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Abstract

Purpose To observe the effectiveness of preoperative drug-induced sleep endoscopy in improving surgical results of patients
undergoing single-level barbed pharyngoplasty surgery for OSA, using a prospective randomized model.

Methods A single-center randomized controlled trial with two prospective arms was carried out to compare functional results
in patients treated with barbed reposition pharyngoplasty (BRP) surgery without a preoperative drug-induced sleep endos-
copy (DISE) evaluation vs patients treated with BRP surgery performed after DISE evaluation of sites/patterns of collapse.
Results We compared 50 patients who underwent BRP without a preoperative DISE evaluation (Group A) and 42 patients
(Group B) treated with BRP surgery but preoperatively selected by means of a preoperative DISE. In this second group of
patients, after DISE evaluation, 70% of patients were selected for single-level BRP surgery because they showed an isolated
velopharyngeal collapse at the DISE evaluation, without obstruction at other upper airway levels evaluated. Both groups of
patients showed a statistically significant difference between preoperative and postoperative values of AHI, ODI, and LOS
(p<0.05 in all cases). Comparing Group A and Group B patients, the therapeutic success rate was found to be 60% in patients
treated without preoperative DISE evaluation and 83% in patients treated with preoperative DISE (p = 0.02).

Conclusion DISE appears to improve the surgical results of single-level velopharyngeal surgery due to the possibility of
excluding patients with obstruction of the base of the tongue, the hypopharynx, and the epiglottis/larynx.

Keywords Obstructive sleep apnea - Barbed reposition pharyngoplasty - Drug-induced sleep endoscopy - OSA surgery -
Randomized controlled trial

Introduction velopharyngeal surgical techniques for OSA treatment
have been proposed in the literature. Among these, lateral
To date, velopharyngeal surgery is the principle thera-  pharyngoplasty techniques such as expansion sphincter

peutic approach in the surgical treatment of patients  pharyngoplasty (ESP) and barbed reposition pharyngo-
with obstructive sleep apnea (OSA) [1, 2]. Various plasty (BRP) have spread in recent years [1-5].
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These techniques are usually performed as a single-
level surgery, which means that only the velo-oropharyn-
geal structures are remodeled to increase the oropharyn-
geal space and stabilize the pharyngeal lateral walls [6].
However, the success rate (reduction of the apnea index to
less than 20 with at least a 50% reduction from baseline)
of these techniques in single-level surgery may be lower
than expected, despite the evidence of good postoperative
anatomical results [4, 5, 7].

The causes of non-optimal functional results of a sin-
gle-level surgery could be related to a multilevel upper
airway obstruction in patients with OSA [8, 9]. In many of
these patients, obstruction at the levels of the soft palate
and oropharynx may not be the only ones. In fact, there
may be other sites of obstruction, such as the base of the
tongue, the hypopharynx, and the epiglottis/larynx whose
presence might play a significant role in OSA pathogen-
esis. A careful selection and preoperative evaluation of
candidates to surgery are therefore mandatory and could
be considered the key points for improving surgical out-
comes and avoiding surgical failures [8—12].

In the past years, the preoperative evaluation of patients
candidate to velopharyngeal surgery was based exclusively
on awake fibro-laryngoscopy and evaluation of the ana-
tomical features [13, 14]. However, in recent years, the
drug-induced sleep endoscopy (DISE) has been introduced
into clinical practice for examining OSA patients. DISE
allows the identification of sites, types, and patterns of
upper airway obstructions/collapse during pharmacologi-
cally induced sleep [15—17]. Bharathi et al. [18] employed
the DISE as a selection tool for the surgical management
of OSA and observed that 40% of enrolled patients had
retropalatal airway collapse, 23.3% had airway obstruc-
tion at the base of the tongue, 20% had airway obstruc-
tion with floppy epiglottis, and 12% had multiple level
collapse. Moreover, DISE examination has proved to be
superior to the awake fibro-laryngoscopy for identifying
sites and collapse patterns in patients with OSA [13, 14].

Therefore, as indicated in the European position paper
on drug-induced sleep endoscopy [19], DISE could be use-
ful for guiding clinicians in the choice of the best surgical
treatment. If during DISE only a velar and oropharyngeal
obstruction is identified, a single-level pharyngoplasty sur-
gery is usually indicated [20-30].

Several studies have attempted to assess the role of DISE
in surgical decision-making and in improving the surgical
success rate. However, most of these studies were retrospec-
tive or non-randomized studies. Therefore, clear conclu-
sions regarding the effective value of DISE in improving
the surgical success rate of velopharyngeal surgery have not
been reported in literature [31-41].

The aim of this study was to assess the effectiveness of
preoperative drug-induced sleep endoscopy in improving
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surgical results in patients scheduled for single-level barbed
pharyngoplasty surgery for OSA, using a prospective rand-
omized model.

Materials and methods
Trial design

This study was designed to evaluate prospectively the effec-
tiveness of DISE in improving the results of barbed phar-
yngoplasty surgery using a randomized model. The study
protocol was a single-center randomized controlled trial
with two prospective arms: patients treated with BRP sur-
gery without a preoperative DISE evaluation vs patients who
underwent BRP surgery after DISE evaluation of sites/pat-
terns of collapse. Figure 1 shows the trial design in detail.

All patients with a diagnosis of OSA consecutively
referred to our Otolaryngology and Head Neck Depart-
ment, Morgagni Pierantoni Hospital, Forli, Italy, from Janu-
ary 2017 to February 2019 to evaluate the possibility of
velopharyngeal surgery treatment for OSA, were initially
considered possible candidates for inclusion in the study.

All patients underwent a preoperative home sleep apnea
test (HSAT). The sleep studies were carried out in an unat-
tended way by means of a Polymesam Unattended 8-channel
Device. The following parameters were recorded during the
sleep study: respiratory movement and airflow, heart rate,
arterial oxygen saturation, patient’s position, and sleep time.

