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Abstract: Background: In recent years, surgical interventions for obstructive sleep apnea (OSA)
have evolved rapidly, with numerous techniques described in the literature. The approach to
velopharyngeal surgery for obstructive sleep apnea has transformed over time, shifting from an
aggressive removal of redundant excess soft tissue to less invasive reconstruction techniques that
aim to preserve pharyngeal function while effectively managing sleep apnea. This review aims to
evaluate and compare the efficacy of the surgical techniques utilized for OSA at the level of the palate
and pharynx. It will cover both traditional and novel procedures. Methods: A comprehensive search
of the major databases, such as PubMed/MEDLINE, Web of Science, and Scopus, was conducted to
identify the relevant literature. We included articles written in English that analyzed the outcomes
of adult patients who received velopharyngeal surgery for sleep apnea. Only comparative studies
that examined at least two techniques were considered. Results: In all of the studies combined,
the total number of patients who underwent velopharyngeal surgery was 614 in eight studies. All
surgical procedures resulted in improvements in the apnea-hypopnea index (AHI). The highest
success rates and best outcomes were achieved by barbed reposition pharyngoplasty (BRP) in most
studies, ranging from 64.29% to 86.6%. BRP also demonstrated the most significant improvements in
both objective and subjective parameters closely followed by ESP that obtained similar efficiency in
some studies, especially when combined with anterior palatoplasty (AP), but with a higher incidence
of complications. While LP showed moderate efficiency compared with BRP or ESP, the UPPP
techniques exhibited greater outcome variability among studies, with a success rate ranging from
38.71% to0 59.26%, and the best results observed in a multilevel context. Conclusions: In our review, BRP
was the most preferred, effective, and safe among all velopharyngeal techniques, closely followed
by ESP. However, older described techniques also showed good results in well-selected patients.
Larger-scale studies, preferably prospective, that rigorously incorporate DISE-based strict inclusion
criteria might be needed to assess the efficacy of different techniques and generalize the findings.

Keywords: obstructive sleep apnea; palatopharyngeal surgery; barbed reposition pharyngoplasty;
expansion sphincter pharyngoplasty; uvulopalatopharyngoplasty

1. Introduction

It is estimated that worldwide, 936 million adults suffer from sleep apnea with impor-
tant social and economic burdens secondary to the major complications it has on health [1].

Obstructive sleep apnea is characterized by recurrent upper airway collapse during
sleep, leading to apnea/hypopnea with oxygen desaturation episodes. Various meth-
ods have been proposed for assessing upper airway (UA) obstruction. Drug-induced
sleep endoscopy (DISE) is now widely regarded as the most effective approach for accu-
rate localization of the collapse areas requiring targeted treatment planning [2]. Usually,
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multiple sites of obstruction are observed during DISE, with the most observed type of
collapse at the palatal level [3]. CPAP remains the preferred initial treatment option with
the strongest evidence of efficacy, as it can effectively open the upper airway at all lev-
els. However, its limited compliance and acceptance rates make it necessary to explore
alternative therapies [4].

For more than 40 years, since its first introduction in 1981 by Fujita et al. [5], UPPP re-
mained one of the most common procedures performed for upper airway collapse, typically
utilized as part of a multilevel approach due to inconsistent outcomes seen in single-level
surgery [6]. The evaluation of a patient’s suitability through several preoperative assess-
ments to determine good patient selection might result in a more successful UPPP. However,
despite careful patient selection and favorable outcomes in some cases, the procedure still
carries a high risk of complications [7]. Anterior palatoplasty (AP) [8] and uvulopalatal flap
(UPF) are other, similar procedures that address retropalatal obstruction, with favorable
results in selected patients usually in mild to moderate sleep apnea [9].

With an increased understanding of palatopharyngeal anatomy, a move away from
non-selective, resective procedures toward more refined and individualized treatment
approaches has been adopted. Cahali et al. in 2004 were the first to show that addressing
the lateral pharyngeal walls is necessary to achieve more positive surgical results [10].
Through his procedure, superior pharyngeal constrictor muscle is microdissected within
the tonsillar fossa and cut, resulting in a laterally based flap of muscle that is attached to
the palatoglossus muscle on the same side. However, dysphagia was an important issue,
and a new technique was proposed a few years later. The expansion sphincter pharyn-
goplasty (ESP) technique isolates and rotates the palatopharyngeal muscle while leaving
the superior pharyngeal constrictor muscle intact [11]. This determines the pulling of the
muscle in a superoanterolateral direction with a less invasive approach. This proved to
be an effective procedure, especially in patients with lateral wall collapse, determining
fewer complications. In recent years, modified pharyngoplasties utilizing barbed sutures,
also referred to as barbed pharyngoplasties (BPs), have been developed. The technique
described by Vicini et al. in 2015 (barbed reposition pharyngoplasty) [12], involves repo-
sitioning the posterior pillar, specifically the palatopharyngeal muscle, to a more lateral
and anterior location in order to increase the size of both the oropharyngeal inlet and the
retropalatal space. Several studies reported excellent results with this technique, with
minimal complications.

There has been a significant increase in the development of various procedures and
modifications of surgical techniques to achieve the best possible results tailored to the
individual characteristics of the upper airway. This systematic review aims to gather and
explore all available evidence on the effectiveness and safety of different surgical techniques
for treating obstructive sleep apnea in adults and provide insights into which technique
may be the most effective and safe for patients. The analysis takes into account both
objective parameters such as AHI and subjective parameters such as ESS. Success rates are
reported for each technique, and trends in their usage are discussed.

