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Abstract

Objectives Poor sleep quality is common in patients with
chronic heart failure (CHF). This study tested the hypothesis
that adaptive servo-ventilation (ASV) therapy in CHF
patients whose central sleep apnoea (CSA) was not sup-
pressed by continuous positive airway pressure (CPAP)
(CPAP-non-responders) would improve sleep quality com-
pared to CPAP-responders receiving ongoing CPAP therapy.
Methods Eighty-two patients with CHF (65 £ 9 years,
left ventricular ejection fraction 35 + 16 %) and CSA
[apnoea—hypopnoea index (AHI) >15/h] were retrospec-
tively studied. Within an average of 47 days, patients were
reevaluated on CPAP therapy and stratified according to
their suppression of CSA: 34 were CPAP-non-responders
switched to ASV therapy the following day and 48 were
CPAP-responders who continued on CPAP therapy.
Polysomnographic parameters were assessed in the diag-
nostic night and on the last night of PAP therapy (CPAP or
ASV) before the patient was discharged with the final
pressure settings.

Results  Compared with the CPAP group, the ASV group
had significantly greater reductions from baseline in AHI
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(=37 £ 15/h vs —28 &+ 18/h, p = 0.02), arousal index
(—12.7 £ 13.6/h vs —6.8 £ 12.5/h, p = 0.04) and sleep
stage N1 (-9 +14% vs —2 £ 12 %, p=0.03). In
addition, the ASV group gained significantly more rapid
eye movement (REM) sleep compared with the CPAP
group (+5 £ 9 % vs +1 £ 9 %, p = 0.02).

Conclusions CPAP therapy is effective in reducing AHI
in a significant proportion of CHF patients with reduced
ejection fraction and CSA. Treatment of CSA with ASV in
CHF patients reduces sleep fragmentation and improves
sleep structure to a significantly greater extent than changes
seen in responders to CPAP therapy.

Keywords Sleep apnoea - Positive pressure ventilation -
Heart failure - Sleep quality

Introduction

Central sleep apnoea (CSA) is highly prevalent in patients
with chronic heart failure (CHF) [1, 2] and increases mortality
risk in such patients, independent of heart failure (HF) severity
[3]. These patients have fragmented sleep due to multiple
factors such as sleep apnoea, periodic limb movements,
severity of HF and depression. Standardized scoring of the
electroencephalogram (EEG) as part of in-lab polysomnog-
raphy allows to quantify sleep (e.g. total sleep time and sleep
efficiency), sleep stages [stage N1, stage N2, stage N3 and
rapid eye movement (REM) sleep] as well as the degree of
sleep fragmentation (arousals from sleep). Poor sleep effi-
ciency is associated with mortality in patients with CHF and
CSA [4]. Therefore, sleep quality may be an important treat-
ment target to improve quality of life and prognosis in these
patients. Evaluation of response to therapy often includes
assessment of the extent to which sleep fragmentation and
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structure improve, as measured by a reduction in the arousal
index (Arl) or the relative time in stage N1 sleep or by an
increase in the time in stage N3 or REM sleep.

It is well documented that treatment with continuous
positive airway pressure (CPAP) effectively suppresses
obstructive sleep apnoea, reduces sleep fragmentation and
restores normal sleep structure in patients without cardiac
disease [5, 6]. In contrast, the effects of CPAP and adaptive
servo-ventilation (ASV) on sleep fragmentation and sleep
structure in CHF patients with CSA are not completely
understood. In a randomized clinical trial of CPAP in
patients with HF and CSA, the Canadian Continuous
Positive Airway Pressure for Patients with Central Sleep
Apnea and Heart Failure (CANPAP) trial, the primary
outcome transplant-free survival was similar in the CPAP
compared to the control group [7]. One potential reason for
the neutral result was that CPAP suppressed the apnoea—
hypopnoea index (AHI) to <15/h of sleep in only 57 % of
patients [7, 8]. Even in a subgroup of patients, in whom
AHI was effectively suppressed by CPAP (CPAP-respon-
ders), there were no significant changes in arousal fre-
quency, sleep efficiency or sleep structure [9]. Authors
concluded that arousals were not mainly a consequence of
CSA, and may not have been acting as a defense mecha-
nism to terminate apnoeas in the same way they do in
obstructive sleep apnoea [9].

On the one hand, ASV is regarded as the most effective
therapy for suppressing CSA in CHF patients [10-12].
Therefore, ASV was usually used in CHF patients who had
persistent CSA despite CPAP therapy. Small studies of
CHF patients with CSA suggest that suppression of CSA
by ASV is paralleled by a reduction in arousals and an
improvement in sleep structure [13].

