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ABSTRACT

BACKGROUND

Central sleep apnea is associated with poor prognosis and death in patients with
heart failure. Adaptive servo-ventilation is a therapy that uses a noninvasive venti-
lator to treat central sleep apnea by delivering servo-controlled inspiratory pressure
support on top of expiratory positive airway pressure. We investigated the effects
of adaptive servo-ventilation in patients who had heart failure with reduced ejec-
tion fraction and predominantly central sleep apnea.

METHODS

We randomly assigned 1325 patients with a left ventricular ejection fraction of 45%
or less, an apnea-hypopnea index (AHI) of 15 or more events (occurrences of ap-
nea or hypopnea) per hour, and a predominance of central events to receive
guideline-based medical treatment with adaptive servo-ventilation or guideline-
based medical treatment alone (control). The primary end point in the time-to-
event analysis was the first event of death from any cause, lifesaving cardiovascu-
lar intervention (cardiac transplantation, implantation of a ventricular assist
device, resuscitation after sudden cardiac arrest, or appropriate lifesaving shock),
or unplanned hospitalization for worsening heart failure.

RESULTS
In the adaptive servo-ventilation group, the mean AHI at 12 months was 6.6 events
per hour. The incidence of the primary end point did not differ significantly be-
tween the adaptive servo-ventilation group and the control group (54.1% and
50.8%, respectively; hazard ratio, 1.13; 95% confidence interval [CI], 0.97 to 1.31;
P=0.10). All-cause mortality and cardiovascular mortality were significantly
higher in the adaptive servo-ventilation group than in the control group (hazard
ratio for death from any cause, 1.28; 95% CI, 1.06 to 1.55; P=0.01; and hazard
ratio for cardiovascular death, 1.34; 95% CI, 1.09 to 1.65; P=0.006).

CONCLUSIONS
Adaptive servo-ventilation had no significant effect on the primary end point in
patients who had heart failure with reduced ejection fraction and predominantly
central sleep apnea, but all-cause and cardiovascular mortality were both increased
with this therapy. (Funded by ResMed and others; SERVE-HF ClinicalTrials.gov
number, NCT00733343.)
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LEEP-DISORDERED BREATHING IS COM-

mon in patients who have heart failure

with reduced ejection fraction, with re-
ported prevalence rates of 50 to 75%.! Obstruc-
tive sleep apnea occurs more often in patients
with heart failure than in the general popula-
tion. Central sleep apnea, which may manifest
as Cheyne-Stokes respiration, is found in 25 to
40% of patients who have heart failure with re-
duced ejection fraction.> The prevalence of cen-
tral sleep apnea increases in parallel with in-
creasing severity of heart failure! and worsening
cardiac dysfunction.?

There are a number of mechanisms by which
central sleep apnea may be detrimental to car-
diac function, including increased sympathetic
nervous system activity and intermittent hypox-
emia.*® Central sleep apnea is an independent
risk marker for poor prognosis and death in
patients with heart failure.*”8

In the Canadian Continuous Positive Airway
Pressure for Patients with Central Sleep Apnea
and Heart Failure (CANPAP) study, patients with
heart failure and central sleep apnea were ran-
domly assigned to receive continuous positive
airway pressure (CPAP) or no CPAP. The trial
was stopped prematurely and did not show a
beneficial effect of CPAP on morbidity or mor-
tality. A post hoc analysis suggested that mortal-
ity might be lower if the apnea—hypopnea index
(AHI; the number of occurrences of apnea or
hypopnea per hour of sleep) is reduced to less
than 15 events per hour.!