2. Materials and Methods
2.1. General Study Design

This systematic review was carried out in compliance with The Preferred Items for
Systematic Reviews and Meta-Analyses (PRISMA) guidelines [13].

2.2. Selection Criteria

The review was conducted using the PICOs protocol and encompassed studies that
compared various techniques utilized in palatopharyngeal surgery, as follows:

(P): Population: Adult patients diagnosed with obstructive sleep apnea (OSA), under-
going palatopharyngeal surgery

(I): Intervention: Comparison of two or more surgical techniques used in palatopha-
ryngeal surgery for OSA patients, such as, but not limited to, uvulopalatopharyngoplasty
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(UPPP), barbed reposition pharyngoplasty (BRP), expansion sphincter pharyngoplasty
(ESP), lateral pharyngoplasty (LP), or variations of these techniques.

(C): Comparison: Pre- and post-treatment outcomes of the different surgical
techniques used.

(0): Outcome:

Primary outcomes: Assessment of treatment efficacy, including improvements in
apnea-hypopnea index (AHI) and success rate,

Secondary outcomes Epworth Sleepiness Scale (ESS), complications.

(s): Study design: Both prospective and retrospective studies.

The exclusion criteria for the study were defined as follows:

Studies on the pediatric population.

Studies not in English.

Reviews, meta-analyses, editorial letters, technical notes.

Studies with insufficient or missing data.

Studies that did not analyze AHIL

Studies that did not compare at least two different palatopharyngeal surgical tech-
niques or that compared variations of the same technique.

7. Studies that presented outcome variables (such as AHI) as an average rather than for
each individual technique.

SANNANE R A

2.3. Search Strategy

Systematic electronic searches were performed by two different authors (A.M.V. and
I.S) on PubMed/MEDLINE, Web of Science, and Scopus databases to identify relevant
studies. The search strategies included different combinations of the following descriptors
and/or medical subject headings (MeSH): (“palate surgery” OR “soft palate surgery” OR
“uvula surgery” OR “Uvulopalatopharyngoplasty” OR UPPP) AND/OR “uvulopalatal
flap” AND/OR (“lateral pharyngoplasty” OR “Cahali lateral pharyngoplasty”) AND/OR
(“Expansion sphincter pharyngoplasty” OR ESP) AND/OR (“Barbed reposition pharyn-
goplasty “OR barbed suture* OR BRP) AND (“sleep apnea” OR “obstructive sleep apnea”
OR “OSA” OR “OSA surgery”). The search terms were adapted to the particular require-
ments of each database. Only studies that had been published within the last 5 years were
considered for inclusion. The last search was conducted on 30 March 2023.

The search results obtained from each database were imported into the reference
manager software Endnote, to manage and organize the articles. Duplicates were identified
and subsequently removed.

2.4. Data Extraction

Initially, all articles underwent screening based on their titles and abstracts. Subse-
quently, the full-text versions of each publication were evaluated, and those considered
unrelated to the scope of this review were excluded. The selected studies underwent
independent evaluation by two investigators (A.M.V and LS.), and necessary data were
collected. The information extracted from the selected studies included: the name of the
authors and the year of publication, study design, sample size, patients’ profiles, surgi-
cal techniques compared, mean follow-up period, and objective or subjective outcomes
(AHIL, ESS). Any disagreement between the authors was discussed and resolved through
consensus after consultation with the senior reviewer (C.D.S).

2.5. Statistical Analysis

Statistical analysis was conducted using the Jamovi software 2.3.26. The analysis
was carried out using the mean difference as outcome measure to compare pre- and
postoperative apnea-hypopnea index (AHI) and Epworth Sleepiness Scale (ESS) outcomes.
We adopted a random effects model to estimate effects measures by 95% confidence interval.
Forest plots for each outcome were provided. A total of 7 studies were included in the AHI
analysis, and 6 studies were included in the ESS analysis. The Q-test and the I? statistic were
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calculated to assess the presence of data heterogeneity between studies. To compare the
surgical techniques (UPP, ESP, and BRP), subgroup comparisons were performed. Binary
variables were created to represent the utilization or non-utilization of each technique in
the studies compared. For example, in the BRP vs. UPP comparison, a binary variable
was assigned a value of 1 for sub-studies that performed the BRP technique and 0 for UPP
studies. Similar binary variables were constructed for the other comparisons. These binary
variables served as moderators in the analysis, enabling a direct comparison between the
techniques while considering the specific technique employed in each study.

3. Results
3.1. Study Selection

The authors identified a total of 143 potentially suitable studies through the search
strategy presented in the Methodology section. The studies’ selection steps are summarized
in Figure 1. After eliminating the duplicates through the Endnote reference manager, a
total of 70 articles were analyzed regarding the title and abstract, applying the selection
criteria to find the most appropriate studies for the review. All reviews, meta-analyses,
editorial letters, and all studies that did not compare at least two surgical techniques were
excluded, resulting in 23 full-text papers examined for eligibility. After removing the studies
with incomplete or inappropriate information, eight studies were considered qualified for
data extraction.

