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1 Abstract

A review of the recommendations in the
currently applicable version of the chap-
ter “Sleep-related breathing disorders in
adults” in the guideline “Non-restora-
tive sleep/sleep disorders” conducted
by the guideline steering group identi-
fied a number of recommendations and
chapters requiring revision or updating
in the light of new scientific or clinical
evidence. These included selected chap-
ters on diagnosis (clinical examination,
polysomnography, respiratory polygra-
phy, and diagnosis with reduced and
alternative systems) and treatment (po-
sitional therapy, surgical procedures) of
sleep-related breathing disorders, as well

as the chapters on obstructive sleep apnea
(OSA) and dementia and on sleep-related
hypoventilation/sleep-related hypoxemia.
These chapters were updated according
to the methodology of an S3 guideline.
The remaining recommendations and
chapters, on the other hand, retain their
validity for the time being.

With regard to the diagnosis of sleep
apnea, a number of recommendations on
clinical examinations, as well as on res-
piratory polygraphy and polysomnogra-
phy, have been specified more precisely
and modified. A chapter on diagnosis has
been supplemented with alternative sys-
tems: tonometry-based diagnostics has
been included as an alternative for the
diagnosis of sleep apnea. Positional ther-
apy for positional OSA and tonsillectomy
with uvulopalatopharyngoplasty are given
ahigherlevel ofrecommendationbased on
new randomized trials. Recommendations
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on OSA and dementia can no longer be
made due to a lack of evidence; the recom-
mendations on sleep-related hypoventila-
tion/sleep-related hypoxemia have been
specified with greater precision.

2 Concept of the update

The existing guideline “Non-restora-
tive sleep/sleep disorders"—chapter
“Sleep-related breathing disorders in
adults"—became due for revision 3 years
following its publication on 22.12.2019.
After a review of the guideline content by
members of the previous steering commit-
tee and the authors of the original guide-
line, it became evident that large parts of
the guideline remain valid—thereby mak-
ing a complete update unnecessary—and
that its validity can instead be extended
for a further 2 years. However, a number
of chapters were identified as requiring
revision due to new evidence. In view
of the size and subject diversity of the
guideline, the decision was taken not to
update it in its entirety, but rather to
revise only parts of the guideline. There-
fore, the following update contains the
revised guideline chapters. Accordingly,
the unrevised chapters remain valid and
can still be found under guideline Registry
No. 063-001. A complete revision of the
entire guideline is planned in the future.
Details on the selection of chapters to be
updated and the methodology used to
this end can be found in the guideline
protocol (see Appendix). It should be
noted at this juncture that the guideline
relates only to adults.

3 Diagnosis
3.1 Clinical examination

The aim of the clinical examination should
be to identify anatomical changes in the
upper respiratory tract or the region of
the viscerocranium that could be (in part)
responsible for the onset of obstructive
sleep apnea (OSA). The clinical examina-
tion should include the nose, oral cavity,
and pharynx, as well as craniofacial mor-
phology. The clinical examination should
be extended in cases where symptoms are
reported or relevant pathologies are sus-
pected in these regions [1, 2]. To this end,

2 Somnologie

it may be necessary to consult relevant
specialists (ear, nose, and throat special-
ists; oral and maxillofacial surgeons; or-
thodontists; specialized dentists). For the
differential diagnostic planning of surgical
interventions or the use of a mandibular
advancement splint (mandibular advance-
ment device, MAD), an examination of the
pharynx under anesthesia (drug-induced
sleep endoscopy [DISE]) is of particular
importance in order to describe the col-
lapse pattern, localization, and extent of
relevant stenosis [3, 4].

Recommendations. Modified:

- An examination of the oral cavity and
pharynx is of great importance and
shall be performed (evidence level 5,
grade A recommendation).

- If treatment with a mandibular ad-
vancement device is being considered,
an assessment should be made of
possible mandibular protrusion, and
dental status should be recorded
(evidence level 5, grade A recommen-
dation).

- The diagnostic work-up of OSA should
include a clinical assessment of cran-
iofacial morphology for orientation
(evidence level 5, grade A recommen-
dation).

- To assess airflow-related nasal struc-
tures, a clinical examination of the
nose should be performed (evidence
level 5, grade B recommendation);
this may also include an endoscopic
assessment (evidence level 5, grade C
recommendation).

New:

— To determine body mass index (BMI),
both height and body weight should
be obtained (evidence level 5, grade A
recommendation).

Therecommendations on clinical examina-
tion were adopted with strong consensus
(18/18).

3.2 Diagnostic polysomnography

Supervised cardiorespiratory polysomnog-
raphy (PSG) represents the most impor-
tant instrument and reference in sleep
medicine diagnostics in the sleep labo-
ratory. It involves recording the physio-

logical signals required for a quantitative
assessment of sleep, sleep disorders, and
diseases associated with sleep accord-
ing to the International Classification of
Sleep Disorders—Third Edition (ICSD-3;
see @ Table 1).

Sleep stage classification largely cor-
responds to the older classification by
Rechtschaffen und Kales [5, 6]. This re-
duces ambiguities and increases reliability
[7]. A chapter on central nervous acti-
vation (arousals) adopts the definitions
given in an earlier recommendation paper
[8]. Other chapters define the recording
and evaluation of electrocardiogram (ECG)
parameters [9] and leg movements. Motor
patterns, such as periodic leg movements,
bruxism, and rapid eye movement (REM)
sleep behavior disorders, are precisely
defined [10]. With regard to nocturnal
breathing disorders, definitions are given
for various types of apnea and hypopnea.
Esophageal pressure measurement is the
reference method to determine increased
respiratory effort in the case of obstruc-
tion and to differentiate obstructive from
central respiratory disorders. However, it
is not widely available. A PSG-based algo-
rithm that includes flattening, respiratory
effort, breathing patterns, arousal, and
sleep stages is also highly accurate in the
differentiation of respiratory disorders.

Inductance plethysmography is recog-
nized as a noninvasive method yielding
comparable results [11]. In order to detect
hypoventilation during sleep, the CO, con-
centration needs to be continuously deter-
mined. The method most widely used to
this end is transcutaneous measurement
of the partial pressure of carbon dioxide
(tcPaCO,) [12]. PSGalso includes recording
body position and a finely synchronized
video recording of the sleeping subject
[13]. The American Academy of Sleep
Medicine (AASM) Manual was updated to
a limited extent in 2012 (version 2.0) and
2014 (version 2.1), as well as in 2015 (ver-
sion 2.2) and again in 2016 (2.3), to take
new findings into consideration [14-17].
Further changes followed in 2017 (version
2.4) and 2018 (2.5). In 2016, a chapter on
the outpatient diagnosis of sleep apnea
was included, setting out evidence-based
parameters for recording and evaluation
[18, 19]. This also includes a subchapter
on outpatient diagnosis of sleep apnea us-



Table 1 Channels recommended for cardiorespiratory polysomnography. The table shows the
function to be investigated, the associated biosignals, and the required technique as well as its
technical specifications in relation to the optimal sampling rate and filter settings

Function Parameter Technique Optimal sam- Filter (Hz)

pling rate (Hz)

Sleep EEG, EOG Electrodes 500 0.3-35

EMG Electrodes 500 10-100

Breathing Respiratory flow | Nasal pressure, thermistor | 100 0.1-15

Respiratory effort | Inductance plethysmog- 100 0.1-15

raphy

Oxygen satura- Sa0; 25 -

tion

Carbon dioxide tcPaCO; 25 -

Snoring Microphone 500 -
Cardiac ECG Electrodes 500 0.3-70
Movement | Tibial muscle Electrodes 500 10-100

EMG

Body position Position sensor 1 -

Video Video camera 5 -
EEG electroencephalogram, EOG electrooculogram, EMG electromyogram, ECG electrocardiogram,
Sa0; oxygen saturation, tcPaCO; transcutaneous measurement of partial pressure of carbon dioxide

ing peripheral arterial tonometry, together
with the specific parameters of this tech-
nique [18, 19].

Monitored PSG makes it possible to
investigate and quantitatively record sleep
disorders involving changes in physiolog-
ical parameters. With current computer-
assisted technology, PSG sets manageable
requirements in terms of equipment. It
requires specially trained sleep medicine
personnel to perform the measurements
and evaluate the biosignals. Further train-
ing courses and qualifications in sleep
medicine are established for medical
technical personnel, psychologists, and
natural scientists, as well as for physicians.
Medical specialists in certain specialties
have the opportunity to gain additional
training in “sleep medicine” according to
the relevant training regulations of the
German State Chambers of Physicians.
In addition, there is a defined further
training program on the diagnosis and
treatment of sleep-related breathing dis-
orders (SRBD) according to the Fifth Book
of the German Social Code. Physicians and
natural scientists are able to obtain proof
of qualification as a somnologist from the
German Society for Sleep Research and
Sleep Medicine (Deutsche Gesellschaft
fiir Schlafforschung und Schlafmedizin,
DGSM).

The AASM Scoring Manual [13, 14]
enables classification into the following

stages: awake, REM, N1, N2, and N3. There
are national and international recommen-
dations on the equipment and staffing of
a sleep laboratory; compliance with these
recommendations is a prerequisite for the
accreditation of sleep laboratories by the
sleep medicine societies [11].

B Table 2 provides an overview of the
evidence-based data on PSG. The validity
and reliability of visual scoring has been
demonstrated and fulfills the current re-
quirements for the quality of visual scor-
ing of biosignals [7, 20]. The report on
sleep medicine findings must document
whether the PSG was recorded and scored
according to Rechtschaffen and Kales crite-
ria [5] or AASM criteria [13, 14]. The AASM
guidelines are revised approximately every
2 years, with the latest revision undertaken
in 2018 (version 2.5) [21].

Recommendations. Reviewed and re-

tained:

- PSG in the sleep laboratory moni-
tored by personnel qualified in sleep
medicine is recommended as the
gold standard and reference method
(evidence level 2a, grade A recommen-
dation).

— PSG should be performed in line
with current recommendations. This
includes recording sleep electroen-
cephalogram (EEG), electrooculogram
(EOG), electromyogram (EMG), ECG,

respiratory flow, snoring, respiratory
effort, oxygen saturation, body posi-
tion, and a video (evidence level 2a,
grade A recommendation).

New:

— PSG should be performed in the case
of inconclusive respiratory polygraphy
results, persistent suspicion of SRBD
despite normal respiratory polygraphy,
in the differential diagnosis of disorders
in sleep medicine, and/or in the case of
suspected comorbid disorders relevant
to sleep medicine (evidence level 2a,
grade B recommendation).

The recommendations on diagnostic PSG
were adopted with strong consensus
(16/18).