Adaptive servo-ventilation is a noninvasive ven-
tilatory therapy that effectively alleviates central
sleep apnea by delivering servo-controlled inspi-
ratory pressure support on top of expiratory
positive airway pressure.!!> The Treatment of
Sleep-Disordered Breathing with Predominant
Central Sleep Apnea by Adaptive Servo Ventilation
in Patients with Heart Failure (SERVE-HF) trial
investigated the effects of adding adaptive servo-
ventilation (AutoSet CS, ResMed) to guideline-
based medical treatment on survival and cardio-
vascular outcomes in patients who had heart
failure with reduced ejection fraction and pre-
dominantly central sleep apnea.

METHODS

STUDY DESIGN AND OVERSIGHT
The SERVE-HF trial was an international, multi-
center, randomized, parallel-group, event-driven

study. Information about the study design has
been reported previously.’* The trial was spon-
sored by ResMed. The study protocol, which is
available with the full text of this article at
NEJM.org, was designed by the steering commit-
tee with the support of the scientific advisory
board and was approved by the ethics committee
at each study center. The trial was conducted in
accordance with Good Clinical Practice guide-
lines and the principles of the 2002 Declaration
of Helsinki.

The steering committee oversaw the conduct
of the trial and data analysis in collaboration
with the sponsor according to a prespecified
statistical analysis plan. The trial was reviewed
by an independent data and safety monitoring
committee. The first draft of the manuscript was
prepared by the first three authors and the last
author, who had unrestricted access to the data,
with the assistance of an independent medical
writer funded by the sponsor. The manuscript
was reviewed and edited by all the authors. All
the authors made the decision to submit the
manuscript for publication and assume respon-
sibility for the accuracy and completeness of the
analyses and for the fidelity of this report to the
trial protocol.

STUDY PATIENTS

Patients were eligible for participation in the
study if they were 22 years of age or older and
had symptomatic chronic heart failure and re-
duced ejection fraction. Specific requirements
included a left ventricular ejection fraction of
45% or less, New York Heart Association (NYHA)
class III or IV heart failure or NYHA class II
heart failure with at least one heart failure—
related hospitalization within the 24 months be-
fore randomization, and stable, guideline-based
medical treatment. Eligible participants also had
predominantly central sleep apnea (AHI, >15
events per hour, with >50% central events [apnea
or hypopnea] and a central AHI of >10 events
per hour). Full details of the inclusion and exclu-
sion criteria are provided in the Supplementary
Appendix, available at NEJM.org. All the partici-
pants provided written informed consent.

INTERVENTION

Adjustment of adaptive servo-ventilation was
performed in the hospital with the use of poly-
somnographic or polygraphic monitoring. De-
fault settings were used (expiratory positive air-
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way pressure, 5 cm of water; minimum pressure
support, 3 cm of water; and maximum pressure
support, 10 cm of water). The expiratory positive
airway pressure was increased manually to con-
trol obstructive sleep apnea, and the maximum
pressure support was increased to control central
sleep apnea. A full face mask was recommended
for the initiation of adaptive servo-ventilation.

Patients were advised to use the adaptive
servo-ventilation device for at least 5 hours per
night, 7 days per week. Adherence to therapy
was defined as the use of adaptive servo-ventila-
tion for an average of at least 3 hours per night.
The target was to reduce the AHI to less than 10
events per hour within 14 days after starting
adaptive servo-ventilation.

FOLLOW-UP
Clinic visits took place at study entry, after
2 weeks, at 3 and 12 months, and every 12 months
thereafter until the end of the study. Patients
were contacted by telephone at 6 months and
then at 12-month intervals. Patients in the adap-
tive servo-ventilation group also underwent
polygraphy or polysomnography at each visit,
and data were downloaded from the adaptive
servo-ventilation device. Continual on-site moni-
toring was performed, with source-data verifi-
cation of core data in all the patients. Central
monitoring of documents (patients’ records and
case-report forms) regarding serious adverse
events was performed before the assessments
by the end-point review committee. After the
protocol-specified goal of 651 identified and ad-
judicated primary end points was met, the trial
was terminated, and final visits were arranged
for all the patients so that end-of-trial assess-
ments could be performed and data regarding
any remaining end points or adverse events could
be collected before the database was locked.

