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Cheyne-Stokes Respiration and Arrhythmias. Objective: This study aimed to investigate whether
adequate treatment of Cheyne-Stokes respiration (CSR) reduces the risk of arrhythmic events in patients
with chronic heart failure (CHF).
Methods: A cohort of 403 registry patients with CHF (LVEF≤45%, NYHA-class≥2) and implanted
cardioverter-defibrillator devices (ICD) was studied. They underwent overnight polygraphy, with 221
having mild or no CSR (apnea-hypopnea index [AHI]<15/h), and 182 having moderate to severe CSR
(AHI>15/h). Latter ones were offered therapy with adaptive servoventilation (ASV), which 96 patients
accepted and 86 rejected. During follow-up (21± 15 months) defibrillator therapies were recorded in
addition to clinical and physiologic measures of heart failure severity.
Results: Event-free survival from (a) appropriate cardioverter-defibrillator therapies and (b) appropriately monitored ventricular arrhythmias was shorter in the untreated CSR group compared to the treated
CSR and the no CSR group. Stepwise Cox proportional hazard regression analysis showed untreated CSR
(a: hazard ratio [HR] 1.99, 95% confidence interval [CI] 1.46–2.72, P < 0.001; b: HR 2.19, 95%CI 1.42–3.37,
P < 0.001), but not treated CSR (a: HR 1.06, 95%CI 0.74–1.50; P = 0.77; b: HR 1.21, 95%CI 0.75–1.93, P
= 0.43) was an independent risk factor. The treated CSR group showed improvements in cardiac function
and respiratory stability compared to the untreated CSR group.
Conclusion: This study demonstrates a decrease of appropriate defibrillator therapies by ASV treated
CSR in patients with CHF and ICD. A reduced exposure to hyperventilation, hypoxia, and improvement in indices of CHF severity and neurohumoral disarrangements are potential causative mechanisms.
(J Cardiovasc Electrophysiol, Vol. pp. 1-9)
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Introduction
Cheyne-Stokes respiration (CSR) characterized by a waxing and waning pattern of breathing is observed in approximately one-third of CHF patients.1,2 The mechanisms leading
to CSR are not fully understood but include hemodynamic
impairment and sympathetic nervous system activation with
associated chemoreceptor sensitization.3-5
Sudden death is common in CHF, and CSR is a risk factor
for mortality.6 A possible mechanism for increased mortality
is that recurrent episodes of hyperventilation and hypoxemia
in CHF patients with CSR lead to an increased risk of malignant ventricular arrhythmia.7 In addition, underlying neurohumoral disarrangements and increased sympathetic nervous
system activation are major determinants of the evolution of
the disease and of life-threatening events.8,9 A recent study
demonstrated that CSR is a risk factor for potentially lifethreatening ventricular arrhythmias.10
Adaptive servoventilation (ASV) is a bi-level ventilation
mode with automatic adaption of pressure support.11 During usage, the patient’s breathing pattern is continuously
monitored. Whenever a significant reduction or pauses in
breathing is detected, the ASV device intervenes to maintain
the patient’s breathing at 90% of what had been normal for
that individual just prior to the decrease in breathing. Contrastingly, when the patient’s breathing is stable, ASV provides just enough pressure support to help maintain airway
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Figure 1. Study flow chart. Ascertainment of the study population and flow chart of the study.

patency. This anti-cyclic adaption of pressure support has
been shown to effectively treat CSR.12
Its use in CHF is associated with improvements in ventricular function, sympathetic nervous system activation and
respiratory stability.13-15
The aim of this proof-of-concept study was to determine
whether treatment of CSR with ASV might reduce the risk of
appropriate cardioverter-defibrillator therapies as a surrogate
parameter for sudden cardiac death in patients with CHF and
implanted cardioverter-defibrillator (ICD) or cardiac resynchronization therapy defibrillator (CRT-D) devices.
Methods
Patients
All patients enrolled in the study were attending a tertiary
referral hospital (Bad Oeynhausen) for the treatment of CHF
between February 2005 and July 2009. A total of 638 patients
with reduced left ventricular ejection fraction (LVEF) and implanted ICD or CRT-D for primary or secondary prevention
of sudden cardiac death according to current guidelines16
participated in this observational cohort study (Fig. 1). Even
though all investigations and procedures are part of our daily
clinical routine, patients’ informed consent was obtained the
day before they were screened for sleep disordered breathing
(SDB). One hundred ninety-two patients had predominant
obstructive sleep apnea (OSA), and were not eligible for the
study. Of the remaining 446 subjects, 195 were classified
as having CSR (apnea-hypopnea index [AHI] ≥15/h) and
consecutively included into a prospective registry (ClinicalTrials.gov identifier: NCT01657188), while those with mild

