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Introduction

Georgalas et al., addressed an important issue for evaluation 
of the upper airway for obstructive sleep apnea (OSA) 

surgery using an evidence based approach and concluded 

that sedation endoscopy was a useful technique in helping 

with appropriate patient selection (1).
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pioneered at Royal National Throat, Nose and Ear Hospital, London in 1990 and initially introduced as sleep 
nasendoscopy. The nomenclature and the technique has been modified by various Institutions but the core 
value of this evaluation technique remains similar and extremely useful for identifying the anatomical segment 
responsible for obstructing the upper airway during sleep in patients with sleep related breathing disorders. 
There have been numerous controversies that have surrounded this technique but over the last two decades 
most of these have been addressed and it now remains in the forefront of methods of evaluating the upper 
airway obstruction. A variety of sedative agents and different grading systems have been described and efforts 
to unify various aspects of the technique have been made. This article will look at its usefulness and advantages 
and will discuss some important contributions made to the field of evaluation of the upper airway using DISE.
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Drug induced sleep endoscopy (DISE) was pioneered at 
Royal National Throat, Nose and Ear Hospital in London 
in 1991 but was initially introduced with a different name 
of Sleep Nasendoscopy (2). Prior to drug induced sedation, 
endoscopic evaluation had been reported in natural sleep 
by Borowiecki in 1978 (3). However, this technique was 
thought to be time consuming as the whole night of sleep 
recording was subsequently evaluated for the anatomical 
events. Thus, the technique of DISE which offered a 
reasonable snap-shot of the obstructive upper airway 
anatomy in a much shorter timescale was introduced. 

Since the inception of DISE, various sedative agents have 
been utilized to achieve the pharmacological sleep and these 
will be discussed in section A in a little more detail and an 
overview will be presented.

Furthermore, in section B, some of the controversies 
surrounding DISE such as the subjectiveness of the 
assessment, depth of sedation at which the obstruction 
should be assessed and the fact that drug induced sleep is not 
identical to natural physiological sleep will also be covered.

Finally, in section C, the impact of DISE on selecting 
patients for oral appliances (OA), its usefulness in evaluating 
the dynamic upper airway anatomy of continuous positive 
airway pressure (CPAP) treatment failures and its role in 
decision making for surgical procedures offered to patients 
with SRBD will also be discussed.

Sedative agents overview

Sedative agents play a central role for DISE procedure. The 
ideal sedative agent should provide a level of sedation which 
simulates the natural sleep without affecting the sleeping 
neurophysiology and upper airways collapsing performance. 
Up to now, this agent does not exist, but the current 
sedative agents applied during DISE procedure should 
be as alike as possible to the ideal one. Studies analyzing 
DISE patterns and simultaneous polysomnography 
demonstrated no significant changing in AHI and SaO2 in 
relation with basic polysomnography in the same patient, 
but a modification in sleep macrostructure: REM stage 
suppression, increasing of NREM 1 and NREM 3 sleep 
stages, but no difference in NREM 2 sleep stage (4,5). 
Propofol, midazolam, and, recently, dexmedetomidine 
represent the most common sedative agents routinely 
administrated during DISE, in single or combined modality. 
The ideal sedation depth is essential, consisting of a stable 
pattern of light-sedation, defining as the transition from 
consciousness to unconsciousness (loss of response to verbal 

stimulation: modified Ramsay score of 5) (6).

