
152 • FEDERAL PRACTITIONER  •   MAY 2023 mdedge.com/fedprac

Background: The sleep medicine community has struggled to 
identify the ideal role for adaptive servo-ventilation (ASV) therapy 
following a study that found increased mortality in patients with 
central sleep apnea (CSA) and heart failure with reduced ejection 
fraction who used ASV therapy. We aimed to identify characteristics 
of patients who benefit from ASV therapy.
Methods: We performed a record review of all patients treated 
with ASV therapy at the Hampton Veterans Affairs Medical Center 
in Virginia from January 1, 2015, to April 30, 2020. Clinical and 
polysomnographic characteristics of patients adherent to therapy 
were compared with those that were not adherent.
Results: Our cohort of 31 patients was entirely male with a 
mean age of 67.2 years, body mass index of 34.0, and Epworth 
Sleepiness Scale score of 10.9. Primary CSA was initially diagnosed 

in 3 patients (10%), comorbid obstructive sleep apnea (OSA) and 
CSA in 9 (29%), and primary OSA in 19 (61%). Seventeen patients 
(55%) met minimal adherence criteria with ASV therapy. The 
obstructive apnea-hypopnea index (AHI), as a proportion of the 
total pretreatment AHI, was higher in adherent patients (81.5%) vs 
nonadherent patients (46.7%) (P = .02). The median residual AHI 
was lower in the adherent group, both as absolute values (1.7 vs 
4.7 events/h; P = .004) and as a percentage of the pretreatment 
AHI (3.1% vs 10.2%; P = .002).  
Conclusions: Patients using ASV devices regularly have a larger 
component of obstructive sleep-disordered breathing and obtain 
greater objective benefit from ASV than those that do not. This 
understanding may help to identify patients that will most benefit 
from this debated form of therapy.

ORIGINAL RESEARCH

Experience With Adaptive Servo-Ventilation 
Among Veterans in the Post-SERVE-HF Era
Phillip A. Nye, MDa; Sean E. Hesselbacher, MDa,b

Author affiliations  
can be found at the  
end of this article.
Correspondence:  
Sean Hesselbacher  
(Hesselse@evms.edu)

Fed Pract. 2023;40(5).
Published online May 21.
doi:10.12788/fp.0374

Sleep apnea is a heterogeneous group 
of conditions that may be attribut-
able to a wide array of underlying 

conditions, with varying contributions 
of obstructive or central sleep-disordered 
breathing. The spectrum from obstruc-
tive sleep apnea (OSA) to central sleep 
apnea (CSA) includes mixed sleep apnea, 
treatment-emergent CSA (TECSA), and 
Cheyne-Stokes respiration (CSR).1 The 
pathophysiologic causes of CSA can be at-
tributed to delayed cardiopulmonary circu-
lation in heart failure, decreased brainstem 
ventilatory response due to stroke, blunting 
of central chemoreceptors in chronic opi-
oid use, and/or stimulation of the Hering-
Breuer reflex from activation of pulmonary 
stretch receptors after initiating positive air-
way pressure (PAP) for treatment of OSA.2,3 
Medications are commonly implicated in 
many forms of sleep-disordered breathing; 
importantly, opioids and benzodiazepines 
may blunt the respiratory drive, leading to 
CSA, and/or impair upper airway patency, 
resulting in or worsening OSA.

Continuous positive airway pressure 
(CPAP) therapy is largely ineffective in cor-
recting CSA or improving outcomes and 
is often poorly tolerated in these patients.4 
Adaptive servo-ventilation (ASV) is a form 
of bilevel PAP (BPAP) therapy that delivers 
variable adjusting pressure support, primar-

ily to treat CSA. PAP also may relieve upper 
airway obstructions, thereby effectively 
treating any comorbid obstructive compo-
nent. ASV has been well documented to im-
prove sleep-related disorders and improve 
apnea-hypopnea index (AHI) in patients 
with CSA. However, longitudinal data have 
demonstrated increased mortality in pa-
tients with heart failure with reduced ejec-
tion fraction (HFrEF) who were treated 
with ASV.5 Since the SERVE-HF trial re-
sults came to light in 2015, there has been 
no consensus regarding the optimal use, if 
any, of ASV therapy.6-8 This is partly related 
to the inability to fully explain the study’s 
major findings, which were unexpected at 
the time, and partly due to the absence of 
similar relevant mortality data in patients 
with CSA but without HFrEF.