On the other hand, there is evidence that automatically
titrating CPAP devices do not reduce blood pressure as
effective as the application of fixed CPAP [14]. The
mechanism could be that variations of PAP during the
night as applied by automatically titrating CPAP devices
may trigger arousals from sleep [15]. Whether the variable
inspiratory pressure support of ASV devices may promote
arousals from sleep has not been studied before.

Therefore, we tested the hypothesis that ASV therapy
would improve sleep quality in CHF patients whose CSA was
not suppressed by CPAP (CPAP-non-responders) compared
to CPAP-responders receiving ongoing CPAP therapy.

Methods
Patients

To test this hypothesis, sleep fragmentation and sleep
structure, assessed by polysomnography (PSG), were
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retrospectively compared in patients with CHF and CSA
who responded to CPAP and were receiving ongoing
therapy or who did not respond to CPAP and were swit-
ched to ASV. Consecutive CHF patients referred to
University Hospital Regensburg for PSG between January
2002 and October 2011 were eligible for inclusion.
Inclusion criteria were: CHF secondary to ischaemic or
non-ischaemic cardiomyopathy with objective evidence
of systolic dysfunction (LVEF < 50 %) measured by
echocardiography within 3 months prior to the sleep
study; stable clinical status and stable optimal medical
therapy for >4 weeks; CSA, defined as AHI >15/h with
>50 % of all apnoeas being of a central nature; and
patient consent to be treated with positive airway pressure
(PAP) therapy. Exclusion criteria were: CHF due to
valvular heart disease, listing for heart transplantation,
known concurrent terminal illness (e.g. severe pulmonary
disease, cancer), and oxygen therapy or current treatment
with PAP. This retrospective analysis was approved by
the ethics committee of the University of Regensburg
(approval no. 12-101-0144), and was conducted in
accordance with Good Clinical Practice and the principles
of the Declaration of Helsinki.

Polysomnography

PSG was performed in all subjects using standard tech-
niques [3]. During PSG, body position, eye and leg
movements, cardiotachography, nasobuccal airflow, chest
and abdominal effort, electroencephalogram (EEG)
monitoring, and arterial oxyhaemoglobin saturation
(Sa0,) assessed by pulse oximetry were recorded (Alice
3.5, Respironics, Pittsburgh, USA). Sleep stages were
determined according to the American Academy of Sleep
Medicine (AASM) Manual 2007 [16]. Apnoea was
defined as a cessation of inspiratory airflow of >10 s.
Hypopnoea was defined as a >30 % reduction in nasal air
flow lasting >10 s resulting in a >4 % drop in oxygen
saturation for >90 % of the event duration [16]. AHI was
defined as the number of apnoeas or hypopnoeas per hour
of sleep. The oxygen desaturation index (ODI) was
defined as the number of >4 % oxygen desaturations per
hour of sleep. Time in bed (TIB) was defined as the
timespan between lights off and lights on recorded by
PSG laboratory staff, and total sleep time (TST) was
defined as the total time subjects spent in sleep stages N1—
N3 and REM sleep recorded by EEG monitoring. Sleep
efficiency is the proportion of sleep in the recorded period
and was calculated by dividing TST by TIB, and
expressed as a percentage.

Arousals were defined as an abrupt shift of EEG fre-
quency including alpha, theta and/or frequencies >16 Hz
(but no spindles) that lasted >3 s, with >10 s of stable
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sleep preceding the change. Scoring of arousals during
REM sleep required a concurrent increase in submental
electromyography lasting >1 s. Frequency of arousals per
hour of sleep was defined as the arousal index (Arl).

Initiation of therapy

After the diagnostic PSG, standard clinical procedure was
CPAP initiation using PSG monitoring. CPAP was initially
set to 4 cmH,O and then titrated upwards in 1 cmH,O
increments until any sign of flow limitation was eliminated,
or maximum patient tolerance was reached (<10 cmH,0).

Within an average of 47 days, patients were reevaluated
on CPAP therapy and stratified according to their sup-
pression of CSA: before the CANPAP study results were
published, patients whose AHI could not be suppressed to
<10/h during CPAP therapy were switched to ASV [8, 13];
after publication of the CANPAP trial [8], patients whose
AHI was suppressed to <15/h and reduced by >50 %
during CPAP therapy were defined as responders, and
continued with CPAP therapy. In this study, patients whose
AHI could not be suppressed below thresholds described
above were defined as CPAP-non-responders, and switched
to ASV the following day after CPAP reevaluation [7, 8§,
13]. The expiratory PAP of the ASV device was set to the
level determined to suppress upper airway obstruction and
flow limitation during CPAP titration. The minimum
inspiratory PAP was set to the expiratory PAP level, and
the maximum inspiratory PAP to a maximum of 10 cmH,O
above the expiratory PAP. The default automatic back-up
rate of the device was used.