END POINTS

The primary study end point in the time-to-event
analysis was the first event of the composite of
death from any cause, a lifesaving cardiovascu-
lar intervention, or an unplanned hospitalization
for worsening chronic heart failure, with the
latter two end-point events being assessed by the
end-point review committee. Lifesaving cardio-
vascular intervention included cardiac transplan-
tation, implantation of a long-term ventricular
assist device, resuscitation after sudden cardiac
arrest, or appropriate shock for ventricular ar-

rhythmia in patients with an implantable cardio-
verter—defibrillator.

Subsequent hierarchical end points to be
tested if the null hypothesis for the primary
end point was rejected were the first secondary
end point (which was the same as the primary end
point but included cardiovascular death instead
of death from any cause) and the second second-
ary end point (which was the same as the pri-
mary end point but included unplanned hospi-
talization for any cause instead of unplanned
hospitalization related to heart failure) (see the
Supplementary Appendix). Additional secondary
end points were the time to death from any
cause, the time to death from cardiovascular
causes, and change in NYHA class and change
in the 6-minute walk distance (both as assessed
at follow-up visits).

Quality of life was assessed with the use of
three instruments. Changes in general quality of
life were measured with the use of the EuroQol
Group 5-Dimension Self-Report Questionnaire
(EQ-5D). Changes in disease-specific quality of
life were measured with the use of the Minne-
sota Living with Heart Failure questionnaire.
The effect of sleep apnea on daytime sleepiness
was measured with the use of the Epworth Sleep-
iness Scale (on which scores range from 0 to 24,
with higher scores indicating more daytime
sleepiness).

STATISTICAL ANALYSIS
The study was designed to show a 20% reduction
in the rate of the first primary end-point event
with adaptive servo-ventilation. We calculated
that data on 651 events had to be collected for
the study to have a power of 80% to show that
reduction, at an overall two-sided type I error
rate of 5%. Because recruitment was slower than
scheduled and the pooled event rate was below
the expected rate in two blinded interim analy-
ses, the required sample size was adapted twice,
with a planned total of 1193 patients to be re-
cruited over a period of 60 months, plus an ad-
ditional 2 years of follow-up. Recruitment con-
tinued for longer than planned owing to a delay
with an associated substudy, which resulted in
the recruitment of more than 1193 patients. The
target number of 651 observed events was never
changed.

The primary analysis was conducted in the
intention-to-treat population, which consisted of
all the patients who underwent randomization,
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with adjudication of all the events that occurred
before the database was locked. The analysis fol-
lowed a group-sequential design with two in-
terim analyses with O’Brien—Fleming stopping
boundaries and two-sided log-rank tests com-
paring the control group with the adaptive ser-
vo-ventilation group. The significance level of
the final analysis step was 0.0430, and the cor-
responding rejection boundary of the standard-
ized log-rank statistic was £2.024, keeping an
overall two-sided significance level of 5%. The
excess of events at the termination of the trial
was included in the final analysis with the use
of the inverse normal method (a combination
rule for interim tests that does not require equal
sample sizes of the interim intervals). Cause-
specific hazard ratios were calculated, and cu-
mulative incidence curves that can take potential
competing risks into account were used to visu-
alize survival data. Further details regarding the
statistical analysis, including analyses of the
secondary end points and sensitivity analyses,
are provided in the Supplementary Appendix.

RESULTS

STUDY PATIENTS

A total of 1325 patients were enrolled from Feb-
ruary 2008 through May 2013 at 91 centers and
were included in the intention-to-treat analysis;
659 patients were assigned to the control group
and 666 to the adaptive servo-ventilation group
(Fig. 1). Information regarding patient with-
drawals, follow-up, and the handling of missing
data is provided in the Supplementary Appendix.
Table 1 provides details regarding the demo-
graphic and clinical characteristics of the pa-
tients in the two study groups at baseline; the
countries of enrollment are listed in Table S1 in
the Supplementary Appendix. There were no
significant differences in baseline characteris-
tics between the control group and the adaptive
servo-ventilation group, except for the rate of
antiarrhythmic drug use, which was higher in
the adaptive servo-ventilation group than in the
control group (P=0.005) (Table 1). The respirato-
ry characteristics at baseline are shown in Table 2.