Records identified through database
searching (n=143)
* Pubmed/MEDLINE (n=49)
- Web of Science (n=44)
*  Scopus (n=50)

Additional records identified

through other sources
(n=20)

Records after duplicates removed
(n=70)

Records excluded after reviewing titles
v and abstracts
(n=46)
Review/meta-analysis (n=12)
- Editorial letter/technical
note(n=2)
e Non-comparative studies
(n=33)

Records screened
(n=70) -

h 4

Full-text articles excluded, with
reasons (n=16)

- Didn't address
palatopharyngeal surgeries
(n=2)

e Didn't address the specific
desired outcomes (n=12)

e The results were presented as
a mean instead for each
surgical procedure (n=2)

Full-text articles assessed
for eligibility
(n=23)

h

Studies included in
qualitative synthesis
(n=28)

Figure 1. PRISMA flow diagram.

3.2. Study Characteristics and Patient Profiles

Table 1 provides a synthesis of the main features of the studies included (Table 1).
The majority of included studies were retrospective [14-19], while two of them were
prospective [20,21]. The sample size of each study exhibited variability, with the number
of subjects ranging from 20 [14] to 122 [18]. The total count of patients who underwent
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velopharyngeal surgery across all studies was 614, for which uvulopalatopharyngoplasty
(UPP) and variations in the technique (m-UPP, RF-UPP) were described and performed
in four studies (209 patients), anterior palatoplasty (AP) in two studies (52 patients),
uvulopalatoflap placement in one study (23 patients), and lateral pharyngoplasty (LP/CLP)
in two studies (41 patients). BRP and ESP were performed in five (166 patients) and four
studies, respectively.

Table 1. Main characteristics of the included studies.

Study Patient Mono-/ Sex .
Author (Year) Design Number Multilevel Follow-up  Mean Age (M:F) BMI Snoring/OSA  DISE
Lorusso et al., . _ 484 +438 Mild to
2022 [14] Retrotspde ctive 11\\/[45%; B 11(()) Monolevel 12 months 41.6 + 20M:0F ;gé i ggg moderate Yes
Ttaly study - 11.77 L 0SA
Lombo et al., Retrospective UPP=36 OSA +
2022 [15] P RF-UPP=31 Monolevel 12 months 4936 +£9.6 8M:7F 29.14 £294 Yes
study — snorers
Portugal BRP=25
T tal 39.61 +
SOu e Retrospective ~ UPPP=31  Multilevel 11.63 24M:7F  2820+3.62  Moderate to
2021 [16] 6 months Yes
. study BRP =31 + TORSBTR 37.51 £ 26M:5F  28.22 £ 3.19 severe OSA
China
9.42
Martinez et al UPP =31
” Retrospective LP=11 42.0 &+ . Moderate to
20520a[1117] study ESP = 17 Monolevel 4 months 19.78 70M:12F  27.63 £3.7 severe OSA Yes
p BRP = 23
A lzvélzr;“[l]est] al, Retrospective ~ UPPP = 80 mﬁ;’f{:\f o 18months  43(37-47)  5IM:29F  25(24-26)  Moderateto
study BRP =42 42 (38-47) 20M:22F 27 (25-28) severe OSA
Italy (£HS)
Babademez . 18.8 373 £89 .
Retrospective BRP= 45 31IM:14F 293 +£3.1 Mild to
etal,, 2020 [19] study ESPwAP =53 Monolevel  months —416£94  \iop 0ge 14 severeOSA XS
Turkey (median)
Karakok et al., . AP =30 27M:3F
2018 [20] Prosstz‘zcm’e LP =30 Monolevel > 'i?oitﬁ'sm 4074959 30MOF  27.67 + 2.96 S?Sf; ;; No
Turkey y ESP =33 32M:1F
Haytogiu .
etal., Prospective AP =22 Monolevel 6 month 39.2 12M:10F 28.0+ 1.6 mMgdrt(i N
2018 [21] study UFP =23 onoleve onths 41.3 14M9F 273418 ocerate °
OSA
Turkey
UPP—classical uvulopalatoplasty, UPPP—modified uvulopalatoplasty, LP—lateral pharyngoplasty,
ESP—expansion sphincter pharyngoplasty, MESP—modified ESP, BRP—barbed reposition pharyngoplasty,
MBRP—modified BRP, AP—anterior palatoplasty, UFP—uvulopalatal flap placement, HS—hyoid suspension,
TORSBTR—transoral robotic base of tongue reduction, BMI—body mass index, DISE—Drug Induced
Sleep Endoscopy.
3.3. Outcomes
Table 2 provides a summary of the outcomes from all the studies that were reviewed.
Table 2. Included studies outcomes.
Surgical N
Author (Year) A Pre-op AHI Post-op AHI Pre-op ESS Post-op ESS Success Criteria Success Rate
Techniques
Lorusso et al., MESP 239 £ 6.61 11+33a 104 £3.1 51+317a Sher criteria 90%
2022 [14] VS. VS. Vvs. VS. VS. AHI reduction > 50 VS.
Italy MBRP 22.03 £5.05 1247 £5.03 a 9.1 £2.07 45+25a and AHI value < 20 80%
UPP (classical)  29.88 £19.40 23.78 +18.46a 57%
Lombo et al., VS. Vs. Vs. Sher criteria Vs.
2022 [15] RF-UPP 2319 +£10.34 2043 +1488a nd nd AHI reduction > 50 54%
Portugal vs. vs. vS. and AHI value < 20 vs.
BRP 23.53 £9.68 14.06 £ 10.23 a 66%
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Table 2. Cont.