3.3 Respiratory polygraphy for
sleep-related breathing disorders

Simplified portable systems are avail-
able for the diagnosis of sleep-disordered
breathing ([24-26]; see @ Table 3).
Portable diagnostic systems are classi-
fied according to the number of channels
recorded. These are predominantly sys-
tems with between four and six channels
that do not record sleep EEGs (synonym:
respiratory polygraphy systems).
Respiratory polygraphy systems with
an adequate selection of biosignals, very
good signal acquisition, and very good
signal processing can reduce the number
of false-positive diagnoses [18, 19]. Pres-
electing patients by means of a targeted
patient history can significantly increase
pretest probability, as well as the number
of false-positive diagnoses. Using respira-
tory polygraphy, itis possible to make a ba-
sic distinction between OSA and central
sleep apnea (CSA). Validations are avail-
able for some systems, but these are not
yet sufficient for a high level of evidence.
Respiratory polygraphy systems for
the diagnosis of sleep apnea generally
record airflow with a thermistor or nasal
pressure transducer, respiratory effort by
means of inductance plethysmography,
oxygen saturation with appropriate pulse
oximetry (averaging with sufficiently high
temporal resolution), pulse rate, and
body position [19]. With the method
used in the SCOPER system, the num-
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Table 2 Meta-analyses on cardiorespiratory polysomnography in the monitored sleep laboratory
Study name Author Year Country | Study type Outcome EL
Diagnostic testing for ob- Mokhlesi et al. 2017 | USA Guideline of the American | PSG or respiratory polygraphy should 1
structive sleep apneain (2017) [21] Medical Association be used for diagnosis in uncomplicated
adults cases involving moderate and severe
sleep apnea. In complicated cases (with
comorbidities), only PSG should be used

Sleep apnea: a review of Shokoueinejad 2017 | USA Methodology overview Methodology overview of sensors, sig- 1
diagnostic sensors, algo- Metal. (2017) nals, and algorithms
rithms, and therapies [22]
Rules for scoring respiratory | AASM (Berry 2012 | USA Update of Redline et al. Respiratory scoring 1a
events in sleep: update of etal. 2012) [14] 2007 meta-analysis with
the 2007 AASM manual for reference to sensors,
the scoring of sleep and recording, and scoring
associated events
The scoring of arousal in Bonnet et al. 2007 | USA Meta-analysis of Arousal scoring 1a
sleep (2007) [8] 122 studies following

review of 2415 studies
The scoring of cardiac Caplesetal. 2007 | USA Meta-analysis of 14 stud- | ECG and circulation 1a
events during sleep (2007) [9] ies following review of

285 studies
Digital analysis and techni- | Penzel et al. 2007 | USA Meta-analysis of Technical specifications, automaticsleep | 1a
cal specifications (2007) [23] 119 studies following scoring

review of 154 studies
The scoring of respiratory Redline et al. 2007 | USA Meta-analysis of Respiratory scoring 1a
events in sleep (2007) [12] 182 studies following

review of 2298 studies
The visual scoring of sleep | Silber et al. 2007 | USA Meta-analysis of 26 stud- | Sleep stage scoring 1a
in adults (2007) [6] ies following review of

1000 studies
Movements in sleep Walters et al. 2007 | USA Meta-analysis of 44 stud- | Scoring of movements 1a

(2007) [10] ies following review of
81 studies

EL evidence level, PSG polysomnography, AASM American Academy of Sleep Medicine, ECG electrocardiogram

ber of channels becomes irrelevant, with
the focus being placed on measuring
functions (S=sleep, C=-cardiovascular,
O=oximetry, P=position, E=effort,
R=respiratory; [19]). There are sev-
eral grades of quality for each function.
Sleep can be assessed on the basis of
actigraphy or other surrogate parameters,
and, depending on the question being
asked, does not need to be inferred from
a sleep EEG. The SCOPER system is used
today to grade respiratory polygraphy
systems.

The respiratory polygraphy is evalu-
ated according to the current rules of PSG
[21] to allow visual scoring and process-
ing of artifacts. It is essential to indicate
in the documentation that visual scoring
has been performed [31]. For the sampling
rates and other technical specifications of
polygraphy systems, the evidence-based
recommendations for PSG are used (see
B Table 1).

4 Somnologie

Respiratory polygraphy systems for
the diagnosis of SRBD should be used
by medical specialists trained in sleep
medicine who can record and evaluate
pretest probability, symptomatology, and
comorbidities [31]. In Germany, further
training in sleep medicine according to the
BUB guideline is a prerequisite for billing
respiratory polygraphy according to a stan-
dardized evaluation scale (einheitlicher
Bewertungsmalfistab, EBM). Respiratory
polygraphy systems can be used to diag-
nose OSA, but not in the case of comorbid
pulmonary, psychiatric, neurological, and
neuromuscular disorders, nor in the case
of other concomitant sleep disorders such
as CSA, periodic limb movement disorder
(PLMD), insomnia, circadian sleep—wake
rhythm disorders, and narcolepsy [33, 34].
Respiratory polygraphy systems enable
a distinction to be made between CSA
and OSA. In cases where hypopneas
predominate, polygraphy systems do not

always enable a definitive differentiation
to be made between CSA and OSA and are
not validated for this purpose. Due to the
absence of EEG channels (e.g., to measure
sleep time and waking responses), respi-
ratory polygraphy systems are inferior to
PSGin that their assessment of the severity
of SRBDs can be less accurate, they cannot
reliably rule out an SRBD, and they are
unable to diagnose possible differential
diagnoses of an SRBD. Comparability of
the number of hypopneas between respi-
ratory polygraphy and PSG is most likely
to be achieved if the following definition
of hypopnea is chosen: a reduction in
oronasal airflow of between 30 and 90%
of baseline at an at least 4% drop in
oxygen saturation [16, 35]. Physiological
irreqularities in breathing rhythm during
the sleep-wake transition (also known
as sleep-onset apneas) can be incorrectly
classified as sleep apnea in the absence



Table 3  Studies on respiratory polygraphy for sleep apnea

Study name Author Year | Country | Study type No. of Outcome EL
patients
Executive summary on Am. Thoracic | 2004 | USA Meta-analysis of - Under certain conditions, portable moni- | 1
the systematic review Soc. (2004) 51 studies toring can increase or reduce the pretest
and practice parameters [24] probability of sleep apnea
for portable monitoring
in the investigation of
suspected sleep apneain
adults
Practice parameters for Chessonetal. | 2003 | USA No formal meta- - Under certain conditions, portable moni- | 1
the use of portable mon- | (2003) [25] analysis due to toring can increase or reduce the pretest
itoring devices in the excessive study probability of sleep apnea
investigation of suspected heterogeneity.
obstructive sleep apneain Formal analysis of
adults study evidence
Clinical guidelines for Collop et al. 2007 | USA Meta-analysis of - Portable monitoring for sleep apnea 1a
the use of unattended (2007) [18] 291 studies is possible with four to six channels,
portable monitors in the performed by sleep medicine specialists
diagnosis of obstructive
sleep apnea in adult pa-
tients
Obstructive sleep apnea Collop et al. 2011 | USA Evaluation of - SCOPER criteria to evaluate respiratory 1
devices for out-of-center | (2011)[19] respiratory polyg- polygraphy devices
(00CQ) testing: technology raphy devices
evaluation and systematic
literature review
Home diagnosis of sleep Flemmons 2003 | USA Meta-analysis of - Portable monitoring for sleep apnea 1a
apnea: a systematic re- etal. (2003) 35 high-quality possible, not in the case of comorbidities
view of the literature [26] studies and other sleep disorders
Systematic review and Ross et al. 2000 | USA Meta-analysis of 7572 Up to 17% false-negative findings and 1a
meta-analysis of the lit- (2000) [27] 71 studies fol- up to 31% false-positive findings
erature regarding the lowing review of
diagnosis of sleep apnea 937 studies, HTA
report
Diagnosis of obstructive Yalamanchali | 2013 | USA Meta-analysis of 909 Portables monitoring with WatchPAT 1a
sleep apnea by peripheral | etal. (2013) 14 studies device enables diagnosis of obstructive
arterial tonometry: meta- | [28] sleep apnea in the case of high pretest
analysis probability
Screening for obstructive | Bibbins- 2017 | USA Recommendation | - Asymptomaticadults do not needtobe | 1
sleep apnea in adults Domingo of US Preventive screened for sleep apnea since evidence
etal. (2017) Services for the need for this is inadequate
[29], Jonas
etal. (2017)
[30]
Clinical use of a home Rosen et al. 2017 | USA Position paper - Only physicians can carry out sleep ap- 1
sleep apnea test: an (2017) [31] nea diagnosis. A clinical examination
American Academy of and risk assessment is required. Res-
Sleep Medicine Position piratory polygraphy can be used in
Statement symptomatic patients with moderate
and severe sleep apnea. Visual scoring
of respiratory polygraphy is required.
Screening in patients without symptoms
is not indicated
Classification methods Uddin et al. 2018 | USA Systematic review | - In all, 62 studies reviewed. If qualityand | 1
to detect sleep apneain (2018) [32] algorithms are good, the combination of

adults based on respira-
tory and oximetry signals:
a systematic review

respiratory signals and Sa0 is sufficient
to reliably diagnose sleep apnea

EL evidence level, SCOPER sleep, cardiovascular, oximetry, position, effort, and respiratory parameters, HTA health technology assessment
WatchPAT is a product of Itamar Medical Caesarea, Israel
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of EEG analysis and lead to false-positive
results.

It has been shown in patients with
chronic cardiovascular disease that medi-
cal history is not sufficient to detect sleep-
related disorders. This group of patients
requires respiratory measurement param-
eters to be recorded. There are no data as
yet on whether systematic screening has
an effect on long-term prognosis [29, 30].

Recommendations. Modified:

- Respiratory polygraphy systems should
be used to diagnose OSA if pretest
probability is high (evidence level 2a,
grade A recommendation).

— Respiratory polygraphy should not be
used as the sole mode of detection
and exclusion of OSA in the case of low
pretest probability, nor in suspected
concomitant sleep disorders or sleep-
related comorbidities (evidence level 5,
grade A recommendation).

— Respiratory polygraphy for the diagno-
sis of SRBDs should be performed by
specialists qualified in sleep medicine
who are able to record and evaluate
pretest probability, symptoms, and co-
morbidities (evidence level 5, grade A
recommendation).

— The recorded signals should be visually
scored by trained personnel. Scoring
by automatic scoring alone is currently
not recommended (evidence level 2a,
grade A recommendation).

- Cardiorespiratory PSG should be per-
formed as the diagnostic method to
exclude SRBDs; respiratory polygra-
phy is not sufficient for this purpose
(evidence level 2a, grade A recommen-
dation).

- Respiratory polygraphy is not sufficient
for the diagnostic work-up of venti-
latory failure, hypoventilation during
sleep, or obesity hypoventilation syn-
drome; daytime blood gas parameters
(paCO; and HCO;.) as well as CO, dur-
ing sleep are needed for this (evidence
level 2a, statement).

— Disease course and treatment follow-
up can be performed using respiratory
polygraphy. In patients with ques-
tionable treatment success, as well
as in patients at cardiovascular risk
and patients with other disorders that
impair sleep, PSG follow-up can be
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performed without prior respiratory
polygraphy (evidence level 2b, grade C
recommendation).

