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Introduction

Obstructive sleep apnea (OSA) is a sleep-related breathing
disorder characterized by repetitive partial or complete
upper airway obstruction that often results in decreased

arterial oxygen saturation and arousal from sleep.1–4 The
current gold standard treatment ofmoderate to severe OSA is
continuous positive airway pressure (CPAP).5,6 However,
compliance and long-term use of CPAP is rather low.7 In
patients with mild to moderate OSA or in cases of CPAP
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Abstract Introduction In the literature, evidence is lacking on the predictive value of drug-
induced sleep endoscopy (DISE) for oral appliance treatment (OAT).
Objectives The aim of the present study is to evaluate whether DISE with concomi-
tant mandibular advancement maneuver can predict failure of OAT.
Methods An observational retrospective study including patients diagnosed with obstruc-
tive sleep apnea (OSA) who previously receivedOAT. Results of DISEwere analyzed in a group
with documented OAT failure (apnea-hypopnea index [AHI]>10events/hour or<50%
reduction) and a group with OAT benefit (AHI <10events/hour or> 50% reduction). The
upper airway was assessed using the velum, oropharynx, tongue base, epiglottis (VOTE)
classification. Additionally, a mandibular advancement maneuver, manually protruding the
mandible by performing a jaw thrust, was performed to mimic the effect of OAT.
Results The present study included 50 patients with OAT failure and 20 patients with OAT
benefit. A subgroup analysis of patients with OAT failure and an AHI<30events/hour
included26patients. In theOAT failuregroup, 74%hadanegative jaw thrustmaneuver. In the
subgroup with an AHI<30events/hour, 76.9% had a negative jaw thrust maneuver. In the
OAT benefit group, 25% had a negative jaw thrust maneuver (p<0.001).
Conclusions A negative jaw thrust maneuver during DISE can be a valuable predictor
for OAT failure, independent of AHI. Drug-induced sleep endoscopy should be
considered as a diagnostic evaluation tool before starting OAT.
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intolerance, other treatment options include oral appliance
treatment (OAT), a noninvasive alternative to CPAP.2,3,6

Mandibular advancement devices (MADs), which are used
intraorally at night to advance the mandible, are the most
common class of oral appliances.6 Oral appliance treatment
appears to have higher compliance rate and a higher patient
preference, with fewer side effects and greater satisfaction
when compared with CPAP therapy.8 However, OAT is not
always as effective in treating OSA. In a recent review article,
approximately one-third of patients did not experience a
therapeutic benefit.9 Finding predictors to select suitable
patients that may benefit from OAT is therefore of great
importance. Various anthropometric and polysomnographic
predictors for OAT have been described in the literature,
including lower apnea-hypopnea index (AHI), lower body-
mass index (BMI), lower age, female gender, and supine-
dependent OSA.10However, no diagnostic prediction tool for
the effectiveness of OAT has been identified so far.

Drug-induced sleep endoscopy (DISE), first described in
1991 by Croft et al., is a diagnostic evaluation tool for
the degree, level(s), and pattern of upper airway obstruction
in OSA patients.2,11 During DISE, a mandibular advancement
maneuver is performed as a prediction tool for the effective-
ness of OAT. However, opinions concerning the performance
of a mandibular advancement maneuver during DISE vary
among studies, and evidence on the positive and negative
predictive values are limited so far.3,6,12–18 Presently,
patients are often prescribed OAT without evaluation of
the upper airway through DISE. In case of ineffectiveness
of OAT, there is a large delay in the appropriate treatment of
the disorder and a waste of healthcare supplies.

In the present retrospective study, the DISE results from
patients with documented OAT benefit and OAT failure will
be analyzed, and individual predictors for OAT failure will be
identified. To the best of our knowledge, this is the first study
to compare DISE results both of patientswith OAT failure and
with OAT benefit.

