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Background: Use of adaptive servo-ventilation (ASV) has been questioned in patients with central sleep apnea (CSA) and chronic heart failure (CHF). This study aims to detail the present use of ASV in clinical practice.

Methods: Descriptive, cross-sectional, multicentric study of patients undergoing long term (≥3 months) ASV in the Cantons of Geneva or Vaud (1,288,378 inhabitants) followed by public or private hospitals, private practitioners and/or home care providers.

Results: Patients included (458) were mostly male (392; 85.6%), overweight [BMI (median, IQR): 29 kg/m2 (26; 33)], comorbid, with a median age of 71 years (59–77); 84% had been treated by CPAP before starting ASV. Indications for ASV were: emergent sleep apnea (ESA; 337; 73.6%), central sleep apnea (CSA; 108; 23.6%), obstructive sleep apnea (7; 1.5%), and overlap syndrome (6; 1.3%). Origin of CSA was cardiac (n = 30), neurological (n = 26), idiopathic (n = 28), or drug-related (n = 22). Among CSA cases, 60 (56%) patients had an echocardiography within the preceding 12 months; median left ventricular ejection fraction (LVEF) was 62.5% (54–65); 11 (18%) had a LVEF ≤45%. Average daily use of ASV was [mean (SD)] 368 (140) min; 13% used their device <3:30 h. Based on ventilator software, apnea-hypopnea index was normalized in 94% of subjects with data available (94% of 428).

Conclusions: Use of ASV has evolved from its original indication (CSA in CHF) to a heterogeneous predominantly male, aged, comorbid, and overweight population with mainly ESA or CSA. CSA in CHF represented only 6.5% of this population. Compliance and correction of respiratory events were satisfactory.

Clinical Trial Registration: www.ClinicalTrials.gov, identifier: NCT04054570.
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INTRODUCTION

Adaptive servo-ventilation (ASV) was proposed for managing Cheyne-Stokes breathing (CSB) in the late 90's, 20 years after the first report of treatment of obstructive sleep apnea syndrome (OSAS) by continuous positive airway pressure (CPAP) (1, 2). The initial algorithm was based on a fixed expiratory pressure (EPAP) and a variable pressure support, with the aim of controlling the “crescendo-decrescendo” of tidal volume and normalizing nocturnal breathing. Some devices targeted a minute ventilation set at 90% of spontaneous ventilation to allow nocturnal PaCO2 to increase slightly above the apnea threshold (3). Since their original design, options such as auto-titration of EPAP, of pressure support, and of back-up respiratory rate (BURR) have been added to the initial algorithms (4–8).

The recent SERVE-HF study questioned the use of ASV in cardiac failure: in patients with chronic heart failure (CHF) and a left ventricular ejection fraction (LVEF) ≤45%, ASV was associated with an increase in mortality (9). Although designed for CSB, use of ASV has drifted in clinical practice to other indications such as emerging sleep apnea (10–16), central or mixed apnea syndromes (17), either idiopathic, drug-induced (18–23), or associated with neurologic disorders (10–12, 24). Use of ASV in these indications does not rely on a high level of evidence of efficacy or benefit on outcomes such as survival or health-related quality of life. National (Facil-VAA, Clinicaltrials.gov registration No: NCT02835638) and multinational registries (READ-ASV, Clinicaltrials.gov registration No: NCT03032029) are ongoing to address this issue.

Very little information exists as to the present use of ASV in clinical practice in an unselected population (5, 25–27). The following study aims to describe the use of ASV in clinical practice in all patients within an area with a long-standing experience in home non-invasive ventilation (NIV) and treatment of sleep-disordered breathing (SDB) (28). The aims of this study are: 1/to detail “real life” present indications for ASV, and the prevalence of its use; 2/to describe the population under ASV, and its major comorbidities; 3/to provide detailed data on settings, compliance, correction of respiratory events and other items reported by ventilator software, as well as modalities of medical follow-up.



PATIENTS AND METHODS


Study Design

A multicenter cross-sectional observational study performed in the Cantons of Geneva and Vaud (1,288,378 inhabitants in 2017) was designed to include all subjects under NIV followed by every possible structure involved: university hospitals, regional general hospitals, pulmonary rehabilitation centers, and pulmonologists in private practice.

Our definition of home NIV included all patients using bi-level positive pressure devices, multi-mode devices, ASV, volumetric ventilators, who were treated at home or in a long-term care facility (not a hospital) for ≥3 months. A cross-checking of patients treated in our area through health-care providers, and ventilator manufacturers guaranteed a comprehensive assessment of the targeted population.

Ethical approval was granted by the Cantonal Commission for Research Ethics (CCER) in Geneva, Switzerland (no. PB_2016-00925/15-275) in agreement with the amended Declaration of Helsinki. Trial was registered at clinicaltrials.gov (No: NCT04054570). Identification, screening, and data collection were performed by two investigators between June 1, 2016 and July 10, 2018.



Inclusion/Exclusion Criteria

The present study focuses exclusively on patients treated by ASV. Patients were excluded if they used any other device, and if they (or their pulmonologist) refused to participate in this study.