The recommendations on respiratory
polygraphy for SRBDs were accepted with
strong consensus (the recommendation
on the diagnostic work-up of ventila-
tory failure by 10/11, and the remaining
recommendations by 10/10).

3.4 Diagnosis of sleep-related
breathing disorders with reduced
systems

Systems that record only between one and
three channels (pulse oximetry, long-term
ECG, actigraphy, oronasal airflow measure-
ment) yield up to 17% false-negative and
up to 31% false-positive findings [27]; this
explains why their useis not recommended
for the definitive diagnosis or exclusion of
SRBD:s.

Recommendations. Reviewed and re-

tained:

- Respiratory polygraphs that meet
fewer than all the abovementioned
criteria can provide an indication of
whether an SRBD is present. They
should not be used as the sole method
to diagnose SRBDs (evidence level 2b,
grade A recommendation).

Modified:

- In the case of cardiovascular diseases
that increase the risk of SRBDs (e.g.,
arterial hypertension, heart failure,
atrial fibrillation, cerebrovascular
disease) in the absence of all typical
symptomes, single- or dual-channel
registration is possible as a screening
test. If this registration prompts
suspicion of OSA, further diagnostic
evaluation with respiratory polygraphy
or PSG should be carried out (evidence
level 2b, grade A recommendation).

The recommendations on the diagnosis of
SRBDs with reduced systems were adopted
with strong consensus (14/17).

3.5 Diagnosis of sleep-related
breathing disorders using
alternative systems

Recent studies of varying quality point to
possibilities for monitoring SRBDs using
alternative systems that cannot be classi-
fied as classic PSG, respiratory polygraphy,
or reduced-signal systems. These alterna-
tive systems are based on the SCOPER
criteria [19], which specify that the phys-
iological entities of sleep, cardiovascular
parameters, oxygen saturation, position,
respiratory effort, and airflow are recorded,
eitherdirectly or indirectly, in varying qual-
ity. Systems with new sensor technology,
such as peripheral arterial tonometry [28],
breathing sound/snoring sound analysis
[36, 37], noncontact high-resolution de-
tection of body motion using radar tech-
nology[38, 39], and bed sensor technology
[40, 41], are able to extract multiple enti-
ties from one signal by means of advanced
biosignal analysis. A prominent example
that has been published with high evi-
dence is the successful extraction of air-
flow and respiratory effort from a modified
finger pulse (peripheral arterial tonome-
try) for the diagnosis of sleep apnea [28].
Smartphone- and smartwatch-based sys-
tems are picking up on these technical
developments and are generally not ap-
proved as medical devices.

Recommendations. New:

— Systems using peripheral arterial
tonometry demonstrate good evidence
for the diagnosis of sleep apnea
and should be used analogously to
respiratory polygraphy in the case of
high pretest probability in order to
confirm the diagnosis and determine
the severity of SRBDs (evidence level 2a,
grade B recommendation).

— Systems based on smartphone and
smartwatch technology with internal
and external sensors are not yet ap-
proved as medical devices; moreover,
validation studies are lacking or only
available in exceptional cases, meaning
that these devices are not currently
recommended (evidence level 5).

The recommendations on the diagnosis
of SRBDs with alternative systems were
adopted with strong consensus (14/15).



4 Obstructive sleep apnea
syndrome

4.1 Obstructive sleep apnea and
dementia

Two prospective cohort studies with
2636 older men and 298 older women,
respectively, without cognitive impair-
ment at baseline investigated the effect
of OSA on brain performance. In the men,
a significantly greater loss of cognitive
performance was found after a mean of
3.4 years in the presence of OSA with
additional hypoxemia [42]. Among the
women with OSA and hypoxemia, the risk
of developing mild cognitive impairment
(MCI) or dementia was increased by a fac-
tor of 1.85 (95% confidence interval [Cl]
1.11-3.08) over a mean of 4.7 years after
adjustment for other risk factors [43]. The
risk for sleep apnea patients to develop
dementia is increased if the apolipopro-
tein E e4 allele is absent [44]. Furthermore,
a significant decline in instrumental activi-
ties of daily living has been demonstrated
in older women with untreated sleep-
disordered breathing [45].

4.1.1 Treatment of obstructive sleep
apnea in individuals with dementia
In a small randomized controlled trial,
individuals with mild or moderate de-
mentia and OSA (apnea—hypopnea index
[AHI]> 10/h) were treated with contin-
uous positive airway pressure (CPAP) or
subtherapeutic CPAP therapy. Although
acceptance of CPAP therapy was initially
high, 25% of patients dropped out of the
study after randomization [46, 47]; the
dropout rate after the randomized study
was also high [48].

After 3 weeks of treatment, patients
receiving CPAP therapy showed a clini-
cally nonrelevantimprovement in daytime
sleepiness compared with patients receiv-
ing subtherapeutic CPAP therapy (A Ep-
worth Sleepiness Scale [ESS] CPAP versus
subtherapeutic CPAP: -1.6) [47]. A sig-
nificant improvement was seen in various
neuropsychological test scores [46].

CPAP therapy can improve daytime
sleepiness [47], sleep profile [49], and
cognitive performance [48] only in se-
lected patients with mild or moderate
dementia in nonrandomized trials. Long-

term CPAP therapy is possible in selected
patients with mild or moderate dementia
and OSA [46-49].

The randomized studies conducted to
date have not been able to demonstrate
that CPAP therapy relevantly improves
symptoms and cognitive performance in
patients with mild to moderate dementia.
The studies were too small to demonstrate
effects of this kind (@ Table 4). Therefore,
it is currently not possible to make spe-
cific recommendations on the treatment
of sleep apnea in dementia patients.

Pharmacological treatment of demen-
tia using donepezil can lead to a relevant
improvement in obstructive sleep apnea
[50].

4.1.2 Nocturnal positive-pressure
ventilation

The recommendations in the existing
chapter on nocturnal positive-pressure
ventilation remain valid. This section
merely specifies with greater precision
the statement on CPAP/APAP initiation
without PSG monitoring, which is now
as follows: “With regard to managing
therapy initiation, there is a growing body
of RCTs (randomized controlled trials)
showing that in certain subgroups of
patients, CPAP/APAP discontinuation can
be carried out on an outpatient basis
at a sleep medicine center without PSG
monitoring in a sleep laboratory.”

4.2 Non-CPAP methods in
obstructive sleep apnea

4.2.1 Positional therapy

The term “position-dependent” or “posi-
tional” OSA is usually used when the AHI
is at least twice as high in a supine po-
sition compared to other positions [51].
The prevalence of positional sleep apnea
is estimated to be 25-30% of all patients
with OSA. The probability that a patient
has positional sleep apnea diminishes with
increasing severity of sleep apnea and obe-
sity [51].

In principle, positional therapy (pre-
venting a supine position) has therapeu-
tic potential especially in patients whose
respiratory disorders manifest only in the
supine position or whose AHI in other
body positions is lower or does not require
treatment. The methods or devices used

for positional therapy differ significantly
in terms of design and the reliability with
which the supine position is prevented.
A distinction can be made in positional
therapy between passive methods (e.g.,
the so-called tennis ball technique, as well
as special pillows and backpacks) and ac-
tive methods (positional trainer, vibration
alarm devices controlled by a special al-
gorithm) [52]. Here, as with other devices
for sleep apnea treatment, the problem of
compliance and adherence also arises.

A recent meta-analysis includes three
randomized studies comparing active pro-
cedures using a positional trainer versus
CPAP therapy. However, it is important
to note that these meta-analyses inves-
tigated primarily only one system. Two
of these studies showed that CPAP re-
sulted in a greater reduction in AHI, with
a mean difference of 6.4 events per hour
(95% Cl13.00-9.79) compared to positional
therapy [52]. Positive effects on daytime
sleepiness were comparable under posi-
tional therapy and CPAP [52]. It was not
possible to draw conclusions regarding
adverse events, quality of life, or long-
term effect [52]. In a recent randomized
crossover study in which each treatment
lasted 6 weeks, the mean nocturnal dura-
tion of use was approximately 1h longer
with a positional trainer than with CPAP
therapy [51]. No severe adverse events
occurred in either group. The rate of ad-
verse events was lower under positional
therapy compared to automatic CPAP ther-
apy (4.2% versus 18.8%) [51]. Patients re-
ceiving positional therapy reported pain
in the back, shoulder, and neck (3.4%,
4/117), as well as abdominal skin irrita-
tion (< 1%, 1/117). While both treatments
significantly improved daytime sleepiness,
neither achieved a relevant improvement
in sleep-related quality of life (as mea-
sured with the Functional Outcomes of
Sleep Questionnaire, FOSQ) [51].

Inanother randomized trial, active posi-
tional therapy was equivalent to treatment
with a mandibular advancement device
(MAD) for positional OSA [53], while in
yet another study, a combination of the
two therapies was shown to be signifi-
cantly more effective than the individual
therapies [54].

Although active positional therapy was
equal to passive positional therapy in terms
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of preventing a supine position, it showed
significantly better compliance, mean dis-
ease alleviation, sleep quality, and quality
of life [55]. In a long-term study on ac-
tive positional therapy (positional trainer),
the discontinuation rate within 1 year was
16% (9/58) [56]. Active positional therapy,
therefore, appears to represent a realistic
long-term treatment method for positional
OSA. This was not the case for most pas-
sive positional therapies (e.g., tennis ball
method). @ Table 5 provides an overview
of the studies presented here.

Recommendation. Modified:

In patients with mild to moderate po-
sitional OSA, positional therapy with vali-
dated systems should be considered (evi-
dence level 1b, grade B recommendation).

The recommendation on positional
therapy was adopted with strong consen-
sus (9/11).

4.2.2 Surgical treatment methods

In terms of surgical treatment, a dis-
tinction is made between resective and
nonresective surgical methods and pro-
cedures that modify the facial skeleton
(osteotomies). Resective methods include
all surgical procedures aiming to remove
or correct anatomical obstructions which
are diminishing the airflow. This goal is
achieved by resection or by modifying
the upper airway with different kinds
of surgical techniques. Overall, resective
procedures carry a peri- and postoperative
risk, but this risk is described as low in
more recent studies and depends on the
procedure [62]. Tracheotomy is another
procedure that reliably eliminates OSA
[63] but should be seen as a last choice.
In general, surgical treatment forms are
more difficult to evaluate to a high level
of evidence, since surgical techniques
are individually selected depending on
the anatomy and function of the upper
airway. This makes standardization chal-
lenging. Moreover, only a few surgical
centers master the entire spectrum of the
different surgical approaches [64]. Due to
the nature of many surgical techniques,
blinding is not feasible. Nevertheless, an
ever-growing number of controlled and
randomized studies comparing surgical
treatment methods with CPAP, placebo,
or waiting are available. Data on long-
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term effects are not available for all the
procedures presented in this manuscript.