Materials and Methods

Study Design and Patient Population
Data from 201 patients who were referred to this tertiary
referral sleep center in the Netherlands between Janu-
ary 2017 and June 2019 were retrospectively analyzed.
Patients referred to this center have repeatedly failed differ-
ent therapies, and often present with CPAP- and OAT- failure
or intolerance. Drug-induced sleep endoscopy is performed
in all patients in order to consider other treatment options,
such as surgical procedures and upper airway stimulation.
The inclusion criteria were patients �18 years old, previous
treatment with OAT (specifically MAD) and DISE with con-
comitant mandibular advancement maneuver performed in
this hospital. A recent apnea-hypopnea index (AHI) mea-
sured by polysomnography (PSG) or respiratory polygraphy
(PG or home sleep apnea test) had to be available. The
exclusion criteria were patients with no history of OAT
treatment, or OAT treatment different from a MAD, missing
apnea-hypopnea index (AHI), or technically inadequate P(S)

G, and if DISE was not performed in this hospital, or if a
mandibular advancement maneuver was not performed. In
the outpatient clinic, routine ear, nose, and throat (ENT)
examination was performed. The following clinical param-
eters were collected for all patients: gender, age, height,
weight, BMI, tonsil size (0–4), and Mallampati score.1–4

Pretreatment Sleep Study
All patients were diagnosed with OSA, which was either
confirmed by PSG or respiratory PG. The variables collected
were AHI, oxygen desaturation index �3%, and oxygen
desaturation index �4%, if available. Apnea was defined as
a decrease of at least 90% of airflow from baseline for>10
seconds. Hypopneawas defined as a decrease of at least 30%
of airflow from baseline for>10 seconds, associated with
either an arousal or with � 3% arterial oxygen saturation
decrease. The mean number of apneas and hypopneas
per hour of sleep (AHI) was calculated. The ODI � 3% was
defined as themean number of arterial oxygen desaturations
� 3%. The ODI � 4% was defined as the mean number of
arterial oxygen desaturations � 4%. The variables from the
most recent sleep study were used in the analysis. If surgery
was performed (for example, upper airway stimulation,
pharyngoplasty), the last sleep study before surgery was
used.

Drug-induced Sleep Endoscopy
Drug-induced sleep endoscopy was performed in a quiet
operating room with dimmed lights. All procedures were
performed by the same experienced ENT-surgeon (Copper,
MP) with an anesthesiologist to manage sedation. Sleep was
induced by an initial bolus of 1mg/kg propofol, followed by a
titration of propofol. The optimal depth of sedation was
reached when the patient began to snore and/or hypores-
ponsiveness to vocal and tactile stimuli was achieved (Ram-
say sedation level 5). Once a proper level of sedation was
achieved, the upper airway was thoroughly observed by
flexible fiberoptic laryngoscopy. The upper airway was
assessed in the supine position using the velum, oropharynx,
tongue base, epiglottis (VOTE) classification system as de-
scribed by Kezirian et al. in 2011.19 Upper airway collapse
was evaluated on four different levels and structures, namely
the velum (V), the oropharynx (O), the tongue base (T), and
the epiglottis (E). The degree of obstructionwas defined as 0:
no obstruction (collapse<50%); 1: partial collapse (between
50% and 75%, typically with vibration); or 2: complete
collapse (> 75%). The configuration of obstruction can be
classified as anteroposterior (AP), lateral (La) or concentric
(Co).2,19 After the first assessment of the upper airway using
the VOTE classification system, a mandibular advancement
maneuver, manually protruding themandible by performing
a jaw thrust, was performed to mimic the effect of OAT. The
hands of the practitioner were placed behind the angles of
the mandible and thrust forward. The jaw thrust maneuver
was performed without extensive force, bringing the lower
incisors past the upper incisors by a couple of millimeters,
producing a mild anterior protrusion of the mandible of �
75% of the maximal protrural range. The jaw thrust
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maneuver was called positive if the obstruction was discon-
tinued on all levels. The jaw thrust maneuver was called
negative if the obstruction was still present on one or more
levels.

Data Analysis
Our primary analysis describes the patient group with
documented OAT failure. Oral appliance treatment failure
was defined as an insignificant decrease in AHI on a follow-
up sleep study (AHI>10 events/hour or<50% reduction
from thebaseline AHI). Oral appliance treatment intolerance,
like temporomandibular dysfunction, dental pain or hyper-
salivation, was not counted as OAT failure. The secondary
analysis describes the patient group with documented OAT
benefit. Oral appliance treatment benefit was defined as a
significant decrease in AHI on a follow-up sleep study
(AHI<10 events/hour or >50% reduction from baseline
AHI). One subgroup analysis was performed in the patient
group with OAT failure. This subgroup analysis describes the
patient groupwith documented OAT failure and an AHI<30
events/hour. This cutoff point was used to obtain comparable
baseline characteristics. Furthermore, the Dutch guideline
regarding OSA treatment states that OAT is not the first
treatment choice in patients with an AHI>30 events/h.

