Universiteit
Antwerpen

This item is the archived peer-reviewed author-version of:

Drug-induced sleep endoscopy : evaluation of a selection tool for treatment modalities for obstructive
sleep apnea

Reference:
Vroegop Anneclaire, Vanderveken Olivier M., Verbraecken Johan.- Drug-induced sleep endoscopy : evaluation of a selection tool for treatment modalities for

obstructive sleep apnea

Respiration - ISSN 0025-7931 - Basel, Karger, 99:5(2020), p. 451-457

Full text (Publisher's DOI): https://doi.org/10.1159/000505584

To cite this reference: https://hdl.handle.net/10067/1698870151162165141

uantwerpen.be

- \\-——-;L:E

Institutional repository IRUA



Drug-induced sleependoscopy - evaluation of a selection tool for
treatment modalities for obstructive sleep apnoea

Anneclaire V. Vroegop¥?3*, Olivier M. Vanderveken®?3, Johan A. Verbraecken®**

! Department of Otorhinolaryngology, Head and Neck Surgery, Antwerp University Hospital, Edegem,
Belgium

2 Faculty of Medicine and Health Sciences, University of Antwerp, Wilrijk (Antwerp), Belgium
3Multidisciplinary Sleep Disorders Centre, Antwerp University Hospital, Edegem, Belgium

4 Department of Pulmonary Medicine, Antwerp University Hospital, Edegem, Belgium.

Drug-induced sleep endoscopy — a review

*Corresponding Author

Anneclaire V. Vroegop, MD PhD

Department of Otorhinolaryngology, Head and Neck Surgery
Antwerp University Hospital, Edegem, Belgium

Wilrijkstraat 10

2650 Edegem, Antwerp, Belgium

Tel: +32 3 821 3000

E-mail: Anneclaire.vroegop@uza.be

Keywords: drug-induced sleep endoscopy, obstructive sleep apnoea, adults, patient selection



O 00 N o u B W N P

e S = S )
o U A W N L O

=
~N

1. Abstract

Obstructive sleep apnoea (OSA) is a very common disorder with important day and nighttime
symptoms and long-term effects on health. Different treatment modalities such as positive airway
pressure (CPAP), oral appliance therapy using custom-made, titratable mandibular advancement
devices (MADs), different types of surgery and positional therapy have been introduced over the years,
with patient preference and adherence to therapy being key elements in improving treatment
outcome. Several patient selection tools to improve treatment outcome have been introduced and
evaluated over the years. Drug-induced sleep endoscopy (DISE) is a procedure that provides real-time
upper airway evaluation of the sites of flutter and upper airway collapse. This review focuses on the
indications and contraindications of DISE, methods of sedation and evaluation, add-on maneuvers and
the results on patient selection and treatment outcome. A PICO approach was used to clarify the aims
of this review. DISE has the advantage of being easily accessible in most ENT practices and being 3-
dimensional, dynamic, site-specific, safe and is valuable in selecting patients for upper airway surgery
and oral appliance therapy. There is a strong interest for further standardisation and exploration of

the predictive value of this evolving technique.
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2. Introduction

Obstructive sleep apnoea (OSA) is a very common sleep disorder characterised by repetitive
upper airway collapse leading to disturbed sleep, decreased oxygen saturation levels and daytime
symptoms such as excessive sleepiness 3. Adequate treatment is essential to improve sleep quality
and to reduce daytime symptoms, cardiovascular risks and social burden caused by reduced ability to
work and traffic-related accidents *. Different treatment modalities such as positive airway pressure
(PAP), oral appliance therapy using custom-made, titratable mandibular advancement devices (MADs),
different types of surgery and positional therapy have been introduced over the years, with patient
preference and adherence to therapy being key elements in improving treatment outcome >°.
Customised treatment planning is thus essential in matching treatment outcome with long-term
adherence. For this purpose, several patient selection tools were introduced, with drug-induced sleep
endoscopy (DISE) being a procedure introduced in 1991 that allows for a dynamic evaluation of the
sites of flutter and collapse, using a flexible nasopharyngoscope to visualise the upper airway under

sedation 7. This review focuses on the indications and contraindications of DISE, methods of sedation

and evaluation, add-on maneuvers and the results on patient selection and treatment outcome.

Translating the search into a PICO (Patient — Intervention- Comparison — Outcome) framework:
this review focuses on patients with sleep-disordered breathing (P) in whom DISE (l) is performed to
evaluate the applicability and outcomes (O) in terms of compliance, satisfaction and OSA severity of
treatment by means of upper airway surgery, oral appliance therapy, positional therapy or other non-

PAP therapies. Other upper airway imaging modalities can be considered as comparison (C).