Author (Year) Surg}cal Pre-op AHI Post-op AHI Pre-op ESS Post-op ESS Success Criteria Success Rate
Techniques
UPPP .
Tsou et al., (modified) 4513 +£19.31  28.75+23.09 a 11.01 +4.52 782+ 345a Sher criteria 38.71%
2021 [16] v VvS. vs. vs. vs. AHI reduction > 50 vs.
Chins BI:P 4621 +£22.03 21.60 £21.54a 9.03 +4.52 6.60 +3.82a and AHI value < 20 67.74%
UPP (classical)  48.91 + 22.32 2055 +229a 9.6 +4.95 6.89 +4.1a 58.06%
vS. VS. vs. vs. vs. vs.
Martinez et al., LP 46.3 £+ 34.02 17.84 + 13 a 9.78 +4.21 6.4+32 Sher criteria 54.55%
2020 [17] VS. VS. vs. vs. vs. AHI reduction > 50 vs.
Spain ESP 28.29 + 13.32 13.19 £ 16.8a 712 £543 454 +3.33 and AHI value < 20 64.71%
VS. VS. vs. vs. vs. vs.
BRP 43.74 + 27.17 8.79 +£10.85a 8.33 £4.7 519 +33a 78.26%
UPPP
(modified) 27 (24-29) 16 (14-17) a 12 (12-13) 12 (11-12)
o vs. VS. vs. vs. vs.
Minni et al., UPPP + HS 27 (24-29) 11 (10-11)a 13 (12-13) 11 (11-12) AHI < 20, ESS < 10,
2021 [18] vs Vs. vs. VS. vs. both reduced > 50% nd
Italy BRi’ 29 (28-31) 10 (9-11) a 13 (12-13) 10 (10-11) ¢
vs VS. vs. vs. vs.
BRP + HS 28 (26-30) 10 (9-11) a 13 (12-13) 11 (10-12)
Babademez BP 259 +13.6 74+55a 112+ 3.7 34+15a Sher criteria 86.6%
etal., 2020 [19] Vs. Vs. VS. VS. VS. AHI reduction > 50 VS.
Turkey ESPwAP 285+ 16.8 91+69a 12.6 £ 4.9 41+18a and AHI value < 20 84.9%
AP 16.90 + 10.26 14.27 +15.43 9.35 + 4.67 6.80 4+ 4.59 . 45%
Modified Sher
Karakok et al., VS. vS. vs. vs. vs. criteria vs.
2018 [20] LP 17.69 £12.47 1205+ 1523 a 13.21 + 4.89 828 +4.84a . 64%
AHI reduction > 50
Turkey VS. VS. vs. vs. vs. and AHI value < 15 vs.
ESP 26.83 + 21.68 9.08 +10.35a 11.06 £5.21 425+319a 74%
Haytogiu et al., AP 175+ 82 81+73a 13.6 £ 3.3 6.4+33a Sher criteria 81.8%
2018 vS. vs. vs. vs. vs. AHI reduction > 50 vs.
Turkey [21] UFP 185+79 86+69a 10.8 3.3 54+48a and AHI value < 20 82.6%

UPP—classical uvulopalatoplasty, UPPP—modified uvulopalatoplasty, LP—Ilateral pharyngoplasty,
ESP—expansion sphincter pharyngoplasty, MESP- modified ESP, BRP—barbed reposition pharyngoplasty,
MBRP—modified BRP, AP—anterior palatoplasty, UFP—uvulopalatal flap placement, HS—hyoid suspension,
a—of statistical significance as reported by authors, nd—not determined, AHI—apnea-hypopnea index,
ESS—Epworth sleep scale.

3.3.1. AHI Outcomes

All studies provided pre- and post-operative data regarding AHI. However, just
seven studies were taken into account for meta-analysis since one of the studies ex-
pressed the results as median and quartile intervals instead of mean and standard de-
viation. The analysis was carried out using the standardized mean difference of AHI as the
outcome measure.

A comprehensive database was created by subdividing each study based on the
techniques and the corresponding outcomes. The random-effects model was fitted to
the data, incorporating 18 sub-studies in the analysis. The observed standardized mean
differences ranged from 0.1981 to 2.3633, with most estimates being positive (100%). The
estimated average standardized mean difference based on the random-effects model was
1.0416 (95% CI: 0.7825 to 1.3007). Therefore, the average outcome differed significantly
from zero (z = 7.8794, p < 0.0001), indicating a meaningful effect of the velopharyngeal
techniques on the AHI.

According to the Q-test, the true outcomes appeared to be heterogeneous
(Q(17) = 61.9697, p < 0.0001, tau? = 0.2152, I = 71.5731%). However, despite this hetero-
geneity, the studies generally supported the estimated average outcome. An examination of
the studentized residuals revealed that none of the studies had a value larger than +2.9913,
and hence, there was no indication of outliers in the context of this model. Additionally,
none of the studies could be considered to be overly influential.
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A forest plot was generated to visually display the mean differences between the
velopharyngeal techniques in the included studies. The forest plot provides a clear overview
of the effect sizes and their confidence intervals for each technique, allowing for easy
comparison and interpretation (Figure 2).

Mean difference, 95% CI

Lorusso ESP 1 2.36[1.22,3.51]
BRP —_— 1.82[0.77, 2.86]

Lombo UPP [ 0.32[-0.15, 0.78]
RE-UPP —— 0.21[-0.29, 0.71]

BRP Co— 0.94[0.35, 1.52]

Tsou UPP L —— 0.76[0.24, 1.28]
BRP S 1.12[0.58, 1.65]

Martinez UPP — 1.24[0.69, 1.78]
LP e 1.06[0.17, 1.96]

ESP fo—— 0.97[0.26, 1.68]

BRP —— 1.66 [ 0.99, 2.33]

Babademez BRP —— 1.77 [ 1.28, 2.26]
ESPwAP . 1.50[1.07, 1.93]

Karakok AP — 0.20[-0.31, 0.71]
LP - 0.40[-0.11, 0.91]

ESP . 1.03[0.52, 1.55]

Haytogiu AP L e 1.19[0.55, 1.83]
UFP — 1.31[0.67, 1.95]

- 1.04[0.78, 1.30]

| i T T T |
-1 0 1 2 3 4

Figure 2. Forest plot AHI-Comprison between pre- and postoperative results.

