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Objective: To evaluate the effect of sedation depth on drug-
induced sleep endoscopy (DISE).

Methods: Ninety patients with obstructive sleep apnea (OSA)
and 18 snorers underwent polysomnography and DISE under
bispectral index (BIS)-guided propofol infusion at two different
sedation levels: BIS 65-75 (light sedation) and 50-60 (deep
sedation).

Results: For the patients with OSA, the percentages
of velopharynx, oropharynx, hypopharynx, and larynx
obstructions under light sedation were 77.8%, 63.3%, 30%,
and 33.3%, respectively. Sedation depth was associated
with the severity of velopharynx and oropharynx obstruction,
oropharynx obstruction pattern, tongue base obstruction,
epiglottis anteroposterior prolapse and folding, and arytenoid
prolapse. In comparison, OSA severity was associated
with the severity of velopharynx obstruction, severity of
oropharynx obstruction, and arytenoid prolapse (odds ratio
(95% confidence interval); 14.3 (4.7-43.4), 11.7 (4.2-32.9),
and 13.2 (2.8-62.3), respectively). A good agreement was
noted between similar DISE findings at different times and

different observers (kappa value 0.6 to 1, respectively). A high
percentage of arytenoid prolapse (46.7% among the patients
with OSA under light sedation) was noted.

Conclusions: Greater sedative depth increased upper airway
collapsibility under DISE assessment. DISE under BIS-guided
propofol infusion, and especially a level of 65-75, offers an
objective and reproducible method to evaluate upper airway
collapsibility. Some findings were induced by drug sedation and
need careful interpretation. Specific arytenoid prolapse patterns
were noted for which further investigations are warranted.
Clinical Trials Registration: http://www.clinicaltrials.gov,
identifier: NCT01100554
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issue on page 965.
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bstructive sleep apnea (OSA) involves multiple segments

of the upper airway. Various methods including recon-
structed computed tomography (CT) or magnetic resonance
imaging (MRI), nasofibroscopy under Miiller maneuver and
cephalometry have been applied to determine the most suitable
treatment when continuous positive airway pressure (CPAP)
could not be used. However, radiation exposure, non-real-
time imaging, or indeterminate sleep status are limitations
of the above measurements.! Drug-induced sleep endoscopy
(DISE) has been used for decades to directly examine the up-
per airways in sedative-induced sleep and improve treatment
outcomes by acting as an adjuvant tool to assess surgical or
nonsurgical treatment options.>*

Various sedation methods have been used to allow for the
performance of DISE. Roblin introduced target-controlled in-
fusion (TCI) of propofol to DISE to allow for better control
of the sedation level.> TCI of propofol uses computer-based
pharmacokinetic and pharmacodynamic models to predict and
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BRIEF SUMMARY

Current Knowledge/Study Rationale: Drug-induced sleep endos-
copy (DISE) were performed under different sedative conditions and
might affect upper airway obstructions. We aimed to evaluate the af-
fects of sedation depth and obstructive sleep apnea severity on differ-
ent upper airway obstruction patterns.

Study Impact: Under DISE, sedation depth affected velopharynx
and oropharynx obstruction severity, oropharynx obstruction pattern,
tongue base obstruction, epiglottis anteroposterior prolapse and fold-
ing, and arytenoid prolapse; however, OSA severity was associated
with velopharynx and oropharynx obstruction severity as well as ary-
tenoid prolapse. Bispectral index guided DISE offers an objective and
reproducible method to evaluate upper airway collapsibility.

achieve a target effect site (brain) concentration of propofol.
However, patients may lose consciousness at variable effect
site concentrations (Ce), with a higher Ce being associated with
higher upper airway critical closing pressure.” Most DISE pro-
cedures are started shortly after the patients lose consciousness.
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A recent study revealed that when using TCI propofol infusion,
the hypnotic effect takes several minutes to become steady
even though loss of consciousness has been reached, which may
be because the myorelaxant properties of the anesthetic are not
temporally synchronized. This suggests that the upper airway
collapsibility would be different at different time courses even
after reaching the Ce of loss of consciousness.®

The bispectral index (BIS) translates a patient’s electroen-
cephalogram (EEG) signals into scaled numbers from 0 (EEG
silence) to 100 (fully awake) to reflect levels of consciousness and
sedation depth.’ It has been widely applied during general anes-
thesia and procedures requiring consciousness sedation to avoid
oversedation, reduce adverse effects, and prevent awareness dur-
ing anesthesia.'*"" Loss of consciousness has been reported to
occur at BIS values between 60 and 80.'>!* Lately, several DISE
studies have also investigated BIS during propofol sedation to
evaluate sedation levels." DISE has been shown to exhibit dif-
ferent upper airway obstruction conditions compared to awake
nasoendoscopy.”® Recently, Hong et al.'® also revealed that differ-
ent BIS levels had different degrees of upper airway narrowing
by repeated DISE in the same patient but different BIS level.