Statistical Analysis
The statistical analysis was performed by using IBM SPSS
Statistics for Windows version 24 (IBM Corp., Armonk, NY,
USA). Continuous data are presented as means with standard
deviations (SDs). Categorical variables are presented as fre-
quencies with percentages. Comparisons between groups
were performed using chi-squared tests for categorical varia-
bles and the unpaired Student t test for continuous variables.
The predictive performance of the jaw thrust maneuver for
OAT failurewas estimated fromtheareaunder the curve (AUC)
obtained by receiver operator characteristic (ROC) curves.
Additionally, sensitivity, specificity, positive predictive value
(PPV), and negative predictive value (NPV) were calculated
using four-grid contingency tables. All estimates are reported
with their respective 95% confidence interval (CI). The associ-
ation between various individual demographic data and clini-
cal variables obtained from the sleep study test and DISE and
the presence of OAT failure was established by using a multi-
variate logistic regression model (backward stepwise selec-
tion, p<0.05). All variables that were associated with OAT
failure (p<0.20) were entered into the regression model.
Additionally, amultivariate logistic regression analysis adjust-
ed for confounding factors was used to assess the relation
between OAT failure and the jaw thrust maneuver. A two-
tailed p-value<0.05 was considered statistically significant.

Results

Baseline Characteristics
Seventy patients met our inclusion criteria. The patients
were subdivided in an OAT failure and an OAT benefit group;
50 patients with OAT failure were included in the primary
analysis and 20 patients with OAT benefit were included in

the secondary analysis. The subgroup analysis of patients
with OAT failure and an AHI<30 events/hour included 26
patients (►Fig. 1).

Primary Analysis - OAT Failure (n¼50)
Baseline characteristics are shown in ►Table 1. Sleep study
data was obtained by PSG in 68% (34/50) of the patients and
by PG in 32% (16/50) of the patients. A total of 84% (42/50) of
the patients with OAT failure were male. The mean age was
57.2�10.8 years old, with a mean BMI of 28.0�2.8 kg/m2,
and a mean AHI of 31.1�17.1 events/hour. The mean ODI �
3% was 30.6�16.8 events/hour, and the mean ODI � 4% was
20.0�15.2 events/hour. Previous tonsillectomy was per-
formed in 36% (18/50) of the patients. The distribution of
the levels and the pattern of upper airway collapse during
DISE is shown in ►Table 2. A total of 74% (37/50) of the
patientswithOAT failurehad a negative jaw thrustmaneuver
(Tab. 1, ►Fig. 2a).

Secondary Analysis - OAT Benefit (n¼20)
Baseline characteristics are shown in ►Table 1. Sleep study
data was obtained by PSG in 90% (18/20) of the patients and
by PG in 10% (2/20) of the patients. A total of 70% (14/20) of
the patients with OAT benefit was male. The mean age was
55.6�7.6 years old,with ameanBMI of 26.8�2.9 kg/m2, and
a mean AHI of 22.8�10.4 events/hour. The mean ODI � 3%
was 18.7�10.2 events/hour, and the mean ODI � 4% was
12.1�8.8 events/hour. Previous tonsillectomy was per-
formed in 70% (14/20) of the patients. The distribution of
the levels and the pattern of upper airway collapse during
DISE is shown in ►Table 2. A total of 25% (5/20) of the
patients with OAT benefit had a negative jaw thrust maneu-
ver (Tab. 1, ►Fig. 2b).

