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Aims Obstructive sleep apnoea (OSA) is highly prevalent in patients with chronic heart failure (CHF) and
may contribute to CHF progression. We aimed to determine whether treatment of OSA with continuous
positive airway pressure (CPAP) would improve subjective and objective measures of heart failure sever-
ity in patients with CHF and OSA.

Methods and results Twenty-six patients with stable symptomatic CHF and OSA were randomized to
nocturnal auto-titrating CPAP or sham CPAP for 6 weeks each in crossover design. Study co-primary end-
points were changes in peak VO, and 6 min walk distance. Secondary endpoints were changes in left ven-
tricular ejection fraction, VE/VCO; slope, plasma neurohormonal markers, and quality-of-life measures.
Twenty-three patients completed the study protocol. Mean CPAP and sham CPAP usage were 3.5 + 2.5
and 3.3 + 2.2 h/night, respectively (P=0.31). CPAP treatment was associated with improvements in
daytime sleepiness (Epworth Sleepiness Score 7 4+ 4 vs. 8 + 5, P=0.04) but not in other quality-of-
life measures. There were no changes in other study endpoints.

Conclusion In patients with CHF and OSA, auto-titrating CPAP improves daytime sleepiness but not other
subjective or objective measures of CHF severity. These data suggest that the potential therapeutic
benefits of CPAP in CHF are achieved by alleviation of OSA rather than by improvement in cardiac
function.

Introduction

Chronic heart failure (CHF) is a major cause of morbidity and
mortality in developed countries and its prevalence and inci-
dence continue to rise." The Sleep Heart Health Study has
shown a cross-sectional association between obstructive
sleep apnoea (0OSA) and CHF.% Although often unrecognized,
OSA is highly prevalent in patients with CHF: up to 37%,
depending on diagnostic threshold and selection criteria
chosen.3* Furthermore, severe OSA is an independent risk
factor for fatal and non-fatal cardiovascular events, and
this risk may be reduced by the application of nocturnal
continuous positive airways pressure (CPAP).>

OSA is characterized by intermittent partial or complete
upper airway obstruction during sleep, disrupting normal
ventilation and sleep architecture. OSA is associated

* Corresponding author. Tel: +44 131 242 6422; fax: +44 131 242 6422.
E-mail address: lindsay.smith@ed.ac.uk

with systemic hypertension,®8 vascular endothelial dysfunc-
tion,>'® increased sympathetic nervous activity,’" and
increased levels of inflammatory mediators.'? In addition,
inspiration against the occluded upper airway generates
exaggerated negative intrathoracic pressure, which
adversely affects cardiac performance.'® These important
factors are all implicated in the development and pro-
gression of CHF.

There have been only two previous randomized controlled
trials to assess CPAP in patients with CHF and OSA.'*"> These
trials report improvements in left ventricular ejection frac-
tion (LVEF), overnight urinary norepinephrine excretion, sys-
tolic blood pressure, and some quality-of-life measures.
However, they employed parallel group comparisons with
small numbers of patients (n = 12-19 per group) and, impor-
tantly, no appropriate placebo control.

The aim of this study therefore was to determine whether,
using a double-blind randomized placebo-controlled
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crossover trial, treatment of OSA by nocturnal auto-titrating
CPAP would improve subjective and objective measures of
CHF severity.

Methods

Participants

Patients were recruited from general cardiology clinics at two uni-
versity hospitals in Edinburgh and from a specialist heart failure
clinic in Glasgow. Consecutive patients with CHF aged between 18
and 80 years were enrolled into this prospective study if the follow-
ing inclusion criteria were met: (i) symptomatic CHF [New York
Heart Association (NYHA) classes II-1V], (ii) LVEF determined
by echocardiography of <45%, (iii) clinical stability for at least
1 month, (iv) optimal medical therapy, and (v) apnoea/hypopnoea
index (AHI) >15 (predominantly obstructive) on polysomnography
(PSG). Exclusion criteria were acute coronary syndrome within the
preceding 3 months, primary valvular heart disease, sustained ven-
tricular arrhythmias (but not atrial fibrillation), and stroke with
residual neurological deficit. The study complied with the Declara-
tion of Helsinki, the protocol had the approval of the local Ethics
Committee, and all patients provided informed written consent.