STUDY INTERVENTION AND FOLLOW-UP

The median duration of follow-up was 31 months
(range, 0 to 80). We assessed the median posi-
tive airway pressure values at each time point

and then calculated the mean of the median
values (i.e., mean median values). In the adaptive
servo-ventilation group, the device-measured
mean median values of expiratory positive air-
way pressure were 5.5 cm of water (95% con-
fidence interval [CI], 5.4 to 5.6) at baseline and
5.7 cm of water (95% CI, 5.6 to 5.8) at 12 months;
the device-measured mean median values of in-
spiratory positive airway pressure were 9.7 cm of
water (95% CI, 9.6 to 9.8) at baseline and 9.8 cm
of water (95% CI, 9.6 to 9.9) at 12 months. Ta-
ble S2 in the Supplementary Appendix lists ad-
ditional device-measured data.

A total of 60% of the patients in the adap-
tive servo-ventilation group used adaptive servo-
ventilation for an average of 3 hours per night or
more during the trial period (Table S3 in the Sup-
plementary Appendix). Sleep-disordered breath-
ing was well controlled during adaptive servo-
ventilation therapy. At 12 months, the mean
AHI was 6.6 events per hour, and the oxygen
desaturation index (the number of times per
hour of recording that the blood oxygen level
drops by >3 percentage points from baseline)
was 8.6 events per hour (Table S4 in the Supple-
mentary Appendix).

SURVIVAL AND CARDIOVASCULAR END POINTS

A summary of end-point events according to
treatment group is provided in Table 3. The inci-
dence of the primary end point did not differ
significantly between the adaptive servo-ventila-
tion group and the control group, with event rates
of 54.1% and 50.8%, respectively (hazard ratio,
1.13; 95% CI, 0.97 to 1.31; P=0.10) (Fig. 2A).
Because the first and second secondary end
points were prespecified to be analyzed hierar-
chically only if the null hypothesis for the pri-
mary end point was rejected, the results of those
analyses are considered to be exploratory. How-
ever, there was no significant difference be-
tween the two groups with respect to either of
these end points.

All-cause mortality and cardiovascular mor-
tality were higher in the adaptive servo-ventila-
tion group than in the control group. All-cause
mortality was 34.8% and 29.3%, respectively
(hazard ratio for death from any cause, 1.28;
95% CI, 1.06 to 1.55; P=0.01), and cardiovascu-
lar mortality was 29.9% and 24.0%, respectively
(hazard ratio for death from cardiovascular
causes, 1.34; 95% CI, 1.09 to 1.65; P=0.006)
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1325 Patients underwent randomization

l

1325 Were included in the
intention-to-treat analysis

659 Were assigned to receive control
therapy
655 Received control therapy
4 Did not receive control therapy
owing to starting ASV

73 Withdrew consent
19 Had primary end-point
event before consent
was withdrawn
54 Had no primary end-
point event before
consent was withdrawn
3 Started ASV
before consent was
withdrawn
8 Were lost to follow-up
2 Started ASV before
being lost to follow-up

666 Were assigned to receive ASV
645 Received ASV
21 Did not receive ASV

82 Withdrew consent
19 Had primary end-point
event before consent
was withdrawn
63 Had no primary end-
point event before
consent was withdrawn
2 Discontinued ASV
before consent was
withdrawn
1 Was lost to follow-up

578 Completed the study
98 Started PAP therapy
87 Received ASV
8 Received CPAP
2 Received bilevel PAP
1 Received unspecified therapy

583 Completed the study
168 Discontinued ASV

way pressure, and PAP positive airway pressure.

