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Abstract

Purpose The aim of this study is to analyze the efficacy of a new modified pharyngoplasty technique with barbed sutures:
barbed suspension pharyngoplasty (BSP).

Methods We enrolled patients affected by obstructive sleep apnea—hypopnea syndrome (OSAHS), having the main site of
obstruction at the palatal and lateral pharyngeal walls, who refused or failed to tolerate CPAP therapy and underwent non-
resective pharyngoplasty with barbed sutures between January 2014 and October 2017. Two surgical techniques with barbed
sutures were used: barbed reposition pharyngoplasty (BRP) and BSP; the main characteristics of the latter are a double
passage of the needle, each side, through the soft palate.

Results Forty-two patients met the study inclusion criteria and were included in the analysis. Twenty-two patients underwent
BRP and 20 BSP. Patients treated with both BRP and BSP achieved significant improvement in polysomnographic parameters:
AHI, ODI, t90%, and daily sleepiness tested by the ESS questionnaire (p <0.001). There were no significant differences
between groups considering gender, age, or severity of OSAHS (p>0.05). Outcomes were also comparable (p=0.10) in
the two groups; patients who underwent BSP had successful treatment in 100% of cases, compared to 86% with BRP, with
a cure rate of 40% vs. 18%.

Conclusions BSP is a novel surgical technique that is effective in treating oropharyngeal collapse and can be tailored for
patients with high collapsibility of the soft palate who might benefit from the palatal stiffness given by multiple passages
of the suture inside it.
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Introduction

Obstructive sleep apnea—hypopnea syndrome (OSAHS) is
a common health problem affecting a large number of indi-
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on soft palatal collapse which is considered the most com-
mon site causing OSAHS and snoring [2, 3].

L' IRCCS Ospedale Policlinico San Martino, Genoa, Italy

?  Department of Otorhinolaryngology, Head and Neck As outlined by NICE guidelines, CPAP remains the treat-
Surgery, University of Genoa, Genoa, Italy ment of choice for moderate—severe OSAHS, although the
?  Department of Otorhinolaryngology, Maxillofacial compliance rate can be poor. In selected patients, who are not

and Thyroid Surgery, Fondazione IRCCS, National Cancer

. ) Lo . ) compliant to CPAP therapy, and whose main site of obstruc-
Institute of Milan, University of Milan, Milan, Italy

tion, evaluated during drug-induced sleep endoscopy, is

Department of Otorhinolaryngology, Ospedale Santa Maria palatal or lateral pharyngeal wall (LPW) collapse, surgical
Delle Croci, Ravenna, Italy

@ Springer


http://orcid.org/0000-0002-5357-5348
http://crossmark.crossref.org/dialog/?doi=10.1007/s00405-019-05426-4&domain=pdf
https://doi.org/10.1007/s00405-019-05426-4

1830

European Archives of Oto-Rhino-Laryngology (2019) 276:1829-1835

management with pharyngoplasty techniques can be offered.
The main aim of this type of surgery is to improve upper air-
way dimensions by reducing soft-tissue collapsibility with the
goal to be curative, or at least to improve compliance to CPAP
therapy [4].

The recent evolutions regarding techniques of pharyngo-
plasty aimed to obtain the expansion and stabilization of the
pharyngeal airspace through the conservative treatment of
LPW collapse rather than through ablation of excess pharyn-
geal soft tissue [5].

The role of LPW collapse in the pathogenesis of OSAHS
has been demonstrated by Schwab et al. [6]. LPW collapse
should be noted and documented, as it plays a significant role
in the pathogenesis of OSAHS. The first surgical technique
aimed at stabilizing the lateral wall was lateral pharyngoplasty,
described by Cahali in 2003; this procedure was not widely
used, as it involves a marked modification of the lateral wall
with sectioning of the superior pharyngeal constrictor muscle
and a significant risk of important complications, including
postoperative dysphagia [7, 8].

On the other hand, expansion sphincter pharyngoplasty
(ESP), described by Pang and Woodson in 2007, had greater
agreement. It originated from the technique of sphincter phar-
yngoplasty, described for the correction of palatal incom-
petence with the medial rotation of the palatal pharyngeal
muscle, restricting the velopharyngeal isthmus [8, 9]. This
technique was improved by Sorrenti by giving tension on the
lateral wall and fixing the palatopharyngeal muscle to the
palatine musculature, close to the pterygoid hamulus, allow-
ing advancement of the soft palate more effectively and less
invasively than the previous techniques of lateral pharyngo-
plasty [5].

