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ARTICLE INFO ABSTRACT

Keywords: Objectives: To determine the indications, anesthesiological and surgical procedure and interest of drug-
Obstructive sleep apneas syndrome induced sleep endoscopy in the treatment of adult obstructive sleep apnea syndrome.

Drug-induced sleep endoscopy Design: A redactional committee of 17 experts was set up. Conflicts of interest were disclosed and fol-
i‘_:(l;;tgéoclouapse lowed up throughout the process of drawing up the guidelines. The work received no funding from any
DISE firm dealing in health products (drugs or devices). The GRADE (Grading of Recommendations Assess-
Mandibular Advancement Device ment, Development and Evaluation) method was applied to assess the quality of the data on which the
0SAS guidelines were founded. It was stressed that strong recommendations should not be made on the basis
Obstructive phenotypes of poor-quality or insufficient data.

Airway surgery Methods: The committee studied 29 questions on 5 topics: indications and contraindications, anesthetic

technique, surgical technique, interpretation and reporting of results, and management guided by results.
Results: Expert review and application of the GRADE method led to 30 guidelines: 10 with high level of
evidence (Grade 1+ or 1—), 19 with low level (GRADE 2+ or 2—) and 1 expert opinion.

Conclusion: Experts fully agreed on the strong guidelines formalizing the indications and modalities of
drug-induced sleep endoscopy for adult obstructive sleep apnea syndrome.

1. Introduction

Obstructive sleep apnea syndrome (OSAS) is a heterogeneous

Abbreviations: OSAS, Obstructive sleep apnea syndrome; CPAP, Continuous entity, with non-anatomic factors (pharyngeal dilator abnormal-

positive airway pressure treatment; DISE, Drug-induced sleep endoscopy; MAD, ity, low awakening threshold, high loop-gain, etc.) in 70-80% of
mandibular advancement device; CCC, Complete concentric collapse; VOTE, Velum cases and systematic anatomic factors (obesity, craniofacial bone
Oropharyngeal Tongue Base Epiglottis; BIS, bispectral index. dimensions, lymphoid and muscular hypertrophy, etc.) to vari-

* Corresponding author. able degrees [1]. Understanding the role of anatomic factors, the
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obstruction site and muscle collapse guides treatment decision-
making [2,3]. Precise identification of obstruction sites is hindered
by differences between awake and sleeping exploration and by the
frequent multiplicity of sites [4]. Drug-induced sleep endoscopy
(DISE), first described by Croft and Pringle in 1991 [5], is the
dynamic approach best approximating normal sleep. In head and
neck surgery, DISE specifies the location, size and type of obstruc-
tion, helping reduce resort to surgery, extent of resection and
number of sites operated on [G]. It enables anatomic and functional
phenotyping and personalization of the surgical plan, optimizing
outcome [7]. The aim of the present guidelines is to determine the
role of DISE in the management of adult OSAS.

2. Methodology

The guidelines were drawn up on request from the French Asso-
ciation of Otorhinolaryngology and Sleep Disorders (AFSORL) and
the French Society of ENT (SFORL, the sponsor) in collaboration
with the French Society of Anesthesia and Intensive Care Medicine
(SFAR) and French Society for Sleep Research and Sleep Medicine
(SFRMS). The coordinators drew up the questions for the working
group, using the PICO format (Patients, Intervention, Comparison,
Outcome).

The guidelines were based on a literature review using Med-
Line, PubMed and Embase, with the combined search-terms: Sleep
Apnea, Obstructive/surgery, Sleep Apnea, Obstructive/therapy,
endoscopy, sleep endoscopy, DISE, sleep disordered breathing. In
total, 224 articles published between 1991 and 2021 in French or
English were selected.

The working group adopted the GRADE system for critical anal-
ysis of the literature presented in the rationale. Levels of evidence
per article are shown in the text according to GRADE classification:
level 1 (very low) to level 4 (high). Recommendation strength is
thus presented according to level of evidence as Strong (GRADE 1+
or 1-), Weak (GRADE 2+ or 2-), or Expert Opinion when literature
data were lacking.

The guidelines were submitted to a multidisciplinary reading
group of DISE experts, and revised according to their comments.

The strength of expert agreement on recommendations was
determined by an on-line survey, in which each expert reported
that they “rather agreed”, “rather disagreed” or had “no opinion”.
To be validated, at least 50% of the experts had to have an opinion
and less than 20% had to prefer the contrary proposal. For a recom-
mendation to be “strong”, at least 70% of the experts had to “agree”.
In some cases, no recommendation could be made.

3. Role of DISE in adult OSAS

3.1. Indications for DISE

R.1: When upper airway surgery (other than skeletal
surgery) is considered in OSAS, DISE is probably rec-
ommended to avoid surgery in obstruction sites where
success rates are low.