3.3.2. Subgroup Analysis

In the subgroup analysis, a random-effects model was applied to the UPP, BRP, and
ESP techniques (Figure 3). These techniques were selected because they had sufficient
studies available for analysis. However, it was not possible to perform a subgroup analysis
for the other techniques due to limited data availability. Only one or two studies were
available for those techniques, which did not provide enough data to conduct a meaningful
comparison. Nevertheless, the results and trends of the other techniques were described
and discussed based on the available studies.

Uvulopalatoplasty

The uvulopalatopharyngoplasty (UPPP) procedure was examined in four studies, and
all studies showed a statistically significant reduction in the apnea—hypopnea index (AHI). In
two studies [15-17], the performed technique was the classical one, described by
Fujita et al. [5], and in the other two [16-18], the modified version according to Fairbanks et al.
was used [22]. The analysis using the random-effects model for the UPP approach showed
a mean difference of 1.24 (95% CI: 0.1694 to 1.0714) with an overall effect Z score = 2.6962
(p = 0.0070). Based on the Q-test results (Q(3) = 9.3795, p = 0.0246), it appeared that the
outcomes observed in the studies were not consistently similar. The I? value of 68.67%
indicated a moderate level of heterogeneity.
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Subgroup Pre-op AHI Post-op AHI

[Study

UPP Mean SD Total Mean SD | Total | Mean difference

Lombo et al. 29.88 23.78 36 23.78 15.46 | 36 0.32 [-0.15, 0.76]

UPP e
Lombo et. al. 23.19 10.34 31 20.43 14.88 | 31 0.211-0.29, 0.711

RE-UPP S e
Tsou et al. 45.13 19.31 31 28.75 23.00 | 31 0.76 [0.24, 1.258]

Martinez et al. | 458.91 22.32 31 20.55 2200 | 31 1.24 [0.69, 1.78]

Subtotal (CI 129 120

95%)

Overall effect: Z=2.70 (p=0.0007) ——
Heterogeneity: Q (3) =9.37 (P=0.025), I’=68.68%

BRP Mean SD Total Mean SD | Total | Mean difference

Lorusso et al. 22.03 5.05 10 1247 5.03 10 1.82[0.77, 2.86]

Lombo et al. 23.53 0.68 25 14.06 10.23 | 25 0.94 [0.35, 1.52] .

Tsou et al. 46.21 22.03 31 21.60 2154 | 31 1.12 [0.58, 1.65] v - "

Martinez etal. | 43.74 27.17 23 8.79 10.85 | 23 1.66 [0.99, 2.33] ) - ,

Babademez et | 25.90 13.60 45 740 5.50 45 1.77 [1.28, 2.26] ——

al.

Subtotal (CI 134 134 1.44 [1.05, 1.79]

095%)

Overall effect: Z=7.50 (p<0.001)

Heterogeneity: Q (3) = 6.89 (p=0.142), I’=43.42% T T T T
0 05 1 15 2 25 3

ESP Mean SD Total Mean SD | Total | Mean difference

Lorusso et al. 23.90 6.61 10 11.00 331 10 2,36 [1.22, 3.51]

Martinez et al. | 28.29 13.32 17 13.19 16.80 | 17 0.97 [0.26, 1.68] K N ,

Babademez et 28.50 16.80 53 0,10 6.90 53 1.50[1.07, 1.93] =

al.

Karakok et al. 26.83 21.68 33 0.08 1035 | 33 1.03 [0.52, 1.55] R —

Subtatal (C1 113 113 1.33[0.93, 1.73] =

95%)

Overall effect: Z= 6.46 (p<0.001) —

Heterogeneity: Q (3) =5.99 (p=0.112), I’=40.3% ; . .
0 1 2 3 4

Figure 3. Subgroup analyses of AHI outcomes using random-effects model.

Barbed Reposition Pharyngoplasty

In all six studies in which it was evaluated, the BRP technique obtained a statistically
significant improvement in AHI. The analysis of five studies suggested that the BRP
procedure led to a significant improvement in AHI based on the average difference observed
across the included studies (z-value = 7.4986, p < 0.0001). The 95% confidence interval (CI)
for this estimate ranged from 1.0466 to 1.7874, suggesting a high level of confidence in the
results The analysis did not find significant variation in the true outcomes, as indicated by
the Q-test (Q(4) = 6.8923, p = 0.1417, 12 = 43.4237%). This suggests that, overall, the studies
showed similar results in terms of the effect of BRP on AHI improvement.
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Expansion Sphincter Pharyngoplasty

ESP was addressed in four studies, with a statistically significant improvement
of AHI in all of them. The estimated average standardized mean difference based on
the random-effects model was 1.3308 (95% CI: 0.9272 to 1.7344), indicating a significant
difference from zero (z = 6.4625, p < 0.0001). Regarding heterogeneity, the Q-test showed
no significant amount of heterogeneity in the true outcomes (Q(3) = 5.9937, p = 0.1119,
12 = 40.3042%). This suggests that the true outcomes across the studies were gener-
ally consistent with the estimated average outcome, although some heterogeneity may
have existed.

