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ABSTRACT: In patients with heart failure (HF), the predominant type of sleep apnoea can change

over time in association with alterations in circulation time.

The aim of this study was to determine whether, in some patients with HF, a spontaneous shift

from mainly central (.50% central events) to mainly obstructive (.50% obstructive events) sleep

apnoea (CSA and OSA, respectively) over time coincides with improvement in left ventricular

ejection fraction (LVEF). Therefore, sleep studies and LVEFs of HF patients with CSA from the

control arm of the Canadian Continuous Positive Airway Pressure for Patients with Central Sleep

Apnea and Heart Failure (CANPAP) trial were examined to determine whether some converted to

mainly OSA and, if so, whether this was associated with an increase in LVEF.

Of 98 patients with follow-up sleep studies and LVEFs, 18 converted spontaneously to

predominantly OSA. Compared with those in the nonconversion group, those in the conversion

group had a significantly greater increase in the LVEF (2.8% versus -0.07%) and a significantly

greater fall in the lung-to-ear circulation time (-7.6 s versus 0.6 s).

In patients with HF, spontaneous conversion from predominantly CSA to OSA is associated with

an improvement in left ventricular systolic function. Future studies will be necessary to further

examine this relationship.

KEYWORDS: Central sleep apnoea, congestive heart failure, left ventricular function, obstructive

sleep apnoea, sleep-disordered breathing

S
leep-disordered breathing, including
obstructive and central sleep apnoea
(OSA and CSA, respectively) is common

in patients with heart failure (HF). The overall
prevalence of sleep-disordered breathing in such
patients has been reported to be between 45 and
72%; that of CSA between 15 and 42%; and that of
OSA between 12 and 53% [1–6].

Some patients with HF have a combination of
both OSA and CSA on the same night. For
example, in one study, TKACOVA et al. [7]
described 12 HF patients who had approximately
equal numbers of obstructive and central events
during the same night. An intriguing observation
was that in all 12 cases, the apnoea type shifted
overnight from predominantly obstructive to
predominantly central. Concurrently, there was
an increase in circulation time and a reduction in
carbon dioxide tension (PCO2). These observa-
tions suggested that the shift from obstructive to
central apnoea was related to an overnight
deterioration in cardiac function. However, in
that study, cardiac function was assessed only
indirectly by measuring lung-to-ear circulation

time (LECT). Nevertheless, these findings sug-
gested that deterioration in cardiac function in
HF patients with OSA might be accompanied by
a shift in apnoea-type towards central predomin-
ance.

In another study, TKACOVA et al. [8] described a
small group of patients with HF who converted
from predominantly OSA on one night to
predominantly CSA on another night at least
1 month later, and another group who converted
in the opposite direction. In the first group,
nocturnal PCO2 fell and the periodic breathing
cycle duration increased, whereas, in the latter
group, PCO2 increased and cycle duration
decreased. In another study, improvement of
cardiac function following cardiac transplant-
ation in HF patients with CSA was accompanied
by resolution of CSA in the majority, and
conversion to predominantly OSA in a small
minority [9]. However, because these latter
subjects gained weight and underwent major
changes in prescribed medications, it is not clear
whether such conversion was related to
improved cardiac function or to other factors. In
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view of these observations, we hypothesised that in HF
patients with predominantly CSA, some would convert either
spontaneously or as a result of intensified HF therapy to
predominantly OSA, and such conversion would be accom-
panied by an improvement in cardiac function, as assessed
both directly by measurement of the left ventricular ejection
fraction (LVEF) and indirectly by measurement of LECT. To
this end, we analysed prospective data from HF patients with
CSA randomised to the control arm of the Canadian
Continuous Positive Airway Pressure for Patients with
Central Sleep Apnea and Heart Failure Trial (CANPAP) [10].

METHODS
Study design
CANPAP was a multicentre randomised, controlled open-label
trial with blind analysis of end-points involving HF patients
with CSA randomised either to optimal contemporary medical
therapy [11] alone (control group) or with the addition of
continuous positive airway pressure (CPAP) [10].