or no CSR (no CSR; AHI<15/h) formed the control-group.
Treatment with ASV was offered to all patients with CSR
and in those who accepted therapy (treated CSR) was initiated following a titration night in hospital. Inclusion criteria
to this study included persistent impairment of systolic left
ventricular function according to echocardiographic criteria (LVEF ≤ 45%), New York Heart Association (NYHA)
class ≥ II, and an ICD or CRT-D device implanted according to current guidelines.17 Patients with a CRT-D were not
eligible for inclusion in the first 6 months after implantation. Patients were on stable heart failure medication for at
least 4 weeks before enrollment. Exclusion criteria included
previous or ongoing treatment of SDB, predominant OSA
found on overnight polygraphy, significant valvular heart disease, significant pulmonary disease, hypercapnia (pCO2 > 45
mmHg), pregnancy, and acute coronary syndrome or acute
myocardial decompensation within the last 4 weeks. The
study was approved by the Ethical Review Board of the Ruhr
University Bochum, Bad Oeynhausen.
Sleep Studies
In-hospital unattended cardiorespiratory polygraphy (PG,
EmblettaTM , Embla, The Netherlands) was performed as the
primary screening tool at baseline as described before.1,18
SDB was defined in accordance with the 2007 American
Academy of Sleep Medicine (AASM) criteria for scoring
respiratory events.19 Patients with an AHI ≥15/h were classified as OSA or CSR on the basis of the predominant type
of SDB. If the AHI was <15/h, patients were considered to
have mild or no CSR.
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ASV therapy (AutoSet CSTM 2, ResMed, Australia) was
introduced during wakefulness under continuous blood
pressure monitoring and adjusted according to nocturnal measurements. In-hospital polysomnography (PSG,
N7000/S7000, Embla, The Netherlands) was performed during therapy initiation as previously described.14,20,21 Prior to
dismissal from hospital patients that underwent ASV treatment were advised to use their device every night during
sleep at home. In addition, data from the device including
AHI, apnea index (AI) and compliance were downloaded
and additional sleep studies were performed at 3, 6, 12, 24,
36, and 48 months of follow-up.

Data included heart rate and blood pressure at rest, NYHAfunctional class, echocardiographic parameters, CPX results,
standard laboratory measurements and blood gas samples.
The primary study outcome was time to first appropriate
ICD therapy, either by antitachycardia pacing or shock. The
secondary outcome parameter was time to first ventricular
tacharrhythmic event appropriately monitored by the ICD,
including sustained and nonsustained ventricular tachycardia, ventricular flutter or ventricular fibrillation.

Echocardiography

Because ICD as well as CRT-D devices were implanted
for primary or secondary prevention, we chose a physiciantailored device programming. Thus, monitor, antitachycardia pacing and shock zones were programmed individually
for each patient and remained unchanged during follow-up.
ICD/CRT-D interrogations were performed at baseline and
at follow-up appointments every 12 weeks by electrophysiology specialists. Arrhythmias were defined in accordance with
the ACC/AHA/HRS 2006 key data elements and definitions
for electrophysiological studies and procedures.24

Diameter of the left atrium (LAD) and left ventricle (end
diastolic, LVEDD) as well as LVEF and estimated right ventricular systolic pressure (RVsP) were measured (Vivid 7TM ,
GE Healthcare, Germany) following American Society of
Echocardiography guidelines22 as previously described.10,14
Cardiopulmonary Exercise Testing
Symptom-limited bicycle cardiopulmonary exercise testing (CPX, ZAN Ferraris, Germany) starting at 10 watts with
an increase of 10 watts per minute was performed. Peak oxygen consumption (VO2 peak), oxygen consumption at the
individual aerobic-anaerobic threshold (VO2 AT), and relationship of minute ventilation and carbon dioxide production
(VE/VCO2 ) as well as maximum workload and total exercise time were recorded. Predicted VO2 peak was calculated
automatically taking gender and age into account.
Rebreathing Test
The hyperoxic, hypercapnic ventilatory response (HCVR)
testing (ZAN Ferraris, Germany) protocol was based on the
Read rebreathing testing protocol.23 HCVR sensitivity was
determined as the slope of minute ventilation (l/min) plotted
against PETCO2 (mmHg).
Capillary Blood Gas Analysis and Standard Laboratory
Partial pressure of carbon dioxide (pCO2 ), partial pressure of oxygen (pO2 ), and capillary oxygen saturation were
measured at baseline using ABL 330 (Radiometer, Copenhagen, Denmark). In addition, measurements of hemoglobin
concentration, C-reactive protein (CRP), N-terminal pro –
brain natriuretic peptide (NT-proBNP), sodium and creatinine were performed.
Follow-Up and Endpoints
Patients were followed-up every 12 (10–14) weeks for a
maximum of 48 months. Follow-up in the study continued
until the first appropriate shock was delivered or an antitachycardia pacing was applied (event), the patient died, or
there was a major change of therapy, defined as withdrawal
from ASV therapy after more than 3 months of use, change in
heart failure medication (except for dosage changes), coronary intervention/cardiothoracic surgery, initiation of SDB
treatment, and replacement or explantation of the ICD/CRTD device or electrodes for any reason (censoring criteria).
Clinical status was systematically obtained at one year
follow-up for the remainder in the study that either was in
the treated CSR group or rejected treatment (untreated CSR).