Procedures

Sleep studies
Patients with 15 or more apnoeas/hypopnoeas per hour in bed on a
limited sleep study performed at home were invited to attend for
PSG at the Sleep Centre in Edinburgh. PSG was performed following
our standard laboratory protocol'® with a computerized recording
system (Compumedics, Abbotsford, Australia) consisting of: (i)
sleep monitoring through electro-encephalogram, electro-
oculogram, and submental plus outer canthi electromyogram,
(ii) bilateral tibial electromyogram and body position detector,
(iii) nasal pressure using a nasal cannula/pressure transducer
system, (iv) thoraco-abdominal movement from two inductance
plethysmographic belts, (v) finger pulse oximetry, (vi) snoring detec-
tion by digital microphone, and (vii) three-lead electrocardiogram.
All sleep studies were scored according to standard criteria by the
same experienced sleep technician.!” Apnoeas were defined as a
complete cessation in airflow lasting >10s and hypopnoeas as a
reduction in airflow or thoraco-abdominal movement by >50%
for >10s. Apnoeas were classified as (i) obstructive if thoraco-
abdominal movement was present during the apnoea; (ii) central
if thoraco-abdominal movement was absent; and (iii) mixed if
thoraco-abdominal movements were both present and absent
during the period of airflow cessation. '

Study protocol
This was a double-blind randomized placebo-controlled crossover
trial in patients with CHF and OSA. Patients were randomized to
nocturnal auto-titrating CPAP (Autoset Spirit: ResMed, Sydney,
Australia) and sham CPAP for 6 weeks each in a crossover design
with a 1-week washout period. Randomization to treatment order
was performed following baseline assessment using sealed envelopes
and a balanced block design with six patients per block. Study
co-primary endpoints were changes in peak VO, and 6 min walk dis-
tance. Secondary endpoints were changes in LVEF, VE/VCO, slope,
plasma neurohormonal markers, and quality-of-life measures.
Auto-titrating CPAP automatically adjusts pressure according to
upper airway obstruction, avoiding many of the disadvantages of
titration and treatment with conventional CPAP. It is as effective
as fixed pressure CPAP in reducing daytime sleepiness and AHI and
also increases nightly use and provides better quality sleep and
less discomfort.'”2° Sham CPAP was chosen as the placebo in the
present study because it was felt important to control for the dis-
comfort and possible sleep disruption of wearing a mask overnight;
it also makes observer blinding easier to maintain. The sham device

was created by setting delivered airway pressure to a minimum,
inserting a flow-restricting connector at the machine outlet, and
creating an extra hole in the collar of the main tubing at the end
of the mask.2" The device delivered a CPAP pressure of ~1 cm H-0.

Patients underwent an initial daytime education session and were
then supervised for their first night on each device in the Sleep
Centre. They were asked to use the machine for a minimum of 6 h
per night at home and provided with a contact telephone number
in case of any problems. In addition, all patients were contacted
by telephone by the Sleep Centre Research Nurse within 2 weeks
of taking each device home. Compliance with therapy was assessed
by interrogation of the CPAP unit to provide nightly usage data.

Study investigators performing assessments were blinded to treat-
ment modality; they were not involved in randomization, device
education, or follow-up; and study participants were instructed
not to discuss their device with them. Study participants themselves
were advised that two different types of breathing devices were
being tested and that they would receive both in a random order.

Functional evaluation was performed at the coordinating centre
at baseline, 6, and 13 weeks and included: (i) clinical assessment,
(ii) transthoracic echocardiography, (iii) symptom-limited cardiopul-
monary exercise testing, (iv) 6 min walk test, (v) neurohumoral
markers, (vi) Oxford SLEep Resistance (OSLER) test,”? and
(vii) quality-of-life assessment. At baseline evaluation, two 6 min
walk and two cardiopulmonary exercise tests were performed on
separate days to minimize any potential bias due to a training
effect; the second tests were taken as baseline data.

Cardiopulmonary exercise testing
Symptom-limited exercise tests were performed under physician
supervision using an electronically braked cycle ergometer. The
incremental exercise protocol was individualized, aiming for exer-
cise duration between 8 and 12 min.2* Respiratory gas exchange
measurements were obtained breath-by-breath using a computer-
ized metabolic cart (MSX, Ferraris Group Plc, Birmingham, UK).
Gas and flow calibrations were performed before each test.
Breath-by-breath data were formatted using a rolling eight breath
average. Peak VO,, VCO,, and VE were recorded as the highest
such values within the last 30 s of the test. Predicted peak VO,
values were calculated using the standard formulae described by
Wasserman et al.?* The VE/VCO, slope was calculated as a linear
regression function, excluding the non-linear part of the relation-
ship after the onset of acidotic drive to ventilation.??

Six minute walk test

A standardized test procedure was followed.? Patients were asked
to walk around a walking track, covering as much distance as poss-
ible for 6 min, and were allowed to rest if required.

Echocardiography

Transthoracic Doppler echocardiography was performed by a single,
experienced research sonographer using an ATL HDI 5000 system
(Philips Medical Systems Limited, Stevenage, UK). Left ventricular
volumes and ejection fraction were calculated according to the
modified Simpson’s rule.

