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Abstract 

 

Although adaptive servo-ventilation (ASV) therapy is considered clinically beneficial to patients 

with heart failure (HF), a large proportion of patients fail to show improvement in HF. We 

aimed to identify reliable markers indicative of a favorable response to ASV. 

 

We evaluated 103 consecutive patients with New York Heart Association (NYHA) class II–IV HF 

who were scheduled for ASV therapy for 3 months. Patients were classified as responders if 

their brain natriuretic peptide levels were decreased after 3 months.  

 

Twenty-one patients (20.3%) failed to respond to ASV. No significant differences were 

observed between responders and nonresponders with regard to NYHA classification, age, 

gender, body mass index, drug therapy, and cardiovascular risk factors. Polysomnography 

showed no significant baseline differences between the 2 groups in the apnea–hypopnea index 

(AHI) and percent sleep time of oxygen saturation level below 90% (responders, 4.7% ± 9.2%; 

nonresponders, 3.7% ± 6.0%; P=0.68). The percent sleep time of oxygen saturation level below 

90% is similar parameter as cumulative percentage of time at a pulse-oximetry oxygen 

saturation below 90% (CT90%) which is measured by in-home screening. We named it 

“Modified CT90%”. After ASV therapy for 3 months, NYHA classification remarkably improved 

in responder group. Logistic regression analysis revealed that improvement of modified 

CT90%<1 was independent factor for the responder group. The adjusted odds ratio was 0.685 

(95% confident interval 0.485 – 0.967, P=0.03).   

 

Our study suggests that improvement of modified CT90%<1 at 3 months is associated with a 

favorable response to ASV therapy. 

 

Keywords: Heart failure, Adaptive Servo-Ventilation Therapy, Responder, Nonresponder. 

 

Introduction 

 

Adaptive servo-ventilation (ASV) is 

designed specifically to treat all forms of 

central sleep apneas (CSA), including 

complex and mixed sleep apnea (Teschler 

et al., 2001). Sleep-disordered breathing 

(SDB) is closely related not only to heart 
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failure (HF) (Pepperll et al., 2003) (Kasai et 

al., 2006) (Arzt et al., 2008) but also to 

cardiovascular diseases, including 

hypertension, fatal arrhythmias, and 

coronary artery disease (Javaheri et al., 

1998) (Moruzzi et al., 1999) (Ben-Dov et 

al., 2007) (Wang et al., 2007) (Serizawa et 

al., 2008) (Somers et al., 2008) (Takama 

and Kurabayashi, 2009). Furthermore, SDB 

is a strong risk factor for fatal 

cardiovascular events and mortality 

(Takama and Kurabayashi, 2007) (Kato et 

al., 2009). Therefore, SDB needs to be 

treated to stabilize the underlying 

cardiovascular disease. Most patients with 

cardiovascular disease suffer not only from 

CSA but also from other types of SDB such 

as obstructive sleep apnea (OSA) and 

hypopnea. ASV effectively treats CSA and 

Cheyne–Stokes respiration (CSR) and also 

other types of SDB including OSA and 

complex sleep apnea syndrome. It offers 

the added advantage of providing 

expiratory positive airway pressure and a 

pressure support system (Egea et al., 

2008). ASV treatment reduces the risk of 

life-threatening events in HF patients thus 

demonstrating that ASV is an effective 

option for treating HF (Tanaka and 

Kurabayashi, 2012). 

 

Despite the demonstrated clinical benefits 

of ASV therapy in HF patients, a substantial 

proportion of patients failed to show 

improvement in HF in response to ASV. 

Therefore, we aimed to identify reliable 

factors indicative of a positive response to 

ASV.  

 

Materials and Methods 

 

Study Design and Ethics 

 

This was a retrospective, observational 

study. A total of 103 consecutive HF 

patients who were hospitalized for the first 

time with class II–IV symptons, as defined 

by the New York Heart Association (NYHA) 

classification of HF stages, underwent full-

night polysomnography (PSG) after 

medical therapy was optimized. ASV was 

initiated in the hospital after patients had 

undergone PSG. ASV treatment was 

recommended regardless of SDB severity 

and type (Takama and Kurabayashi, 2011). 

All procedures were performed at the 

Department of Cardiovascular Medicine, 

Gunma University Hospital. Outpatient 

visits were used to follow up. We measured 

BNP levels just before starting ASV therapy 

and after ASV therapy for 3 months. Based 

on previous studies indicating that 

decreased levels of brain natriuretic 

peptide (BNP) correlated significantly with 

clinical improvement (Clerico and Emdin, 

2004) (Doust et al., 2005), patients were 

classified as responders if their BNP levels 

decreased after 3 months and as 

nonresponders if their BNP levels did not 

decrease. We also performed PSG after ASV 

therapy for 3 months. 

