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Adaptive Servo- Ventilation versus continuous positive airway pressure 
in the treatment of Cheyne-Stokes respiration in heart failure over a six 

month period 
 
 
 
Learning Objectives 
 
Upon successful completion of this course, you will be able to: 
 
● List the advantages of Adaptive-Servo Ventilation 
 

● Compare the benefits patients receive with CSA-CSR treatment with ASV those received with 

CPAP.  

 
● Describe the connections between sleep studies, daytime sleepiness, respiratory function, and 
cardiovascular assessment 
 
 
 

Introduction 
 
VPAP® Adapt SV and Adaptive Servo-Ventilation 
With its advanced Adaptive-Servo Ventilation (ASV) algorithm, the ResMed VPAP Adapt SV 
provides ventilatory support to rapidly treat all forms of central sleep apnea (CSA), mixed apnea 
and periodic breathing, commonly known as Cheyne-Stokes respiration (CSR). 
 
The ASV algorithm delivers customized therapy 
 
Ventilation to a moving target 
To determine the degree of pressure support needed, the ASV algorithm continuously calculates a 
target ventilation. Based on respiratory rate and tidal volume, the target is 90% of the patient’s recent 
average ventilation—that means that ventilation can vary gradually and naturally over the course of the 
night. 
 
Patient/machine synchronization 
The algorithm uses three factors to achieve synchronization between pressure support and the patient’s 
breathing. 
 
1. The patient’s own recent average respiratory rate—including the ratio of inspiration to expiration 
and the length of any expiratory pause. 
 
2. The instantaneous direction, magnitude, and rate of change of the patient’s airflow, which are 
measured at a series of set points during each breath. 
 
3. A backup respiratory rate of 15 breaths per minute. 
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To ensure ventilatory support is synchronized to the patient’s effort, the VPAP Adapt SV relies on 
factors one and two. When a central apnea/hypopnea occurs, support initially continues to reflect the 
patient’s recent breathing pattern. However, as the apnea/hypopnea persists, the device increasingly 
uses the backup respiratory rate. 
 
Minimal support during stable breathing 
The ASV algorithm starts working even before central sleep apnea events occur, from the moment the 
patient lies down, puts on the mask and switches on the VPAP Adapt SV. 
 
So long as ventilation is at or above the target: 
• the magnitude of the pressure support remains minimal—the default minimum value of 3 cm H20 
provides enough support to do about half the work of breathing. • the underlying end expiration 
pressure (EEP) is clinician adjustable from 5 to 10 cm H20, helps reduce obstructive events and can 
also reduce central events. 
 
Support when it’s needed 
When a central hypopnea/apnea occurs and ventilation suddenly drops below the target: 
 
• pressure support rapidly increases over a few breaths to 
keep ventilation at the target 
• the default maximum pressure support value of 10 cm H20 will fully ventilate a centrally apneic 
patient with an open airway and normal lungs.  
 
Adaptive support when breathing resumes 
As breathing resumes and total ventilation exceeds the target: 
• pressure support is rapidly reduced back towards the minimum 3 cm H20 
• this reduces the likelihood of over-ventilation and hypocapnia,  
 
Why ASV instead of bilevel? 
Most CSA/CSR patients have trouble tolerating conventional bilevel ventilatory support. The pressure 
must be adjusted to a constant high level to adequately support a patient during apnea/hypopnea. 
This leads to over-ventilation during periods of normal breathing or hyperpnea, which causes arousals 
and discomfort. It can even propagate more CSA events. 
 
The ASV algorithm stabilizes patient breathing 
By ventilating the patient appropriately during periods of hypopnea and apnea and reducing support 
during periods of hyperventilation and normal breathing, the ASV algorithm rapidly stabilizes 
breathing patterns and arterial blood gases and minimizes discomfort and arousals often associated 
with bilevel treatment. which can lead to vocal cord closure and further apneas.  
 

 
 
 
 

Compliance with and effectiveness of adaptive servoventilation 
versus continuous positive airway pressure in the treatment of 
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Cheyne-Stokes respiration in heart failure over a six month 
period  

 
C Philippe1, M Stoïca-Herman2, X Drouot2, B Raffestin3, P Escourrou4, L Hittinger5, P-L Michel6, S Rouault7, M-P d’Ortho2  

 
 

   ABSTRACT  

  
Objective: To compare compliance with and effectiveness of adaptive servoventilation (ASV) versus 
continuous positive airway pressure (CPAP) in patients with the central sleep apnoea syndrome (CSA) 

with Cheyne-Stokes respiration (CSR) and with congestive heart failure in terms of the apnoea–
hypopnoea index (AHI), quality of life, and left ventricular ejection fraction (LVEF) over six months.  

Methods: 25 patients (age 28–80 years, New York Heart Association (NYHA) class II–IV) with stable 
congestive heart failure and CSA-CSR were randomly assigned to either CPAP or ASV. At inclusion, 
both groups were comparable for NYHA class, LVEF, medical treatment, body mass index, and CSA-
CSR.  

Results: Both ASV and CPAP decreased the AHI but, noticeably, only ASV completely corrected 
CSA-CSR, with AHI below 10/h. At three months, compliance was comparable between ASV and 
CPAP; however, at six months compliance with CPAP was significantly less than with ASV. At six 
months, the improvement in quality of life was higher with ASV and only ASV induced a significant 

increase in LVEF.  

Conclusion: These results suggest that patients with CSA-CSR may receive greater benefit from 
treatment with ASV than with CPAP.  