Sleep study data was obtained by PSG in 90% of the
patients with OAT benefit and in 68% of the patients with
OAT failure. This difference was statistically significant

Fig. 1 Flowchart of patient inclusion. AHI¼ apnea-hypopnea index.
DISE¼drug-induced sleep endoscopy. JM¼ jaw thrust maneuver.
OAT¼oral appliance treatment. OSA¼obstructive sleep apnea.
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(p¼0.01). The group with OAT benefit contained fewer male
patients and had a lower average BMI than the group with
OAT failure; however, these differences were not significant
(p¼0.202; p¼0.103, respectively). The AHI, ODI � 3% and
ODI � 4% were significantly lower in the group with OAT
benefit (p¼0.017; p¼0.006; p¼0.048, respectively). Addi-
tionally, the tonsil size was significantly lower in the group
with OAT benefit (p¼0.003). The percentage of negative jaw
thrust maneuver in the OAT benefit group was significantly
lower than in the OAT failure group (p<0.001).

Subgroup Analysis – OAT Failure (AHI<30) (n¼26)
Baseline characteristics are shown in ►Table 1. A total of
84.6% (22/26) of the patients with OAT failure and AHI<30
events/hour were male. The mean age was 54.6�11.1 years
old, with a mean BMI of 27.6�2.8 kg/m2, and a mean AHI of
18.2�6.4 events/hour. The mean ODI � 3% was 20.8�9.0
events/hour, and the mean ODI � 4% was 13.2�7.8
events/hour. The distribution of the levels and the pattern
of upper airway collapse during DISE is shown in►Table 2. A
total of 76.9% (20/26) of the patients with OAT failure and

Table 1 Baseline characteristics

Baseline
characteristics

Patients with OAT
failure. (n¼ 50)

Patients with OAT
benefit. (n¼ 20)

Significance
(p-value)���

Patients with
OAT failure
and AHI< 30.
(n¼ 26)

Significance
(p-value)����

Number (%)

Male patients 42 (84) 14 (70) 0.202 22 (84.6) 0.292

Mean� SD

Age in years 57.2�10.8 55.6�7.6 0.530 54.6� 11.1 0.739

BMI 28.0�2.8 26.8�2.9 0.103 27.6� 2.8 0.353

AHI 31.1�17.1 22.8�10.4 0.017 18.2� 6.4 0.069

ODI � 3% 30.6�16.8 18.7�10.2 0.006 20.8� 9.0 0.487

ODI � 4% 20.0�15.2 12.1�8.8 0.048 13.2� 7.8 0.704

Number (%)

Tonsil size 0 18 (36) 14 (70) 0.003 11 (42.3) 0.285�

1 24 (48) 1 (5) 12 (46.2)

2 8 (16) 5 (25) 3 (11.5)

3 0 (0) 0 (0) 0 (0)

4 0 (0) 0 (0) 0 (0)

Mallampati score�� 1 4 (8) 1 (5.3) 0.827 3 (11.5) 0.392�

2 15 (30) 6 (31.6) 9 (34.6)

3 11 (22) 4 (21.1) 6 (23.1)

4 20 (40) 8 (42.1) 8 (30.8)

Degree of
obstruction
according to the
VOTE classification
(0–2):

Velum See ►Table 2 0.258� See ►Table 2 0.520�

Oropharynx 0.131� 0.071�

Tonguebase 0.809 0.611�

Epiglottis 0.882� 0.444�

Number (%)

Negative jaw thrust maneuver 37 (74) 5 (25) < 0.001 < 0.001

Abbreviations: AHI, apnoea–hypopnoea index; BMI, body mass index; OAT, oral appliance treatment; ODI, oxygen desaturation index; SD, standard
deviation.
�Mann-Whitney U test.
��1 missing in OAT benefit group.
���p-value primary analysis (OAT failure vs OAT benefit).
����p-value subgroup analysis (OAT failure AHI< 30 versus OAT benefit).
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AHI<30 had a negative jaw thrust maneuver
(Tab. 1, ►Fig. 2c).

The group with OAT failure and an AHI<30 events/hour
and the group with OAT benefit presented no significant
differences in the baseline characteristics. The AHI in the OAT
failure (AHI<30) group was lower than the AHI in the OAT
benefit group; however, this difference was not significant
(p¼0.069). The percentage of negative jaw thrust maneuver
in the OAT failure (AHI<30) group was significantly higher
than in the OAT benefit group (p<0.001) (Tab. 1).

