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Abstract
Purpose Non-resective pharyngoplasty techniques have been shown to be effective to treat oropharyngeal collapse in patients
affected by obstructive sleep apnea-hypopnea syndrome (OSAHS). The aim of our study is to evaluate outcome predictors in a
cohort of patients affected byOSAHS and treated with non-resective pharyngoplasty, including variation of pharyngeal measures
at the end of the surgical procedure.
Methods A cohort of patients affected by OSAHS, with palatal or lateral pharyngeal wall collapse, who underwent non-resective
pharyngoplasty, were enrolled between 2014 and 2017. Surgical procedures encompassed non-resective pharyngoplasty by
expansion sphincter pharyngoplasty (ESP) or barbed antero-lateral pharyngoplasty with barbed reposition pharyngoplasty
(BRP) or barbed suspension pharyngoplasty (BSP) techniques, eventually associated with nasal surgery. Pharyngeal measures
were recorded intraoperatively and their variation at the end of the procedure was considered. Surgical success was evaluated at
least 6 months after surgery with respiratory polygraphy and ESS questionnaire. Outcome predictors were examined by multi-
variable logistic regression and ROC curve analysis.
Results Seventy patients met the study inclusion criteria. ESP, BRP, and BSP in a uni-/multilevel setting led to significant
improvement of all respiratory polygraphic parameters and daily sleepiness (p < 0.0001). Outcome analysis showed that greater
variation of antero-posterior pharyngeal measure was associated with success (p = 0.01), with an optimal cutoff value of 8.5 mm;
low AHIpre, high ESSpre, and antero-lateral pharyngoplasty with barbed sutures were associated with a higher rate of cure
(p < 0.05).
Conclusions Non-resective pharyngoplasty is effective in treating OSAHS patients affected by palatal or lateral pharyngeal wall
collapse, and intraoperative variation of antero-posterior width may be a useful tool to predict surgical success.
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Introduction

Obstructive sleep apnea (OSA) is a common sleep breathing
disorder whose prevalence is increasing throughout the world.
In the general population, the prevalence of OSA ranges from
9 to 25% [1] and in bariatric surgical patients may be more
than 70% [2]. OSA is characterized by repeated episodes of
significant reduction or complete cessation in breathing during
sleep caused by narrowing or obstruction of the upper airway.

Untreated OSAHS may contribute to pathophysiological
mechanisms underlying the origin and/or development of hy-
pertension, cardiac ischemia, myocardial infarction, conges-
tive heart failure, and stroke [3]. Therefore, prompt diagnosis
and optimal treatment for OSAHS is important to prevent
complications and improve the patient’s health. There are a
variety of therapeutic options for OSAHS such as positive
airway pressure (PAP), weight loss, surgery, positional thera-
py, and oral appliance (OA) [4]. In general, the optimal treat-
ment is determined according to the patient’s anatomical
structures, respiratory polygraphic and endoscopic results,
and personal preferences [5].

The critical pathophysiologic feature of OSAHS is sleep-
related collapse of the upper airway mainly at the level of the
pharynx [6]. Obstructive apneas and hypopneas occur, respec-
tively, because of intermittent partial or complete collapse of the
pharynx (from the retropalatal area lower to the hypopharynx)
or of the larynx during sleeping; pharyngeal collapse can occur
at the end of expiration or at the beginning of inspiration [7].

An obstructive event, lasting more than 10 s, is defined as
hypopnea with a 50% or more reduction in respiratory flow or
less reduction associated with a 3% desaturation or arousal,
while apnea is characterized by complete airflow stop.

According to the American Academy of Sleep Medicine
Task Force recommendations, obstructive sleep apnea-
hypopnea syndrome (OSAHS) is defined as an apnea-
hypopnea index (AHI) > 5, measured during nocturnal respi-
ratory polygraphy, along with excessive daytime somnolence.
In contrast, a habitual snorer is considered a subject who al-
ways snores at night, with an AHI < 5. OSAHS is further
classified into mild (AHI = 5–14), moderate (AHI = 15–30),
and severe (AHI > 30) [7].