Comparisons between UPP, ESP, and BRP

Using moderator variables allowed us to assess whether the effect sizes (mean dif-
ferences) varied depending on the technique used. When comparing the UPP and BRP
techniques, the mixed-effects model analysis showed a significant difference in the mean
AHI reduction (coefficient = 0.802, se = 0.295, Z = 2.723, p = 0.006, 95% CI: 0.225 to 1.380).
Specifically, the BRP technique, used as moderator, was associated with a larger mean
difference in AHI compared to the UPP technique. Similar results were observed for
the ESP technique, which was associated with a larger mean difference in the outcome
compared to the UPP technique (coefficient = 0.726, se = 0.324, Z = 2.241, p = 0.025, 95%
CI: 0.091 to 1.362).

The positive coefficients suggested that the BRP and ESP techniques may be more
effective in achieving the desired outcome compared to UPP. However, the use of BRP
as a moderator did not significantly affect the AHI outcome when compared to ESP
(coefficient = 0.216, se = 0.288, Z = 0.752, p = 0.452, 95% CI: —0.347 to 0.780). This suggests
that there was no significant difference between the BRP and ESP techniques in terms of
their impact on reducing AHI using the data from the studies.

The Other Techniques

Two studies evaluated lateral pharyngoplasty (LP) in comparison to other palato-
pharyngeal techniques [17,20]. Both studies reported a significant reduction in AHI
(17.84 £ 13 from 46.3 £ 34.02 and 12.05 & 15.23 from 17.69 + 12.47). Anterior palato-
plasty (AP) was described in two studies. The decrease in AHI value was statistically
significant only in the Haytagiu et al. study (8.1 &£ 7.3a from 17.5 £ 8.2) compared to
in the Karakok et al. study (14.27 £ 15.43 from 16.90 + 10.26). The UFP technique,
mentioned in one study, was responsible for a great reduction in AHI (18.5 £ 7.9 to
8.6 £6.9).

3.3.3. ESS Outcomes

The subjective outcomes for the techniques were measured in seven of eight stud-
ies using the Epworth Sleepiness Scale (ESS). Six studies had the necessary data to an-
alyze the results. The estimated average standardized mean difference based on the
random-effects model was 1.2631, with a 95% CI= 0.8877-1.6385 and a z-value= 6.5943
(p-value < 0.0001). This implies that surgery had a significant positive effect on the
ESS subjective parameters. According to the Q-test, the true outcomes appeared to be
heterogeneous (Q(14) = 83.3390, p < 0.0001, tau? = 0.4385, I? = 82.2159%). Hence, al-
though the average outcome was estimated to be positive, in some studies the true
outcome may in fact have been negative. A forest plot was generated to visually dis-
play the mean differences in ESS between the velopharyngeal techniques in the included
studies (Figure 4).
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Figure 4. Forest plot ESS—Comparison between pre- and postoperative results.

3.3.4. Success Rate

The success rate was determined in seven studies. The majority of studies used
the Sher criteria of success rate (AHI reduction > 50 and AHI value < 20). For the BRP
technique, the surgical success rate ranged between 66% and 86.6%, with the best outcomes
in the majority of studies. However, it achieved similar outcomes compared with the
modified ESP described by Lorusso et al. (80% vs. 90%) [14] and with ESPWAP analyzed
by Babademez et al. (86.6% vs. 84.9%) [19]. The success rate of the ESP technique ranged
from 64.81% to 90%. For the UPP technique, the surgical success rate was found to
vary significantly among the studies, with the lowest success rate of 38.71% and the
highest of 58.06%. Regarding AP, results differed considerably between studies, with
Haytogiu et al. [21] reporting a success rate of 81.8%, and Karakok et al. [20] reporting a
success rate of only 45%. LP obtained a success rate of 54.55% [17] and 64% [20], respectively.
Being described in just one study [21] in comparison to AP, uvulopalatoflap placement
obtained a favorable outcome with an overall procedural success rate of 82.6%.

3.4. Factors That Might Influence the Results

Having only the mean age available and not individual participant BMI limited our
ability to conduct a moderation analysis using age as a separate predictor. The same was
available for the BMI variable. However, we performed a mixed-effects model analysis
using severity of disease as a moderator, categorizing it into two levels: mild to moderate
(coded as 1) and moderate to severe (coded as 2). The intercept estimate was 1.810, while
the moderator estimate was —0.349, suggesting a negative association between the severity
of the disease (specifically moderate to severe) and the outcome variable (AHI mean
difference). Nevertheless, this association was not statistically significant (p = 0.142).

3.5. Complications

Complications were addressed in seven studies. Table 3 provides a summary of
the number of patients who experienced complications in each study, along with their
corresponding citations. Lorusso et al. [14] described a persistent feeling of a foreign body
in the throat, both in MESP and MBRP, that disappeared after a few months, and suggested
the pain was more prolonged in the MESP group. Additionally, two cases of early bleeding
were described. A lasting sensation of a foreign body was the most frequently observed
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complication of UPPP in the Lombo study [15] compared to BRP, which had the highest
incidence of early bleeding. Tsou et al. [16] found not significantly statistically notable
variations in the incidence of bleeding, dysgeusia, and globus among the two groups.

Table 3. Postoperative complications for different techniques.

