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Interrater Reliability of Drug-Induced
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Objective: To determine the interrater reliability of drug-
induced sleep endoscopy (DISE).

Design: Prospective cohort; blinded comparison.
Setting: Academic referral center.

Participants: Subjects with obstructive sleep apnea un-
able to tolerate positive airway pressure therapy.

Interventions: Drug-induced sleep endoscopy was per-
formed with intravenous propofol infusion to achieve se-
dation, and the videoendoscopy recording was evalu-
ated by 2 independent reviewers.

Main Ovutcome Measures: The following outcomes
were measured: a global assessment of obstruction at the
palate and/or hypopharynx; the degree of obstruction at
the palate and hypopharynx; and the contribution of in-
dividual structures (palate, tonsils, tongue, epiglottis, and
lateral pharyngeal walls) to obstruction.

Results: A total of 108 subjects underwent DISE
examination. Diagnostic sleep studies demonstrated a

mean (SD) apnea-hypopnea index of 39.6 (24.0).
Three-quarters of the subjects demonstrated multilevel
airway obstruction at the palate and hypopharynx, with
a diversity of individual structures contributing to
obstruction. The interrater reliability for the presence of
obstruction at the palate and hypopharynx (k values,
0.76 and 0.79, respectively) was higher than for the
degree of obstruction (weighted k values, 0.60 and
0.44). The interrater reliability for the assessment of
primary structures contributing to obstruction at the
palate and hypopharynx (0.70 and 0.86) was higher
than for the contributions of individual structures (k
values, 0.42-0.71). The interrater reliability for evalua-
tion of the hypopharyngeal structures was higher than
for those of the palate region.

Conclusion: The interrater reliability of DISE is mod-
erate to substantial.

Trial Registration: clinicaltrials.gov Identifier:
NCT00695214
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IRWAY OBSTRUCTION IN
obstructive sleep apnea
(OSA) can occur at many
levels, and the principal re-

namic upper airway behavior during sleep.
Drug-induced sleep endoscopy (DISE) dif-
fers and may provide a useful upper air-
way examination. First described as sleep
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gions of dynamic obstruc-
tion are the palate and hypopharynx (ac-
tually corresponding to the hypopharynx
and the retrolingual portion of the oro-
pharynx). Surgical procedures are inher-
ently directed at specific regions of the up-
per airway, and by addressing airway
obstruction in a targeted fashion, it may
be possible to tailor surgical treatment to
a patient’s specific pattern of obstruction—
improving surgical results and/or mini-
mizing the scope of surgical interven-
tion. A major goal of surgical assessment
is determining the pattern of obstruc-
tion, but upper airway anatomical assess-
ment is limited by the fact that evalua-
tion is often static and performed during
wakefulness, which may not represent dy-

nasendoscopy in 1991,' the technique re-
quires pharmacologic sedation and fiber-
optic visualization of the upper airway to
observe directly and characterize the up-
per airway collapse that occurs during se-
dation.? Drug-induced sleep endoscopy has
been shown to be a safe, feasible, and valid
assessment of the upper airway,”” and we
have demonstrated moderate to substan-
tial test-retest reliability.® The objective of
this study was to examine DISE inter-
rater reliability.

- EEETIEE

This prospective cohort study included con-
secutive subjects seen by the lead author
(EJ.K.) in the University of California, San
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Francisco (UCSF), Department of Otolaryngology—Head and
Neck Surgery. Inclusion criteria included age older than 18 years,
apnea-hypopnea index (AHI) higher than 5/h on sleep study,
and inability to tolerate positive airway pressure therapy. Ex-
clusion criteria included pregnancy and allergy to propofol or
to components of propofol, such as egg lecithin or soybean oil.
This study was approved by the UCSF institutional review board,
and all subjects provided written informed consent.