A Pubmed/Medline search was performed with the following search terms: “drug induced
sleep endoscopy”, “sleep endoscopy”, “sleep disordered breathing”, “obstructive sleep apnea”,
"adults”, without time limits and excluding the search results in other languages than English. The
authors reviewed the results and included the articles that fitted the framework of this review and/or
were considered of importance based on their expert opinion. An additional search based on the

reference lists of these articles was also performed.

3. Results

Indications and contraindications

DISE can be performed in patients with sleep-disordered breathing in whom non-PAP therapy

is considered as a primary treatment or in case of PAP or other non-PAP treatment failure or refusal
3
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and in whom drug-induced sedation is allowed based on anesthesiologic evaluation. This evaluation
can be based on the American Society of Anesthesiologists (ASA) score °. DISE can also be of additional

value when assessing the underlying pathophysiology of OSA and incomplete response of treatment

6,10-13

Absolute contraindications include ASA score 4, pregnancy, allergy to the sedative agent(s),
and an expected extreme difficult airway. DISE may be contraindicated in patients with significant
comorbidities, extreme severe OSA and/or severe obesity. This is not only based on assessment of
anesthesiologic risks, but also on decreasing chances of successful non-PAP treatment in more severe

OSA and/or obesity. However, case-specific necessity of upper airway assessment is to be considered.

Setting and sedation

DISE is most commonly performed in an outpatient setting, although an overnight stay may be
indicated based on the patient’s general condition or when concurrent surgery has been performed.
DISE is performed with monitoring for oxygen saturation, cardiac rhythm and blood pressure and
presence of resuscitation facilities are recommended, emphasising the need of anesthesiologic
support, with the practical implementation hereof being country dependent. It is performed by an ENT
surgeon in a semi-dark and silent (operating) room.

Sedation can be induced with several drug regimens, with midazolam and propofol being the
most widely used drugs, either as a single agent or combined, and alternatively, a combination of these
medicines with other drugs such as remifentanil or ketamine has been described ®’. Midazolam is
considered well effective for induction of sleep and as background sedation, while propofol, with its
rapid onset of action and recovery, can be used for fine-tuning . A target-controlled infusion (TCl)
system for the administration of propofol provides an objective (computer-controlled), reproducible

and measured state of sedation, improving stability and accuracy of sedation #'7

. Propofol is
furthermore known to significantly change sleep microarchitecture, with cardinal respiratory
parameters [apnoea-hypopnoea index (AHI) and mean Sa02] remaining unaffected, but providing a
state mimicking the critical closing pressure 2. Possible benefits to the combination of midazolam
followed by propofol have been reported to include midazolam’s anxiolytic effects, as well as a
theoretical synergistic effect with propofol. However, it remains unclear as to whether the use of
midazolam actually reduces the required propofol dose 92,

Recent research suggested that additional use of remifentanil, a short-acting synthetic opioid

analgesic drug, reduces the target concentration of propofol, while the time needed for sufficient
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sedation was significantly shorter. It was also reported that the cough reflex was reduced, although it
was associated with a higher incidence of oxygen desaturation 222,

An alternative to propofol and/or midazolam can be dexmedetomidine, a selective a2-
receptoragonist that inhibits the locus coeruleus, a predominantly noradrenergic nucleus in the brain
stem that induces a sedative effect. A study on comparing propofol with dexmedetomidine concluded
that dexmedetomidine provides a more stable profile based upon cardiopulmonary status. However,
propofol for its part has a quicker onset and a shorter half-life 2. Compared to propofol and midazolam,
dexmedetomidine's mechanism of action appears most likely to induce natural sleep pathways %.
Dexmedetomidine did not have dose-dependent effects when evaluated using cine-magnetic
resonance imaging, unlike sevoflurane, isoflurane, and propofol, and caused less dynamic collapse
than propofol. It also shows a lesser degree of airway collapse and higher oxygen saturation levels at
greater sedation depth during DISE 2*%. Further studies of its effect on upper airway collapsibility
(critical closing pressure) and pharyngeal muscle tone (genioglossus electrode electromyography) are

needed %.

To control the depth and stability of sedation, electroencephalogram (EEG)-derived indices can
be applied, such as bispectral (BIS) index systems, spectral entropy, and gqCON monitor 2?7, The use of
BIS can be interesting in particular in study settings where strong intraindividual differences in depth
of sedation are to be avoided ?. When assessing the effects of the sedative agents, no relevant
changes in main respiratory parameters such as AHI were detected, while literature revealed an
abolishment of rapid eye movement (REM) sleep 2*3°. The DISE examiner must be aware of the possible
pitfall of over-inducing muscle relaxation, which could lead to artefactual worsening of upper airway

collapse 3.