The aim of the current study was to evaluate upper airway
collapse patterns, to test the effects of sedative depth on up-
per airway collapses, and thus narrow the sedation range of
performing DISE.

METHODS

Patient Selection and Preparation

Patients with mild to severe OSA who did not adhere to
CPAP, i.e., less than 4 h a day or 4 days a week,"” or sought
alternative treatments were enrolled as the study group from
August 2008 to February 2011. The exclusion criteria included:
American Society of Anesthesiologists physical status classifi-
cation > 3; allergy to propofol, xylocaine, or food (eggs, beans,
milk); congestive heart failure; moderate to severe chronic ob-
structive pulmonary disease or uncontrolled asthma; a history
of head injury, seizures, or cerebrovascular disease; and age
younger than 18 y. Snoring patients receiving sedative bron-
choscopy due to chronic cough were enrolled as the normal
control group if they had an apnea-hypopnea index (AHI) less
than 5. This study was approved by the Chang Gung Memorial
Hospital Institutional Review Board. Written informed con-
sent was obtained from all patients.

All patients underwent overnight polysomnography (PSG)
(Alice 5, Philips Respironics, MA, USA), scored according to
the American Academy of Sleep Medicine 2003 guidelines, and
DISE within 1 mo of the PSG. Physical examinations includ-
ing modified Mallampati score (grade 1-4), tonsil enlargement
(grade 1-4), macroglossia, uvula elongation or widening (> 1.5
cm in length or > 1 cm in width), retrognathia, overjet, and neck
circumference were recorded.”® DISE was performed in the bron-
choscopy suite after a 6-h fasting period, with a 5.3 mm flexible
bronchoscope (BF-P240; Olympus; Tokyo, Japan) by an experi-
enced pulmonologist who was blind to the sedative level. Topical,
nasal xylocaine jelly was applied to one nostril for lubrication
and analgesia, and 0.5 mL 2% xylocaine was injected intrave-
nously to avoid the discomfort of the propofol injections. Patients
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underwent the entire endoscopy procedure positioned supine, ly-
ing flat. Awake upper airway patterns were evaluated first before
the injection of propofol. The endoscope was then held with the
tip in the velopharynx during the sedation induction to avoid fur-
ther irritation.

DISE With BIS Monitoring

The patients received continuous oxygen (2 L/min), pulse
oximetry, electrocardiography, and blood pressure monitoring
throughout the procedure. Patients received intravenous propo-
fol for induction (all by YL Lo), with an intermittent bolus tech-
nique. The level of sedation was monitored with an A-2000 BIS
monitor (Version 3.11, Aspect Medical Systems, Inc., Newton,
MA, USA), with a smoothing time of 15 sec. After adminis-
tration of 0.5 mg/kg intravenous propofol via a syringe pump
(Injectomat Agilia, Fresenius Kabi, France), another 10-20
mg was administered repeatedly every 30 sec until the patient
started snoring or until velopharynx obstruction had been iden-
tified to ensure the patient had reached loss of consciousness.
Continuous propofol infusion was then given with the pump
for maintenance with the initial rate set at 6 mg/kg/h and then
adjusted up and down by 1-2 mg/kg/h every 30 sec to main-
tain the BIS level between 65 and 75 (light sedation). DISE was
performed (by YL Ni) after the BIS level had remained steady
between 65 and 75 for at least 90 sec (DISE-LS). If the BIS level
went out of range, the bronchoscope was held within the airway
until another steady state was achieved after adjustments of the
dose of propofol. The propofol dose was later titrated until the
BIS level was between 50 and 60 (deep sedation). DISE was
performed again after a 90-sec steady-state condition to evalu-
ate upper airway collapse under deeper sedation (DISE-DS).
All cases also received mandible advancement maneuver at
deep sedation to evaluate the response of upper airway collapse.