All subjects underwent DISE in the operating room. The DISE
technique has been described previously.? A continuous intra-
venous infusion of propofol was used as the sole agent to achieve
sedation, with the target level of sedation being arousal to loud
verbal stimulation, similar to a Modified Ramsay score of 5 or
Observer’s Assessment of Alertness/Sedation score of 4. The ini-
tial infusion rate of propofol was 50 to 75 pg/kg/min, and the
rate was adjusted to meet this target level of sedation. The lead
author (E.J.K.) performed all DISE examinations, and the digi-
tally recorded video images were later reviewed concurrently
but independently by 2 surgeons. The unblinded surgeon (E.J.K.)
was aware of subject identity throughout; the blinded surgeon
(A.N.G.) was informed only of whether the subject had previ-
ously undergone tonsillectomy and had no knowledge of his-
tory or physical examination findings, sleep study results, or
planned procedures.

The DISE findings were summarized with 3 analyses. Analy-
sis 1 was a global dichotomous (yes or no) assessment of ob-
struction at each of 2 levels: the palate and the hypopharynx.
Analysis 2 reflected the degree of palatal and hypopharyngeal
obstruction. This was graded separately for each region sub-
jectively and categorized in an ordinal fashion as less than 50%,
50% to 75%, and more than 75% obstruction; these were not
quantitative but were a qualitative assessment of no or mild,
moderate, and severe obstruction, respectively. Analysis 3 evalu-
ated specific structures with a determination of which struc-
ture at the level of the palate and hypopharynx was the pri-
mary factor in airway obstruction, if present, and a dichotomous
evaluation of whether each of the individual structures con-
tributed to airway obstruction. Structures were grouped as those
at the level of the palate (palate, tonsils when present, and lat-
eral pharyngeal walls at the velopharynx) and the hypophar-
ynx (tongue, epiglottis, and lateral pharyngeal walls at the
hypopharynx).

Descriptive statistics were calculated for baseline subject char-
acteristics, and results are reported with means(SDs). Sum-
mary statistics for the DISE findings were also calculated, with
the McNemar test for paired proportions to evaluate differ-
ences between the unblinded and blinded reviewer ratings. The
percentage of agreement between reviewer ratings was calcu-
lated, and Cohen k (for Analyses 1 and 3) and weighted k using
linear weights (for Analysis 2) statistics were calculated to as-
sess interrater reliability. Statistical analyses were conducted
using Stata software (version 10.0; StataCorp LP, College Sta-
tion, Texas).

BN RESULTS R

A total of 108 subjects underwent DISE examinations
from 2004 through 2008. The mean (SD) age was 43.7
(10.2) years (range, 20-68 years), and 14 of 108 (13%)
were female. Most (85 of 108 [79%]) were non-Hispanic
white, per subject report. On diagnostic sleep studies,
the mean (SD) AHI was 39.6 (24.0), with the following
distribution across commonly used AHI cutpoints: 11 of
108 (10%) with an AHI of 5 to less than 15, 36 of 108
(33%) with an AHI of 15 to 30, and 61 of 108 (56%)
with an AHI higher than 30. The lowest oxygen satura-

tion during sleep was 80.6% (12.1%), and the subjects
with oxygen desaturation level below 90% during sleep
(n=74) spent 13.2% (19.0%) of sleep time with an oxy-
gen saturation level below 90%. Twenty-four subjects
(22%) had prior tonsillectomy. The mean propofol infu-
sion rate required to achieve sedation was 110 (25)
png/kg/min (range, 50-175 pg/kg/min). The total propo-
fol dose was variable, as the DISE evaluation time varied
widely. A subset of subjects (n=22) underwent clinical
evaluation of the depth of sedation using the Modified
Ramsay score (mean [SD], 4.8 [0.8]; range, 4-6) and the
Observer’s Assessment of Alertness/Sedation score (2.8
[1.0], range, 1-3).

A complete DISE examination was performed in all
cases, and all subjects demonstrated airway obstruc-
tion. The DISE findings are presented in Table 1. Al-
most all subjects demonstrated evidence of palatal ob-
struction, and most also demonstrated hypopharyngeal
obstruction (Analyses 1 and 2, reviewer ratings). Both
reviewers determined that most subjects (81 of 108 [75%]
for the unblinded reviewer and 85 of 108 [79%] for the
blinded reviewer) demonstrated obstruction at the lev-
els of both the palate and hypopharynx. Although mul-
tilevel obstruction was common, there was diversity in
the structures that contributed to obstruction, both in
the primary structure and the contribution of indi-
vidual structures (Analysis 3, reviewer ratings). Table 2
presents the combinations of individual structures con-
tributing to palatal and hypopharyngeal obstruction, re-
flecting the multiple observed combinations of involved
structures.