The apnea-hypopnea index (AHI), Oxygen Desaturation
Index (ODI), percentage of total sleep time with an oxygen
saturation of < 90% (CT90), and the lowest SpO, (LOS)
were scored and collected by experts in sleep medicine
according to the American Academy of Sleep Medicine
(AASM) guidelines [42].

Baseline assessment of all enrolled patients was per-
formed: full medical history and body mass index (BMI)
were obtained for all patients. Oropharyngeal and fiber optic
rhino-laryngoscopy examinations were also performed: ton-
sil grade, Friedman palate position, and Friedman lingual
tonsil grade were evaluated [28, 29].

Assessment of eligibility for participating in the study
was provided by a group of researchers according to the cri-
teria of inclusion/exclusion defined and reported in Table 1.
Only patients who met specific criteria for performing
single-level surgery at velopharyngeal level were initially
enrolled in this study: patients with Friedman Palate posi-
tion grade 4 and patients with Friedman lingual tonsil grades
3 and 4 were excluded because they were considered not
ideal candidates for single-level velopharyngeal surgery.
The same went for patients with a BMI >35 and patients
showing a complete collapse at the hypopharyngeal base of
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Patients evaluated for
OSA surgical treatment
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Fig. 1 Flowchart showing the trial design of the study

the tongue at Miiller’s maneuver to the awake endoscopy.  excluded from the study in accordance with the exclusion
Patients with mild OSA (AHI from 5 and up to 15) and  criteria, whereas 34 subjects refused study inclusion. No
simple snorers (AHI < 5/h) were also excluded from the  blinded procedures were performed.

study. Regarding the patients initially evaluated, 48 were

Table 1 Inclusion and exclusion criteria before patient enrollment and randomization

Inclusion criteria Exclusion criteria
- Patients suffering from moderate to severe OSA (AHI > 15 events/h) - Central or mixed apneas events to the PSG
- Aged between 18 and 65 - Serious psychiatric, cardiopulmonary, or neurological disease
-BMI <35 - American Society of Anesthesiologists (ASA) classification risk > 3
- Failure of CPAP or low adherence to this treatment during the last 6 - Previous tonsillectomy

months (< 4 h per night) - Previous palatal surgery for OSA treatment

- Previous palatal surgery for snoring treatment

- Pharmacological treatment for the OSA or drugs with an impact on
the cognitive function

- Significant craniofacial anomalies

- Pregnant woman

- Friedman palate score 4

- Friedman base of tongue classification 3 and 4

- Complete hypopharyngeal base of tongue collapse at Miiller’s
maneuver
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Randomization

A total of 110 patients were consecutively enrolled in the
study and casually randomized into two groups of treatment.
For each patient, randomization was conducted by choosing
a piece of paper with a treatment order written on it out of
a box (group 1 vs group 2). The chances of picking group 1
or group 2 were 50/50.

After randomization, patients were casually distributed
into two groups of study:

- Group A (BRP surgery without preoperative DISE eval-
uation); 50 patients

- Group B (BRP surgery with preoperative DISE evalu-
ation); 60 patients

Selection of candidates for surgery

All 50 patients included in Group A underwent BRP surgery
with only an awake oropharyngeal and upper respiratory air-
way endoscopic evaluation to define the anatomical features
related to the OSA (tonsil grade, palate position, Friedman
lingual tonsil grade, and Miiller’s maneuver). These patients
did not undergo other preoperative assessments.

In Group B, 60 patients candidate to single-level velo-
pharyngeal surgery were preoperatively evaluated with DISE
in order to define the site, type, and pattern of upper airway
collapse.

All the DISE procedures were performed by two of the
co-authors of this study (G. I. and C. V.) and were executed
in the operating room with an anesthesiologist. A standard-
ized DISE protocol, in accordance to the European position
paper on DISE, was employed [19]. The VOTE classification
as described by Kezirian et al. [43] was used to summarize
the results of sites and pattern of collapse.

Patients were observed firstly in the standard supine pri-
mary position and then in lateral decubitus, for assessing
significant modification of the upper airways during the lat-
ter position, in order to identify positional OSA (POSA).

The efficacy of mandibular advancement (pull-up maneu-
ver) was tested in each patient during the DISE [16-19].

There were no complications related to the DISE proce-
dure in any of the tested patients.

Surgery
After the randomization step, 92 patients underwent the
same type of BRP surgery and were enrolled for comparison

of surgical and clinical results: 50 patients of Group A and
42 patients of Group B.
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All BRP procedures were performed by three senior sur-
geons with a long experience in OSA surgery and in all cases
the standardized technique developed by Vicini et al. was
employed (Fig. 2) [30].

Postoperative evaluation

All patients of both groups underwent periodic post-surgi-
cal follow-up evaluation (7 days, 3 months, and 6 months)
and an HSAT evaluation at 6-month follow-up was per-
formed. The same preoperative HSAT data were scored and
collected.

Delta AHI (postoperative AHI - preoperative AHI), Delta
ODI (postoperative ODI - preoperative ODI), and Delta LOS
(postoperative LOS - preoperative LOS) were calculated in
order to express the value of surgical efficacy and to com-
pare the groups of patients. Therapeutic success was defined
according to Sher’s criteria, that is, the achievement of a
postoperative value of AHI < 20 and a 50% improvement
in the preoperative AHI value [1, 15-20]. This is the most
used score to analyzed results of OSA surgery in the existing
literature [31, 32]. The surgical success rate has been also
calculated according to more strict criteria for analyzing the
results of OSA surgery, that is, the achievement of an AHI
<10 or an AHI< 5 [29].

In both groups of patients, the incidence of all possible
postoperative complications (dysphagia, pharyngeal foreign
body sensation, postoperative bleeding, rhinolalia, suture
extrusion) was evaluated and compared.

Statistical analysis and ethical statement

To test the differences among groups, the chi-square test
and Fisher’s exact test were used for categorical data, while
Student’s ¢ test was used for continuous data. Probability val-
ues lower than 0.05 were considered statistically significant.
All analyses were performed with the STATA 12.1 software
(Stata Corp., College Station, TX, USA).