GRADE 2+, Strong agreement

Many studies reported positive predictive value for preopera-
tive DISE, identifying phenotypes associated with failure of surgery,
thus enabling contraindication. In a cohort of OSAS patients with
failure of continuous positive airway pressure treatment (CPAP) in
whom surgery was performed with prior DISE, Soares et al. found a
significant association between failure of surgery and severe > 75%
laterolateral oropharyngeal or epiglottic obstruction on DISE [8]

(level of evidence 1). Complete concentric collapse (CCC) of the
velum has also frequently been reported to be significantly associ-
ated with poorer surgical efficacy [9] (level of evidence 2).

In a multicenter retrospective cohort of 275 patients with mod-
erate to severe OSAS, Green et al. found a significant association
between surgical failure and laterolateral oropharyngeal collapse
or complete retrobasilingual obstruction [10].

Likewise, Huntley et al., in a comparative observational study,
reported that preoperative DISE reduced the number of operated
sites and increased overall success/cure rates: 86% with versus 51%
without DISE [7] (level of evidence 2).

In contrast, 2 studies reported no real benefit of systematic pre-
operative DISE in terms of success [11,12] (level of evidence 3 and
2). These results were, however, vitiated by numerous method-
ological biases: imprecise protocol, absence of randomization, and
practices varying between centers [13].

Data are lacking to assess the contribution of DISE in skeletal
surgery [14,15].

R2: It is probably not recommended to perform DISE
to validate indications for tonsillar surgery in case of
bilateral grade 3 or 4 hypertrophy without retrobasilin-
gual obstruction on awake examination.

GRADE 2—, Strong agreement

In case of bilateral grade 3 or 4 tonsillar hypertrophy without
retrobasilingual obstruction on awake examination, preoperative
DISE would not change the treatment guided by awake examina-
tion.

The level of tonsillar hypertrophy (Friedman class) is easy to
determine on awake examination. It has been clearly demon-
strated that palatine tonsil size influences outcome in OSAS treated
by palatal surgery [16-19] (level of evidence 3). These prospec-
tive studies reported considerable reduction in apnea-hypopnea
index (AHI) and good success rates for hypertrophic tonsils without
visible retrobasilingual obstacle on awake examination (Fried-
man class 1), especially in patients who are not overweight
(BMI<25kg/m?) [20]. A prospective blinded study in 162 patients
found a significant association between indications for isolated
tonsillar surgery established on awake examination and on DISE
regarding the tonsillar obstacle (P<0.0001) [21] (level of evidence
3).

R3: It is probably not recommended to perform DISE
systematically ahead of application of a mandibular
advancement device (MAD) when MAD is the only
option for treatment.

GRADE 2—, Strong agreement

R4: In case of hesitation between MAD and surgery
(except nasal surgery) for OSAS, DISE is probably rec-
ommended to diagnose obstructive phenotypes (site,
degree, collapse direction) liable to contraindicate one
or other option.

GRADE 2+, Strong agreement

MAD, like CPAP, is one of the prime treatments for moderate to
severe OSAS. DISE has been advocated to predict failure of MAD,
thus avoiding production of the device and promptly proposing
alternatives. Several studies, with varying methodologies, exam-
ined the efficacy of DISE in assessing the impact of simulated
mandibular advancement on airway obstruction to predict the final
efficacy of custom-made MAD; most reported satisfactory efficacy
[22-26] (level of evidence 2). Others focused on the association



between obstructive phenotype (site, degree, collapse pattern) on
DISE and response to MAD. Basilingual collapse seemed predic-
tive of good response, and complete laterolateral oropharyngeal
collapse of poor response [22] (level of evidence 3).

Although DISE does not seem to reduce the rate of MAD fail-
ure, efficacy has not been assessed on randomized trials. Various
strategies, less invasive than DISE, have been described to predict
MAD efficacy, based for instance on clinical and polysomnographic
data, with temporary thermoformed MADs [27] (level of evidence
2). However, no dedicated studies have directly compared these
strategies, and it is not at present possible to recommend any one
in particular for predicting the outcome of MAD as the sole option
proposed to the patient.

On the other hand, when MAD or surgery can be envisaged, DISE
is indicated (Recommendation 1) to rule out phenotypes associ-
ated with poor response to soft-tissue surgery, and in such cases to
support or contraindicate MAD.

R5: DISE is recommended ahead of the decision to
implant a hypoglossal nerve stimulator.
GRADE 1+, Strong agreement

Van de Heyning et al., studying the first patients implanted with
a unilateral hypoglossal nerve stimulator synchronized to breath-
ing, found that 100% of non-responders had soft-palate CCC, which
was not seenin any of the responders; when patients with complete
circular collapse on preoperative DISE were excluded, the success
rate increased from 43% to 89%[28] (level of evidence 2). These find-
ings were subsequently confirmed in other studies [29,30] (level of
evidence 2).

Although palatal CCC correlates with BMI and AH], the correla-
tion is not strong enough to forgo preoperative DISE [31] (level of
evidence 2). DISE is thus mandatory before implanting a hypoglos-
sal nerve stimulator, improving results by eliminating predicted
non-responders.