The reviewer ratings differed statistically, but the over-
all distribution of findings was largely similar. Percent
agreement and interrater reliability results (k statistics)
are also presented in Table 1. The reliability of the global
assessment of obstruction (0.79 and 0.76 in Analysis 1)
was somewhat higher than for the degree of obstruction
(0.60 and 0.44 in Analysis 2); this was particularly true
for the hypopharynx. Analysis 3 results showed greater
interrater reliability for the evaluation of the primary struc-
ture contributing to airway obstruction (0.70-0.86) than
for individual structures (0.42-0.71). The assessments of
the palate, tongue, and epiglottis contributions had greater
reliability than for other structures.

B COMMENT Sy

Drug-induced sleep endoscopy has moderate to substan-
tial interrater reliability. The interpretation of k values
is controversial, but these descriptive terms come from
the framework proposed by Landis and Koch.” Useful di-
agnostic tests must demonstrate important characteris-
tics such as safety, validity, and reliability, and this study
complements the previous work of others and our own
research on test-retest reliability.

Drug-induced sleep endoscopy offers a unique struc-
ture-based assessment of the airway compared to other
commonly used evaluation techniques. Many DISE clas-
sification schemes have been proposed,’**!" and we
developed our own to balance completeness and sim-
plicity. Our region-based (Analyses 1 and 2) and structure-
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Table 1. Summary of DISE Examination Ratings
No. (%)
IReviewer 1, Reviewer 2, I
Unblinded Blinded
Analysis (n=108) (n=108) % Agreement k Value
Analysis 1: Global assessment of level(s) of obstruction
Palate 99 (92) 102 (94) 97 0.79
Hypopharynx 90 (83) 91 (84) 94 0.76
Analysis 2: Degree of obstruction
Palate,%
<50 9(8) 7(6) 81 0.609
50-75 15 (14) 18 (17)
>75 84 (78) 83 (77)
Hypopharynx, %¢
<50 17 (16) 15 (14) 90 0.449
50-75 29 (27) 47 (44)
>75 62 (57) 46 (43)
Analysis 3: Specific structures
Primary structure contributing to obstruction at level of the palate®
None 9(8) 7 (6) 83 0.70
Palate 59 (55) 71 (66)
Tonsils? 32 (30) 25 (23)
LPW-velopharynx 8(7) 5(4)
Primary structure contributing to obstruction at the level of the hypopharynx®
None 16 (15) 14 (13) 92 0.86
Tongue 60 (56) 63 (59)
Epiglottis 16 (15) 14 (13)
LPW-hypopharynx 16 (15) 17 (16)
Specific structures contributing to obstruction?
Palate 91 (84) 95 (88) 93 0.69
TonsilsP 73 (68) 64 (59) 82 0.42
LPW-velopharynx 62 (57) 64 (59) 74 0.47
Tongue® 77 (71) 84 (78) 86 0.64
Epiglottis 31 (29) 32 (30) 88 0.71
LPW-hypopharynx® 27 (25) 47 (44) 78 0.53

Abbreviations: DISE, drug-induced sleep endoscopy; LPW, lateral pharyngeal wall.

aEach structure was considered separately, with percentages expressed as a fraction of total DISE evaluations. Percentages sum to greater than 100% because
it was possible for a subject to have more than 1 structure contributing to airway obstruction.

bTwenty-four subjects had undergone previous tonsillectomy.

¢ P<.05 (McNemar test on paired proportions comparing unblinded and blinded reviewer ratings).

dReported statistic is for weighted k.

based (Analysis 3) method serves 2 major purposes: char-
acterizing the pattern of obstruction and selecting among
treatment options. This scheme uniquely focuses atten-
tion on the primary structures contributing to obstruc-
tion in each region; we posit that treatment of these pri-
mary structures may be required, at a minimum, to
eliminate upper airway obstruction. The interrater reli-
ability—Ilike the test-retest reliability>—is higher for the
identification of primary structures than for the involve-
ment of individual structures.