Clinical and quality-of-life assessment
Clinical assessment was performed at each study visit and NYHA
class recorded. Standardized questionnaires (SF-36, Minnesota
Living with Heart Failure and Epworth Sleepiness Scale?®) were
used to assess quality of life and symptoms.

Neurohumoral markers

N-terminal pro-brain natriuretic peptide (NT-pro-BNP) and N-
terminal pro-atrial natriuretic peptide (NT-pro-ANP) were measured
using a chemiluminescent immunoassay (Roche Diagnostics Ltd,
Lewes, UK) on an Elecsys 2010 analyser. Plasma norepinephrine
concentrations were determined by an electrochemical method
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after separation by
chromatography.?”

reverse-phase high-performance liquid

Statistical analysis

Statistical analyses were performed using Statistical Package for
Social Sciences version 10 software (SPSS Inc., Chicago, IL, USA).
Continuous variables are expressed as mean values (+SD), or when
not normally distributed, data as medians (interquartile range).
Differences between CPAP and sham CPAP were assessed by two-
tailed, paired t-tests. NT-pro-BNP and NT-pro-ANP data were nor-
malized by logarithmic transformation prior to assessment. The
study had 80% power, at 5% significance level, to detect absolute
differences in the primary endpoints of 1.1 mL/min/kg in peak
VO, and 33 m in 6 min walk distance, assuming standard deviation
of expected changes of 1.9 mL/min/kg and 57 m, respectively.
Statistical significance was taken at the 5% level.

Results

Of the 349 patients who potentially fulfilled the entry
criteria, 114 consented to wundergo study screening
(Figure 1). Sleep studies were performed on 103, with 46
subsequently attending for in-laboratory PSG. Of the 29
patients fulfilling all trial entry criteria, two withdrew
consent for personal reasons and one died prior to randomiz-
ation (ruptured abdominal aortic aneurysm). Twenty-six
patients were randomized and, of these, two withdrew

immediately following the baseline assessment for personal
reasons and one withdrew after completion of the first limb
of the study because of mask claustrophobia. One patient
was excluded from the final analysis because multiple
changes to drug therapy, instituted by the patient’s attend-
ing physician, were deemed likely to influence trial end-
points. No time-order effects were observed.

Patient characteristics and continuous positive
airway pressure use

Study patients were predominantly late middle-aged men
(Table 1) maintained on optimal drug therapy for LV systolic
dysfunction. The study population demonstrated moderately
severe OSA, although only eight patients (31%) complained
excessive daytime sleepiness (Table 2). Mean nightly CPAP
and sham CPAP use were similar: 3.5 +2.5and 3.3 +2.2h
per night, respectively (P=0.31). Mean CPAP pressure
applied was 7 + 2 cm H,0.

Outcome data

There were subjective but no objective improvements in
daytime sleepiness with auto-titrating CPAP therapy
(Table 3). No differences were demonstrated in other
quality-of-life measures such as the SF-36 and Minnesota
Living with Heart Failure questionnaire scores (Table 3;

l No reply: 121 |
349 patients invited
to participate
I Declined: 114 |
A
114 patients
consented
85 patients did not
meet study criteria
A
29 patients
eligible Withdraw: 2 |
N 3 patients not
" randomized
A2 Deceased: 1 |
26 patients
randomized
I :{ Withdraw: 2
11 patients 13 patients
CPAP sham
o Withdraw: 1
\ 4 v
11 patients 12 patients
sham CPAP

| |
.

23 patients
completed study

Figure 1

CONSORT diagram of trial recruitment.
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Table 1 Patient characteristics (n = 26)

Age (years) 61+8
Sex (male:female) 23:3

Body mass index (kg/m?) 31+ 4
Hypertension 11 (42%)
Diabetes mellitus 7 (27%)
Hyperlipidaemia 16 (62%)
Smoking history 18 (69%)
Aetiology of CHF
Ischaemic heart disease 12
Dilated cardiomyopathy 12
Other 2
Atrial fibrillation 8 (31%)
Drug treatment
ACE/ARB 25 (96%)
Beta-blockers 21 (81%)
Digoxin 11 (42%)
Diuretics 20 (77%)
Spironolactone 9 (35%)
NYHA class—II/111/1V 20/5/1

Mean + SD or number (%). ACE, angiotensin-converting enzyme inhibi-
tor; ARB, angiotensin Il receptor blocker; NYHA, New York Heart
Association.