TECSA may present in some patients 
with OSA who are new to PAP therapy. 
These events are frequently seen during 
PAP titration sleep studies, though patients 
can also experience significant TECSA 
shortly after initiating home PAP therapy. 
TECSA is felt to result from a combination 
of stimulating pulmonary stretch receptors 
and lowering arterial carbon dioxide below 
the apneic threshold. Chemoreceptors lo-
cated in the medulla respond by attenuating 
the respiratory drive.9 Previous studies have 
shown most cases of mild TECSA resolve 
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over time with CPAP treatment. However, 
in patients with persistent or worsening 
TECSA, ASV may be considered as an alter-
native to CPAP.

The prevalence of OSA in the veteran 
population is estimated to be as high as 
60%, considerably higher than the general 
population estimation.10 Patients with more 
significant comorbidities may also experi-
ence a higher frequency of central events. 
Patients with CSA have also been shown to 
have a higher risk for cardiac-related hospi-
tal admissions, providing plausible justifica-
tion for correcting CSA.10 

In the current study, we aim to charac-
terize the group of patients using ASV ther-
apy in the modern era. We will assess the 
objective efficacy and adherence of ASV 
therapy in patients with primarily CSA 
compared with those having primarily OSA 
(ie, TECSA). Secondarily, we aim to identify 
baseline clinical and polysomnographic fea-
tures that may be predictive of ASV adher-
ence, as a surrogate for subjective benefit.11 
In the wake of the SERVE-HF study, the 
sleep medicine community has paused pre-
scribing ASV therapy for CSA. We hope to 
provide more perspective on the treatment 
of veterans with CSA and identify the pa-
tient groups that would benefit most from 
ASV therapy.

METHODS
This retrospective chart review exam-
ined patients prescribed ASV therapy at the 
Hampton Veterans Affairs Medical Center 
(HVAMC) in Virginia who had therapy data 
between January 1, 2015, and April 30, 2020. 
The start date was chosen to approximate the 
phase-in of wireless PAP devices at HVAMC 
and to correspond with the release of prelimi-
nary results from the SERVE-HF trial. 

Patients were initially identified through 
a query into commercial wireless PAP man-
agement databases and cross-referenced 
with HVAMC patients. Adherence and  
efficacy data were obtained from the most  
recent clinical PAP data, which allowed for 
the evaluation of patients who discontinued 
therapy for reasons other than intolerance. 
Clinical, demographic, and polysomnogra-
phy (PSG) data were obtained from the elec-
tronic health record. One patient, identified 
through the database query but not found in 

the electronic health record, was excluded. 
In cases of missing PSG data, especially AHI 
or similar values, all attempts were made to 
calculate the data with other provided val-
ues. This study was determined to be ex-
empt by the HVAMC Institutional Review 
Board (protocol #20-01).

Statistics
Statistical analyses were designed to com-
pare clinical characteristics and adherence 
to therapy of those with primarily CSA on 
PSG and those with primarily OSA. Because 
it was not currently known how many pa-
tients would fit into each of these categories, 
we also planned secondary comparisons of 
the clinical and PSG characteristics of those 
patients who were adherent with therapy 
and those who were not. Adherence with 
ASV therapy was defined as device use for  
≥ 4 hours for ≥ 70% of nights.

Comparisons between the means of 
2 normally distributed groups were per-
formed with an unpaired t test. Compar-
isons between 2 nonnormally distributed 
groups and groups of dates were done 
with the Mann-Whitney U test. The nor-
mality of a group distribution was de-
termined using D’Agostino-Pearson 
omnibus normality test. Two groups of 
dichotomous variables were compared 
with the Fisher exact test. P value < .05 
was considered statistically significant.