According to both reviewers, three-quarters of the
subjects in this study demonstrated multilevel obstruc-
tion during DISE. Although the upper airway does not
consist of 2 regions (palate and hypopharynx) in isola-
tion, if DISE provides an accurate airway assessment,
single pharyngeal procedures may be less likely to treat
OSA successfully than combinations—or at least single
procedures that treat both the palate and hypopharynx.
Because surgical procedures are ultimately directed at
specific structures, DISE may improve procedure selec-
tion and outcomes. This may not be as important for
palatal obstruction, for which the most common surgi-

cal treatment is uvulopalatopharyngoplasty with pos-
sible tonsillectomy, regardless of specific contribution
of the lateral pharyngeal walls at the velopharynx.
Although there are alternative palate procedures, it
remains unclear how to identify specific subgroups of
patients who obtain better or worse outcomes, com-
pared to uvulopalatopharyngoplasty.

However, the involvement of specific structures may
be critical for the hypopharynx, where DISE may in-
form decisions if the multiple treatment options exert dif-
ferential effects on the tongue, epiglottis, and/or lateral
pharyngeal walls. The 3 structures that most commonly
contribute to hypopharyngeal airway obstruction are the
tongue, epiglottis, and lateral pharyngeal walls, and the
results for Analysis 3 indicate that there seems to be an
important diversity in the patterns of hypopharyngeal ob-
struction, a diversity that is evaluated with moderate to
substantial interrater reliability. This may prove invalu-
able if the array of surgical and nonsurgical treatment op-
tions to treat the hypopharyngeal airway truly exert dif-
ferential effects on these various structures. For example,
the genioglossus advancement and tongue radiofre-
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Table 2. Combinations of Individual Structures
Contributing to Airway Obstruction at the Levels
of the Palate and Hypopharynx

Reviewer Rating

Type of Obstruction Unblinded Blinded

Palatal obstruction, %
None 8 6
Palate 11 20
Tonsils 5 4
LPW-velopharynx 0 1
Palate + tonsils 19 10
Palate + LPW-velopharynx 13 13

Tonsils + LPW-velopharynx 3 1

Palate + tonsils + LPW-velopharynx 42 44
Hypopharyngeal obstruction, %
None 14 15
Tongue 37 26
Epiglottis 6 5
LPW-hypopharynx 7 1
Tongue + epiglottis 18 10
Tongue + LPW-hypopharynx 13 29
Epiglottis + LPW-hypopharynx 1 1
Tongue + epiglottis + LPW-hypopharynx 4 13

Abbreviation: LPW, lateral pharyngeal wall.

quency procedures likely produce greater changes in
tongue position during sleep than in the lateral pharyn-
geal walls. The hyoid suspension may have less effect on
tongue position but may alter the behavior of the epi-
glottis and/or lateral pharyngeal walls during sleep.
The most common surgical treatment for palatal ob-
struction is uvulopalatopharyngoplasty, with tonsillec-
tomy in most patients without previous tonsillectomy.
Because a similar surgical approach is used for patients
regardless of whether the soft palate or velopharynx lat-
eral pharyngeal walls contribute more to obstruction, the
question of whether a patient has palate-level obstruc-
tion (as in Analysis 1) may be more important than de-
termining whether specific structures contribute to col-
lapse (Analysis 3). Because almost all subjects in this study
demonstrated palatal obstruction, the significance of dif-
ferentiating palate vs velopharynx-level lateral pharyn-
geal wall obstruction based on DISE (Analysis 3) is un-
clear. With the adoption of a wider variety of first-line
palate procedures, this may prove more important.
The precise relationship between natural sleep and pro-
pofol sedation is unclear. Propofol has dose-dependent
effects on muscle tone and airway collapsibility, and it
is unlikely that propofol sedation is a perfect simulation
of natural sleep with precisely the same effects on upper
airway dilator muscle activity. Hillman et al'® demon-
strated that propofol sedation, compared to wakeful-
ness, is associated with decreases in genioglossus neu-
romuscular activity and increases in airway collapsibility
similar to that observed in stable non-rapid eye move-
ment sleep. Our target level of sedation (arousal only to
loud verbal stimulation) was based on previous re-
search showing more pronounced changes in genioglos-
sus activity and Pcrit during propofol anesthesia (ie,
deeper than unconscious sedation),'” and our overrid-
ing concern in this study was minimizing propofol in-