Propofol

Propofol’s (2-6-diisopropylphenol) exact mechanism of 
action for sedation is not completely known. It is considered 
a global central nervous system depressant that activates 
GABA-A receptors directly, at hypothalamic regions. One 
of the main advantages of propofol consists of fairly rapid 
sedation induction and a quick metabolization (7). EEG 
analysis during propofol sedation showed the induction 
of slow-waves’ sleep is similar to those found in natural 
NREM sleep but derived from different cortical areas, 
which are active during natural sleep (8). Therefore, 
propofol sedation acts through different mechanisms than 
natural sleep. Literature data clearly reported a direct 
relation between propofol concentrations increased and 
upper airways collapsibility and decreasing genioglossus 
muscle tone. These effects are dose-dependent, highlighting 
the importance of administrating as lower dosage of 
propofol as possible, and the importance of performing 
DISE by means of target controlled infusion (TCI) systems 
(9-11), which represent the preferred option for infusion 
(starting dose: 1.5–3.0 μg/mL; increasing rate 0.2–0.5, x 
times until the sedation level at right observation window 
have been obtained). If the TCI system is not available, then 
either a standard pump system or manual bolus technique 
could be utilized (Table 1) (12). Pre-operative upper airways 
assessment during DISE, performed using propofol, has 
been associated with good surgical outcomes: partial or 
complete anterior-posterior collapse pattern at the velum 
level and/or at base of the tongue has been identified as 
the most frequent upper airways pattern of collapse in 
OSA surgical patients, responders to single or multilevel 
surgery, whereas the complete concentric collapse pattern 
at the velum level and/or at the base of the tongue has 
been observed in OSA surgical patients, non-responders to 
surgical treatment (14,15).

Midazolam

Midazolam is a benzodiazepine, agonist for gamma-
aminobutyric acid A (GABA-A) receptor, which can act 
as an anxiolytic, an anticonvulsant, and also demonstrates 
muscle relaxant effects (16). Midazolam can also induce a 
depressant effect on the central respiratory drive, causing 
a decreasing in the ventilator response to a rise in CO2 
levels. Midazolam was the sedative agent initially used in 
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Table 1 Sedative agents dosages for drug induced sleep endoscopy (DISE) (12,13)

Sedative agents Bolus technique Pump infusion Target controlled infusion

Propofol Starting dose: 30–50 mg with increasing  
rate of 10 mg every 2 min or 1 mg/kg with 
increasing rate of 20 mg every 2 min (12)

Delivering dose: 
50–100 mL/ 
60 min (12)

(Single modality) starting dose: 1.5–3.0 μg/mL; 
increasing rate 0.2–0.5, x times until the sedation 
level at the right observation window have been 
obtained; (Combined modality): starting dose of 
1.5–3.0 μg/mL; increasing rate 0.2–0.5, x times 
until the sedation level at the right observation 
window have been obtained (12)

Midazolam (Single Modality) starting dose: 0.03 mg/kg,  
observe for 2–5 min, increasing rate of  
0.03 mg/kg after 2–5 min, and of 0.015 mg/kg 
after 5 min, until the sedation level at the right 
observation window have been obtained (12); 
(Combined modality): single bolus, starting 
dose of 0.05 mg/kg (12)

– –

Dexmedetomidine Starting dose: 1.5 μg/kg over 10 minutes; 
maintenance infusion rate: 1.5 μg/kg/h

– Starting dose: 1 μg/kg for 10 minutes, followed 
by an infusion at a rate of 1 μg/kg/hour (13)

DISE and represents still an appropriate anesthetic agent 
for sleep endoscopy, providing a stable NREM sleep stages 
1 and 2, which is the most percentage of time spent during 
midazolam sedation. Moreover, the critical closing pressure 
(Pcrit) was not significantly different during natural sleep 
and midazolam sedation (17-19). Bolus technique is the 
unique modality of Midazolam single administration, 
starting with a dosage of 0.03 mg/kg, and increasing of  
0.03 mg/kg after 2–5 minutes, and of 0.015 mg/kg, after five 
minutes, if the patient is not completely asleep. Combined 
techniques consist in a single bolus of Midazolam (starting 
dose of 0.05 mg/kg), followed by Propofol TCI infusion 
(Table 1) (20).