Figure 1. Randomization, Treatment, and Follow-up of the Patients.

Patients who withdrew consent did so for both study participation and follow-up (see the Supplementary Appendix).
Of the 73 patients who withdrew consent in the control group, 3 had started adaptive servo-ventilation (ASV), and
of the 82 who withdrew consent in the ASV group, 2 had discontinued ASV. CPAP denotes continuous positive air-

(Fig. 2B and 2C). Similar findings were noted in
the sensitivity analyses of all-cause mortality
and cardiovascular mortality (Tables S5 and S6
and Fig. S1 in the Supplementary Appendix).

SUBGROUP ANALYSES

Subgroup analyses were conducted for the pri-
mary end point and for cardiovascular mortality.
In the analysis of the primary end point, there
was a significant modification of effect by the
degree of Cheyne—Stokes respiration, and in the
analysis of cardiovascular mortality, there was a
significant modification of effect by the left
ventricular ejection fraction (Fig. S2 in the Sup-
plementary Appendix).

SYMPTOMS AND QUALITY OF LIFE

Assessments performed with the use of the Min-
nesota Living with Heart Failure questionnaire,
the EQ-5D, and the NYHA classification showed
no significant differences between the adaptive
servo-ventilation group and the control group
during the study (Figs. S3, S4, and S5 in the
Supplementary Appendix). Although the Epworth
Sleepiness Scale score decreased in the two study
groups, the change was significantly greater in
the adaptive servo-ventilation group (P<0.001)
(Fig. S6 in the Supplementary Appendix). There
was a gradual decline in the 6-minute walk dis-
tance in both the control group and the adaptive
servo-ventilation group, but the decline was
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significantly more pronounced in the adaptive
servo-ventilation group (P=0.02) (Fig. S7 in the
Supplementary Appendix).

DISCUSSION

The SERVE-HF study showed that although
adaptive servo-ventilation therapy effectively
treated central sleep apnea, it did not have a

significant effect on the composite end point of
death from any cause, lifesaving cardiovascular
intervention, or unplanned hospitalization for
worsening heart failure. There was no beneficial
effect of adaptive servo-ventilation on a broad
spectrum of functional measures, including
quality-of-life measures, 6-minute walk distance,
or symptoms. In fact, there was a significant
increase in both cardiovascular mortality and

Table 1. Demographic and Clinical Characteristics of the Patients at Baseline.*

Characteristic
Age —yr
Male sex — no. (%)
Body weight — kg
Body-mass index
NYHA class — no./total no. (%)
1l
1
v
Left ventricular ejection fraction — %
Mean
Range
Diabetes mellitus — no./total no. (%)
Cause of heart failure — no./total no. (%)
Ischemic
Nonischemic
Blood pressure — mm Hg
Systolic
Diastolic
Electrocardiographic finding — no./total no. (%)
Left bundle-branch block§
Sinus rhythm
Atrial fibrillation
Other
Implanted device — no. (%)
No device
Non-CRT pacemaker
ICD
CRT-P
CRT-D
Hemoglobin — g/dI
Creatinine — mg/d||
Estimated GFR — ml/min/1.73 m?

6-Min walk distance — m

Control Adaptive Servo-Ventilation
(N=659) (N=666)
69.3+10.4 69.6+9.5
599 (90.9) 599 (89.9)
86.1+17.5 85.6+15.8
28.6+5.1 28.4+4.7

194/654 (29.7)
454/654 (69.4)

195/662 (29.5)
456/662 (68.9)

6/654 (0.9) 11/662 (1.7)
32.548.0 32.247.9
9.0-71.0 10.0-54.0

252/653 (38.6) 254/660 (38.5)

366/642 (57.0)
276/642 (43.0)

390/653 (59.7)
263/653 (40.3)

