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obstructive sleep apnoea (OSA) in adults is evolving, as new therapies have been explored and
introduced in clinical practice, while other approaches have been refined or reconsidered. In this
European Respiratory Society (ERS) guideline on non-continuous positive airway pressure (CPAP)
therapies for OSA, we present recommendations determined by a systematic review of the
literature. It is an update of the 2011 ERS statement on non-CPAP therapies, advanced into a
clinical guideline. A multidisciplinary group of experts, including pulmonary, surgical, dentistry and
ear–nose–throat specialists, methodologists and patient representatives considered the most
relevant clinical questions (for both clinicians and patients) relating to the management of OSA.
Eight key clinical questions were generated and a systematic review was conducted to identify
published randomised clinical trials that answered these questions. We used the GRADE (Grading
of Recommendations Assessment, Development and Evaluation) approach to assess the quality of
the evidence and the strength of recommendations. The resulting guideline addresses gastric
bypass surgery, custom-made dual-block mandibular advancement devices, hypoglossal nerve
stimulation, myofunctional therapy, maxillo-mandibular osteotomy, carbonic anhydrase inhibitors
and positional therapy. These recommendations can be used to benchmark quality of care for
people with OSA across Europe and to improve outcomes.

OSA-patients who refuse/don't adhere to CPAP can profit from established/emerging treatment
options. High scientific evidence is lacking. Patients’ values/preference may weigh heavy in the
decision for non-CPAP options, while health inequity is a concern. https://bit.ly/3o0tJeP

Continuous positive airway pressure (CPAP) is the current standard of treatment of obstructive
sleep apnoea (OSA), since its description in the early 1980s [ 1 ], and is highly effective in
suppressing respiratory disturbances during sleep as well as improving several patient clinical
manifestations [ 2 – 8 ]. However, advances in the pathophysiological understanding of OSA have
shown that not only anatomical narrowing of the upper airways, but also impairment of muscle
responsiveness, arousability and respiratory drive all contribute to the pharyngeal collapse that is
the hallmark of the disorder [ 9 , 10 ].

Furthermore, doubts on the predominant relevance of the number of breathing disturbances during
sleep (apnoea–hypopnoea index (AHI)) have been raised based on cluster analysis and outcome
data [ 11 ]. Although there is evidence that a high number of breathing disturbances (AHI >30
events·h -1 ) increases morbidity and mortality of OSA patients, this is less clear for patients with a
lower number of breathing disturbances and data on improvement in survival under the
well-accepted standard therapy of CPAP are lacking [ 12 – 14 ]. Thus, the importance of
patient-related outcomes becomes increasingly important in the indication and selection of OSA
therapies [ 15 , 16 ]. However, for the time being, the prognostic relevance of high AHI figures does
not justify disregard of adequate suppression of breathing disturbances by practitioners. The
heterogeneous pathophysiology and the focus on patient-related outcome parameters, in addition
to limited positive airway pressure adherence in many patients encourage the search for reliable
alternatives to CPAP [ 9 , 10 , 15 , 17 , 18 ]. This led to the idea of updating the 2011 European
Respiratory Society (ERS) statement on non-CPAP therapies [ 19 ] and advancing it to a clinical
guideline. In the intervening years, new therapies have been explored and introduced into clinical
practice, such as hypoglossal nerve stimulation (HNS) [ 20 , 21 ]. Other approaches have been
refined or reconsidered, such as mandibular advancement or positional therapy [ 22 , 23 ]. In
particular, questions arose on the impact of therapeutic approaches to the function of upper airway
muscles, influences on the body position and mandibular position and potential pharmaceutical
influences on breathing regulation. Surgical topics address the risk factors of obesity and the facial
skeleton, while soft-tissue surgery was omitted due to limited new evidence.

The methodological rules of the ERS for guidelines require limiting the spectrum of investigated
techniques and comparisons [ 24 ]. Accordingly, the guideline cannot describe the whole field of
non-PAP therapies, but focuses on a limited number of clearly defined research questions. The
items were selected based on clinical relevance, availability of data and approaches under debate.
We excluded topics that are unequivocal components of OSA treatment, such as weight loss in
overweight or obese subjects. The therapies were compared to CPAP, other non-PAP therapies or



no treatment according to the severity of the disease, the symptoms and availability of alternatives.

The task force was composed of 15 clinician experts from different regions, including pulmonary,
surgical, dentistry and ear–nose–throat specialists; four methodologists, two from the ERS and two
from an independent academic centre; and two patient representatives, associated with the
European Lung Foundation.

According to the ERS rules, the task force followed the Grading of Recommendations Assessment,
Development and Evaluation (GRADE) system to develop a clinical practice guideline. We
formulated nine questions, addressing patient, intervention, comparison, outcome (PICO) by
telephone conferences. We selected topics that we thought were the most important for patient
care ( table 1 , supplementary tables e2 and e3 ). The task force considered the 2011 statement on
non-CPAP therapies [ 19 ] and searched for new developments or substantial new knowledge on
previously described therapies. Topics with sufficient description in previous recommendations
without new important findings were excluded.

Patient, intervention, comparison, outcome (PICO) questions

OSA: obstructive sleep apnoea; RYGB: Roux-en-Y gastric bypass; AHI: apnoea–hypopnoea index;
CPAP: continuous positive airway pressure.

We systematically searched the following databases from 1 January 1946 until 15 June 2020:
Cochrane Central Register of Controlled Trials (CENTRAL), MEDLINE. The searches were
performed by an information specialist. The search strategies for each database are given in the
supplementary material . We only included randomised controlled trials (RCTs) and systematic
reviews with associated meta-analysis, published in English. These were used as a source to verify
sufficient identification of relevant RCTs.