Dexmedetomidine

The exact mechanism of Dexmedetomidine sedative 
effect is not completely known. It is a selective alpha-2 
adrenergic receptor agonist, which seems to act on the 
locus coeruleus (LC) or to the preoptic hypothalamus to 
decrease wakefulness, with almost no effect on respiratory 
depression (21). Comparing with propofol and midazolam, 
dexmedetomidine provides a state of sedation closer to 
natural sleep and lesser upper airways muscular relaxing 
effect, even at the increased anesthetic dosage (13,21,22). 
Otherwise, Dexmedetomidine is characterized by a 
slightly longer onset of action (5–10 minutes), and patients 
take longer timing to recover (5). The sedative action 

of Dexmedetomidine can be reached by means of bolus 
technique (starting dose: 1.5 μg/kg over 10 minutes; 
maintenance infusion rate: 1.5 μg/kg/h) or TCI (starting 
dose: 1 μg/kg for 10 minutes, followed by an infusion at a 
rate of 1 μg/kg/hour) (Table 1).

Controversies surrounding DISE

Critics amongst us would raise various issues against DISE 
and argue that drug induced sleep is not identical to natural 
physiological sleep. When during the process of performing 
DISE, should the findings of the upper airway obstruction 
be considered as relevant is another question that may be 
posed as the depth of sedation would vary with the dose of 
sedative agent administered? This in turn could alter the 
degree or severity of the obstructive upper airway. The 
observation during the process may differ slightly when 
compared amongst various assessors and would therefore 
raise issues about uniformity of the findings recorded. There 
are various grading systems available for documenting the 
findings so these poses yet another issue.

Natural versus drug induced sleep

Early work on this topic was reported in 1996 by Sadoka et al.,  
in a study looking at sleep parameters in natural sleep 
and comparing it during sleep induced by diazepam and 
concluded that the findings were similar for non-REM 
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sleep (23). More recent novel studies have addressed this 
problem by comparing respiratory events during DISE 
using propofol with natural sleep (4,24). They looked at 
apnea and hypopnea events and also detected some events 
in keeping with central apneas. They also commented on 
oxygen desaturations as well as on position of patients. 
In both these studies the patients were attached with the 
sleep study equipment during the DISE procedure but the 
former (4) actually looked at sleep stages in more detail 
and concluded that during propofol induced sleep REM 
was not attained but very similar features were note with 
regard non-REM sleep. Of course, the limitation of these 
studies is the constraint in the duration of DISE not being 
identical to that of natural physiological sleep. However, 
when looking at respiratory events lot of similarities were 
identified.

Depth of sedation

How deep the sedation is during DISE plays an important 
role in accurately ascertaining the anatomical segment 
obstructing the upper airway. In general, 2 to 3 repeat 
cycles of snoring, hypoxia, obstruction with apnea and 
breakthrough with snoring again are observed during DISE 
to ensure thorough assessment. If sedation is too deep, then 
more tongue base and hypopharyngeal obstruction may be 
noted. More objectively, the use of bispectral (BIS) analysis 
during DISE has been useful in monitoring the correct 
depth of sedation. Studies utilizing BIS with midazolam 
alone and with combination of midazolam with propofol 
have demonstrated similar findings with regards depth of 
sedation during DISE (18,25).

Observer variations

With all practical procedures there is a learning curve 
and the same applies to DISE as numerous facts need to 
be taken into account before finalizing the findings of the 
upper airway evaluation (26). With modern technology, 
DISE can be recorded and the recording can be played back 
with the supervision of a senior clinician to go through the 
analysis in a more thorough manner. There are multiple 
studies that have addressed the issue of inter-observer 
agreement using such techniques and demonstrated 
satisfactory correlation and agreement in general (27,28). 
Further validation of this technique with multiple observer 
and duplication of procedure conducted on different days 
with similar findings has also been reported (29). 