Outcome

PSG parameters were assessed in the diagnostic night and
on the last night of PAP therapy (CPAP or ASV) before the
patient was discharged with the final pressure settings for
long-term PAP therapy.

Statistical analysis

Continuous data are expressed as mean =+ standard devia-
tion (SD), unless otherwise stated. Baseline patient char-
acteristics in the two groups were compared using two-
sided ¢ tests for continuous variables, and by Chi square
tests for nominal variables. If the expected counts were <5,
Fisher exact test was used. Change in outcome variable
values within the baseline and the final treatment groups
was tested with paired samples ¢ test. p values of between-
group differences were tested with analysis of covariance.
A two-sided p value of <0.05 was considered statistically
significant. All analyses were performed using SPSS
Statistic software version 20.0 (IBM, Corp., New York).

Results
Patients

Four-hundred and seventy-seven consecutive patients with
CHF underwent diagnostic PSG in the sleep laboratory and
were tested for eligibility (Fig. 1). The most common
causes for exclusion from the analysis were preserved
LVEF (=50 %; n=89) and no SDB (AHI < 15/h;
n = 93). The reminder reasons for exclusion are listed in
Fig. 1. The final analysis included 82 patients with CHF
and CSA. Of these, 48 patients were treated with CPAP
and 34 with ASV. Groups were generally similar at base-
line, but patients in the ASV group were significantly older
and were somewhat more likely to be receiving B-blockers
than those in the CPAP group (Table 1).

Sleep and apnoea characteristics at baseline

Overall, baseline apnoea and sleep characteristics were
similar in CPAP-responder and ASV patients, apart from a
higher proportion of N2 sleep and a lower proportion of N3
sleep in ASV vs CPAP recipients (Table 2).

Breathing and sleep parameters

AHI, cAl and Arl values decreased significantly from
baseline during CPAP or ASV therapy (Table 3). However,
reductions in AHI, cAl and Arl were significantly greater
in ASV recipients compared with the CPAP-responder
group (Table 3; Fig. 2a).

With respect to sleep structure, patients treated with
ASV had a significant reduction in NI sleep and a

477 CHF patients underwent
polysomnography between
01/2002 and 10/2011

Excluded n=395:
- LVEF 2 50%, n=89
- AHI € 15/h, n=93
- cAl/ Al < 50%, n=98
- No therapy initiation, n=40
- Other first therapy than CPAP, n=9 "
- Listed for heart transplantation, n=15
- Severe lung disease, n=22
- Malignoma, n=14
- Instable heart failure, n=2
- Others, n=11

Therapy initiation with CPAP
in 82 patients with CSA

CPAP - responder ASV
(n=48) (n=34)

Fig. 1 Patient flow chart. AHI apnoea—hypopnoea index, Al apnoea
index, ASV adaptive servo-ventilation, cAl central apnoea index, CHF
chronic heart failure, CPAP continuous positive airway pressure, CSA
central sleep apnoea, LVEF left ventricular ejection fraction, PSG
polysomnography
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Table 1 Patient characteristics
at baseline

Table 2 Sleep characteristics
at baseline

CPAP-responder (n = 48) ASV p value
(n = 34)

Age, years 63 £ 9 67 £9 0.035
Male, n (%) 46 (96) 34 (100) 0.51
BMI, kg/m> 29.0 £ 44 284 + 49 0.59
CHF aetiology, n (%)

Ischaemic cardiomyopathy 26 (54) 21 (62) 0.51

Non-ischaemic cardiomyopathy 22 (46) 13 (38) 0.51
CHF severity (NYHA class), n (%)

Torll 31 (65) 22 (65) 0.98

1 17 (35) 12 (35) 0.98
LVEF, % 332 4+9.8 33.6 £ 9.7 0.86
Atrial fibrillation, n (%) 10 (22) 9 (32) 0.42
Pacemaker, n (%) 14 (29) 12 (35) 0.63
Medication, n (%)

ACE inhibitors/AT antagonists 46 (96) 33 (97) 0.77

Loop diuretics 39 (81) 31 91) 0.34

B-Blockers 40 (83) 33 (97) 0.07

Spironolactone 25 (52) 15 (44) 0.48
Cardiovascular risk factors, n (%)