After removal of duplicates, 6307 references were screened for relevance by one clinical expert and
one methodologist individually and for every PICO separately. Thus, we used a two-stage process:
first, for each PICO question, we screened titles and abstracts independently for whether the
population, study design and intervention fitted the specific question. Ineligible references were
excluded. In the next step, we obtained full texts of unclear references or potentially fitting
references and assessed independently whether they fitted the PICO question. The methodologists
and clinical experts discussed the studies in detail. The experts decided whether studies were
homogenous in terms of participants, interventions, comparators and outcome definition. If no
consensus on the inclusion was reached between the two, a third task force member was included
in the discussion to decide about the relevance of studies. Inclusion criteria were defined according
to population, intervention and control of each PICO question. The specific search strategy (
supplementary tables e4–e10 ), the PRISMA diagrams ( supplementary figures e1–e7 ), the
meta-analyses ( supplementary figures e9–e12 ) and the findings for each PICO ( supplementary
figure e8 ) are presented in the supplementary material .

For each PICO, data were extracted from the included references for all pre-defined outcomes that
were rated as “critical” or “important”. All identified studies were judged for risk of bias using the
Cochrane Risk of Bias 1.0 tool [ 25 ] in duplicate. With this tool we assessed the domain selection
bias, performance bias, detection bias, attrition bias, reporting bias and other bias ( e.g. cross-over
studies reporting overall results only or not taking carry-over effects into account) as being low,
unclear or high. Quantitative analysis (meta-analysis) was performed if more than one trial reported
data, and the data were homogenous enough. If comparators or interventions differed between
trials, separate analyses were performed. If not, results were synthesised narratively. The certainty
in the evidence was rated for the body of evidence for outcome individually using the GRADE
approach and the appendant software GRADEpro. The reasons for downgrading the certainty of
evidence by one to two points are risk of bias, heterogeneity, imprecision, indirectness and potential
publication bias [ 26 ]. The resulting evidence profiles for each PICO are displayed in the



supplementary material .

The following outcomes were a priori assessed as critical or important for clinical decision making:
AHI (events·h −1 ), sleep efficiency (%) and <3% and <4% oxygen desaturation (events·h −1 ), all
assessed using polysomnography (PSG); sleepiness assessed using Epworth Sleepiness Scale
(ESS); physical functioning assessed using the 36-item short form survey (SF-36) domain; arterial
hypertension assessed using 24 h systolic blood pressure, 24 h diastolic blood pressure and
night-time systolic and diastolic blood pressure; treatment adherence and compliance; and adverse
events.

In two face-to-face meetings in Düsseldorf, Germany (1 July 2019) and Madrid, Spain (1 October
2019), the evidence was presented by the methodologists for each PICO question including the
Risk of Bias tool and certainty in the evidence for each outcome. Afterwards, the results were
discussed using the GRADE evidence-to-decision frameworks ( supplementary tables e11–e19 ) [
26 ]. After discussing all domains of the evidence-to-decision framework, clear recommendations
were formulated by the members of the task force present. Remaining PICOs were discussed in
following online meetings following the same approach. The final decisions were performed in an
online-consensus meeting on 23 November 2020.

In total, 41 studies (92 references) were identified through the systematic searches and screening
process ( supplementary figure e8 ).

Conditional recommendation for the intervention, very low quality of evidence.

For PICO 1, 300 studies were originally identified, and at the end, no direct RCT evidence was
found to inform this recommendation (PRISMA diagram: supplementary figure e1 , search strategy:
supplementary table e4 , results: supplementary table e11 ; no meta-analysis was conducted).
However, we decided to use the indirect evidence of an RCT that investigated laparoscopic
adjustable gastric banding to make a recommendation. The results of the mentioned trial are
discussed here narratively [ 27 , 28 ].

60 adults with OSA were offered the opportunity to undergo gastric banding versus weight-reducing
diet. The mean± sd age of the patients was 47.4±8.8 years and 50.0±8.2 years, respectively. After
the intervention, AHI decreased by 25.5 events·h −1 from 65.0 events·h −1 to 39.5 events·h −1
(95% CI 14.2–36.7 events·h −1 ), while in the control group, AHI decreased by 14.0 events·h −1
from 57.2 events·h −1 to 43.2 events·h −1 (95% CI 3.3–24.6 events·h −1 ). The difference between
the change scores was −11.5 events·h −1 (95% CI −28.3–5.3 events·h −1 ), which was not
statistically significant (p=0.18). Sleep efficiency assessed by PSG was 7.4% higher after gastric
banding compared to diet (p=0.32). Quality of life substantially improved after surgery, based on a
3.5-points higher score on the SF-36 physical scale (p=0.04). The ESS score was 2.4 points lower,
but without statistical significance (p=0.12). An effect of surgery on systolic or diastolic blood
pressure compared to diet was absent (p=0.80 and p=0.37, respectively). Compliance for the
intervention was high, given only four participants did not consent to surgery. Compliance of control
treatment was not reported.

In adult obese patients with OSA, we suggest bariatric surgery evaluation versus weight-reducing
diet when weight has not improved despite participating in a comprehensive weight reduction
programme and if there are no contraindications (conditional recommendation, very low quality of
evidence).

Remarks: comorbidities should be considered when making surgical decisions (in favour or
against). Patient values and preferences may weigh heavily in their decision for or against surgery (
supplementary table e11 ).



There was no RCT on Roux-en-Y gastric bypass available in OSA patients. The described study did
not exactly match our PICO question (only included gastric banding), so there is only indirect
evidence for this PICO. Based on the presented RCT with evidence to use gastric banding surgery
as an intervention, the panel determined the benefit to be small, and there were some concerns
regarding long-term outcome. Side-effects were considered trivial, since many serious adverse
events were not related to the surgical intervention. Given overall weight loss is less after gastric
banding than after other bariatric procedures, the panel proposes Roux-en-Y gastric bypass
bariatric surgery.

A very low certainty of evidence was given due to concerns about imprecision (only 60 patients
included, compliance only described for the intervention arm) and a high risk of bias (unblinded
study design and subjectively reported outcomes).