Evaluation and inter- and intrarater variability

The regions of the upper airway that can be investigated using DISE are the following: the
velum/palate, pharynx, tongue base and the epiglottis. The degree of collapse can be reported as
complete, partial, or none or (semi-)quantitative and the pattern of the obstruction as being
circular/concentric, anteroposterior, or lateral. Different scoring systems have been introduced over
the years, each with their own anatomical accents, grading of collapse and in- and exclusion of collapse
types 393249 The working group of the European Position Paper reached consensus on the fact that a
scoring and classification system should include the following features: level (and/or structure), degree

(severity) and configuration (pattern, direction) of narrowing and obstruction &%,
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As for inter- and intrarater variability in assessing upper airway collapse during DISE, studies
with different set-up specifically on this subtopic have been published, ranging from larger groups of
observers rating a smaller set of DISE videos to a set-up with less observers but larger DISE video sets
475052 |n general, interrater reliability of DISE is moderate to substantial, and higher agreement has
been found among experienced ENT surgeons, although site-specific results differ, with the most
recent report showing a negative impact of less experience on the identification of tongue-base
obstructions 447515354 Most results suggest that experience in performing DISE is necessary to obtain

reliable observations. The test-retest reliability of DISE appears to be good *° .

Position, manoeuvres and use of devices during the procedure

DISE is usually performed in supine position in the baseline setting, meanwhile taking into
account the patient’s sleeping habits at home. Research on positional OSA and DISE showed that
changes in position during DISE may provide additional information about the presence of positional
OSA and the accompanying upper airway behaviour, with the specific finding that rotating the head

results in similar upper airway findings as turning both head and trunk in a lateral position >°59,

Furthermore, intraoral (titratable) devices and mimicking manoeuvres can be applied during
DISE. It was demonstrated that mimicking mandibular protrusion can be indicative of treatment
outcome with MADs %1, However, the use of a simulation bite is to be considered superior, as this
specifically takes into account the maximal comfortable mandibular protrusion the patient is able to
tolerate, as well as the thickness of the oral device ®%%3, In addition, both jaw thrust (Esmarch) and
chin-lift manoeuvres can be disturbing stimuli, potentially causing arousals resulting in awakening of
the patient. Recent research showed the feasibility of a remotely controlled mandibular positioner

(RCMP) for the determination of the effective target protrusive position (ETPP) 6465,

DISE can also be performed with active therapy such as MRA or PAP, to assess (residual) upper

airway collapse and/or snoring and to be able to determine additional treatment options 13657,

Treatment outcome

DISE has an additional value in optimizing patient selection for surgical upper airway
interventions and can also be helpful in selecting patients for MAD treatment 966870 For this purpose,
several perioperative manoeuvres were introduced, as described above. It was demonstrated that
DISE has a relevant influence on recommendations for treatment location when compared to awake
assessment including endoscopic examination, in particular when considering MAD treatment or

47173 The role of DISE for patient selection for maxillomandibular

6

tongue base interventions
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advancement (MMA) surgery has also been described, with AHI and oxygen desaturation index (ODI)
improvement after MMA being best correlated with increased lateral pharyngeal wall stability 7.
DISE could modify surgical treatment options and procedures in 50% of OSA patients, but the
available published studies lack evidence on the association between this impact and surgical
outcomes ”>. However, patient selection based on site-specific upper airway behaviour has been shown
of value in improving treatment outcome 7682, More specifically, a complete circular collapse at the
level of the palate (Figure 1) can be associated with less favourable surgical outcomes for upper airway
stimulation therapy, although a recent report showed similar improvement in patients with isolated
retropalatal collapse as compared to other types of collapse with regard to AHI 7%, A recent
multicentre study showed surgical response was associated with tonsil size and body mass index
(inversely), and oropharyngeal lateral wall-related obstruction was associated with poorer surgical
outcomes, as complete tongue-related obstruction was associated with a lower odds of surgical
response in moderate to severe OSA. Surgical outcomes were not clearly associated with the degree
and configuration of velum-related obstruction or the degree of epiglottis-related obstruction °3. It
must be mentioned that comparison of study results from different sleep centres across the world is

challenging, as standardisation for DISE is lacking 2°.

4. Discussion/Conclusion

In this review, an overview of the essentials on DISE is given, with a specific focus on recent
highlights in literature on this topic.

In guiding OSA patients towards an optimised (non-PAP) treatment (patient in PICO
framework), clinicians can combine patient preference and characteristics such as awake upper airway
evaluation, body mass index (BMI), AHI and medical comorbidities with the most appropriate
treatment suggestion(s) based on individual DISE findings, taking into account the above-mentioned
associations of DISE findings with treatment outcome and applying these to counsel patients on the
expectations of treatment outcome (outcome in PICO framework).