Table 2 Sleep assessment

Epworth Sleepiness Score 10+5
OSLER time (min) 29 +15
Obstructive apnoeas (per hour) 11 +15
Central apnoeas? (per hour) 1(4)
Mixed apnoeas® (per hour) 0(1)
Hypopnoeas (per hour) 22 +17
Apnoea/hypopnoea index (AHI) 36 + 23
Total sleep time (h) 4.6 +1.5
Sleep efficiency (%) 61+ 17
Oxygen saturation (%) 93+2
Oxygen desaturations >4% (per hour) 22 + 26

#Mean + SD except median (interquartile range).

Figure 2). Similarly, there were no differences in cardiac
function, exercise capacity, or neurohormonal activation
between CPAP and sham placebo (Table 3; Figure 3).

Discussion

We have conducted the first randomized double-blind
placebo-controlled crossover trial of auto-titrating noctur-
nal CPAP therapy in patients with CHF and OSA. In contrast
to smaller previous trials, CPAP improves daytime sleepiness
but not other subjective or objective measures of CHF sever-
ity. These data suggest that the potential therapeutic
benefits of CPAP in CHF are achieved by alleviation of OSA
rather than by improvement in cardiac function. However,
the efficacy of CPAP as a treatment for patients with CHF
and OSA may be limited in part by poor patient tolerability
and compliance.

Important advances have been made in the management
of patients with CHF in the last two decades. A range of
therapeutic options that are known to impact on symptoms,
quality of life, and prognosis are now available to the

physician. However, the prevalence of CHF continues to
rise, associated morbidity and mortality rates remain high,
and the financial burden to healthcare systems is great.’
The identification of potential exacerbating factors and
possible therapeutic targets therefore remains extremely
important. OSA is one such factor that commonly co-exists
with CHF, may contribute to disease progression, and can
be potentially targeted by CPAP therapy.

Two recently published randomized controlled trials in
patients with CHF and OSA are encouraging.'*?® These
trials reported that CPAP therapy improved LVEF, systolic
blood pressure, and symptoms. However, these studies had
important limitations including the single-blind design and
the small numbers of patients (n = 12-19 per intervention
group) completing study protocols. Some of the study find-
ings were not entirely consistent given that there were no
changes in peak VO, or NYHA class, despite improvements
in LVEF.

Previous trials of CPAP have used non-intervention control
groups raising concerns regarding potential placebo effects
and adequate blinding. This is a particular problem when
using device interventions that require training, supervision,
and close liaison with healthcare professionals. Prior work
with CPAP in patients with OSAHS has revealed a powerful
placebo effect, reducing ESS score by 2 points and improving
other quality-of-life measures.?**° Failure to control for a
placebo effect could therefore overestimate differences in
endpoints between intervention and non-intervention
groups. We therefore used sham CPAP as a placebo control
and, in our study, there were no differences in compliance
or dropout rates between sham and active CPAP limbs,
suggesting that patient blinding was maintained and that
an effective placebo was indeed employed.

Results of parallel group studies involving small numbers
of patients are susceptible to bias introduced by baseline
differences between control and treatment groups as well
as by outliers. For example, the control group in the
Kaneko et al.' trial had significantly worse OSA than the
treatment group at baseline and this may have led to wor-
sening of cardiovascular variables over the conduct of the
trial. Decisions whether to include or exclude outliers in
statistical analysis, or inadequate matching of outcome vari-
ables at study entry, such as LVEF and AHI thresholds, may
markedly alter statistical results and reported outcomes.
Indeed, the impact of outliers and the methods of statistical
analysis on the results of the study by Mansfield et al. have
been discussed elsewhere. "

Determining the effects of CPAP on cardiovascular out-
comes in patients with CHF and OSA remains an extremely
important clinical question. The present study utilized a
robust randomized double-blind placebo-controlled cross-
over trial design that enables patients to act as their own
control, thus reducing between-subject variability, avoiding
the need for matched control subjects, and increasing stat-
istical power. Indeed, our analysis of 23 patients yields a
power two to four times greater than that of the previously
published parallel group studies.?®' The entry criteria and
endpoints for the current study were well defined and
clinically relevant. Robust symptomatic and quality-of-life
assessments are vital when considering CPAP as a potential
treatment, as the patient’s perception of benefit is a
major determinant of future compliance with therapy.
Peak VO,, VE/VCO, slope, and NT-pro-BNP all provide
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Table 3 Effect of continuous positive airway pressure and sham continuous positive airway pressure on quality of life and cardiac function