The intervention is usually acceptable to clinicians, and is mostly acceptable to patients. For health
insurers, this depends on the clinical situation. The beneficial outcomes must be balanced against
symptoms. In cases of excessive daytime sleepiness or other symptoms, patients may be more
willing to accept surgical intervention and related adverse events. In addition, variability could be
introduced by age, occupation, severity of the underlying condition and comorbidities. The trial may
underestimate the benefit of the intervention, given the study limitations. The panel considered that
the overall benefit outweighs the potential harms. For reassessment, a follow-up
poly(somno)graphy should be considered 1 year after the intervention. This must be balanced
against the weight reduction obtained and dependency on CPAP therapy.

Findings after gastric banding were obtained in morbidly obese patients with severe OSA. The
relative change in weight was 26% after surgery, compared to 4% after diet, with concomitant
change in AHI of 65% and 32%, respectively (or −2.5% AHI per −1% weight in surgery and −8%
AHI per −1% weight after diet). This is more or less in line with relative weight changes in
overweight patients with milder sleep apnoea reported in epidemiological studies. In the Wisconsin
sleep cohort [ 29 ] it was shown that a relative change in weight of 20% was associated with a
relative change in AHI of 48% (or −2.4% AHI per −1% weight), while a relative change in weight of
only 5% was associated with a relative change in AHI of 14% (or −2.8% AHI per −1% weight).
According to N ewman et al. [ 30 ], this effect is much stronger at a higher Respiratory Disturbance
Index and remained much stronger in men than in women. These changes do not guarantee a
reduction in OSA severity in all cases. For example, a reduction of 10 events·h −1 in a patient with a
starting AHI of 15 events·h −1 reduces the severity class, whereas the same reduction in a patient
with 45 events·h −1 does not change the severity class. Nevertheless, cases in the lower severity
range can evolve to a non-clinically relevant OSA or can even be cured.

Our recommendation is in agreement with the recent American Thoracic Society recommendation [
31 ], which suggests bariatric surgery over weight-reducing diet (conditional recommendation, very
low quality of evidence) for patients with a body mass index (BMI) ≥35 kg·m −2 . Comorbidities
(diabetes, systemic hypertension, cardiovascular disease and orthopaedic problems) should be
considered when making surgical decisions for or against this intervention. Patient values and
preferences may weigh heavily in their decision for or against surgery.

More RCTs in adult obese patients with OSA are warranted to demonstrate sustained benefit from
surgery and weight-reducing diet on AHI, blood pressure and sleepiness. Compliance to active
lifestyle and healthy food intake in this context is paramount.

Conditional recommendation against the intervention, very low quality of evidence.

Dual-block mandibular advancement devices (MADs) are composed of two independent joined
parts for the maxilla and mandible. 1334 references were originally identified, and 13 RCTs
comparing dual-block adjustable MAD and CPAP therapy were analysed to give this
recommendation ( supplementary figures e2 and e9 , supplementary tables e5 and e12 ) [ 22 , 32 –



51 ]. In total, 597 patients corresponding to 1110 observations were analysed in nine cross-over
and four parallel studies. Main analyses were performed in the whole group of patients. Further
subgroup analyses were performed according to major inclusion criteria (mild to moderate OSA,
moderate to severe OSA, other inclusion criteria) and mean baseline AHI (>30 events·h −1 and <30
events·h −1 ). AHI decreased by 7.8 events·h −1 (95% CI 5.5–10.0 events·h −1 ) more with CPAP
than with MAD among all studied patients. Significant differences in favour of CPAP were found in
all severity groups. Sleep efficiency, ESS and quality of life (as assessed by the SF-36 physical
scale) did not differ between treatments in the whole group and in all severity subgroups. Four of
the 13 studies performed 24-h blood pressure measurements [ 36 , 37 , 48 , 51 ] and reported
night-time blood pressure. Systolic and diastolic 24-h blood pressure were similar under CPAP and
MAD treatments in the whole group and in all severity subgroups. Similarly, no significant
differences were found regarding night-time systolic and diastolic blood pressure in the whole
group. However, CPAP had a higher impact on night-time systolic blood pressure in moderate to
severe OSA patients [ 37 , 51 ] (mean difference 3.7 mmHg, 95% CI 1.3–6.1 mmHg) and in the
study with a mean baseline AHI >30 events·h −1 (mean difference 4.2 mmHg, 95% CI 2.2–6.2
mmHg) [ 37 ]. Nine studies reported compliance (measured variously). Of these, compliance was
better with MAD compared to CPAP in five cases [ 37 , 39 , 41 , 48 , 51 ]. In the other four cases, no
statistically significant difference could be shown or no information on statistics was given [ 34 , 36 ,
38 , 46 ]. Six studies reported patient preferences. In one study, CPAP was preferred [ 36 ]; in the
other five, MAD was preferred [ 39 , 40 , 48 , 50 , 51 ]. Six studies reported adverse events [ 33 , 39
– 41 , 46 , 50 ]. Frequency was described as similar in both groups and intensity was mostly mild.

In adult patients with OSA, we suggest that CPAP should be used as compared to MAD
(conditional recommendation, very low quality of evidence).

Remarks: this recommendation does not differentiate according to the severity of the disease. This
is because most studies did not focus on specific subgroups in their inclusion criteria. However,
most publications presented patients with mild to moderate OSA, and only a minor proportion of
severe cases. In mild to moderate OSA, the difference in AHI becomes less important, and
therefore, due to equal effects on sleepiness and quality of life, both devices can be considered
equally ( supplementary table e12 ).

This recommendation is mainly based on the higher decrease of the AHI with CPAP over MAD.
CPAP has a greater impact on AHI decrease, independently of OSA severity. This consideration, in
addition to the higher impact of CPAP on systolic night-time blood pressure decrease in severe
OSA, leads the panel to a conditional recommendation in favour of CPAP in patients with OSA.
However, in mild and moderate OSA, the AHI under MAD treatment is usually low and close to the
normal range. Furthermore, there is some evidence of better compliance and patient preference in
favour of MAD as compared to CPAP, and similar impact on sleepiness and quality of life.
Altogether, those considerations lead the panel to regard CPAP and MAD as equal in patients with
mild to moderate OSA. With increasing severity of OSA, comorbidities or odontological concerns,
CPAP should be considered in this group of patients.

