assess vascular risk.
Reference

1. Evans PA et al. Blood. 2010; 116:3341–3346.
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7 DAYS ACTIGRAPHY MONITORING IS EQUIVALENT TO 
14 DAYS ACTIGRAPHY MONITORING IN PATIENTS WITH 
SLEEP DISORDERS

doi:10.1136/thoraxjnl-2012-202678.050

1S Briscoe, 2E Hardy, 1C Kosky, 1A Williams, 1N Hart, J Steier. 1Guy’s and St Thomas’ 
NHS Foundation Trust, London, UK; 2King’s College London, London, UK

Introduction Actigraphy is a valid measure to assess sleep and cir-
cadian rhythm abnormalities. It is listed in the diagnostic criteria 
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Methods We have followed the Oxford cohort of 189 patients for 
two years to assess real vascular event rates and the incidence of 
accidents and hospital admissions. The events have been verified by 
inspection of hospital notes and phone calls to patients. The CPAP/
No CPAP allocation was based on intention to treat. At the end of 
the original 6 month trial, 71% of patients, initially randomised to 
CPAP, stated an intention to continue CPAP.
Results The table shows the 2 year incidence of accidents at home, 
work and driving (66/189), the incidence of new vascular events 
(25/189), and all cause mortality (4/189). 
Conclusions The event rates are moderate, and there is no statisti-
cally significant difference between the groups. A power calcula-
tion, based on these figures, suggests that in order not to miss a 30% 
reduction in relative risk over 2 years (4% absolute reduction), with 
90% power, would require 2,540 patients randomised; for accidents, 
880; for mortality over 6,000.

Abstract S42 Table 1 Summary of the 2 year accident and vascular 
event incidence in Oxford MOSAIC patients

Where No CPAP CPAP Total

Accidents Home 22 25 47

Work 4 5 9

Driving 6 4 10

Total 32 34 66

Vascular events Cardiovascular death 2 1 3

Other events 15 7 22

Total 17 8 25

All cause mortality 3 1 4

FRACTAL ANALYSIS OF WHOLE BLOOD INCIPIENT CLOT 
CONFIRMS AN EARLY MORNING PROTHROMBOTIC STATE 
IN PATIENTS WITH UNTREATED OBSTRUCTIVE SLEEP 
APNOEA SYNDROME
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Introduction Obstructive sleep apnoea syndrome (OSAS) indepen-
dently increases cardiovascular risk and a pro-thrombotic state has 
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