There is a strong interest for further standardization of the scoring and exploration of the
predictive value of this evolving technique. DISE (intervention in PICO framework) has the advantage
of being easily accessible in most ENT practices, and being 3-dimensional, dynamic, site-specific, safe
and without disadvantages such as radiation and costs that come with imaging such as computer
tomography (CT) or magnetic resonance image (MRI) scan (comparison in PICO framework),
respectively. However, the ENT surgeon performing DISE must bear in mind that DISE is a snapshot of
the upper airway during a drug-induced episode of sedation mimicking natural sleep, and, therefore,

7
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administration of drugs should be kept to a minimum, including the avoidance of decongestants, anti-
secretory drugs or others °. As for the general drug regimen for DISE, the evaluation of the role of
dexmedetomidine should be further clarified, to balance the (dis)advantages of dexmedetomidine
(pro: more stable sedation based on cardiorespiratory parameters; con: possible inadequate upper
airway collapse, less reliable in achieving adequate sedation) and those of propofol (pro: more reliable
in achieving target depth of sedation, faster onset of action and shorter half-life; con: causes more
respiratory depression, higher risk of more severe airway obstruction requiring intervention).

Efforts towards a universal standardised scoring system applied in sleep centres where DISE is
performed on a regular basis are made, but have not resulted in a world-wide consensus yet ¥, There
also remains an urgent need for controlled prospective studies to consolidate the role of DISE and
temper any uncritically use in institutions that rely on positive reimbursement criteria.

Once these research goals are properly addressed, comparison of results on patient selection
and treatment outcome will be easier, ideally adding to an improved standard of care for OSA patients

who are eligible for non-PAP treatment.
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201  Complete circular collapse at the level of the palate



202
203
204
205
206
207

208
209
210

211
212
213
214

215
216
217
218
219

220
221
222

223
224
225
226

227
228
229
230

231
232
233
234
235

236
237

5. Appendix
N/A

6. Supplementary Material
N/A

7. Statements

7.1. Acknowledgement

In the Acknowledgement section, authors must include individuals and organizations that have made
substantive contributions to the research or the manuscript. The exception is where funding was
provided, which should be included in Funding Sources. Please refer to the Guidelines issued by the
ICMJE to determine non-author contributors that should be included in the Acknowledgement section.

7.2. Statement of Ethics

The authors have no ethical conflicts to disclose.

7.3. Disclosure Statement

Any financial interests (stocks, patents, employment, honoraria, or royalties) or nonfinancial
relationships (political, personal, or professional) that may be interpreted as having influenced the
writing of the manuscript must be declared in the Disclosure Statement.

If there is no conflict of interest, please state “The authors have no conflicts of interest to declare.”

Anneclaire Vroegop has no conflicts of interest to declare.
Johan Verbraecken has no conflicts of interest to declare.

Prof Dr Olivier M. Vanderveken reports research grants at Antwerp University Hospital from Philips
and Somnomed, research support at Antwerp University Hospital from Inspire Medical Systems;
consultancy for Zephyr and GSK; Olivier Vanderveken holds a Senior Clinical Fellowship Grant
(Fundamenteel Klinisch Mandaat) from Research Foundation - Flanders - Vlaanderen (FWO

7.4. Funding Sources

N/A

7.5. Author Contributions

In the Author Contributions section, a short statement detailing the contributions of each person
named as an author should be included. If an author is removed from or added to the listed authors

10


http://www.icmje.org/

238
239

240
241

242

243
244
245
246
247
248

after submission, an explanation and a signed statement of agreement confirming the requested

change are required from all the initially listed authors and from the author to be removed or added.

Contributors to the paper who do not fulfil the ICMJE Criteria for Authorship should be credited in the

Acknowledgement section.

All authors contributed substantially and fulfilled the following criteria:

Substantial contributions to the conception or design of the work; or the acquisition, analysis, or
interpretation of data for the work; AND

Drafting the work or revising it critically for important intellectual content; AND

Final approval of the version to be published; AND

Agreement to be accountable for all aspects of the work in ensuring that questions related to the
accuracy or integrity of any part of the work are appropriately investigated and resolved.

11


http://www.icmje.org/recommendations/browse/roles-and-responsibilities/defining-the-role-of-authors-and-contributors.html

8. References (Numerical)

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Dempsey JA, Veasey SC, Morgan BJ, O'Donnell CP. Pathophysiology of sleep apnea. Physiol
Rev 2010; 90:47-112.