The intervention is usually acceptable to clinicians, patients and health insurers. The availability of
MAD treatment might differ between countries due to different healthcare systems, including cost,
and different levels of training and interest of dentists in sleep disorders. Indeed, MAD treatment
requires coordinated cooperation between dentists and sleep physicians for MAD initiation and
long-term follow-up.

The panel recommend more long-term RCTs with higher numbers of patients, including patients
with different levels of OSA severity, various comorbidities and overweight/obesity categories.
Investigation of other outcomes than AHI, including cardiovascular and symptom-based outcomes
and cost-effectiveness in different European countries are needed. Objective compliance
measurements should be preferred to declarative compliance. Studies comparing different types of
MAD devices as well as combination therapies (with positional therapy and CPAP) and
considerations of oral health, bite changes and changes in pathophysiology with time, such as



anatomical and nonanatomical traits related to OSA, are also required.

Conditional recommendation against the intervention, very low quality of evidence.

931 references were identified; three different RCTs were identified [ 20 , 52 – 55 ], while three
other trials were either terminated or ongoing [ 56 – 58 ] ( supplementary figure e3 , supplementary
tables e6 and e13 ; no meta-analysis was conducted). Two of the studies included invasive HNS,
while one study was on transcutaneous HNS. Inconsistency in the study designs and in the
reporting of the results (median/mean) meant that no meta-analysis was performed. The AHI and
4% oxygen desaturation index were assessed using PSG at different follow-up points (range 1 night
to 6 months). Two out of three included studies showed no statistical difference between groups at
1 night and 6 months follow-up, while one study showed a statistically significant difference
favouring the intervention after 1 week therapy withdrawal in previous responders [ 20 ]. Sleep
efficiency (percentage of total sleep time) was assessed using PSG (follow-up 1 night) [ 53 ]. One
study reported sleep efficiency for the 1 night of each intervention and showed no statistically
significant difference between arms [ 53 ]. None of the studies showed any statistically significant
effect for sleepiness. Quality of life was assessed using the Functional Outcomes of Sleep
Questionnaire (FOSQ) and Beck Depression Inventory; the follow-up range was 1 week to 6
months. Two studies reported outcomes relating to quality of life (1 week and 6 months follow-up)
and both showed statistically significant effects favouring the intervention. One study reported no
statistically significant differences between intervention and control looking at systolic and diastolic
blood pressure after a week of therapy withdrawal [ 20 ]. Compliance/adherence was assessed
during follow-up (1 night); only one study reported compliance after the 1 night of treatment [ 53 ]
(TESLA trial: “The patients’ device acceptance was good with patients reporting no skin discomfort
or unpleasant sensations at night. There was no difference in patients’ perceived sleep quality.
There was a 59% reduction in mouth dryness after active treatment compared to sham-stimulation.
There were no severe adverse events”). Adverse events were reported in two studies narratively.
The STAR trial reported two serious adverse device-related events and another 33 serious adverse
events that were not device-related [ 20 ]. Most nonserious adverse events were
implantation-related. The TESLA trial (transcutaneous) reported as the only significant side-effect
one patient who complained about claustrophobia at night; this was during both nights (intervention
and sham-control). The total count of mild side-effects occurred in 2.8% of the studied cohort and
there were no severe adverse events [ 53 ].

We suggest that HNS should not be used as first-line treatment for OSA patients in general
(conditional recommendation, very low quality of evidence). However, we suggest that HNS
compared to no treatment should be considered as a salvage treatment in patients with
symptomatic OSA, who cannot be sufficiently treated with positive airway pressure treatment
(CPAP, bilevel positive airway pressure) or MAD, and who have an AHI <50 events·h −1 and a BMI
<32 kg·m −2 (conditional recommendation, very low quality of evidence) ( supplementary table e13
).

There is limited evidence available for this intervention; a general recommendation was based on
selected patients from three RCTs with very strict patient selection (only ∼10% of the screened
patients were included) [ 20 , 52 , 53 ]. The recommendation for a salvage therapy is based on the
inclusion criteria and results of the STAR trial [ 20 ].

Additional confirmation of safety and efficacy is now available on HNS in the follow-up cohorts of
trials (■5 years). Various methods have become available (HNS, targeted, bilateral,
transcutaneous) and particular focus should be on the differentiation into invasive versus
transcutaneous (noninvasive) procedures. HNS is currently not applied in many countries; except
for the noninvasive approach, it remains costly, and a cost-effectiveness analysis in European
healthcare systems will be useful. In the United Kingdom, the National Institute for Health and Care
Excellence has published an interventional procedural guidance on safety and efficacy, but
reimbursement remains unclear. In other countries, like Germany, the method has become
available, but is only available to few patients. In a specific group of patients who do not adequately



respond to CPAP or MAD and remain sleepy, this method may be beneficial. However, the
invasiveness of HNS means that it is not easily reversible. The transcutaneous method is more
affordable and is currently undergoing an RCT in the domiciliary setting (TESLA home) [ 59 ].

Regular follow-up should be performed, similar to CPAP and other treatments, to demonstrate
efficacy.

The task force recommends further RCTs with CPAP or MAD as control, focused on physiological
outcomes, systemic hypertension, metabolic effects and symptomatic improvement.

Conditional recommendation for either the intervention or the comparison, low quality of evidence.