The Local Ethics Committee approved the study (Ref.
Number 4841) and all patients signed an informed consent
for inclusion in the study before their enrollment.

Results

Preoperative results

Baseline data concerning age, gender, and anatomical fea-
tures in both groups are shown in Table 2.

Homogeneity between groups was tested and no statisti-
cal differences emerged regarding average values of age, sex,
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Fig.2 A Schematization of barbed reposition pharyngoplasty (BRP)
surgical technique: After bilateral tonsillectomy, meticulous sparing
of the palatoglossus and palatopharyngeus muscles is performed. Sin-
gle barbed suture, bidirectional polydioxanone absorbable monofila-
ment, size 2.0, with transition zone in the middle is generally used.
One needle is introduced at the center point and then passed laterally
within the palate, turning around pterygomandibular raphe. The nee-
dle again is re-introduced close to point of exit, passing around the

anatomical features, pre-AHI, and BMI (p>0.05 for each
parameter analyzed).

All 50 patients in Group A were surgically treated with
BRP without intraoperative problems.

Table 3 summarizes DISE results (according to VOTE
classification [43]) in the 60 patients initially enrolled in
Group B.

In this group after DISE evaluation, 42 patients (70%)
were selected for BRP surgery because they showed total
or sub-total velopharyngeal collapse during drug-induced
sleep evaluation, without presenting upper airway obstruc-
tions at other levels. Of these patients, 19 showed a con-
centric collapse of the velum (N.B. completed concentric
collapse in 18 cases), whereas 12 had an antero-posterior
collapse and 11 a lateral collapse of the velum (Table 3).

Eighteen patients (30%) showed a main base of tongue
collapse, epiglottis, multilevel obstruction, or a positional
sleep apnea and were hence considered not eligible for a
single-level velopharyngeal surgery. These patients were

pterygomandibular raphe, until it comes out into the tonsillectomy
bed, and then through the upper part of the palatopharyngeus muscle
(B). Then, again, the needle is passed back through the tonsillectomy
and bed, and then, this suture is suspended around the raphe again
(C), A gentle traction is then applied on the thread only, and no knots
are taken. These steps can be repeated 2—3 times between raphe and
muscle until a satisfactory expansion is reached (D). The opposite
side is done by the same way

excluded from the study protocol (Fig. 1) and were advised
to undergo other types of treatment (mandibular advance-
ment device, transoral robotic surgery in a multilevel set-
ting, maxillomandibular advancement surgery).

No significant differences in average values of age, sex,
pre-AHI, and BMI emerged between excluded and enrolled
patients of Group B (p>0.05 for each parameter analyzed).

All 42 patients of Group B were surgically treated with
BRP without intraoperative problems

Postoperative results

In Group A, patients presented a mean preoperative AHI
value of 30.4 +12.5 which went down to a postoperative
value of 18.0+12.5, with a statistically significant differ-
ence (p = 0.0001) (Table 4).

In Group B, the patients presented a mean preoperative
AHI value of 32.6 +11.1 and a postoperative value of 13.4
+7.89, with, in this case too, a statistically significant dif-
ference (p = 0.0001) (Table 4).

@ Springer
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Table 2 Baseline characteristics of both groups of patients

Group A Group B
BRB without preoperative BRP with preoperative DISE (42 cases)
DISE (50 cases)
M/F ratio 47/3 37/5 0.7 (chi-square test)
Age Mean =45.5 + 13.8 Mean =47.9 + 12.9 0.3 (Student ¢ test)
High = 65.0 High = 64.0
Low=18.0 Low =21.0
Median = 48.5 Median = 50.0
BMI Mean = 28.1 +3 Mean = 27.3 + 3.3 0.2 (Student ¢ test)
High = 34.0 High =35.1
Low =20.3 Low =22.0
Median = 27.4 Median = 27.1

Anatomical features

Tonsil size*

Number of cases/percentages

Number of cases/percentages

Chi-square test for contingency
0.5

1 12 (24%) 8 (19%)
2 17 (34%) 14 (33%)
3 16 (32%) 16 (38%)
4 5 (10%) 4 (10%)
Friedman palate position** 0.4
1 31(%) 25 (60%)
2 17 (%) 12 (29%)
3 2 (%) 5 (12%)
4 - -
Friedman lingual tonsil grade *** 0.6
0 7 (14%) 5 (12%)
1 32 (64%) 25 (60%)
2 11 (22%) 12 (29%)
3 - -
4 - -

Tonsil size*: size 1, tonsils are hidden within the pillars; size 2, tonsils are extended to the pillars; size 3, tonsils are extended beyond the pillars

but not to the midline; size 4, tonsils are extended to the midline

Friedman Palate score**: position 1 allows visualization of the entire uvula and tonsils/pillars; position 2 allows visualization of the uvula but
not the tonsils; position 3 allows visualization of the soft palate but not the uvula; position 4 allows visualization of the hard palate only

Friedman lingual tonsil grade ***: grade 0, complete absence of lymphoid tissue over the tongue base; grade 1, lymphoid tissue scattered over
the tongue base; grade 2, lymphoid tissue covering the entirety of the tongue base with limited vertical thickness; grade 3, significantly raised
lymphoid tissue covering the entirety of the tongue base, with noticeable vertical thickness approximately 5 to 10 mm in height; grade 4, lym-
phoid tissue covering the entire tongue base, rising above the tip of the epiglottis, with approximate vertical height 1 cm or more in thickness

Values of ODI, LOS, and CT90% in both groups of the
study are reported in Table 4. In all cases, a statistical dif-
ference between preoperative and postoperative average
values emerged.

Comparing Group A and Group B patients, an interest-
ing finding emerged (Table 5). The therapeutic success rate
was found to be 60% in patients treated without preoperative
DISE evaluation and 83% in patients treated with preopera-
tive DISE (p = 0.001). There were no substantial differences
in DISE sites of obstruction/collapse between responders
and non-responders in Group B.