R6: It is probably not recommended to perform DISE
under propofol in OSAS predominating in paradoxical
sleep.

GRADE 2—, Strong agreement

The question of the contribution of DISE arises for patients in
whom respiratory events predominate during paradoxical sleep.
Paradoxical sleep was not reproduced in most studies analyz-
ing sleep stages during DISE, whatever the duration or the drug
[32-36]. A single study of 15 patients reported paradoxical sleep
during a mean 138 minutes’ midazolam sedation [37] (level of evi-
dence 1). The present work group recommends target-controlled
intravenous propofol sedation for DISE (Recommendation 10). In
the light of the above findings, propofol DISE would tend to be
non-informative or biased in OSAS predominating during paradox-
ical sleep, and DISE should presently not be performed in these
patients.

The risk/benefit ratio of DISE as a diagnostic examination
needs assessing upstream in an anesthesiology consultation [38].
It induces sedation and airway obstruction. The risk of respiratory
distress and apnea seenin OSAS is increased by sedation, which may
require manual ventilation to correct hypoxemia, or emergency
intubation in case of desaturation and prolonged airway collapse
[38] (level of evidence 4). However, most authors report few if any
side effects or complications relating to general anesthesia in DISE.
The sedation induces loss of consciousness and of airway control;

R7: DISE is not recommended in patients with a full
stomach at sedation, to avoid inhalation complications.

GRADE 1—, Strong agreement

R8: DISE is not recommended in patients with risk
of ventilation being impossible during sedation or with
severe chronic respiratory failure.

GRADE 1—, Strong agreement

R9: DISE is probably not recommended if it would
not provide extra information or modify treatment (rel-
ative contraindications):

e Severe obesity (BMI > 40).

¢ Contraindications to surgery (hematologic disease,
pregnancy, impaired general health, refusal, etc.)
associated with contraindications to MAD (dental
malocclusion, periodontal pathology, etc.).

GRADE 2—, Strong agreement

the major risk is thus inhalation of gastric fluid. Patients at risk of
inhalation are therefore ineligible: history of sleeve gastrectomy,
ongoing pregnancy, gastroparesis, esophageal achalasia, etc. The
usual preoperative fast instructions apply also to DISE: 6 h for solids,
2 h for liquids (level of evidence 4).

The usual anesthesiological contraindications also apply: allergy
to agents, American Society of Anesthesiologists (ASA) category 4
(level of evidence 4).

CPAP is the usual treatment for obese patients with severe OSA.
As the aim of DISE is to assess the efficacy of alternative treatments,
it is not useful if such treatments are not indicated or are con-
traindicated [39] (level of evidence 4). The examination is based
on visualization of obstructive sites on flexible endoscopy [40], and
obstacles or contraindications to passing an endoscope in the nasal
cavities render it unfeasible (level of evidence 4).

3.2. Anesthesia technique

R10: For DISE, target-controlled intravenous propo-
fol sedation is probably recommended in first line,
beginning with a target site effect concentration of
2-2.5 pwg/mL, to optimally reproduce respiratory events
occurring during natural sleep.

GRADE 2+, Strong agreement

Many studies with very low to moderate levels of evidence com-
pared propofol and dexmedetomidine. Dexmedetomidine seems
to induce more physiological sleep, but propofol seems to pro-
vide more faithful reproduction of airway obstructions arising in
natural sleep [41-43], and thus of apnea and respiratory events
[36,43,44] (level of evidence 3). Moreover, induction time is often
longer with dexmedetomidine, making the examination more dif-
ficult. The literature is contradictory regarding the rates of adverse
events induced by propofol and dexmedetomidine, which greatly
depend on injection protocol and dose; dexmedetomidine may
sometimes induce severe bradycardia [41,45-47]. Data are like-
wise contradictory regarding awakening time, although this seems
longer with dexmedetomidine [45] (level of evidence 2). Also, in
France dexmedetomidine is not authorized for use in the operating
room.

Midazolam and propofol showed very little difference on direct
comparison [33], with similar results in DISE. However, the proba-
bility of adverse events associated with midazolam in OSAS is high,



and gold standard administration is as a bolus; thus, the risk/benefit
ratio is not in its favor [48,49] (level of evidence 4).

Target-controlled intravenous propofol sedation induced fewer
adverse events (hypotension, desaturation) than bolus adminis-
tration [50], with finer control of depth of sleep [34,40]. Hillman
et al. [51] used increasing doses of propofol to assess impact on
pharyngeal muscle tonus and critical closing pressure. Effect site
concentrations < 1.5 pg/mL did not increase critical closing pres-
sure or reduce genioglossal muscle activity; above this threshold,
propofol began to affect pharyngeal muscle tonus and thus crit-
ical closing pressure. Muscle activity increased up to the target
effect site concentration of 2 wg/mL [52], then suddenly dropped
thereafter, with increased critical closing pressure [51]. This corre-
sponds to loss of consciousness as monitored on bispectral index
(BIS). A comparable decrease in genioglossal muscle activity occurs
in physiological sleep [53], suggesting that propofol is effective in
mimicking changes in pharyngeal muscle tonus in the transition
from waking to sleeping state. Kellner etal.[54] also showed a dose-
dependent effect of propofol on airway collapse, with maximal
effect in deep sleep according to BIS monitoring. European guide-
lines therefore recommend a dose of 2 pug/mL target-controlled
intravenous propofol 2.5 ug/mL to begin sedation [40] (level of
evidence 3).