 

This study was conducted in accordance 

with the recommendations of the 

Declaration of Helsinki (1975), and the 

protocol was approved by the medical 

center’s Institutional Review Board. 

Informed consent was provided by all 

patients before participating in the study. 

 

Sleep Evaluation and Treatment Devices 

 

PSG was performed using digital 

polygraphy (E-Series Plus; Compumedics, 

Abbotsford, Victoria, Australia). We 

evaluate sleep architecture such as sleep 

stages, arousals, apnea, and hypopnea by 

electroencephalography, 

electrooculography, chin 

electromyography, chest and abdominal 

movements, airflow, arterial oxygen 

saturation.  

 

“Percent sleep time of oxygen saturation 

level below 90%” which is evaluated by 

PSG is similar parameter as cumulative 

percent of time at a pulse-oximetry oxygen 

saturation below 90% (CT90%) which is 

evaluated by in-home screening. We named 

it “Modified CT90%”. The difference 

between the two parameter is “total sleep 

time” in case of modified CT90%, “total 

study time” in case of CT90%.  

 

ASV device was an AutoSet-CS (ResMed, 

Sydney, Australia) with a full facemask 

(ResMed). ASV provides 4-cm H2O 

expiratory positive airway pressure and a 

suitable minimum-maximum inspiratory 

support, which was within the range of 3-8 
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cmH2O. The backup respiratory rate was 15 

breaths/min. 

 

Statistical Analysis 

 

2-tailed t test was performed to compare 

continuous data. Chi-squared test was 

performed to compare categorical data. 

Univariate and multivariate analysis were 

performed using logistic regression 

analysis. Significance level was set at <5%.  

All statistical analyses were performed 

with EZR (Saitama Medical Center, Jichi 

Medical University), which is a graphical 

user interface for R (The R Foundation for 

Statistical Computing, Vienna, Austria, 

version 2.15.3). More precisely, it is a 

modified version of R commander (version 

1.6-3) designed to add statistical functions 

frequently used in biostatistics. 

 

Results 

 

The study group consisted of 103 HF 

patients (age, 70 ± 11 years; 66 males, 37 

females). All patients were treated with 

ASV after medical treatment was optimized 

in the acute phase. The patients were 

classified into 2 groups: responders were 

82 patients who showed decreased BNP 

levels after 3 months of ASV therapy, 

whereas nonresponders were 21 patients 

whose BNP levels did not improve after 3 

months of ASV therapy. 

 

Baseline BNP levels were high for the 2 

groups (responders, 590 ± 591 pg/mL; 

nonresponders, 412 ± 622 pg/mL; P = 

0.25). Baseline left ventricular ejection 

fraction (LVEF) before ASV therapy was 

low for the 2 groups (responders, 41.9% ± 

18.3%; nonresponders, 49.3% ± 15.0%; P = 

0.07). No significant differences were 

observed between the 2 groups with 

respect to age, gender, body mass index, 

drug therapy, or cardiovascular risk 

factors, including a history of hypertension, 

dyslipidemia, diabetes mellitus, metabolic 

syndrome, underlying cardiac disease, and 

chronic kidney disease. Blood gas analysis 

also showed no significant difference 

between the groups. Table 1 presents the 

baseline characteristics of patients. 
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On full-night PSG, no significant differences 

were observed with respect to AHI 

(responders, 26.7 ± 15.3/h; nonresponders, 

32.2 ± 16.7/h; P = 0.41), CSA index, OSA 

index, mixed apnea index (AI), hypopnea 

index (HI), sleep efficiency, sleep stages, 

baseline oxygen saturation level, minimum 

oxygen saturation level, oxygen 

desaturation index at the 4% level 

(4%ODI), and modified CT90% 

(responders, 4.7% ± 9.2%; nonresponders, 

3.7% ± 6.0%; P = 0.68). Table 2 

summarizes several parameters analyzed 

during PSG. 

 



5                                                                                                                                                      JMED Research 

 

 

 

 

_______________  

 

Toshimitsu Kato, Noriaki Takama and Masahiko Kurabayashi (2014), JMED Research,  

DOI: 10.5171/2014.188674 

 
 