Data Collected

Anthropometric data, indication for ASV, major co-morbidities, pulmonary function tests, pulse-oximetry, arterial blood gases, ASV devices used, and information downloaded from devices were collected from medical records. No additional investigation was performed by the investigators. Availability of recent pulmonary function tests, pulse-oximetry, and arterial blood gases depended on “real-life” follow-up procedures and medical records. Results of echocardiographies were collected for patients with central sleep apnea (CSA) only. Data recorded were the most recent measurements performed within the 12 months prior to data collection.



Statistical Analysis

Analyses included mainly descriptive statistics. Qualitative parameters were described as frequencies and percentages and quantitative parameters were described as mean and standard deviation (SD) or as median and quartiles (IQR).

Univariate and multivariate analyses regarding modality of follow up (hospital-based vs. private practitioners), and average daily use are described in on-line supplement (Table 1S).

Missing data were not replaced but simply reported, thus reflecting “real life” practices.

Statistical significance was assessed at the two-sided 0.05 level for all analyses. All analyses were performed using SPSS or R softwares (R Foundation for Statistical Computing, Vienna, Austria).




RESULTS


Prevalence and Clinical Characteristics

Two university hospitals, one regional general hospital, one pulmonary rehabilitation center, and 38 of the 43 pulmonologists in private practice in the Cantons of Geneva and Vaud participated in data collection, i.e., all possible structures and specialists involved (albeit for 5 pulmonologists).

Of a total of 1,014 patients treated by home NIV, 500 (49%) had ASV devices (prevalence: 39/105 inhabitants). By comparison, at the end of 2018, 19,350 patients were treated by CPAP in the same area (prevalence: 1,502/105 inhabitants; ratio CPAP/ASV: 39:1) (personal communication, provided by health care providers listed in acknowledgments). Patients under ASV thus represent 2.5% of the population treated by CPAP for OSAS in the same area.

Forty-two patients (8.4%) were excluded from the analysis of ASV devices (patient refusal: n = 21; refusal by treating pulmonologist: n = 21) (Figure 1S).

Clinical characteristics of the 458 patients under ASV and their co-morbidities are detailed in Table 1 and Figure 1. The population was rather old (median age 71 years; IQR [60; 76]), overweight (median body mass index (BMI) 29.1 kg/m2; IQR [26.3; 33.0]), with a strong male preponderance (n = 392; 85.6%), and a median of 3 comorbidities (IQR (2, 4)) (Figure 1). They had been treated by ASV for a median duration of 40 months (IQR [22; 62], range: 3 months−15 years).


Table 1. Characteristics of patients under adaptive servo-ventilation (ASV): n = 458 subjects.
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FIGURE 1. Comorbidities of population treated with adaptive servo-ventilation (n = 458).




Devices

Devices used were: S9 AutoSet CS® (n = 268, 59%), AirCurve 10CS® (n = 137; 30%), AutoSet CS2® (n = 4; 1%), (by ResMed, San Diego, CA); BiPAP AutoSV Advanced System One® (n = 31; 7%), BiPAP AutoSV System One® (n = 6, 1%), BiPAP AutoSV Dreamstation® (n = 2) (by Philips Respironics, Murrysville, PA), and Prisma CR (n = 9, 2%) and SOMNOvent CR (n = 1) (by Löwenstein Medical Technology, Bad Ems, D), all in ASV or ASV-Auto modes.



Indications

Indications for ASV are listed in Table 2. The majority of patients (n = 337, 73.6%) had emergent sleep apnea; 108 (23.6%) had central sleep apnea (CSA); 13 had atypical indications for ASV (OSAS or overlap syndrome), 6 of whom were considered as CPAP “failures.” Most patients (n = 385,84%) had been treated by CPAP before starting ASV.


Table 2. Indications for adaptive servo-ventilation (n = 458).
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Among CSA patients, only 30 (28%) had CSA of cardiac origin and 15 (14%) had typical CSB.

Patients reported as “CSA related to neurological disorders” (n = 26) had the following diagnoses: cerebro-vascular disease (n = 21), various CNS tumors (meningioma, astrocytoma, pituitary adenoma; n = 3), multiple sclerosis (n = 1), myasthenia gravis (n = 1), hereditary spinocerebellar ataxia (n = 1). Several diagnoses were sometimes present simultaneously. Causal relation between CSA and associated neurological disorders was presumptive.

Patients reported as “CSA related to medication” were under opiates (methadone, morphine sulfate), administered either for chronic pain (n = 2), or for substitutive therapy of prior opiate addiction (n = 20), often combined with benzodiazepines (bromazepam, alprazolam, oxazepam, lorazepam) or zolpidem.

Despite usual screening for cardiac and/or neurological disorders in this population, 28 cases of CSA (25.9%) were considered idiopathic.



Settings of Ventilators and Interfaces

Interfaces most commonly used were facial masks (n = 318, 69%), followed by nasal masks (n = 93, 20%) and nasal pillows (n = 45, 10%) (Table 3A). Combining all devices, 158 (35%) used a variable EPAP, and 289 (65%) a fixed EPAP (n = 11: missing data). Minimal pressure support was most often the “default value” provided by the manufacturer (i.e., 3 cmH2O for ResMed® devices, and 0 cmH2O for Philips Respironics® and Lowenstein Medical® devices) (Table 3B).