Grading systems and classification

Various institutions have reported their own grading or 
classification systems but to date there has not been an 
agreement as to which one is perfect or ideal as per the 
report by the European position paper on DISE (12). 
In essence the differing grading system has a substantial 
similarity in that the anatomical involvement looks at 
the commonly affected location of palatal, tongue base 
and epiglottis and takes in to consideration of lateral wall 
collapse as well as multi-level problems. An excellent 
systematic review and meta-analysis specifically on grading 
or classification system utilizing DISE technique has been 
recently reported (30). Essentially, most of the grading 
systems emphasize on identification of the anatomical 
segment of the pharynx that predominantly contributes to 
the upper airway obstruction and as most of these patients 
have a multi-level obstruction, the documentation of this 
allows an individually tailored management plan for these 
patients. Naturally, it would be useful to attain a single 
grading system that can be used universally and this is 
being addressed by the group that published the European 
position paper on the topic.

Impact of DISE in patient selection for non-
surgical and surgical treatments

DISE has been extremely useful to the ENT surgeons 
in understanding, identifying and possibly alleviating 
some of the upper airway obstruction where possible and 
the role of the ENT surgeons in this multi-disciplinary 
field of sleep related breathing disorders has been  
highlighted (31). Patients can be offered multiple treatment 
modalities and would include CPAP therapy, OA such as 
mandibular advancement devices (MAD), positional therapy 
or surgery or indeed a combination of any of these. DISE 
has been found to be useful for some of these treatment 
options in patient selection and has also aided in identifying 
why some patients have failed CPAP therapy. Similarly, 
when surgery fails repeat assessment of upper airway 
obstruction by performing DISE may through some light 
on the residual problem.

DISE and non-surgical treatment modalities

Non-surgical treatment options such as CPAP and MAD 
are commonly recommended as first line conservative 
treatment measures but the compliance and adherence rates 



S44 Kotecha and De Vito. The diagnostic role of drug-induced sleep endoscopy

© Journal of Thoracic Disease. All rights reserved.   J Thorac Dis 2018;10(Suppl 1):S40-S47jtd.amegroups.com

in general are not very good. DISE has been useful for both 
these groups of treatment in terms of predicting success 
in potential MAD users and in helping CPAP failures in 
understanding the reason for failure. However, it does not 
help in patient selection for positional therapy where the 
sleep study would determine the predominance of supine 
position during natural sleep.

CPAP is the recognized first line treatment for moderate 
or severe OSA. However, the long-term compliance rate 
is thought to be in the range of 40–85% (32-34). When 
a patient is experiencing difficulty with using CPAP, 
it could be due to the fact that there is an underlying 
anatomical problem in the upper airway at a single level 
or multiple levels affecting the nose, oropharynx and/or 
hypopharynx. In these cases, it would be worthwhile for 
the patients to be assessed by ENT surgeons who would 
most likely perform DISE to ascertain where exactly the 

problem is (31,35). DISE may demonstrate an obvious 
problem such as occlusion of the laryngeal inlet caused by 
posterior retraction of the epiglottis (Figure 1). This could 
subsequently be rectified by giving the patient an oral 
appliance such as MAD which may open up the laryngeal 
inlet (Figure 2) or by surgical laser wedge resection 
achieving similar results (Figure 3). In some patients 
with CPAP failure, DISE may demonstrate significant 
oropharyngeal collapse caused by tonsillar hypertrophy and 
palatal vibrations (Figure 4) thus tremendously increasing 
the pressure requirement for CPAP therapy and in these 
carefully selected patients, oropharyngeal surgery would 
substantially decrease the CPAP pressure and facilitate 
CPAP utilization or indeed in some may totally alleviate the 
need for this treatment modality (36). 

Figure 1 Occlusion of laryngeal inlet by retraction of epiglottis that 
may interfere with CPAP use. CPAP, continuous positive airway 
pressure.

Figure 2 Laryngeal inlet visible with mandibular advancement device  
in situ.

Figure 3 Larynx visible following partial resection of epiglottis after 
trans-oral robotic surgery.