122.1+19.6
73.3+11.5

122.3+19.0
73.7+11.3

65/295 (22.0)
395/646 (61.1)
147/646 (22.8)
104/646 (16.1)

79/304 (26.0)
372/650 (57.2)
178/650 (27.4)
100/650 (15.4)

364 (55.2) 362 (54.4)
295 (44.8) 304 (45.6)
29 (44) 2(438)
161 (24.4) 163 (24.5)
1(32) 42
153 (23.2) 153 (23.0)
13.9+1.5 13.8+1.6
1.4+0.6 1.4+0.6
59.3+20.8 57.8+21.1
337.9+127.5 334.0+126.4
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Table 1. (Continued.)

Control Adaptive Servo-Ventilation
Characteristic (N=659) (N=666)

Concomitant cardiac medication — no./total no. (%)

ACE inhibitor or ARB 603/659 (91.5) 613/666 (92.0)
Beta-blocker 611/659 (92.7) 612/666 (91.9)
Aldosterone antagonist 325/659 (49.3) 316/666 (47.4)
Diuretic 561/659 (85.1) 561/666 (34.2)
Cardiac glycoside 124/657 (18.9) 149/666 (22.4)
Antiarrhythmic drug 89/659 (13.5) 128/666 (19.2)

* Plus—minus values are means +SD. There were no significant differences between the control group and the adaptive

servo-ventilation group, except for the rate of antiarrhythmic drug use, which was higher in the adaptive servo-ventila-

tion group than in the control group (P=0.005). Data were missing for the following characteristics: body weight, for

8 patients in the control group and 9 in the adaptive servo-ventilation group; body-mass index, for 8 and 9, respectively;

left ventricular ejection fraction, for 126 and 130, respectively; systolic blood pressure, for 15 and 11, respectively; dia-

stolic blood pressure, for 15 and 12, respectively; hemoglobin, for 27 and 25, respectively; creatinine level, for 30 and

29, respectively; and 6-minute walk distance, for 41 and 34, respectively. ACE denotes angiotensin-converting—enzyme,

ARB angiotensin-receptor blocker, CRT cardiac-resynchronization therapy, CRT-D CRT with defibrillator function, CRT-P

CRT with pacemaker function, GFR glomerular filtration rate, ICD implantable cardioverter—defibrillator, and NYHA

New York Heart Association.

The body-mass index is the weight in kilograms divided by the square of the height in meters.

i The measurement of left ventricular ejection fraction was added to the study protocol 32 months after the first patient
underwent randomization.

§ Left bundle-branch block was assessed in patients who did not have an implanted device.

9§ To convert the values for creatinine to micromoles per liter, multiply by 88.4.

Table 2. Respiratory Characteristics at Baseline.*
Control Adaptive Servo-Ventilation

Characteristic (N=659) (N=666)
Epworth Sleepiness Scale score 7.1£4.6 7.0+4.3
AHI — no. of events/hr 31.7+13.2 31.2+12.7
Central apnea index/total AHI — % 46.5+30.0 44.6+28.9
Central AHI/total AHI — % 81.8+15.7 80.8+15.5
Oxygen desaturation index — no. of events/hri: 32.8+19.0 32.1£17.7
Oxygen saturation — %

Mean 92.8+2.5 92.8+2.3

Minimum 80.3+7.5 80.7+7.0
Time with oxygen saturation <90% — min 55.7+73.9 50.5+68.2

* Plus—minus values are means +SD. There were no significant differences between the control group and the adaptive
servo-ventilation group. Data were missing for the following characteristics: Epworth Sleepiness Scale score, for 8 pa-
tients in the control group and 13 in the adaptive servo-ventilation group; the apnea—hypopnea index (AHI; the number
of occurrences of apnea or hypopnea per hour), for 1 in the adaptive servo-ventilation group; central apnea index divid-
ed by the total AHI, for 2 in the adaptive servo-ventilation group; central AHI divided by the total AHI, for 1 in the adap-
tive servo-ventilation group; mean oxygen desaturation index, for 4 in the control group and 7 in the adaptive servo-
ventilation group; average oxygen saturation, for 3 in the adaptive servo-ventilation group; minimum oxygen saturation,
for 5 in the adaptive servo-ventilation group; and time with an oxygen saturation of less than 90%, for 3 in the control
group and 10 in the adaptive servo-ventilation group.

