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Abstract: Background: The use of barbed sutures for pharyngoplasty techniques is a new trend in sleep apnea
surgery, but little is known about its short-term results depending on the different techniques. The objective of
this study was to compare the surgical results in two different centers using barbed sutures in which the main
difference was the loops performed in the soft palate. Methods: This is a retrospective study of patients with
obstructive sleep apnea (OSA) operated in two centers. A statistical analysis comparing the ENT department
of the Ospedale Morgagni-Pierantoni from Forli with the ENT department of Dr. Peset University Hospital
was performed. Results: The final simple size was 138 patients (70 from Forli and 68 from Valencia). In both
series, a significant improvement was observed in OSA patients with significant reductions in the respiratory
events not related to a weight reduction. Mean delta Apnea Hypopnea index was 13.36 (SD 21.3) in Forli and
22.8 (SD 22.05) in Valencia (p<0.05). Forli’s series had a higher proportion of multilevel surgeries than Valencia
and a lower proportion of tonsillar hypertrophy. Conclusion: The number of loops performed in the soft palate
may improve the surgical results, nevertheless, this must be confirmed in prospective studies.
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1. Introduction

Obstructive sleep apnea (OSA) is considered a public health problem associated with decreased
quality of life and productivity, along with increased morbimortality due to cardiovascular disease,
metabolic problems or even cancer, in addition to increased motor vehicles accidents[1]. Even though
the standard treatment for OSA is positive upper airway pressure during the night, compliance is
suboptimal in many patients, therefore alternative treatments are needed. These alternative
treatments include positional therapy, myofunctional therapy, intraoral devices, bone and soft tissue
surgery, and hypoglossal nerve stimulation. In the present time, any of these could be the first choice
depending on the patient’s characteristics and preferences|[2].

In recent years, there has been a shift in pharyngoplasty techniques from the resection of the
edge of the soft palate and uvula towards remodeling techniques where the mucosa is spared,
muscles can be transposed or elevated without resection, and the fat of the supratonsilar fossa might
be resected or ablated[3]. The use of barbed sutures instead of the classic resorbable sutures has the
advantage of avoiding knots inside the oral cavity and distributing the tension along the thread
instead of one spot[4].

Different modalities of pharyngoplasty have been described since the first publications with
barbed sutures[4-6]. The use of this thread does not imply a specific technique, it is a tool that can be
incorporated into different pharyngoplasties depending on the anatomical characteristics of the
patient and the collapse observed in drug-induced sleep endoscopy (DISE). Moreover, the use of
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barbed sutures has shown to have similar results as expansion pharyngoplasty, with shorter surgical
time and a low learning curve[7].

As part of the collaboration between the two centers, it was noticed that there were modifications
in the barbed technique between them, therefore we wanted to know if these changes could lead to
better outcomes.

2. Materials and Methods

This is a retrospective study of consecutive adult patients operated on between 2014 and 2019
with barbed sutures in the Otolaryngology departments of two university hospitals (Ospedale
Morgagni-Pierantoni in Forli, Italy, and University Hospital Dr. Peset in Valencia, Spain). All patients
signed an informed consent before surgery. Local ethics approval was not necessary as this was a
retrospective non-interventional study.

The pharyngoplasty technique performed by the Italian team was the barbed reposition
pharyngoplasty (BRP)[4]. Briefly, after tonsillectomy and weakening of the palatopharyngeus muscle
in the lower part of the tonsillar fossa, using a bidirectional barbed suture, a needle was introduced
at the center point and then passed laterally within the palate. The needle is reintroduced again close
to point of exit, passing around the pterygomandibular raphe, until it comes out into the
tonsillectomy bed, then through the upper part of the palatopharyngeus muscle, and comes out near
the mucosa of the posterior pillar, without passing through it (Figure 1c). The posterior pillar is
entered at the junction between the upper third and the lower two-thirds. The needle is then passed
back through the tonsillectomy bed and this suture is again suspended around the raphe; gentle
traction is applied on the thread every time it exits the mouth. Finally, the thread is cut in the upper
part of the palate.

The Spanish team performed a modified BRP. After dissection and extraction of the
supratonsilar fat[8], the technique starts the same way as the BRP with the difference of the needle
coming out of the hole created, 3 loops are performed between the PP and the pterigomandibular
raphe, the rest of the thread is used to close the wound in the soft palate performing zig-zag sutures
crossing the palate from the junction of the hard palate till the rim of the soft palate near the uvula[9]
. Additionally, raphe to raphe sutures could be performed if there was any thread left (Figure 1a,b)

Fig. la Fig.1b Fig. 1c

Figure 1. Modified barbed reposition pharyngoplasty (1a, 1b) and barbed reposition pharyngoplasty
(1c).