Table 3. ASV ventilator settings (n = 458), interfaces, humidifiers, and oxygen supplementation.
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Monitoring

Echocardiography (Table 2): of all patients with CSA, 60 (56%) patients had an echocardiographic estimation of LVEF within the preceding 12 months; this included 26 of the 30 patients with cardiac disease (87%). Median value (IQR) for LVEF was in the normal range (62.5% [54; 65]), although it was ≤45% in 11 cases.

Data downloaded from the ASV devices (software: Rescan®, ResMed; Encore Basic®, Philips Respironics, PrismaTS®, Weinmann support®, and PrismaTS®, Lowenstein Medical®) covered a median period of 90 days (IQR: [30; 182]) (Tables 3B, 4).


Table 4. Data retrieved from ventilators and monitoring of ASV treatment (n = 458).
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Compliance

Average use of ASV [available in 419 (91%) patients] was above 6 h/night [mean (SD): 368 (140) min]; 13% (55/419) of all patients used their device <3:30 h (Figure 2). See on-line supplement for items associated with average daily use, and Table 2S for daily use by diagnostic category.


[image: Figure 2]
FIGURE 2. Distribution of compliance (average daily use of ASV) among 458 subjects. Average use was 368 ± 140 min.


Choice of interface was not associated with any significant difference in average daily use (facial mask: 365 ± 142 min; nasal masks: 368 ± 138 min; nasal prongs: 392 ± 128 min; p = 0.53) (Figure 3).


[image: Figure 3]
FIGURE 3. (Left) Box plots of apnea-hypopnea index (AHI) provided by ventilator software according to interface used (data were available for 428 patients, missing for 30). Differences were statistically significant (p = 0.012) but not clinically relevant. Bold line is median value; box defines 25th and 75th centiles. (Right) Box plots of average daily use of adaptive servo-ventilation according to interface used (data available for 419 patients, missing for 39). Values for daily use and AHI were average values over 90 days (median = 90; IQR: [32; 182]).




AHI and Other Data Provided by Ventilator Software

Relevant data retrieved from ventilators are described by device in Table 4. Apnea-hypopnea index (AHI) under ASV (available in 428 patients) was normalized (i.e., <10/h) in 94% (n = 401). AHI was slightly lower with nasal masks, than with facial or nasal pillows: this difference had no clinical relevance (Figure 3). Table 2S provides AHI by diagnostic category.

Leaks (available in 395 patients) were under threshold values suggested as relevant by manufacturers (24 L/min for unintentional leaks, ResMed devices; 55 L/min for total leaks, Philips Respironics devices) in 364 (92%) patients (Table 4).



Nocturnal Pulse Oximetry

Of the 458 patients included, 209 had had a nocturnal pulse oximetry performed under ASV within the 12 months prior to data collection. Mean SpO2 value was: 93.3 (2.4) (available for n = 202); median SpO2 value was 94% (93; 96) (n = 198); median time spent with an SpO2 <90% was 0.4% of total recording time (IQR: 0.0; 5.7); median oxygen desaturation index (>3%) was 6.7/h (3.0; 14.9).



Follow-Up (Hospital-Based vs. Private Practitioners)

Data are provided in on-line supplement.




DISCUSSION

The present report is to our knowledge the largest report of unselected patients treated by long term ASV. Prevalence of ASV is presently very close to that of NIV for chronic hypercapnic respiratory failure in our area. The ASV population represents 2.5% of the population treated by CPAP for sleep-disordered breathing (SDB). The typical profile of the “ASV patient” in this study is an overweight or obese male subject in his early 70's, with emerging sleep apnea uncontrolled by CPAP, and several cardiac, respiratory and/or neurological comorbidities. Compliance is higher than previously reported, with a very good control of SDB, based on data downloaded from the ASV devices. Our data show that ASV devices are prescribed in clinical situations which extend far beyond the initial target of ASV, i.e., Cheyne-Stokes Breathing (CSB): indeed, 4 years after the publication of the SERVE-HF study (9), CSB in CHF represents only 1.5% of the population treated by ASV, and only 6.6% of all subjects on ASV (30/458) have CSA related to CHF. In spite of SERVE-HF (9), a third (36%) of cardiac patients under ASV still had a LVEF ≤45%. While all but 4 patients with CHF (26/30; 87%) had undergone an echocardiography within the prior 12 months, this was the case for only 56% (n = 60/108) of the whole ASV population treated for CSA. ASV patients are mostly followed by pulmonologists in private practice (67%). Outcomes (AHI, compliance) are similar irrespective of follow-up by a pulmonologist in private practice or hospital-based (On-Line Supplement).

The majority of patients were prescribed ASV for emergent or persistent CSA (74%) under CPAP. Using a large population-based sample of CPAP device data, the dynamic nature of CSA occurring during CPAP therapy has been recently highlighted. A big data analysis (n = 133,006) using telemonitoring data of US CPAP devices identified a variety of CSA trajectories occurring during CPAP therapy (29). Previous studies in the field with relatively small sample sizes and heterogeneous populations in terms of titration procedures provided inconsistent results (30). The Liu et al. “real life” analysis allowed to delineate the true prevalence of CSA at 3.5% of CPAP treated OSA. CSA was transient, persistent, or emergent in 55.1, 25.2, and 19.7%, respectively (29). CSA under CPAP, whatever the subtype, was also clearly associated with a higher risk of therapy discontinuation (29) suggesting that these patients should be identified and specific phenotypes associated with emergent CSA more clearly described. These figures are in accordance with our results: close to 20,000 patients are currently treated by CPAP in our area: subjects under ASV represent 2.5% of those under CPAP, and most of them were previously under CPAP. In another big data analysis, patients demonstrated a better control of residual events and an improvement in adherence early after switching from CPAP to ASV (14). Compliance and AHI levels in this study are in agreement with these observations.