A sleep diagnosis is needed if surgi-
cal procedures are used in OSA patients.
The predictors of surgical success—and
thus the selection criteria for selecting the
appropriate surgical procedure in OSA pa-
tients—need to be elaborated separately
for each intervention. They can differ sig-
nificantly and are not available for all sur-
gical procedures. Obesity is a negative
predictor but has different and to some
extent as yet unknown threshold values,
depending on the intervention.

Surgeries to improve nasal breathing
need to be considered in a different con-
text since they generally do not improve
the breathing disorder, but they do re-
duce daytime sleepiness, snoring, as well
as the required CPAP pressure, and im-
prove general acceptance of CPAP ther-
apy [65]. Since the underlying studies
were conducted in patients with existing
nasal airway impairment—so due to an
existing rhinological indication—surgical
procedures to improve nasal airway func-
tion are limited to this population.

Tonsillectomy, uvulopalatopharyngo-
plasty, and modifications. Two ran-
domized studies evaluated the combi-
nation of tonsillectomy (TE) and uvu-
lopalatopharyngoplasty (UPPP) in groups
of patients that had exclusively or predom-
inantly tonsils which were obstructing the
oropharynx. In these groups, surgery was
highly significantly superior to a 6-month
waiting period in terms of reduction in
respiratory events. For example, an AHI
reduction was seen in 60% (surgery group)
versus 11% (waiting group). Furthermore,
treatment success (Sher criteria: reduction
of AHI>50% to an AHI< 20) was shown
in 59% (surgery group) vs. 6% (waiting
group) [66]. The AHI was reduced from
35.7+£19.4 to 28.6+19.3 in the control
group and 33.7+14.5 to 154%14.1 in
the surgical group [67]. Accordingly,
a systematic review of these studies also
demonstrated significant superiority of
TE with UPPP in terms of AHI, snoring,
and daytime sleepiness compared to an
untreated control group of patients with
clinically diagnosed isolated oropharyn-
geal obstruction [68].

Positive predictors of treatment success
include defined anatomic factors (e.g., ton-
sil size), clinical scoring systems derived
from these, BMI, and severity of sleep ap-
nea [68, 69]. For patients with very large
tonsils, TE alone can be helpful and ef-
fective [70]. For unselected patients, the
efficacy of TE combined with UPPP has
been shown only with a lower level of evi-
dence to date [68]. A significant and long-
term improvement in daytime sleepiness,
physical and mental wellbeing, and quality
of sleep has recently been demonstrated
for TE-UPPPin randomized controlled trials
[71-74]. Cohort studies achieved normal-
ization 3 months after successful UPPP of
serum leptin and nitric oxide levels, as
well as endothelium-dependent vasodila-
tion [75, 76]. Furthermore, tumor necrosis
factor-a (TNF-a) and interleukin-6 (IL-6),
as inflammatory markers, were also signif-
icantly reduced 3 months after UPPP with
septoplasty compared to a healthy control
group [77]. In an epidemiological cohort
study of 444 patients, OSA mortality was
significantly reduced by UPPP compared
to mortality in an untreated control group.
This result of mortality was comparable to
that of CPAP therapy [78].

Whether the initial effect of surgery di-
minishes over time is the subject of debate
duetoinconsistent data[79, 80]. However,
in contrast to previous published data, the
results of more recent 24-month data do
not support an attenuation of the effect
over time, at least in the case of TE-UPPP
[81].

Persistent side effects, such as voice
changes, foreign body sensation, and dif-
ficulty in swallowing, are possible depend-
ing on the surgical procedure [62, 68].
Therefore, relevant reviews recommend
TE-UPPP in patients with mild to moderate
OSA, especially if they do not tolerate CPAP
therapy and have suitable anatomy (ton-
sillar hyperplasia with clinically suspected
oropharyngeal obstructions), since it is su-
perior to “no therapy” and has acceptable
side effects [70]. Whether UPPP offers
a benefit compared to TE alone cannot be
determined on the basis of the currently
available data.

The value of the numerous modifi-
cations of UPPP (e.g., uvulopalatal flap,
Z-palatoplasty, relocation pharyngoplasty,
Han's UPPP, lateral pharyngoplasty) has



not yet been elucidated. Hence, corre-
sponding studies should be performed
[82]. A systematic review was able to
show superiority over UPPP only for ex-
pansion sphincter pharyngoplasty in the
case of suitable anatomy [83]. A meta-
analysis showed that anterior palatoplasty
significantly improves AHI, snoring, and
daytime sleepiness in patients with mild
OSA [84].

Laser-assisted uvulopalatoplasty (LAUP)
reduces AHI to below 10/h in 50% of cases,
while postoperative side effects are seen
in up to 60% of cases [85]. Similar results
were seenin the long-term over a period of
11 years on average [86]. Therefore, LAUP
is also not recommended in international
publications.

Hypoglossal nerve stimulation. In the
past decade, stimulation of the hypoglos-
sal nerve (HN) has become firmly estab-
lished in the treatment of OSA. Stimulation
of the nerve fibers generates a contrac-
tion of the genioglossus muscle, which
results in an active opening of the upper
airway [87]. There are currently different
methods of hypoglossal nerve stimulation
(HNS), which, due to their clinical results,
also need to be considered in a differenti-
ated manner [88, 89]. The largest amount
of evidence is available for the method of
selective breathing cycle-controlled HNS.
Extensive clinical data are available from
a controlled multicenter study with ran-
domized treatment withdrawal and also
froma 5-yearfollow-up period. Many other
controlled studies as well as routine care
studies exist [90-95]. All studies show sus-
tained effects with selective breathing cy-
cle-controlled HNS in reducing respiratory
events in patients with moderate to severe
OSA. A high usage time could be detected
and led to a significant improvement in
health-related quality of life. Patient age
and previous upper airway surgery have
an impact on the efficacy of HNS. Proce-
dure-related morbidity can be described
as low [88]. The rate of revision surgery
over a period of 5 years in the first clinical
trials was 6% [89, 90] and could be re-
duced to 1% according to the data of the
subsequent large registry study (ADHERE
registry) [88].

Selective breathing cycle-controlled
HNS is only beneficial in patients without

tonsillar hypertrophy and moderate to se-
vere OSA. Since previous studies showed
that complete concentric collapse at the
level of the soft palate during drug-
induced sleep endoscopy (DISE) was asso-
ciated with a much higher nonresponder
rate, patients showing this obstruction
pattern at the velum need to be excluded
[96]. Former studies showed that treat-
ment response was dependent on BMI and
AHI. Although the STAR study primarily
included patients with a BMI< 32kg/m?
and an AHI between 20 and 50/h, results
of cohort studies and the international
registry study (ADHERE) suggest that the
indication criteria could be broader (BMI
of 35kg/m? instead of 32 and AHI of
between 15 and 65/h instead of 20 and
50/h) [87, 88, 90, 97, 98].

Targeted hypoglossal neurostimula-
tion (continuous non-breathing-depen-
dent stimulation of the hypoglossal nerve)
consists primarily of upper airway stabi-
lization and not—in contrast to breathing-
controlled selective stimulation—active
opening [89, 99]. Targeted hypoglossal
neurostimulation can be considered in
patients with an AHI of 20-65/h and
a BMI of up to 35kg/m? as well as in
patients with concentric collapse of the
upper airways.

A success rate according to Sher criteria
(=50% reductionin AHland AHI < 20/h un-
der treatment) was achieved at 12 months
forthe individual systemsin 72% of 211 pa-
tients receiving selective breathing cycle-
controlled HNS and in 77% of 13 patients
receiving targeted hypoglossal neurostim-
ulation [89]. There are no randomized
comparative studies addressing the dif-
ferent stimulation methods or comparing
with other therapies (e.g., MAD) [89].

Osteotomies. Osteotomies toadvance the
maxilla and mandible (maxillomandibular
advancement) enlarge the pharyngeal air-
way and increase the pharyngeal muscle
tone. Both effects synergistically reduce
the collapsibility of the upper airway.
Osteotomies can be highly effective in the
treatment of OSA, not only in the case
of congenital malformations (e.g., Pierre
Robin sequence, Crouzon syndrome, Apert
syndrome), but also for specific anatom-
ical features of the pharyngeal airway
such as microgenia (small mandible),

mandibular retrognathia (retroposition of
the mandible in relation to the anterior
skull base), or the associated narrow sagit-
tal craniofacial structures. Osteotomies
can also be performed in normognathic
patients. Advancement by 10 mm is con-
sidered necessary. In a meta-analysis
of 627 patients, a substantial improve-
ment in AHI of 86% was reported, and
an AHI< 5 was achieved in 43.2% [100].
The treatment effect was stable for more
than 2 years in the series of long-term
data. In cohort studies and in a random-
ized study, no difference in effectiveness
compared to ventilation therapy could
be detected [101, 102]. A meta-analysis
in 2016 showed an overall reduction in
AHI by 47.8/h (+4.7) [103]. The preoper-
ative ESS of 13.5 (+2.8) was reduced to
3.2 (£3.2) postoperatively (median mini-
mum follow-up time of 6 months, range
2-6 months). In terms of adverse effects,
transient paresthesia (altered perception
of sensation) of the second and/or third
trigeminal branch is often reported [99].
This can be found in 14% of patients at
12 months. More than 90% of patients
report positive or neutral aesthetic effects
[100].

Other surgical procedures. Radiofre-
quency ablation (RFTA) and soft palate
implants, which are minimally invasive
surgeries, are better tolerated than resec-
tive procedures. However, both surgeries
appear to be significantly inferior to the
latter in terms of efficacy [104-106]. To
date, RFTA has been shown to resultin only
31%—and only short-term—reduction in
sleepiness measured by the ESS [106].
For example, a placebo-controlled study
showed RFTA as single procedure to have
no effects on OSA [107]. With regard
to RFTA tongue base reduction, robust
evidence of an effect is lacking to date,
apart from isolated studies [108]. Ra-
diofrequency surgery of the soft palate,
at least in OSA patients, appears to have
no effect on AHI, daytime sleepiness, and
subjective snoring [109]. With a high level
of evidence, soft palate implants have
been shown to reduce snoring and OSA
with a low to moderate effectiveness.
Furthermore, extrusion was reported in
nearly 10% of patients [105, 110].
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Table 7 Sleep-related hypoventilation syndrome/hypoxemia syndrome (according to ICSD-3)

1 Sleep-related hypoventilation
1.1 Obesity hypoventilation syndrome
1.2 Congenital central alveolar hypoventilation syndrome
13 Late-onset central hypoventilation with hypothalamic dysfunction
14 Idiopathic central alveolar hypoventilation
15 Sleep-related hypoventilation due to a medication or substance
1.6 Sleep-related hypoventilation due to a medical disorder
- Parenchymal lung disease
- Vascular lung disease
- Lower airway obstruction
— Neuromuscular or chest wall disorders

2 Sleep-related hypoxemia

Multilevel surgery is currently widely
promoted, but controlled studies are miss-
ing to demonstrate its success. All case
reports of a series of patients show a rel-
atively constant response rate of 50-70%
(weighted mean 66.4%) [111]. Response
rates do notdiffer whentongue suspension
is used as the retrolingual procedure in-
stead of the most often used procedure of
genioglossus advancement with or with-
out hyoid suspension [112]. Another study
also showed no difference between lingual
tonsillectomy (using CO; laser) and hyoid
suspension in combination with radiofre-
quency therapy of the tongue base [113].
In a randomized trial by Babadamez et al.
[114], the authors were unable to show
a significant difference between three dif-
ferent techniques of tongue base resection
combined with UPPP [114]. Also, the re-
sponse rate may decline over a period of
5 years [115].