RESULTS 
Thirty-one patients were prescribed ASV 
therapy and had follow-up at HVAMC since 
2015. All patients were male. The mean 
(SD) age was 67.2 (11.4) years, mean body 
mass index (BMI) was 34.0 (5.9), and the 
mean (SD) Epworth Sleepiness Scale (ESS) 
score was 10.9 (5.8). Patient comorbidi-
ties included 30 (97%) with hypertension,  
17 (55%) with diabetes mellitus, 16 (52%) 
with coronary artery disease, and 11 (35%) 
with congestive heart failure. Three patients 
had no echocardiogram or other documen-
tation of left ventricular ejection fraction 
(LVEF). One of these patients had volun-
tarily stopped using PAP therapy, another had 
been erroneously started on ASV (ordered 
for fixed BPAP), and the third had since been 
retitrated to CPAP. In the 28 patients with 
documented LVEF, the mean (SD) LVEF was 
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61.8% (6.9). Ten patients (32%) had opioids 
documented on their medication lists and  
6 (19%) had benzodiazepines. 

The median date of diagnostic sleep 
testing was January 9, 2015, and testing 
was completed after the release of the ini-
tial field safety notice regarding the SERVE-
HF trial preliminary findings May 13, 
2015, for 14 patients (45%).12 On diagnos-
tic sleep testing, the mean (SD) AHI was  
47.3 (25.6) events/h and the median (IQR) 
oxygen saturation (SpO

2) nadir was 82% 
(78-84). Three patients (10%) were ini-
tially diagnosed with CSA, 19 (61%) with 
OSA, and 9 (29%) with both. Sixteen pa-
tients (52%) had ASV with fixed expiratory 
PAP (EPAP), and 15 (48%) had variable ad-
justing EPAP. Mean (SD) usage of ASV was  
6.5 (2.6) hours and 66.0% (34.2) of nights 
for ≥ 4 hours. Mean (SD) titrated EPAP (set 
or 90th/95th percentile autotitrated) was 
10.1 (3.4) cm H

2O and inspiratory PAP 
(IPAP) (90th/95th percentile) was 17.1 (3.3) 
cm H

2O. The median (IQR) residual AHI on 
ASV was 2.7 events/h (1.1-5.1), apnea index 
(AI) was 0.4 (0.1-1.0), and hypopnea index 
(HI) was 1.4 (1.0-3.2); the residual central 
and obstructive events were not available in 
most cases.

Adherence
Seventeen patients (55%) met the mini-
mum adherence criteria of ≥ 4 hours of 
usage for ≥ 70% of the nights. There were 
no significant differences in age, BMI, sex, 
race, comorbidities, medications, or ESS 
when comparing patients who were adher-
ent to ASC and those who were not (Table 
1). The date of diagnostic sleep testing 
and sleep architecture, including sleep la-
tency, total sleep time, sleep efficiency, 
wake after sleep onset, arousal index, and 
percentage of rapid eye movement stage 
sleep were similar between the adherent 
patients and nonadherent patients (Table 
2). The overall AHI mean (SD) on diag-
nostic PSG were also similar between the 
adherent group (52.3 [24.8] events/h) and 
nonadherent group (45.1 [27.0] events/h) 
(P = .47). The mean (SD) for obstructive 
AHI (obstructive apneas, mixed apneas, 
obstructive hypopneas, and undifferenti-
ated hypopneas per hour of sleep) were 
higher in the adherent group as a percent-
age of the total AHI: 81.5% (27.9) in the 
adherent group vs 46.7% (38.4%) in the 
nonadherent group; P = .02) (Figure 1). 
This difference was primarily driven by a 
difference in mean (SD) HI: 29.7 (16.5) in 

TABLE 1 Baseline Demographics of Patients Receiving Adaptive Servo-Ventilation 
Characteristics Adherent (n = 17) Nonadherent (n = 14) P value

Age, mean (SD), y 68.2 (10) 65.9 (13) .58

Body mass index, mean (SD)  34.0 (6) 33.9 (6) .95

Male sex, No. (%) 17 (100) 14 (100) n/a

Race, No. (%)
  Black or African American
  White

4 (24)
13 (77)

4 (29)
10 (71)

.99

Epworth Sleepiness Score, mean (SD) 11.5 (5.2) 10.4 (6.5) .63

Comorbidities, No. (%)
  Hypertension
  Coronary artery disease
  Diabetes mellitus)
  Congestive heart failure
  Left ventricular ejection fraction, mean (SD)
  Atrial fibrillation
  Neuromuscular disease
  Stroke
  Pacemaker
  Chronic obstructive pulmonary disease