Hypertension 30 (63) 21 (62) 0.95

Diabetes 20 (42) 11 (32) 0.49

Hyperlipidaemia 34 (71) 18 (55) 0.16

Data are presented as mean =+ standard deviation, unless otherwise stated

ACE angiotensin-converting enzyme, ASV adaptive servo-ventilation, AT angiotensin, BMI body mass
index, CHF chronic heart failure, CPAP continuous positive airway pressure, LVEF left ventricular ejection

fraction, NYHA New York Heart A

ssociation functional class

CPAP-responder (n = 48) ASV (n = 34) p value

AHI, /h 41.1 + 164 46.3 + 144 0.15
cAL /h 215 £ 155 25.1 £ 125 0.27
Arl, /h 30.5 + 20.4 35.1 + 14.1 0.26
Time in bed, min 448 £ 41 434 £ 48 0.18
TST, min 335 £ 63 318 + 68 0.24
Sleep onset latency, min 34 + 21 33 + 26 0.88
Sleep efficiency, % 79.2 £ 133 787 £ 125 0.85
Sleep stage, % TST

N1 24 £ 10 25 £ 13 0.75

N2 39+ 12 48 £ 17 0.01

N3 23 £ 11 14 £ 12 0.01

REM 14+6 12+ 12 0.29

Data are presented as mean + standard deviation

AHI apnoea—hypopnoea index, Arl arousal index, ASV adaptive servo-ventilation, cAl central apnoea index,

CPAP continuous positive airway pressure, REM rapid eye movement, 7ST total sleep time

significant increase in REM sleep, while these parameters
remained stable in the CPAP-responder group. ASV
reduced stage N1 sleep (Fig. 2b) and increased REM sleep
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(Fig. 2b) to a significantly greater extent than CPAP. Time
spent in N3 sleep significantly increased only in the CPAP-
responder group (Table 3).
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Table 3 Effects of treatment on breathing and sleep parameters

CPAP-responder (n = 48) ASV (n = 34) Between group p valuet™
Delta values* p value™ Delta values* p value™
AHI, /h —27.7 £ 18.1 0.001 —36.8 £ 15.2 0.001 0.002
cAl, /h —15.6 £ 16.5 0.001 —224 £ 119 0.001 0.004
Arl, /h —6.8 £ 12.5 0.001 —12.7 £ 13.6 0.001 0.004
Time in bed, min —73 +£534 0.36 —1.9 £ 529 0.84 0.66
TST, min —1.1 £ 684 0.91 12.1 £ 74.3 0.35 0.41
Sleep onset latency, min —0.5 +£273 0.89 —4.5 £323 0.42 0.46
Sleep efficiency, % 4.1 £13.1 0.04 32+ 127 0.35 0.51
Sleep stage, % TST
NI —2.1 + 122 0.24 —8.5+ 138 0.001 0.003
N2 —-3.0+£ 118 0.09 0.4 £ 159 0.99 0.33
N3 46 £99 0.003 32+ 127 0.16 0.58
REM 0.7 £ 8.6 0.61 51 +£85 0.002 0.002

Data are presented as mean =+ standard deviation

AHI apnoea-hypopnoea index, Arl arousal index, ASV, adaptive servo-ventilation, cAl central apnoea index, CPAP continuous positive airway

pressure, REM rapid eye movement, 75T total sleep time

* Changes from diagnostic PSG to the last PSG during CPAP or ASV before the patient was discharged with the final pressure settings for long-
term treatment, * p value for changes from diagnostic PSG to last PSG before discharge using paired ¢ test, 7+ p value for between-group
difference in the change from diagnostic PSG to PSG before discharge using unpaired ¢ test

Discussion

This analysis of CHF patients with predominant CSA has
identified several novel findings. ASV treatment decreased
the number of arousals from sleep in patients who had not
responded to CPAP therapy, and this decrease was signif-
icantly greater than that seen in CPAP recipients who
responded to therapy. In addition, ASV treatment in CHF
patients with CSA reduced the time spent in sleep stage N1
and increased time spent in REM sleep to a significantly
greater extent than CPAP treatment. Findings suggest that
ASV is better than CPAP at reducing sleep fragmentation
and restoring a normal sleep structure.

Importantly, findings of this study have to be interpreted
in the light of the recently released preliminary results from
the SERVE-HF trial [17] (ISRCTN19572887), which is a
multinational, multi-center, randomized controlled trial
designed to assess whether treatment of predominantly CSA
with ASV therapy reduces mortality and morbidity in
patients with CHF). Findings indicate that study participants
who received ASV therapy as treatment for moderate to
severe predominant CSA had an increased risk of cardio-
vascular mortality compared to the control group [18, 19].
Mechanism that explains this unexpected result remains
unclear [20]. Malhotra et al. remark in their comment that the
new results should not be seen as a disappointment but rather
as a call for intensifying the research efforts in this area [20].