Subjects
Inclusion criteria were males and females aged 18–79 yrs who
had New York Heart Association (NYHA) functional class II to
IV HF due to ischaemic, hypertensive or idiopathic dilated
cardiomyopathy and whose condition had been stabilised on
optimal medical therapy for at least 1 month; an LVEF of ,40%
on radionuclide angiography; and CSA, defined as o15
apnoeas and hypopnoeas per hour of sleep (apnoea/hypo-
pnoea index; AHI), .50% of which were central. Exclusion
criteria were pregnancy, myocardial infarction, unstable
angina or cardiac surgery within the previous 3 months, and
OSA. Investigators were blind to the results of all follow-up
assessments (including overnight sleep studies) until the
termination of the trial. The research ethics boards of each of
the 11 participating centres approved the protocol. Enrolment
followed written informed consent.

Subjects from the control arm of CANPAP were included if
they had both polysomnography and LVEF determined at
either 3 months or 2 yrs after randomisation, as described
below. Polysomnographic data and LVEF from the latest
assessment for each patient were analysed and compared with
baseline values.

Baseline assessment
Eligible patients underwent a baseline assessment of medica-
tions, body mass index (BMI), resting LVEF measured by
radionuclide angiography and dyspnoea, assessed by the
Chronic Heart Failure Questionnaire (CHFQ; which assesses
patients’ dyspnoea according to a seven-point scale, with
lower scores indicating worse condition; changes .0.75 are
considered clinically significant) [12, 13], followed by over-
night polysomnography. Sleep stages and arousals, apnoeas
and hypopnoeas, and mean and lowest arterial oxygen
saturation (Sa,O2) levels were assessed according to uniform
criteria in all centres [13–16]. Respiratory efforts were
measured by respiratory inductance plethysmography, and
airflow by nasal pressure [14, 16, 17]. Central apnoea was
defined as the absence of tidal volume for o10 s without
thoracoabdominal motion, and central hypopnoeas as a
reduction of o50% in tidal volume from baseline for o10 s
with in-phase thoracoabdominal motion and without airflow

limitation on nasal pressure. Apnoeas and hypopnoeas were
classified as obstructive if there was out-of-phase motion of the
rib cage and abdomen, or if airflow limitation on nasal
pressure was present. The frequency of apnoeas and hypo-
pnoeas per hour of sleep was quantified as the AHI.

In the subset of 22 patients from Toronto Site A (Toronto
General Hospital/University Health Network, University of
Toronto, Toronto, ON, Canada), in whom Sa,O2 was assessed
by an ear, rather than a finger, oximeter, we analysed LECT
during stage 2 nonrapid eye movement sleep as an estimate of
lung-to-carotid chemoreceptor circulation time as previously
described [18–20]. During episodes of recurrent central
apnoeas, the first 10 consecutive periodic breathing cycles
were analysed in each subject, which always occurred in the
first half of the night. LECT was taken as the interval from the
onset of the first breath terminating an apnoea to the nadir of
the subsequent dip in Sa,O2. This technique has been validated
against cardiac output as a measure of circulation time in
patients with sleep apnoea, both with and without HF [20].
Body position was also recorded in this subset.

Follow-up assessments
Follow-up assessments of medications, LVEF, dyspnoea and
polysomnographic variables were repeated at 3 and 24 months
following randomisation for the entire cohort. For this analysis,
the predominant type of sleep apnoea–hypopnoea was
determined from the final polysomnogram available in
conjunction with data from other tests performed at that visit.
Those in whom .50% of events remained central were
classified as having CSA (i.e. nonconverters), while those in
whom o50% of the events were obstructive were classified as
having OSA (i.e. converters). In addition, in the subset of 22
patients from Toronto Site A, body position, BMI and LECT
were also assessed at these times.