 

Keywords: Cheyne-Stokes respiration; central sleep apnoea syndrome; continuous positive airway 
pressure; adaptive servoventilation; heart failure  

Cheyne-Stokes respiration (CSR) is a distinct pattern of periodic breathing with alternating crescendo–
decrescendo sequences of hyperventilation and apnoea, often found in congestive heart failure (CHF).1 
The detrimental consequence of the central sleep apnoea syndrome (CSA) with CSR (CSA-CSR) on 
the outcome of patients with CHF has long been known.2,3 This effect appears to be independent of 
other known risk factors, such as left ventricular ejection fraction (LVEF) or peak oxygen 
consumption. Haemodynamic improvement after pharmacological treatment for CHF is often 
associated with a significant decrease in CSA-CSR. However, persistent CSA-CSR, despite optimal 
pharmacological treatment, should be treated more aggressively. Its treatment with nocturnal 
continuous positive airway pressure (CPAP) was first described in 1990.4 CPAP, when it alleviates 
CSA-CSR, reduces sympathetic nervous system activity and improves LVEF.5 The effect of CPAP 
over a prolonged period has been found to improve ejection fraction and combined mortality–cardiac 
transplantation rate in a monocentric randomised study.6 However, CPAP did not always normalize the 
sleep apnoea syndrome (SAS).  

Adaptive servoventilation (ASV) (AutosetCS; ResMed Corp, San Diego, California, USA) is a novel 
therapy that provides positive expiratory airway pressure and inspiratory pressure support, which is 
servocontrolled based on the detection of CSR, with a backup respiratory rate. In a study with a 
randomised cross over design, ASV was shown to be more effective than CPAP or nasal oxygen in 
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controlling central apnoeas and in improving sleep quality.7 In a one month randomised parallel trial 
versus placebo, ASV was recently reported to induce a significant improvement in daytime sleepiness, 
as well as in plasma brain natriuretic factor and catecholamine urinary excretion, both markers of CHF 
prognosis.8 No change was observed in patients with the placebo, which was subtherapeutic ASV.9 

With the objective of comparing ASV with CPAP in the long term treatment of CSA-CSR in patients 
with heart failure, we have performed a six month, randomised, prospective, parallel comparison of 
therapeutic ASV versus CPAP and assessed compliance, apnoea–hypopnoea index (AHI), daytime 
sleepiness, quality of life (QOL), and LVEF after six months of either treatment.  

 
 

   METHODS  

  
Study patients 
This study was a prospective, parallel, randomised, multicentre trial. Patients between 18 and 80 years 
old, with stable CHF and newly diagnosed CSA-CSR by nocturnal polygraphy (Embletta, Flaga, 
distributed by ResMed SA, Lyon, France) with an AHI > 15/h were invited to participate in this study. 
CHF was defined by a medical history of heart failure, LVEF of 45% at rest, assignment to New York 
Heart Association (NYHA) functional class II, III, or IV, and the absence, within the previous month, 

of exacerbations of heart failure while receiving stable optimal pharmacological treatment at the 
highest tolerable doses.  

Sleep studies, daytime sleepiness, respiratory function, and cardiovascular assessment 
Patients underwent a baseline overnight polysomnographic sleep study in a sleep laboratory. Sleep 
stages and arousals were scored according to standard criteria10 and an AHI was calculated.11 Nasal 
flow was evaluated with a nasal cannula together with an oral thermistor. Two channel (chest and 
abdomen) respiratory inductance plethysmography was also used to distinguish obstructive from 
central events, based on the absence of thoracoabdominal movements in case of central events. 
Oxyhaemoglobin saturation was monitored by oximetry. CSR was defined by the occurrence of 
crescendo–decrescendo periodic ventilation and CSA was defined by an AHI > 15/h with more than 
80% of central apnoea–hypopnoea. The desaturation index was calculated as the number of dips > 3% 
from the baseline for each hour of sleep.  

Daytime sleepiness was evaluated by the Epworth sleepiness scale (ESS) and the maintenance of 
wakefulness test (MWT) was performed the day after the overnight sleep study.12 Patients sat in a 

comfortable chair in the dark and were asked to resist sleep. Five 30 minute long tests were performed 
(at 0800, 1000, 1200, 1600, and 1800). Sleep onset was defined as the time from the lights being turned 
off to the first of three consecutive epochs of stage 1 non-rapid eye movement sleep or one epoch of 
any other sleep stage. Once sleep onset was identified, patients were awakened to prevent consolidated 
sleep improving their performance on the subsequent test. The mean latency of the five tests was 
calculated.  

 

QOL was evaluated by the Minnesota living with heart failure questionnaire,13 which is a self 
administered test of 21 questions specifically assessing the limitations commonly associated with heart 
failure. The answer to each question ranges from 0 to 5; the lower the score, the better the QOL. LVEF 
was measured by a conventional radionuclide isotopic technique.  
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Intervention 
After their baseline polysomnography, patients underwent the therapeutic trial. All patients were naïve 
to nocturnal ventilation. Patients adapted to a CPAP device during one night in the polysomnography 
laboratory to determine the effective pressure of CPAP and to check blood pressure tolerance to 
nocturnal ventilation and mask leaks. The ventilation was started with a nasal mask that was switched 
to a facial mask if leaks amounted to > 0.4 l/s. Airway pressure was manually increased from 4 cm H2O 
to the effective pressure, with a maximum of 12 cm H2O. The effective pressure was chosen as the 
pressure abolishing or significantly decreasing the CSR. Pressure was titrated with blood pressure 
monitoring: blood pressure was checked just before and five minutes after any increase in CPAP. In 
case of a blood pressure drop of > 20% from baseline after an increase in CPAP, the pressure was 
decreased by 1 cm H2O, blood pressure was checked, and the titration was interrupted if the blood 

pressure did not return to the previous value within five minutes.  

On the next day, patients were randomly assigned to either CPAP set at the effective pressure or to 
ASV set to its default settings (expiratory pressure 5 cm H2O, inspiratory pressure support between 3–
10 cm H2O, and back up respiratory rate 15 breaths/min).  

Nocturnal ventilation was provided at day 0 by a non-profit home care company (ADEP Assistance), 
whose nurses checked blood pressure at rest and after 15 minutes of machine use on awake patients. 
The nurses came back to check tolerance to and compliance with treatment on the following day (day 
1), on day 7, and then every month over the six month period of the study. Compliance was measured 
as the machine use (hours each night) given by the inbuilt counter.  