Senaratna CV, Perret JL, Lodge Clet al. Prevalence of obstructive sleep apnea in the general
population: A systematic review. Sleep Med Rev 2017; 34:70-81.

Verbraecken JA, De Backer WA. Upper airway mechanics. Respiration 2009; 78:121-133.
Young T, Shahar E, Nieto Flet al. Predictors of sleep-disordered breathing in community-
dwelling adults: the Sleep Heart Health Study. Arch Intern Med 2002; 162:893-900.
Randerath WJ, Verbraecken J, Andreas Set al. Non-CPAP therapies in obstructive sleep
apnoea. Eur Respir J 2011; 37:1000-1028.

De Vito A, Carrasco Llatas M, Ravesloot MJet al. European position paper on drug-induced
sleep endoscopy: 2017 Update. Clin Otolaryngol 2018; 43:1541-1552.

Vanderveken OM. Drug-induced sleep endoscopy (DISE) as a guide towards upper airway
behavior and treatment outcome: the quest for a vigorous standardization of DISE. Sleep
Breath 2018; 22:897-899.

Croft CB, Pringle M. Sleep nasendoscopy: a technique of assessment in snoring and
obstructive sleep apnoea. Clin Otolaryngol Allied Sci 1991; 16:504-509.

Sankar A, Johnson SR, Beattie WS, Tait G, Wijeysundera DN. Reliability of the American
Society of Anesthesiologists physical status scale in clinical practice. Br J Anaesth 2014;
113:424-432.

Millman RP, Rosenberg CL, Carlisle CC, Kramer NR, Kahn DM, Bonitati AE. The efficacy of oral
appliances in the treatment of persistent sleep apnea after uvulopalatopharyngoplasty.
Chest 1998; 113:992-996.

Kezirian EJ. Nonresponders to pharyngeal surgery for obstructive sleep apnea: insights from
drug-induced sleep endoscopy. Laryngoscope 2011; 121:1320-1326.

Civelek S, Emre IE, Dizdar Det al. Comparison of conventional continuous positive airway
pressure to continuous positive airway pressure titration performed with sleep endoscopy.
Laryngoscope 2012; 122:691-695.

Kent DT, Rogers R, Soose RJ. Drug-Induced Sedation Endoscopy in the Evaluation of OSA
Patients with Incomplete Oral Appliance Therapy Response. Otolaryngol Head Neck Surg
2015; 153:302-307.

Kotecha BT, Hannan SA, Khalil HM, Georgalas C, Bailey P. Sleep nasendoscopy: a 10-year
retrospective audit study. Eur Arch Otorhinolaryngol 2007; 264:1361-1367.

De Vito A, Agnoletti V, Berrettini Set al. Drug-induced sleep endoscopy: conventional versus
target controlled infusion techniques--a randomized controlled study. Eur Arch
Otorhinolaryngol 2011; 268:457-462.

Berry S, Roblin G, Williams A, Watkins A, Whittet HB. Validity of sleep nasendoscopy in the
investigation of sleep related breathing disorders. The Laryngoscope 2005; 115:538-540.
Roblin G, Williams AR, Whittet H. Target-controlled infusion in sleep endoscopy.
Laryngoscope 2001; 111:175-176.

Rabelo FA, Kupper DS, Sander HH, Fernandes RM, Valera FC. Polysomnographic evaluation of
propofol-induced sleep in patients with respiratory sleep disorders and controls.
Laryngoscope 2013; 123:2300-2305.

Oxorn DC, Ferris LE, Harrington E, Orser BA. The effects of midazolam on propofol-induced
anesthesia: propofol dose requirements, mood profiles, and perioperative dreams. Anesth
Analg 1997; 85:553-559.

Shteamer JW, Dedhia RC. Sedative choice in drug-induced sleep endoscopy: A
neuropharmacology-based review. Laryngoscope 2017; 127:273-279.

12



21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Cho JS, Soh S, Kim EJet al. Comparison of three sedation regimens for drug-induced sleep
endoscopy. Sleep Breath 2015; 19:711-717.

Kim Y, Park H, Shin J, Choi JH, Park SW, Kang HY. Effect of remifentanil during drug-induced
sleep endoscopy in patients with obstructive sleep apnea. Sleep Breath 2018; 22:919-923.
Murabito P, Serra A, Zappia Met al. Comparison of genioglossus muscle activity and
efficiency of dexmedetomidine or propofol during drug-induced sleep endoscopy in patients
with obstructive sleep apnea/hypopnea syndrome. Eur Rev Med Pharmacol Sci 2019; 23:389-
396.