Using an AHI <10 as criteria, the surgical success rate
decreased to 34% and 54% for Groups A and B, while,
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considering an AHI <5, the percentage was further reduced
to 18% and 21.4% of Groups A and B respectively.

The statistical analysis between the Delta AHI of the two
groups of patients revealed a statistically significant differ-
ence (—12.4 + 11.4 vs —19.2 + 10.5; p = 0.003), as well as
the Delta ODI (—12.6 + 10.4 vs —19.6 + 11.2; p = 0.004).
Differently, the Delta LOS was calculated as —4.82 +9.54
and —7.42 +8.21 without a statistical difference between
groups (p=0.15).

Table 6 shows the incidence of postoperative complica-
tions in both groups of patients. No differences between
groups emerged for all the postoperative complications
analyzed (p > 0.05 for all complications).
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Table 3 Results of DISE evaluation in Group B patients

Results of DISE of 60 patients evaluated for Group B inclusion

Sites and degree of collapse at ~ VOTE classification Enrolled/excluded in Number of patients Pattern of collapse
DISE evaluation the Group B of the
study
Complete or partial velum and ~ V2O2TOEO Enrolled 10 (24%) Velum pattern of collapse
oropharyngeal obstruction—  V2O1TOEO Enrolled 22 (52%) Antero-posterior/lateral/
no obstruction to the other VIOITOEO Enrolled 4 (10%) concentric
levels of evaluation V102 TOEO Enrolled 6 (14%) 3/1/6
Total 42 (70%) 5/5/12
2/2/0
2/3/1
12/11/19
Oropharyngeal pattern of
collapse
100% lateral
Complete or partial tongue base V (0-1-2) O (0-1-2) T (1) E (0) Excluded 2 (3%) Base of tongue pattern of
collapses—any type of velum V (0-1-2) O (0-1-2) T (2) E (0) Excluded 10 (17%) collapse
and oropharyngeal collapse Total 12 20%) 100% antero-posterior
Primary laryngeal/epiglottis V (0-1-2) O (0-1-2) T (1) E(1) Excluded - Epiglottis pattern of collapse
obstruction V (0-1-2) O (0-1-2) T (1) E (2) Excluded 2 (3%) 100% antero-posterior
Total 2 (3%)
Positional OSA patients who No sites of collapse in lateral Excluded 4 (7%) -

preferred a noninvasive

position

device for sleeping in lateral
position

VOTE classification by Kezirian et al.; degree of obstruction described as one number for each structure: 0, No obstruction; 1, Partial obstruc-

tion; 2, Complete obstruction

Discussion

This is the first RCT suggesting that the success of single-
level surgery may be improved after a preoperative DISE
examination to confirm surgical candidacy.

Patient selection and choice of surgical procedure for
OSA have traditionally relied on static examination of the
awake patient, and thus may not accurately predict sites
of obstruction during the sleeping state [15, 16, 18, 19].
Awake upper airway endoscopy can be done safely in the
office setting and it is useful for evaluating any anatomic
variants of the upper airway structures such as deviated
nasal septum, turbinate hypertrophy, and adenotonsillar
hypertrophy as well as for ruling out pathological obstruc-
tion such as nasal polyps and tumors [15, 16, 20-30].
Tonsil grade, Friedman palate position, and Friedman
lingual tonsil grade have been considered useful scores
for identifying patients in whom single-level velopharyn-
geal surgery should be avoided [28, 29]. Nevertheless,
awake upper airway assessment is less useful for predict-
ing the dynamic upper airway soft tissue collapse that
occurs during sleep and may not identify some important
sites of obstruction/collapse. To better identify the loci of
obstruction, a specific examination called drug-induced
sleep endoscopy has been proposed in the last years
[15-17,20-25]. DISE is a safe and practical technique for

evaluating dynamic upper airway collapse during a drug-
induced simulation of sleep.

DISE has been defined as superior to awake fibro-
laryngoscopy in identifying sites of obstruction and col-
lapse patterns of patients with OSA [15, 17]. As shown by
Soares et al. [15], there is a significant difference between
awake fiber optic nasal endoscopy with Miiller’s maneuver
and DISE in the identification of hypopharyngeal/base of
tongue collapse. The incidence of severe retrolingual col-
lapse identified via DISE was 84.9% compared to 35.8%
via awake fiber optic evaluation (p < .0001). Yegin et al.
[13] themselves, comparing DISE and Miiller’s maneuver
for diagnosing the site of obstruction, observed that there
was no statistically significant concordance between these
two examinations regarding antero-posterior collapse of the
tongue (23.8%) and epiglottis (42.9%).

DISE evaluation makes it possible to identify whether
obstruction at the base of the tongue, the hypopharynx, and
the epiglottis/larynx or more sites of obstruction/collapse
is present during sleep and if they play a significant role
in OSA pathogenesis [16, 33]. Single-level velopharyngeal
surgery may not have the desired therapeutic effects if these
obstructions are present. Therefore, some authors have pro-
posed DISE as a useful tool in preoperative planning, iden-
tifying which patients are good candidates for single-level
surgery and patients who require multilevel surgery [34-36].
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Table 4 pre- and postoperative results of AHI, ODI, LOS, and CT90% in Group A and Group B patients

p value

Post-CT 90%

Pre-CT 90%

p value

Post-LOS

p value Pre-LOS

Post-ODI

p value Pre-ODI

Post-AHI

Pre-AHI

0.0001
0.0001

6.9
4.2

0.002 139

88.3+5.8

86.4 +7.1

81.6 +7.82
80.88 +7.68

0.0001

0.0001

15.4 +12.6
10.9 +7.8

28.0 +12.5
30.1 £11.1

0.0001

0.0001

18.0 £13.5
13.4 +8.89

30.4 £12.5
32.6 +11.1

Group A
Group B

15.1

0.0001

CT90% percentage of total sleep time with an oxygen saturation of <90%. Statistical difference evaluated using the Student 7 test

Gillespie et al. [36] compared the surgical planning based on
the Muller maneuver with that based on DISE and found that
in 62% of cases the surgical plans had been modified after
DISE evaluation, due to its results. Similarly, a systemic
review of eight studies and 535 OSA patients revealed that
surgical planning is modified by preoperative DISE evalua-
tion in 50.2% of cases [40].