The low level of evidence for hy-
oid suspension, midline glossectomy
(cryosurgery, laser, robot-assisted), and
lingualplasty has been already reported
in a previous version of this guideline.
Nothing has changed during the newly
investigated time period [85, 116]. There
is insufficient evidence for the following
treatment procedures: laser-assisted soft
palate surgery, uvula capping, cautery-
assisted palatal stiffening operation, injec-
tion snoreplasty, radiofrequency surgery
of the tonsils, transpalatal advancement
pharyngoplasty, and isolated genioglossal
advancement.

Anoverview of studies on surgical treat-
ment is presented in @ Table 6.
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Recommendations. Reviewed and re-

tained:

— Surgeries to improve nasal breath-
ing should be considered in cases of
obstructed nasal breathing and con-
sequent CPAP intolerance (evidence
level 4, grade B recommendation).

- If anatomical findings are appropri-
ate, i.e., small mandible and narrow
craniofacial structure, maxillary and/or
mandibular advancement (bimaxillary
advancement) should be considered,
particularly if other treatments (CPAP,
MAD) are not possible or not suffi-
ciently tolerated (evidence level 1b,
grade A recommendation).

Modified:

— In the case of clinically suspected
oropharyngeal obstruction due to ton-
sillar hyperplasia, tonsillectomy with
UPPP should be considered, particu-
larly if other treatments (CPAP, MAD)
are not possible or not sufficiently
tolerated (evidence level 1a, grade A
recommendation).

- Procedures for neurostimulation of
the hypoglossal nerve should be
considered in patients with CPAP
intolerance or ineffectiveness with
an AHI 15-65/h and a BMI up to
35kg/m? in the absence of anatomic
abnormalities and moderate to severe
OSA (evidence level 1b, grade B
recommendation).

The recommendations on surgical treat-
ment methods were accepted with strong
consensus (recommendation on TE-UPPP
with 11/12, and remaining recommenda-
tions with 13/13).

5 Sleep-related hypoventilation/
sleep-related hypoxemia

The ICSD-3 [124] differentiates between
sleep-related hypoventilation and sleep-
related hypoxemia. For sleep-related hy-
poventilation, a distinction is made be-
tween six entities, whereas no subdivision
is proposed for hypoxemia (see @ Table 7).
According to the ICSD-3, sleep-related hy-
poxemia is present when either PSG or
nocturnal pulse oximetry records oxygen
saturation of <88% for =5min in the ab-
sence of sleep-related hypoventilation.

Sleep-related hypoxemia is usually
caused by an internistic or neurologi-
cal disease and cannot be explained by
a sleep-related breathing disorder, which,
however, may be concomitantly present.

Some patients with sleep-related hy-
poxemia also exhibit daytime hypoxemia.
Due to the clinical significance obesity hy-
poventilation syndrome and sleep-related
hypoventilation due to a medical disorder,
this section deals exclusively with these
entities.

5.1 Obesity hypoventilation
syndrome (OHS)

The diagnostic criteria are as follows:

a. Hypercapnia (daytime paCO,>
45mmHg)

b. BMI>30kg/m?

¢. Hypoventilation is not primarily de-
fined by another disorder

Some definitions additionally stipulate the
presence of an SRBD, most commonly OSA
(90%).

The prevalence of OHS among pa-
tients with OSA ranges, depending on the
study, from 4 to 50%; individuals with
a BMI>30kg/m? can be expected to have
OHS with a frequency of 10-50%.

5.1.1 Main findings

Since 90% of OHS patients have OSA,
they often also complain of symptoms of
OSA, such as nonrestorative sleep, day-
time sleepiness, and impaired concentra-
tion. This can result in symptoms being
attributed exclusively to OSA, and the di-
agnosis of OHS being overlooked. Com-
pared to OSA or obese patients, OHS pa-
tients more frequently experience short-



ness of breath and are more likely to
present with clinical symptoms of periph-
eral edema, pulmonary hypertension, and
cor pulmonale. Compared to eucapnic pa-
tients with a BMI>30kg/m?, hospitaliza-
tion rates, morbidity, and mortality are
higher in OHS patients. In addition to res-
piratory complications such as increased
need for invasive ventilation in hospital, in
particular cardiovascular sequelae, such as
arterial hypertension, heart failure, cor pul-
monale, and angina pectoris, contribute to
the greater morbidity. As a result, qual-
ity of life in OHS patients is significantly
limited.

5.1.2 Diagnosis

In the case of a BMI> 30kg/m? and cor-
responding clinical suspicion, blood gas
analysis is performed to detect daytime
hypercapnia. However, hypoventilation
already begins to manifest with noctur-
nal hypercapnia before the full picture
is achieved, making nocturnal determi-
nation of pCO; (arterial, capillary, transcu-
taneous, end-tidal) necessary in the case
of a BMI>30kg/m? [125-127]. PSG is re-
quired to confirm sleep-disordered breath-

ing.

Recommendation. Reviewed and re-

tained:

- In the case of clinical suspicion or
predisposing underlying disease, the
diagnosis of sleep-related hypoven-
tilation should be made by means of
nocturnal arterial or capillary blood gas
analysis or nocturnal transcutaneous or
end-tidal CO, measurement. For the di-
agnosis of OHS, daytime arterial blood
gas analysis is required. To diagnose
sleep-related hypoxemia, nocturnal
oximetry should be performed in
conjunction with CO, measurement
at night (evidence level 1b, grade A
recommendation).

Modified:

- In patients with a BMI of >30kg/m?and
symptoms of an SRBD, determination
of venous bicarbonate while the
patient is awake as well as arterial or
capillary pCO, or transcutaneous/end-
tidal CO, should be performed to
exclude concomitant hypoventilation

during sleep (evidence level 1b, grade A
recommendation).

The recommendations on the diagnosis of
OHS were adopted with strong consensus
(13/13).

5.1.3 Treatment

With regard to instrument-based treat-
ment, a differentiation should be made
between OHS patients with relevant OSA
and OHS patients without upper airway ob-
struction. In stable OHS patients with se-
vere OSA, both CPAP therapy and noninva-
sive ventilation (NIV) proved to be equally
effective treatments in two recentrandom-
ized studies [128, 129]. In the study by
Masa et al., both instrument-based thera-
pies were superior to conservative therapy
alone in terms of symptom improvement
and PSG parameters [129]. Also, when
considering long-term effects, CPAP and
NIV were equally effective in OHS patients
with severe OSA [130]. If a relevant rise
in pCO, is seen during treatment initia-
tion under CPAP titration, or a relevant
persistent drop in oxygen saturation oc-
curs (Sa0,< 80% for = 10min), switching
to NIVis required [131-133]; this is also the
treatment of choice in OHS without con-
comitant relevant OSA [132-134]. If CPAP
therapy has been started, clinical follow-
up after 3 months is also judicious here.
If a clinical improvement and normocap-
nia are seen, CPAP therapy is continued;
otherwise, a switch to NIV is considered
[132, 133].

Oxygen can reduce respiratory drive
and increases transcutaneous CO,, at
least in acute situations. Evidence for
the chronic setting is not available [135].
In contrast, NIV improves respiratory re-
sponse, blood gases, the micro- and
macrostructure of sleep, quality of life,
hemodynamic parameters, and survival
in OHS patients. Both fixed-pressure sup-
port NIV and volume-targeted NIV have
been shown to be effective. Comparative
studies show differing results. In addi-
tion, the expiratory pressure can also be
automatically adjusted [136].

Weight reduction should be considered
an important measure to address cause in
OHS, although ventilatory therapy should
not be delayed. If conservative approaches
to weight reduction fail, bariatric surgery

represents a possible treatment alterna-
tive. This has been shown to reduce body
weight and improve lung function and
blood gases.

Recommendations. Reviewed and re-

tained:

— In the case of OHS, bariatric surgery
should be considered once weight
loss measures have been exhausted
(evidence level 2¢, grade B recommen-
dation).

Modified:

- In patients with OHS and relevant OSA,
CPAP therapy should be attempted
(evidence level 1b, grade B recommen-
dation).

New:

— In OHS patients with severe hyper-
capnia or without concomitant upper
airway obstruction, NIV should pri-
marily be initiated (evidence level 1b,
grade B recommendation).

The recommendations on the treatment of
OHS were adopted with strong consensus
(9/9).

5.2 Sleep-related hypoventilation
due to a medical disorder

Typical disorders in the following respec-
tive disease groups are given in italics
in parentheses: obstructive airway dis-
eases (e.g., COPD), restrictive lung disease
(e.g., interstitial lung disease), obesity
(OHS), and neuromuscular or chest wall
diseases (kyphoscoliosis, post-tuberculo-
sis [TB] syndrome, post-polio syndrome,
muscular dystrophy) predispose affected
individuals to the development of sleep-
related hypoventilation.

5.2.1 Main findings

Patients’ symptoms are uncharacteristic
and often obscured by those of the under-
lying disease. Since the impaired ventila-
tion predominates, patients typically com-
plain of dyspnea on exertion, decreased
exercise capacity, often leg edema, and, as
a result of hypercapnia, headache. Sleep
maintenance disorders and waking with
shortness of breath are the most common
sleep-related symptoms. Daytime sleepi-
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ness can also be a prominent symptom.
Systematic investigations on the leading
and sleep-related symptoms are not avail-
able.

5.2.2 Onset, course, and
complications

The underlying disease causes reduced ca-
pacity and/or increased load on the res-
piratory system, which can still be com-
pensated for in the early stages of the
disease. As the underlying disease pro-
gresses, hypoventilation and hypercapnic
phases occur initially in REM sleep, leading
to metabolic compensation in the form of
bicarbonate retention; this subsequently
alsoreduces therespiratory responseto hy-
percapnia. Inthe further course, hypoven-
tilation/hypocapnia in non-REM sleep de-
velops, as does, ultimately, the full picture
of awake hypercapnic respiratory failure.

5.2.3 Diagnosis

The diagnosis of manifest daytime alveo-
lar hypoventilation is made, by definition,
using arterial blood gas analysis. For the
further diagnostic work-up while awake,
lung function testing and measurement
of respiratory muscle strength and load
are helpful. ECG, laboratory work-up, and
chest X-ray, as well as echocardiography
where necessary, are performed depend-
ing on medical history and clinical findings.
Irrespective of the underlying disease, day-
time hypercapnia is regularly preceded by
hypoventilation in REM sleep, and later
also in non-REM sleep [137-139], which
may worsen the prognosis of these pa-
tients [140, 141]. Observational studies
suggest that nocturnal hypercapnia is an
indicator for disease severity and long-
term prognosis [142].