Implantable Cardioverter-Defibrillator Programming
and Interrogations

Statistical Analysis
Statistical analysis was performed using SigmaPlot software (Version 11, Systat, Germany). Baseline data grouped
by untreated CSR, treated CSR, and no CSR were checked
for normal distribution using the Shapiro-Wilk test and then
assessed by ANOVA with post hoc pairwise comparison
(Holm-Sidak). If no normal distribution was found, ANOVA
on ranks (Kruskal-Wallis) was performed followed by post
hoc pairwise comparison (Dunn). Categorial data were compared using chi-square tests. Event-free survival was calculated by Kaplan-Meier analysis as the time from initial sleep
study to first appropriate cardioverter-defibrillator therapy
and/or first ventricular arrhythmia as stored on the CRTD/ICD device. Log-rank test was used to assess differences
in event-free survival time between groups (followed by post
hoc pairwise comparison [Holm-Sidak]), and Cox proportional hazard regression model was used to identify independent predictors.
Demographic and clinical data from baseline analyses,
which are associated with a negative or positive impact
on prognosis in patients with chronic heart failure (CHF),
were included into univariate Cox proportional hazard regression models for primary and secondary endpoints. To
determine if untreated and/or treated CSR increased the risk
of events, multivariate Cox proportional hazard models were
performed for case a (appropriate cardioverter-defibrillator
therapies) and case b (monitored ventricular tachyarrhythmias). SDB-type (untreated CSR, treated CSR, no CSR) as
well as age, sex, ischemic cause, BMI, preexisting atrial
fibrillation, implantation for primary/secondary porphylaxis,
LVEF, VO2 peak, and NYHA-class as pre-specified potential
confounders were included in two different multivariate Cox
proportional hazard models. The models were performed
without interaction. To select the best model, backward selection in accordance with the Akaike Information Criterion
(AIC) was used. The p-to-enter value had to be lower than
0.1 and the p-to-remove value greater than 0.1.
Changes of sleep study results from baseline to followup within the treatment group were analyzed using paired
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t-test. Changes in NYHA-functional class, nocturia as well
as results from echocardiography, cardiopulmonary exercise
testing, and laboratory measurements (NT-proBNP, blood
gas analysis) were checked for normal distribution using the
Shapiro-Wilk test and then assessed by ANOVA with repeated measures with post hoc pairwise comparison (HolmSidak). If data were not normally distributed ANOVA with
repeated measures on ranks was performed followed by post
hoc pairwise comparison (Tukey). A value of P < 0.05 was
considered significant for all comparisons. Data are given as
mean ± SD unless stated otherwise.
Results
Basic Data
There were 446 patients enrolled in the study (Fig. 1).
In 43 patients (9.6%) no follow-up data were available: 15
(3.4%) had a major change of therapy before the first followup investigations, 8 (1.4%) died before the first follow-up,
and 20 (6.3%) were lost to follow-up. There were no differences in baseline characteristics between this group and the
remainder of the cohort. During follow-up 70/446 patients
(15.7%) died, 14 (3.1%) underwent heart transplantation, and
9 (2.0%) received an assist-device. Mean follow-up duration
was 21±15 months.
Baseline characteristics of the 403 participants on whom
follow-up data are available are shown in Table 1. A total number of 307 patients had a CRT-D device implanted,
while 96 patients were provided with an ICD device. Device
programming data are shown in Table 1. At study inclusion
129 patients (32.0%) were on class-III-antiarrhythmic drug
treatment. Of those, 118 were on amiodarone, while 11 patients were treated with sotalol. In addition, 3 patients were
on additive phenytoin or mexiletine medication. Indication
to antiarrhythmic drug treatment was made individually by
their treating physicians.
ASV was successfully initiated in 101 patients and was
declined in 94 patients who were either unwilling to use the
device or stopped using it before the first follow-up investigation at 3 months.
Cardioverter-Defibrillator Therapies
In total, 126 out of 403 (31.2%) patients were affected
by appropriate cardioverter-defibrillator therapies (CRT-D
76 out of 289 patients (26.2%), ICD 50 out of 114 patients
(43.5%, P < 0.01). Those included 61 out of 221 (27.6%)
patients with no CSR, 40 out of 86 (46.5%) patients with untreated CSR, and 25 out of 96 (26.0%) patients with treated
CSR, respectively. Mean event-free survival time (Fig. 2)
was 37.2 ± 1.2 months in the no CSR group, 26.4 ± 2.4
months in the untreated CSR group, and 34.8 ± 2.2 months
in the treated CSR group, respectively (no CSR vs untreated
CSR: P < 0.001; treated CSR vs untreated CSR: P = 0.01, no
CSR vs treated CSR: P = 0.38). Comparing patients with a
device-usage above average (>5:56 hours per day and usage
on >60% of all days, n = 39, adherent) to patients with a
usage below average (n = 57, nonadherent), mean event-free
survival time (Fig. 3) was 37.8 ± 3.7 months in the adherent
group and 32.2 ± 2.9 months in the nonadherent group (adherent vs untreated: P < 0.001; nonadherent vs untreated: P
= 0.10; adherent vs nonadherent: P = 0.16). Univariate Cox
proportional hazards results are given in Table 2. Multivariate