fusion rates to avoid oversedation. We monitored the
depth of sedation clinically and in the latter stages in-
corporated 2 clinical assessments: the Modified Ramsay
score and the Observer’s Assessment of Alertness/
Sedation score. Although the depth of sedation (with spon-
taneous respiration and the ability to tolerate fiberoptic
endoscopy) remained within a defined range, some au-
thors have proposed standardizing propofol dose with
use of target-controlled infusion, a proprietary technol-
ogy (Diprifusor; Astra-Zeneca Inc, London, England) that
calculates effect site (brain) concentration using a 3-com-
partment pharmacokinetic model.'*?° This approach is
well suited to demonstrating the effects of varying pro-
pofol doses, but our objective is based on the target depth
of anesthesia. Instead, our work and that of others'® has
shown that different subjects will achieve a defined level
of sedation at different propofol doses, so we instead tar-
geted the depth of sedation and adjusted propofol infu-
sion rates accordingly. Fortunately, previous research has
demonstrated a linear relationship between propofol in-
fusion rates and serum concentrations at rates of 50 to
200 pg/kg/min,*! a range that captures the doses used in
this study; this suggests that there is little difference be-
tween our adjustment of infusion rates within this range
and the target-controlled infusion method. As an objec-
tive measure of the depth of anesthesia, future investi-
gations should incorporate bispectral index monitoring
or some other, more objective measure of the depth of
sedation.

Any useful diagnostic evaluation must demonstrate va-
lidity and reliability, among other qualities. Other stud-
ies have also supported the validity of DISE. Berry et al’
showed that no subjects without a history of snoring or
witnessed apneas (0 of 54) developed snoring or airway
obstruction with escalating doses of propofol using target-
controlled infusion to a maximum level, whereas all sub-
jects with snoring at baseline (53 of 53) developed snor-
ing and/or airway obstruction. Another study compared
207 primary snorers without OSA with 117 subjects with
OSA after receiving bolus doses of propofol and found a
higher degree of collapsibility in the latter group, with a
correlation between the AHI during natural sleep and the
degree of hypopharyngeal obstruction during DISE.* An-
other group® administered diazepam (10 mg, with addi-
tional doses as needed) to 50 subjects (30 with OSA and
20 with primary snoring but not OSA) and performed
polysomnography measurement during DISE for a mean
period of over 2 hours; there were no differences be-
tween natural sleep and diazepam-induced sedation in
the AHI, apnea index, or measures of oxygen satura-
tion. The diversity of patterns on DISE in this study is
also reassuring because it likely reflects underlying varia-
tion in anatomy and patterns of obstruction during natu-
ral sleep rather than an artifact of propofol infusion that
might produce identical airway obstruction patterns. Al-
though the gold standard to establish validity would be
natural sleep endoscopy, previous researchers have shown
that this is challenging.***

Drug-induced sleep endoscopy as a diagnostic proce-
dure has important theoretical and logistical limita-
tions. Both reviewers are experienced sleep surgeons
who have worked together to develop a novel DISE
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scoring method. The generalizability of the findings can
be explored with larger studies that include more
reviewers. Finally, DISE has associated costs and risks
(albeit relatively low) that must be balanced against the
benefits of the procedure. These benefits—its role in
procedure selection and improving outcomes—have
been examined in one study in which subjects with iso-
lated palatal obstruction on DISE achieved better out-
comes after uvulopalatopharyngoplasty than those with
combined palatal and hypopharyngeal obstruction."
Future research will be invaluable in making risk-
benefit determinations.
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