17 (100)
11 (65)
9 (53)
7 (41)

60.9 (6)
4 (24)
0 (0)
4 (24)
3 (18)
5 (29)

13 (93)
5 (36)
8 (57)
4 (29)

63.3 (8)
3 (21)
1 (7)
1 (7)
0 (0)
3 (21)

.45

.16

.99

.71

.37
 .99
.45
.34
.23
.70

Medications, No. (%)
  Benzodiazepines
  Opioids

3 (18)
7 (41)

3 (21)
3 (21)

.99

.28
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TABLE 2 Baseline Polysomnographic and ASV Data 
Baseline polysomnography results Adherent (n = 17) Nonadherent (n = 14) P value

Date (month/date/year), median 10/15/2014 2/14/2016 .40

Sleep latency, median (IQR), min 8.0 (3.5-17.5) 11.1 (6.9-17.0) .44

Total sleep time, median (IQR), min 252 (124-356) 323 (294-357) .16

Sleep efficiency, mean (SD), % 77.8 (16.2) 82.4 (7.8) .37

Wake after sleep onset, mean (SD), min 66.8 (37.8) 52.2 (36.3) .52

REM sleep, mean (SD), %a 11.7 (10.5) 14.1 (9.6) .58

Arousal index, mean (SD) 38.6 (31.8) 50.7 (31.3) .49

AHI, mean (SD) 52.3 (24.8) 45.1 (27.0) .47

Apnea index, mean (SD)
  Obstructive 
  Central 
  Mixed 
  Hypopnea 

18 (24)
12.7 (15.9)
0.8 (1.3)

29.7 (16.5)

9.0 (13.3)
17.8 (17.9)

1.3 (1.6)
15.3 (12.1)

.33

.53

.52

.04

Obstructive AHI
  Events, mean (SD)b

  Percentage of total, mean (SD)c
43.1 (30.6)
81.5 (27.9)

24.3 (18.4)
46.7 (38.4)

.11

.02

Oxygen saturation nadir, median (IQR) 82.0 (78.5-85.0) 82.0 (77.5-84.0) .62

Therapeutic settings and data

Mode, No.
  ASV
  ASV with variable adjusting expiratory PAP

11
6

5
9

.16

Expiratory PAP, mean (SD) 9.8 (3.4) 10.4 (3.5) .66

90th/95th percentile inspiratory PAP, mean (SD) 16.7 (3.8) 17.6 (2.8) .51

Nightly ASV use, mean (SD), h 8.0 (1.3) 4.8 (2.6) .001

Residual AHI
  Median (IQR), events/h
  Median (IQR), %d

1.7 (0.9-3.2)
3.1 (2.5-6.0)

4.7 (2.4-10.3)
10.2 (5.3-34.4)

.004

.002

Baseline-residual AHI ∆, median (IQR) 49.7 (27.8-65.8) 35.6 (18.5-61.0) .22

Median leak, median (IQR), L/min 4.5 (1.2-10.5) 4.6 (0.7-13.6) .96

Abbreviations: AHI, apnea-hypopnea index; ASV, adaptive servo-ventilation; PAP, positive airway pressure; REM, rapid eye movement. 
aREM sleep as percentage of total sleep time. 
bObstructive AHI includes obstructive apneas, mixed apneas, obstructive hypopneas, undifferentiated hypopneas per hour of sleep.
cObstructive AHI as percentage of overall AHI.
dPercentage of pretreatment AHI.

the adherent group vs. 15.3 (12.1) in the 
nonadherent group (P = .04). 

There were no significant differences be-
tween the proportions of patients on ASV 
with set EPAP or the titrated EPAP and IPAP. 
The median (IQR) residual AHI was lower 
in the adherent group compared with the 
nonadherent group, both in absolute val-
ues (1.7 [0.9-3.2] events/h vs 4.7 [2.4-10.3] 
events/h, respectively [P = .004]), and as a 
percentage of the pretreatment AHI (3.1% 

[2.5-6.0] vs 10.2% [5.3-34.4], respectively; 
P = .002) (Figure 2).