Cox proportional hazards with backward selection, adjusted
for age, sex, ischemic cause, BMI, preexisting afib, implantation for primary/secondary porphylaxis, LVEF, VO2 peak,
and NYHA-class revealed untreated CSR (hazard ratio [HR]
2.65, 95% confidence interval [CI] 1.78 to 3.96, P < 0.001)
as a significant risk factor. Treated CSR as well as no CSR
were eliminated by P-value method.
Stored Ventricular Tachyarrhythmias
During follow-up, 210 patients (52.1%) were affected by
ventricular tachyarrhythmia. Initial arrhythmia was nonsustained ventricular tachycardia, seen in 156 patients (38.7%),
while 54 (13.4%) were primarily affected by sustained ventricular tachycardia or ventricular flutter. Ventricular tachyarrhythmias were documented in 112 out of 221 (50.7%)
patients with no CSR, 55 out of 86 (64.0%) patients with untreated CSR, and 43 out of 96 (44.8%) patients with treated
CSR. Mean event-free survival time was 28.1 ± 1.3 months
in the no CSR group, 19.5 ± 2.3 months in the untreated
CSR group, and 26.2 ± 2.2 months in the treated CSR group
(P < 0.001 no CSR vs untreated CSR; P < 0.01 treated
CSR vs untreated CSR, and P = 0.63 no CSR vs treated
CSR). Univariate Cox proportional hazards are shown in Table 2. Multivariate Cox proportional hazards with backward
selection, adjusted for age, sex, ischemic cause, BMI, preexisting afib, implantation for primary/secondary porphylaxis,
LVEF, VO2 peak, and NYHA-class revealed untreated CSR
(HR 2.40, 95% CI 1.70 to 3.40, P < 0.001) as a significant
risk factor. Treated CSR as well as no CSR were eliminated
by P-value method.
Changes in Cardiopulmonary Functional Parameters and
Sleep Study Results
Changes in cardiopulmonary functional parameters were
recorded on a regular basis during follow-up visits in the
treated CSR and untreated CSR group. Of 104 patients at
risk in these groups we were able to obtain complete datasets
for 82 (79%, 51 treated CSR, 31 untreated CSR) at one year
follow-up. Results are displayed in Table 3.
Sleep studies showed that ASV effectively treated CSR
with a reduction of AHI (median (quartiles)) from 32/h
(23/h, 40/h) at baseline to 1/h (1/h, 4/h; P < 0.001), and
improvements in mean oxygen saturation (92.7 ± 2.2%
to 94.4 ± 2.2%, P < 0.001), maximum oxygen desaturation (81% (77%, 84%) to 89% (86%, 91%), P < 0.001),
mean desaturation (6.6 ± 2.6% to 3.8 ± 2.3%, P < 0.001),
longest apnea period (41.5 ± 17.7s to 16.6 ± 19.7s, P <
0.001), and longest hypopnea (49.0 ± 21.3s to 37.0 ± 23.0s,
P < 0.001). Data from therapy devices demonstrated a mean
AHI of 4.3 ± 4.0/h with a mean apnea index (AI) of 0.5 ±
1.1/h. Average usage was 60 ± 34% of all days with a mean
daily usage of 5:57 ± 1:53h (usage days only).
Discussion
As a proof-of-concept this study aimed to investigate beneficial effects of adequate treatment of CSR on the incidence
of potentially life threatening ventricular arrhythmias in a
CHF population. Results confirm CSR to be associated with
adequate cardioverter-defibrillator therapies and suggest that
effective treatment may reduce the risk to a similar level to
those without CSR. Positive effects on ventricular function,
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TABLE 1
Baseline Data of the Study Population