Since the uncharacteristic symptoms of
alveolar hypoventilation are often wrongly
attributed exclusively to the underlying
disease, there is a risk of overlooking the
early phase of chronic ventilatory failure
withits episodes of hypoventilation only at
night, thereby delaying appropriate treat-
ment. Therefore, if patients are at risk of
developing secondary alveolar hypoventi-
lation, measurement of nocturnal breath-
ing at regular intervals is indicated. The
risk rises significantly from a vital capacity
of <50% predicted in restrictive disorders
[139]. Pulse oximetry aloneis not sufficient
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to detect sleep-related hypoventilation.
Arterial paCO, measurements at night are
not feasible. Therefore, transcutaneous
or end-tidal pCO, measurement in combi-
nation with respiratory polygraphy is re-
quired to confirm sleep-related hypoven-
tilation. Hypercapnia measured in trans-
cutaneous capnometry directly demon-
strates hypoventilation [143]. Continuous
CO, measurement alone has the one dis-
advantage that it remains unclear whether
the patient has reached REM sleep. There-
fore, the procedure is good for the posi-
tive detection of hypoventilation, but not
suited to its exclusion. Thus, in the case
of nocturnal symptoms in the absence of
confirmation of hypoventilation or long-
term capnometry on respiratory polygra-
phy, PSG is indicated.

Recommendations. Reviewed and re-

tained:

— Being the most sensitive method to
detect sleep-related hypercapnia,
transcutaneous capnometry is recom-
mended. This can be performed in
conjunction with respiratory polygra-
phy or polysomnography (evidence
level 2, grade C recommendation).

- With regard to the initiation of venti-
lation therapy in patients with neuro-
muscular or chest wall disorders and
a vital capacity of <50%, hypoven-
tilation in sleep should be excluded
(evidence level 1b, grade A recommen-
dation).

- Polysomnography is the diagnostic
standard for the exclusion and dif-
ferential diagnosis of SRBDs in the
context of sleep-related hypoventila-
tion or hypoxemia (evidence level 2,
statement).

The recommendations on the diagnosis of
hypoventilation syndrome were adopted
with strong consensus (13/13).

5.2.4 Treatment

In the case of chronic underlying diseases,
their treatment alone is generally not
sufficient to eliminate hypoventilation.
From a treatment perspective, therefore,
NIV during sleep via a mask is performed
with the aim of increasing alveolar ven-
tilation and preventing hyperventilation.
The main criteria for initiating long-term

NIV therapy in sleep-related hypoventila-
tion due to a medical condition include
symptoms and sequelae of ventilatory
failure, such as dyspnea and edema, as
well as reduced quality of life in the form
of nonrestorative sleep as a result of sleep
maintenance disorders or hypersomnia.
Furthermore, the guideline of the German
Society of Pneumology and Respiratory
Medicine [132, 133] on noninvasive and
invasive ventilation in chronic respiratory
failure formulates the following criteria:
— In the case of sleep-related hypoventi-
lation due to lower airway obstruction:
= adiurnal paCO,=50mmHg or
= anocturnal paCO,=55mmHg or
= an increase in nocturnal
CO,=10mmHg, as measured
transcutaneously, with a diurnal
paCo, of between 45 and 50 mm Hg;
in addition, long-term NIV should be
initiated after an acute exacerbation
requiring ventilation if daytime
hypercapnia > 53 mm Hg persists
14 days after discontinuation of
acute ventilation.
- Inthe case of sleep-related hypoventi-
lation due to a chest wall disorder:
= adiurnal paCO,=45mmHg or
= a nocturnal paCO,=50mmHg
or an increase in nocturnal
CO,=10mmHg, as measured
transcutaneously
- Inthe case of sleep-related hypoventi-
lation due to a neuromuscular disease:
= adiurnal paCO,=45mmHg or
= anocturnal paCO,=45mmHg or
= a nocturnal CO,=50mmHg, as
measured transcutaneously, or
= a rapid decrease in forced vital
capacity (FVQ)

The aim of ventilation is normocapnia by
eliminating hypoventilation under venti-
lation in sleep and reducing paCO, to day-
time normocapnia. Ventilation can be ini-
tiated during the day and at night. Over
the course of the initial set-up, the effec-
tiveness of ventilation must be assessed
by blood gas analysis both under spon-
taneous breathing and under ventilation,
and supplemented with nocturnal mea-
surements.

As a general rule, therapy is adminis-
tered as NIV via a mask covering the nose or
nose and mouth during the entire period
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of sleep. Since REM sleep represents a par-
ticularly critical phase, the effectiveness of
ventilation in sleep should be documented
by means of transcutaneous CO, measure-
ment (tcpCO,) plus respiratory polygraphy.
In the case of uncertainty regarding noc-
turnal hypoventilation during REM sleep,
PSG is indicated.

NIV can be administered as assisted, as-
sist-control, or as purely controlled ventila-
tion. There are no data on the superiority of
one or other of these modes. Patients with
neuromuscularand thoracic cagedisorders
often tolerate the controlled mode subjec-
tively very well, while COPD patients gener-
ally prefer the assisted mode. Achievingan
optimal, individually tailored set-up is cru-
cialto good acceptance and treatment suc-
cess. Only a handful of methodologically
high-quality controlled studies are avail-
able on the effects of NIV (see @ Tables 8
and 9). In slowly progressive muscle dis-
eases, kyphoscoliosis, and previous history
of tuberculosis, NIV achieves a dramatic
clinicalimprovement both in the acute and
inthelong-term setting, meaning that con-
trolled trials in these conditions are now
questionable from an ethical perspective.
Whereas in the past these patients died
from respiratory failure, life expectancy
with NIV can be virtually normal [144-150].
As a result, quality of life under NIV is
also massively improved, the hospitaliza-
tion rate drops, and symptoms are reduced
[124, 151]. In some cases, physiological
parameters such as blood gas and lung
function may even normalize [131, 141,
152]. The abovementioned diseases carry
an unrestricted indication for treatment.
For rapidly progressive neuromuscular dis-
eases such as amyotrophic lateral sclerosis
(ALS) and Duchenne muscular dystrophy,
there is one controlled study and several
case series showing a significant survival
benefit with NIV [149, 151, 153, 154]; how-
ever, progression of the underlying disease
limits the beneficial effects of NIV. The in-
dication for ventilation therapy needs to
be made on a case-by-case basis in these
patients. As part of this, the ethical discus-
sion on patient acceptance of any invasive
ventilation that may be required needs to
be had as early as possible. Diaphragm
stimulation to treat ventilatory failure in
ALS should not be performed, since a ran-

domized study showed increased mortal-
ity with this procedure [155].

COPD patients represent the largest
group of patients that fulfill the indication
criteria for NIV. Shorter-term controlled in-
vestigations demonstrated improved qual-
ity of life, areductionin hospitalizationrate,
improved sleep quality, aswell asimproved
physical training and blood gases [159,
163, 165-168]. Several controlled stud-
ies, albeit with significant shortcomings,
found no reduction in mortality for the
NIV-treated group of patients [160-162,
164]. A meta-analysis [158] demonstrated
no differences in terms of BGA, pulmonary
function, and quality of life for seven stud-
ies. Animportant point of criticism of these
studies was the lack of substantial reduc-
tion in paCO; as a result of NIV therapy. In
arandomized controlled study, in contrast,
life expectancy in COPD patients signifi-
cantlyimproved under NIV, while quality of
life was reduced [169]. The German multi-
center study in stable GOLD stage IV COPD
patients with daytime hypercapnia con-
firmed these improved mortality figures
as a result of NIV [170]. In that particular
study, ventilation therapy led to a signifi-
cant reduction in daytime paCO,. On the
basis of this evidence, an attempt at NIV
therapy should be undertaken in COPD
if the abovementioned indication criteria
are met. Treatment effect and compliance
should be assessed at around 3 months,
and a decision should be made regarding
treatment continuation.

Following acute COPD exacerba-
tion requiring ventilation, continuous
NIV should be initiated if hypercapnia

(paCO,>53mmHg) persists following
discontinuation of acute ventilation [157,
158].

For further details on the treatment of
chronic respiratory failure, the reader is
referred to the German S2 guideline of
the German Society for Pneumology and
Respiratory Medicine “Treating chronicres-
piratory failure with invasive and non-in-
vasive ventilation” [132, 133].

Recommendations. Reviewed and re-

tained:

- If nocturnal hypoventilation persists
under CPAP, noninvasive fixed pressure
support ventilation (without or with
target volume) should be initiated



(evidence level 1b, grade B recommen-
dation).

— Oxygen therapy alone is not recom-
mended in OHS (evidence level 2c,
grade A recommendation).

Modified:

- Initiation of NIV is recommended in
symptomatic patients with lower air-
way obstruction, neuromuscular disor-
ders, or chest wall disorders with hyper-
capnia while awake (paCO, = 50 mm Hg
in diseases with lower airway obstruc-
tion or =45 mmHg in neuromuscular
or chest wall disorders) or asleep
(paCO, = 55mmHg in disorders with
lower airway obstruction, =50 mm Hg
in chest wall disorders, or >45mmHg
in neuromuscular disorders, or a tcpCO,
rise > 10mmHg in lower airway ob-
struction and chest wall disorders, or
tcpCO, = 50 mm Hg in neuromuscular
disease) (evidence level 1b, grade A
recommendation).

The recommendations on the treatment of
hypoventilation syndrome were adopted
with strong consensus (9/9).

6 Appendix

6.1 Guideline report

6.1.1 Scope and purpose

The present update relates to the S3 guide-
line “Non-restorative sleep/sleep disor-
ders” and specifically to the chapter “Sleep-
related breathing disorders” therein. The
above guideline on SRBDs was published
in 2015 in the journal Somnologie [171].

Since the last publication of the guide-
line, a number of relevant findings relat-
ing to some aspects of this guideline have
been published, thereby necessitatingare-
assessment of individual guideline state-
ments and recommendations; the present
update has been prepared for these chap-
ters. All other contents, chapters, and rec-
ommendations in the guideline for which
no update has been submitted remain
valid in their current form (see also Chap.
“Concept of the update”).

This guideline is aimed at medical and
nonmedical professional groups (e.g., psy-
chologists, natural scientists), nursing staff,
self-help groups, and interested lay per-

sons; italso servesasaninformation source
for MTAs.

6.1.2 Composition of the guideline
group and interest group
involvement

Steering committee.

— Dr. med. Alfred Wiater, Cologne

— Prof. Dr. med. Boris A. Stuck, Marburg

Authors.