Primarily Obstructive Sleep Apnea
Sleep apnea was a mixed picture of obstruc-
tive and central events in many patients. Only 
3 patients had “pure” CSA. Thus, we were 
unable to define discrete comparison groups 
based on the sleep-disordered breathing phe-
notype. We identified 19 patients with pri-
marily OSA (ie, initially diagnosed with OSA, 
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OSA with TECSA, or complex sleep apnea). 
The mean (SD) age was 66.1 (12.8) years, 
BMI was 36.2 (4.7), and ESS was 11.4 (5.6). 
The mean (SD) baseline AHI was 46.9 (29.5), 
obstructive AHI was 40.5 (30.4), and cen-
tral AHI was 0.4 (1.2); the median (IQR) 
SpO

2 nadir was 81% (78%-84%). The mean 
(SD) titrated EPAP was 10.2 (3.5) cm H

2O, 
and the 90th/95th percentile IPAP was  
17.9 (3.5) cm H

2O. The mean (SD) usage 
of ASV was 7.9 (5.3) hours with 11 patients 
(58%) meeting the minimum standard for 
adherence to ASV therapy.

No significant differences were seen 
between the adherent and nonadher-
ent groups in clinical or demographic 
characteristics or date of diagnostic sleep 
testing (eAppendix, available online at 
doi:10.12788/fp.0374). In baseline sleep 
studies the mean (SD) HI was 32.3 (15.8) 
in the adherent group compared with  
14.7 (8.8) in the nonadherent group (P = 
.049). In contrast, obstructive AHI was not 
significantly lower in the adherent group: 
51.9 (30.9) in the adherent group com-
pared with 22.2 (20.6) in the nonadherent 
group (P = .09). The median (IQR) resid-
ual AHI on ASV as a percentage of the pre-
treatment AHI was 3.0% (2.4%-6.5%) in 
the adherent group compared with 11.3% 
(5.4%-89.1%) in the nonadherent group, a 

statistically significant difference (P = .01). 
No other significant differences were seen 
between the groups. 

DISCUSSION
This study describes a real-world cohort of 
patients using ASV therapy and the charac-
teristics associated with benefit from therapy. 
The patients that were prescribed and started 
ASV therapy most often had a significant 
degree of obstructive component to sleep- 
disordered breathing, whether primary OSA 
with TECSA or comorbid OSA and CSA. 
Moreover, we found that a higher obstruc-
tive AHI on the baseline PSG was associ-
ated with adherence to ASV therapy. Another 
important finding was that a lower residual 
AHI on ASV as a proportion of the baseline 
was associated with PAP adherence. Adher-
ent patients had similar clinical characteris-
tics as the nonadherent patients, including 
comorbidities, severity of sleep-disordered 
breathing, and obesity.

Though the results of the SERVE-HF trial 
have dampened the enthusiasm somewhat, 
ASV therapy has long been considered an ef-
fective and well-tolerated treatment for many 
types of CSA.13 In fact, treatments that can 
eliminate the central AHI are fairly limited.4,14 
Our data suggest that ASV is also effective 
and tolerated in OSA with TECSA and/or 
comorbid CSA. Recent studies suggest that 
CSA resolves spontaneously in a majority of 
TECSA patients within 2 to 3 months of reg-
ular CPAP use.15 Other estimates suggest that 
persistent TESCA may be present in 2% of 
patients with OSA on treatment.16 

Given the high and rising prevalence of 
OSA, many people are at risk for clinically 
significant TESCA. Another retrospective 
case series found that 72% of patients that 
failed treatment with CPAP or BPAP during 
PSG, met diagnostic criteria (at the time) for 
CSA; ASV was objectively beneficial in these 
patients.17 ASV can be an especially useful 
modality to treat OSA in patients with CSA 
that either prevents tolerance of standard 
therapies or causes clinical consequences, 
presuming the patient does not also have 
HFrEF.18 The long-term outcomes of treat-
ment with ASV therapy remain a matter of 
debate. 

The SERVE-HF trial remains among the 
only studies that have assessed the mortality 
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effects of CSA treatments, with unfavorable 
findings. Treatment of OSA has been associ-
ated with favorable chronic health benefits, 
though recent studies have questioned the 
degree of benefit attributable to OSA treat-
ment.19-24 Similar studies have not been done 
for comorbidities represented by our study 
cohort (ie, OSA with TECSA and/or comor-
bid CSA).