DISE Recordings

DISE findings were recorded according to four anatomic
levels: velopharynx, oropharynx, hypopharynx, and larynx.
The narrowest end inspiratory condition among five consecu-
tive breaths was recorded when the BIS was steadily within the
desired level. Chin lift was done when persistent complete ob-
struction occurred in all five breaths or desaturation occurred
with SaO, < 90%. The severity of velopharynx obstructions
followed the VOTE classification (velum/oropharynx/tongue
base/epiglottis), and were recorded as patent/partial/complete
obstruction (Table 1, Figure 1A).” The oropharynx, includ-
ing the tonsils, tongue, and lateral pharyngeal wall, were also
evaluated as having patent/partial/complete obstruction (Table
1, Figure 1B). When the lumen was less than 70% of the expira-
tory status, partial obstruction was defined. Complete obstruc-
tion was recorded when no lumen could be seen. When partial
or complete obstruction was noted, the obstruction pattern was
classified into circumferential, decreased anteroposterior di-
ameter, or decreased lateral diameter types. The position of the
tongue base was recorded separately in four grades (Table 1,
Figure 1C). Tongue base obstruction was identified when the
tongue base pushed the epiglottis backward and caused lumen
obstruction (grade 4). Hypopharynx obstruction was identified
when the lateral pharyngeal walls constricted and caused lumi-
nal narrowing at the hypopharyngeal level. The characteristics
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Table 1—Parameters recorded during drug-induced endoscopy and the definitions.

DISE Parameter Groups Definitions
Velophayrynx
Obstruction severity (see Figure 1A) Patent (A1) The airway lumen of end inspiration was greater than

70% of the expiration airway lumen

Partial obstruction (A2)

The airway lumen of end inspiration was less than
70% of the expiration airway lumen

Complete obstruction (A3)

No visible residual patent

Obstruction type Circumferential The decrease in vertical diameter was compatible to
the decrease of transverse diameter
Anteroposterior collapse The decrease of vertical diameter significantly
outweighed the transverse diameter
Lateral collapse The decrease of transverse diameter significantly
outweighed the vertical diameter
Oropharynx

Obstruction severity (see Figure 1B)

Patent (B1)

The airway lumen of end inspiration was greater than
70% of the expiration airway lumen

Partial obstruction (B2)

The airway lumen of end inspiration was less than
70% of the expiration airway lumen

Complete obstruction (B3)

No visible residual patent

Obstruction type

Circumferential

The decrease in vertical diameter was compatible to
the decrease of transverse diameter

Anteroposterior collapse

The decrease of vertical diameter significantly
outweighed the transverse diameter

Lateral collapse

The decrease of transverse diameter significantly
outweighed the vertical diameter

Tongue base position (see Figure 1C)
Tongue base position based on the relationship
between the tongue base, vallecula, and
epiglotis.

Grade 1 ]

The vallecula was completely visible.

Grade 2 } No tongue base collapse

The vallecula was partly visible.

Grade 3}

The tongue base touches the epiglottis.

Grade 4 (Tongue base collapse)

The tongue base pushed the epiglottis backward.

Hypopharynx Obstruction

Yes/No

The lateral pharyngeal walls constricted and caused
luminal narrowing at the hypopharyngeal level

Larynx Obstruction

Epiglottis anteroposterior collapse (see Figure 1D)
Graded according to the relationship between
the epiglottis, vocal cords, and posterior
pharyngeal wall.

Grade 1 ]

Epiglottis above the horizontal plane and vocal cords
could be completely seen

Grade 2 f No epiglottis AP collapse

Only part of the vocal cords could be seen

Grade 3}

Vocal cords could not be seen

Grade 4 (Anteroposterior collapse)

Epiglottis touches the posterior pharyngeal wall.

Epiglottis folding (see Figure 1E)

Yes/No

Long tubular epiglottis infolding on itself.

Arytenoid prolapse (see Figure 1F)

Yes/No

Arytenoids process anterior and central prolapsed
which cause glottic obstruction

of the larynx were evaluated in three aspects: anteroposterior
prolapse of the epiglottis (Table 1, Figure 1D); lateral folding
of the epiglottis (Table 1, Figure 1E); and arytenoid prolapse
(Table 1, Figure 1F). When the patients had epiglottis prolapse,
epiglottis anteroposterior prolapse that touched the posterior
pharyngeal wall (grade 4), or epiglottis folding, they were de-
fined as having larynx obstruction. Multiple-level obstruction
was defined when two or more levels were obstructed.
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Validation of DISE Sequences and DISE Results
between Observers

Twenty patients initially received DISE under light sedation
(LS1), followed by deep sedation, and then light sedation (LS2)
again. Another 20 patients received deep sedation (DSI) ini-
tially, followed by light sedation, and then deep sedation (DS2).
The DISE characteristics between the same sedation depth at
different times were compared.