For PICO 4a and 4b, 634 references were originally identified. Nine RCTs were found [ 60 – 69 ]
and six RCTs [ 60 – 63 , 65 – 67 ] were used to answer question 4a ( supplementary figures e4 and
e10 , supplementary tables e7 and e14 ). The interventions included oropharyngeal exercises,
circular breathing and muscle training via electrical stimulation. In these studies, 230 adults with
OSA were included, underwent PSG [ 60 , 62 , 63 , 66 , 67 ] or a cardiorespiratory sleep study [ 64 ]
and were randomised to myofunctional therapy or no treatment (placebo) ( supplementary figure e4
). The mean age of the patients was similar to controls in all studies. After intervention, the AHI
decreased by 8.19 events·h −1 (95% CI 2.11–14.27 events·h −1 ), although no data regarding
significant differences between groups is available in all studies [ 63 , 67 ]. Sleep efficiency,
assessed in three studies including 121 patients, was 0.06% lower after therapy compared to
placebo (95% CI 3.67–3.79%), without statistically significant results between groups [ 60 , 62 , 63
]. Quality of life was assessed using the FOSQ [ 66 ], Quebec Sleep Questionnaire [ 67 ] and the
functional capacity domain of the SF-36 [ 60 ] in three studies including 135 patients. Quality of life
was improved only in the myofunctional therapy group in one study [ 60 ]. In the other two studies, it
was improved in both groups (statistically significant only in one study [ 66 ]). The ESS score,
assessed in six studies including 230 patients, was 2.71 points lower (95% CI 0.45–4.97 points),
but without statistical significance in all studies [ 63 , 66 , 67 ]. Compliance for the intervention,
measured subjectively with diaries or objectively, was assessed in five studies including 135
patients [ 60 , 62 , 63 , 65 , 66 ]. It was relatively high compared to controls, ranging from 63% to
>85% in four studies [ 60 , 62 , 63 , 65 ], and no difference in one study [ 66 ]. Data on adverse
events were reported in two studies (82 patients) [ 65 , 66 ]. One reported no adverse or
unexpected events in either group [ 65 ] and the other reported erythema (scale of 0 (minimum) to
six (maximum): treated patients 0.4±0.7, placebo 0.2±1.0; p<0.05), skin irritation (treated patients
0.7±1.4, placebo 0.3±1.2; p<0.05) and facial pain (treated patients 1.1±1.8, placebo 0.3±1.0;
p<0.05), compared to placebo patients [ 66 ].

We do not suggest myofunctional therapy as a standard/regular treatment of OSA, but only for
specific cases seeking alternative treatments and who are reluctant to undertake surgical or
mechanical strategies (conditional recommendation, low quality of evidence) ( supplementary table
e14 ).

There is limited evidence available for this intervention, based on only six small RCTs. Moreover,
this treatment offers only a small and probably temporary advantage over existing treatments and
patients might reject other proven effective treatment options. Nevertheless, for many patients
seeking for alternative treatment options, it might be an acceptable option for those rejecting more
effective treatment options. In this case, regular follow-up should be performed, similar to other
treatments, in order to demonstrate efficacy. The therapy is limited by cost, feasibility and missing
long-term data.

There are not enough trained professionals ( e.g. speech therapists) and there is a concern
regarding adequate training in OSA patients. Furthermore, health insurance might not cover this
type of treatment, depending on the healthcare system and reimbursement policies.



More RCTs are warranted involving a larger number of patients and longer treatment periods to
determine whether the beneficial effects of myofunctional therapy can be sustained over prolonged
periods.

Conditional recommendation against the intervention, low quality of evidence.

As mentioned earlier, for PICO 4a and 4b, 634 references were originally identified; one RCT
(oropharyngeal exercises) was used to inform this recommendation [ 60 ] ( supplementary figures
e4 and e10 , supplementary tables e7 and e15 ). 27 adult patients with OSA were randomised to
speech therapy and 27 to CPAP, each for 3 months. Mean age of patients was comparable in both
groups. Following the intervention, the AHI decreased significantly in both groups (p<0.001), while
sleep efficiency, as assessed by PSG, showed negligible changes. In addition, the ESS score
decreased significantly in both groups (both p<0.001). Statistical significance for differences in
changes of these three variables between groups was not reported. Quality of life assessed using
the SF-36 questionnaire improved in the functional capacity domain in the speech therapy group
(p<0.03). Compliance to therapy was 60% in the speech therapy group (subjective assessment)
and 30% in the CPAP group (objective assessment).

We suggest using CPAP instead of myofunctional therapy for adult patients (conditional
recommendation against the intervention, low quality of evidence) ( supplementary table e15 ).

Currently, limited evidence is available for this intervention based on one RCT only. In this RCT, the
panel determined that the benefit of the intervention as compared to CPAP was of similar effect size
for sleepiness, but lower for AHI with no statistical tests performed to compare the in-group
differences. However, no significant side-effects were reported. The low objective compliance to
CPAP could explain the significant, but limited, beneficial effects in the CPAP arm; adequate CPAP
adherence, as in standard practice, could even further contribute to the benefits observed. The
panel concluded that the comparison group (CPAP) was favoured.

Specific subcohorts of patients could value several outcomes of the intervention, particularly when
they have discontinued CPAP therapy. The intervention has a limited feasibility due to insufficient
availability of trained speech therapists who, in addition, often lack experience in managing patients
with sleep apnoea. Health insurance might not cover this treatment. It is currently not clear whether,
and if so for how long, any interventional treatment effects are maintained.

Long-term studies to evaluate feasibility of long-term treatment by myofunctional therapy and RCTs
to explore effects of therapy not only on sleep variables, but also on the natural history of patients
with OSA under different treatments are needed.

Conditional recommendation for either the intervention or the comparison, very low quality of
evidence.

1246 references were originally identified, of which one RCT was used to inform this
recommendation [ 70 ] ( supplementary figure e5 , supplementary table e8 and e16 ; no
meta-analysis was conducted). 50 adults with OSA were randomised to maxillo-mandibular
osteotomy (MMO) or auto-adjusting positive airway pressure (auto-adjusting CPAP). The mean
ages of the patients were 49.1±9.1 years and 48.7±10.7 years, respectively. 1 year after the
intervention, AHI decreased by 48.7 events·h −1 (from 56.8±16.5 events·h −1 to 8.1±7.0 events·h
−1 ), while in the control group it decreased by 44.0 events·h −1 (from 50.3±12.4 events·h −1 to
6.3±1.9 events·h −1 ). The difference between the score changes was not statistically significant
(p=0.21). ESS decreased from 11.6±2.8 to 7.7±1.3, while in the control group it decreased from
11.2±2.6 to 5.9±1.6. The difference between the score changes was not statistically significant
(p=0.20). Degree of satisfaction with treatment did not show significant differences between the
groups.