The effectiveness of treatment on CSA-CSR evaluated by polysomnography and QOL were assessed at 
three months. QOL, polysomnography, MWT, ESS, and LVEF were measured at inclusion and at six 
months.  

The study complied with the Declaration of Helsinki and was approved by a locally appointed ethics 
committee. All patients gave their informed consent to participate in the study.  

Statistical analysis 
Data are presented as mean (SD), unless otherwise stated. Unpaired t tests were used for normally 
distributed data and Mann-Whitney U tests were used for non-normally distributed data. Correlations 

were tested with the z test (StatView, version 5.0; Abacus Concepts, Berkeley, California, USA). 
Significance was considered for p < 0.05.  

Compliance was compared after exclusion of the patient who underwent heart transplantation in the 
ASV group and of the two patients who died in the CPAP group. A compliance value of zero was 
assigned to the two patients in the ASV group and the three patients in the CPAP group who dropped 
out.  

 

 
 

   RESULTS  

  
Patients 
We screened 320 patients between April 2001 and November 2003. Thirty two met the inclusion 
criteria and 25 patients (28–80 years, NYHA class II–IV) were recruited. The remaining seven declined 



 7 

to participate in the study. Both randomisation groups were comparable in terms of clinical 
presentation, LVEF (range 18–44%), SAS, and sleepiness (table 1 ). Five patients in the ASV group 
and six in the CPAP group had atrial fibrillation. In the overall population of the study 92% were 
treated with diuretics, 64% with angiotensin converting enzyme (ACE) inhibitors, 72% with ß blockers, 
and 76% with antiplatelets or anticoagulants. Medical treatment was comparable in both groups (table 
1 ).  

 

Table 1  Baseline characteristics of both study groups  

 ASV group (n = 12) CPAP group (n = 13) 

 

Age (years) 64.2 (15.5) 60.3 (11.5) 

Men 12 13 

NYHA class 2.9 (0.6) 3.0 (0.1) 

Causes of heart failure   

    Coronary heart disease 7 8 

    Valvopathy 3 2 

    Other 2 3 

Left ventricular ejection fraction (%) 29 (9) 30 (9) 

Treatment   

    Diuretic 12 11 

    ACE inhibitor 8 8 

    ß Blocker 9 9 

    Platelet inhibitor, anticoagulant 11 8 

Body mass index (kg/m2) 25.2 (3.3) 28.8 (6.3) 

Apnoea-hypopnoea index (/h) 47 (18.6) 40.5 (13.9) 

Oxygen desaturation index 45.7 (19.4) 34.7 (17.8) 

Epworth sleepiness scale score 8.6 (4.9) 7.4 (3.9) 

Minnesota questionnaire 54.4 (26.5) 43.8 (22.3) 

 

Data are mean (SD) or number of patients. The groups were comparable in all parameters. 

ACE, angiotensin converting enzyme; ASV, adaptive servoventilation; CPAP, continuous positive 
airway pressure; NYHA, New York Heart Association. 
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Twelve patients were allocated to the ASV group and 13 to the CPAP group. Eight patients dropped 
out of the study: three in the ASV group and five in the CPAP group. In the ASV group, one patient 
underwent heart transplantation (after three months) and two chose to discontinue ASV after four and 
five months. In the CPAP group, three patients discontinued CPAP (one at two weeks after initiation of 
treatment, one after one month, and one after four months) and two died, one of septic shock at one 
month of treatment and one of carcinoma at three months. In the CPAP group, mean effective pressure 
was 8.0 (1.8) cm H2O (range 5.0–10.0 cm H2O).  

Effects on SAS and daytime sleepiness 
In both groups nocturnal ventilation induced a significant decrease in AHI (fig 1A ); however, the 
decrease in AHI obtained with ASV was significantly greater than that with CPAP, both at three and at 
six months (fig 1B ). In the CPAP group, three patients had an AHI 20/h at six months but they did 
not exhibit any particular clinical characteristics. No correlation was found between the effective 
pressure and the AHI at six months, suggesting that lack of effectiveness was not due to an insufficient 
level of CPAP. Noticeably, only ASV completely corrected CSA-CSR with normalisation of AHI (fig 
1A ).  
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Figure 1  Effect of nocturnal ventilation on apnoea-hypopnoea index (AHI (/h)). (A) Individual AHIs 
at baseline and after three and six months of treatment with either adaptive servoventilation (ASV) 
(left) or continuous positive airway pressure (CPAP) (right). (B) Difference between baseline AHI and 
AHI measured at three and six months. ASV induced a greater decrease in AHI than did CPAP. Data 
are mean (SD). *Significant difference. 

  
Nocturnal ventilation induced a non-significant decrease in the ESS score (–3.0 (5.7) in the ASV group 
and –1.3 (3.2) in the CPAP group) and a non-significant increase in MWT time (1.1 (6.0) minutes in 
the ASV and 5.8 (6.9) minutes in the CPAP group). However, and in line with a previous report,9 those 
patients were not, or only a little, sleepy at baseline, with ESS score 8.0 (4.4) and MWT time 18.5 (8.5) 
minutes.  

Compliance with treatment 
Overall compliance with treatment was 4.7 (2.6) h/night at three months and 4.3 (3.1) h/night at six 
months. In contrast to ASV, compliance with CPAP significantly decreased over time (fig 2 ) and, 
therefore, compliance at six months was higher with ASV than with CPAP.  
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Figure 2  Compliance with nocturnal ventilation in both groups at three and six months treated with 
either ASV (left) or CPAP (right). One patient died and one discontinued nocturnal ventilation in the 
CPAP group before the third month, explaining why two points are reported as zero as early as three 
months. Compliance with ASV is significantly better with ASV than with CPAP at six months. 
Additionally, compliance with CPAP decreased significantly between three and six months. Data are 
mean (SD). *Significant difference. 