Ehsan Z, Mahmoud M, Shott SR, Amin RS, Ishman SL. The effects of anesthesia and opioids
on the upper airway: A systematic review. Laryngoscope 2016; 126:270-284.

Padiyara TV, Bansal S, Jain D, Arora S, Gandhi K. Dexmedetomidine versus propofol at
different sedation depths during drug-induced sleep endoscopy: A randomized trial.
Laryngoscope 2019; [Epub ahead of print].

Chong KB, De Vito A, Vicini C. Drug-Induced Sleep Endoscopy in Treatment Options Selection.
Sleep Med Clin 2019; 14:33-40.

Muller JN, Kreuzer M, Garcia PS, Schneider G, Hautmann H. Monitoring depth of sedation:
evaluating the agreement between the Bispectral Index, gCON and the Entropy Module's
State Entropy during flexible bronchoscopy. Minerva Anestesiol 2017; 83:563-573.
Babar-Craig H, Rajani NK, Bailey P, Kotecha BT. Validation of sleep nasendoscopy for
assessment of snoring with bispectral index monitoring. Eur Arch Otorhinolaryngol 2012;
269:1277-1279.

Rabelo FA, Braga A, Kupper DSet al. Propofol-induced sleep: polysomnographic evaluation of
patients with obstructive sleep apnea and controls. Otolaryngol Head Neck Surg 2010;
142:218-224.

Sadaoka T, Kakitsuba N, Fujiwara Y, Kanai R, Takahashi H. The value of sleep nasendoscopy in
the evaluation of patients with suspected sleep-related breathing disorders. Clin Otolaryngol
Allied Sci 1996; 21:485-489.

Kezirian EJ. Drug-induced sleep endoscopy. Operative Techniques in Otolaryngology-Head
and Neck Surgery 2006:230-232.

Camilleri AE, Ramamurthy L, Jones PH. Sleep nasendoscopy: what benefit to the
management of snorers? J Laryngol Otol 1995; 109:1163-1165.

Pringle MB, Croft CB. A grading system for patients with obstructive sleep apnoea--based on
sleep nasendoscopy. Clin Otolaryngol Allied Sci 1993; 18:480-484.

Quinn SJ, Daly N, Ellis PD. Observation of the mechanism of snoring using sleep
nasendoscopy. Clin Otolaryngol Allied Sci 1995; 20:360-364.

Higami S, Inoue Y, Higami Y, Takeuchi H, Ikoma H. Endoscopic classification of pharyngeal
stenosis pattern in obstructive sleep apnea hypopnea syndrome. Psychiatry Clin Neurosci
2002; 56:317-318.

Iwanaga K, Hasegawa K, Shibata Net al. Endoscopic examination of obstructive sleep apnea
syndrome patients during drug-induced sleep. Acta Otolaryngol Suppl 2003:36-40.

Kezirian EJ, Hohenhorst W, de Vries N. Drug-induced sleep endoscopy: the VOTE
classification. Eur Arch Otorhinolaryngol 2011; 268:1233-1236.

Vicini C, De Vito A, Benazzo Met al. The nose oropharynx hypopharynx and larynx (NOHL)
classification: a new system of diagnostic standardized examination for OSAHS patients. Eur
Arch Otorhinolaryngol 2012; 269:1297-1300.

Bachar G, Nageris B, Feinmesser Ret al. Novel grading system for quantifying upper-airway
obstruction on sleep endoscopy. Lung 2012; 190:313-318.

Victores AlJ, Takashima M. Effects of nasal surgery on the upper airway: a drug-induced sleep
endoscopy study. Laryngoscope 2012; 122:2606-2610.

13



41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

Gillespie MB, Reddy RP, White DR, Discolo CM, Overdyk FJ, Nguyen SA. A trial of drug-
induced sleep endoscopy in the surgical management of sleep-disordered breathing.
Laryngoscope 2013; 123:277-282.

Koo SK, Choi JW, Myung NS, Lee HJ, Kim YJ, Kim YJ. Analysis of obstruction site in obstructive
sleep apnea syndrome patients by drug induced sleep endoscopy. Am J Otolaryngol 2013;
34:626-630.

Vroegop AV, Vanderveken OM, Boudewyns ANet al. Drug-induced sleep endoscopy in sleep-
disordered breathing: report on 1,249 cases. Laryngoscope 2014; 124:797-802.

Woodson BT. A method to describe the pharyngeal airway. Laryngoscope 2015; 125:1233-
1238.

Lee CH, Kim DK, Kim SY, Rhee CS, Won TB. Changes in site of obstruction in obstructive sleep
apnea patients according to sleep position: a DISE study. Laryngoscope 2015; 125:248-254.
Herzog M, Kellner P, Ploss| Set al. Drug-induced sleep endoscopy and simulated snoring in
patients with sleep-disordered breathing: agreement of anatomic changes in the upper
airway. Eur Arch Otorhinolaryngol 2015; 272:2541-2550.