The aim of this study was to assess the effectiveness of
DISE in improving outcomes of barbed pharyngoplasty for
OSA: for this purpose, a prospective randomized model was
adopted.

We compared 50 patients who underwent BRP without
a preoperative DISE evaluation (Group A) and 42 patients
(Group B) treated with BRP surgery but preoperatively
selected via preoperative DISE.

Initially, in Group B of our study, after anatomical exami-
nation of the static upper airways and casual randomization,
60 patients were enrolled as candidates for single-level velo-
pharyngeal surgery. During DISE evaluation 30% of these
patients presented more or different sites of collapse rather
than the velopharyngeal region alone and were not consid-
ered eligible for a single-level velopharyngeal surgery due
to a higher risk of surgical failure. Of the initially evaluated
patients, 70% were selected for single-level BRP surgery
because they showed a complete velopharyngeal collapse at
drug-induced sleep evaluation, without obstruction/collapse
at the other upper airway levels evaluated.

Seventy percent of the patients considered eligible for
single-level velopharyngeal surgery after DISE evaluation
may appear to be a high proportion. However, it should
be considered that this high percentage of patients could
be related to the pre-selection of patients based on awake
examinations and to the clinical characteristics and exclusion
criteria adopted in patients candidate to single-level velo-
pharyngeal surgery. The groups analyzed showed similar
age, sex, BMI, and anatomical features (no differences in
the preoperative tonsil grade, palate position, and Friedman
lingual tonsil grade), suggesting that patients with similar
features were evaluated after randomization.

Both groups of patients showed statistically significant
differences between preoperative and postoperative values
of AHI, ODI, and LOS (p<0.05 in all cases). However, com-
paring Group A and Group B patients, the therapeutic suc-
cess rate was found to be 60% in patients treated without
preoperative DISE evaluation and 83% in patients treated
after a preoperative DISE evaluation (p = 0.02).

The success rate, considering a postoperative AHI <10,
was 34% and 54%, in Groups A and group B respectively;
it was further reduced considering an AHI <5 (18% Group
A and 21% Group B). As logical to expect, the therapeutic
success rate was lower using more rigorous successful cri-
teria, though these values appeared in line with results of
other authors that have applied these more severe criteria
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Table 5 Compa}rison of Groups Group A Group B p value
A and B regarding Delta AHI, BRB without preop- BRP with preopera-  Student ¢ test
Delta ODI, Delta LOS, and erative DISE tive DISE
success rate
Delta AHI -12.4+11.4 —19.2+10.5 0.003
Delta ODI -12.6+10.4 —19.6x11.2 0.004
Delta LOS —4.82+9.54 —7.42+8.21 0.15
Success rate defined as AHI < 20 and  30/50 (60%) 35/42 (83%) (Chi-square test)
50% improvement in AHI 0.001
Success rate defined as AHI<10 17/50 (34%) 23/42 (54%) 0.05
Success rate defined as AHI<S 9/50 (18%) 9/42 (21%) 0.4
Table6 Comp grison of GrouPs Postoperative complications  Group A (50 cases) Group B (42 cases) p value (chi-square
A and B regarding postoperative test - Fisher’s exact
complications test)
nof cases Percentage nofcases Percentage
No complications
Postoperative bleeding 3 6% 2 5% 1
Partial thread extrusion 6 12% 5 12% 1
Temporary dysphagia 9 18% 7 17% 1
Permanent foreign body 2 4% 2 5% 1

sensation in the throat

of surgical success [1, 29]. Besides, Groups A and B still
showed a statistical difference in the percentage of patients
with a postoperative AHI <10 (p = 0.05). Differently, there
was no statistical difference, between the two groups, in
patients that showed a postoperative AHI <5 (p = 0.4). This
last result could be probably related to the low number of
patients that matched this very rigorous postoperative crite-
ria of surgical success.

These findings show a difference in success rates between
patients investigated using DISE and those evaluated by
means of awake fibro-laryngoscopy alone.

In the literature, many studies on DISE have been pub-
lished but few of these have properly assessed its contri-
bution and implication in increasing the success rate of
single-level velopharyngeal surgery [31-40]. The results
of these studies are very heterogeneous in terms of surgi-
cal techniques, type of patients analyzed, and study pro-
tocols employed. Different results regarding the impact of
DISE on surgical outcomes have been reported, and there
is no consensus in the literature regarding the use of DISE
for improving the surgical success rate of velopharyngeal
surgery [15-17, 25-28, 31-39].

Some studies, in accordance with our results, sug-
gest that DISE improves success rates, probably because
it helps to select the most appropriate operative tech-
nique [31-35]. A single-center retrospective analysis of
87 patients found that the mean postoperative AHI was
lower in patients preoperatively evaluated by DISE than
in the non-DISE group (10 versus 19 events/hour, p =

0.052). A better surgical success rate also occurred more
frequently in the DISE group than in the non-DISE group
(86% versus 51%, p < 0.001) [44]. Aktas et al. themselves
[34] found that the different patterns of airway obstruction
seen on DISE could predict different outcomes after ton-
sillectomy and uvulopalatopharyngoplasty. Twenty OSA
patients with soft palate obstruction identified during Miil-
ler’s maneuver underwent DISE before surgery. The levels
of obstruction seen during DISE were categorized into
upper airway obstruction (i.e., originating from the uvula,
soft palate, and/or tonsils) and lower airway obstruction
(i.e., originating from the tongue base and/or epiglottis). A
higher surgical success rate was reported in the group with
upper airway obstruction identified by DISE (p < 0.05).
The group with lower airway obstruction had a lower suc-
cess rate (p < 0.01). According to their findings in a mul-
ticenter cohort study of 275 participants, Green et al. [33]
identified an association between surgical outcomes and
certain preoperative DISE findings. In this study, tongue-
related obstruction was associated with a lower odds ratio
of surgical response.