In adult patients with OSA, the task force suggests using either MMO or CPAP (conditional
recommendation, very low quality of evidence) ( supplementary table e16 ).

In the presented RCT, the panel determined differential benefits between MMO and CPAP to be
trivial. The age limitation is based on the characteristics of the included patients in the RCT. There
are sparse data on adolescents and age groups >60 years. Moderate adverse effects were
associated with MMO, which could also require additional orthodontic work. Initially, patients may
prefer CPAP because it is less invasive than MMO, but some patients may find MMO an acceptable
alternative if they value not using CPAP or have other rationale for facial surgery. Patients who
value the potential for adverse events or potential aesthetic concerns more, may find MMO less
acceptable. For patients experiencing CPAP failure, MMO is an effective alternative. Altogether, the
balance of effects may favour CPAP, but younger people and patients with high AHI may be more
likely to accept MMO. Availability and cost may be a problem for MMO.

The intervention is usually acceptable to clinicians and health insurers, but its acceptability may
largely vary among patients. There are age limitations in some countries.

At present, evidence from RCTs is extremely limited. More studies are needed. They should also
address aspects that were not considered in the available RCT study, like changes in blood
pressure and in objective sleep quality.

Conditional recommendation for the intervention, low quality of evidence.

230 references were identified, of which five studies with seven references were included [ 71 – 77 ]
( supplementary figures e6 and e11 , supplementary tables e9 and e17 ). The literature on the use
of carbonic anhydrase inhibitors in OSA is limited and dominated by studies on acetazolamide. The
dose range in available trials is wide (36–1000 mg) and treatment periods up to 3 months have
been described. However, following a stringent review there were only five RCTs left to inform our
recommendation. The drugs with a carbonic anhydrase inhibitory activity in these trials include
acetazolamide (three studies [ 72 – 74 , 76 ]), zonisamide (one study [ 71 ]) and topiramate (one
study [ 77 ]). Two of the trials investigated conditions at high altitude [ 72 – 74 ].

The drug was found to reduce sleep apnoea intensity (AHI) by up to 45% in unselected groups of
patients and sleep studies suggested an improvement of sleep efficiency in nonrandomised or
noncontrolled studies. The oxygen desaturation index decreased and oxygenation was improved,
while there was no documented effect on the ESS.

The two high-altitude studies included 49 and 51 patients, respectively [ 72 – 74 ]. At altitude, the
nocturnal oxygen saturation was higher with acetazolamide (91% and 88%) in one study and by
1–2% in the other [ 72 – 74 ]. In addition, acetazolamide reduced residual sleep apnoea (in patients
on auto-positive airway pressure) and reduced nocturnal transcutaneous carbon dioxide partial
pressure. Interestingly, acetazolamide reduced excessive blood pressure increases by 7 mmHg
(systolic pressure at 1860 m) and 10 mmHg (systolic pressure at 2590 m). Blood pressure
reductions are also reported in the study on zonisamide (5.7 mmHg; not significant) and 4.3 mmHg
(placebo-adjusted trend; not significant) but not studied in the sea-level trial of acetazolamide.

Acetazolamide at altitude was associated with a 15–17-min reduction of subjective insomnia, but
the Oxford Sleep Resistance Test and Karolinska Sleepiness Scale scores remained unchanged.
Improvement in the Pittsburgh Sleep Quality Index, ESS score and SF-36 were reported after
topiramate/phentermine treatment, but part of that effect may be explained by the significant weight
reduction in that study [ 77 ].

Adverse events included those previously described for this drug class, including paraesthaesia,
vertigo and unpleasant taste.



We suggest use of carbonic anhydrase inhibitors only in the context of an RCT, as there is no drug
in this category with an approved label for OSA (conditional recommendation, low quality of
evidence) ( supplementary table e17 ).

The acute effects of carbonic anhydrase inhibitors in OSA are reasonably well documented and
there is biological plausibility, although the amount of evidence is limited. The effect on coincident
comorbid conditions is incompletely studied and there is concern regarding long-term outcomes
due to missing data. The only drug in this class with more extensive documentation is
acetazolamide, but there is no approved label on this drug for use in OSA. Side-effects seem to be
class-specific for drugs with a carbonic anhydrase inhibitory effect and proper mapping of safety
should be performed over longer-term therapy. Excessive daytime sleepiness has not been shown
to decrease after therapy. Cognitive symptoms are not uncommon for drugs with a carbonic
anhydrase inhibitory effect, including topiramate and zonisamide. In addition, it remains that
variability in the response to drug could be introduced by age, occupation, severity of the underlying
condition and comorbidities. Putting these aspects together, the panel decided to make a
recommendation for use under research conditions.

Drug therapy is familiar, acceptable to clinicians, and frequently preferred by patients. There is no
prior information on the regulatory concerns that may be applied on the approval of a drug to be
used in OSA, particularly with respect to relevant outcomes, efficacy and side-effects. In addition,
the end-points that would justify a willingness to pay for this type of therapy in OSA are still
uncertain.

Large RCTs as part of conventional drug development programmes in various forms of OSA are
warranted. Biomarkers useful for identification of candidates for drug therapy should be developed.
The possibility to combine drug therapy with various forms of mechanical therapy in OSA should be
explored. Finally, a better understanding of the effects of carbonic anhydrase inhibitors in
comorbidities typical in OSA, such as cardiovascular and metabolic disorders and obesity, would be
useful when exploring this form of therapy in OSA. The potential influence of drugs with a carbonic
anhydrase inhibitory effect suggests that comorbidities in OSA, such as insulin resistance and
diabetes, dyslipidaemia, systemic hypertension and cardiovascular disease should be specifically
addressed in trials as there are experimental data suggesting that their appearance in patients with
OSA may be influenced by the pathophysiological mechanism.