Prediction of Treatment Outcome
In the present patient cohort, the percentage of patientswith
a negative jaw thrust maneuver was significantly higher in
the OAT failure group (p<0.001). The AHI, ODI � 3%, ODI �
4% and tonsil size were also significantly higher in the OAT
failure group (p¼0.017; p¼0.006; p¼0.048; p¼0.003, re-
spectively). Multivariate logistic regression analyses were
performed to establish the association between individual

demographic and clinical variables and the effectiveness of
OAT. Adjusting for confounding factors like previous tonsil-
lectomy, a negative jaw thrust maneuver and a higher ODI �
3% proved to be the strongest predictors in the OAT failure
group (p¼0.003; p¼0.029, respectively). Tonsil size did not
prove to be a strong individual predictor in this group
(p¼0.364). In the subgroup analysis of patients with OAT
failure and AHI<30 events/hour, only negative jaw thrust
maneuver proved to be a strong predictor (p¼0.001). The
ROC curve in ►Fig. 3a shows the discrimination of the jaw
thrust maneuver between OAT failure and OAT benefit and
has anAUC of 0.754 (95%CI: 0.614–0.876). The test sensitivity
of the jaw thrust maneuver is 0.75 (95%CI: 0.53–0.89), and
the test specificity is 0.74 (95%CI: 0.60–0.84). The PPV is 0.54
(95%CI: 0.36–0.70), and the NPV is 0.88 (95%CI: 0.75–0.95).
The ROC curve in ►Fig. 3b shows the discrimination of the
jaw thrust maneuver between OAT failure (AHI<30
events/hour) and OAT benefit, and has an AUC of 0.760
(95%CI: 0.614–0.905) (►Fig. 3). The test sensitivity of the

Table 2 Overview of the distribution of the levels and pattern of upper airway collapse during DISE according to the VOTE
classification

Level Direction

Anteroposterior Lateral Concentric

None Partial Complete None Partial Complete None Partial Complete

Patients with OAT failure (N¼50)

Velum 0 (0%) 3 (6%) 35 (70%) – – – – – 12 (24%)

Oropharynx 36 (72%) 12 (24%) 2 (4%)

Tongue base 8 (16%) 19 (38%) 23 (46%)

Epiglottis 8 (16%) 16 (32%) 23 (46%) – 2 (4%) 1 (2%)

Patients with OAT benefit (N¼20)

Velum 0 (0%) 4 (20%) 12 (60%) – – – – – 4 (20%)

Oropharynx 18 (90%) 1 (5%) 1 (5%)

Tongue base 2 (10%) 8 (40%) 10 (50%)

Epiglottis 2 (10%) 7 (35%) 11 (55%) – 0 (0%) 0 (0%)

Patients with OAT failure and AHI <30 (N¼ 26)

Velum 0 (0%) 2 (7.7%) 19 (73.1%) – – – – – 5 (19.2%)

Oropharynx 17 (65.4%) 8 (30.8%) 1 (3.8%)

Tongue base 5 (19.2%) 9 (34.6%) 12 (46.2%)

Epiglottis 5 (19.2%) 9 (34.6%) 12 (46.2%) – 0 (0%) 0 (0%)

Abbreviation: OAT, oral appliance treatment.

Fig. 2 Outcome of the jaw thrust maneuver in all the patients with OAT failure (A), in patients with OAT benefit (B) and in patients with OAT
failure and AHI< 30 (C).
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jaw thrust maneuver is 0.75 (95%CI: 0.53–0.89), and the test
specificity is 0.77 (95%CI: 0.58–0.89). The PPV is 0.71 (95%CI:
0.5–0.86), and the NPV is 0.80 (95%CI: 0.61–0.91).