In responders (Table 3), sleep efficiency 

did not significantly improve after ASV 

therapy, but significant improvement were 

observed with respect to NYHA 

classification, LVEF (before ASV therapy, 

41.9% ± 18.3%; after ASV therapy, 46.9% ± 

15.8%; P = 0.01), atrial O2 tension (blood 

gas analysis), AHI (before ASV therapy, 

42.9 ± 25.7/h; after ASV therapy, 16.5 ± 

14.9/h; P = 0.01), CSA index, OSA index, 

mixed AI, HI, baseline oxygen saturation 

level, minimum oxygen saturation level, 

4%ODI, and modified CT90% (before ASV 

therapy, 4.7% ± 9.2%; after ASV therapy, 

0.46% ± 1.2%; P = 0.01). 
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In non-responders (Table 4), after ASV 

therapy, significant improvements were 

observed with respect to AHI (before ASV 

therapy, 49.9 ± 33.2/h; after ASV therapy, 

9.2 ± 9.1/h; P = 0.01), CSA index, OSA index, 

minimum oxygen saturation level, and 

4%ODI but not with respect to NYHA 

classification, LVEF (before ASV therapy, 

49.3% ± 15.0%; after ASV therapy, 50.2% ± 

17.5%; P = 0.88), mixed AI, HI, sleep 

efficiency, baseline oxygen saturation level, 

and modified CT90% (before ASV therapy, 

3.7% ± 6.0%; after ASV therapy, 1.8% ± 

2.9%; P = 0.34). Drug therapy did not 

change before and after ASV therapy. 

 



7                                                                                                                                                      JMED Research 

 

 

 

 

_______________  

 

Toshimitsu Kato, Noriaki Takama and Masahiko Kurabayashi (2014), JMED Research,  

DOI: 10.5171/2014.188674 

 
 

In the comparison between responder with 

non-responder groups after ASV therapy 

(Figure 1), significant differences were 

observed with respect to modified CT90% 

(responders, 0.5% ± 1.1 %; nonresponders, 

1.8% ± 2.9 %; P = 0.01). Responders tend 

to be longer average time used for ASV 

therapy(responders, 5.9 ± 2.7h; 

nonresponders, 4.6 ± 3.4h; P = 0.15), lower 

AHI (responders, 6.2 ± 6.6/h; 

nonresponders, 10.7 ± 9.1/h; P = 0.06), 

lower CSA index, lower 4%ODI. We 

detected no significant differences with 

respect to blood gas analysis, LVEF 

(responders, 46.9% ± 15.8%; 

nonresponders, 50.2% ± 17.5%; P = 0.48), 

OSA index, mixed AI, HI, baseline oxygen 

saturation level, minimum oxygen 

saturation level. 
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Only modified CT90% value showed 

difference between two groups after ASV 

therapy. We defined normal criteria of 

modified CT90% as <1, and performed 

logistic regression analysis (Table 5). With 

regard to the evaluation of oxygenation, 

“Minimum oxygen saturation level” and 

“4%ODI” were the similar parameter as 

“modified CT90%”. “Average time used for 

ASV therapy” and “AHI” tended to be 

different between responders and 

nonresponders with lower p value (Figure 

1). “LVEF” significantly improved after ASV 

therapy in responders (Table 3). These 6 

parameters were compared between 

responder group and nonresponder group. 

Univariate analysis demonstrated that 

improvement of modified CT90% <1 was 

significantly different between two groups. 

Multivariate analysis revealed that 

improvement of modified CT90% <1 was 

independent factor for the responder 

group. The adjusted odds ratio was 7.48 

(95% confident interval 1.22 – 45.8, P = 

0.029). 
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Discussion 

 

In this study, we analyzed ASV therapy data 

of HF patients to identify reliable factors 

indicateve of a positive response to ASV. 

Our results show that improvement in 

oxygen saturation levels is associated with 

positive response to ASV.  

 

Until recently, the results of several studies 

had suggested that continuous positive 

airway pressure (CPAP) therapy is effective 

for treating not only OSA but also HF (Sin et 

al., 2000) (Arzt et al., 2007) (Egea et al., 

2008). However CPAP therapy does not 

improve the prognosis for all patients. In 

HF patients, CPAP mainly elevates 

intrathoracic pressure which reduces the 

venous return and preload, but CPAP 

therapy does not treat CSR directly. CPAP 

nonresponders should upgrade to ASV 

therapy, which effectively treats coexisting 

CSA and CSR in HF patients as well as other 

types of SDB, including OSA and complex 

sleep apnea syndrome, because ASV 

therapy provides suitable ventilator 

support using expiratory positive airway 

pressure and a pressure support system 

(Alam et al., 2007) (Khayat et al., 2010) 

(Hastings et al., 2010). However, prognosis 

was not improved for all patients after ASV 

therapy. Some patients showed improved 

AHI, but did not show improvement in BNP 

levels. Here we defined ASV responders as  

 

patients whose BNP level decreased after 

ASV therapy. 