Carrasco-Llatas M, Zerpa-Zerpa V, Dalmau-Galofre J. Reliability of drug-induced sedation
endoscopy: interobserver agreement. Sleep Breath 2017; 21:173-179.

Dijemeni E, D'Amone G, Gbati |. Drug-induced sedation endoscopy (DISE) classification
systems: a systematic review and meta-analysis. Sleep Breath 2017; 21:983-994.

Spinowitz S, Kim M, Park SY. Patterns of Upper Airway Obstruction on Drug-Induced Sleep
Endoscopy in Patients with Sleep-Disordered Breathing with AHI <5. OTO Open 2017;
1:2473974X17721483.

Vroegop AV, Vanderveken OM, Wouters Ket al. Observer variation in drug-induced sleep
endoscopy: experienced versus nonexperienced ear, nose, and throat surgeons. Sleep 2013;
36:947-953.

Koo SK, Lee SH, Koh TKet al. Inter-rater reliability between experienced and inexperienced
otolaryngologists using Koo's drug-induced sleep endoscopy classification system. Eur Arch
Otorhinolaryngol 2019; 276:1525-1531.

Kezirian EJ, White DP, Malhotra A, Ma W, McCulloch CE, Goldberg AN. Interrater reliability of
drug-induced sleep endoscopy. Arch Otolaryngol Head Neck Surg 2010; 136:393-397.

Green KK, Kent DT, D'Agostino MAet al. Drug-Induced Sleep Endoscopy and Surgical
Outcomes: A Multicenter Cohort Study. Laryngoscope 2019; 129:761-770.

Altintas A, Yegin Y, Celik M, Kaya KH, Koc AK, Kayhan FT. Interobserver Consistency of Drug-
Induced Sleep Endoscopy in Diagnosing Obstructive Sleep Apnea Using a VOTE Classification
System. J Craniofac Surg 2018; 29:e140-e143.

Rodriguez-Bruno K, Goldberg AN, McCulloch CE, Kezirian EJ. Test-retest reliability of drug-
induced sleep endoscopy. Otolaryngol Head Neck Surg 2009; 140:646-651.

Safiruddin F, Koutsourelakis I, de Vries N. Analysis of the influence of head rotation during
drug-induced sleep endoscopy in obstructive sleep apnea. Laryngoscope 2014; 124:2195-
2199.

Safiruddin F, Koutsourelakis I, de Vries N. Upper airway collapse during drug induced sleep
endoscopy: head rotation in supine position compared with lateral head and trunk position.
Eur Arch Otorhinolaryngol 2015; 272:485-488.

Vonk PE, van de Beek MJ, Ravesloot MIL, de Vries N. Drug-induced sleep endoscopy: new
insights in lateral head rotation compared to lateral head and trunk rotation in
(non)positional obstructive sleep apnea patients. Laryngoscope 2018; 22:901-907.

Victores AJ, Hamblin J, Gilbert J, Switzer C, Takashima M. Usefulness of sleep endoscopy in
predicting positional obstructive sleep apnea. Otolaryngol Head Neck Surg 2014; 150:487-
493.

14



60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

Battagel JM, Johal A, Kotecha BT. Sleep nasendoscopy as a predictor of treatment success in
snorers using mandibular advancement splints. J Laryngol Otol 2005; 119:106-112.

Johal A, Battagel JM, Kotecha BT. Sleep nasendoscopy: a diagnostic tool for predicting
treatment success with mandibular advancement splints in obstructive sleep apnoea. Eur J
Orthod 2005; 27:607-614.

Vroegop AV, Vanderveken OM, Dieltjens Met al. Sleep endoscopy with simulation bite for
prediction of oral appliance treatment outcome. J Sleep Res 2013; 22:348-355.

Vroegop AV, Vanderveken OM, Van de Heyning PH, Braem M. Effects of vertical opening on
pharyngeal dimensions in patients with obstructive sleep apnoea. Sleep Med 2012; 13:314-
316.

Kastoer C, Dieltjens M, Op de Beeck S, Braem MJ, Van de Heyning PH, Vanderveken OM.
Remotely Controlled Mandibular Positioning During Drug-Induced Sleep Endoscopy Toward
Mandibular Advancement Device Therapy: Feasibility and Protocol. J Clin Sleep Med 2018;
14:1409-1413.