Inclusion criteria were adult patients operated on with a sleep study before and 3 to 6 months
after surgery. Exclusion criteria were the absence of a sleep study before or after surgery. Patients in
whom multilevel surgery was performed were also included. Multilevel surgery consisted of
transoral robotic surgery in the Forli team and coblation tongue base resection in the Valencia team.
Septoplasty and radiofrequency turbinate reduction were performed according to the patient’s need.

The data analyzed were age, body mass index (BMI), tonsillar grade according to the Friedman
scale, Epworth sleepiness scale (ESS), nasal or multilevel surgery performed in addition to the barbed
pharyngoplasty and the data from pre- and postoperative sleep studies.

Several definitions of success were considered according to the postoperative AHI obtained (<5,
<10, <15, and the classical Sher’s definition). Moreover, the pre and post (delta) difference (calculated
AHI pre -AHI post) and the relative delta (AHI pre-AHI post/AHI pre x100) were obtained. The
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relative delta AHI has the advantage of knowing the percentage of reduction in the severity of OSA,
providing a number easy to understand for both patients and doctors, independent of the initial AHI.

For the statistical study, the program Stata v12 was used. Continuous variables were compared
with a t-paired test between pre and post in each center and with t-test between centers. p <0.05 was
considered significant. In addition, a regression model with ANCOVA was constructed with the
significant variables comparing the postoperative results between centers.

3. Results

The final sample size was 138 patients (70 from Forli and 68 from Valencia). The main
characteristics of the patients operated on in each center are shown in Table 1. Patients from Forli
were older than those from Valencia; however, there were no significant differences in the mean BMI
and ESS.

Table 1. Main variables evaluated before and after BRP by center. AHI: apnea hypopnea index,
ODI: oxygen desaturation index, T90: percentage of time with a saturation lower than 90%, ESS:
Epworth sleepiness scale, BMI: body mass index, SD: standard deviation. # Statistical significance
between the same parameter in both centers.

Valencia
PRE (N=68) POST (N=68)
Mean SD Min. Max. Mean SD Min. Max. p value
AHI 36.32 2442 4 12538 13.524# 1422 0 61.7 0.00
ODI 3454 224 36 83 15.19¢ 1636 0 73 0.00
T90 1556 20.76 0 65 709 1082 0 377 0.04
ESS 916 525 0 22 54 2.89 0 11 0.00
BMI 28.37 440 19.05 38 28.58 4.45 10.05 40.23 0.79
Age 41.294 1164 15 74
Forli
PRE (N=70) POST (N=70)
Mean SD Min. Max. Mean SD Min. Max. p value
AHI 39.05 19.19 99 897 25.05# 21.22 0.8 80.1 0.00
ODI 3391 17.74 05 85 22.99# 20.05 11 817 0.00
T90 1345 1747 0 64 1423 2285 0 69 0.57
ESS 9.30 540 0 20 8.18# 587 0 24.06 0.24
BMI 2748 3.04 2031 351 2719 326 21 364 0.17

Age 55.09# 11.47 24 76

In both series, there was a significant improvement in OSA patients, with significant reductions
in the respiratory events unrelated to a BMI reduction, as can be observed in Figure 2.
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Figure 2. Pre- and postoperative respiratory sleep parameters in each center. AHI: Apnea hypopnea
index, ODI: Oxygen desaturation index, T90: time spent with saturation below 90%.

When both series were compared, the patients from Valencia had better outcomes in general.

According to the different success rates, in Valencia, the results were better as can be observed in
Table 2.

Table 2. Different success criteria by centers.

Success5 Success 10 Success 15 Success Sher Mean Mean
AHI<5 AHI<10 AHI<15 Delta AHI Relative Delta AHI

13.36 # 28.04 #

Forli 14.29% # 30% # 42.86% # 44.29% #
orli 9% 0% % 9% (21.3) (69.09)
228 # 51.02 #

Valenci 24% # 2.94% # 17% # 29% #
alencia  38.24% 52.94% 66.17% 60.29% (25.05) (50.54)

Delta AHI: pre-surgery AHI - post-surgery AHI. Relative Delta AHI: pre-surgery AHI - post-surgery AHI / pre-
surgery AHI x 100. # Statistically significant difference (p <0.05) concerning the same variable in the other center.

There was a difference in the proportion of tonsil hypertrophy, but the delta AHI was different
between centers (Table 3).

Table 3. Tonsil grade and delta AHI per center (SD).