— Prof. Dr. med. Boris A. Stuck, Marburg

— Prof. Dr. med. Michael Arzt, Regens-
burg

- Prof. Dr. med. Ingo Fietze, Berlin

- Prof. Dr. med. Wolfgang Galetke,
Hagen

- Dr. med. Holger Hein, Hamburg

— Simon D. Herkenrath, Solingen

— Priv. Doz. Dr. med. Benedikt Hofauer,
Freiburg

— Prof. Dr. med. Joachim T. Maurer,
Mannheim

— Prof. Dr. rer. physiol. Thomas Penzel,
Berlin

- Prof. Dr. med. Maritta Orth, Mannheim

- Prof. Dr. med. Geert Mayer, Schwalm-
stadt-Treysa

- Prof. Dr. med. Winfried Randerath,
Solingen

— Prof. Dr. med. J. Ulrich Sommer,
Wuppertal

- Prof. Dr. med. Armin Steffen, Liibeck

- Prof. Dr. med. Clemens Heiser, Munich

Scientific medical societies. To ensure

the representativeness of the guideline

group, the following societies, profes-
sional groups, and patient representatives
were invited to collaborate:

- German Society for Sleep Research and
Sleep Medicine (Deutsche Gesellschaft
fiir Schlafforschung und Schlafmedi-
zin), DGSM

- German College of General Practition-
ers and Family Physicians (Deutsche
Gesellschaft fiir Allgemeinmedizin
und Familienmedizin), DEGAM

- German Society of Internal Medicine
(Deutsche Gesellschaft fiir Innere
Medizin), DGIM

— German Association of General Prac-
titioners (Deutscher Hausdirztever-
band)

— Deutsche Gesellschaft fiir Geriatrie
e.V.,, DGG

German Society of Otorhinolaryngol-
ogy, Head and Neck Surgery (Deutsche
Gesellschaft fiir Hals-Nasen-Ohren-
Heilkunde, Kopf- und Hals-Chirurgie
e.V.), DGHNO-KHC

German Society for Cardiology—Heart
and Circulatory Research (Deutsche
Gesellschaft fiir Kardiologie, Herz-
und Kreislaufforschung e. V.), DGK
German Society for Pediatric and
Adolescent Medicine (Deutsche
Gesellschaft fiir Kinder- und Ju-
gendmedizin e. V.), DGK)J

German Society for Oral and Maxillofa-
cial Surgery (Deutsche Gesellschaft fiir
Mund-, Kiefer- und Gesichtschirurgie
e.V.), DGMKG

German Society for Neurology
(Deutsche Gesellschaft fiir Neurologie
e.V.),DGN

German Respiratory Society (Deutsche
Gesellschaft fiir Pneumologie und
Beatmungsmedizin e. V.), DGP
German Association for Psychiatry,
Psychotherapy and Psychosomatics
(Deutsche Gesellschaft fiir Psychiatrie
und Psychotherapie, Psychosomatik
und Nervenheilkunde e. V.), DGPPN
German Psychological Society
(Deutsche Gesellschatft fiir Psycholo-
gie), DGPS

German Society of Dental Sleep
Medicine (Deutsche Gesellschaft

flir Zahndrztliche Schlafmedizin),
DGZS

German Office of the German
Orthodontic Society (Deutsche
Geschidiftsstelle der Deutschen
Gesellschaft fiir Kieferorthopddie
e.V.), DGKFO

German Society for General and Vis-
ceral Surgery (Deutsche Gesellschaft
fiir Allgemein- und Viszeralchirurgie
e.V.), DGAV

German Society of Anaesthesiology
and Intensive Care Medicine (Deutsche
Gesellschaft fiir Andsthesiologie und
Intensivmedizin e. V.), DGAI
Professional Association of Ger-

man Neurologists (Berufsverband
Deutscher Neurologen), BDN

Federal Association of Physicians for
Chest, Sleep, and Mechanical Ven-
tilation Medicine (Bundesverband
der Pneumologen, Schlaf- und Beat-
mungsmediziner), BdP
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- German Association of Psycholo-
gists (Berufsverband Deutscher Psy-
chologinnen und Psychologen e. V.),
BDP

— German Association of Cardiologists
in Private Practice (Bundesverband
niedergelassener Kardiologen e.V.),
BNK

- Professional Association of Ger-
man Psychiatrists (Berufsverband
Deutscher Psychiater), BUDP

— German Professional Association
of Otolaryngologists (Deutscher
Berufsverband der Hals-Nasen-
Ohrendrzte e.V.), BVHNO

— German Sleep Society (Bundesverband

Schlafapnoe und Schlafstérungen
Deutschlands e. V.), BSD
- Bundesverband Gemeinnditzige

Selbsthilfe Schlafapnoe Deutschland

e. V. (German association of not-for-
profit sleep apnea self-help) GSD

— German Restless Legs Association
(Deutsche Restless Legs Vereinigung
e.V),RLSe.V.

— German Narcolepsy Association
(Deutsche Narkolepsie Gesellschaft
e.V.),DNG

- Selbsthilfegruppe Schlafapnoe/

chronische Schlafstérungen Solingen
e. V. (Solingen self-help group for sleep

apnea/chronic sleep disorders)

The following societies,

inal group process:

— German Society for Sleep Research and
Sleep Medicine (Deutsche Gesellschaft
fiir Schlafforschung und Schlafmedi-

zin), DGSM (representatives: Prof.
Stuck, Dr. Wiater)

- German College of General Practition-

ers and Family Physicians (Deutsche
Gesellschaft fiir Allgemeinmedizin

und Familienmedizin), DEGAM (repre-

sentative: Frau Prof. Dr. Baum, proxy:
Herr Dr. Stephan Hoffmann)

— German Association of General Practi-
tioners (Deutscher Hausdrzteverband,

representative: Frau Prof. Dr. Baum,
proxy: Herr Dr. Stephan Hoffmann)
- German Society of Otorhinolaryngol-

ogy, Head and Neck Surgery (Deutsche

Gesellschatft fiir Hals-Nasen-Ohren-
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professional
groups, and patient representatives ex-
pressed their willingness to collaborate
and named a representative for the nom-

Heilkunde, Kopf- und Hals-Chirurgie
e.V.), DGHNO-KHC (representative:
Prof. Dr. Clemens Heiser, proxy: Priv.
Doz. Dr. Michael Herzog)

German Society for Cardiology—Heart
and Circulatory Research (Deutsche
Gesellschaft fiir Kardiologie, Herz-
und Kreislaufforschung e. V.), DGK
(representative: Herr Prof. Dr. Arzt)
German Society for Oral and Maxillofa-
cial Surgery (Deutsche Gesellschaft fiir
Mund-, Kiefer- und Gesichtschirurgie
e.V.), DGMKG (representative: Herr
Prof. Dr. Dr. Hans Pistner)

German Society for Neurology
(Deutsche Gesellschaft fiir Neurologie
e.V.), DGN (representative: Prof. Dr.
Geert Mayer)

German Respiratory Society (Deutsche
Gesellschaft fiir Pneumologie und
Beatmungsmedizin e. V.), DGP (repre-
sentative: Herr Dr. N. Blichner, proxy:
H. Woehrle)

German Association for Psychiatry,
Psychotherapy and Psychosomatics
(Deutsche Gesellschaft fiir Psychiatrie
und Psychotherapie, Psychosomatik
und Nervenheilkunde e. V.), DGPPN
(representative: Dr. Lukas Frase)
German Psychological Society
(Deutsche Gesellschaft fiir Psycholo-
gie), DGPS (representative: Frau Prof.
Dr. Angelika Schlarb)

German Society of Dental Sleep
Medicine (Deutsche Gesellschaft

flir Zahndrztliche Schlafmedizin),
DGZS (representative: Herr Dr. Markus
Heise)

German Society for General and Vis-
ceral Surgery (Deutsche Gesellschaft
fiir Allgemein- und Viszeralchirurgie
e.V.), DGAV (representative: Herr Dr.
Matthias Schlensak)

German Society of Anaesthesiology
and Intensive Care Medicine (Deutsche
Gesellschaft fiir Andsthesiologie und
Intensivmedizin e. V.), DGAI (represen-
tative: Herr Dr. Martin Rosslein)
German Society of Internal Medicine
(Deutsche Gesellschaft fiir Innere
Medizin), DGIM (representative:

Herr Prof. Dr. Hendrik Bonnemeier)
Bundesverband der Pneumologen,
Schlaf- und Beatmungsmediziner,
BdP (representative: Herr Dr. Christian
Franke)

The following

German Association of Psycholo-
gists (Berufsverband Deutscher Psy-
chologinnen und Psychologen e. V.),
BDP (representative: Frau Dr. Johanna
Thiinker, proxy: Herr Prof. Dr. Erich
Kasten)

German Professional Association

of Otolaryngologists (Deutscher
Berufsverband der Hals-Nasen-
Ohrendirzte e.V.), BVHNO (representa-
tive: Dr. med. Andreas H. Schmidt)
German Sleep Society (Bundesverband
Schlafapnoe und Schlafstérungen
Deutschlands e. V.), BSD (representa-
tive: Herr Werner Waldmann)
Bundesverband Gemeinniitzige
Selbsthilfe Schlafapnoe Deutschland
e.V. (German association of not-for-
profit sleep apnea self-help) GSD
(representative: Herr Ralf Kiehne)
German Restless Legs Association
(Deutsche Restless Legs Vereinigung
e.V.), RLS e.V. (representative: Herr Dr.
Joachim Paulus)

German Narcolepsy Association
(Deutsche Narkolepsie Gesellschaft
e.V.), DNG (representative: Herr Tobias
Schmid)

Selbsthilfegruppe Schlafapnoe/
chronische Schlafstérungen Solingen
e. V. (Solingen self-help group for sleep
apnea/chronic sleep disorders; repre-
sentative: Herr Hartmut Rentmeister)

societies, professional

groups, and patient representatives ex-
pressed their willingness to collaborate,
but failed to appoint a representative
for the nominal group process despite
multiple requests to do so:

Deutsche Gesellschaft fiir Geriatrie
e.V,, DGG

Professional Association of Ger-
man Neurologists (Berufsverband
Deutscher Neurologen), BDN
German Association of Cardiologists
in Private Practice (Bundesverband
niedergelassener Kardiologen e.V.),
BNK

Professional Association of Ger-
man Psychiatrists (Berufsverband
Deutscher Psychiater), BVDP

The German Society for Pediatric and Ado-
lescent Medicine (Deutsche Gesellschaft
fiir Kinder- und Jugendmedizin e.V.),



DGKJ, did not appoint a representa-
tive after being informed, upon inquiry,
that the guideline refers to adults.

The German Office of the German Or-
thodontic Society (Deutsche Gesellschaft
fiir Kieferorthopdidie e. V.), DGKFO, (repre-
sentative: Herr Prof. Bert Braumann) can-
celed its participation in the consensus
conference after reviewing the handouts.

6.1.3 Methodological procedure

The update of the guideline was guided by
the Association of the Scientific Medical
Societies in Germany (Arbeitsgemein-
schaft der Wissenschaftlichen Medizinis-
chen Fachgesellschaften e.V., AWMF)
throughout the entire development pro-
cess.