Statistical analysis
Baseline characteristics of patients in the two groups were
compared by two-tailed unpaired t-tests for variables with
normally distributed data, the Mann–Whitney rank sum test
for variables with non-normally distributed data, and by Chi-
squared or Fisher’s exact test for nominal variables as
appropriate. To adjust for baseline differences, analysis of
covariance was used to compare differences within and
between groups in polysomnographic and cardiovascular
variables, measured at baseline and at follow-up after
enrolment. All data analyses were carried out with S-Plus 6.2
(Mathsoft Inc., Cambridge, MA, USA). All p-values are two-
sided.

RESULTS
Characteristics of the patients
Of the 258 patients enrolled in CANPAP, 130 were randomised
to control and 128 to CPAP. Of the 130 patients randomised to
the control, 32 were excluded because they died (n55), had a
cardiac transplant (n51) or did not have a sleep study and/or
an assessment of LVEF at 3 months or 2 yrs (n526). Of the 98
remaining patients, 18 (18%) had converted to OSA on the last
follow-up sleep study, while CSA persisted in the rest. Baseline
characteristics of the 98 patients appear in table 1. The mean
AHI indicated a similar severe degree of CSA in both groups at
baseline, with a similar proportion of both central and
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obstructive events. In both groups, HF was predominantly due
to ischaemic heart disease. Patients in the conversion group
were significantly younger, had a higher BMI, and had lower
CHFQ dyspnoea scores and systolic blood pressure. More
patients in the conversion group were on spironolactone than
in the nonconversion group.

Follow-up assessments
Of the 98 patients included in the analyses, 56 had final follow-
up polysomnography at 3 months and 42 at 2 yrs.

Polysomnographic and respiratory data
There were no significant changes in the mean and minimum
Sa,O2 values, total sleep time, distribution of sleep stages or
frequency of movement arousals between the baseline and
follow-up assessments in either the nonconversion or conver-
sion groups (table 2). As displayed in fig. 1, there was no

change in the total AHI, obstructive AHI or central AHI
between baseline and follow-up in the nonconversion group
(89% central and 11% obstructive events at both baseline and
follow-up). However, there was a significant decrease in both
the total AHI and central AHI, and, by definition, an increase
in the obstructive AHI between the baseline and follow-up
assessments in the conversion group (85% central and 15%
obstructive at baseline versus 27% central and 73% obstructive
at follow-up). Between group differences were significant for
the changes in the obstructive (p,0.001) and central (p,0.001)
AHI but not the total AHI (p50.12). This shift involved both
apnoea and hypopnoea types, although the shift in hypopnoea
type was more pronounced. The events at baseline and follow-
up were predominantly hypopnoeas in both the nonconver-
sion (55% to 55%) and conversion group (65% to 72%; table 2).

In the subgroup of 22 subjects from Toronto Site A from
baseline to last follow-up, there was no change in BMI in either
the nonconversion (n513, 28.5¡0.6 to 28.4¡1.0; p50.49) or
conversion (n59, 32.9¡1.5 versus 35.1¡2.5; p50.43) groups,
(p50.90 for between group differences), and no significant
change in the percentage of total sleep time spent in the supine
position for either the nonconversion (32.5¡8.3% versus
27.1¡8.2%; p50.54) or conversion (55.1¡10.2% versus
51.7¡13.2%; p50.86) groups (p50.912 for between group
differences). Whereas LECT did not change significantly from
baseline to follow-up in the nonconversion group (17.5¡1.8
versus 18.1¡1.0 s; p50.74), it decreased significantly by 7.6 s in
the conversion group (from 20.6¡3.4 to 13.0¡1.9 s; p50.03)
(between group difference of 8.2 s; p50.02).

Cardiovascular variables
As shown in table 3, there were no significant between group
differences in NYHA class from baseline to follow-up.
However, there was a significantly greater increase in the
mean LVEF from baseline to last follow-up in the conversion
group than in the nonconversion group (between group
difference of 3.5¡0.6%; p50.01). This difference in LVEF
continued to be statistically significant after adjusting for BMI
(p50.041). There was also a significantly greater improvement
in the CHFQ dyspnoea score in the conversion than in the
nonconversion group (between group difference of 0.9¡0.1;
p50.01) (table 2).