R11: During anesthesia for DISE, the patient should
be monitored by pulse oximetry, intermittent blood
pressure measurement and cardioscopy, to detect
onset of respiratory and cardiac events.

GRADE 1+, Strong agreement

In France, surveillance of anesthesia and sedation is regulated
by Decree n° 94-1050 of December 5, 1994, and in Europe by the
ESA/EBA taskforce (European Society of Anaesthesiology/European
Board of Anaesthesiology) [55]. The importance of monitoring ECG,
heart rate, blood pressure and pulse oximetry is due to the risk of
onset of severe hypoxemia and cardiac arrhythmia during DISE.
These events are often related to patient age and history, pro-
cedure time and team expertise (level of evidence 4). For pulse
oximetry, SpO, should be measured before start of procedure,
when the patient is breathing ambient air, and at the nadir of
the polysomnography curve. These baseline values for the patient
awake and sleeping help the practitioner set target values for intra-
operative SpO, (level of evidence 4).

No recommendations could be made regarding systematic oxy-
gen supply to prevent complications during DISE. More or less
severe desaturation is frequent during DISE and is part of the
pathophysiology of OSAS. One option is to administer oxygen pre-
ventively against severe desaturation, but this could alter OSAS
pathophysiology and the obstructive phenotype. Several studies
showed that nocturnal oxygen therapy reduced onset of central
apnea in some patients, but also reduced obstructive apnea in cer-
tain phenotypes: unstable respiratory command, low pharyngeal
collapsibility, and elevated pharyngeal dilator response [56,57]. In
case of onset of severe desaturation demonstrated on the poly-
graph, the first-line attitude is to restore effective breathing by
jaw thrust maneuvers associated to reduction in sedation; if this
is insufficient, a ventilation mask should be used. Oxygen should
be supplied only as a last resort, to avoid biasing the examination.

Likewise, it was not possible to make any recommendations
regarding capnography during DISE. In DISE, onset of airway
obstruction is studied directly, reducing the interest of capnogra-
phy. Analyzing the amplitude and rhythm of hypercapnia episodes,
more than absolute capnographic values, may, however, be useful
in post-procedural surveillance.

R12: During anesthesia for DISE, it is probably
recommended to implement EEG monitoring (BIS or
equivalent) to titrate propofol sedation.

GRADE 2+, Strong agreement

Any drug-induced sedation leads to airway collapse, and sever-
ity is proportional to the brain concentration and depth of
anesthesia [54] (level of evidence 2). Surveillance of sedation depth
is therefore mandatory. This should be clinical (motor and circula-
tory reactions), ideally using a sedation score such as Ramsay score
or the Richmond Agitation-Sedation Scale, possibly supplemented
by EEG.

During drug-induced sedation for DISE, anesthesia depth can be
assessed on EEG or bispectral index. Analysis of BIS level, however,
has to take account of interindividual variations and the time lag
between the displayed measurement and the real-time sedation
value.

Lo et al. compared BIS monitoring in DISE for mild (BIS 65-75)
and deep sedation (BIS 50-60) in 90 patients. In OSAS patients,
obstruction was observed in the velopharynx in 77.8% of cases and
in the oropharynx in 63.3% under mild sedation; moreover, airway
obstruction was reproducible at both levels of sedation [58] (level
of evidence 1).

There are, however, no studies comparing results and safety
in DISE with and without BIS. A recent study by Skinner et al.
assessed BIS in bronchoscopy under sedation; BIS <40 at any point
in the examination was associated with a higher complications rate
(mainly hypotension) [59] (level of evidence 4).

These results support EEG monitoring like BIS or perhaps
entropy to ensure a minimal level of sedation and limit the risk
of complications associated with excessive sedation.

3.3. Procedural technique

R13: It is probably recommended to use a flexible
endoscope with the smallest diameter possible.
GRADE 2+, Strong agreement

There are no studies focusing on comparison of endoscope diam-
eter in DISE. Areview of the literature on the techniques employed
suggests that the endoscope should be as fine as possible, notably
to avoid it awakening the patient when passing through the nasal
cavity, and that it is preferable to pass through the less permeable
cavity so as to disturb air dynamics as little as possible [40,48].
On the other hand, the smaller the diameter, the poorer the image
quality.