Continuous PAP therapy (CPAP) is the gold standard for
treatment of patients affected by moderate to severe OSAHS,
and in patients who are not compliant to CPAP, surgery has also
been shown to be effective. One of the most popular surgical
procedures proposed for treatment of OSAHS patients who are
not suitable for CPAP is uvulopalatopharyngoplasty (UPPP);
however, as shown by Tang et al., this procedure may be asso-
ciated with postoperative side effects such as foreign body sen-
sation (38.6%) and velopharyngeal insufficiency (10%) [8].

Since 2003, newer palatal techniques have been intro-
duced, especially after the evolution of palatal surgeries fo-
cused on lateral pharyngeal wall collapse [9] or antero-

posterior collapse [10]. Some palatal surgical techniques that
have been recently described in the literature are expansion
sphincter pharyngoplasty (ESP) [11, 12], Roman blind tech-
nique (RBT) [13], barbed reposition pharyngoplasty (BRP)
[14], and barbed suspension pharyngoplasty (BSP) [15].
Barbed procedures allow surgeons to achieve widening and
stiffening of the retropalatal space without tissue sacrifice by
means of a bidirectional barbed suture that is inserted through
the fibro-muscular tissues of the soft palate and posterior ton-
sillar pillars, and tightened around three steady holds: the pos-
terior nasal spine and the two pterygoid hamuli lateral to the
pterygomandibular raphe [13–17].

During the last decades, criteria for surgical success have
evolved using significant variation of some respiratory poly-
graphic parameters first, such as the apnea index (AI) or
apnea-hypopnea index (AHI) [18] and later introducing
criteria such as those suggested by Sher [19], i.e., reduction
of respiratory polygraphic measures and improvement of
quality of life parameters like the ESS [20, 21].

The newer non-resective techniques have been shown to be as
effective as the older resective ones (uvulopalatopharyngoplasty
(UPPP)) but with less invasiveness, especially if a barbed suture
technique is used [16, 22]. The passage from resective to non-
resective surgery has led to three-dimensional surgical planning,
but little is known about the morphological oropharyngeal mod-
ifications that predict surgical success.

The aim of this study is to evaluate the outcome of a cohort
of patients treated by non-resective pharyngoplasty, analyzing
variations in palatal measures and searching for predictors.

Methods

Study design and population

An observational retrospective study was carried out, analyzing
the records of a cohort of 70 consecutive patients with OSAHS
who refused or failed to tolerate CPAP and who underwent
non-resective pharyngoplasty between January 2014 and
October 2017 at the Department of Otorhinolaryngology—
Head and Neck Surgery of the University of Genoa, Italy.
Ethical review and approval was not required for this study in
accordance with national and institutional requirements.
However, each patient preoperatively signed a consent form
for disclosure of privacy in managing personal data for scien-
tific purposes.

Preoperative assessment included respiratory polygraphy,
endoscopic evaluation, and drug-induced sedation endoscopy
(DISE). All patients underwent respiratory polygraphic exam
at least 6 months postoperatively. Inclusive criteria were as
follows: diagnosis of mild to severe OSAHS (AHI) ≥ 5, with
the main site of obstruction at the oropharyngeal level; as
palatal or lateral pharyngeal wall collapse, according to the
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NOHL classification [23]; failure to tolerate or comply with
CPAP or mandibular advancement device (MAD); and with
bodymass index (BMI) ≤ 35. We excluded patients with com-
plete base-tongue, hypopharyngeal, or laryngeal collapse or
significant craniofacial anomalies affecting the airway, severe
comorbidities, contraindications for surgery, or incomplete
clinical data.