With respect to medications, in the nonconversion group, there
were significant increases in the percentage of individuals
prescribed b-blockers (76% versus 85%, p50.04) and spirono-
lactone (34% versus 43%, p50.02) from baseline to follow-up,
but no change in other medications. There were no significant
changes in the number of individuals prescribed any medica-
tion from baseline to follow-up in the conversion group (b-
blockers 89% versus 83%; spironolactone 67% versus 72%) or in
the dosage of medications prescribed over this time. Overall,
there was a significantly higher proportion of individuals
prescribed spironolactone in the conversion group than the
nonconversion group (p50.02).

DISCUSSION
This analysis of HF patients with CSA from the control arm of
the CANPAP trial was performed to determine if the nature of
sleep apnoea could change spontaneously over time in the
setting of a prospective randomised trial and, if so, whether

TABLE 1 Baseline characteristics of the subjects

Nonconversion

group

Conversion

group

p-value

Subjects 80 18

Age yrs 64.3¡1.0 59.3¡2.8 0.05

Sex M:F 76:4 18:0 1.00

BMI kg?m-2 28.5¡0.6 32.9¡1.5 0.002

AHI n?h-1 38.5¡1.8 39.1¡4.2 0.87

Cause of HF 0.55

IDCM 21 (26) 6 (33)

Ischaemic 56 (70) 11 (61)

Hypertensive 3 (4) 1 (6)

LVEF 24.3¡0.9 24.3¡1.7 0.99

NYHA class 0.49

II 59 (74) 13 (72)

III 20 (25) 4 (22)

IV 1 (1) 1 (6)

Atrial fibrillation

Present 13 (16) 3 (17) 1.00

Medications

Digoxin 43 (54) 9 (50) 0.80

Loop diuretics 72 (90) 16 (89) 1.00

Spironolactone 27 (34) 12 (67) 0.02

ACE inhibitors 63 (79) 17 (94) 0.18

b-blockers 61 (76) 15 (83) 0.76

CHFQ score

Dyspnoea 4.4¡0.1 3.5¡0.2 0.004

Blood pressure mmHg

Systolic 116¡2 103¡3 0.005

Diastolic 71¡1 69¡3 0.51

Data are presented as n, mean¡SEM (for continuous values), or n (%), unless

otherwise indicated. M: male; F: female; BMI: body mass index; AHI: apnoea/

hypopnoea index; HF: heart failure; IDCM: idiopathic dilated cardiomyopathy;

LVEF: left ventricular ejection fraction; NYHA: New York Heart Association; ACE:

angiotensin-converting enzyme; CHFQ score: Chronic Heart Failure

Questionnaire score (lower scores indicate more dyspnoea). The nonconver-

sion and the conversion groups were defined as having o50% central events

and .50% obstructive events, respectively.
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this was associated with changes in cardiac function or
medications. We observed that in 18% of patients, there was
a shift from predominantly CSA (85% central events) to
predominantly OSA (73% obstructive events) over time and
that this shift occurred in association with a significant
improvement in cardiac function manifest by a 3.5% increase
in LVEF and an 8.2 s decrease in LECT compared with the

nonconversion group. However, conversion was not assoc-
iated with any significant change in medications over this
period.

The present observations are consistent with findings from the
overnight and long-term studies by TKACOVA and co-workers
[7, 8]. Data from those studies suggested that in patients with
HF, a shift from OSA to CSA is associated with worsening
cardiac function, and vice versa. However, since those studies
were retrospective in nature, and since investigators inferred
cardiac function indirectly from LECT and periodic breathing
cycle duration, their proposal that apnoea type may change in
conjunction with a change in cardiac function remained
unproven.