Examination quality may be impaired in case of hypersalivation
during sedation, making DISE difficult if not impossible to interpret.
Some authors advocate using atropine, which has an anticholiner-
gic effect that reduces salivary secretion. According to European
guidelines for DISE, however, atropine should be avoided as its
impact on sleep physiology is too poorly understood [40]. Studies
are contradictory on this point [60,61] (level of evidence 3 and 4).
Finally, there are no studies comparing examination quality using
an endoscope alone, an endoscope with an operator channel for
aspiration, and an endoscope with atropine.

Local anesthesia is not presently recommended in European
guidelines [40], although a pilot study suggested that intranasal
lidocaine is harmless [62]. Local anesthesia might act on the upper
airways and respiratory control, modifying examination results
[40] (level of evidence 2).



R14: It is probably recommended to make a video
recording of the DISE for later analysis of results or for
a second opinion, as well as for teaching or research.

GRADE 2+, Strong agreement

In the literature, flexible endoscopy is usually coupled to a video
system to visualize and record images and in some cases sound. The
video enables subsequent reinterpretation of the diagnosis by the
same or a different operator, thus allowing treatment decisions to
be revised.

Several studies analyzed intra- and interobserver agreement for
experienced operators and those in training. Agreement is gen-
erally good for experienced operators regarding obstruction site
location and pattern and degree of collapse, but only moderate for
less experienced operators [63-65] (level of evidence 2). There is
thus a learning curve, for which digital recording can be useful,
enabling reinterpretation by a more experienced colleague. Subse-
quently, digital recordings can be useful in multidisciplinary sleep
team meetings.

R15: It is recommended to perform DISE with the
patient supine in case of non-positional OSAS.

GRADE 1+, Strong agreement

R16: In positional OSAS, it is probably recommended
to implement lateral rotation of the head associated to
positioning in lateral decubitus, to assess the obstruc-
tive phenotype and the effect of positional treatment.

GRADE 2+, Strong agreement

The supine position is principally used in reports, although
some patients say that they rarely sleep on their backs [48].
In non-positional OSAS diagnosed on respiratory polygraphy or
polysomnography, body position (lateral or dorsal decubitus) was
shown not to affect collapse seen in DISE [66] (level of evidence 2).

In positional OSAS, positional maneuvers were shown to modify
the obstructive phenotype seen in DISE [66-70] (level of evi-
dence 3). They enable assessment of collapse affected by position:
improvement or non-response to positional treatment.

Some authors reported that results of DISE in full lateral decubi-
tus (trunk and head) were comparable to those obtained by simple
rotation of the head in supine position [67-69] (level of evidence
2). Others reported that lateral decubitus with downward head
rotation was preferable for assessing obstacles affected by position
[66,70] (level of evidence 2).

R17: It is probably recommended to perform
mandibular protraction in DISE, to a degree lower
than the prior value of maximum active protraction, to
assess the possible impact of a MAD on obstructive
sites.

GRADE 2+, Strong agreement

Mandibular advancement during DISE can simulate use of a
MAD, observing its effects on variations in airway obstruction and
thus predict the efficacy of using a MAD.

Some studies performed non-systematic maximal mandibu-
lar advancement during DISE [23] (level of evidence 1). Others
determine maximum comfortable protrusion in advance, with the
patient awake, and reproduce this by means of a calibrated trac-
tion device [24,71] (level of evidence 1 to 2). There is a significant
association between positive impact on pharyngeal lumen opening

under simulation of maximum comfortable active protraction and
response to MAD treatment [23,24,71,72] (level of evidence 1 to 2).

According to a European position paper, positioning the
mandible in maximum advancement is not recommended during
DISE, as it does not correctly predict MAD treatment response [40]
(level of evidence 1).

According to Vonk et al. [73] (level of evidence 1), advancement
by 50-75% of maximal active protrusion is necessary, while for
other authors, such as Raveslootetal.,5 mmisenough [22,74] (level
of evidence 1). According to the European expert group, advance-
ment should not exceed 75% of active protrusion, as the release of
the obstruction does not correspond to the results expected with
MAD [40] (level of evidence 1). According to Vroegop et al. [24]
(level of evidence 2) and Cavaliere et al. [72] (level of evidence 2),
bite simulation optimally reflects MAD results (level of evidence
2). To optimize titration in DISE, some authors use remotely con-
trolled positioning of the oral appliance, which is currently under
evaluation [71,75].

R18: Expert opinion: In DISE, it is probably recom-
mended to use a nasopharyngeal tube to predict the
effect of palatal surgery in patients with multi-level
palatal plus underlying obstruction.

GRADE: Expert opinion, Strong agreement

During DISE, a nasopharyngeal tube can reveal release of
obstruction sites in some cases [76] (level of evidence 2). A prospec-
tive study by Victores et al. comparing DISE without then with
nasopharyngeal tube in 41 patients showed that introducing the
tube down to the soft palate induced complete resolution of
obstruction in patients with isolated retropalatal obstruction [76]
(level of evidence 2). For patients with multi-level obstruction, a
nasopharyngeal tube partially improved 74% of obstruction sites
and fully improved 35%. It can simulate the outcome of isolated
palatal surgery. According to Li et al., polysomnography during DISE
with a nasopharyngeal tube can select patients for isolated palatal
surgery versus multi-level surgery [77] (level of evidence 2); in their
non-randomized non-controlled prospective study of 73 patients,
AHI<15/h with the tube in place favored isolated palatal surgery
[77].