Journal of Clinical Sleep Medicine, Vol. 11, No. 9, 2015



YL Lo, YL Ni, TY Wang et al.

Figure 1—Visual representations of the parameters recorded during drug-induced endoscopy

A

See Table 1 for a description of the parameters recorded during drug-induced endoscopy and the definitions.

The interobserver variation regarding DISE characteristics
was also evaluated in the 20 patients (40 light sedation and
deep sedation fractions). YL Ni performed the DISE and TL
Lin observed the procedure at the same time. Both of them
rated the results independently without being informed of the
sedation depth or disease severity. The agreements between
the two observers were then compared. High percentages of
arytenoid prolapse, epiglottis collapse, and epiglottis folding
were seen in the current study. To further verify these patterns,
all of the videos were reviewed. The video of each patient was
trimmed into six sections to evaluate the following conditions:
arytenoid prolapse (LS), epiglottis prolapse (LS), epiglot-
tis folding (LS), arytenoid prolapse (DS), epiglottis prolapse
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(DS), and epiglottis folding (DS). All of the video clips were
mixed and arranged in no particular order. YL Ni and YL Lo
rated these results independently. The agreements regarding
the three patterns between the two observers were then tested.

Statistics

All results are expressed as mean with standard deviation
unless otherwise stated. Patient characteristics were analyzed
using univariate analysis or the chi-square test. Differences in
obstruction percentages between the severity groups were ana-
lyzed using the chi-square test. General estimation equations
were used to test whether sedation depth or OSA severity had
a substantial effect on each DISE finding. The validation of the
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Table 2—Comparison of baseline characteristics between normal subjects and patients with obstructive sleep apnea.

Normal Mild OSA
Age (y) 492+ 16.8 48.7 £13.1
Sex (male, %) 61.1 66.7
Body mass index, kg/m? 257+35 250+33
Neck circumferences, cm 38028 38.0+3.3

OSA, obstructive sleep apnea.

Moderate OSA Severe OSA p
53.6 £ 134 540+13.7 0.377
70.0 83.3 0.212
26.1+34 27.0+31 0.164
38.1+£3.0 398+35 0.098

40 patients receiving different sedation depth sequences and
between different observers were evaluated with kappa val-
ues and agreement percentage.”® All of the statistical analyses
were performed using the Statistical Package for Social Sci-
ences version 17 (SPSS Inc., Chicago, IL, USA). A value of
p <0.05 was considered statistically significant.

General estimation equations (SPSS 17) were used to test the
effect of OSA severity and sedative depth on observed DISE
patterns. The OSA severity was categorized into four groups
(normal, mild, moderate, and severe) with normal subjects set
as the reference. The sedative depth was categorized in to three
conditions (awake, light sedation, deep sedation) with light se-
dation selected as the reference. DISE patterns including binary
results (existence or not of an observed pattern: arytenoid pro-
lapse, epiglottis folding, hypopharynx obstruction) and ordinal
results (grading of the patterns: velopharynx obstruction se-
verity, pattern, tongue base position, epiglottis anteroposterior
collapse). These patterns were then tested as variables one by
one. The model was binary or ordinal logistic according to the
characteristics of the variable being assessed. The correlation
matrix was independent. The link function was logit.

RESULTS

Eighteen snorers, 30 mild (AHI: 5-15), 30 moderate (AHI:
16-30), and 30 severe (AHI: > 30) OSA patients were en-
rolled in this study. Sixty-six patients with OSA (73.3%) were
male. The patients with OSA had a mean age of 52.2 + 13.5 y,
body mass index of 26.1 + 3.3 kg/m?, neck circumference of
38.6 + 3.3 cm, and AHI of 24.2 + 21.6 (Table 2). There were no
significant differences between the snorers and patients with
OSA in terms of age, body mass index, or neck circumference
(Table 2). Forty-five of the patients with OSA (41.6%) expe-
rienced transient desaturation under 2 L/min oxygen support,
all of whom recovered shortly after oxygen 6 L/min support
or chin lift maneuver during the course of sedation. The mean
procedure duration, starting from sleep induction to the end of
deep sedation sleep endoscopy, was 16.2 + 5.4 min in 68 cases,
excluding the 40 cases in whom sedation sequences were tested.
All of the 68 cases received mandible advancement maneuver
to evaluate the upper airway response. The mean propofol dose
for the procedure including mandible advancement maneuver
was 249.6 + 87.2 mg.