 Effects on cardiac function and on QOL 
LVEF was measured at six months in only seven patients treated with ASV and six patients treated 
with CPAP. Despite these small numbers, a significant difference was found, as ASV induced a 
significant increase in LVEF, whereas CPAP had no effect (fig 3 ).  

 

 
Figure 3  Changes in left ventricular ejection fraction (LVEF) obtained with either ASV or CPAP. 
Only ASV induced a significant increase in LVEF. Results are mean (SD). *Significant difference. 
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QOL was improved by either mode of nocturnal ventilation, as shown by the positive difference 
between the initial value of the score minus the value at the considered time point, either three or six 
months. However, the improvement in QOL was significantly higher with ASV than with CPAP after 
six months of treatment (fig 4A ). A positive correlation was found between compliance with 
treatment measured at six months and the improvement in QOL (fig 4B ).  

 

 
Figure 4  (A) Change in quality of life (QOL) measured by the Minnesota living with heart failure 
questionnaire. The improvement in QOL is expressed by the positive difference between the baseline 
score minus the score at the considered time point, either three or six months. Both ASV and CPAP 
induced a significant improvement in QOL at three months, but the improvement observed after six 
months was significantly greater with ASV than with CPAP. Data are mean (SD). *Significant 
difference. (B) A significant positive correlation between compliance with treatment measured at six 
months and improvement in QOL was seen. 

  
 

   DISCUSSION  
  
The present study was undertaken to compare compliance with and effectiveness of ASV versus CPAP 
over a long term, namely six months. This study shows that patients with CSR and symptomatic CHF 
treated by either ASV or CPAP comply well with nocturnal ventilation over six months but that 
treatment compliance is higher with ASV than with CPAP.  
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We also showed that nocturnal ventilation improved both SAS and QOL, with ASV having a greater 

effect than CPAP. In addition, in this study only ASV induced a significant gain in LVEF over six 
months.  

In previous studies,7,9 ASV was effective in correcting CSA-CSR and was more effective than CPAP. 
Additionally, CSA-CSR was always corrected with ASV, in contrast to CPAP. A previous study had 
shown that ASV was effective in correcting CSA-CSR and improving sleep, and that it was more 
effective than oxygen or CPAP.7 This partial response to CPAP is in line with some previous 

studies.5,14 Remarkably, some patients who responded to CPAP after three months of treatment did not 
respond at six months, whereas the effectiveness of ASV was consistent over six months. The method 
used in this study to apply CPAP was somewhat different from methods used in other studies, in which 
the target pressure was 10–12.5 cm H2O6 and was not based on a titration night. Here, the effective 
pressure for each patient was determined by both the haemodynamic tolerance to CPAP and the 
effectiveness of CPAP on CSA-CSR, leading to a lower mean pressure (8.0 (1.8) cm H2O). Taking the 
haemodynamic tolerance to CPAP into account may be important, as a potentially detrimental effect of 
CPAP has been underlined in an early report.15 Indeed, a reduction in cardiac output under CPAP has 
been described in the case of a patient with post-capillary wedge pressure < 12 cm H2O.16 Conversely, 
Bradley et al17 reported an increase in cardiac output and stroke volume with a low level (5 cm H2O) of 
CPAP. Accordingly, Baratz et al18 found an increase in cardiac output in seven of 13 patients with 
acute heart failure at several CPAP levels. Naughton et al19 showed that stroke volume index and 
cardiac index decreased significantly when CPAP (which was up to 10 cm H2O) was applied to healthy 
subjects but did not change in patients with CHF. Altogether, these results suggest that the effect of 
CPAP depends on the level of pressure and the initial haemodynamic status of the patient.  

Compliance with treatment was in the range of what is usually reported for the use of CPAP to treat 
obstructive SAS. Adherence to treatment was also in the range of that usually reported for the treatment 
of conventional obstructive SAS with CPAP, where the dropout rate is from 5%20 to 37%.21 In the 
current study, three (23%) patients in the CPAP group and two (17%) in the ASV group discontinued 
the study secondary to nasal ventilation intolerance. The lack of adherence may be linked to absence of 
daytime sleepiness, as shown by an ESS score below 11, and to normal MWT times at inclusion, in 
line with previous studies that have suggested that non-sleepy patients with obstructive SAS have a low 
acceptance of CPAP.22,23 Patients who continued nocturnal ventilation over the study duration had 
good overall compliance with treatment. Interestingly, compliance with CPAP decreased significantly 
over time and became significantly lower than that with ASV at six months. The better compliance 
with ASV may be due to better comfort observed with bilevel ventilation, which may result from the 
lowering of the pressure at expiration, as suggested by some previous reports on the use of bilevel 

ventilation in obstructive SAS.24 The variation of pressure support, which is anticyclical to the CSR, 
may also be a source of increased comfort. Interestingly compliance at six months was correlated with 
the improvement in QOL, suggesting that compliance is a consequence of the subjective benefits that 

patients experience from their treatment, according to previous observations.22,23 Compliance may also 
reflect the effectiveness of treatment, in line with Pepperell et al,9 who showed superior compliance 
with therapeutic ASV than with subtherapeutic ASV.  

The correction of CSA-CSR did not improve daytime sleepiness. However, our patients were not, or 
only moderately, sleepy at baseline and therefore a striking effect was not expected, in line with 
previous studies of non-sleepy patients.22,23 Hanly et al25 have reported that patients with CHF have 
more pronounced daytime sleepiness, but the measurement of sleepiness was based on multiple sleep 
latency tests that measure the propensity to get to sleep, and not the capability to resist sleep, in contrast 
to MWT.  
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Accordingly, Pepperell et al9 recently studied the effect of ASV on daytime sleepiness as the capability 
to resist sleep by performing Osler tests. They found a significant improvement, which was not found, 
however, on the ESS.  

