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his article takes the con position, i.e., that routine sleep stud-

ies are not indicated in patients with heart failure (HF).
Simply put, the evidence is currently insufficient to recommend
this expensive diagnostic strategy. This statement is based on
analysis of what we know about the following: the epidemiolo-
gy of this problem in this patient group; case identification strate-
gies; most importantly, benefits of treatment of sleep-disordered
breathing in patients with HF; as well as an analysis of likely
costs of the strategy. Before we address these issues, we first
address some definitional questions.

Sleep-disordered breathing in heart failure is said to exist in
two varieties,!2 i.e., central sleep apnea occurring during
Cheyne-stokes respiration (for definitions, see reference 3) and
obstructive sleep apnea (for definitions, reference 3). These are
both said to occur commonly in patients with congestive heart
failure.!-2: 48 Cheyne-Stokes respiration is the result of an oscil-
latory cyclical neural output to the diaphragm.? This occurs
when overall loop gain is sufficiently high and there is unstable
operation of the ventilatory control system leading to self-sustain-
ing oscillations.>!!  Both chemoreceptor gain!%!3 and the apnea
threshold for CO, that is found during sleep!“ play a role. But
oscillatory output will also affect output to upper airway dilator
muscles, hence facilitating development of obstructive sleep
apnea in susceptible individuals. Thus, at a pathogenetic level
these are not totally separable disorders. Clinically, both com-
monly exist in the same individual and the frequency of each type
of event may vary across a single night.!> Thus, there are mixed
distributions of types of respiratory events during sleep in indi-
vidual subjects. (These mixed distributions should not be con-
fused with mixed individual apneas or hypopneas.)
Unfortunately, there is no consistency in the criteria used as to
what constitutes primarily obstructive events, as compared to
central. Some recent studies, for example, use a definition for
obstructive sleep apnea of having >50% of events being obstruc-
tive in nature,!¢ while another study uses >80% of events being
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obstructive to qualify as obstructive sleep apnea.!” This issue is
further compounded by problems in identifying whether an indi-
vidual event is central or obstructive from surface measurements,
i.e., without esophageal pressure monitoring.!® Nevertheless,
despite these major issues, the literature in this area treats central
and obstructive sleep-disordered breathing as if they were sepa-
rate processes.!2 This artificial distinction may have impeded
progress in this area.