DISE Findings

For the patients with OSA, 77.8% had velopharynx obstruc-
tions and 63.3% had oropharynx obstructions under light seda-
tion. More patients had velopharynx (93.3%, p < 0.001) and
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oropharynx obstructions (92.2%, p = 0.001) under deep seda-
tion. The obstructive severity was greater under deep sedation
(complete obstruction in 52.2% at the velopharynx and 43.3%
at the oropharynx) compared to that under light sedation (com-
plete obstruction in 22.2% at the velopharynx, p < 0.001; and
10% at the oropharynx, p < 0.001). Forty percent of the OSA
cases had tongue base obstruction (grade 4 tongue base) un-
der light sedation, and 80% of them experienced tongue base
obstruction under deep sedation (p = 0.001). Hypopharynx
and larynx obstructions were noted in 30% and 33.3% of all
patients with OSA, respectively, under light sedation, and in
66.7% and 65% of the patients, respectively, under deep seda-
tion (hypopharynx: p < 0.001, larynx: p = 0.012). Detailed ob-
struction patterns regarding different subgroups are illustrated
in Figure 2. In addition, the percentage of multiple level ob-
structions among the patients with OSA increased from 34.4%
under light sedation to 74.4% under deep sedation (p < 0.001).
In patients with larynx obstructions, 53.3% were epiglottis an-
teroposterior prolapse, 20% were epiglottis folding, and 63.3%
were arytenoid prolapse under light sedation. More patients
had concentric type velopharynx and oropharynx obstructions
and arytenoid prolapse under deep sedation.

Effect of Sedation Depth and Disease Severity on DISE
Findings

Sedation depth affected most DISE findings, including
the severity of velopharynx and oropharynx obstructions,
oropharynx obstruction pattern, tongue base obstruction,
epiglottis anteroposterior prolapse, epiglottis folding, and
arytenoid prolapse, with odds ratios (OR) ranging from 1.8
to 6.3 (Table 3). However, sedation depth did not affect the
velopharynx obstruction pattern or hypopharynx obstruction.
OSA severity had strong effects on velopharynx obstruction
severity (OR 14.3), oropharynx obstruction severity (OR 11.7),
and arytenoid prolapse (OR 13.2). However, discase severity
did not affect velopharynx or oropharynx obstruction patterns,
epiglottis anteroposterior prolapse, or epiglottis folding.

Reproducibility of DISE

The agreements of all DISE findings between LS1 and LS2
were above 0.6, and most of them were above 0.8 (Table 4). The
agreements between different observers with regard to DISE
characters were mostly good to excellent (Table 5). All video
clips were reviewed and the agreements between the original
grade and second grade were also good to excellent (arytenoid
prolapse, kappa = 0.896, agreement percentage 90.3%; epiglot-
tis folding, kappa = 0.852, agreement percentage 86.1%; epi-
glottis collapse, kappa = 0.765, agreement percentage 90.7%).
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Figure 2—OQObstruction percentage of different drug-induced sleep endoscopy (DISE) parameters in four different disease
severity groups (normal, mild, moderate, and severe obstructive sleep apnea).
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The percentage of velopharynx obstruction (A) and oropharynx obstruction (B) of DISE under two different sedation depths. The existence of tongue base
obstruction (C) and hypopharynx obstruction (D) under two DISE sedation depths. Tongue base obstruction was defined when cases had a tongue base
drop that pushed the epiglottis backward. The percentage of larynx obstruction (E) and epiglottis prolapsed that touched the posterior pharyngeal wall
(F) under two DISE sedation depths. The occurrence of epiglottis folding (G) and arytenoid prolapse (H) under different DISE sedation depths. p = the
difference in obstruction percentages between different OSA severities; *p < 0.5, **p < 0.05, ***p < 0.01: the difference in obstruction percentages between
different sedation depths in same OSA severity entity.
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Table 3—Effects of sedation and obstructive sleep apnea disease severity on different drug-induced sleep endoscopy

obstruction patterns.