In the present study, CPAP did not improve LVEF, in contrast to previous studies conducted in the 
treatment of both CSA-CSR6 and obstructive SAS.26 This may be due to the small number of patients 
in this study. Another hypothesis is that the lower mean CPAP pressure applied to our patients resulted 
in limited haemodynamic benefits from CPAP. On the other hand, using higher levels of CPAP may 
have detrimental consequences, as discussed above. A final hypothesis is based on the decrease in 
compliance with CPAP treatment observed over time, which may negatively influence the usually 
beneficial effect of CPAP on LVEF. This absence of an effect of CPAP on LVEF contrasts with the 
significant increase in LVEF observed with ASV. The effect of ASV on LVEF is in line with the 
results of Pepperell et al,9 who reported a significant decrease in plasma brain natriuretic peptide and 

urinary metadrenaline excretion after one month of treatment.  

The acute beneficial effects of CPAP on the cardiovascular system in patients with CHF are well 
described and are thought to explain the improvement of physiological outcomes over periods of one to 
six months, as previously reported.6,27 Indeed, in patients with CHF, positive airway pressure has 
positive effects on cardiac haemodynamic function, as it increases intrathoracic pressure and augments 
stroke volume and cardiac output.17 CPAP also reduces left ventricular preload and afterload by 
decreasing left ventricular transmural pressures.28 However, the reduction in preload may be 
detrimental under certain conditions (see above).15 It has been previously suggested that atrial 
fibrillation should be envisaged as a potential detrimental factor in further reducing left ventricular 
preload during positive pressure application. In the present study, however, five patients in the CPAP 
group and six in the ASV group had atrial fibrillation, and this did not interfere with nocturnal 
ventilation. The reduction in preload is expected to be lower with ASV than with CPAP, as pressure 

support varies between inspiration and expiration and varies from one cycle to another. However, these 
safety data should be obtained in further studies. Additionally, ASV, as a bilevel ventilatory mode, may 
have a greater beneficial effect than CPAP on arterial oxygen pressure. Indeed, a greater increase in 
arterial oxygen pressure had been observed with conventional bilevel ventilation than with CPAP,16,29 
thus contributing to a further decrease in sympathetic nervous system activity during sleep.  

Another important finding of this study is the greater improvement obtained with ASV than with CPAP 
in QOL, along with an increase in LVEF. This improvement was more pronounced than that observed 

in some studies of other treatments for CHF. For example, a meta-analysis of cardiac resynchronization 
showed a mean difference in the Minnesota score of 7.6 points (confidence interval 3.8 to 11.5 
points),30 whereas the difference in the present study was twice this value. Improvement in fatigue and 
exercise capacity with treatment of CSA-CSR after nocturnal ventilation have previously been 
reported,31 as well as an improvement in inspiratory muscle strength,32 and both may contribute to 
improve QOL. Interestingly, compliance with treatment evaluated at six months was correlated with 
improvement in QOL, whereas it was not correlated with initial AHI, initial LVEF, or initial 
sleepiness. This improvement in QOL was noted despite a lack of significant effect on daytime 

sleepiness.  

The present trial has limitations, the first one being the small number of patients. However, despite this 
small number, significant differences were noted between ASV and CPAP, consistent with previous 
results on ASV7,9 and with complete correction of CSA-CSR obtained with such a ventilation mode. 
Blinding was also not possible but study personnel who took polysomnography readings and LVEF 
measurements were blinded to the treatment assigned to patients.  
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On the other hand, only a few randomised studies have compared two ventilation modes in treating 
SAS.33 In CSA-CSR, only one study compared long term CPAP with another mode (bilevel pressure 

support) and showed that both modes were equally effective.34  

In summary, our study showed that both CPAP and ASV decrease AHI but that ASV induced a greater 
decrease in AHI than did CPAP, with a consistent normalisation of AHI. Compliance with treatment 
decreased significantly over time with CPAP, whereas it remained stable with ASV. This may have 
contributed to the increase in LVEF and to the improvement in QOL observed with ASV. These results 
suggest that patients may benefit more from treatment of CSA-CSR with ASV than with CPAP.  
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GLOSSARY 

 
   

 
Adeno-tonsillar  
Adenoid and tonsillar tissue. 
 
Apnea  
The cessation of airflow at the nostrils and mouth for at least 10 seconds. Literally 
means "no breath".  
 
Apnea Index (AI) 
A measure of the severity of sleep apnea; the number of all types of apnea events 
per hour. 
 
Apnea/Hypopnea Index (AHI)  
The number of apneas and hypopneas per hour. Also known as the Respiratory 
Disturbance Index (RDI).  
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Arousal  
Abrupt change from sleep to wakefulness or from a "deeper" stage of non-REM sleep 
to a "lighter" stage. These often correlate with changes in heart rate.  
 
Arrhythmia 
A deviation in the normal pattern of the heartbeat. 
 
Autonomic Arousal Index 
Alterations in heart rate by >10 beats/minute for at least five seconds, separated by 
>10 seconds in duration. 
 
Basic Sleep Cycle  
Progression through orderly succession of sleep states and stages. For the healthy 
adult, the first cycle begins in going from wakefulness to non-REM sleep. The initial 
REM period follows the first period of non-REM sleep, and the two sleep states 
alternate throughout the night with an average period of about 90 minutes. A night of 
normal human sleep usually consists of 4-6 non-REM/REM sleep cycles.  
 
Bi-Level  
Two level pressure device used to treat sleep apnea. A lower pressure is used during 
exhalation and a higher pressure during inhalation. Bi-Level machines are more 
expensive than a standard CPAP device, but some patients tolerate it better because 
they can exhale more comfortably against the constant inhalation pressure. 
(Sometimes called Bi-PAP, but that is a trademark name of one system). 
 
Biological Clock  
The brain process causing us to have 24-hour fluctuations in body temperature, 
hormone secretion, and other bodily activities. The most important function provides 
for the daily alternation of sleep and wakefulness.  
 
Body Mass Index (BMI) 
Abbreviation for body mass index, the most popular tool for defining what are healthy 
weight, overweight, and obesity in an individual. 
 
Body Position  
Positions in which the patient is sleeping. Often quantitated into supine (back), and 
non-supine categories. The percentage of time spent sleeping in each position is 
measured. 
 