Demographic data
N
Male, n (%)
Age, years; median (quartiles)
Body-mass-index, kg/m2 ; median (quartiles)
Nocturia; median (quartiles)
NYHA-class III or IV, n (%)
CRT implanted, n (%)
Systolic blood pressure, mmHg; median (quartiles)
Diastolic blood pressure, mmHg; median (quartiles)
Atrial fibrillation, n (%)
Heart rate, min−1 ; median (quartiles)
Ischemic cause, n (%)
Defibrillator for secondary prophylaxis, n (%)
History of diabetes, n (%)
Medication, n (%)
Beta blockers
ACE/AT1-inhibitors
Aldosterone blockers
Class III antiarrhythmic drugs
Digitalis glycosides
Diuretics
Blood gas analysis and sleep studies
pH; median (quartiles)
pO2 , mmHg; median (quartiles)
pCO2 , mmHg; median (quartiles)
Base excess; median (quartiles)
AHI, h−1 ; median (quartiles)
Mean oxygen saturation (%); median (quartiles)
Maximum oxygen desaturation (%); median (quartiles)
Average oxygen desaturation (%); median (quartiles)
Longest apnea duration, s; median (quartiles)
Longest hypopnea duration, s; median (quartiles)
Echocardiography
LVEF (%); median (quartiles)
LVEDD, mm; median (quartiles)
LAD, mm; median (quartiles)
RVsP; median (quartiles)
Rebreathing test
HCVR (L/min/mmHg); median (quartiles)
Cardiopulmonary exercise testing
Duration, min; median (quartiles)
Maximum workload, watts; median (quartiles)
VO2 AT, mL/min/kg; median (quartiles)
VO2 peak, mL/min/kg; median (quartiles)
VO2 predicted,%; median (quartiles)
VE/VCO2 ; median (quartiles)
Laboratory measurement
NT-proBNP overall, pg/mL; median (quartiles)
- Sinus rhythm
- Atrial fibrillation
Hb, g/dL; median (quartiles)
Sodium, mmol/L; median (quartiles)
Creatinine, mg/dL; median (quartiles)
high-sensitivity CRP, mg/dL; median (quartiles)
Device programming
Charge time, s; median (quartiles)
Zones, n; median (quartiles)
VT-Zone, min−1 ; median (quartiles)
Bursts, n; median (quartiles)
Ramp, n; median (quartiles)
- Shock, n; median (quartiles)
VF-Zone, min−1 ; median (quartiles)
Shock, n; median (quartiles)
Impedance RA, Ohm; median (quartiles)
Impedance RV, Ohm; median (quartiles)
Impedance LV, Ohm; median (quartiles)
Sensing RA, mv; median (quartiles)
Sensing RV, mv; median (quartiles)
*
†
‡

P < 0.05 treated CSR versus no CSR,
P < 0.05 untreated CSR versus no CSR,
P < 0.05 treated CSR versus untreated CSR.

Treated CSR

Untreated CSR

No CSR

96
83 (86.5)
69 (62, 72)
27 (24, 29)
1 (0, 2)
51 (53.1)
61 (63.5)
110 (96, 123)
69 (60, 79)
29 (30.2)
70 (60, 76)
54 (56.3)
25 (26.0)
30 (31.3)

86
73 (84.9)
68 (61, 73)
26 (23, 29)
1 (0, 2)
47 (54.6)
56 (65.1)
110 (98, 120)
70 (61, 78)
17 (19.8)
70 (60, 77)
43 (50.0)
18 (20.9)
26 (30.2)

221
146 (66.0)*†
65 (53, 70)*†
25 (23, 28)*
0 (0, 2)
89 (40.3)*†
172 (77.8)*†
115 (100, 125)*†
70 (63, 80)
31 (14.0)*
66 (60, 75)
88 (39.8)*
69 (31.2)
63 (28.5)

93 (96.9)
94 (97.9)
75 (78.1)
41 (42.7)
44 (45.8)
93 (96.9)

80 (93.0)
85 (98.8)
67 (77.9)
33 (38.4)
40 (46.5)
86 (100)

214 (96.8)
221 (100)*
163 (73.8)
55 (24.9)*†
111 (50.2)
212 (95.9)

7.445 (7.428, 7.459)
76.9 (69.5, 83.3)
36.1 (33.7, 38.7)
1.3 (0.2, 2.7)
32 (23, 40)
93 (91, 95)
81 (77, 84)
6 (5, 8)
38 (29, 52)
43 (37, 54)‡

7.440 (7.418, 7.471)
67.7 (69.6, 82.4)
35.4 (32.5, 38.5)
0.5 (−0.8, 2.5)
33 (24, 44)
93 (92, 95)
83 (79, 85)
6 (5, 7)
37 (28, 53)
41 (33, 50)

7.438 (7.418, 7.456)
77.6 (70.2, 84.2)
37.1 (35.1, 40.4)*†
1.2 (0.1, 2.7)
3 (2, 7)*†
95 (93, 97)*†
88 (85, 90)*†
4 (3, 5)*†
15 (10, 27)*†
30 (24, 38)*†

25 (25, 30)
69 (65, 71)
50 (46, 57)
40 (27, 49)

26 (24, 32)
71 (65, 74)
50 (46, 55)
42 (33, 50)

30 (25, 35)*†
67 (62, 74)†
48 (43, 52)*†
33 (25, 46)

3.500 (2.330, 5.645)

3.807 (3.059, 5.174)

2.302 (1.802, 3.030)*†

7 (5, 9)
70 (52, 88)
11.6 (9.0, 14.2)
13.4 (11.0, 15.7)
55 (46, 67)
34 (30, 42)