Baseline Sham CPAP Treatment effect P-value

Echocardiography

LVESD (mm) 50 + 11 51 +13 51+ 14 —0.1(—0.4t00.3) 0.79

LVEDD (mm) 61+ 10 63 + 12 63 + 12 0.0 (—0.4t0 0.3) 0.83

FS (%) 18+7 20+ 8 19+6 0.1 (—3.3to 3.6) 0.95

LVEF (%) 29 +10 30+ 10 30+ 10 0.7 (—1.8t03.2) 0.56
Exercise capacity

6 MW (m) 550 + 121 552 + 121 546 + 124 0 (=14 to 14) 0.98

Exercise time (min) 10.0 + 2.3 9.7+3.0 9.8 +3.1 0.2 (—0.3t00.7) 0.44

Peak VO, (mL/kg/min) 14.8 + 4.2 14.7 + 4.6 14.5 + 4.2 —0.2 (—0.9to 0.4) 0.48

VE/VCO;, slope 32+5 33+7 33+8 -0.3(—=1.9to 1.4) 0.73
Quality of life

Minnesota 38 +27 34+ 28 36 +29 1.0 (—4.3to0 6.4) 0.70

SF-36—physical 34+ 16 35+ 14 34+ 14 —1.0(—3.6to0 1.6) 0.43

SF-36—mental 51+ 10 50 + 11 49 + 12 —0.5(—4.2t03.2) 0.79
Daytime sleepiness

ESS 10+5 8+5 7+4 —1(=1.9t00.0) 0.04

OSLER (min) 27 +15 29 +13 30+ 14 0.7 (—2.2 to 3.6) 0.63

Mean + SD except treatment effect (95% confidence interval).

ESS, Epworth Sleepiness Scale; FS, fractional shortening; LVEDD, left ventricular end-diastolic dimension; LVESD, left ventricular end-systolic dimension;
LVEF, left ventricular ejection fraction; OSLER, Oxford SLEep Resistance test; 6 MW, 6 min walk test.

1 Baseline
=3 Sham
Ez3 CPAP

SF-36 questionnaire score

R-E SF BP  MH
SF-36 health domain

Figure 2 Effect of continuous positive airway pressure and sham continuous
positive airway pressure on quality-of-life measures (SF-36). PF, physical
function; R-P, role-physical; R-E, role-emotional; SF, social function; BP,
bodily pain; MH, mental health; V, vitality; GH, general health.

important prognostic information in CHF.3%~34 LVEF also pro-
vides useful information but correlates poorly with symp-
toms and functional limitation in CHF.*> Major treatment
advances in the management of CHF patients, such as the
introduction of ACE inhibitors, beta-blockers, and, more
recently, biventricular pacing, have been shown to
improve these parameters and subsequently, in large ran-
domized controlled trials, to reduce hospitalization rates
and mortality.3¢73°

We have shown small and clinically modest improvementsin
subjective, but not objective, measures of daytime sleepiness
with CPAP that are not due to a placebo effect. This is perhaps
not surprising as the aetiology of sleepiness in patients with
CHF is clearly multifactorial. In contrast to previous work,
no improvements in quality-of-life measures, functional
capacity, or other markers of CHF severity were identified
with CPAP therapy in this patient group. This is despite the

greater severity of both CHF and OSA in our study population
when compared with that of Mansfield et al."®

Compliance with CPAP therapy in this study was reason-
able, particularly when the reduced total sleep time is
considered, but was poorer than that achieved in other
studies.’® "> This was despite careful education, initiation
of treatment in-laboratory, and the provision of ongoing
support, suggesting that CPAP may not be acceptable to a
proportion of patients with CHF and OSA. Previous work in
patients with OSAHS has shown that there is a need to
derive symptomatic benefit from CPAP in order to accept
the associated discomfort and inconvenience. Accordingly,
compliance and long-term usage in patients with mild
OSAHS are poor.?’ Similarly, patients with CHF and OSA
who do not have excessive daytime sleepiness, or whose
sleepiness is due to factors other than OSA, may not
comply with CPAP therapy. We did not find the ESS and
OSLER tests to be helpful in identifying which patients
with CHF and OSA would derive symptomatic benefit from
CPAP.

Study limitations

The study protocol did not include follow-up PSG. Our aim
was to investigate whether auto-titrating CPAP was a toler-
able and effective treatment for patients with CHF and OSA
rather than whether auto-titrating CPAP reduced AHI.
Although not routinely performed in the clinical setting,
we accept that a follow-up PSG would have been helpful
to ensure efficacy of the treatment intervention.
Inadequate reduction in AHI, due to limited subject com-
pliance, would be a possible explanation for the lack of effi-
cacy of CPAP therapy for cardiovascular endpoints. However,
it is important to note the low total sleep times observed in
this study: in itself an interesting and important finding in
patients with CHF. Moreover, CPAP use was greater than
that observed in our previous studies of patients with
OSAHS where we have shown that CPAP therapy produced
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NT-pro-ANP NE
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Neurohormonal concentration
-]
3