3.4. Interpreting and reporting results

R19: In case of airway surgery (except nasal and
skeletal surgery) for OSAS, prior DISE is probably rec-
ommended (in comparison to awake examination), to
screen for:

¢ risk factors for failure of surgery: multi-site col-
lapse, complete concentric palatal collapse, complete
basilingual collapse, complete lateral oropharyngeal
collapse;

¢ sites not visible on awake examination: epiglottic
obstacle.

GRADE 2+, Strong agreement

Awake examination may not reflect the real situation of obstruc-
tion during sleep, as muscle tonus is greater in the awake state,
notably in the genioglossal muscle. Comparison between awake
examination and DISE shows satisfactory agreement for explo-
ration of the retropalatal and oropharyngeal region [78-80]. On



the other hand, a recent meta-analysis of the interest of DISE for
diagnosis of obstruction sites reported different findings for the
retrobasilingual and epiglottic region [78-80] (level of evidence 3).
Epiglottic tilt cannot be visualized on standard awake examination.

Certain DISE findings seem to be associated with increased prob-
ability of failure or of success for certain treatments. Palatal CCC
is predictive of failure of palatopharyngeal surgery [9,81], MAD
treatment [82] and hypoglossal nerve (CN XII) stimulation [29].
Complete basilingual collapse is predictive of failure of palatopha-
ryngeal surgery [81]. DISE is usually performed to screen for
indications or contraindications for a surgical procedure, and find-
ings of more multisite or epiglottic obstructions on DISE than on
awake examination helps target treatment and improve surgical
outcome [11,21,78-80].

R20: In DISE, it is probably recommended to use the
VOTE classification to standardize the description of
obstacles.

GRADE 2+, Strong agreement

A large number of classifications for DISE data have been pro-
posed since the early 1990s (Croft and Pringle) [83,84] (level of
evidence 2). Certain collapse configurations can guide treatment,
but no single classification system has been shown to improve suc-
cess in OSAS, and there is presently no consensus regarding scoring
systems [83,84].

In 2011, Kezirian et al. described the VOTE classification, with 4
sites (velum, oropharynx, tongue and epiglottis) and degrees and
patterns of collapse (anteroposterior, lateral, concentric) [85]. It
is the most widely used classification of DISE data in the inter-
national literature [83] (level of evidence 2). For some authors, it
enables complete description of the various observable forms of
collapse, with reproducible interobserver findings, and is therefore
the system to be preferred [40,86] (level of evidence 1).

R21: After DISE, it is recommended to write up
a report specifying the complete obstructive pheno-
type (sites, patterns and degrees) and changes observed
under dynamic maneuvers.

GRADE 1+, Strong agreement

R22: It is recommended that the report should
specify examination time, anesthetic agent and mode
of administration, maximum concentration and total
dose, sedation level at onset of snoring and apnea,
effect of the various maneuvers on obstruction sites,
and any notable events occurring during DISE.

GRADE 1+, Strong agreement

A detailed surgery report and/or medical observation must be
included in the patient’s file after DISE, like for any act performed in
an operating room according to the regulations contained in article
R. 1112-2 of the French Public Health Code (Decree n° 2003-462,
May 21, 2003).

As mentioned above, description of the anatomic regions and
structures and of the collapse configurations (pattern and degree)
help target treatment indications. Simulation of MAD treatment by
simple external maneuvers, oral appliances or controlled titration
systems helps selection for MAD [22,24] (level of evidence 2).

So as not to overestimate obstruction, the degree of sedation
must be specified, for example in terms of the bispectral index at
onset of snoring and apnea [54,87] (level of evidence 1). The type
of anesthetic agent, mode of administration, maximum concentra-
tion and total dose should be specified. It seems that the longer

the examination, the greater the number of obstacles and collapse
configurations observed [32] (level of evidence 2).

Finally, if positional maneuvers are performed, the observed
changes in collapse must be specified according to position (dorsal
decubitus, lateral decubitus, cervical rotation) [68] (level of evi-
dence 1). These data can guide the association of positional therapy
to surgery or MAD.

A good quality examination report provides all elements
necessary for subsequent interpretation of results, treatment
decision-making, data sharing and reproducibility of the exami-
nation.

3.5. Treatment according to DISE findings

R23: In case of complete concentric palatal collapse
seen on DISE, airway surgery (except nasal and skeletal
surgery) is probably not recommended.