On the other hand, some authors report that DISE makes
no difference to surgical outcomes. Baudouin et al. [38]
reported the efficacy of preoperative DISE evaluation in
a retrospective single-center study in patients with OSA
treated by single-level surgery (tonsillectomy with or with-
out pharyngoplasty). Efficacy was compared between groups
without (Group A) and with tongue base or laryngeal col-
lapse evidenced at preoperative DISE evaluation (Group B).
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The success rate was 66.7% in Group A and 59.3% in Group
B with no statistically significant difference between the two
groups (p>0.1). However, it should be noted that the retro-
spective nature of the study and the different rates of surger-
ies performed in the two groups of study (tonsillectomy +
palatopharyngoplasty performed in 55.6% of Group A and
77.8% of Group B cases) could have influenced reported
outcomes.

Similarly, in the study performed by Hsu et al. [39],
patients with single-level or multilevel obstruction on DISE
treated with a single-level palatopharyngoplasty were com-
pared. The authors concluded that patients with multilevel
obstruction on preoperative DISE had an AHI outcome simi-
lar to those with velopharyngeal single-level obstruction.
However, subclassifying patients into 3 groups according to
the severity of tongue base obstruction on DISE (group 1 no
base of tongue obstruction, group 2 partial or no obstruction,
group 3 complete obstruction), different results emerged; the
postoperative mean AHI of group 3 was significantly lower
than the preoperative AHI mean in the other two groups
(15.4 + 20.5 versus 42.6 + 20.6, p = .0002).

The effect of DISE on surgical outcome was evaluated by
Pang et al. [31] in a non-randomized, prospective study com-
prising 326 patients with OSA. They analyzed 170 patients
preoperatively evaluated with DISE and 156 patients surgi-
cally treated without preoperative DISE evaluation. In this
study, it seemed apparent that the patients in whom a pre-
operative DISE was not performed had better surgical out-
comes compared to those patients submitted to preoperative
DISE. This was demonstrated by the percentage change in
AHI; the no-DISE group (156 patients) had a 59.8% reduc-
tion in AHI compared to the DISE group (170 patients) with
a48.4% reduction in AHI (p < .001). The overall mean AHI
improvement in the no-DISE group was better than in the
DISE group. However, as reported by the authors, some lim-
itations of this study may have altered the results observed:
(1) the no-DISE group comprised more patients with nose
surgery, with 148 nose procedures performed compared to
113 nose procedures in the DISE group (p < .001). The
difference was statistically significant; therefore, this could
have explained the better success outcomes in the no-DISE
group. It has been illustrated that nose surgery relieves the
distal airway pressure and results in less negative pressure
in the hypopharyngeal region and, therefore, possibly less
hypopharyngeal collapse and better overall results; (2) due
to the multicenter protocol of the study, the DISE procedure
was not uniformly performed in all the involved centers;
most centers used intravenous propofol, and one center had
included intravenous dexmedetomidine. Besides, the clini-
cians performing the procedures were different for all the
patients; (3) due to the multicentric nature of the study, sur-
geries were not performed by the same surgeon and may not
have been performed with the same method.

@ Springer

There can be no doubt, as claimed by Carrasco-Llatas al
[16], that by analyzing previous literature studies, it is not
possible to clarify whether DISE patients have better surgi-
cal results than patients whose surgery was solely selected
by means of UA awake exploration. The lack of prospective
randomized trials approaching this issue and the heteroge-
neity of the study methods, surgical techniques, and DISE
evaluation make it impossible to answer to this query.

The results of our prospective randomized study seem to
confirm the evidence supporting the theory that preopera-
tive DISE evaluation may improve the surgical success rate
of single-level velopharyngeal surgery. Correct selection of
candidates for single-level velopharyngeal surgery (possibil-
ity of excluding patients with obstruction of the base of the
tongue, the hypopharynx, and the epiglottis/larynx) could
be the reason for a preoperative DISE evaluation [31-35].
Furthermore, it should be remembered that DISE obstruc-
tion characteristics might help to choose one velopharyn-
geal technique rather than another. For example, patients
with CCC appear to have a poor surgical response rate when
classical UPPP is the chosen technique and patients with
lateral velopharyngeal collapse did not respond to UPPP [31,
35] or to lateral partial muscle resection [32] but might be
excellent candidates for lateral pharyngoplasty or expansion
pharyngoplasty.

In this study, we have not addressed the differences in
subjective outcomes (e.g., Epworth Sleepiness Scale, reduc-
tion of reported symptoms) between the patients surgically
treated with or without preoperative DISE evaluation. Fur-
ther studies are under way to verify the difference in post-
operative subjective outcomes of patients preoperatively
evaluated with DISE.

A possible limitation of preoperative DISE evaluation of
patients with OSA, candidates for velopharyngeal surgery,
involves the costs of the procedure and timing of surgery.
The DISE requires the presence of expert anesthetic staff and
a specifically equipped room and this implicates costs for the
patient/hospital. This preoperative test could postpone sur-
gery timing, especially in public health care hospitals. DISE
is an evaluation technique that must be properly performed
in accordance with well-established indications, technique,
methods, and interpretations of the resulting data [15-17].
A DISE procedure incorrectly performed could provide
confusing information that may lead to erroneous surgical
planning.

Conclusions
DISE is a useful tool for investigating the UA of patients

with OSA in order to improve the selection of patients can-
didate to surgery and to identify the best surgical procedure
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according to sites and patterns of collapse. DISE appears to
improve the surgical results of single-level velopharyngeal
surgery owing to the possibility of excluding patients with
obstruction of the base of the tongue, the hypopharynx, and
the epiglottis/larynx.