Baseline  Sham CPAP Baseline

Sham CPAP Baseline  Sham CPAP

Figure 3 Effect of continuous positive airway pressure and sham continuous positive airway pressure on plasma neurohumoral measures of cardiac function
NT-pro-BNP, N-terminal pro-brain natriuretic peptide; NT-pro-ANP, N-terminal pro-atrial natriuretic peptide; NE, norepinephrine. NT-pro-BNP and NT-pro-ANP
are logarithmically transformed and data are presented as mean, interquartile ranges, and 95% confidence intervals.

significant improvements in both quality-of-life and cardio-
vascular endpoints.®?° Moreover, Bradley et al.*° demon-
strated sustained improvements in LVEF and plasma
norepinephrine concentrations with comparable nightly
CPAP use (3.6 h at 12 months), albeit in CHF patients with
central sleep apnoea rather than OSA. We also accept that
the duration of treatment in the present study may have
been insufficient to demonstrate effects on cardiovascular
endpoints, although previous work has shown benefits
after only 4 weeks of treatment.% 144142

We used the American Academy of Sleep Medicine defi-
nition of significant respiratory events which does not
require oxygen desaturation when flow is measured by
nasal pressure rather than thermal signal.'® Our system
recorded flow by nasal pressure in addition to thoraco-
abdominal movement and these signals were used to ident-
ify hypopnoeas. Hypopnoeas cannot be differentiated with
certainty between central and obstructive from surface
techniques and therefore we report events per hour rather
than central and obstructive events separately. The study
cohort showed a moderate degree of OSA with the majority
of respiratory events being hypopnoeas, a proportion of
which may have been central in nature. On the basis of
these results, it is not possible to exclude benefit from
auto-titrating CPAP in patients with concomitant severe
OSA and CHF.

Conclusion

Auto-titrating nocturnal CPAP improves subjective daytime
sleepiness but not other quality-of-life measures or
markers of CHF severity in patients with CHF and OSA.
These data suggest that symptomatic benefit in this
patient group is achieved by alleviation of OSA rather than
by improvement in cardiac function. The efficacy of CPAP
as a treatment for patients with CHF and OSA may in part
be limited by poor patient tolerability and compliance. On
the basis of our findings, we believe that this approach is
unlikely to provide a major therapeutic impact on the
morbidity and mortality associated with CHF.

Acknowledgements

This work was supported by the British Heart Foundation (PG/02/
078/14122, PG/02/131/14612), London, UK. We thank all the staff
in the Wellcome Trust Clinical Research Facility, Edinburgh, for
their assistance with these studies.

Conflict of interest: N.J.D. was on the Medical Advisory Board of
ResMed until May 2006 and is a stockholder of ResMed. All other
authors declare no competing interests.

References

1. Levy D, Kenchaiah S, Larson MG, Benjamin EJ, Kupka MJ, Ho KK,
Murabito JM, Vasan RS. Long-term trends in the incidence of and survival
with heart failure. N Engl J Med 2002;347:1397-1402.

2. Shahar E, Whitney CW, Redline S, Lee ET, Newman AB, Javier NF,
O’Connor GT, Boland LL, Schwartz JE, Samet JM. Sleep-disordered
breathing and cardiovascular disease: cross-sectional results of the
Sleep Heart Health Study. Am J Respir Crit Care Med 2001;163:19-25.

3. Javaheri S, Parker TJ, Liming JD, Corbett WS, Nishiyama H, Wexler L,
Roselle GA. Sleep apnea in 81 ambulatory male patients with stable
heart failure. Types and their prevalences, consequences, and presenta-
tions. Circulation 1998;97:2154-2159.

4. Sin DD, Fitzgerald F, Parker JD, Newton G, Floras JS, Bradley TD. Risk
factors for central and obstructive sleep apnea in 450 men and women
with congestive heart failure. Am J Respir Crit Care Med 1999;160:
1101-1106.

5. Marin JM, Carrizo SJ, Vicente E, Agusti AG. Long-term cardiovascular out-
comes in men with obstructive sleep apnoea-hypopnoea with or without
treatment with continuous positive airway pressure: an observational
study. Lancet 2005;365:1046-1053.

6. Parker JD, Brooks D, Kozar LF, Render-Teixeira CL, Horner RL, Douglas BT,
Phillipson EA. Acute and chronic effects of airway obstruction on canine
left ventricular performance. Am J Respir Crit Care Med 1999;160:
1888-1896.

7. Peppard PE, Young T, Palta M, Skatrud J. Prospective study of the associ-
ation between sleep-disordered breathing and hypertension. N Engl J
Med 2000;342:1378-1384.