The ASV population described differs from previous reports, which either focus on CHF (9, 31), or on specific neurological disorders (Chiari malformation (32), Multiple System Atrophy (33), opiate or other drug toxicities (16, 21, 22, 34, 35). Two retrospective studies (25, 26) describe relatively large populations under ASV. Carnevale et al. (25) included 74 patients: 33 with CHF and 41 with various neurological disorders or idiopathic CSA. ASV was effective in reducing AHI, sleepiness, and improving SpO2 in both groups. A German study analyzed 285 patients receiving ASV and undergoing diagnostic polysomnography (PSG). The most common indications were CHF and emergent CSA (67%), CSA in CHF (22%), idiopathic CSA (10%), and drug-induced CSA (0.4%) (26). The patients described in our study are long term users of ASV [median 40 months, IQR (22; 62)] which suggests at least a subjective benefit (although no formal assessment of health-related quality of life or symptom score were performed during this study). Interestingly, compliance rates are high (Figures 2, 3, Table 4, Table 2S), and treatment of underlying SDB is effective based on data downloaded by the ventilators (IAH) and nocturnal pulse oximetry. Correlation between AHI from ventilator software and PSG, in the absence of major leaks, has been reported as appropriate for clinical use (36–38).

An interesting group of patients is that of drug-induced SDB. These patients are under opioids, either for treatment of chronic pain or for substitutive treatment of prior drug abuse, often in combination with benzodiazepines. This population is rapidly increasing, reaching epidemic proportions in the USA (39). OSA, CSA, and nocturnal hypoventilation have all been reported under long term opiate usage (21, 22, 35). ASV controls opiate-induced CSA in 58% of patients: it is more effective than CPAP, and equivalent to bi-level positive pressure ventilation (22). Patients under ASV for opiate-induced SDB in the present study were treated for central SDB. Prevalence of SDB is known to be high in these patients and is often symptomatic (40, 41). Although a few clinical studies have shown that ASV could control SDB (CSA) in patients under chronic high dose opioid treatment (18, 19, 42), there are no randomized trials showing a long term improvement in either symptom scales, HRQL or survival. Many questions therefore remain, such as: should we screen patients under opioids for SDB? Should treatment be proposed systematically? What threshold levels of AHI are relevant? Before the use of ASV explodes in this population, with the associated costs, these issues warrant prospective trials.

For patients with CHF, SERVE-HF has radically changed the clinical approach to CSB in CHF. In this study, a significant percentage of patients with CHF, LVEF ≤45% and SDB remain under ASV (11/30: 37% of all cardiac cases). Almost all of these patients had an echocardiography within the preceding 12 months. This shows that despite SERVE-HF, a certain number of unwarranted prescriptions of ASV persist. The data collected do not allow us to determine to what extent ASV treatments were interrupted after SERVE-HF, or how many patients who are within the high-risk population identified by SERVE-HF, requested to remain under ASV because of improvement of their symptoms (43).

This study has several limitations: first of all, it is a descriptive study and must not be considered as a validation of ASV in the indications reported. Our aim was to better define practices regarding ASV and to identify subgroups of interest for whom prospective randomized studies should be conducted (i.e., CSA related to medication, opiates, CSA associated to neurological disorders, or “idiopathic” CSA). Secondly, there are missing values in our data collection: all result of the “real life” design of this study and reflect the variability of follow-up of ASV patients. Thirdly, other than compliance and AHI, there are no outcome measures and no subjective scores. It was the aim of this study to describe a new population in the field of home ventilatory support, and indeed, the results provide a new insight to the use of ASV in chronic home care and future areas of research. Finally, we recorded echocardiographic data only in patients corresponding to the SERVE-HF trial inclusion criteria (i.e., subjects with “de novo” CSA excluding patients under prior CPAP and thus ESA) (9) to determine to what extent patients with a LVEF <45% in this specific group of ASV users were still being treated. Because left ventricular dysfunction and chronic heart failure have also been documented in patients with emergent sleep apnea (ESA), the prevalence of cardiac dysfunction in the ASV population studied may be underestimated (26, 31, 44). Indeed 13% of ESA patients had a history of chronic heart failure and cardiovascular risk factors were highly prevalent. In a recent French multicentric descriptive study of 177 patients under ASV, 20.3% had emergent CSA: 75% of these patients had a cardiac disease and 14% had a LVEF <45% (45). Future studies should focus on ESA, clinical and echocardiographic findings in this group and prognosis under ASV.

In summary, use of ASV targets a much wider population than that of CSB in CHF. Although there are rationales for proposing ASV in the different populations described, and data presented suggest that ASV is effective in these groups (excellent compliance, correction of SDB according to AHI), SERVE-HF has shown to what extent evidence can be counter-intuitive. Because of the numeric importance of some of the patient groups (i.e., chronic opioid treatments or addiction in the US), future prospective randomized controlled trials must explore benefits of ASV in terms of symptom control, HRQL, and survival. The description of the population treated by ASV is a first step to initiate prospective randomized studies and validate—or not—the use of ASV in specific indications.