T Scores on the Epworth Sleepiness Scale range from 0 to 24, with higher scores indicating more daytime sleepiness.

i The oxygen desaturation index is the number of times per hour of recording that the blood oxygen level drops by =3
percentage points from baseline.
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Table 3. Incidence of End-Point Events.*
Control Adaptive Servo-Ventilation Hazard Ratio
Event (N=659) (N=666) (95% Cl) P Value
No. of No. of Events/Yr No. of No. of Events/Yr
Patients (%) (95% Cl) Patients (%) (95% Cl)

Primary end pointf 335 (50.8) 0.212 360 (54.1) 0.245 1.13 0.10
(0.190-0.236) (0.220-0.272) (0.97-1.31)

First secondary end pointf 317 (48.1) 0.200 345 (51.8) 0.235 1.15 0.08
(0.179-0.224) (0.211-0.261) (0.98-1.34)

Second secondary end pointy 465 (70.6) 0.405 482 (72.4) 0.441 1.07 0.28
(0.369-0.444) (0.403-0.483) (0.94-1.22)

Death from any cause 193 (29.3) 0.093 232 (34.8) 0.119 1.28 0.01
(0.081-0.107) (0.104-0.135) (1.06-1.55)

Cardiovascular death 158 (24.0) 0.076 199 (29.9) 0.102 1.34 0.006
(0.065-0.089) (0.088-0.117) (1.09-1.65)

Hospitalization for any cause 448 (68.0) 0.384 452 (67.9) 0.411 1.05 0.47
(0.349-0.421) (0.374-0.451) (0.92-1.20)

Unplanned hospitalization for 272 (41.3) 0.164 287 (43.1) 0.190 1.13 0.16

worsening heart failure (0.145-0.185) (0.169-0.214) (0.95-1.33)

Heart transplantation 12 (1.8) 0.006 8 (1.2) 0.004 0.70 0.43
(0.003-0.010) (0.002-0.008) (0.28-1.70)

Implantation of long-term VAD 10 (1.5) 0.005 16 (2.4) 0.008 1.67 0.20
(0.002-0.009) (0.005-0.013) (0.76-3.68)

Resuscitation 19 (2.9) 0.009 25 (3.8) 0.013 1.40 0.27
(0.006-0.014) (0.008-0.019) (0.77-2.54)

Resuscitation for cardiac 16 (2.4) 0.008 18 (2.7) 0.009 1.19 0.61
(0.004-0.013) (0.005-0.015) (0.61-2.34)

Appropriate shock 65 (9.9) 0.033 45 (6.8) 0.024 0.71 0.08
(0.026-0.043) (0.017-0.032) (0.48-1.04)

Noncardiovascular death 35 (5.3) 0.017 33 (5.0 0.017 1.00 0.99
(0.012-0.024) (0.012-0.024) (0.62-1.62)

3%

VAD denotes ventricular assist device.
i The primary study end point in the time-to-event analysis was the first event of death from any cause, lifesaving cardiovascular intervention

(cardiac transplantation, implantation of a long-term ventricular assist device, resuscitation after sudden cardiac arrest, or appropriate shock
for ventricular arrhythmia in patients with an ICD), and unplanned hospitalization for worsening chronic heart failure. The first secondary
end point was the same as the primary end point, but with cardiovascular death instead of death from any cause. The second secondary
end point was the same as the primary end point, but with unplanned hospitalization for any cause instead of unplanned hospitalization
related to heart failure.
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all-cause mortality in the adaptive servo-ventila-
tion group. The signal for the primary end point
was stronger in patients with a higher propor-
tion of Cheyne—Stokes respiration than in those
who had a lower proportion, and the signal for
cardiovascular death was stronger in patients
with very low left ventricular ejection fraction
than in those with a higher left ventricular ejec-
tion fraction.