7 (5, 9)
73 (54, 99)
12.4 (10.0, 14.3)
14.6 (12.4, 16.5)
56 (46, 66)
34 (32, 38)

7 (5, 9)
74 (58, 94)
12.2 (10.3, 15.1)
14.3 (11.7, 17.4)
59 (56, 78)
31 (27, 35)*†

1593 (887, 3855)*
1583 (579, 3693)*
1593 (977, 3959)
14.4 (13.0, 15.0)
139 (137, 142)
1.4 (1.1, 1.7)
0.31 (0.17, 0.57)

1300 (645, 3140)
1104 (584, 2804)
1679 (1200, 4670)
13.7 (12.5, 14.9)
139 (137, 141)
1.4 (1.2, 1.7)
0.37 (0.12, 0.78)

968 (318, 1984)
964 (314, 1990)
1110 (557, 1890)
13.6 (12.4, 14.7)
139 (137, 141)
1.1 (0.9, 1.5)
0.28 (0.11, 0.63)

8.7 (8.0, 10.6)
2 (2,2)
170 (167, 171)
3 (3, 4)
3 (3, 4)
5 (4, 5)
200 (200, 200)
6 (6, 8)
463 (412, 508)
511 (449, 623)
634 (504, 757)
3.2 (2.5, 4.5)
12.4 (8.8, 17.2)

9.5 (7.9, 10.6)
2 (2,2)
171 (170, 171)
3 (3, 4)
3 (3, 4)
4 (4, 5)
200 (200, 200)
6 (6, 8)
468 (417, 515)
508 (427, 623)
620 (494, 741)
3.0 (2.3, 4.4)
12.4 (8.7, 17.2)

9.0 (7.8, 10.5)
2 (2,2)
171 (170, 171)
3 (3, 4)
3 (3, 4)
4 (4, 5)
200 (200, 200)
6 (6, 8)
473 (420, 520)
515 (451, 637)
641 (513, 768)
3.1 (2.3, 4.5)
12.6 (8.9, 17.5)
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Figure 2. Kaplan-Meier plot on appropriate cardioverter-defibrillator therapies (primary study endpoint), arranged
according to treated Cheyne-Stokes respiration (Treated CSR), untreated CheyneStokes respiration (Untreated CSR), and
no Cheyne-Stokes respiration (No CSR).

Figure 3. Kaplan-Meier plot on appropriate cardioverter-defibrillator therapies arranged according to device adherence. Kaplan-Meier plot on appropriate
cardioverter-defibrillator therapies (primary study endpoint), arranged according to treatment device-usage above
average (adherent), treatment deviceusage below average (nonadherent),
untreated Cheyne-Stokes respiration (Untreated CSR), and no Cheyne-Stokes respiration (No CSR).

neurohumoral disarrangements, respiratory stability, and hypoxia are potential causative mechanisms.
In total, 126 patients (32.3%) were affected by appropriate
defibrillator therapies. Compared with current CRT-D trials
this number appears quite high.25 However, in 112 patients
(27.8%) devices were implanted for secondary prevention.
These patients in specific are known to face a higher risk for
defibrillator therapies.26,27 Consequently, we also identified
implantation for secondary prevention as the most important
risk factor.
CSR has been associated with ventricular ectopy and
arrhythmias in community and CHF populations. Mehra
et al. reported that in a community cohort of 2911 men (6%
with heart failure) CSR was an independent risk factor for

complex ventricular ectopy (OR 1.55, 95%CI 1.2 to 2.0).28
Lanfranchi et al. investigated 47 patients with CHF and found
a higher incidence of nonsustained ventricular arrhythmias
in those with CSR.29 Although these studies as well as our
data suggest a higher incidence of arrhythmias with CSR,
ventricular ectopy, and nonsustained ventricular tachycardia
are of little predictive value with respect to life-threatening
arrhythmias.30
Staniforth et al. demonstrated an increased risk for lifethreatening arrhythmias in 101 heart failure patients with suspected CSR after an average follow-up period of 6 months.31
Our group has previously reported on a cohort of 255 patients
with implanted CRT-D devices followed for up to 48 months.
Both OSA and CSR were independently associated with
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TABLE 2

TABLE 3

Univariate Analysis of Risk Factors for Ventricular Arrhythmias and
Therapy Events Stored by CRT-D or ICD Devices

Changes in Clinical Status, Echocardiographic Parameters, and
Cardiopulmonary Exercise Testing From Baseline to 12 Months Follow-Up