Clinical evaluation

Clinical evaluation included complete head and neck exami-
nation and nasofibrolaryngoscopy (NFL) with a flexible video
nasopharyngoscope (diameter 3.5 mm, Olympus Medical
Systems Corporation, Tokyo, Japan) to determine the extent
of retropalatal (Muller RP) and retrolingual (Muller RL) ob-
struction. The BMI was calculated. Moreover, all patients
were evaluated by comprehensive history that covered sleep
habits and occurrence of sleep disturbances. Excessive day-
time sleepiness was estimated by the Epworth sleepiness scale
(ESS) [24, 25].

Respiratory polygraphic study

The sleep study was performed with a cardiorespiratory mon-
itor (Vital night) to record the following variables simulta-
neously: nocturnal snoring sound, arterial oxygen saturation
measured by finger oxymetry, body position, nasal and mouth
airflow, thoracic and abdominal respiratory movements re-
corded by inductive plethysmography, and heart rate. To de-
termine the severity of sleep apnea, we considered AHI, oxy-
gen desaturation index (ODI), and t < 90% (percent of the total
time with oxygen saturation level lower than 90%).

Drug-induced sedation endoscopy

Drug-induced sedation endoscopy (DISE) was performed in a
supine position without neck extension with transnasal flexi-
ble endoscopy using an ENF-VH videoendoscope connected
to an Evis Exera II CLV-180B light source (Olympus Medical
Systems Corporation, Tokyo, Japan). The entire exam was
recorded. No local anesthesia was used in the nasal cavity in
agreement with the European position statement on DISE
[26].

Sedation was induced by the synergy between two drugs,
midazolam and propofol, in order to exploit the muscle re-
laxant and the hypnotic effects when used at low dose to-
gether. Midazolam is administered with intravenous repeated
bolus in a range of 1–3 mg, while propofol is administered
intravenously via TCI (target-controlled infusion) with a tar-
get between 0.8 and 1.8 μg/ml according to the Schnider
model. This is an advanced pharmacokinetic model that es-
tablishes the effect-site concentration of drugs to achieve a
desired clinical effect. At the end of the procedure, we

normally use flumazenil to antagonize the effects of midazo-
lam. The use of low dose of midazolam and propofol com-
bined together allows sedation to be as physiologic as pos-
sible, with snoring, apneas, controlled desaturations, and rap-
id recovery.

The degree of obstruction was evaluated at the level of the
nasal cavity, nasopharynx, oropharynx, hypopharynx, and lar-
ynx using the NOHL classification [23].

Surgical procedure and intraoperative measures

All patients underwent non-resective pharyngoplasty with ei-
ther the expansion sphincter pharyngoplasty (ESP) technique
[12, 17] or with antero-lateral pharyngoplasty with barbed
sutures (BP) with BRP [14] or BSP technique [15]. If tonsils
were still present, tonsillectomy was performed and a simul-
taneous multilevel procedure was chosen if nasal obstruction
was significant, also performing turbinoplasty and/or
septoplasty. Patients treated up to May 2015 underwent
ESP; since June 2015, we started treating patients with barbed
pharyngoplasty: till December 2016, we adopted the BRP
technique and since January 2017 the BSP.

Oropharyngeal exposure was achieved with a Boyle-Davis
mouth gag

The following linear measures were obtained, under direct
vision by the surgeon, during the general anesthesia, just be-
fore and after the surgical procedure, with the Boyle-Davis
mouth gag kept open for the correct exposure of the surgical
field and using a regular surgical ruler with 1 mm as the unit of
measure (Figs. 1a–c and 2a–d):

– Uvula length (Uvula): the distance between the posterior
nasal spine to the apex of the uvula (Figs. 1a and 2a)

– Arch length (Arch): the distance between the palatal arch
and the posterior end of the hard palate (Figs. 1a and 2b)

– Lateral width (Lateral): the distance from both posterior
pillars measured on an axial plane at the level of the apex
of the uvula (Figs. 1a and 2c)