DATA AVAILABILITY STATEMENT

The datasets generated for this study are available on request to the corresponding author.



ETHICS STATEMENT

The studies involving human participants were reviewed and approved by Ethical approval was granted by the Cantonal Commission for Research Ethics (CCER) in Geneva, Switzerland (no. PB_2016-00925/15-275) in agreement with the amended Declaration of Helsinki. The patients/participants provided their written informed consent to participate in this study.



AUTHOR CONTRIBUTIONS

CC, PP, and J-PJ contributed conception and design of the study. CC and PP organized the database. AP performed the statistical analysis. CC and J-PJ wrote the first draft of the manuscript. CC, PP, DA, and J-PJ wrote sections of the manuscript. All authors contributed to manuscript revision, read, and approved the submitted version.



ACKNOWLEDGMENTS

We wish to thank the Ligue Pulmonaire Genevoise (www.lpge.ch) for its financial support. J-LP was supported by the French National Research Agency in the framework of the Investissements d'avenir program (ANR-15-IDEX-02). We are grateful to all the pulmonologists in private practice who accepted to participate in this study and made available their medical files. We also wish to express our gratitude to all the health care providers and device manufacturers in our area for their help in obtaining a complete database of patients under home mechanical ventilation in the Cantons of Geneva and Vaud as well as detailed information of the population under CPAP: The Pulmonary leagues (Ligue Pulmonaire Genevoise, Ligue Pulmonaire Vaudoise) ResMed Schweiz, Philips Respironics, the CENAS sleep center, SOS Oxygène Suisse SA, and Sleep & Health.



SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fmed.2020.00105/full#supplementary-material



REFERENCES

 1. Sullivan CE, Issa FG, Berthon-Jones M, Eves L. Reversal of obstructive sleep apn1oea by continuous positive airway pressure applied through the nares. Lancet. (1981) 1:862–5. doi: 10.1016/S0140-6736(81)92140-1

 2. Teschler H, Dohring J, Wang YM, Berthon-Jones M. Adaptive pressure support servo-ventilation: a novel treatment for cheyne-stokes respiration in heart failure. Am J Respir Crit Care Med. (2001) 164:614–9. doi: 10.1164/ajrccm.164.4.9908114

 3. Pepperell JC, Maskell NA, Jones DR, Langford-Wiley BA, Crosthwaite N, Stradling JR, et al. A randomized controlled trial of adaptive ventilation for cheyne-stokes breathing in heart failure. Am J Respir Crit Care Med. (2003) 168:1109–14. doi: 10.1164/rccm.200212-1476OC

 4. Randerath WJ, Galetke W, Kenter M, Richter K, Schafer T. Combined adaptive servo-ventilation and automatic positive airway pressure (anticyclic modulated ventilation) in co-existing obstructive and central sleep apnea syndrome and periodic breathing. Sleep Med. (2009) 10:898–903. doi: 10.1016/j.sleep.2008.09.017

 5. Javaheri S, Brown LK, Randerath WJ. Clinical applications of adaptive servoventilation devices: part 2. Chest. (2014) 146:858–68. doi: 10.1378/chest.13-1778

 6. Javaheri S, Brown LK, Randerath WJ. Positive airway pressure therapy with adaptive servoventilation: part 1: operational algorithms. Chest. (2014) 146:514–23. doi: 10.1378/chest.13-1776

 7. Javaheri S, Goetting MG, Khayat R, Wylie PE, Goodwin JL, Parthasarathy S. The performance of two automatic servo-ventilation devices in the treatment of central sleep apnea. Sleep. (2011) 34:1693–8. doi: 10.5665/sleep.1438

 8. Knitter J, Bailey OF, Poongkunran C, Martinez AF, Martinez L, Kobayashi U, et al. Comparison of physiological performance of four adaptive servo ventilation devices in patients with complex sleep apnea. Am J Respir Crit Care Med. (2019) 199:925–8. doi: 10.1164/rccm.201807-1303LE

 9. Cowie MR, Woehrle H, Wegscheider K, Angermann C, d'Ortho MP, Erdmann E, et al. Adaptive servo-ventilation for central sleep apnea in systolic heart failure. N Engl J Med. (2015) 373:1095–105. doi: 10.1056/NEJMoa1506459

 10. Brown SE, Mosko SS, Davis JA, Pierce RA, Godfrey-Pixton TV. A retrospective case series of adaptive servoventilation for complex sleep apnea. J Clin Sleep Med. (2011) 7:187–95. doi: 10.5664/jcsm.28108

 11. Morgenthaler TI, Gay PC, Gordon N, Brown LK. Adaptive servoventilation versus noninvasive positive pressure ventilation for central, mixed, and complex sleep apnea syndromes. Sleep. (2007) 30:468–75. doi: 10.1093/sleep/30.4.468

 12. Morgenthaler TI, Kuzniar TJ, Wolfe LF, Willes L, McLain WC III, Goldberg R. The complex sleep apnea resolution study: a prospective randomized controlled trial of continuous positive airway pressure versus adaptive servoventilation therapy. Sleep. (2014) 37:927–34. doi: 10.5665/sleep.3662

 13. Randerath WJ. Therapeutical options for the treatment of Cheyne-Stokes respiration. Swiss Med Wkly. (2009) 139:135–9.