Conditional recommendation for either the intervention or the comparison, very low certainty of
evidence.

For PICOs 7 and 8, 1632 studies were originally identified, five of them for PICO 7, including 221
participants who were randomised to either positional therapy or CPAP ( supplementary figures e7
and e12 , supplementary tables e10 and e18 ) [ 78 – 84 ]. For the definition of positional OSA, all
studies shared the criterion of the supine AHI to be at least twice as high as the nonsupine AHI. A
relevant extent of nonsupine OSA was excluded, with corresponding AHI thresholds ranging from 5
events·h −1 to 15 events·h −1 . All studies defined a minimum time of supine sleep, ranging from as
low as 15 min to 1 h or 30% of total sleep time.

In one study (n=13), positional therapy consisted of a backpack with a soft ball inside [ 78 ]. A
similar backpack-like device was used by P ermut et al . [ 79 ] (n=38). Another study (n=20) applied
the “tennis ball technique” (TBT) [ 81 ]. M ok et al . [ 83 ] (n=40) used the Night Shift device
(vibratory device worn around the neck); B erry et al . [ 84 ] (n=110) applied the NightBalance
device (vibratory device worn around the chest).

All but one study [ 79 ] did not exclude patients with severe OSA. However, considering the mean
baseline AHI, these studies were in the range of moderate OSA (AHI 15–30 events·h −1 ). In the
one study excluding an AHI >30 events·h −1 [ 79 ], the mean baseline AHI was 13 events·h −1 . In
most studies, the AHI was measured based on full-night in-lab PSG, except for one study applying



home polygraphy [ 81 ] and another using a split-night PSG approach at baseline [ 78 ].

Both therapeutic modalities, CPAP and positional therapy, reduced the AHI effectively, while CPAP
was slightly more effective than positional therapy (CPAP 4 events·h −1 , positional therapy +5.79
events·h −1 ; 95% CI 3.08–8.5 events·h −1 ). However, positional therapy was superior in terms of
compliance (CPAP 4.9 h per night, positional therapy +2.5 h per night; 95% CI 1.3–4.6 h per night).
In this context, other studies found the TBT to be associated with low long-term compliance, mostly
due to a lack of subjective comfort [ 85 – 87 ]. The mean sleep efficiency did not significantly differ
between therapeutic modalities (CPAP 82.62%, positional therapy +1.85%; 95% CI −1.54–5.23).
Sleepiness was assessed in three studies and 208 participants. It was measured using the ESS
and showed no clinically relevant difference (CPAP 8.89, positional therapy +1.22; 95% CI
0.26–2.17). Health-related quality of life was assessed in the same three studies and 170
participants [ 81 , 83 , 84 ] using the SF-36 and showed a mean value of 69.66 and was very similar
on positional therapy, i.e. 0.6 points lower (−4.34–3.15 points).

Side-effects were assessed in the same three out of five studies, including 170 participants. They
were seldom seen and mild with both therapy forms and included skin irritation (CPAP and
positional therapy), xerostomia (CPAP) and shoulder/neck pain (positional therapy). Two out of
three studies [ 81 , 84 ] found significantly fewer side-effects with positional therapy.

We suggest either positional therapy using vibratory devices or CPAP among adult patients with
mild or moderate position-dependent OSA as defined by a supine AHI at least twice as high as the
nonsupine AHI and no relevant nonsupine AHI (<15 events·h −1 ) (conditional recommendation for
either the intervention or CPAP, very low certainty of evidence) ( supplementary table e18 ).

Based on five RCTs, the panel determined that in patients with position-dependent OSA, CPAP
showed a slightly better effectiveness compared to positional therapy, while the compliance on
CPAP is somewhat lower. Clinically relevant differences in symptomatic relief (ESS) and
health-related quality of life were not observed. The recommendation was restricted to the
positional therapy based on vibratory stimulation due to the limitation of adherence with other
options.

It is difficult to compare the cost within Europe and coverage varies across patients/countries. Local
differences of reimbursement still need to be investigated. Aside from positional therapy addressing
the body position, there are two very small RCTs (n=10 [ 80 ] and n=14 [ 82 ], respectively) in a
general OSA population not explicitly specifying supine-dependent OSA. These focused on
stabilising the head in a position without flexion or inclination and showed insufficient therapeutic
efficacy. Thus, this therapeutic modality cannot be recommended. If the treatment is used,
long-term efficacy and adherence require close follow-up by sleep specialists.

More RCTs in OSA patients are warranted with different degrees of sleep apnoea, including
patients with higher degree of disease severity.

Conditional recommendation for either the intervention or control, very low certainty of evidence.

As mentioned earlier, for PICOs 7 and 8, 1632 studies were originally identified, but only one study
was finally selected for PICO 8 [ 88 , 89 ] ( supplementary figure e7 , supplementary tables e10 and
e19 ; no meta-analysis was conducted). 99 adults with positional OSA were randomised to either
positional therapy or MAD. The mean± sd age of the patients was 47.3±10.1 and 49.2±10.2 years,
respectively. Only 58 patients completed the study. Under positional therapy, the AHI decreased
from median (interquartile range (IQR)) 13.0 (9.7–18.5) events·h −1 to 8.0 (5.1–12.9) events·h −1
(p<0.001), while in the MAD group the AHI decreased from median (IQR) 11.7 (9.0–16.2) events·h
−1 to 8.5 (4.8–11.7) events·h −1 (p<0.001). No statistically significant difference between both
therapies (no p-value) was given. Sleep efficiency assessed using PSG did not change significantly
under positional therapy (from median (IQR) 92.0% (84.0–95.5%) to 91.0% (86.0–95.0%)) or MAD



(from 92.0% (86.0–95.0%) to 93.0% (87.0–96.0%)). Quality of life assessed using the FOSQ-30 did
not change significantly with either treatment. The ESS score decreased after positional therapy
from median (IQR) 7.5 (4.0–12.0) to 6.0 (3.8–10.0), being not statistically significant. After MAD, the
ESS did not change significantly (from median (IQR) 8.0 (4.0–13.0) to 8.0 (3.0–12.5)). No
statistically significant differences between both therapies (no p-value) was given. Adherence,
defined as device usage ≥4 h per night on ≥5 days per week, showed a mean 68.9±37.7% for
positional therapy and a mean 54.5±44.5% for the MAD (with temperature-measuring chip). The
group difference was not statistically significant (p=0.086).