GRADE 2—, Strong agreement

Palatal CCC was identified as a factor for poor surgical response
in several studies, including a systematic review [9,11] (level
of evidence 2). Koutsourelakis et al. retrospectively analyzed
polysomnography resultsin 19 patients receiving DISE and surgery;
on multivariate analysis, palatal CCC and/or complete anteropos-
terior tongue base collapse were the only independent predictive
factors for failure of surgery [81] (level of evidence 2).

Two studies reported that palatal CCC was not a factor for fail-
ure of maxillomandibular advancement surgery, which could treat
palatal CCC by restoring lateral pharyngeal wall tension [14,15]
(level of evidence 2). Other than in maxillomandibular advance-
ment surgery, data seem sufficient to contraindicate airway surgery
in case of palatal CCC on DISE.

Other obstacles associated with poor prognosis comprise
complete anteroposterior tongue base collapse [10,81], lateral
pharyngeal wall collapse [8,10], and epiglottic and/or arytenoid col-
lapse [8,81] (level of evidence 2). The surgical procedures assessed
in these studies were too varied for any conclusion to be drawn as
to the influence of these obstacles on the success of each technique.

R24: It is recommended not to use MAD in
OSAS patients with an obstructive phenotype that is
not improved by manual or instrumental mandibular
advancement maneuvers under DISE, taking account
of active mandibular protraction (cf. Recommendation
3.2.3).

GRADE 1+, Strong agreement

Response to mandibular advancement seems to be a reliable
means of predicting individual response to MAD. Complete reso-
lution of collapse during mandibular advancement during DISE is
the most frequently studied parameter for whatever advancement
method: manual protraction (chin-lift or jaw-thrust), protraction
simulator, or thermoformed MAD.

The maneuvers release the obstacles found on DISE, even when
multisite [24,72,73,88] (level of evidence 2). They are not, how-
ever, entirely equivalent. Vroegop et al. reported that improvement
under manual protraction (chin-lift) was not associated with MAD
response, in contrast to findings for simulation bite [24] (level
of evidence 3). Vonk et al., comparing manual protraction (jaw-
thrust) versus a thermoformed oral appliance, found a very weak
to moderate correlation in efficacy in relieving collapse seen on



DISE. Manual protraction was more effective than the oral appli-
ance in the hypopharynx but less for palatal obstacles [89] (level of
evidence 1).

Methods of mandibular advancement directly predict response
to MAD, but seem to suggest better response rates than seen
in studies based exclusively on obstructive phenotype. De Corso
et al. selected patients according to response to manual protrac-
tion under DISE and found a MAD response rate of 71.4% [22] (level
of evidence 1). Vroegop et al., studying 200 patients, reported 83.3%
success for MAD in patients selected on simulation bite [24] (level
of evidence 3). Huntley et al. reported that use of a thermoformed
MAD during diagnostic DISE provided a 75% response rate for the
final MAD [23] (level of evidence 2).

Indications for MAD in OSAS patients should therefore take
account of the obstacles observed on DISE and the effect of
mandibular advancement on other known negative predictive fac-
tors for MAD: i.e., high AHI and BMI [90]. Even with an unfavorable
phenotype, MAD may be implemented if mandibular advancement
provides improvement.

R25: It is not recommended to implant a unilateral
breathing-synchronized hypoglossal nerve stimulator in
case of complete concentric palatal obstacle.

GRADE 1—, Strong agreement

DISE and screening for palatal CCC were therefore recom-
mended for patient selection for hypoglossal nerve stimulator
implantation [29]. Several studies reported palatal CCC to be a
factor of poor prognosis in hypoglossal stimulation [28,29,91]
(level of evidence 2 to 4). In a phase II clinical trial of unilateral
breathing-synchronized hypoglossal nerve stimulation (Inspire
Medical System), patients with AHI>50/h, BMI>32kg/m? or
palatal CCC on DISE showed poor treatment response [28] (level
of evidence 2). Taking these factors into account improved the
response rate in a subsequent study using the same stimulator
[91] (level of evidence 4). In the light of these findings, unilat-
eral breathing-synchronized hypoglossal nerve stimulation is not
recommended in case of palatal CCC.

R26: In case of multisite obstacles on DISE in severe
OSAS, CPAP is recommended in first line, especially
in case of association with other factors for poor
response to surgery or MIAD.

GRADE 1+, Strong agreement

R27: In case of multisite obstacles on DISE in mild to
moderate OSAS, it is probably recommended to present
the various treatment options and choose according to
the risk/benefit ratios and the patient’s preferences.

GRADE 2+, Strong agreement

R28: When DISE reveals several obstacles and
surgery is indicated, it is probably recommended to
begin with single-site surgery (although nasal surgery
may be associated), with gradual multisite treatment in
case of primary failure, rather than performing primary
one-step multisite surgery.