Techniques
Complications UPPP RF-UPP BRP ESP LP AP UFP
8 [15] 20141
Foreign Body Sensation/Globus 5[15] 2 [15] 2 [14] - 1[21] 8[21]
3[16]
7 [16]
Nose regurgitation - - ) - 2 [20] % 5?} -
Velopharyngeal insufficiency - - - - 1 [20] 1 [20] -
Prolonged pain 3[15] 1[15] 1[15] - - - -
. 2[15] 4[15] 2[14]
Early bleeding 2 [16] - 1016] 4[20] 2 [20] - -
Suture dehiscence 1[15] - 2 [15] - - - -
Dysphagia 6 [16] - 5[16] 7 [20] 9 [20] 3 [20] -
Dysgeusia 1[16] - 1[16] - - - -

However, globus was more prevalent in the BRP group compared to the UPP group
(22.58% vs. 9.67%). Martinez et al. [17] did not observe any particular complications other
than minor bleeding. Postoperative pain was lower with the BRP technique compared to
ESPwAP, as suggested by Babademez et al. [19] In the Karakok study [20], difficulty in
swallowing and nasal regurgitation were present in all three groups, while velopharyngeal
insufficiency was found only in the AP and LP groups. However, nasal regurgitation and
nasal velopharyngeal insufficiency resolved within 1 month postoperatively. Postoperative
bleeding was also described after the LP and ESP procedures, with two patients from the
ESP group requiring reintervention. Haytogiu et al. [21] reported that postoperative pain at
rest and during swallowing was significantly lower after AP compared to UPF. However,
the foreign body sensation persisted for 6 months after UPF in seven patients compared to
only one patient in the AP group.

4. Discussion

A meta-analysis published by Pang et al. in 2018 on palatal surgery for sleep ap-
nea demonstrated a significant change in the utilization of the UPPP technique over a
17-year period, with its decreased usage in comparison to other techniques. The UPPP
procedures performed during the 2011-2018 period encompassed 12.6% of all techniques
used on 2715 patients compared to 25.6% during the 2001-2010 period [23]. This pattern
was observable in several of the studies that we included, particularly those that gathered
data retrospectively over an extended timeframe. Lombo et al. (2022) analyzed surgical
techniques for sleep apnea performed in their institution between 2001 and 2020, and
Martinez et al. between 2006 and 2018. In both studies, a shift away from traditional
UPPP over the years and toward more focused and less invasive procedures was sug-
gested (LP, ESP). Both authors adopted the BRP technique after 2015, as proposed by
Viccini et al. [12].

The observed trend may be attributed to an improved understanding of the under-
lying anatomical and pathological mechanisms involved in sleep apnea, which has been
facilitated by the rising utilization of drug-induced sleep endoscopy (DISE). This technique
is believed to mimic natural sleep conditions more closely than alternative diagnostic meth-
ods, which may have contributed to its increasing popularity and adoption in recent years.
A study by one author included in our analysis [20] also mentioned that at the beginning of
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his prospective study in 2011, DISE was not widely recognized or promoted at the time and,
thus, he opted for alternative diagnostic procedures to visualize the obstructed site, such as
the Mueller maneuver during awake nasal endoscopy. At the same time, this situation was
encountered also by Lombo et al. [15] and Martinez et al. [17], who performed DISE only
on some of the patients included. The majority of authors conducted a video fibroscopic
examination, with or without the Mueller maneuver prior to surgery. Nevertheless, re-
search indicates that in around 50% of patients with OSA, DISE leads to changes in surgical
treatment plans when compared to awake evaluations [24]. Despite the increasing use and
recognition of DISE, as well as the publication of the European position paper on DISE
in 2014 and its subsequent update in 2017, there is still no wide agreement on a specific
protocol for interpreting the procedure, especially regarding upper airway classification [2].
A recent review concluded that the VOTE classification was the preferred scoring system
among different studies [25]. Two studies in our review used VOTE classification during
DISE in assessing surgical plans and operative indications [16,19], and one study used
NOHL grading [14], while the others did not mention any DISE criteria for patient selection.
Nevertheless, only Lorusso et al. [14] conducted a post-surgical DISE to assess the impact of
palatopharyngeal surgery on the upper airway space and confirm the appropriate selection
of patients [14]. The results indicated a significant transverse reduction in oropharyngeal
obstruction after both MESP and MBRP, as well as a slight decrease in hypopharyngeal
obstruction, which was slightly more pronounced in the MESP group. Establishing a
validated model that connects the results of DISE classification with surgical treatment
plans and outcomes would provide a reliable basis for making well-informed decisions
about surgical options.

Even though the UPP significantly decreased AHI in all included studies, the success
rates varied highly, ranging from 38.71% to 59.26%. This can be attributed to variances
in the selection criteria adopted by various studies, as well as subtle distinctions in the
techniques performed. Our observations were similar to those obtained in a large sys-
tematic review published by Stock et al. that reported success/response rates between
35% and 95.2% after UPPP [26]. However, performing UPPP along with hyoid suspension
significantly increases its efficacy compared to single-level surgery, through the effect it has
on latero-lateral diameters of hypopharynx, widening the transverse oropharyngeal space,
as Minni. et al. observed in their study [18]. The success rate rose from 40.74% to 59.26%
with this combination of techniques. This finding is based on the study published in 2021
by Tessel et al. [27] that achieved noteworthy results for UPPP practiced in conjunction with
HS in patients with moderate to severe OSA, with a success rate of 76.9%. Nonetheless,
UPPP could have favorable outcomes as a single-level surgery in well-selected patients,
as a recent meta-analysis suggests [28]. Predominantly velopharyngeal obstruction and
Friedman stage 1 are predictors of success, while low hyoid position can negatively impact
the surgical outcome.