Kastoer C, Dieltjens M, Oorts Eet al. The Use of Remotely Controlled Mandibular Positioner
as a Predictive Screening Tool for Mandibular Advancement Device Therapy in Patients with
Obstructive Sleep Apnea through Single-Night Progressive Titration of the Mandible: A
Systematic Review. J Clin Sleep Med 2016; 12:1411-1421.

Jung SH, Koo SK, Choi JW, Moon JS, Lee SH. Upper airway structural changes induced by CPAP
in OSAS patients: a study using drug-induced sleep endoscopy. Eur Arch Otorhinolaryngol
2017; 274:247-252.

Lee CH, Seay EG, Dedhia RC. IMAGES: Drug-Induced Sleep Endoscopy: An Investigative Tool
for Mechanisms of PAP Failure. J Clin Sleep Med 2019; 15:171-172.

Johal A, Hector MP, Battagel JM, Kotecha BT. Impact of sleep nasendoscopy on the outcome
of mandibular advancement splint therapy in subjects with sleep-related breathing disorders.
J Laryngol Otol 2007; 121:668-675.

Hessel NS, de Vries N. Results of uvulopalatopharyngoplasty after diagnostic workup with
polysomnography and sleep endoscopy: a report of 136 snoring patients. Eur Arch
Otorhinolaryngol 2003; 260:91-95.

Vanderveken OM. Drug-induced sleep endoscopy (DISE) for non-CPAP treatment selection in
patients with sleep-disordered breathing. Sleep Breath 2013; 17:13-14.

Eichler C, Sommer JU, Stuck BA, Hormann K, Maurer JT. Does drug-induced sleep endoscopy
change the treatment concept of patients with snoring and obstructive sleep apnea? Sleep
Breath 2013; 17:63-68.

Campanini A, Canzi P, De Vito A, Dallan I, Montevecchi F, Vicini C. Awake versus sleep
endoscopy: personal experience in 250 OSAHS patients. Acta Otorhinolaryngol Ital 2010;
30:73-77.

Hewitt RJ, Dasgupta A, Singh A, Dutta C, Kotecha BT. Is sleep nasendoscopy a valuable
adjunct to clinical examination in the evaluation of upper airway obstruction? Eur Arch
Otorhinolaryngol 2009; 266:691-697.

Liu SY, Huon LK, lwasaki Tet al. Efficacy of Maxillomandibular Advancement Examined with
Drug-Induced Sleep Endoscopy and Computational Fluid Dynamics Airflow Modeling.
Otolaryngol Head Neck Surg 2016; 154:189-195.

Certal VF, Pratas R, Guimaraes Let al. Awake examination versus DISE for surgical decision
making in patients with OSA: A systematic review. Laryngoscope 2016; 126:768-774.

Plaza G, Baptista P, O'Connor-Reina C, Bosco G, Perez-Martin N, Pang KP. Prospective multi-
center study on expansion sphincter pharyngoplasty. Acta Otolaryngol 2019; 139:219-222.
Hong SN, Kim HG, Han SYet al. Indications for and Outcomes of Expansion Sphincter
Pharyngoplasty to Treat Lateral Pharyngeal Collapse in Patients With Obstructive Sleep
Apnea. JAMA Otolaryngol Head Neck Surg 2019; [Epub ahead of print].

15



78.

79.

80.

81.

82.

83.

Mahmoud AF, Thaler ER. Outcomes of Hypoglossal Nerve Upper Airway Stimulation among
Patients with Isolated Retropalatal Collapse. Otolaryngol Head Neck Surg
2019:194599819835186.

Wang Y, Sun C, Cui X, Guo Y, Wang Q, Liang H. The role of drug-induced sleep endoscopy:
predicting and guiding upper airway surgery for adult OSA patients. Sleep Breath 2018;
22:925-931.

Koutsourelakis I, Safiruddin F, Ravesloot M, Zakynthinos S, de Vries N. Surgery for obstructive
sleep apnea: sleep endoscopy determinants of outcome. Laryngoscope 2012; 122:2587-
2591.

Hsu YS, Jacobowitz O. Does Sleep Endoscopy Staging Pattern Correlate With Outcome of
Advanced Palatopharyngoplasty for Moderate to Severe Obstructive Sleep Apnea? J Clin
Sleep Med 2017; 13:1137-1144.

Soares D, Sinawe H, Folbe Alet al. Lateral oropharyngeal wall and supraglottic airway collapse
associated with failure in sleep apnea surgery. Laryngoscope 2012; 122:473-479.
Vanderveken OM, Maurer JT, Hohenhorst Wet al. Evaluation of drug-induced sleep
endoscopy as a patient selection tool for implanted upper airway stimulation for obstructive
sleep apnea. J Clin Sleep Med 2013; 9:433-438.

16