Bradycardia  
Heart rhythm with a rate lower than 60 beats per minute in an adult.  
 
Bruxism  
The compulsive, unconscious grinding of teeth, especially during sleep.  
 
Central Apnea 
Absence of airflow caused by a complete cessation of all respiratory effort to breathe. 
Abnormalities of respiratory control in the brain or elsewhere can produce central 
apnea. 
 
Cheyne-Stokes Respiration  
A breathing pattern typified by regular "crescendo-decrescendo" or waxing and 
waning fluctuations in tidal volume. Often seen in the setting of neurologic disease, 
congestive heart failure, and high altitute.  
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Circadian Rhythm  
The inherent daily fluctuation of behavioral and physiological functions including the 
sleep/wake cycle, generally tied to the 24 hour day-night cycle but sometimes to a 
different periodicity especially when light/dark and other time cues are removed.  
 
Continuous Positive Airway Pressure (CPAP)  
Application of positive air pressure at a constant level to help keep an airway open by 
acting as a pneumatic "splint", thus preventing the airway from collapsing during 
sleep. Measured in cm of H2O pressure. 
 
Desaturation  
A reduction of the value of the oxygen saturation (SaO2). 
 
Electrocardiograph (EKG)  
A device used in measuring the electrical activity of the heart.  
 
Epworth Sleepiness Scale  
An index of sleep propensity (tendency) during the day as perceived by a patient, and 
derived from the answers to 8 standardized questions.  
 
Excessive Daytime Sleepiness or Hypersomnolence (EDS) 
A subjective report of difficulty in staying awake, accompanied by a ready entrance 
into sleep or diminished consciousness when an individual is sedentary.  
 
Fragmentation (Pertaining to Sleep Architecture)  
The interruption of a sleep stage as a result of the appearance of a lighter stage, or to 
the occurrence of wakefulness, which leads to a disrupted non-REM to REM sleep 
cycle.  
 
Gastroesophageal Reflux Disease (GERD)  
The abnormal flow of stomach acid upwards into the esophagus that can cause 
arousals and disrupt sleep.  
 
Humidification  
Adding moisture to the airflow as an adjunct to Continuous Positive Airway Pressure 
(CPAP) therapy in the treatment of obstructive sleep apnea syndrome (OSAS). 
Humidification can be added to the CPAP by diverting the airflow over or through a 
cool or heated water reservoir (humidifier) to prevent the upper airway from drying 
out.  
 
Hypersomnia  
Sleep of excessive depth or abnormal duration often characterized by a state of 
confusion upon awakening. Usually caused by psychological rather than physical 
causes. 
 
Hypertension (HTN) 
A persistent elevated blood pressure that is often asymptomatic. 
 
Hyperventilation 
An increased rate and/or depth of breathing.  
 
Hypopnea 
A decrease in breathing in which the airflow in and out of the airway is less than half 
of normal--usually associated with oxygen desaturation and commonly caused by 
partial airway obstruction. The presence of some airflow distinguishes this event from 
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apneic episodes.  
 
Hypoventilation  
A reduced rate and/or depth of breathing.  
 
Hypoxemia  
Reduced oxygen tension in arterial blood.  
 
Hypoxia  
The condition in which an inadequate amount of oxygen reaches the tissues of the 
body. The tissues most sensitive to hypoxia are the brain, heart, pulmonary vessels 
and liver. 
 
Idiopathic Dilated Cardiomyopathy  
Disorder in which the heart muscle is weakened and cannot pump blood efficiently 
from an unknown cause. 
 
Impotence 
The inability of the adult male to achieve penile erection. 
 
Insomnia  
The chronic inability to fall asleep or remain asleep during the night.  
 
Laser Assisted Uvulopalatoplasty (LAUP) 
Laser removal of soft palate tissue which can eliminate or decrease snoring but has 
not been shown to be effective in the treatment of severe sleep apnea.  
 
Lingual 
Pertaining to the tongue. 
 
Maxillo-mandibular Anomalies  
Developmental abnormalities of the upper and lower jaws. 
 
Micro-arousal  
A partial awakening from sleep of short duration. 
 
Mixed Apnea  
An interruption in breathing during sleep beginning as a central apnea then becoming 
an obstructive apnea.  
 
Multiple Sleep Latency Test (MSLT) 
A test utilized to assess excessive daytime sleepiness by having a patient take a 
series of naps during the day.  
 
Myoclonus  
Muscle contractions in the form of spasms or twitches.  
 
Narcolepsy 
A sleep disorder often characterized by sudden sleep attacks and an abnormal 
tendency to pass directly from wakefulness into REM sleep in a short time. 
 
Nares 
The pairs of openings in the nose that allows passage of air from the nose to the 
pharynx during breathing. 
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Nasopharyngeal 
Pathway through the nose and throat . 
 
Nocturia 
Urination, often frequent or excessive, during the night.  
 
Nocturnal 
"Of the night" pertaining or occurring during the hours of darkness, which is 
considered the normal time for sleep to occur.  
 
Obesity-Hypoventilation Syndrome 
The term applied to obese individuals who hypoventilate during sleep and 
wakefulness causing abnormal blood gas values. Known as Pickwickian syndrome 
when accompanied by erythrocytosis and cor pulmonale.  
 
Obstructive Apnea 
The cessation of airflow for at least 10 seconds in the presence of continued 
inspiratory effort. In sleep these are often caused by a mechanical obstruction, such 
as a semi-collapsed airway, a tongue relaxing in the back of the throat, or large tissue 
in the uvula area.  
 
Obstructive Sleep Apnea Syndrome (OSAS) 
A clinical spectrum of chronic disease caused by repeated apneic or hypopneic 
events during sleep.  
 
Oral Dental Devices  
Oral appliances, available from dentists specializing in treating dental sleep medicine, 
may be used in selected patients alone or in combination with other means to treat 
OSA. These devices work by bringing the lower jaw forward, and/or elevating the soft 
palette, and/or retaining the tongue from falling back into the airway. 
 