– Antero-posterior width (A-P): distance from the posterior
pharyngeal wall to the soft palate at the level of the uvula
(Figs. 1b and 2d)

The retropalatal area was virtually estimated, being
modeled as a hemi-ellipse having semi-axes A-P width
and Lateral/2 width, so that its value is defined by 1

2 *π*
AP*Lateral2 (Fig. 1b). For each measure, the actual differ-
ence value (Δ) was recorded (Δ = postoperative value−pre-
operative value).
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Outcome evaluations

Surgical success was evaluated at least 6 months after surgery,
performing respiratory polygraphy and repeating the ESS
questionnaire [25]. Definition of outcomes, in agreement with
Montevecchi et al. [21], are reported in Table 1.

Statistical analysis

Categorical variables were described as absolute and relative
frequencies; standard descriptive statistics were used

expressing means, standard deviations, quartiles, and CV of
quantitative variables. The Shapiro-Wilk normality test was
applied and Wilcoxon signed-rank test for matched samples
was chosen to compare the pre- and posttreatment values of
variables of interest.

Two binomial logistic regressions were performed to ascer-
tain the effects of age, BMI, ESSpre, AHIpre, type of
pharyngoplasty, and Δ values of intraoperative measures on
the likelihood that patients obtain curative treatment (out-
come = cure) or at least a successful treatment (Outcome =
Cure or Success). The model was estimated with a stepwise
selection procedure. The optimal cutoffs for predictors were
defined by receiver operating characteristic (ROC) curve anal-
ysis using the Euclidean distance method [27].

GraphPad Prism Version 6.0 (San Diego, CA, USA), IBM
SPSS Statistics version 24.0, and Cutoff Finder version 2.1
[27] were used for statistical analysis. For all tests, a two-tailed
p value < 0.05 was considered significant.

Results

Patients and treatments

Seventy patients, 60 males and 10 females, met study inclu-
sion criteria and were included in the analysis. The mean age
was 53 ± 12 years, ranging from 24 to 76, and the group was
composed primarily of men (86%). The mean preoperative
AHI, ODI, and t90 were 32.1 ± 18.1 events/h, 24.7 ± 11.4
events/h, and 7.8 ± 7.0%, respectively; 10 patients (14%) were

Fig. 1 Drawings showing
intraoperative palatal measures:
surgical view (a), scheme on
sagittal plane (b), and
postoperative view by flexible
videoendoscopy (c) showing the
retropalatal area modeled as a
hemi-ellipse having semi-axes A-
P width and Lateral/2 width

Fig. 2 Intraoperative view showing the measurement of intraoperative
palatal and pharyngeal measures by a surgical ruler and mouth gag kept
in place. Uvula length (a), Arch length (b), Lateral width (Lateral) (c),;
Antero-posterior width (A-P) (d)
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affected by mild OSAHS, 34 (49%) by moderate, and 26
(37%) by severe OSAHS. Forty-two (60%) patients
underwent antero-lateral pharyngoplasty with barbed sutures
(22 treated with BRP and 20 with BSP technique) and 28
(40%) ESP; due to the presence of nasal obstruction, a multi-
level surgical procedure was chosen for 60 patients (85%) by
performing turbinoplasty in 15 (21%) and both septoplasty
and turbinoplasty in 45 (64%). Categorical data and summary
statistics of quantitative variables are reported in Table 2 and
Suppl. Table 1.

Improvement in respiratory polygraphic parameters

Non-resective pharyngoplasty in a uni-/multilevel setting led
to significant improvement of all respiratory polygraphic pa-
rameters (p < 0.0001, Table 3 and Suppl. Table 1) and daily
sleepiness assessed by the ESS questionnaire (ESSpre 9.4 ±
5.0, ESSpost 1.1 ± 1.4, p < 0.0001; Fig. 3a). In particular, the
surgical procedure achieved a mean AHI reduction of 77.2%
(Fig. 3b), a mean ODI reduction of 85.8% (Fig. 3c), and mean
t90% reduction of 85.4% (Fig. 3d). Considering posttreatment
AHI, measured by the respiratory polygraphy, in 14 patients
(20%) the examwas normal, 54 patients (77%) showed a mild
grade OSAHS, in 2 (3%) a moderate grade OSAHS, and no
patient was affected by severe grade OSAHS (Table 2).