 14. Pepin JL, Woehrle H, Liu D, Shao S, Armitstead JP, Cistulli PA, et al. Adherence to positive airway therapy after switching from CPAP to ASV: a big data analysis. J Clin Sleep Med. (2018) 14:57–63. doi: 10.5664/jcsm.6880

 15. Randerath WJ, Verbraecken J, Andreas S, Bettega G, Boudewyns A, Hamans E, et al. Non-CPAP therapies in obstructive sleep apnoea. Eur Respir J. (2011) 37:1000–28. doi: 10.1183/09031936.00099710

 16. Contal O, Pepin JL, Borel JC, Espa F, Perrig S, Lucker LM, et al. Underlying coexisting central and obstructive sleep apnea: nocturnal PaCO2 and poor sleep quality are key issues. Respiration. (2015) 89:416–9. doi: 10.1159/000375315

 17. Javaheri S, Winslow D, McCullough P, Wylie P, Kryger MH. The use of a fully automated automatic adaptive servoventilation algorithm in the acute and long-term treatment of central sleep apnea. Chest. (2015) 148:1454–61. doi: 10.1378/chest.14-2966

 18. Cao M, Cardell CY, Willes L, Mendoza J, Benjafield A, Kushida C. A novel adaptive servoventilation (ASVAuto) for the treatment of central sleep apnea associated with chronic use of opioids. J Clin Sleep Med. (2014) 10:855–61. doi: 10.5664/jcsm.3954

 19. Shapiro CM, Chung SA, Wylie PE, Hossain NK, Holle RH, Rosenberg RP, et al. Home-use servo-ventilation therapy in chronic pain patients with central sleep apnea: initial and 3-month follow-up. Sleep Breath. (2015) 19:1285–92. doi: 10.1007/s11325-015-1161-7

 20. Yayan J, Rasche K. Treatment options for central sleep apnea: comparison of ventilator, oxygen, and drug therapies. Adv Exp Med Biol. (2016) 905:79–86. doi: 10.1007/5584_2015_183

 21. Fahim A, Johnson AO. Chronic opioid use: a risk factor for central sleep apnoea and successful therapy with adaptive pressure support servo-ventilation. J R Coll Physicians Edinb. (2012) 42:314–6. doi: 10.4997/JRCPE.2012.407

 22. Reddy R, Adamo D, Kufel T, Porhomayon J, El-Solh AA. Treatment of opioid-related central sleep apnea with positive airway pressure: a systematic review. J Opioid Manag. (2014) 10:57–62. doi: 10.5055/jom.2014.0192

 23. Perogamvros L, Pepin JL, Thorens G, Megevand P, Claudel E, Espa F, et al. Baclofen-associated onset of central sleep apnea in alcohol use disorder: a case report. Respiration. (2015) 90:507–11. doi: 10.1159/000439542

 24. Baillieul S, Revol B, Jullian-Desayes I, Joyeux-Faure M, Tamisier R, Pepin JL. Diagnosis and management of central sleep apnea syndrome. Expert Rev Respir Med. 13:545–57. doi: 10.1080/17476348.2019.1604226

 25. Carnevale C, Georges M, Rabec C, Tamisier R, Levy P, Pepin JL. Effectiveness of adaptive servo ventilation in the treatment of hypocapnic central sleep apnea of various etiologies. Sleep Med. (2011) 12:952–8. doi: 10.1016/j.sleep.2011.07.008

 26. Malfertheiner MV, Lerzer C, Kolb L, Heider K, Zeman F, Gfullner F, et al. Whom are we treating with adaptive servo-ventilation? A clinical post hoc analysis. Clin Res Cardiol. (2017) 106:702–10. doi: 10.1007/s00392-017-1112-3

 27. Randerath W, Verbraecken J, Andreas S, Arzt M, Bloch KE, Brack T, et al. Definition, discrimination, diagnosis and treatment of central breathing disturbances during sleep. Eur Respir J. (2017) 49:1600959. doi: 10.1183/13993003.00959-2016

 28. Janssens JP, Derivaz S, Breitenstein E, de Muralt B, Fitting JW, Chevrolet JC, et al. Changing patterns in long-term noninvasive ventilation: a 7-year prospective study in the Geneva Lake area. Chest. (2003) 123:67–79. doi: 10.1378/chest.123.1.67

 29. Liu D, Armitstead J, Benjafield A, Shao S, Malhotra A, Cistulli PA, et al. Trajectories of emergent central sleep apnea during CPAP therapy. Chest. (2017) 152:751–60. doi: 10.1016/j.chest.2017.06.010

 30. Nigam G, Riaz M, Chang ET, Camacho M. Natural history of treatment-emergent central sleep apnea on positive airway pressure: a systematic review. Ann Thorac Med. (2018) 13:86–91. doi: 10.4103/atm.ATM_321_17

 31. Heider K, Arzt M, Lerzer C, Kolb L, Pfeifer M, Maier LS, et al. Adaptive servo-ventilation and sleep quality in treatment emergent central sleep apnea and central sleep apnea in patients with heart disease and preserved ejection fraction. Clin Res Cardiol. (2018) 107:421–9. doi: 10.1007/s00392-018-1203-9