Oxygen Desaturation  
A decreased amount of oxygen carried by hemoglobin in the arterial blood.  
 
Oxygen Saturation (SaO2)  
A measure of oxygen carried by hemoglobin in the arterial blood. It is expressed as a 
ratio of the oxygenated hemoglobin molecules to all of the hemoglobin molecules 
(oxygenated and non-oxygenated). Values of arterial oxygen saturation in a young 
healthy adult are typically above 95%. 
 
Oximeter (Pulse)  
An instrument that gives estimates of arterial oxyhemoglobin saturation (SaO2) by 
measuring absorption of selected wavelengths of light in blood non-invasively. It is 
usually measured in peripheral tissues such as the fingers or earlobes. 
 
Pedal Edema  
A swelling of the lower extremities resulting from the excessive accumulation of fluid 
in the tissues typically seen in heart failure. 

 
 
Periodic Breathing  
These are repetitive apneic pauses or repetitive patterns of inconsistent tidal 
volumes. They are common in premature infants.  
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Periodic Limb Movement Disorder (PLMD) 
A syndrome also known as periodic leg movements or nocturnal myoclonus. 
Characterized by periodic episodes of repetitive and highly stereotyped limb 
movements occurring during sleep. The movements are often associated with a 
partial arousal or awakening; however, the patient is usually unaware of the limb 
movements or frequent sleep disruption. Between the episodes, the legs are still. 
There can be marked night-to-night variability in the number of movements or in the 
existence of movements.  
 
Pharynx  
The area posterior to the nares and the oral cavity. It is the passageway for air from 
the nasal cavity or mouth to the lungs via the larynx and the trachea and also for food 
and liquids from the mouth to the esophagus.  
 
Pulmonary Hypertension  
High blood pressure in the vessels supplying blood to and from the lungs. 
 
Radiofrequency Tissue Ablation 
A procedure (Somnoplasty) for treating nasal obstruction, snoring and in some cases, 
sleep apnea. Uses radiowave energy to reduce snoring and the size of the soft 
palate.  
 
REM Sleep 
Rapid Eye Movement sleep. Sleep characterized by the most active brain activity, 
flitting motions of the eyes, and weakness of the muscles. Most dreaming occurs in 
this stage, which accounts for about 20 - 25% of sleep in adults.  
 
Respiratory Disturbance Index (RDI) 
An index that includes all respiratory events (apneas and hypopneas) per hour.  
 
Restless Legs Syndrome (RLS) 
A sleep disorder characterized by a deep creeping, or crawling sensation in the legs 
that manifests itself as unilateral or bilateral twitches in the legs. Episodes generally 
last from five minutes to two hours and can alternate with periods of normal sleep. 
Leg movement relieves the sensations.  
 
Restlessness (Referring to Quality of Sleep)  
The persistence of recurrent body movements, arousals, and/or brief awakenings in 
the course of sleep.  
 
Right Heart Failure  
Inability of the right ventricle of the heart to pump blood at high pressures.  
 
Septoplasty 
Surgery on the nasal septum (tissue dividing the nasal passage).  
 
Sleep 
A state marked by lessened consciousness, lessened movement of the skeletal 
muscles, and depressed metabolism.  
 
Sleep Debt  
The result of recurrent sleep deprivation which occurs over time when an individual 
does not experience a sufficient amount of the restorative daily sleep that is required 
to maintain a sense of feeling rested and refreshed.  
 
Sleep Disorders 
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A broad range of illnesses arising from many causes including dysfunctional sleep 
mechanisms, abnormalities in physiological functions during sleep, abnormalities of 
the biological clock, and sleep disturbances that are induced by factors extrinsic to 
the sleep process.  
 
Sleep Hygiene  
The practices that promote effective and restorative sleep, including regularity of 
bedtime and wakening time, the obtaining of adequate amounts of restorative sleep 
on a daily basis and the restriction of alcohol and caffeine beverages prior to 
bedtime. Avoiding exercise before sleep, proper nutritional practices, and adjusting 
environmental factors so that they enhance, not disturb, restful sleep all contribute to 
proper sleep hygiene. 
 
Sleep Pattern (24 hour sleep-wake pattern)  
An individual's clock schedule of bedtimes and rise times as well as nap behavior. 
This may also include time and duration of sleep interruptions.  
 
Snoring 
The noise produced primarily with inspiratory respiration during sleep coming from 
the vibration of the soft palate and the pillars of the oropharyngeal inlet. Many people 
having this symptom have incomplete obstruction of the upper airway, and may 
develop obstructive sleep apnea.  
 
Soft Palate 
The membranous and muscular fold suspended from the posterior margin of the hard 
palate and partially separating the oral cavity from the pharynx.  
 
Somnoplasty 
The common name for radiofrequency ablation of tissues in certain sleep disorders.  
 
Tachycardia 
A sustained rapid heart rate, usually defined by a pulse rate of over 100 beats per 
minute (bpm). 
 
Tidal Volume  
The volume inhaled or exhaled in a normal breath. 
 
Titration  
The progressive, stepwise increase or decrease in CPAP pressure to find the 
minimal pressure needed to keep the airway open in a sleep apnea patient. 
 
Upper Airway  
The parts of the respiratory anatomy that include the nose, nostrils, sinus passages, 
septum, turbinates, tongue, jaws, hard and soft palate, muscles of the tongue, and 
throat.  
 
Upper Airway Resistance Syndrome (UARS)  
A part of the spectrum of obstructive sleep-related breathing disorders in which 
repetitive increases in resistance to airflow in the upper airway lead to brief arousals 
and daytime hypersomnolence. Apneas and hypopneas may be totally absent. Blood 
oxygen levels and peripheral saturations can be in the normal range.  
 