According to criteria explained in Table 1, a successful
treatment was achieved in 62 patients (89%) with a cure rate
of 20%; 8 patients (11%) experienced a failure, but only 2 had
an AHIpost ≥ 20 events/h (both with AHIpost of 20 events/h)
and with no patient having an ESSpost value ≥ 10.

Oropharyngeal measures and postsurgical
modifications

Surgical procedure led to a significant variance of all linear
measures and of the retropalatal area (Table 3) and was asso-
ciated with a decrease in Uvula length (Uvulapre 40 ± 7 mm,
Uvulapost 31 ± 5 mm, p < 0.0001; Fig. 4a) and Arch length
(Archpre 31 ± 5 mm, Archpost 24 ± 4 mm, p < 0.0001; Fig.
4b) given by the elevation of the soft palate. The lateral mea-
sure significantly increased (Lateralpre 27 ± 6 mm, Lateralpost
34 ± 5 mm, p < 0.001; Fig. 4c) vs. A-P diameter (A-Ppre 5 ±

4 mm, A-Ppost 18 ± 4 mm, p < 0.0001; Fig. 4d), and conse-
quently the retropalatal area augmented by a mean of 357%,
increased from 2.08 ± 2.13 to 9.51 ± 3.28 cm2 (p < 0.0001;
Fig. 4e).

Outcome predictors

In evaluating outcomes, as proposed by Montevecchi et al.
[21], taking both AHI and ESS into account, two binomial
logistic regression models were built.

The first model considered the cure (AHIpost < 5 and
ESSpost < 10 and reduction of both of them > 50%) as out-
come and was statistically significant, χ2(3) = 43.9,
p < 0.001, and explained 73.7% (Nagelkerke R2) of the vari-
ance of curative treatment and correctly classified 90.0% of
cases. Preoperative AHI (O.R. 0.672; p = 0.002), ESS (O.R.
1.542; p = 0.029), and type of pharyngoplasty (BP O.R.
66.303; p = 0.026) significantly influenced the outcome with
lower AHI, higher ESS, and BP as good predictors of curative
treatment (Table 4).

Table 2 Absolute and relative (%) frequencies of categorical variables

Patient characteristics N (%)

All 70 (100)

Gender

Male 60 (86)

Female 10 (14)

OSAHS grade pre

Mild (AHI 5–15) 10 (14)

Moderate (AHI 16–30) 34 (49)

Severe (AHI > 30) 26 (37)

Pharyngoplasty

ESP 28 (40)

BRP or BSP 42 (60)

Tonsillectomy

No 34 (49)

Yes 36 (51)

Nasal surgery

No 10 (14)

Turbinoplasty 15 (21)

Turbinoplasty and septoplasty 45 (64)

OSAHS grade post

Normal (AHI < 5) 14 (20)

Mild (AHI 5–15) 54 (77)

Moderate (AHI 16–30) 2 (3)

Severe (AHI > 30) 0 (0)

Outcome

Cured 14 (20)

Success 48 (69)

Failure 8 (11)

Table 1 Definitions of outcomes

Outcome Definition

Cure AHIpost < 5 and ESSpost < 10
and reduction of both of them > 50%

Success AHIpost < 20 and ESSpost < 10
and reduction of both of them > 50%

Failure AHIpost ≥ 20 or ESSpost ≥ 10
or reduction of both of them ≤ 50%
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Considering at least a success as outcome (AHIpost < 20
and ESSpost < 10 and reduction of both of them > 50%), the
logistic regression model obtained was statistically significant
χ2(4) = 33.73, p < 0.001, and explained 75.2% (Nagelkerke
R2) of the variance for successful treatment, correctly classi-
fying 97.1% of cases. The only variable that lasted in the
model at the end of the stepwise selection was the ΔA-P,

whose higher values were associated with successful treat-
ment (O.R. 4.60, p = 0.01; Table 4).