The present data, therefore, provide the first direct, prospective
evidence that a shift from CSA to OSA in HF patients occurs in
conjunction with an improvement in left ventricular systolic

TABLE 2 Polysomnographic outcomes

Nonconversion group# Conversion group" p-value1

Baseline Follow-up p-value+ Baseline Follow-up p-value+

TST min 309.4¡10.4 303.4¡9.2 0.85 298.8¡19.4 328.3¡16.4 0.13 0.13

Mean Sa,O2 % 93.1¡0.4 91.9¡1.2 0.34 92.6¡0.9 93.7¡0.6 0.17 0.39

Minimum Sa,O2 % 82.6¡0.7 81.5¡1.0 0.21 80.0¡1.8 78.2¡4.8 0.58 0.71

Stage 1 sleep % 19.5¡1.7 20.5¡1.7 0.35 20.0¡3.7 15.4¡3.1 0.16 0.11

Stage 2 sleep % 57.5¡1.5 54.4¡1.8 0.08 60.0¡3.0 64.7¡1.9 0.12 0.05

SWS % 10.4¡1.3 11.0¡1.2 0.61 7.2¡1.8 6.8¡1.7 0.78 0.68

REM sleep % 13.0¡0.8 13.7¡0.9 0.50 12.7¡1.8 13.2¡1.7 0.74 0.96

Movement arousal index 23.7¡2.2 27.8¡2.1 0.09 30.7¡4.8 27.8¡4.1 0.54 0.20

Central apnoea index 15.7¡1.8 15.1¡1.9 0.72 10.9¡3.6 3.6¡1.3 0.06 0.12

Obstructive apnoea index 1.6¡0.32 1.2¡0.28 0.38 2.7¡1.1 4.5¡1.7 0.06 0.04

Central hypopnoea index 18.5¡1.5 17.6¡1.2 0.45 21.8¡3.2 4.3¡1.5 ,0.001 ,0.001

Obstructive hypopnoea index 2.7¡0.4 2.5¡0.4 0.84 3.7¡1.3 16.5¡3.3 ,0.001 ,0.001

Data are presented as mean¡SEM, unless otherwise indicated. TST: total sleep time; Sa,O2: arterial oxygen saturation; SWS: slow wave sleep; REM: rapid eye movement.
#: n580; ": n518; +: p-values for within group comparisons; 1: p-value for between group comparisons.

TABLE 3 Changes in cardiovascular variables from
baseline to follow-up

Variable Nonconversion

group

Conversion

group

p-value

Subjects n 80 18

DNYHA class 0.0 (-0.1–0.2) -0.1 (-0.5–2.3) 0.38

DLVEF % -0.7 (-1.9–0.6) 2.8 (-0.4–6.0) 0.01

DCHFQ dyspnoea

score

0.1 (0.5–1.2) 0.9 (0.2–1.6) 0.01

Data are presented as mean (95% CI), unless otherwise indicated. DNYHA:

change in New York Heart Association; DLVEF: change in left ventricular

ejection fraction; DCHFQ: change in Chronic Heart Failure Questionnaire score

(.0.75 represents important change of moderate magnitude). p-values are for

between group comparisons (ANCOVA).

50
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#

FIGURE 1. Total, central (&) and obstructive (h) apnoea/hypopnoea index

(AHI) at baseline (B) and follow-up (FU) in the nonconversion and conversion

groups. In the nonconversion group, there is no significant change in the total

(38.5¡1.8 versus 36.5¡2.0; p50.4), central (34.3¡1.8 versus 32.7¡2.0; p50.49)

or obstructive (4.3¡0.5 versus 4.0¡0.5; p50.7) AHI between baseline and follow-

up. However, in the conversion group, there is a significant increase in the

obstructive index (6.0¡1.4 versus 21.2¡3.6; p50.00) and a decrease in both the

central (33.1¡3.8 versus 7.7¡1.2; p50.00) and total (39.1¡4.2 versus 28.9¡4.4;
#: p50.04) AHI between baseline and follow-up. Between group differences are

significant for the obstructive (p,0.001) and central (p,0.001) AHI, but not for the