In a first step, the chapters that re-
quired updating were identified. Chapters
requiring revision were defined as those
in relation to which new scientific insights,
among other reasons, could potentially re-
sult in a change to the recommendations
contained therein. Accordingly, no update
was undertaken when no new scientificin-
sights were available or these did not con-
flict with the currentrecommendations. To
this end, the guideline coordinator (B. A.
Stuck) inserted all guideline recommenda-
tions, with references to the correspond-
ing chapters, into a table and made these
available to the members of the steering
committee of the previous guideline, as
well as to the authors responsible for the
update, if available. These included the fol-
lowing persons: J. T. Maurer (Mannheim),
I. Fietze (Berlin), G. Mayer (Schalmstadt-
Treysa), W. Galetke (Hagen), W. Randerath
(Solingen), B. A. Stuck (Marburg), J. U. Som-
mer (Wuppertal), T. Penzel (Berlin), B. Ho-
fauer (Freiburg), C. Heiser (Munich), and
A. Steffen (Luibeck). The abovementioned
individuals assessed each chapter of the
previous version of the guideline to deter-
mine whether an update was needed, as
described above. A chapter was selected
when more than 25% of the abovemen-
tioned persons deemed one or more of
the recommendations in the chapter to
require updating.

Each selected chapter was then as-
signed to a group of authors, who revised
the chapter on the basis of the present text
afterselectingand evaluating the literature
(see below). Already at this stage, atten-

tion was paid to achieving author groups
with an interdisciplinary composition.

Independently of this, a text passage
was identified that had led to misinterpre-
tation in the clinical implementation of the
previous guideline and had often been the
subject of discussion, despite the fact that
the passage was not a recommendation.
The relevant passage has been modified
in this update for greater precision.

Voting in the consensus conferences
was carried out using the nominal group
technique and was moderated by Priv.
Doz. Dr. H. Sitter, Marburg. In advance of
the conferences, all those involved in the
consensus-development process received
an invitation specifying objectives and the
conference venue. Priv. Doz. Dr. H. Sitter’s
function ensured independent modera-
tion. Handouts included the manuscript of
the necessary updates as well as the recom-
mendations. During the consensus confer-
ences, the statements/recommendations
were presented, and positions on these
were recorded using a round-robin proce-
dure and summarized by the moderator.
A pre-vote and discussion on the individ-
ual comments took place, and a ranking
list was created. It was ensured that the in-
dividual points raised could be discussed.
A final vote on each recommendation or
all alternatives was held.

The nominal group process (consen-
sus conference) took place in Frankfurt on
23.01.2020. The following mandate hold-
ers or specialist medical societies partici-
pated:

Priv. Doz. Helmut Sitter (AWMF),
Prof. Boris A. Stuck (DGSM), Dr. Alfred
Wiater (DGSM), Dr. Stephan Hoffmann
(DEGAM/Deutscher Hausdrzteverband),
Prof. Dr. Clemens Heiser (DGHNO-KHC),
Priv. Doz. Dr. Michael Herzog (DGHNO-
KHC), Prof. Dr. Arzt (DGK), Prof. Dr. Dr.
Hans Pistner (DGMKG), Dr. N. Biichner
(DGP), Holger Woehrle (DGP), Dr. Lukas
Frase (DGPPN), Prof. Dr. Angelika Schlarb
(DGPS), Dr. Matthias Schlensak (DGAV), Dr.
Martin Résslein (DGAI), Prof. Dr. Hendrik
Bonnemeier (DGIM), Dr. Christian Franke
(BdP), Dr. Johanna Thiinker (BDP), Dr.
med. Andreas H. Schmidt (BVHNO), Ralf
Kiehne (GSD), Dr. Joachim Paulus (RLS
e.V.), Herr Hartmut Rentmeister (GSD-
SH), and, as representatives of the author
group, Prof. Dr. Wolfgang Galetke, Simon

Herkenrath, Priv. Doz. Dr. Benedikt Ho-
fauer, Prof. Dr. Joachim Maurer, Prof. Dr.
Maritta Orth, Prof. Dr. Thomas Penzel,
Prof. Dr. Winfried Randerath, Prof. Dr.
Ulrich Sommer, and Prof. Dr. Ingo Fietze.

Following the review of the nominal
group process, questions thathad notbeen
definitively dealt with were put to a final
consensusinanonanonymized Delphipro-
cess. The authors as well as participants
in the nominal group process were invited
to take part in the Delphi process. This
process was opened on 21.02.2020 and
closed on 15.03.2020. Responses were
collected by B. A. Stuck and A. Wiater and
put to a vote on 16.03.2020. All represen-
tatives appointed by the medical societies
and organizations involved were invited
to vote. The voting procedure was com-
pleted on 31.03.2020. The following man-
date holders or specialist medical societies
participated in the voting procedure: Prof.
Stuck/Dr. Alfred Wiater (DGSM), Prof. Dr.
ClemensHeiser/Priv. Doz. Dr. Michael Her-
zog (DGHNO-KHC), Prof. Dr. Arzt (DGK),
Prof. Dr. Dr. Hans Pistner (DGMKG), Dr.
Lukas Frase (DGPPN), Prof. Dr. Angelika
Schlarb (DGPS), Dr. Christian Franke (BdP),
Dr. Johanna Thiinker (BDP), and Dr. med.
AndreasH. Schmidt (BVHNO). Based onthe
results of the vote, appropriate changes
were made to the text; one round was
sufficient to reach a consensus.

Since this is an S3 guideline, the con-
sensus process included the following el-
ements:

Logical appraisal (clinical algorithm),
formal consensus development, evidence-
basing, and decision analysis. In the case
of an S3 guideline, a solution is found
using conditional logic (if... then... logic)
in several steps based on a clearly de-
fined question. Clinical studies and meta-
analyses are included for evidence-basing.
Using the graph algorithms, the procedure
should be presented in a clear, simple, and
concise manner.

6.1.4 Writing the guideline/
consensus process

A preliminary draft of the update was writ-
ten under the guidance of the person re-
sponsible for the guideline, Boris A. Stuck,
and by the authors of the individual chap-
ters.
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6.1.5 Systematic literature search
The literature search was conducted for all
studies published in the PubMed database
from April 2014 onwards (the period of the
literature search for the original guideline
ended in 04/2014). The following were
defined as inclusion criteria:

Publications in German or English,
prospective or retrospective clinical trials,
randomized controlled trials, controlled
clinical trials, systematic reviews, meta-
analyses, guidelines of the AWMF as well
as of the European and North American
medical societies (Practice Guidelines,
Guidelines) in German or English. The fol-
lowing were defined as exclusion criteria:
original articles published in a language
other than English or German, experimen-
tal animal studies, letters to the editor,
case reports, expert opinions, reviews that
provided only a general overview of the
topic rather than a systematic summary
of the literature. The search was restricted
to adults (19+).

To this end, the following search strat-
egy was used: “sleep apnea” OR “snor-
ing” with the following limits: publication
date 01042014-30042019, humans, clini-
cal trial, meta-analysis, practice guideline,
guideline, randomized controlled trial, re-
view, controlled clinical trial, guideline, En-
glish, German, adult: 19+years.

6.1.6 Appraisal

The literature was appraised by two inde-
pendent reviewers according to the Oxford
Centre for Evidence-based Medicine Lev-
els of Evidence (2009). In addition to the
selection of literature and classification of
the level of evidence, a critical appraisal
of the literature/studies was also carried
out by the authors.

6.1.7 Clinical algorithms

Inall, two clinical algorithms were updated

(see Sect. 6.2 “Algorithms”):

- Diagnostic approach in obstructive
sleep apnea

- Treatment approach in obstructive
sleep apnea

6.1.8 External review and adoption

Following completion of the consensus
process, DEGAM called for more exten-
sive changes and additions to the content,
which could not be made in the context

26  Somnologie

of the current process. As a result, DEGAM
stated that it could not endorse the guide-
line.

Once the consensus process had been
completed, the DGAI concluded that anes-
thesia issues had largely been left uncon-
sidered in the update and, for this reason,
also did not approve the guideline.

The chairpersons of the remaining med-
ical societies deliberated on and approved
the guideline in June 2020.

6.1.9 Editorial independence
Financing of the guideline. The guide-
line was developed and the consensus
conferences held exclusively with funds
from the German Society for Sleep Re-
search and Sleep Medicine (DGSM).

Disclosing and managing conflicts of
interest. In order to avoid bias in the
guideline process due to conflicts of inter-
est, a number of preventive mechanisms
were put in place: (1) systematic record-
ing and appraisal of conflicts of interest
of all persons involved in the guideline
process, as well as resulting measures;
(2) the interdisciplinary composition of
the guideline group; and (3) the publi-
cation of a consultation version in order
to allow those not directly involved in
the guideline process the opportunity to
comment.

All authors and participants in the nom-
inal group process disclosed potential con-
flicts of interest using the form made avail-
able by the AWMF for this purpose. The
two members of the steering committee
reviewed participants’ conflicts of inter-
est, and graded these as low, moderate,
or high in line with AWMF recommen-
dations. Equivocal cases were discussed
within the whole guideline group. The
guideline group reviewed the self-assess-
ment of the conflicts of interests of the
two steering committee representatives.

In the case of minor conflicts of inter-
est, simple disclosure was sufficient; in the
case of moderate conflicts of interest on
a range of topics, the person in question
was excluded from the respective voting
process; and in the case of major conflicts
of interest, the person in question was
additionally excluded from the discussion
process. Direct connections to industry
or other interest groups associated with

relevant direct or indirect financial contri-
butions (e.g., to conduct clinical trials or
cover travel expenses/speakers’ fees) relat-
ing to questions dealt with in the guideline
were deemed to be moderate conflicts of
interest.

The individual conflict of interest decla-
rations are held by the guideline coordina-
tor (Stuck), and a summary is available to
the public on the homepage of the AWMF.

6.1.10 Dissemination and
implementation

The guideline is disseminated via the spe-
cialist journal Somnologie and can be
viewed online on the homepage of the
AWMF (http://www.awmf.org).

6.1.11 Period of validity and update
procedure

The updated chapters, or this update, re-
main valid for 3 years from the time of
publication. A revision of the entire guide-
line on SRBD is scheduled for the end of
that 3-year period at the latest.


http://www.awmf.org

6.2 Algorithms

(B Figs. 1and 2)

4

no
yes
A 4
no

yes
|« yes
* )
yes
yes

yes -
no
o o

Fig. 1 A Diagnostic algorithm for suspected obstructive sleep apnea. AH/ apnea—-hypopnea index, OSA obstructive sleep
apnea, CSA central sleep apnea, PSG polysomnography
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check treatment optimization and/or aternatives

Fig. 2 A Treatmentalgorithm for obstructive sleep apnea.*In the case of CPAP intolerance and impaired nasal breathing, con-
sider surgery to improve nasal breathing. **Particularly if alternative therapy (CPAP, MAD) is not possible or not sufficiently

tolerated. AHI apnea—hypopnea index, OSA obstructive sleep apnea, CPAP continuous positive airway pressure, APAP auto-
matic CPAP, TE-UPPP tonsillectomy and uvulopalatopharyngoplasty, BMI body mass index, MAD mandibular advancement
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