We do not purport that DISE is a magical panacea. DISE
is an evaluation technique that must be performed properly,
with findings that must be interpreted in the light of other
clinical characteristics (age, BMI, sex, anatomical findings
including tonsil size) in an effort to improve surgical results.
Even after treating all the areas of collapse and improving
the UA lumen, there is no guarantee of success. A complete
view of the patient is mandatory and the physiological traits
underlying the UA collapse and OSA (loop gain, arousal
threshold, and muscle response) must not be underestimated.

Declarations

Ethics approval All procedures performed in studies involving human
participants were in accordance with the ethical standards of the insti-
tutional and/or national research committee and with the 1964 Helsinki
Declaration and its later amendments or comparable ethical standards.

Consent to participate Informed consent was obtained from all indi-
vidual participants included in the study.

Conflict of interest The authors declare no competing interests.

References

1. Montevecchi F, Meccariello G, Firinu E et al (2018) Prospective
multicentre study on barbed reposition pharyngoplasty standing
alone or as a part of multilevel surgery for sleep apnoea. Clin
Otolaryngol 43:483-488

2. Magliulo G, Iannella G, Ciofalo A et al (2019) Nasal pathologies
in patients with obstructive sleep apnoea. Acta Otorhinolaryngol
Ital 39:250-256

3. Li HY (2019) Palatal surgery for obstructive sleep apnea: from
ablation to reconstruction. Sleep Med Clin 14:51-58

4. Pang KP, Woodson BT (2007) Expansion sphincter pharyngo-
plasty: a new technique for the treatment of obstructive sleep
apnea. Otolaryngol Head Neck Surg 137:110-114

5. Iannella G, Vallicelli B, Magliulo G et al (2020) Long-term sub-
jective outcomes of barbed reposition pharyngoplasty for obstruc-
tive sleep apnea syndrome treatment. Int J Environ Res Public
Health 17:1542

6. Cammaroto G, Stringa LM, lannella G et al (2020) Manipulation
of lateral pharyngeal wall muscles in sleep surgery: a review of
the literature. Int J Environ Res Public Health 17:5315

7. Camacho M, Zaghi S, Piccin O, Certal V (2016) Expan-
sion sphincter pharyngoplasty for obstructive sleep apnea: an
update to the recent meta-analysis. Eur Arch Otorhinolaryngol
273:2857-2858

8. Peng BG, Lai YQ, Lei HJ, Zhang N, Wang X (2019) Strategies
in the clinical diagnosis and surgical treatment of OSAHS with
multilevel obstruction. J Int Med Res 47:1533-1543

10.

11.

12.

13.

14.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Coughlin K, Davies GM, Gillespie MB (2020) Phenotypes of
obstructive sleep apnea. Otolaryngol Clin North Am 53:329-338
Magliulo G, De Vincentiis M, Iannella G et al (2018) Olfactory
evaluation in obstructive sleep apnoea patients. Acta Otorhi-
nolaryngol Ital 38:338-345

Albdah AA, Alkusayer MM, Al-Kadi M, Almofada H, Alnofal
EA, Almutairi S (2019) The impact of drug-induced sleep endos-
copy on therapeutic decisions in obstructive sleep apnea: a sys-
tematic review and meta-analysis. Cureus 11:6041

ITannella G, Vicini C, Colizza A et al (2019) Aging effect on sleepi-
ness and apneas severity in patients with obstructive sleep apnea
syndrome: a meta-analysis study. Eur Arch Otorhinolaryngol
276:3549-3556

Yegin Y, Celik M, Kaya KH, Ko¢ AK, Kayhan FT (2017) Com-
parison of drug-induced sleep endoscopy and Miiller’s maneuver
in diagnosing obstructive sleep apnea using the VOTE classifica-
tion system. Braz J Otorhinolaryngol 83:445-450

Wang WM, Hsu YB, Lan MY, Yang MC, Huang TT, Liu CJ, Lan
MC (2018) The relationship between modified Mallampati score,
Miiller’s maneuver and drug-induced sleep endoscopy regarding
retrolingual obstruction. Ann Otol Rhinol Laryngol 127:463-469

. Soares D, Folbe AJ, Yoo G, Badr MS, Rowley JA, Lin HS (2013)

Drug-induced sleep endoscopy vs awake Miiller’s maneuver in the
diagnosis of severe upper airway obstruction. Otolaryngol Head
Neck Surg 148:151-156

Carrasco-Llatas M, Martinez-Ruiz de Apodaca P, Vaz de Castro
J, Matarredona-Quiles S, Dalmau-Galofre J (2019) Drug-induced
sleep endoscopy as a tool for surgical planning. Curr Otorhi-
nolaryngol Rep [Internet] 7:1-9

Vicini C, De Vito A, Iannella G et al (2018) The aging effect on
upper airways collapse of patients with obstructive sleep apnea
syndrome. Eur Arch Otorhinolaryngol 275:2983-2990

Bharathi MB, Rajendra Prasad J, Satish K (2017) Drug-induced
sleep endoscopy as a selection tool for surgical management of
obstructive sleep apnoea syndrome: our personal experience.
Indian J Otolaryngol Head Neck Surg. 69:313-318

De Vito A, Carrasco Llatas M et al (2018) European position
paper on drug-induced sleep endoscopy: 2017 Update. Clin Oto-
laryngol 43:1541-1552

Cambi J, Chiri ZM, De Santis S, Franci E, Frusoni F, Ciabatti
PG, Boccuzzi S (2019) Outcomes in single-stage multilevel sur-
gery for obstructive sleep apnea: transoral robotic surgery, expan-
sion sphincter pharyngoplasty and septoplasty. Int ] Med Robot
15:2034

Pinto JA, Godoy LBM, Nunes HDSS et al (2020) Lateral-expan-
sion pharyngoplasty: combined technique for the treatment of
obstructive sleep apnea syndrome. Int Arch Otorhinolaryngol
24:107-111