total (p50.12) AHI.
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function, assessed by LVEF. The concurrent reduction in LECT
in a subgroup of these patients is consistent with the increase
in LVEF and with an augmentation in cardiac output over time
[20]. Furthermore, since our data are both prospective and are
derived from the control arm of a randomised trial, they
provide an estimate of how often this conversion might occur
in the setting of optimal, contemporary HF treatment. We
found that in those HF patients who converted from
predominantly central to obstructive, the AHI, LVEF and
NYHA class at baseline were similar to the nonconversion
group. However, those patients with a shift from central to
obstructive events were younger, more obese and more
dyspnoeic as assessed by the CHFQ, and were more often
prescribed spironolactone than their counterparts whose CSA
persisted. The shift to OSA was accompanied by a reduction in
dyspnoea that may be a clinical correlate of the increase in
LVEF and decrease in LECT.

The reduction in LECT of 7.6 s may appear to be relatively
greater than the absolute LVEF change of 2.8% in the
conversion group. However, when the increase in LVEF is
expressed as relative change, it is much greater at 12%. In
addition, most patients with systolic HF have functional mitral
regurgitation that will cause overestimation of the LVEF, as it
measures both forward and regurgitant flow. A reduction in
mitral regurgitation causing an improvement in forward stroke
volume may reduce LVEF [21]. Therefore, if mitral regurgitant
fraction decreased, a small increase in LVEF would indicate a
relatively large increase in nonregurgitant stroke volume and,
therefore, be associated with a large decrease in LECT.
Although, mitral regurgitation was not measured in
CANPAP, a previous study demonstrated that treatment of
CSA in HF patients with CPAP reduced mitral regurgitant
fraction by 40%. Therefore, the increase in LVEF due to CPAP
observed in the present study probably underestimates the
improvement in forward stroke volume [22]. Hence, the
seeming discrepancy between the large decrease in the LECT
versus the small increase in LVEF in the conversion group is
probably attributable to a large relative increase in the LVEF
and a concomitant reduction in the severity of mitral
regurgitation.

It is not clear what underlying mechanisms were involved in
the shift in predominant apnoea type in the conversion group.
Intensification of medical therapy for HF is unlikely to be an
explanation, since the conversion group had no significant
increases in medications during the course of the trial. A
change in weight is unlikely to be the explanation because
there was no significant weight gain in the subgroup of the
conversion group who had BMI assessed at baseline and
follow-up. Although it is possible that left ventricular filling
pressure decreased with a concomitant rise in PCO2 above the
apnoea threshold [18, 23], resulting in conversion from CSA to
OSA [7, 8], these variables were not measured during our
study.

Another possibility is that CSA reverted to OSA that was
present prior to the onset of HF. The greater weights of those
who converted to OSA would be consistent with a greater
predisposition to OSA. Previous studies suggest that in HF
patients, OSA can convert to CSA in association with
deterioration in indirectly assessed cardiac function [7, 8]. It

stands to reason that the opposite could occur, as observed in
the present study. This is compatible with the observation that
following cardiac transplantation in HF patients with CSA,
CSA either resolves or converts to OSA [9]. A limitation of the
study was that data on sleeping position and BMI on follow-
ups were not collected for the entire cohort as part of the
protocol. However, in the subgroup of 22 subjects from
Toronto Site A where these measurements were made,
conversion from CSA to OSA was not associated with any
significant change in sleeping position or BMI. These data
suggest that conversion was not due to a greater proportion of
time spent supine or an increase in weight. It has been shown
that like OSA, CSA is more common in the supine than in the
lateral positions [24, 25], so it is unlikely that a change in body
position accounted for conversion from CSA to OSA.

In conclusion, we have demonstrated in a cohort of 98 HF
patients with CSA followed prospectively, that OSA emerges
spontaneously over time in a substantial minority in associ-
ation with an improvement in LVEF and a decrease in
circulation time. These observations provide insights into the
pathophysiology of sleep apnoea by suggesting that, at least in
some patients with HF, OSA and CSA can be part of a
spectrum of sleep-related breathing disorders whose predom-
inant nature can change over time in association with
alterations in cardiac function [7, 8].
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