Optimal cutoff values for continuous variables, which
were significant in multivariate analysis (AHI, ESS, and
ΔA-P), were searched with ROC curve analysis. A varia-
tion of A-P measure greater than 8.5 mm best predicted
successful treatment (AUC = 0.95, sensitivity = 93.5%,

Table 3 Comparison of
preoperative and postoperative
ESS scores, respiratory
polygraphic parameters (AHI,
ODI, t90%), and palatal
measures; p values were
estimated by Wilcoxon signed-
rank test

Pre median (IQR) Post median (IQR) p

ESS 9.5 (5.3–13.8) 0 (0–2) < 0.0001

AHI 28 (22.3–35.8) 6 (5–8) < 0.0001

ODI 22.5 (20–30) 4 (2–6) < 0.0001

t90% 7 (2.3–10) 0 (0–0) < 0.0001

Uvula (mm) 40 (35–45) 30 (30–35) < 0.0001

Arch (mm) 30 (30–35) 25 (20–26) < 0.0001

Lateral (mm) 27 (24–30) 35 (30–35) < 0.0001

A-P (mm) 5 (1–7) 18 (15–20) < 0.0001

Retropalatal area(cm2) 1.8 (0.1–2.5) 9.4 (7.7–10.6) < 0.0001

a

c d

b

Fig. 3 Dot plots and mean values (bars) of preoperative and postoperative ESS (a), AHI (b), ODI (c), and t90% (d); p values were estimated by
Wilcoxon signed-rank test
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specificity = 87.5%; p < 0.001, Fig. 4f); AHIpre higher
than 24.5 was significantly associated with an outcome

that was not more than successful (AUC = 0.88, sensitiv-
ity = 78.6%, specificity = 75%; p < 0.001, although a

a

d

f g

e

b c

Fig. 4 Dot plots andmean values (bars) of preoperative and postoperative
measures: Uvula (a), Arch (b), Lateral (c), A-P diameter (d), and
retropalatal area (e). p values are estimated byWilcoxon signed-rank test.

Receiver operating characteristics (ROC) curves for ΔA-P and at least
success as outcome (f) and for AHIpre and cure outcome (g)
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significant cutoff value for ESSpre variable was not iden-
tified (Fig. 4g).

Discussion

Although the exact pathophysiology leading to pharyngeal
collapse in OSAHS is not completely understood, subjective
anatomy, pharyngeal dilatator muscle dysfunction during
sleep, and ventilator control instability are all factors contrib-
uting to the pathogenesis of OSAHS [28].

Resective palatal surgery technique first (as UPPP) and
then non-resective techniques later (ESP or BRP) have both
demonstrated that soft palate modifications and pharyngeal
tensions, aimed to improve the retrovelar space, are the key
factors to obtain improvement of respiratory polygraphic pa-
rameters [16]. However, little is known about the parameters
that can predict surgical success or failure, and the lack of
standardized criteria for reporting surgical outcomes repre-
sents a difficulty in comparing surgical outcomes [19].

To the best of our knowledge, this is the first study mea-
suring pharyngeal diameters, palatal measures, and correlating
their postsurgical variation with outcomes.

As proposed by Sher [19] and applied by Montevecchi
et al. [21], we considered either a respiratory polygraphic pa-
rameter (AHI) and the ESS questionnaire in defining an out-
come as cure, success, or failure, as reported in Table 1. In this
way, multivariate analysis identified the parameters that best
predict the outcome as curative or, at least, successful.