GRADE 2+, Strong agreement

Involvement seen on DISE is most frequently multisite
[4,74,92,93]. Given the association between multisite collapse and
elevated AHI [74] (level of evidence 2), patients should be informed
of the various treatment options, and firstly CPAP, which offers the
best chance of success in case of high AHI [73,94] (level of evidence
4). For overweight patients, high BMI correlates significantly with

obstruction seen on DISE at all levels of the airway [95] (level of
evidence 2). In conclusion, in severe OSAS with multisite obstruc-
tion, the literature shows CPAP to be the gold standard, especially
in case of high BMI [74,93,96,97].

In mild to moderate OSAS, CPAP may not be indicated and DISE
serves to assess alternatives such as positional therapy, possible
surgeries or MAD [73,93,98,99] (level of evidence 4). DISE can also
be performed in severe OSAS in case of failure or refusal of CPAP
(around 35% of cases [100]) or on demand for alternatives [73].

In multisite involvement, the multisite surgeries described
in the literature usually associated palatal (uvulopalatopharyn-
goplasty or radiofrequency) or nasal surgery (septoplasty or
turbinoplasty) to a procedure such as tongue-base reduction, ton-
sillectomy, hyoid suspension or genial tubercle advancement. In a
meta-analysis of multisite surgery in the velum and tongue base,
with 11 studies for 1806 patients, Mulholland et al. found AHI
decreased by a mean 23 points, with therapeutic success in 58.5%
of cases [101] (level of evidence 3).

Even so, one-step multisite surgery is controversial, as data
show that single-site surgery provides improvement not only in
the site operated on but also in underlying sites not involved in
the surgery as such [76] (level of evidence 3). In a retrospective
study of 38 patients undergoing DISE followed by palatopharyngo-
plasty, Hsu et al. reported identical success rates in the 11 patients
with multisite obstruction and the 27 single-site cases; their results
tended to show that, in patients with multisite involvement on
DISE, treating a single obstacle could be sufficient for treatment
success [9] (level of evidence 2). This was confirmed by Blumen
et al., who found no correlation between treatment success and
the number of sites operated on and concluded that DISE reveals
extra obstruction sites that do not require treatment and that con-
versely treating all sites does not necessarily guarantee treatment
success [102] (level of evidence 2).

An expert opinion by Ofer Jacobowitz advocated stepwise treat-
ment rather than simultaneous multisite surgery, which is more
painful and at greater risk of complications [92] (level of evidence
1). Jacobowitz recommended beginning with tonsil and soft-palate
surgery, as this concerns the narrowest site and palatal surgery
can provide reduction of hypopharyngeal collapse [92] (level of
evidence 1).

R29: In case of epiglottic obstruction associated
with multisite obstruction on DISE, it is probably not
recommended to perform epiglottic surgery in first line.

GRADE 2—, Strong agreement

R30: In case of isolated epiglottic obstruction on
DISE, it is probably recommended to perform epiglot-
tic surgery in second line after MAD, CPAP or positional
treatment.

GRADE 2+, Strong agreement

There are only sparse reliable data on the role of surgery in
epiglottic collapse seen on DISE in OSAS patients. Some small stud-
ies reported epiglottic surgery to be effective in terms of epiglottic
collapse and AHI, without serious side effects [103-105] (level of
evidence 1).

Kwon et al.,, in 54 patients, reported no difference in success
of multisite surgery not involving the epiglottis whether or not an
epiglottic obstacle had been seen on DISE [106] (level of evidence
1). Thus, in multisite obstruction with epiglottic involvement, the
authors advocated reserving epiglottic surgery to a subsequent
step, as upstream treatment may reduce the downstream obstruc-
tion, making epiglottic surgery unnecessary [106].



Data for other types of treatment are just as sparse. Epiglot-
tic collapse can be treated by CPAP, although Torre et al. showed
that the pressure had to be higher than for palatal obstacles (up to
15 cmH20) [96] (level of evidence 1). Efficacy of MAD in epiglottic
collapse was assessed indirectly by mandibular protraction maneu-
vers under DISE: Park et al. reported improvement in 4 out of 6
patients with epiglottic collapse in a series of 40 patients [88] (level
of evidence 1). Sung et al. reported efficacy of mandibular pro-
traction in 9 patients out of 11 [107] (level of evidence 2). Some
studies also found improvement in epiglottic collapse after posi-
tional maneuvers [68,107] (level of evidence 1 and 2).

Surgery, CPAP, MAD and positional treatment may be consid-
ered for epiglottic obstruction seen on DISE, but large-scale studies
are lacking to determine long-term efficacy.

3.6. Guideline limitations

Due to lack of data in the literature, no recommendations could
be made on several points, listed below, which could be the focus
of future clinical research:

e role of DISE in CPAP treatment for OSAS patients showing difficult
adaptation, persistent events or high treatment pressure levels;

e contribution of capnography to safety during DISE;

contribution of systematic oxygen therapy during DISE to prevent

procedure-related complications;

contributions of aspiration systems, atropine, and intraoperative

polygraphy/polysomnography;

e validity of preoperative DISE ahead of nasal surgery in terms of
obstacles seen postoperatively;

e contribution of CPAP testing during DISE to determine the effec-
tive pressure level.
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