Risk factor
Stored ventricular arrhythmias
Male gender
Age > 70 years
BMI < 20
Ischemic cause of CHF
Secondary prophylaxis
NYHA-class III or IV
Systolic blood pressure <100 mmHg
Diastolic blood pressure < 60 mmHg
Atrial fibrillation
Heart rate >75/min
Evident diabetes
Class III antiarrhythmics
LVEF (per −1%)
LVEDD (per +1 mm)
LAD (per +1 mm)
HCVR (per +1L/min/mmHg)
VO2 peak (per −1 mL/min/kg)
Predicted VO2 (per −1%)
VE/VCO2 (per +1)
NT-proBNP>2000
Anemia (Hb< 13 g/dL)
Hyponatremia (Na+ < 137 mmol/L)
Renal failure (Creatinine> 1.2 mg/dL)
Untreated Cheyne-Stokes respiration
Treated Cheyne-Stokes respiration
Cardioverter-defibrillator therapies
Male gender
Age > 70 years
BMI < 20 kg/m2
Ischaemic cause
ICD for secondary prohylaxis
NYHA-class III or IV
Systolic blood pressure <100 mmHg
Diastolic blood pressure <60 mmHg
Atrial fibrillation
Heart rate >75/min
Evident diabetes
LVEF (per −1%)
LVEDD (per +1 mm)
LAD (per +1 mm)
HCVR (per +1 L/min/mmHg)
VO2 peak (per −1 mL/min/kg)
Predicted VO2 (per −1%)
VE/VCO2 (per +1)
NT-proBNP > 2000
Anemia (Hb < 13 g/dL)
Hyponatremia (Na+ < 137 mmol/L)
Renal failure (Creatinine> 1.2 mg/dL)
Untreated Cheyne-Stokes respiration
Treated Cheyne-Stokes respiration

Hazard 95% 95%
ratio Lower Upper

PValue

1.298
0.934
2.850
1.067
2.087
1.059
1.127
0.815
1.085
1.068
1.205
1.060
1.007
1.013
1.024
1.026
1.001
1.005
1.009
1.228
1.016
1.360
1.030
1.890
1.055

0.940
0.687
1.400
0.813
1.584
0.806
0.816
0.502
0.766
0.792
0.897
0.793
0.988
0.998
1.007
0.979
0.974
0.997
0.986
0.897
0.750
0.929
0.782
1.366
0.740

1.794
0.113
1.271
0.666
5.801
0.004
1.401
0.651
2.754 <0.001
1.391
0.97
1.555
0.468
1.323
0.408
1.537
0.65
1.440
0.666
1.620
0.216
1.418
0.69
1.027
0.45
1.027
0.09
1.041 <0.01
1.074
0.29
1.028
0.920
1.012
0.240
1.032
0.464
1.680
0.198
1.375
0.920
2.000
0.119
1.357
0.832
2.614 <0.001
1.504
0.77

1.621
1.259
2.867
1.412
3.268
1.529
1.582
1.957
1.469
0.880
0.994
1.043
1.025
1.043
1.063
0.958
0.985
1.039
1.447
0.701
1.132
1.330
2.416
1.207

1.044
0.862
1.255
0.995
2.300
1.076
1.070
1.140
0.964
0.591
0.670
1.016
1.007
1.023
1.013
0.920
0.974
1.009
0.974
0.486
0.702
0.935
1.617
0.754

2.517
1.839
6.548
2.003
4.651
2.169
2.336
3.367
2.239
1.310
1.474
1.070
1.044
1.063
1.114
0.998
0.995
1.069
2.150
1.011
1.824
1.892
3.609
1.932

0.031
0.233
0.012
0.054
<0.001
0.012
0.021
0.015
0.074
0.529
0.97
<0.01
<0.01
<0.001
0.034
0.04
0.003
0.009
0.067
0.057
0.611
0.112
<0.001
0.43

appropriate ICD therapies.10 In this study, which investigated
a larger group of patients, similar results were found although
the hazard ratio was lower than in our previous study (2.7 vs
3.4). These results confirm that untreated CSR is a significant
risk factor for the development of potentially life threatening
ventricular arrhythmias.
Data on effects of therapy of CSR on ventricular arrhythmias are scarce. Javaheri et al. reported that treatment with
continuous positive airway pressure (CPAP) reduced ventricular irritability in CHF patients with CSR.32
The CANPAP trial investigated the influence of CPAP
on transplant-free survival in 258 heart failure patients with

Treated
CSR
Clinical status
NYHA-class
− 0.5 ± 0.8
Heart rate (min−1 )
−2 ± 10
Systolic blood pressure (mmHg)
−1 ± 21
Diastolic blood pressure (mmHg)
−2 ± 13
Echocardiography
LVEF (%)
2.5 ± 6.9
LVEDD (mm)
− 1.6 ± 7.6
LAD (mm)
− 0.3 ± 6.0
Cardiopulmonary exercise testing
Workload (watts)
5.4 ± 20.9
VO2 AT (mL/min/kg)
0.2 ± 5.2
VO2 peak (mL/min/kg)
1.5 ± 3.3
Predicted VO2 peak (%)
5.8 ± 14.5
VE/VCO2
− 1.8 ± 3.5
Blood gas samples and laboratory
pH
− 0.011 ± 0.037
pO2 (mmHg)
1.5 ± 8.6
pCO2 (mmHg)
1.2 ± 3.8
Creatinine (mg/dL)
− 0.1 ± 0.7