The anterior palatoplasty outcomes were contradictory in the studies included in the
review, as Haytogiu et al. [21] reported a success rate of 81.8% compared with only 45%
obtained by Karakok et al. [20]. This was unexpected, as both authors had comparable
inclusion criteria (small tonsils, retropalatal obstruction), and tonsillectomy was not per-
formed in either of the studies. However, Karakok reported a lack of postoperative PSG for
10 patients in the AP group, which might have influenced the results. In Haytogiu’s study,
the uvulopalatal flap (UPF) technique exhibited outcomes comparable to those with AP,
with success rates of 82.6% and 81.8%, respectively. These findings were in line with the
results obtained in another study that reported success rates of 84% and 86% for UPF and
AP, respectively [29]. Notably, both studies demonstrated that patients who underwent
UPF experienced higher levels of pain. This may suggest that AP could be the preferred
treatment option for patients with similar characteristics.

Barbed reposition pharyngoplasty has widely grown in popularity since the first men-
tion of the technique in 2015 by Viccini et al. [12]. A systematic review published in 2022,
including all relevant articles regarding the procedure, found that barbed reposition pharyn-
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goplasty is a simple, fast, and secure procedure for treating palatopharyngeal issues that
can be used on its own or as part of a more complex surgical approach [30]. This was also
reflected in our review, as BRP obtained the best results in the majority of studies in both
objective and subjective parameters and mono- and multi-level procedures in patients with
mild to severe disease. Moreover, as Minni et al. observed in their study, an association of
hyoid suspension did not lead to an improvement in outcomes compared to UPPP (64.29%
vs. 65.52%, respectively) [18]. Thus, it can be assumed that a satisfactory enlargement of
the retropalatal area can be achieved without requiring the need for HS in the case of BRP,
as the authors suggested. However, similar favorable results were observed in the modi-
fied version of the expansion sphincter pharyngoplasty (MESP) technique developed by
Lorusso et al. [14] that demonstrated a surgical success rate of 90%, comparable with that
of MRP (80%) [14,19,31]. The combination of AP with ESP in the Babademez study [19]
proved to be beneficial, with a success rate of 84.9%, as it approaches both antero-posterior
and latero-lateral collapse in the retropalatal space. Moreover, a randomized control trial
published by Ciger et al. concluded that ESP combined with AP can effectively address var-
ious types of pharyngeal obstruction (antero-posterior, latero-lateral and concentrical) [32].
According to a 2019 multicenter study on palate surgery complications by Pang et al. [7],
foreign body sensation was found to be the most prevalent complication, particularly in
the UPP group. Our study corroborates this finding. Interestingly, our study revealed that
many patients in the BRP group also experienced foreign body sensations. This could be
attributed to the fact that most of the patients in this group with this symptom underwent
a multilevel approach (BRP plus base of tongue reduction). In the LP group in our study,
the most prevalent symptom was dysphagia, which aligns with Pang et al.’s statement and
decision to shift toward non-invasive procedures such as ESP, initially introduced by Pang.
For the BRP and ESP techniques, early bleeding was the complication most mentioned in
the studies. However, this could also be the result of tonsillectomy that was performed
in the same operative time. Nonetheless, a notable reduction in postoperative pain was
observed with the BRP technique compared with ESP in the Lorusso and Babademez
studies [14,19]. Additionally, it was noted that the operation time was shorter. A recent
meta-analysis also reported that both techniques have comparable effectiveness in terms of
AHI, ODI, LOS, and ESS, but BRP is faster to execute [31].

Study Limitations

Consistent with other recently published reviews [33], we observed a lack of prospec-
tive studies directly comparing the velopharyngeal surgical techniques. Most of the studies
included in this review were retrospective, which might imply an inferior level of evidence,
being prone to selection bias. However, the inclusion of longitudinal studies helped us to
obtain an overview of how surgical approaches changed over the years, from an aggressive
approach to more reconstructive and more focused procedures. The attempt to better
understand the anatomy and physiology of the upper airway in obstructive sleep apnea
also determined a change in diagnostic procedures, with extended usage of DISE in the
preoperative plan, which might have had an impact on surgical results in some studies.
The longitudinal nature of the studies and the accumulation of experience in performing
DISE over time allowed for the refinement of patient selection for surgery, which may have
had an impact on the surgical outcomes.

5. Conclusions

A trend toward adopting the BRP surgical technique has emerged due to its excellent
outcomes with minimal complications and a relatively short operation time. Our results
show that BRP achieved the most favorable objective and subjective outcomes among the
studies reviewed, with consistent results in both single and multilevel settings. Although
ESP closely follows BRP in terms of efficiency, it comes with a higher risk of complications
such as postoperative prolonged pain and shows better results when combined with tech-
niques such as AP that target antero-posterior collapse. However, other, older techniques,
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such as UPPP, UPE, AP, or LP in mono- or multilevel settings, also have good results when
performed in well-selected patients. The heterogeneity observed in the studies, both in
terms of surgical outcomes and patient selection criteria, led us to conclude that more
prospective studies with standardized selection criteria for each group of patients are
needed to generalize the outcomes. Despite the well-established role of DISE worldwide,
there is still a lack of specific consensual criteria regarding the upper airway classification
of obstruction patterns. The introduction of such criteria may assist surgeons in selecting
the appropriate therapeutic strategy for each patient and researchers in obtaining more
accurate and generalizable results.
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