In patients with mild positional OSA, we suggest using either vibrational positional therapy or MAD
(conditional recommendation for either the intervention or control, very low certainty of evidence) (
supplementary table e19 ).

Based on only one RCT, the panel determined that in patients with mild positional OSA vibrational
positional therapy and MAD show similar effectiveness. However, more side-effects with MAD were
found and adherence with the MAD was lower. For positional therapy, given different techniques
and weak long-term adherence have to be taken into account. Patients’ values and preferences
may vary individually and may influence choice for one or the other therapy.

Physical limitations (discomfort or pain at the level of the shoulders or back) for positional therapy
and bite and craniofacial changes and intermittent temporomandibular dysfunction for MAD have to
be taken into account when considering long-term treatment.

More RCTs in OSA patients are warranted with different degrees of sleep apnoea, including more
severe patients. The type of positional OSA has to be taken into account when comparing future
studies.

In 2011, the ERS published a statement on non-CPAP therapies for the treatment of OSA [ 19 ]. It
addressed both surgical and noninvasive procedures, including operations on soft and bony
structures, orthodontic measures, especially mandibular advancement devices, and functional
therapies. However, this statement required an update due to increasing numbers of publications
on some of these options and the introduction of new approaches. Moreover, after a decade, an
upgrade to a clinical guideline seemed necessary. Based on a first discussion of recent
proceedings in the field, the panel decided to focus on eight PICO questions, representing
approaches on various components of the pathophysiology. Due to the relevance of obesity, the
role of the most frequently performed bariatric surgery was addressed.

Maxillo-mandibular osteotomy was included to address the most effective interventional procedure
to permanently increase the upper airway diameter.

Mandibular advancement devices represent the most frequently used CPAP alternative and many
scientific studies have been performed in recent years. Thus, evaluation of the current evidence
seemed most important.

Therapies addressing upper airway muscles have attracted interest including myofunctional therapy
and HNS.

Finally, the role of positional therapy and pharmacological approaches are currently discussed
intensively in the scientific community.

In addition, several drugs address the problem of residual sleepiness despite optimal treatment of
the underlying disease [ 103 – 105 ]. Unfortunately, these findings could not be included in this
project as they do not focus on the causal treatment of the disease itself and major studies were
published after the time limit of the literature searches. Despite high patient expectations and
requirements for therapeutic alternatives, the task force still found a lack of sufficient evidence for



several of the evaluated approaches, urging for more intensive scientific evaluation. For example,
for gastric bypass surgery no RCTs are available that made a comparison with CPAP therapy.
Interesting new approaches include combination therapies of various non-CPAP treatments to
avoid CPAP or increase adherence [ 100 ] . Moreover, CPAP may be combined with an alternative
option in order to reduce treatment pressure [ 98 ]. These combinations seem sound from a
pathophysiological approach, addressing various traits. In addition, they are attractive for patients
who want to avoid CPAP therapy. However, the scientific evidence on these concepts is still on a
basic level so that they could not be included in this guideline.

The comparison of CPAP and custom made dual-block advancement devices showed the highest
level of evidence including 13 RCTs [ 32 , 36 – 41 , 44 , 46 , 48 – 51 ]. It showed superiority of
CPAP versus MAD. However, this focused mainly on the reduction of the AHI, while effects on
patient-related outcome parameters were equal. The panel is aware that the relevance of the AHI is
decreasing in sleep medicine [ 11 ]. However, it is still the widest used biomarker of breathing
disturbances, especially focusing on cardiometabolic consequences. The evolving relevance of
patient-related outcome measures has led to the differentiated recommendation. The different
effect on AHI and systolic night-time blood pressure might be most important for patients with
severe sleep apnoea as measured by the AHI. It should also be taken into account that one of the
two studies included in this analysis excluded seriously ill patients with an urgent need of OSA
treatment [ 48 , 51 ].

Based on very low certainty of the evidence, the panel decided on a conditional recommendation
against HNS as a first-line treatment for OSA patients in general. However, based on the data
analysed, it can be used in symptomatic OSA patients who have failed or have not tolerated CPAP
treatment, but the indication should follow the inclusion criteria of the STAR trial [ 20 ]. Similarly,
MMO can be an alternative for patients experiencing CPAP failure [ 106 ]. Finally, despite very low
certainty of evidence, patients with mild to moderate position-dependent OSA can be treated with
vibratory positional therapy as compared to CPAP or as compared to mandibular advancement [ 83
, 84 , 88 , 89 ].

It might have been desirable to differentiate clearly between first- and second-line therapies in the
recommendations. However, such a clear separation was only possible for a minority of topics.

Importantly, there would be a high risk of increasing health inequity if all treatment approaches
investigated here were to be recommended. The high costs of some therapies, e.g. HNS, different
reimbursement rules of national healthcare systems, or heterogeneous availability due to lack of
expertise do not allow all patients to get similar access to effective therapies.

In summary, there is still a lack of high scientific evidence on non-CPAP treatment options for OSA.
However, substantial progress has been made regarding custom-made dual-block MADs,
positional therapy and HNS, while pharmaceutical therapy and myofunctional therapy currently do
not allow for a positive recommendation.
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