The lack of CSA diagnosis alone in our co-
hort may be partially attributable to changing 
practice patterns following the SERVE-HF 
trial, though it is not clear from these data 
why a higher baseline obstructive AHI was 
associated with adherence to ASV therapy. 
Our data in this regard are somewhat at odds 
with the preliminary results of the ADVENT-
HF trial. In that study, adherence to ASV 
therapy in patients with predominantly OSA 
declined significantly more than in patients 
with predominantly CSA.25 Most of our pa-
tients were diagnosed with predominantly 
OSA, so a direct comparison with the CSA 
group is problematic; additionally, the pri-
mary brand and the pressure adjustments  
algorithm used in our study differed from the 
ADVENT-HF trial. 

OSA and CSA may present with simi-
lar clinical symptoms, including sleep frag-
mentation, insomnia, and excessive daytime 
sleepiness; however, the degree of symptom-
atology, especially daytime sleepiness, and 
the response to treatment, may be less in 
CSA.2,26 Both the subjective report of symp-
toms (ESS) and PSG measures of sleep frag-
mentation were similar in our patients, again 
likely explained by the predominance of ob-
structive events. 

The pathophysiology of CSA is more var-
ied than OSA, which is probably relevant in 
this case. ASV was originally designed for 
the management of CSA with CSR, accom-
plishing this goal by stabilizing the periods 
of central apnea and hyperpnea characteris-
tic of CSR.27 Although other forms of CSA 
demonstrate breathing patterns distinct from 
CSR, ASV has become an accepted treatment 
for most of these. It is plausible that the long-
term subjective benefit and tolerance of ASV 
in CSA without CSR is less than for CSA with 
CSR or OSA. None of the patients in our 
study had CSA with CSR. 

Ultimately, it may be the objective treat-
ment effect that lends to adherence, as has 

been shown previously in OSA patients; 
our group of adherent patients showed a 
greater improvement in AHI, relative to 
baseline, than the nonadherent patients 
did.28 The technology behind ASV therapy 
can greatly reduce the frequencies of cen-
tral apneas, yet this same treatment effec-
tively splints the upper airway and even 
more effectively eliminates obstructive 
apneas and hypopneas. Variable adjust-
ing EPAP devices would plausibly provide 
even more benefit in these patients, as has 
been shown in prior studies.29 To the con-
trary, our small sample of patients  with 
TESCA showed a nonsignificant trend to-
ward adherence with fixed EPAP ASV. 

Opioid use was substantial in our popula-
tion, without significant differences between 
the groups. CPAP therapy is ineffective in im-
proving opioid-associated CSA. In a recent 
study, 20 patients on opioid therapy with 
CSA were treated with CPAP therapy; after 
several weeks, the average therapeutic use 
was 4 to 5 hours per night and CPAP was 
abandoned in favor of ASV therapy due to 
persistent central apnea. ASV treatment was 
associated with a considerable reduction in 
central apnea index, AHI, arousal index, and 
oxygen desaturations in a remarkable im-
provement over CPAP.30 

FIGURE 2 Treatment Effect of  
Adaptive Servo-Ventilationa

aResidual apnea-hypopnea index (events per hour and as the 
proportion of pretreatment apnea-hypopnea index) P < .01.
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Limitations and Future Directions
This retrospective, single-center study may 
have limited applicability to other popu-
lations. Adherence was used as a surro-
gate for subjective benefit from treatment, 
though benefit was not confirmed by the 
patients directly. Only patients seen in 
follow-up for documentation of the ASV 
download were identified for inclusion and 
data analysis. As a single center, we risk 
homogeneity in the treatment algorithms, 
though sleep medicine treatments are often 
decided at the time of the sleep studies. 
Studies and treatment recommendations 
were made at a variety of sites, including 
our sleep center, other US Department of 
Veterans Affairs hospitals, in the commu-
nity network, and at US Department of 
Defense centers. Our population was ho-
mogenous in some ways; notably, 100% of 
our group was male, which is substantially 
higher than both the veteran population 
and the general population. Risk factors for 
OSA and CSA are more common in male 
patients, which may partially explain this 
anomaly. Lastly, with our small sample size, 
there is increased risk that the results seen 
occurred by chance.