The findings of this study contrast with evi-
dence from smaller studies and meta-analyses

that have shown improvements in surrogate
markers, including the plasma concentration of
brain natriuretic peptide (BNP), left ventricular
gjection fraction, quality-of-life scores, functional
outcomes, and mortality among patients who
have heart failure with reduced ejection fraction
and have central sleep apnea that is treated with
adaptive servo-ventilation.”*'” The recently pub-
lished results of the Study of the Effects of Adap-
tive Servo-ventilation Therapy on Cardiac Func-
tion and Remodeling in Patients with Chronic
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adaptive servo-ventilation may be detrimental in
patients with heart failure, as suggested by the
subgroup analysis that showed a positive asso-
ciation between the proportion of Cheyne—Stokes
respiration and the adverse effect of adaptive
servo-ventilation on cardiovascular mortality.

Another possible explanation is that the ap-
plication of positive airway pressure may impair
cardiac function in at least some patients with
heart failure. A number of studies have docu-
mented decreased cardiac output and stroke vol-
ume during positive airway pressure therapy,
particularly when the pulmonary-capillary wedge
pressure is low.?>>* However, the hemodynamic
effects of positive airway pressure appear to be
neutral or beneficial in patients with heart failure
and high wedge pressures.?**>? Even in patients
with severe systolic dysfunction (left ventricular
ejection fraction, <£35%), short-term treatment
with bilevel positive airway pressure therapy has
been shown to significantly improve left ven-
tricular performance.”® Furthermore, no safety
concerns have been identified during the short-
term application of positive airway pressure in
patients with decompensated heart failure.?

Our study has a few limitations. The main
limitation of the study was its unblinded design,
which has the potential to introduce bias. How-
ever, this bias would be more likely to favor the
active treatment group, particularly with regard
to quality of life, and improvement in this out-
come was not seen in the study results. In addi-
tion, owing to the epidemiologic factors associ-
ated with central sleep apnea and with heart
failure with reduced ejection fraction, relatively
few women were recruited to the study. Finally,
the study was conducted in patients who had
heart failure with reduced ejection fraction, and
therefore the results cannot be generalized to
patients who have heart failure with preserved
ejection fraction. The study results also cannot be
extrapolated to patients with predominantly ob-
structive sleep apnea. As compared with central
apnea events, obstructive apnea events may lead
to more adverse loading of the heart by increasing
the left ventricular afterload by means of the com-
bined effects of elevations in systemic blood pres-
sure and the generation of increased negative
intrathoracic pressure, which can be reversed by
means of positive airway pressure therapies.

It should be noted that the algorithms used
by different adaptive servo-ventilation devices vary,

but the principle of treatment is the same (i.e.,
back-up rate ventilation with adaptive pressure
support). Although previous studies have not dif-
ferentiated between devices in terms of the effects
of adaptive servo-ventilation therapy, there is an
ongoing study of this question (ClinicalTrials.gov
number, NCT01128816) that may help deter-
mine whether the safety signal identified in
SERVE-HF is limited to a particular device or
algorithm.

In conclusion, we found that in patients who
had heart failure with a reduced ejection fraction
and predominantly central sleep apnea, the ad-
dition of adaptive servo-ventilation to guideline-
based medical treatment did not improve the
outcome. The risk of cardiovascular death was
increased by 34%, which was sustained through-
out the trial, and there was no beneficial effect
on quality of life or symptoms of heart failure.
These results were seen despite effective control
of central sleep apnea during adaptive servo-
ventilation therapy.
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