Untreated
CSR

P-value

0.1 ± 0.6
0 ± 16
0 ± 20
−1 ± 17

<0.001
0.69
0.87
0.94

− 1.0 ± 6.1
0.8 ± 9.5
1.6 ± 6.0

0.03
0.16
0.14

− 2.9
− 1.8
− 2.1
− 5.8
0.6

±
±
±
±
±

20.6
0.06
2.7
0.10
3.2 <0.01
18.0
0.02
3.4
0.07

0.002
− 1.6
0.1
0.2

±
±
±
±

0.054
4.5
3.9
0.8

0.35
0.08
0.16
0.28

CSR.33 No overall mortality differences were found, but
CPAP was only partially successful at eliminating CSR with
a mean residual AHI of 19 events per hour. A subgroup analysis of patients who responded to CPAP (AHI<15/h) showed
a significant improvement in mortality.34 ASV is a more reliable treatment than CPAP and it normally eliminates CSR.12
In this study the mean AHI on ASV therapy at follow-up was
1/h, confirming that treatment was efficacious. Moreover, our
results also suggest that if CSR is successfully treated with
ASV the risk of appropriate cardiverter-defibrillator therapies is reduced and that therapy compliance is of substantial
importance.
We assume multiple mechanisms involved in a risk reduction from potentially life threatening ventricular arrhythmias
due to ventilation therapy. ASV may reduce the burden of
tachyarrhythmic events by inducing positive remodelling,
which was shown in this study (Table 3) as well as in several
other investigations.13,14 Second, patients with CSR are exposed to intermittent hypoxemias and especially hyperventilation periods occurring with alterations in sympathetic and
parasympathetic nervous system activity.35 This provokes
ventricular ectopy as well as T-wave alternans, which likely is
reduced with abolishing hyperventilation periods under ASV
therapy.36,37 Third, CSR per se functions as a biomarker of
neurohumoral disarrangements. As mentioned before, CSR
is caused by haemodynamic alterations and increased sympathetic activity that leads to an abnormal cardiorespiratory
reflex control and is associated with blunted baroreflex sensitivity, daytime hyperventilation, and enhanced ventilatory
response to exercise.4,5,38,39 These markers per se stand in
line with CSR to have a crucial prognostic impact in patients
with CHF.9,40-43 We previously confirmed higher HCVR an
independent risk factor for malignant cardiac arrhythmias.10
Possibly, ASV therapy not only modulates CSR but moreover
has a direct and/or an indirect impact via positive remodelling
on these neurohumoral disarrangements. As HCVR was not
measured at follow-up in our cohort, evidence for chemoreceptor desensitization and a reduction of sympathetic activity
can be derived from a decrease of VE/VCO2 during CPX as
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well as from an increase in pCO2 in capillary blood gas analysis at one year follow-up by trend in the treated CSR group
compared to the untreated CSR cohort, which has also been
reported before.14
Limitations
This was an observational cohort study, and treatment
allocation was not randomized, but rather determined by patients’ decision to accept ASV therapy. With 101 out of 195
patients accepting the therapy and only 39 of the 96 analyzed
demonstrating an adherence >60%, less than a quarter of patients with CSR accepted and were compliant with therapy.
This may have posed a bias as patients declining ASV therapy, although having very similar baseline characteristics to
those who accepted ASV therapy, may have been less compliant with other aspects of their therapy. Initial evaluation
of SDB was done with cardiorespiratory polygraphy rather
than PSG, the gold standard. This may have led to minor
inaccuracies in the determination of AHI, even though an extremely close correlation between the results obtained by PG
and PSG has been reported.44 As defibrillator devices were
implanted for primary or secondary prevention, we chose a
physician-tailored device programming. Even though data
were not different between groups, this may have influenced
the validity regarding truly life-threatening arrhythmias. Previous studies suggested programming strategies that prolong
detection duration or increase heart rate threshold to reduce
the number of tachyarrhythmias subjected to shock therapy
without any increase of syncope or death.45,46
Conclusions
This proof-of-concept study is the first to suggest a reduction of adequate cardiverter-defibrillator therapies by ASV
treated CSR in patients with CHF and ICD/CRT-D therapy.
Several mechanisms can be involved in the reduction of arrhythmia burden: patients using ASV had reduced exposure
to hyperventilation, hypoxemia, cyclical changes in autonomic tone, and a global improvement in indices of CHF
severity compared to untreated patients. The influence of
CSR on the risk of ventricular tachyarrhythmia may be an
explanation for the impaired prognosis associated with CSR
in CHF. If CSR really is a therapeutic target for patients with
CHF at risk of ventricular arrhythmias needs to be addressed
by forthcoming randomized, controlled trials.
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