OSA Severity
Sedation Depth Mild Moderate Severe
OR 95% CI OR 95% CI OR 95% CI OR 95% CI
Velopharynx obstruction severity 45 30,68 2.6 09,75 6.0c 23,159 14.3°  4.7,434¢
Velopharynx obstruction pattern 0.9 0.6,1.4 0.9 0.2,4.0 1.0 0.2,4.0 0.7 0.2,2.6
Oropharynx obstructions severity 6.3¢ 4.0,10.0 25 08,76 3.52 1.3,9.1 11.7¢ 4.2,32.94¢
Oropharynx obstruction pattern 1.82 0.3,09 1.7 0.2,10.1 0.7 01,44 0.2 0.0,1.8
Tongue base obstruction 49¢ 30,80 21 09,49 22 11,45 3.3° 1.6,6.9
Larynx obstruction
Epiglottis anteroposterior prolapse 4.0¢ 2.7,6.1 1.2 0.5, 31 0.7 0.3,1.7 15 0.6, 3.7
Epiglottis folding 22° 12,40 1.9 0.2,18.9 0.9 0.1,11.0 3.8 04,351
Arytenoid prolapse 50¢ 2985 2.1 05,95 34 0.8,15.2 13.2¢ 2.8,62.3%¢
Hypopharynx obstruction 1.3 1.0,1.6 1.288 0.3,4.9 14 04,462 5.52 1.4,20.99%¢

General estimation equations for the evaluation of different DISE results. Variables included sedation depth and OSA severity. Age, body mass index, and
neck circumference were adjusted as covariates. Light sedation and normal subjects were taken as reference categories, respectively. 2p < 0.05. °p < 0.005.
°p <0.001. *Postestimation analysis showed significant differences (p < 0.05) between patients with severe and mild OSA. ¢Postestimation analysis showed
significant differences (p < 0.05) between patients with severe and moderate OSA. Cl, confidence interval; DISE, drug-induced sleep endoscopy; OR, odds

ratio; OSA, obstructive sleep apnea.

Table 4—Agreement of drug-induced sleep endoscopy findings between light sedation 1/light sedation 2 and

deep sedation 1/deep sedation 2.

Agreement between LS1/LS2

Agreement between DS1/DS2

DISE Findings Kappa Agreement Percentage Kappa Agreement Percentage
Velopharynx obstruction severity 0.75 85.0% 0.91 95.0%
Velopharynx obstruction type 1.00 100.0% 1.00 100.0%
Oropharynx obstruction severity 0.67 85.0% 1.00 100.0%
Oropharynx obstruction type 1.00 100.0% 1.00 100.0%
Tongue base drop 0.76 85.0% 1.00 95.0%
Epiglottis anteroposterior prolapse 0.66 80.0% 0.62 75.0%
Arytenoid prolapse 0.69 90.9% 0.81 90.0%
Epiglottis folding 0.86 95.0% 0.74 90.0%
Hypopharynx obstruction 0.66 85.0% 0.62 85.0%

DISE, drug-induced sleep endoscopy; LS1/LS2, light sedation 1/light sedation 2; DS1/DS2, deep sedation 1/deep sedation 2.

DISCUSSION

The current study revealed that 77.8%, 63.3%, and 33.4% of
patients with OSA had velopharynx, oropharynx, and multiple-
level obstructions when receiving DISE with the sedation depth
kept at light sedation with a BIS level of 65-75, as compared to
38.9%, 38.9%, and 0% of normal patients under similar condi-
tions. The percentages increased to 93.3%, 92.2%, and 74.4%
when the sedation depth was maintained at deep sedation with
a BIS level of 50-60 as compared to 77.8%, 72.1% and 33.3%
of normal patients under similar conditions. Sedation depth af-
fected most DISE results except for velopharynx obstruction
pattern and hypopharynx obstruction. Meanwhile, OSA sever-
ity affected velopharynx and oropharynx obstruction severity
and arytenoid prolapse more evidently. Validation of the DISE
results under different time sequences and depths all had good
to excellent agreement. Validation between different investiga-
tors also showed mostly good to excellent agreement.
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BIS has considerable individual variability, especially re-
garding the point of loss of consciousness.”! However, BIS level
has been shown to correlate with upper airway collapsibility
and is a better predictor of the hypnotic effect when compared
with measured propofol concentration.®?** Babar-Craig et al."
compared the BIS values between DISE and natural sleep. Even
when using propofol TCI, the BIS values, while performing
DISE, were found to vary from 44 to 98.> Hong et al.'® recently
demonstrated that the upper airway narrowed with deeper se-
dation according to BIS level (above 70 versus below 70) in a
small number of cases. The current study set a narrower seda-
tive range to yield greater reproducibility. We also examined the
effects of both sedative depth and disease severity on DISE pa-
rameters. Light sedation was performed at BIS values between
65 to 75 and when the patients snored or had velopharynx ob-
struction to avoid the variation of behavior control at the point
of loss of consciousness. Deep sedation was defined as a BIS
value of 50—60 to avoid oversedation, which may have caused
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Table 5—Agreement of drug-induced sleep endoscopy findings between different observers.