Discussion

The percentage of patients with a negative jaw thrust ma-
neuver was significantly higher in the groupwith OAT failure
in comparisonwith the groupwith OAT benefit. The AHI, ODI
� 3%, ODI � 4% and tonsil size were also significantly higher
in the patient group with OAT failure. In a recent study by
Marklund et al., it was already described that a lower AHI is a
predictor for benefit from OAT.10 It could be argued that the
results that we found are due to differences in AHI in the
baseline characteristics of both patient groups, rather than to
differences in outcome of the jaw thrust maneuver. To rule
out this possible confounding bias in the analysis, a subgroup
analysis was performed in patients with OAT failure and an
AHI<30 events/hour. In this subgroup analysis, there were
no significant differences in the baseline characteristics. The
percentage of patients with a negative jaw thrust maneuver
was found to be significantly higher in the patients with OAT
failure (AHI<30 events/hour). Additionally, multivariate lo-
gistic regression analyses adjusted for confounding factors
were performed to assess the relation between OAT failure
and the jaw thrust maneuver. The jaw thrust maneuver
proved to be the strongest predictor for OAT failure.

It must be acknowledged that 25% of the patients with
OAT benefit had a negative jaw thrust maneuver. When only
using the results of the jaw thrust maneuver to predict OAT
failure, certain patients would not receive OAT although they
would benefit from the therapy. The patients with OAT
benefit and a negative jaw thrust maneuver had a lower
BMI and a lower AHI in comparison with the patients with
OAT benefit and a positive jaw thrust maneuver. However,
these differences were not significant. These results are in

linewith those of previous studies, indicating that lower AHI
and lower BMI are also important predictors for the success
of OAT.10

A total of 26% (13/50) of the patients with OAT failure had
a positive jaw thrust maneuver. These patients were older
and had a higher AHI in comparison with the patients with a
negative jaw thrust maneuver. Again, these differences were
not significant. Previously, Marklund et al. already described
a higher AHI and older age to be predictors for OAT failure.10

These results suggest that DISE with concomitant jaw thrust
maneuver should be used together with anthropometric and
polysomnographic predictors to accurately predict the suc-
cess of OAT. Further prospective research needs to be done to
develop a screening instrument for the effectiveness of OAT.

Seventy percent of the patients in the OAT benefit group
had undergone a previous tonsillectomy, in contrast with
36% in the OAT failure group (p¼0.003; ►Table 1).
In►Table 2, it is shown that, in the OAT failure group, lateral
collapse at the oropharyngeal level (28%) wasmore common
than in the OAT benefit group (10%). These results might
indicate that previous tonsillectomy is a predictor for the
success of OAT. This is in line with a previous study by Op de
Beeck et al., who found that a complete lateral collapse at the
oropharyngeal level is related to OAT failure.20 However, a
logistic regression analysis was performed, and tonsil size
did not prove to be a strong individual predictor in this
patient cohort. Adjusting for previous tonsillectomy, the jaw
thrust maneuver proved to be a significant independent
predictor.

Sleep study data was obtained by PSG from 68% of the
patients with OAT failure and from 90% of the patients with
OAT benefit. This difference was statistically significant
(p¼0.01). Previous studies have shown that the AHI is
underestimated in PG.21,22 If we take this into account, the
mean AHI in the OAT failure group might be higher than the
AHI that is presented, potentially influencing the outcome of

Fig. 3 Receiver operating characteristic (ROC) curve. A. OAT failure versus OAT benefit. The AUC is 0.754 (95%CI: 0.614–0.876). B. OAT failure
(AHI< 30) versus OAT benefit. The AUC is 0.760 (95%CI: 0.614–0.905).
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patients with OAT failure. A logistic regression analysis was
performed, and AHI did not prove to be a strong individual
predictor in this patient cohort. Adjusting for the AHI, the jaw
thrust maneuver proved to be a significant independent
predictor.

Previously, other authors have tried to find a correlation
between DISE results and OAT effectiveness. Battagel et al.
and De Corso et al. have suggested that the effect of a
mandibular protrusion<5mm is predictive of OAT bene-
fit.12,15 Vanderveken et al. and Vroegop et al. have supported
the concept of DISE with the addition of a simulation
bite.3,6,23 Vonk et al. demonstrated that a manual jaw thrust
during DISE protruding the mandible at roughly between 50
and 75% of protrusion leads to an overestimation of the effect
of OAT.2 It is possible that this overestimation of the effect of
OAT is present in the current study. Overestimation could
account for the 13 patients in the OAT failure group with a
positive jaw thrust maneuver. In a recent study by Huntley
et al., the results of patients who underwent DISE and
received OAT based on the recommendations during DISE
were compared with a patient group who received OAT
without prior selection by DISE. They found a significantly
lower AHI and an increased number of patients reaching an
AHI<5withOAT in theDISEgroup.16 These results are in line
with the results of our study.