 

In our study, responder group significantly 

improved NYHA classification, whereas 

nonresponder group did not. This clinical 

parameter suggested the validity of our 

definition of responders and 

nonresponders. At baseline, responders 

tended to be younger and have lower EF, a 

higher percentage of cardiomyopathy and 

rapid-eye-movement sleep compared with 

nonresponders, but the difference was not 

statistically significant. Characteristics of 

responders before and after ASV therapy 

showed significant improvements in LVEF, 

AHI, CSA index, OSA index, mixed AI, HI, 

baseline oxygen saturation level, minimum 

oxygen saturation level, 4% ODI and 

modified CT90%. In nonresponder group, 

on the other hand, there were no 

significant differences between before and 

after ASV therapy in the values of LVEF, 

mixed AI, HI and baseline oxygen 

saturation level. It is worth stressing that 

among various parameters indicating the 

significant improvement after ASV therapy 

in both responders and nonresponders, 

there was significant difference between 

responders and nonresponders in the value 

of modified CT90%. The modified CT90% 

was determined to be 0.5% ± 1.1% in 

responders and 1.8% ± 2.9% in 

nonresponders after ASV therapy (p=0.01). 
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Although these values are approximately 

equal to 1%, improvement of modified 

CT90% <1 could be used to evaluate 

responders to ASV therapy.  

 

What are the potential mechanisms by 

which modified CT90% is associated with 

the response to ASV therapy? It has been 

acknowledged by CANPAP study (Bradley 

et al., 2005) and its post hoc analysis that 

an increase in nocturnal oxygen saturation 

is a major determinant for improvement of 

daytime left ventricular ejection fraction 

despite the optimal titration of CPAP 

therapy (Arzt et al., 2007). It is likely that 

ASV therapy can increase intrathoracic 

pressure but cannot necessarily improve 

every aspect of SDB such as sleep efficiency 

and spontaneous arousals in all patients 

with HF even though ASV significantly 

reduces AHI and CSR. In this regard, we 

assume that modified CT90% as measured 

by PSG in this study is the most sensitive to 

oxygenation during sleep and this value 

may reflect the underlying severity of the 

SDB, which may be attributed to enhanced 

chemosensitivity of central and peripheral 

receptors and to activation of pulmonary 

irritant receptors caused by pulmonary 

congestion. Nocturnal transient hypoxia is 

known to activate sympathetic nervous 

system, and which may result in poor 

response to ASV therapy in HF patients. It 

is possible that improvement of modified 

CT90% suggest improvement of pulmonary 

congestion. Further studies to test our 

hypothesis should be warranted.  

 

We named percent sleep time of oxygen 

saturation level below 90% “Modified 

CT90%”. The normal range of CT90% is 

defined as <1. SDB can be screened 

effectively by in-home measurements of 

CT90% using type 3 or type 4 devices 

(Olson et al., 1999) (Cheson et al., 2007). 

Modified CT90% is more accurate 

parameter than CT90%, because it is 

evaluated by PSG. In this study we defined 

the normal range of modified CT90% <1 

which is the same normal range as CT90%. 

Our findings that improvement of modified 

CT90% <1 is associated with response to 

ASV therapy support the notion that 

persistent oxygenation during sleep is 

important for better clinical outcome, and 

provide the rationale for future prospective 

study testing the clinical impact of 

measuring modified CT90% in PSG. 

 

Study Limitations 

 

Selection bias was a major concern, 

because this study was a single-center 

study. We included all patients with HF 

with NYHA class II–IV to minimize 

potential selection bias. The most 

important limitation of the study was the 

small number of patients, particularly 

nonresponders; thus, standard deviations 

became quite large. Some patients had 

already been administered β-blockers 

before the study; although no significant 

difference was observed between 

responders and nonresponders, this might 

have created a bias. We defined responders 

and nonresponders based on BNP levels 

after 3 months of ASV therapy. A longer 

prospective study must be conducted to 

evaluate the long-term prognosis of 

responders and nonresponders.  

 

Conclusions 

 

Despite the demonstrated clinical benefits 

of ASV therapy in HF patients, 20.3% of 

patients failed to show improvement in HF. 

Our results suggest that favorable response 

to ASV therapy is associated with 

improvement of modified CT90% <1 after 3 

months of ASV therapy in HF patients. 
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Adaptive servo-ventilation (ASV) 

 

Central sleep apnea (CSA) 

 

Sleep-disordered breathing (SDB) 

 

Heart failure (HF) 

 

Obstructive sleep apnea (OSA) 

 

Cheyne–Stokes respiration (CSR) 

 

New York Heart Association (NYHA) 
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Polysomnography (PSG) 

 

Brain natriuretic peptide (BNP) 

 

Dumulative percentage of time at a pulse-

oximetry oxygen saturation < 90% 

(CT90%) 

 

Apnea-hypopnea index (AHI) 

 

Left ventricular ejection fraction (LVEF) 

 

Apnea index (AI) 

 

Hypopnea index (HI) 

 

Oxygen desaturation index at the 4% level 

(4%ODI) 

 

Continuous positive airway pressure 

(CPAP) 
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