Much of the investigation in this area, at least until recently,
has focused on central sleep apnea. An early study suggested that
this was extremely common in patients with heart failure.
Defined as an apnea-hypopnea index >15 episodes/hour, this
occurred in 40% of patients.* This early study (see also Table 1)
was based on a case series from one institution (a Veterans
Administration Medical Center). Other case series have fol-
lowed (see references 5-8 and Table 1), all with a relatively lim-
ited sample size apart from the study of Sin et al with 450 sub-
jects.” But this latter study cannot be used to define prevalence,
since individuals investigated in this study were referred to a
sleep center for evaluation because of suspicions they had prob-
lems with their sleep. Thus, this is a very biased sample! If this
study is not considered, the other studies are too small to give
accurate estimates of prevalence. Not surprisingly, these studies
do not give confidence intervals for their estimates of prevalence,
which will be large as a result of the small sample sizes. The
samples are not robust from an epidemiological viewpoint since
they are mostly case series from individual institutions.
Moreover, and most importantly, these studies were largely done
before the recent changes in management of systolic dysfunction
in HF. (All of the current literature on sleep-disordered breath-
ing is for systolic dysfunction, not for diastolic dysfunction.)
These recent changes have resulted in more aggressive medical
management, focusing on neurohormonal blockade of the renin-
angiotensin-aldersterone and adrenergic systems as well as
applying novel pacing strategies. (for new guidelines, see refer-
ence 19). The report of an average systolic blood pressure of 120
mm Hg in the report of Javaheri et al,* as compared to the much
more aggressive current therapeutic target of 90 to 110 mm Hg?0
indicates that these patients were inadequately treated based on
today’s standards. Moreover, in the study of Solin et al,> the
group with central sleep apnea had a mean wedge pressure of
22.8+1.2 mm Hg. This is significantly higher than would be con-
sidered acceptable after aggressive “tailored” medical manage-
ment?! and higher than in the group with no apneas (11.5+1.3 mm
Hg). Thus, the apparent high prevalence in these small case
series may simply be a consequence of inadequate medical man-
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agement in some patients. Further support for this hypothesis
also comes from the study of Solin et al®> who showed both a cor-
relation between central apnea-hypopnea index and pulmonary
capillary wedge pressure (r=0.47, p=0.006) as well as reductions
in frequency of respiratory events as wedge pressure was reduced
by intensive medical therapy (see Figure 2, reference 5). These
studies were also largely done before the recent widespread use
of beta-blockers in this patient population, as a result of large ran-
domized clinical trials.?>26  Since beta-blockers can reduce the
increase in the ventilatory response to hypoxia that is produced
by norepinephrine,?’ it is arguable that this will directly reduce
the likelihood of Cheyne-Stokes respiration. (Reductions in the
ventilatory response will lead to increased stability of the venti-
latory control system, i.e., less tendency to oscillate.) In addition,
beta blockers have been shown to promote remodeling of the fail-
ing ventricle and over time may improve cardiac performance.
As the heart improves, the cardiac index may improve ameliorat-
ing some of the pathogenetic mechanisms for central sleep apnea.
Several other more recent interventions have also been shown to
improve heart function, heart failure symptoms and survival.
Biventricular pacing is rapidly becoming the standard of care in
appropriate patients with advanced heart failure.28 This therapy
can also improve cardiac index and lead to “positive” remodel-
ing. There is, moreover, a provocative study that showed that
atrial pacing improves obstructive sleep apnea.?? Thus, we cur-
rently know very little about the current epidemiology of sleep-
disordered breathing in patients with HF, with either systolic or
diastolic dysfunction, and we cannot answer the very basic ques-
tion, i.e., how common is sleep-disordered breathing in patients
with HF when modern medical management is used? And which
of the current medical or device strategies now used for treatment
of heart failure improve sleep-disordered breathing?

One argument that Dr. Naughton will likely advance to argue
that sleep studies need to be done is that it is difficult clinically
to determine who is likely to have central sleep apnea. (The clin-
ical features of obstructive sleep apnea are well known and are
not repeated here.3?) The problem, of course, is that nobody has
done the necessary investigation. We do know that there are def-
inite risk factors for the presence of Cheyne-Stokes respiration,
i.e., older age, male gender, presence of atrial fibrillation and a
lower PaCO,.7 But how useful this clinical information is in
identifying patients with HF, who are likely to have Cheyne-
Stokes respiration, has never been addressed prospectively. It
seems important that such studies are done before simply recom-
mending a study on everybody!

The key issue, before proposing to do sleep studies on everybody
with HF, and hence identify individuals with HF who have sleep-