Agreement between Different Observers

DISE Findings Kappa
Velopharynx obstruction severity 1.00
Velopharynx obstruction type 0.88
Oropharynx obstruction severity 0.79
Oropharynx obstruction type 1.00
Tongue base drop 0.69
Epiglottis anteroposterior prolapse 0.93
Arytenoid prolapse 1.00
Epiglottis folding 1.00
Hypopharynx obstruction 0.88

DISE, drug-induced sleep endoscopy.

Agreement Percentage

100.0%
92.6%
90.0%

100.0%
77.5%
97.5%

100.0%

100.0%
95.0%

an increased risk of airway collapse. The overall percentages of
velopharynx and oropharynx obstructions under LS were more
compatible with current imaging studies, being around 50%
to 89% and 17% to 55%, respectively.” Although the current
study did not control for multiple confounding factors that af-
fect airway collapsibility, deep sedation may have led to overse-
dation compared with light sedation given the overwhelming
obstruction percentages (case demonstration, Figure 3).

The current study evaluated the most severe obstruction epi-
sode to allow for compatibility between cases. However, over-
estimation of the severity was not frequent because complete
obstruction was defined as being when no lumen could be seen,
whereas the definition of partial obstruction was broader, being
whenever any amount of lumen could be seen. Fluctuating up-
per airway collapse severity occurred during the nonrecording
period of DISE when a steady state condition was not achieved.
This further supports the need to narrow the sedation status.
However, whether dynamic obstruction area measurements or
a prolonged observation time is more compatible to the clinical
entity should be further assessed. Borek et al.® used quantitative
airway analysis under DISE to evaluate sleep apnea, and this may
be another method for more precise measurements of changes.

General estimation equations demonstrated that some ob-
struction characteristics were affected by disease severity,
some by sedation depth, and some by both (Table 3). Deeper
sedation and more severe disease increased upper airway col-
lapsibility and affected both velopharynx and oropharynx ob-
struction severity. Epiglottis anteroposterior prolapse may be
vulnerable to sedation due to a gravity effect. Further stud-
ies on position-dependent OSA cases may elucidate this issue.
Epiglottis folding did not show a relationship with disease se-
verity; however, the number of cases with this finding was lim-
ited. Whether this pattern is related to laryngomalacia is still
unknown. Sedation depth alone may not trigger this phenom-
enon but may enhance it by increasing oropharynx and larynx
collapsibility. Most other patterns were affected by both dis-
ease severity and sedation depth. Thus, narrowing the sedation
depth variation by BIS may help to maintain a steady upper
airway condition during DISE.

More recently, Rabelo et al.*” compared propofol-induced
sleep to natural sleep in the daytime, and found no difference in
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AHI but significant differences in sleep macroarchitecture. They
suggested that an adequate DISE performance condition under
TCI propofol sedation. However, the 2-h propofol-induced sleep
showed increased N3 but decreased, or no, rapid eye movement
sleep, which should yield less airway collapsibility or AHI physi-
ologically. In addition, it would be difficult, during a DISE study,
to maintain a stable airway throughout a 2-h procedure. DISE
studies of sedated patients dosed based on clinical responses
also yields a varied range of BIS during the whole procedure."
The current study proposed a narrowed range of sedation level,
which should not require a long duration of sedation.