Tonsil grade distribution

G0 G1 G2 G3 G4
Valencia

Number 6 13 16 31 2

% 8.82 19.12 23.53 45.59 294
Delta AHI  27.17(66.09)  27.35(42.01) 59.34(26.91) 45.59(57.49)  99.53(0.66)
Forli
Number 12 21 25 12 0
% 17 .4 30 35.71 17 .4 0

Delta AHI  -34.52(125.66) 50.97(34.42) 39.06(44.79) 27.53(45.35) -



https://doi.org/10.20944/preprints202305.0469.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 8 May 2023 doi:10.20944/preprints202305.0469.v1

5

The proportion of nasal or multilevel surgeries performed in both centers was compared to find
an explanation for this difference in success rates. Table 4 shows that, although there were no
differences in the number of tonsillectomies, Forli series had more multilevel and nasal surgeries

performed.
Table 4. Distribution of the type of surgery by each center.
Tonsillectomy Nasal Surgery Multilevel surgery
Forli 82.76% 71.43% 50%
Valencia 86.76% 45.59% 25%

A regression model was performed with ANCOVA, showing that the results in Valencia were
11.41 e/h better (Table 5); after adjusting the model, this difference was reduced but still significant
(Table 6).

Table 5. ANCOVA model comparing postoperative AHI. Valencia was the reference center.

AHI post Coef. Std. Error t P>|tl [95% Conf. Intervall
Forli 11.41 2.92 3.91 0.00 5.64-17.18
AHI pre 0.28 0.07 4.19 0.00 0.15-0.41
cons -8.07 5.14 -1.57 0.12 -18.24 - 2.09
@)
Table 6. ANCOVA model including significant variables. Valencia was the reference center.
AHI post Coef. Std. Error t P>|tl [95% Conf. Interval]
Forli 5.84 3.64 1.61 0.11 -1.35-13.04
AHI pre 0.30 0.07 4.32 0.00 0.16 - 0.44
Tonsil grade -3.34 1.51 -2.22 0.03 -6.33- -0.36
Age 0.26 0.13 1.99 0.05 0.01-0.53
BMI 0.43 0.42 1.01 0.31 -0.41-1.27
cons -19.076 14.47 -1.32 0.19 -47.71 -9.56

4. Discussion

The use of barbed sutures to perform non-resective pharyngoplasties has shown to be useful
and to reduce OSA severity and patient sleepiness in both centers, however, the number of loops
performed in the LPW and the soft palate may help improve surgical success rates. The study
performed by Barbieri et al.[10], in which an increased surgical rate was obtained by adding a raphe-
to-raphe suture in the soft palate to their previous technique supports this theory. Moreover, the
intraoperative changes of the different steps with the sutures in one of Valencia’s patients can be
observed in Video 1. Apparently, the zig-zag suture performed in the soft palate helps to open the
velopharynx in the anteroposterior dimension even more than the raphe-to-raphe sutures, which
could help explain the difference in success rates.

Furthermore, even though the long-term effect of these two types of pharyngoplasty with barbed
sutures was not assessed, it has been suggested that modern pharyngoplasties that do not resect the
free edge of the soft palate have better long-term success rates than classic UPPP[11], and expansion
pharyngoplasty and barbed pharyngoplasty appear to be equal in short-term success rate[7],
therefore, it could be plausible that the better results of the barbed pharyngoplasty with more loops
continue in the long-term. This will be the goal of further studies, however, if confirmed, it would
overcome the problem of being more time consuming, as the more loops performed the longer it
takes and the more expensive it is in operating room time.

Having said this, this initial result must be confirmed in future prospective studies given that in
the Valencia group there was a higher proportion of patients with tonsillar hypertrophy, which may
explain this difference. In addition, the higher proportion of multilevel and nasal surgeries performed
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in Forli may indicate a selection bias, the Forli population being more complex, therefore with a lower
success rate from the start.

Another limitation, due to the retrospective nature of the study, is that the DISE data were not
available before surgery for all patients. It is unknown whether the group from Forli had a higher
incidence of multilevel or velum complete concentric collapse associated with lower success rates[12—
14].

Furthermore, Friedman’s Palate Position (FPP), also known as Modified Mallampati Index,
could not be recovered from all the patients, therefore success rates cannot be compared with
previous series and comparability between our series according to this issue is uncertain. Higher FPP
is associated with lower success rates[15]. Likewise, the objective tonsil volume measured after
tonsillectomy is missing. As pointed out by Sundman and Friberg[16,17], even the tonsil size
measured with the Friedman scale does not show high concordance amongst different explorers in
the same center. This low concordance could be also low between our centers, despite the fact that
both centers have experienced doctors dedicated to OSA patients. The objective tonsil volume could
have resolved this limitation.

In addition, the Forli group was older than the Valencia group, which could also be part of the
better results in Valencia, even though after adjustment there were still significantly better results.

In conclusion, performing a higher number of loops in the LPW and soft palate may be
responsible for the outcomes in Valencia’s OSA patients. However, all the limitations mentioned may
also explain this apparently better result and the difference could be caused by these biases and not
the surgical technique, therefore this hypothesis must be confirmed in future prospective studies.

Supplementary Materials: The following supporting information can be downloaded at the website of this paper
posted on Preprints.org. Video S1: Intraoperative changes in modified barbed reposition pharyngoplasty.
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