disordered breathing, is to consider whether treatment benefits these
individuals. Unfortunately, this is where the data are weakest and
there are no definitive data that there are treatment benefits in this
patient group. Initial studies focused on treatment of Cheyne-
Stokes respiration by nasal continuous positive airway pressure
(CPAP)31-3¢6 although both oxygen37-4! and other positive pressure
modalities have been used.*> 4 Early, somewhat small, studies by
Dr. Naughton and colleagues showed increases in left ventricular
ejection fraction with CPAP3! and reductions in catecholamine lev-
els32 as compared to normal medical management, i.c., without
specifically addressing sleep-disordered breathing. But changes in
these intermediate end-points do not of necessity extrapolate into
changes in more meaningful hard cardiological end-points, e.g.,
transplant free survival time. There are several examples of drugs
that improve exercise capacity, heart failure symptoms and ejection
fraction that are associated with worsening survival in heart failure.
Despite very promising early small studies, inotropic drugs (adren-
ergic agonists as well as phosphodiesterase inhibitors with both
intravenous and oral formulations) show impressive acute improve-
ments but have all been associated with increased risk of death.#
For this reason, large scale multicentered clinical trials that are
designed to evaluate transplant free survival are necessary before
benefit can be assessed. The effect of CPAP on transplant free sur-
vival has been addressed in the study of Sin et al.3¢ In this study, 14
patients were randomized to CPAP and 15 to normal medical man-
agement. Over a follow-up period of the order of 42 months, there
was no significant difference in transplant free survival in an intent
to treat analysis between the groups (p=0.101). But when the two
patients on the CPAP treatment arm who did not use CPAP were
excluded, the differences were significant (p=0.047). Hardly, a
ringing endorsement of the efficacy of this approach. There are,
moreover, contrary data. A very small study conducted in Oxford
(n=-6) found no improvement in left ventricular ejection fraction
with CPAP in patients with HF.33 Despite the problems with these
small studies on efficacy and safety, investigators have moved, per-
haps too rapidly, to a large multi-center trial in Canada on effect of
CPAP on transplant free survival time. This study is called the
CANPAP study (for details, see reference 45). The study has been
ongoing for many years and results of this study are eagerly await-
ed. It is a critical piece of data to have before making any recom-
mendations about diagnostic strategies.

While the jury is still out with respect to benefit of treating
Cheyne-Stokes respiration in such patients, investigators in this
area are already “jumping ship” and two recent studies,!¢ 17 one
from Dr. Naughton’s group,!” have begun to study the benefit of
treating obstructive sleep apnea. The same paradigm that was
used for Cheyne-Stokes respiration is being followed and both of

Table 1—Proportion of patients with HF who had Cheyne-Stokes or obstructive apnea in different studies

Reference N % with %
Cheyne-Stokes OSA Comment
Javaheri et al, Circ 97:2154, 1998 4 81 40 11 Case series: pre-beta blockers
Sin et al, AIRCCM 160:1101, 19997 450 29 32 Pre-beta blocker; referred to sleep program;
not generalizable sample (AHI>15)
Solin et al, Circ 99:1574, 1999 5 75 44 27 Case series: pre-beta blockers
Tremel et al, Eur Heart J 20:1201, 1999 ¢ 34 62 21 Small case series; pre-beta blockers
Lanfranchi et al, Circ 107:727, 2003 8 47 55 11 Small case series; about 40% on
beta blockers
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these small studies—24 (12 on CPAP, 12 control)!¢ and 55 (28 on
CPAP, 27 control)—have shown improvement in left ventricular
ejection fraction after one month'® and 3 months, respectively.!” It
is to be hoped that investigators in this area build a more robust
base on likely treatment efficacy, as well as safety, before embark-
ing on another large phase 3 randomized control clinical trial.

While we know little about benefit, we can provide some esti-
mate of cost of the strategy proposed by Dr. Naughton. If we use
figures from the American Heart Association, there are 5 million
patients in the United States alone with a diagnosis of congestive
heart failure. If we use a round figure of $1,000/sleep study, the
expense of Dr. Naughon’s proposal is $5 billion in the first year.
Moreover, there are continued costs since 550,000 new patients
with HF are identified each year. Thus, the annual recurring costs
would be $550 million/annum. While one might quibble about
the exact numbers, no matter what assumptions one makes, these
are big expenses. We would do our part to contribute to the
growing fiscal deficit in the United States. These large expenses
are being justified based on small trials using intermediate end-
points and one small study in which transplant free survival was
assessed, and was only significant when two subjects in the
CPAP treatment group were excluded from the analyses. If you
buy this, we have a bridge in Philadelphia that we are selling!

In conclusion, the evidence is totally lacking for Dr. Naughton
to advocate doing sleep studies in all patients with heart failure.
Investigators in this area need to avoid such hype and return to
basics. We need robust epidemiological studies; studies on case
identification; more in-depth studies on safety and efficacy
before proceeding to randomized clinical trials. It is tempting to
jump to the final answer but scientific investigation is built, albeit
at times tediously, brick by brick.
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