8. Faccenda JF, Mackay TW, Boon NA, Douglas NJ. Randomized placebo-
controlled trial of continuous positive airway pressure on blood pressure
in the sleep apnea-hypopnea syndrome. Am J Respir Crit Care Med 2001;
163:344-348.

9. Kato M, Roberts-Thomson P, Phillips BG, Haynes WG, Winnicki M,
Accurso V, Somers VK. Impairment of endothelium-dependent vasodila-
tion of resistance vessels in patients with obstructive sleep apnea.
Circulation 2000;102:2607-2610.

10. Ip MS, Lam B, Chan LY, Zheng L, Tsang KW, Fung PC, Lam WK. Circulating
nitric oxide is suppressed in obstructive sleep apnea and is reversed by
nasal continuous positive airway pressure. Am J Respir Crit Care Med
2000;162:2166-2171.

11. Somers VK, Dyken ME, Clary MP, Abboud FM. Sympathetic neural mechan-
isms in obstructive sleep apnea. J Clin Invest 1995;96:1897-1904.

12. Shamsuzzaman AS, Winnicki M, Lanfranchi P, Wolk R, Kara T, Accurso V,
Somers VK. Elevated C-reactive protein in patients with obstructive
sleep apnea. Circulation 2002;105:2462-2464.

13. Tkacova R, Rankin F, Fitzgerald FS, Floras JS, Bradley TD. Effects of con-
tinuous positive airway pressure on obstructive sleep apnea and left ven-
tricular afterload in patients with heart failure. Circulation 1998;98:
2269-2275.

14. Kaneko Y, Floras JS, Usui K, Plante J, Tkacova R, Kubo T, Ando S,
Bradley TD. Cardiovascular effects of continuous positive airway pressure
in patients with heart failure and obstructive sleep apnea. N Engl J Med
2003;348:1233-1241.



CPAP in patients with CHF and OSA

1227

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Mansfield DR, Gollogly NC, Kaye DM, Richardson M, Bergin P,
Naughton MT. Controlled trial of continuous positive airway pressure in
obstructive sleep apnea and heart failure. Am J Respir Crit Care Med
2004;169:361-366.

Douglas NJ, Thomas S, Jan MA. Clinical value of polysomnography. Lancet
1992;339:347-350.

Rechtschafen A, Kales A. A manual of standardized terminology,
techniques and scoring system for sleep stages of human subjects.
Washington, D.C: Public Health Service, US Government Printing Office;
1963.

American Academy of Sleep Medicine Task Force Report. Sleep-related
breathing disorders in adults: recommendations for syndrome definition
and measurement techniques in clinical research. Sleep 1999;22:
667-689.

Masa JF, Jimenez A, Duran J, Capote F, Monasterio C, Mayos M, Teran J,
Hernandez L, Barbe F, Maimo A, Rubio M, Montserrat JM. Alternative
methods of titrating continuous positive airway pressure: a large multi-
center study. Am J Respir Crit Care Med 2004;170:1218-1224.

Massie CA, McArdle N, Hart RW, Schmidt-Nowara WW, Lankford A,
Hudgel DW, Gordon N, Douglas NJ. Comparison between automatic and
fixed positive airway pressure therapy in the home. Am J Respir Crit
Care Med 2003;167:20-23.

Davies RJ, Harrington KJ, Ormerod OJ, Stradling JR. Nasal continuous
positive airway pressure in chronic heart failure with sleep-disordered
breathing. Am Rev Respir Dis 1993;147:630-634.

Priest B, Brichard C, Aubert G, Liistro G, Rodenstein DO. Microsleep
during a simplified maintenance of wakefulness test. A validation study
of the OSLER test. Am J Respir Crit Care Med 2001;163:1619-1625.
American Thoracic Society/American College of Chest Physicians. ATS/
ACCP statement on cardiopulmonary exercise testing. Am J Respir Crit
Care Med 2003;167:211-277.

Wasserman K, Hansen JE, Sue DY, Whipp BJ, Casaburi R. Principles of
Exercise Testing and Interpretation. 3rd ed. Philadelphia: Lippincott
Williams & Wilkins; 1999.

Opasich C, Pinna GD, Mazza A, Febo O, Riccardi R, Riccardi PG,
Capomolla S, Forni G, Cobelli F, Tavazzi L. Six-minute walking perform-
ance in patients with moderate-to-severe heart failure; is it a useful
indicator in clinical practice? Eur Heart J 2001;22:488-496.

Johns MW. A new method for measuring daytime sleepiness: the Epworth
sleepiness scale. Sleep 1991;14:540-545.