Figure 4 Endoscopic view during DISE demonstrating lateral wall 
about to collapse as a result of tonsillar hypertrophy and palatal 
vibrations. DISE, drug Induced sleep endoscopy.
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With regards the use of MAD in patients with SRBD, 
number of studies have advocated the use of DISE in 
order to predict successful outcomes with this treatment 
modality (37,38). During DISE gentle protrusion of the jaw 
by 3–5 mm would mimic what a mandibular advancement 
device would do for that particular individual whilst asleep 
in terms of improving the upper airway dimensions and 
thus the obstruction and snoring. The improvement was 
demonstrated by performing the DISE with and without 
the device  in situ.

DISE and surgical treatment options

Koutsourelakis et al. (15) tested the hypothesis that DISE 
variables can predict the outcome of upper airway surgery and 
concluded that there was indeed a positive response in patients 
with OSA. With single-level palatal surgery, patient selection 
with DISE has attained better long-term outcomes (39).  
However, in more than 50% of patients the upper airway 
obstruction is anatomically multi-segmental (40) and would 
require multi-level surgical intervention. Numerous studies 
have advocated multi-level surgery involving the soft palate 
and the base of tongue as being safe and successful (41,42). 

More aggressive surgery using the trans-oral approach 
and addressing the hypopharynx in particular can be useful 
in treating the CPAP failures who whilst having DISE 
performed demonstrate that the problem is at the level of 
the base of tongue and/or the epiglottis (43,44).

In patients who are unable to tolerate CPAP and 
standard surgical techniques to correct the upper airway 
anatomy has failed, it is necessary to consider these patients 
for the recently introduced neuro-stimulation techniques 
to overcome the failure of the dilator muscle tone. The 
aim here is to initiate hypoglossal nerve stimulation 
during obstructive episodes and activate the main tongue 
protrusion muscle namely the genioglossus. A number of 
different systems have been proposed and these include 
Inspire, ImThera and Nyoxah, however, sufficient data at 
present only exists with the first system (45). Long-term 
data looking at outcome measures for this system are indeed 
encouraging (46). The key feature in patient selection for 
this treatment includes detailed screening of the upper 
airway obstruction using DISE (47).

Surgical failures can occur and in order to understand the 
mechanisms better, it may be useful to visualize the dynamic 
upper airway obstruction in slow motion during DISE and 
can be facilitated by using a stroboscopic light source (48).

Conclusions

The management of sleep-related breathing disorders 
should entail a multi-disciplinary approach. The treatment 
modality may include both non-surgical and surgical 
approaches and indeed in some cases combined and 
adjunctive treatments may need to be considered. Thus 
surgery could be combined with the use of oral appliance 
to attain optimum benefit or surgery could be performed 
to facilitate better use of CPAP and improve its compliance 
and adherence.

In cases where treatment response is positive, concerns 
are not raised but if treatment fails then further evaluation 
becomes critical. Careful selection of patients for 
appropriate treatment prior to implementing it may avoid 
failures and result in better outcomes.

In SRBD, it is important to note that the muscle tone 
during upper airway obstruction would vary in different stages 
of sleep and therefore the contrast in the muscle tone or lack 
of between wakefulness and sleep would be substantial. This 
would therefore suggest that the evaluation of the upper airway 
should be conducted during sleep in conjunction with the 
clinical examination performed when the patient is awake (49). 

Other developments in the field of endoscopic evaluation 
are constantly being made and amongst this is comparison 
of three awake procedures to findings of DISE (50).

DISE continues to become more and more popular as a 
selection tool amongst otolaryngologists considering upper 
airway surgery in patients with SRBD and is preferred to 
imaging, sound analysis or pressure transducer recordings 
as it is the only evaluation technique to date that can offer a 
three-dimensional visualization of the upper airway anatomy 
during sleep. Some of the controversies regarding DISE 
have already been addressed and further work in order to 
enhance the validity of this technique is encouraged (51).
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