Clinical Relevance
To thebest of our knowledge, the present study thefirst study
to compare the results of DISE in patients with OAT failure
and OAT benefit. Additionally, the present study is the first
study to analyze the predictive value of the jaw thrust
maneuver for the effectiveness of OAT. Without suitable
predictors for failure of OAT, there is an average to large
percentage of patients that is inadequately treated for a short
to longer period. The findings of the present study are,
therefore, of great importance for the prediction of the
effectiveness of OAT. Furthermore, finding suitable predic-
tors for selecting patients that will benefit from OAT will
potentially have a beneficial effect on the cost reduction in
OSA treatment. Additionally, it is expected that decreasing
the group of inadequately-treated OSA patients will have a
favorable effect on cost reduction in OSA healthcare in
general.

Limitations and Strengths
The present study has several limitations. In the present
study, the mandibular advancement maneuver was per-
formed by manually performing a jaw thrust maneuver.
Previous authors have criticized this technique, since it is
nonreproducible and nontitratable and it does not account
for vertical opening while closing the mouth, and state that
the simulation bite is more accurate to predict the response
to OAT.3,6,23 However, in daily practice, the simulation bite
technique might prove to be time-consuming and costly,
potentially delaying and raising the cost of adequate OSA
treatment, whereas performing a jaw thrust maneuver can
easily and routinely be augmented to DISE. Additionally, it
has been argued that the relaxation implied by the pharma-

cology necessary for DISE can possibly influence the tolera-
bility for the jaw thrust maneuver, possibly leading to an
overestimation of the OAT effect. Overestimation could
possibly explain the patients in the OAT failure group with
a positive jaw thrust maneuver. The assessment of the upper
airway during DISE and the concomitant jaw thrust maneu-
ver are based on subjective findings and, therefore, are prone
to experience bias. Prior studies have shown DISE to be
reliable and its interobserver reliability to be moderate to
substantial, especially in experienced ENT surgeons.24–26 In
the present study, the jaw thrust maneuver was executed by
one single surgeon and was identically performed in every
individual according to the description in the method sec-
tion. Thus, it can be expected that the jaw thrust maneuver
was very similar in each individual. With the method de-
scription, it can easily be reproduced in daily practice in
other healthcare institutions. However, the fact that the jaw
thrust maneuver does not exactly simulate the effect of the
OAT, the difficulty of reproduction and the lack of a better
system to control the sedation does affect the internal and
external validity of the study. Undoubtedly, the retrospective
nature of the present study is a limiting factor. The present
retrospective analysis was performed in a larger research
design, and currently, prospective studies are being con-
ducted to validate the observed retrospective correlations.
The present study also has several important strengths; DISE
was executed by one single surgeon and the jaw thrust
maneuver was performed identically in every individual.
Furthermore, this is the first study to analyze the predictive
value of the jaw thrustmaneuver for the effectiveness of OAT.

Conclusion

According to the present retrospective analysis, a negative
jaw thrust maneuver can be a valuable independent predic-
tor for OAT failure. Therefore, we suggest that DISE should be
considered as a diagnostic evaluation tool to accurately
predict the success of OAT. Based on the findings of the
present retrospective study, we are currently prospectively
evaluating the predictive value of the jaw thrust maneuver
for the effectiveness of OAT.

List of abbreviations

AHI Apnea-hypopnea index
AP Anteroposterior
AUC Area under the curve
BMI Body mass index
CPAP Continuous positive airway pressure
Co Concentric
DISE Drug-induced sleep endoscopy
ENT Ear, nose, throat
JM Jaw thrust maneuver
La Lateral
MAD Mandibular advancement device
MAM Mandibular advancement maneuver
NPV Negative predictive value
OAT Oral appliance treatment
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ODI Oxygen desaturation index
OSA Obstructive sleep apnea
PG Respiratory polygraphy
PPV Positive predictive value
PSG Polysomnography
ROC Receiver operating characteristic
VOTE Velum, oropharynx, tongue base, epiglottis
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