Multivariate analysis showed that variation of A-P width
was the only variable independently significant for prediction
of successful treatment with a O.R. 4.6 (CI 1.4–14.7) for each
millimeter increase of ΔA-P. For ΔA-P, the cutoff value of
8.5 mm found by ROC curve analysis can be a useful tool to
predict the success at the end of the surgical procedure, with a
sensitivity of 93.5% and specificity of 87.5% (p < 0.001).

Considering cure as the positive outcome, multivariate
analysis showed that higher ESSpre and AHIpre values, and a
BP technique (BRP or BSP) were all significantly associated

with higher rates of cure (p = 0.029, p = 0.002, p = 0.026 re-
spectively). Looking for cutoff values of continuous variables
(ESSpre and AHIpre) by ROC curve analysis, an AHIpre > 24.5
can predict a not more than successful outcome with a sensi-
tivity of 78.6% and specificity of 75% (p < 0.001). Previously,
in patients who underwent pharyngeal surgery for OSAS,
higher AHIpre values have been correlated with poorer out-
come [29], in agreement with our results.

Our success rate was 89% with a cure rate of 20%, but it is
clear that the criteria chosen influence the success rate, since
by applying Sher criteria (AHIpost < 20 events/h and AHI re-
duction ≥ 50%), we would have had a success rate of 93%. In
our series, 8 patients (11%) experienced a failure, even if no
patient had AHIpost > 20 or ESSpost > 10; only 2 had an
AHIpost of 20 events/h, one had AHI reduction < 50%, three
had ESS reduction < 50%, and two patients had reduction of
both parameters by < 50%. This can also be explained by the
evidence of non-anatomical features as the pathophysiologic
cause of OSAS, such as loop gain or low arousal threshold,
which would probably not benefit from surgical interventions
alone. In this regard, in the future, a consensus should be
obtained to define criteria to better choose the most appropri-
ate therapeutic option [30].

Our results applying non-resective pharyngoplasty tech-
niques obtaining an 89% rate of success is at least comparable
with that obtained by Montevecchi et al. with a 73% of suc-
cess applying the same criteria and performing similar surgical
procedures in terms of BRP alone or as a part of multilevel
surgery [21]. Comparing the results of Pang et al. [11], that
performed 73 ESS pharyngoplasty in a unilevel or multilevel
setting, judging the outcome similarly to our criteria but not
considering the ESS questionnaire, they got a success rate
ranging from 67 to 90% depending on the severity of the
OSAHS grade, again comparable with our rate of success,
confirming that such techniques are reproducible with compa-
rable results.

Despite the good results obtained in our study and the in-
teresting findings regarding the association of wider ΔA-P
measure and a successful outcome, this should be validated

Table 4 Multivariate logistic
regression analysis B Wald P Odds ratio 95% CI for odds ratio

Lower Upper

Model 1

BMI − 0.594 3.495 0.062 0.552 0.296 1.029

ESSpre 0.433 4.785 0.029 1.542 1.046 2.272

AHIpre − 0.398 9.274 0.002 0.672 0.52 0.868

Δ Lateral (mm) 0.185 3.169 0.075 1.203 0.981 1.475

Pharyngoplasty (BP) 4.194 4.968 0.026 66.303 1.659 2649.732

Model 2

ΔA-P (mm) 1.527 6.633 0.01 4.603 1.44 14.711
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in further prospective studies, homogeneous for surgical treat-
ments, to verify the reproducibility of pharyngeal measures
assessment, that could subsequently be tested as objective
targets to be achieved at the end of the surgical procedures,
besides the self-judgment of the surgeon.

Anyway, in selected non-obese patients affected by OSAS
with palatal or lateral pharyngeal wall collapse, who refuse
or who cannot tolerate PAP therapy, non-resective
pharyngoplasty, in a unilevel or multilevel setting, is a sur-
gical technique with a high success rate; variables such as
AHIpre or AP variation seems to be useful parameters asso-
ciated with the surgical outcomes that should be further stud-
ied to be validated as predictors of success.
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