In the present analysis, ASV treatment of CSA in CHF
patients who did not respond to CPAP reduced arousal

frequency by approximately 32 %, while CPAP treatment
in the CPAP-responder group only reduced arousal fre-
quency by 14 %. Published data on the effects of CPAP
and ASYV therapy on the number of arousals from sleep are
heterogeneous. Randerath et al. showed similar effects of
CPAP and ASV therapy on the arousal index (Arl) [21],
which might be due to the fact that, in contrast to our study,
both groups had a high proportion of obstructive apnoeas
and hypopnoeas. Teschler et al., who studied CHF patients
with severe CSA and Cheyne Stokes respiration (CSR),
found a 23 % higher reduction in the number of arousals
with ASV therapy compared to CPAP [10]. Similar effects
were observed in non-randomised trials comparing the
effects of CPAP and ASV in patients with CHF and CSA,
showing 23-26 % greater decreases in the Arl during ASV
therapy [13, 22]. None of the above studies, nor the present
study, reported respiratory vs movement arousals [10, 13,
22]. To date, no studies have compared CPAP-responders
treated with CPAP and CPAP-non-responder treated with
ASV. Therefore, the findings of this study extend existing
knowledge and highlight the superiority of ASV therapy in
CPAP-non-responder compared to CPAP in CPAP-re-
sponders with respect to sleep fragmentation. Our findings
do not support the concept that the variable inspiratory
pressure support applied by ASV may trigger arousals from
sleep.

In addition, patients treated with ASV had a significant
reduction in sleep stage N1 and a significant increase in
REM sleep compared to the CPAP group. Similar to these
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Fig. 2 Between-group differences in the effects of treatment on
breathing (a) and sleep (b) parameters. CPAP-responders were treated
with CPAP (white bars) and CPAP-non-responders received adaptive
servo-ventilation (ASV; black bars). AHI apnoea—hypopnoea index,
Arl arousal index, ASV adaptive servo-ventilation, cAl central apnoea
index, CPAP continuous positive airway pressure, N/ sleep stage N1,
N2 sleep stage N2, N3 sleep stage N3, REM rapid eye movement
sleep, A change from diagnostic PSG to the last PSG on treatment
prior to discharge on long-term therapy. Error bars represent =+ s-
tandard error

results, previous studies showed that CPAP therapy did not
significantly influence the distribution of sleep stages [9,
10, 13]. Only Randerath et al. found a significant decrease
in N1 sleep and a significant increase in N3 sleep, while
there was no change in the proportion of REM sleep [21].

The observed reorganization of sleep stages on ASV
therapy is consistent with other studies. Most of them also
showed a decrease in sleep stage N1 and N2 and a shift to
N3 and REM sleep [10, 13, 21-24]. This restoration of
normal distribution of sleep stages favours improved sleep
quality in CHF patients treated with ASV compared with
CPAP.

The results of this study need to be interpreted in the
context of several limitations. The retrospective design
meant that data on daily usage of CPAP and ASV, and
differentiation between movement and respiratory arousals
were not available for analysis. Without usage of the data,
the possibility that differences between the ASV and CPAP
groups observed in this study were due to different
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treatment adherence cannot be excluded. Furthermore,
there were no individuals with CHF but without CSA in
our study, meaning that the effects of CPAP and ASV
therapy in CHF patients can only be compared with pre-
vious studies. However, clear predictors for CPAP-re-
sponse could not be identified. Similar to the previous
subanalysis of the CANPAP trial [8], CHF patients without
sufficient response to CPAP therapy tended to be older and
having more severe CSA. One possible predictor for the
failure of CPAP to suppress CSA could be increased LV
filling pressure, which was not assessed in the CANPAP
subanalysis or in the present study.

By design, this study cannot prove a causal relationship
between sleep quality and cardiovascular outcome. E.g.
sleep quality could be impaired by neurohumeral activation
in patients with CHF and CSA [25, 26].

Conclusions

CPAP therapy is effective in reducing AHI in a significant
proportion of CHF patients with reduced ejection fraction
and CSA, indicating that a trial of CPAP may be a treat-
ment option for some patients with CHF and CSA. This
study showed that treatment of CSA with ASV in CHF
patients reduces sleep fragmentation and improves sleep
structure to a significantly greater extent than changes seen
in responders to CPAP therapy. Data do not support that
the variable inspiratory pressure support applied by the
ASV device may trigger arousals from sleep.
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