Madkikar N, Pandey S, Ghaisas V (2019) Multi level single stage:
barbed reposition pharyngoplasty and nasal surgery in treatment
of OSA-our experience. Indian J Otolaryngol Head Neck Surg
71:309-314

Dachuri S, Sachidananda R, Montevecchi F et al (2019) Barbed
reposition pharyngoplasty in Indian population: a new pala-
tal surgery for OSAS. Indian J Otolaryngol Head Neck Surg.
71:249-253

Bosco G, Pérez-Martin N, Racionero MA, Plaza G (2019) Expan-
sion sphincter pharyngoplasty: usefulness of DISE. Faringoplastia
de expansion: utilidad de la somnoscopia (DISE). Acta Otorrino-
laringol Esp 70:215-221

Friberg D, Sundman J, Browaldh N (2020) Long-term evaluation
of satisfaction and side effects after modified uvulopalatopharyn-
goplasty. Laryngoscope 130:263-268

Lorusso F, Dispenza F, Modica DM, Gallina S (2018) The role
of modified expansion sphincter pharyngoplasty in multilevel

@ Springer



1632

Sleep and Breathing (2022) 26:1621-1632

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

obstructive sleep apnea syndrome surgery. Int Arch Otorhi-
nolaryngol 22:432-436

Minni A, Cialente F, Ralli M, et al. (2020) Uvulopalatopharyn-
goplasty and barbed reposition pharyngoplasty with and without
hyoid suspension for obstructive sleep apnea hypopnea syndrome:
a comparison of long-term functional results. Bosn J Basic Med
Sci. 27

Friedman M, Ibrahim H, Bass L (2002) Clinical staging for sleep-
disordered breathing. Otolaryngol Head Neck Surg 127:13-21
Elshaug AG, Moss JR, Southcott AM, Hiller JE (2007) Redefin-
ing success in airway surgery for obstructive sleep apnea: a meta
analysis and synthesis of the evidence. Sleep 30:461-467

Vicini C, Hendawy E, Campanini A et al (2015) Barbed reposition
pharyngoplasty (BRP) for OSAHS: a feasibility, safety, efficacy
and teachability pilot study. “We are on the giant’s shoulders.” Eur
Arch Otorhinolaryngol 272:3065-3070

Pang KP, Baptista PM, Olszewska E, Braverman I, Carrasco-
Llatas M, Kishore S, Chandra S, Yang HC, Wang CMZ, Chan
YH, Pang KA, Pang EB, Rotenberg B (2020) Does drug-induced
sleep endoscopy affect surgical outcome? A multicenter study of
326 obstructive sleep apnea patients. Laryngoscope 130:551-555
Fernandez-Julian E, Garcia-Pérez MA, Garcia-Callejo J, Ferrer
F, Marti F, Marco J (2014) Surgical planning after sleep versus
awake techniques in patients with obstructive sleep apnea. Laryn-
goscope 124:1970-1974

Green KK, Kent DT, D’Agostino MA et al (2019) Drug-induced
sleep endoscopy and surgical outcomes: a multicenter cohort
study. Laryngoscope 129:761-770

Aktas O, Erdur O, Cirik AA, Kayhan FT (2015) The role of drug-
induced sleep endoscopy in surgical planning for obstructive sleep
apnea syndrome. Eur Arch Otorhinolaryngol 272:2039-2043
Huntley C, Chou D, Doghramji K, Boon M (2017) Preoperative
drug induced sleep endoscopy improves the surgical approach to
treatment of obstructive sleep apnea. Ann Otol Rhinol Laryngol
126:478-482

Gillespie MB, Reddy RP, White DR, Discolo CM, Overdyk FJ,
Nguyen SA (2013) A trial of drug-induced sleep endoscopy in

@ Springer

37.

38.

39.

40.

41.

42.

43.

44,

the surgical management of sleep-disordered breathing. Laryn-
goscope 123:277-282

Blumen MB, Latournerie V, Bequignon E, Guillere L, Chabolle F
(2015) Are the obstruction sites visualized on drug-induced sleep
endoscopy reliable? Sleep Breath. 19:1021-1026

Baudouin R, Alali A, Hans S, Blumen M, Chabolle F (2020)
OSAS and upper pharynx surgery: does basilingual collapsus
always rhyme with failure? Eur Ann Otorhinolaryngol Head Neck
Dis 3:1879-7296

Hsu YS, Jacobowitz O (2017) Does sleep endoscopy staging pat-
tern correlate with outcome of advanced palatopharyngoplasty
for moderate to severe obstructive sleep apnea? J Clin Sleep Med
13:1137-1144

Certal VF, Pratas R, Guimaraes L, Lugo R, Tsou Y, Camacho
M, Capasso R (2016) Awake examination versus DISE for surgi-
cal decision making in patients with OSA: a systematic review.
Laryngoscope 126:768-774

Pang KP, Plaza G, Baptista JPM et al (2018) Palate surgery for
obstructive sleep apnea: a 17-year meta-analysis. Eur Arch Otorhi-
nolaryngol 275:1697-1707

Berry RB, Budhiraja R, Gottlieb DJ et al (2012) (2007) Rules for
scoring respiratory events in sleep: update of the AASM Manual
for the scoring of sleep and associated events. J Clin Sleep Med
8:597-619

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

Hessel NS, de Vries N (2003) Results of uvulopalatopharyngo-
plasty after diagnostic workup with polysomnography and sleep
endoscopy: a report of 136 snoring patients. Eur Arch Otorhi-
nolaryngol 260:91-95

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.



	Effectiveness of drug-induced sleep endoscopy in improving outcomes of barbed pharyngoplasty for obstructive sleep apnea surgery: a prospective randomized trial
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 

	Introduction
	Materials and methods
	Trial design
	Randomization
	Selection of candidates for surgery
	Surgery
	Postoperative evaluation
	Statistical analysis and ethical statement

	Results
	Preoperative results
	Postoperative results

	Discussion
	Conclusions
	References