 32. Fahim A, Johnson AO. Chiari malformation and central sleep apnoea: successful therapy with adaptive pressure support servo-ventilation following surgical treatment. BMJ Case Rep. (2012) 2012:bcr-2012-007143. doi: 10.1136/bcr-2012-007143

 33. Hamada S, Takahashi R, Mishima M, Chin K. Use of a new generation of adaptive servo ventilation for sleep-disordered breathing in patients with multiple system atrophy. BMJ Case Rep. (2015) 2015:bcr2014206372. doi: 10.1136/bcr-2014-206372

 34. Olivier PY, Joyeux-Faure M, Gentina T, Launois SH, d'Ortho MP, Pepin JL, et al. Severe central sleep apnea associated with chronic baclofen therapy: a case series. Chest. (2016) 149:e127–31. doi: 10.1016/j.chest.2015.10.001

 35. van Ryswyk E, Antic NA. Opioids and sleep-disordered breathing. Chest. (2016) 150:934–44. doi: 10.1016/j.chest.2016.05.022

 36. Georges M, Adler D, Contal O, Espa F, Perrig S, Pepin JL, et al. Reliability of apnea-hypopnea index measured by a home Bi-level pressure support ventilator versus a polysomnographic assessment. Respir Care. (2015) 60:1051–6. doi: 10.4187/respcare.03633

 37. Sogo A, Montanya J, Monso E, Blanch L, Pomares X, Lujan M. Effect of dynamic random leaks on the monitoring accuracy of home mechanical ventilators: a bench study. BMC Pulm Med. (2013) 13:75. doi: 10.1186/1471-2466-13-75

 38. Fernandez Alvarez R, Rabec C, Rubinos Cuadrado G, Cascon Hernandez JA, Rodriguez P, Georges M, et al. Monitoring noninvasive ventilation in patients with obesity hypoventilation syndrome: comparison between ventilator built-in software and respiratory polygraphy. Respiration. (2017) 93:162–9. doi: 10.1159/000454954

 39. Stoicea N, Costa A, Periel L, Uribe A, Weaver T, Bergese SD. Current perspectives on the opioid crisis in the US healthcare system: a comprehensive literature review. Medicine. (2019) 98:e15425. doi: 10.1097/MD.0000000000015425

 40. Guilleminault C, Cao M, Yue HJ, Chawla P. Obstructive sleep apnea and chronic opioid use. Lung. (2010) 188:459–68. doi: 10.1007/s00408-010-9254-3

 41. Javaheri S, Harris N, Howard J, Chung E. Adaptive servoventilation for treatment of opioid-associated central sleep apnea. J Clin Sleep Med. (2014) 10:637–43. doi: 10.5664/jcsm.3788

 42. Ramar K, Ramar P, Morgenthaler TI. Adaptive servoventilation in patients with central or complex sleep apnea related to chronic opioid use and congestive heart failure. J Clin Sleep Med. (2012) 8:569–76. doi: 10.5664/jcsm.2160

 43. Brill AK, Pichler Hefti J, Geiser T, Ott SR. The SERVE-HF safety notice in clinical practice - experiences of a tertiary sleep center. Sleep Med. (2017) 37:201–7. doi: 10.1016/j.sleep.2017.02.007

 44. Nigam G, Pathak C, Riaz M. A systematic review on prevalence and risk factors associated with treatment- emergent central sleep apnea. Ann Thorac Med. (2016) 11:202–10. doi: 10.4103/1817-1737.185761

 45. Jaffuel D, Philippe C, Rabec C, Mallet JP, Georges M, Redolfi S, et al. What is the remaining status of adaptive servo-ventilation? The results of a real-life multicenter study (OTRLASV-study): adaptive servo-ventilation in real-life conditions. Respir Res. (2019) 20:235. doi: 10.1186/s12931-019-1221-9

Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Copyright © 2020 Cantero, Adler, Pasquina, Uldry, Egger, Prella, Younossian, Poncet, Soccal-Gasche, Pepin and Janssens. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/fmed-07-00105-t002.jpg
All patients  Prior use of  Echocardiography®

(n = 458) CPAP
Indications -
Emergent sleepapnea 337 (73.6)  337/337 (100) -
Central sleep apnea 108(236)  42/108(39) 60/108 (56)
syndrome
Obstructive sleep apnea 7(1.5) 6/7 (86) =
Overlap syndrome 6(13) 0 -
(COPD and OSA)
Total 458 385/458 (84%) -
Causes of central sleep (1= 108) n=42) (n=160)
apnea syndrome®
Cardiac origin 20 4 17
Cardiac and neurologic 9 3 8
origin
Cardiac and medication 1 0 1
Neurological disorder 16 8 7
Neurological disorder and 1 1 0
medication
Medication (opiates) 22 9 5
Idiopathic 28 14 21
No information available 11 3 1

CPAP, Continuous positive ainway pressure; ASV, Adaptive servo-ventiétion.
Fifteen patients had typical Cheyne-Stokes breathing (7 “cardiac,” 7 “idiopathic” and 1
“neurologic” origin).

bFollow-up echocardiography was recorded only in patients with central sleep
apnea syndrome.