Uvula  
A soft tissue structure hanging from the posterior aspect of the soft palate in the 
midline at the back of the tongue. It is frequently enlarged in sleep apnea patients. 
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Uvulopalatopharyngoplasty (UPPP)  
Also abbreviated as UP3. Surgical resection of soft tissue of the uvula, soft palate, 
and posterior tonsillar pillars. UPPP is an accepted means of treatment for sleep 
apnea and has a curative rate of less than 50%. Scientific evidence suggests that 
UPPP works best in retropalatal and combination retropalatal and retrolingual 
obstruction.  
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 Adaptive Servo-Ventilation 
 
Select the best answer to each of the following items. Mark your responses on the Answer Form.  
 
  
1. With its advanced Adaptive-Servo Ventilation (ASV) algorithm, the ResMed VPAP Adapt SV 
provides ventilatory support to rapidly treat all forms of central sleep apnea (CSA), mixed apnea and 
periodic breathing, commonly known as _______. 
 
a. OSA 
b. RLS 
c. Cheyne-Stokes respiration (CSR) 
d. None of the above 
 
2. To ensure ventilatory support is synchronized to the patient’s effort, the VPAP Adapt SV relies on 
factors one and two. When a central apnea/hypopnea occurs, support initially continues to reflect the 
_______. However, as the apnea/hypopnea persists, the device increasingly uses the backup respiratory 
rate. 
 
a. patient’s weight 
b. patient’s sleep stage 
c. patient’s recent breathing pattern 
d. None of the above 
 
 
3. Most CSA/CSR patients have trouble tolerating conventional bi-level ventilatory support. The 
pressure must be adjusted to a constant high level to adequately support a patient during 
apnea/hypopnea. 
This leads to over-ventilation during periods of normal breathing or hyperpnea, which causes arousals 
and discomfort. It can even _______ CSA events. 
 
a. prevent 
b. propagate more 
c. heighten the intensity of 
d. None of the above 
 
   
4. By ventilating the patient appropriately during periods of hypopnea and apnea and reducing support 
during periods of hyperventilation and normal breathing, the ASV algorithm rapidly stabilizes 
breathing patterns and _______ and minimizes discomfort and arousals often associated with bilevel 
treatment. which can lead to vocal cord closure and further apneas.  
 
a. REM sleep patterns 
b. the basic sleep cycle 
c. arterial blood gases 
d. None of the above 
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5. Cheyne-Stokes respiration (CSR) is a distinct pattern of periodic breathing with alternating 
crescendo–decrescendo sequences of hyperventilation and apnoea, often found in _______. 
 
a. ASV 
b. congestive heart failure (CHF) 
c. REM sleep patterns 
d. None of the above 
 
 
6. Overall compliance with treatment was 4.7 (2.6) h/night at three months and 4.3 (3.1) h/night at six 
months. In contrast to ASV, compliance with CPAP significantly decreased over time and, therefore, 
compliance at _______ was higher with ASV than with CPAP. 
 
a. one week 
b. six weeks 
c. six months 
d. None of the above 
 
   
7. According to the study presented in this course, in summary, our study showed that both CPAP and 
ASV decrease AHI but that ASV induced a greater decrease in AHI than did CPAP, with a consistent 
normalisation of AHI. 
 
a. True 
b. False 
 
   
8. Arousal is the abrupt change from sleep to wakefulness or from a "deeper" stage of non-REM sleep 
to a "lighter" stage. These often correlate with changes in heart rate. 
 
a. True 
b. False 
 
   
9. The Basic Sleep Cycle is the progression through orderly succession of sleep states and stages. For 
the healthy adult, the first cycle begins in going from wakefulness to non-REM sleep. The initial REM 
period follows the first period of non-REM sleep, and the two sleep states alternate throughout the 
night with an average period of about 90 minutes. A night of normal human sleep usually consists of 
_____ non-REM/REM sleep cycles. 
 
a. 1-2 
b. 2-3 
c. 4-6 
d. 6-8 
 
10. _______ is a breathing pattern typified by regular "crescendo-decrescendo" or waxing and waning 
fluctuations in tidal volume. Often seen in the setting of neurologic disease, congestive heart failure, 
and high altitute. 
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a. OAS 
b. Cheyne-Stokes Respiration 
c. CHF 
d. None of the above 
 
   
11. According to a study presented here, in a one month randomised parallel trial versus placebo, ASV 
was recently reported to induce a significant improvement in daytime sleepiness, as well  as in plasma 
brain natriuretic factor and catecholamine urinary excretion, both markers of CHF prognosis 
 
a. True 
b. False 
 
 
12. So long as ventilation is at or above the target: 
 
a. the magnitude of the pressure support remains minimal—the default minimum value of 3 cm H20 
provides enough support to do about half the work of breathing 
b. the underlying end expiration pressure (EEP) is clinician adjustable from 5 to 10 cm H20, helps 
reduce obstructive events and can also reduce central events 
c. All of the above 
d. None of the above 
 
   
13. Periodic Limb Movement Disorder (PLMD) is a syndrome also known as periodic leg movements 
or nocturnal myoclonus. Characterized by periodic episodes of repetitive and highly stereotyped limb 
movements occurring during sleep. The movements are often associated with a partial arousal or 
awakening; however, the patient is usually _______ the limb movements or frequent sleep disruption. 
Between the episodes, the legs are still. There can be marked night-to-night variability in the number 
of movements or in the existence of movements. 
 
a. paralyzed by 
b. quite bothered by 
c. unaware of 
d. None of the above 
 
 
 
 
 
 
   
14. Rapid Eye Movement sleep is characterized by the most active brain activity, flitting motions of 
the eyes, and weakness of the muscles. Most dreaming occurs in this stage, which accounts for about 
_______% of sleep in adults. 
 
a. 10 - 15 
b. 15 -20 
c. 20 - 25 
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d. 30 - 40 
 
 
   
15. Sleep Debt is the result of recurrent sleep deprivation which occurs over time when an individual 
does not experience a sufficient amount of the restorative daily sleep that is required to maintain a 
sense of feeling rested and refreshed. 
 
a. True 
b. False 
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