There are several areas for further study. A 
larger multicenter study may permit these re-
sults to be generalized to the population and 
should include subjective measures of bene-
fit. Patients with primarily CSA were largely 
absent in our group and may be the focus 
of future studies; data on predictors of treat-
ment adherence in CSA are lacking. With 
the availability of consistent older adherence 
data, comparisons may be made between the 
efficacies of clinical practice habits, including 
treatment efficacy, before and after the results 
of the SERVE-HF trial became known.

CONCLUSIONS
In selected patients with preserved LVEF, 
ASV therapy appears especially effective 
in patients with OSA combined with CSA. 
Adherence to ASV treatment was associ-
ated with higher obstructive AHI during 
the baseline PSG and with a greater reduc-
tion in the AHI. This understanding may 
help guide sleep specialists in personaliz-
ing treatments for sleep-disordered breath-
ing. Because objective efficacy appears to be 
important for therapy adherence, clinicians 

should be able to consistently determine 
the obstructive and central components 
of the residual AHI, thus taking all infor-
mation into account when optimizing the 
treatment. Additionally, both OSA and CSA 
pressure requirements should be consid-
ered when developing ASV devices. 
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eAPPENDIX Patients With Primarily Obstructive Sleep Apnea
Characteristics Adherent (n = 11) Nonadherent (n = 8) P value

Age, mean (SD), y 68.6 (11.9) 62.8 (14.1) .35

Body mass index, mean (SD) 35.3 (5.2) 37.4 (3.9) .36

Race, No. (%)
  Black or African American
  White

4 (27.3)
8 (73)

3 (38)
5 (63)

 .99

Epworth Sleepiness Score, mean (SD) 10.9 (5.5) 11.9 (6.1) .74

Left ventricular ejection fraction, mean (SD), % 61.2 (6.6) 68.0 (7.3) .08

Baseline PSG results

Date (month/date/year), median 4/19/2013 7/28/2015 .75

Sleep, median (IQR), min
  Latency
  Total time

9.0 (3.5-17.5)
332 (129-367)

10.5 (6.9-17.0)
353 (284-369)

.64

.44

Sleep efficiency %, mean (SD) 78.2 (17.5) 84.9 (7.8) .34

Arousal index, mean (SD) 32.5 (15.3) 44.0 (28.9) .50

AHI, mean (SD) 54.1 (29.3) 37.8 (29.1) .26

Hypopnea index, mean (SD) 32.3 (15.8) 14.7 (8.8) .049

Obstructive AHI, mean (SD)
  Events, mean (SD)a

  Percentage of totalb
51.9 (30.9)
96.4 (7.7)

22.2 (20.6)
85.7 (15.1)

.09

.11

Oxygen saturation (SpO2) nadir, median (IQR) 81.0 (78.1-83.0) 79.0 (71.0-87.0) .82

Therapeutic settings and data

Mode, No.
  ASV
  ASV with variable adjusting expiratory PAP

9
2

3
5

.07

Expiratory PAP, mean (SD) 9.7 (3.3) 10.8 (3.6) .50

90th/95th percentile inspiratory PAP, mean (SD) 18.3 (3.4) 18.9 (1.7) .70

Average use (SD), h/night 7.5 (1.1) 5.2 (2.7) .06

Residual AHI, 
  Median (IQR), events/h
  Median (IQR), %c

  Baseline-residual AHI ∆, median (IQR)

1.7 (0.9-3.9)
3 (2.4-6.5) 

32 (24.3-84.2)

4.1 (1.9-8.6)
20.7 (1.2-69.5)
11.3 (5.4-89.1)

.16

.15

.01

Leak, median (IQR), L/min 3.9 (1.3-49.7) 4.5 (0.1-4.6) .66

Abbreviations: AHI, apnea-hypopnea index; ASV, adaptive servo-ventilation; PAP, positive airway pressure; PSG, 
polysomnography.
aObstructive AHI includes obstructive apneas, mixed apneas, undifferentiated hypopneas per hour of sleep.
bMeasured as obstructive AHI as percentage of overall AHI.
cMeasured as percentage of pretreatment AHI.