LVEF estimated by echocardiography was <45% in 11 patients (in all cases, presumed
cause of central sleep apnea was of *cardiac” or “cardiac and neurologic” origin). Median
LVEF was 62.5% (IQR 54-65).





OPS/images/fmed-07-00105-t003.jpg
A. Interfaces, humidifier, and Missing data
oxygen supplementation (n, %)

Interfaces 2
- Facial masks 318 (70)

- Nasal masks - 93(20)

- Nasal pilows - 45(10)

Humidifier 314 (69) 1
Oxygen 16(3.5) -
supplementation during

ASV

B. Ventilator settings (ASV)

ResMed®  Philips respironics® and

devices™  lowenstein® devices'
Al values are median n =409 =49’
(IQR)
Minimal pressure 3(39) 0(0;3)
support (emH0)
Maximal pressure 10 (10; 12) 10(8; 15)
support (emHO)
Fixed EPAP n=284 n=5
Fixed EPAP (cmH0) 6(5:8) 9(8:10)
Variable EPAP n=115 n=43
Minimal EPAP (mH,0) 5475 6(4,9.7)
Maximal EPAP 11(10; 14) 12 (10; 14.5)
(omH,0)
Back-up respiratory - 12 (12;13.7)
rate (Cycles/min)
Missing data 10 1

EPAP: Expiratory positive ainvay pressure. **See text for details. Default EPAP value set
at 3 cmH20. $See text for details. Default EPAP value set at 0 cmiH20. *26 patients in
“Auto” mode for back-up respiratory rate.





OPS/images/fmed-07-00105-g003.gif





OPS/images/fmed-07-00105-t001.jpg
Al patients (1 = 458) Missing data

Anthropometric data

Age (years) 71(60; 76) -
Male 392 (85.6) -
Body mass index (kg/m?) 29.1(26.3;33.0) 4
Comorbidities

Systemic hypertension 326 (71) -
Dyslipidemia 243 (53) 1
Obesity 199 (44) 2
Anxiety and/or depressive disorder 178 (39) 1
Type 2 diabetes 127 (28) -
Chronic heart failure 78(17) 1
Cerebrovascular disease 70(15) 1
Asthma 419 1
Pulmonary hypertension 245 1
Chronic obstructive pulmonary disease 24.5) -
Opiate treatment 20 (4) =

Data are presented as N (%) or median and IQR (Q1; Q3).





OPS/images/fmed-07-00105-t004.jpg
ResMed® Philips respironics® and

devices  lowenstein medical® devices
Al values are median (IQR) 09 n=49
unless stated otherwise

EPAP (cmH;0) 65(5.2:85) -
IPAP (cmH0) 10.7 9.2; 12.7) -

EPAP 90% (cmH,0) - 92(7.0;10.7)
Pressure support (cmHz0) - 28(1.8;4.7)
Tidal volume (m) 440 (380; 520) 486 (416; 567)
Minute ventilation (U/min) 66(6.8,7.9) 8.1(6.7;92)
Leaks, unintentional (Umin) 0.0 (0.0; 3.6) -
Leaks, 95th centile, 96 (2.4:21.6) -
unintentional (L/min)

Leaks (total) (L/min) - 37 (30; 42)
Apneaindex (N/h) 0.1(0.0;06) 07(0.3;2.0)
Apnea-hypopneaindex (Wh) 1.2 (0.4;3.1) 35(1.8;59)
Mean daly use (SD; min/day) 366 (143) 383 (120)

All values are reported as Median (IR) unless specified othenwise. Data from ResMed®
devices, Philips Respironics®, and Lowenstein Medicaf® devices are reported differently
by their specific software and are thus shown separately. Unintentional leaks: leaks not
related to expiratory valve of mask or circuit. Total leaks: sum of intentional (related to
mask expiratory valve) and unintentional leaks. EPAR, Expiratory positive airwey pressure;
IPAP, Inspiratory positive airway pressure.





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Adaptive Servo-Ventilation: A Comprehensive Descriptive Study in the Geneva Lake Area



		Introduction



		Patients and Methods



		Study Design



		Inclusion/Exclusion Criteria



		Data Collected



		Statistical Analysis







		Results



		Prevalence and Clinical Characteristics



		Devices



		Indications



		Settings of Ventilators and Interfaces



		Monitoring



		Compliance



		AHI and Other Data Provided by Ventilator Software



		Nocturnal Pulse Oximetry



		Follow-Up (Hospital-Based vs. Private Practitioners)







		Discussion



		Data Availability Statement



		Ethics Statement



		Author Contributions



		Acknowledgments



		Supplementary Material



		References

















OPS/images/cover.jpg
’ frontiers
in Medicine

Adaptive Servo-Ventilation: A
Comprehensive Descriptive Study
in the Geneva Lake Area





OPS/images/fmed-07-00105-g001.gif
Systemic hypertension  EEE——————— (335 1)
Ot — %)
Obesty — 1973
oeyano depesivedsarder E— 07
Ty 2Ouberes mmm— 17080
Chon hewt e 780781
ot e 700159
rn—
Py ypetenion 8 45
Cvonc Omtrucne Pulmonary Dsese 1 2406%)
P ————





OPS/images/fmed-07-00105-g002.gif









OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
, frontiers
in Medicine