Goldstein DS, Feuerstein G, Izzo JL Jr, Kopin IJ, Keiser HR. Validity and
reliability of liquid chromatography with electrochemical detection for
measuring plasma levels of norepinephrine and epinephrine in man.
Life Sci 1981;28:467-475.

Mansfield D, Kaye DM, Brunner LR, Solin P, Esler MD, Naughton MT. Raised
sympathetic nerve activity in heart failure and central sleep apnea is due
to heart failure severity. Circulation 2003;107:1396-1400.

Engleman HM, Kingshott RN, Wraith PK, Mackay TW, Deary 1J, Douglas NJ.
Randomized placebo-controlled crossover trial of continuous positive
airway pressure for mild sleep apnea/hypopnea syndrome. Am J Respir
Crit Care Med 1999;159:461-467.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

1.

42.

Jenkinson C, Davies RJ, Mullins R, Stradling JR. Comparison of thera-
peutic and subtherapeutic nasal continuous positive airway pressure for
obstructive sleep apnoea: a randomised prospective parallel trial.
Lancet 1999;353:2100-2105.

Blankfield RP, Zyzanski SJ. Continuous positive airway pressure in
obstructive sleep apnea and heart failure. Am J Respir Crit Care Med
2004;170:96.

Chua TP, Ponikowski P, Harrington D, Anker SD, Webb-Peploe K, Clark AL,
Poole-Wilson PA, Coats AJ. Clinical correlates and prognostic significance
of the ventilatory response to exercise in chronic heart failure. J Am Coll
Cardiol 1997;29:1585-1590.

Mancini DM, Eisen H, Kussmaul W, Mull R, Edmunds LH Jr, Wilson JR. Value
of peak exercise oxygen consumption for optimal timing of cardiac trans-
plantation in ambulatory patients with heart failure. Circulation 1991;
83:778-786.

McDonagh TA, Cunningham AD, Morrison CE, McMurray JJ, Ford I,
Morton JJ, Dargie HJ. Left ventricular dysfunction, natriuretic peptides,
and mortality in an urban population. Heart 2001;86:21-26.

Franciosa JA, Park M, Levine TB. Lack of correlation between exercise
capacity and indexes of resting left ventricular performance in heart
failure. Am J Cardiol 1981;47:33-39.

The SOLVD Investigators. Effect of enalapril on survival in patients with
reduced left ventricular ejection fractions and congestive heart failure.
N Engl J Med 1991;325:293-302.

Packer M, Colucci WS, Sackner-Bernstein JD, Liang CS, Goldscher DA,
Freeman |, Kukin ML, Kinhal V, Udelson JE, Klapholz M, Gottlieb SS,
Pearle D, Cody RJ, Gregory JJ, Kantrowitz NE, LeJemtel TH, Young ST,
Lukas MA, Shusterman NH. Double-blind, placebo-controlled study of
the effects of carvedilol in patients with moderate to severe heart
failure. The PRECISE Trial. Prospective Randomized Evaluation of Carve-
dilol on Symptoms and Exercise. Circulation 1996;94:2793-2799.
Abraham WT, Fisher WG, Smith AL, Delurgio DB, Leon AR, Loh E,
Kocovic DZ, Packer M, Clavell AL, Hayes DL, Ellestad M, Trupp RJ,
Underwood J, Pickering F, Truex C, McAtee P, Messenger J. Cardiac resyn-
chronization in chronic heart failure. N Engl J Med 2002;346:1845-1853.
Cleland JG, Daubert JC, Erdmann E, Freemantle N, Gras D,
Kappenberger L, Tavazzi L. The effect of cardiac resynchronization on
morbidity and mortality in heart failure. N Engl J Med 2005;352:
1539-1549.

Bradley TD, Logan AG, Kimoff RJ, Series F, Morrison D, Ferguson K,
Belenkie I, Pfeifer M, Fleetham J, Hanly P, Smilovitch M, Tomlinson G,
Floras JS. Continuous positive airway pressure for central sleep apnea
and heart failure. N Engl J Med 2005;353:2025-2033.

Malone S, Liu PP, Holloway R, Rutherford R, Xie A, Bradley TD. Obstruc-
tive sleep apnoea in patients with dilated cardiomyopathy: effects of
continuous positive airway pressure. Lancet 1991;338:1480-1484.
Pepperell JC, Ramdassingh-Dow S, Crosthwaite N, Mullins R, Jenkinson C,
Stradling JR, Davies RJ. Ambulatory blood pressure after therapeutic and
subtherapeutic nasal continuous positive airway pressure for obstructive
sleep apnoea: a randomised parallel trial. Lancet 2002;359:204-210.