An interesting finding was the high percentage of laryngeal
obstruction, especially arytenoid prolapse in severe cases, al-
though our techniques did not allow us to accurately distin-
guish substantial from complete collapse. Arytenoid prolapse
has rarely been reported, even though Bachar et al.® noted
34% of patients had supraglottic soft tissue collapse and an-
teroposterior epiglottis prolapse. There is emerging evidence
for a possible relationship between laryngeal obstruction and
surgical failure in OSA treatment. It has been reported that the
uvulopalatopharyngoplasty response rate decreases from 5% to
40% in patients with OSA with hypopharynx or larynx involve-
ment.” Arytenoid prolase, which was previous reported mainly
in children with laryngomalacia or after laryngotracheoplasty
surgery, could cause ventilatory failure or sleep disorders.*
No history of laryngomalacia was present in our patients with
OSA, and all physical findings were comparable between the
patients with and without arytenoid prolapse. Only the AHI
was different between these two groups. (Among all OSA sub-
jects, 71 cases with no arytenoid prolapse under light sedation
had a mean AHI of 23.3 £ 16.3. Nineteen cases with arytenoid
prolapsed under light sedation had a mean AHI of 48.3 + 25.8.
p = 0.002.) All of the cases of arytenoids prolapse occurred in
patients with multiple segmental obstruction. The Starling re-
sistor model suggested that downstream obstruction might oc-
curred when the upstream structure was collapsed.’ However,
some of the arytenoid prolapse occurred when the upper stream
structures were only partly obstructed. This same concept may
apply to other downstream obstruction as well. Whether this
implies a primary obstruction site or a secondary one due to
upstream obstruction needs further clarification.



BIS Guided Drug-Induced Sleep Endoscopy

Figure 3—Demonstration of drug-induced sleep endoscopy patterns of a 45-year-old man who had mild obstructive sleep

apnea (apnea-hypopnea index 8.5).

A1, Velopharynx when awake. A2, Oropharynx when awake. A3, Hypopharynx when awake. B1, Velopharynx at LS. B2, Oropharynx at LS. B3, Hypopharynx

atLS. C1, Velopharynx at DS. C2, Oropharynx at DS. C3, Hypopharynx at DS.

Rodriguez-Bruno et al.*> demonstrated a good test-retest
reliability of DISE under propofol infusion on separate days.
In the current study, the validation of the sedation sequence
proved that there was no difference in DISE findings whether
we performed light sedation earlier or later when BIS was used
to guide a steady state of sedation level. After a steady state
of sedation had been reached, the DISE yielded similar results
even when performed after different durations of sedation.

There were several limitations of the study. The first is that
we enrolled patients with CPAP nonadherence or who sought
alternative treatment. These patients and findings may not
represent all patients with OSA. In addition, although better
than a bolus injection, manually controlled propofol pump
infusion for sedation maintenance is still not as convenient as
TCI. Whether or not BIS-controlled TCI propofol injections
can be applied for DISE requires further investigations. An-
other limitation is that sedation status is not necessarily equal
to sleep stages. The BIS algorithm analyzes EEG synchro-
nization, burst suppression, and power spectrum frequen-
cies. It presents a lower BIS number when synchronization
is higher.** The lower the BIS number, the deeper the seda-
tion and the higher the upper airway collapsibility.® Rapid
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eye movement sleep, which yields greater airway collapsibil-
ity, however, has mixed EEG voltage and faster frequencies
that could make the BIS number higher than N3 (slow wave)
sleep. Although the current study tested two different seda-
tion depths that showed different upper airway collapsibility,
whether those depths directly correspond with certain sleep
stage requires further clarification. One limitation is that the
BIS number was not recorded breath by breath due to the lack
of synchronization of the BIS and video system. The current
study cannot present the mean BIS value during the record-
ing period. In addition, the current study used airway area
changes as a measure of obstruction. This may not be com-
pletely accurate in partial lumen obstruction and arytenoid
prolapse. To what extent a decrease in area reflects clinical
obstruction or air flow limitation needs further confirmation
by flow or pressure monitors.

In conclusion, we propose an objective and reproducible
sedation method for DISE using propofol pump infusion to
maintain the BIS level between 65 and 75. Sedative depth
was noted to affect most upper airway obstruction patterns.
Specific larynx obstruction and arytenoid prolapse patterns
among nonobese male patients should be noted as they may
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affect treatment outcomes. Further studies such as BIS-guided
propofol TCI injections for DISE, and comparing endoscopy
findings during natural and drug-induced sleep are important
areas for future research.

ABBREVIATIONS

AHI, apnea-hypopnea index

BIS, bispectral index

CPAP, continuous positive airway pressure
CT, computed tomography

DISE, drug-induced sleep endoscopy
DS, deep sedation

EEG, electroencephalogram

LS, light sedation

OR, odds ratio

OSA, obstructive sleep apnea

TCI, target-controlled infusion
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