Among non-resective pharyngoplasty, barbed reposi-
tion pharyngoplasty (BRP) and the Roman blind techniques
(RBT) have recently been described in the literature. These
procedures allow surgeons to achieve widening and stiffen-
ing of the naso-pharyngeal inlet without any tissue sacrifice
using a bidirectional-barbed suture that is inserted through the
fibro-muscular tissues of the soft palate and posterior tonsillar
pillars, and tightened around three steady holds: the posterior
nasal spine and the two pterygoid hamulii lateral to the ptery-
gomandibuar raphe [10, 11].

The aim of the study is to analyze the efficacy of a new
modified non-resective pharyngoplasty technique with the
objective to give more tension and displace the soft palate
anteriorly and lateralize the lateral pharyngeal wall.
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Methods
Study design and population

An observational retrospective study was carried analyzing
the records of 42 consecutive patients with OSAHS who
refused or failed to tolerate CPAP and underwent non-
resective pharyngoplasty with barbed sutures between
January 2014 and October 2017 at our Institution.

Surgical planning

Preoperative assessment included polysomnography
(PSG), endoscopic evaluation, sleep history assessment
including the Epworth sleepiness scale (ESS) [12, 13] and
drug-induced sleep endoscopy (DISE) evaluated using the
NOHL classification [14].

Inclusion criteria were as follows: diagnosis of mild-
to-severe OSAHS (AHI >5) with body mass index
(BMI) <35, having the main site of obstruction at the oro-
pharyngeal level, as palatal either LPW collapse, accord-
ing to NOHL classification [14], who failure to tolerate or
comply with CPAP or a mandibular advancement device
(MAD) and who were treated with non-resective phar-
yngoplasty with barbed sutures. We excluded patients
with hypopharyngeal or laryngeal complete collapse, or
significant craniofacial anomalies affecting the airway,
severe comorbidities, contraindications for surgery, and
those with incomplete clinical data. All patients underwent
a PSG at least six months postoperatively.

Surgical procedures

All patients underwent non-resective antero-lateral phar-
yngoplasty with barbed sutures (Stratafix™ Spiral PDO
2.0 SH, 26 mm, 1/2 Circle Taper Point, SXPD2B414, Ethi-
con), whose aim was to displace anteriorly and stiffen the
soft palate to increase the retrovelar space and to reduce
its collapsibility, as it is the main site of obstruction in this
selected cohort of patients.

The entire cohort was divided into two groups: group A
with 22 patients treated between 2014 and 2016 and group
B with 20 patients treated in 2017. The first 22 patients
(group A) underwent a BRP (BRP) according to Vicini
et al. [10], while for the last 20 patients (group B), we
introduced some surgical steps to increase palatal tension
given by the cicatricial fibrosis and to augment the antero-
lateral suspension forces to the soft palate (Fig. 1), calling
this barbed suspension pharyngoplasty (BSP).
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Fig. 1 Drawings of the surgical view in BSP technique with the main
force vectors, p and r, and their sum (p+r) on the left side. a, poste-
rior nasal spine; d, right pterygomandibular raphe; f, left pterygoman-
dibular raphe; blue lines represent the pterygomandibular raphes
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Fig.2 Surgical drawings illustrating the planning of suture route on
the right side in BSP (a, b), symmetric procedures are performed on
the left side. a, posterior nasal spine; b, upper part of tonsillectomy
bed; c, palatopharyngeal muscle; d, right pterygomandibular raphe; e,
base of the uvula; f; left pterygomandibular raphe; blue lines repre-
sent the pterygomandibular raphes

The surgical technique of the BSP (Fig. 2a, b) encom-
passes these surgical steps:

1. Oropharyngeal exposure is achieved by a Boyle—Davis
mouth gag (Fig. 3a), and a mucosectomy of tonsillar bed
is performed; if tonsils are present, a bilateral tonsillec-
tomy is done. It is mandatory to spare the palatoglossus
and palatophayngeous muscles and the mucosal layer
covering both pillars [10];

2. Using bidirectional barbed sutures PDO 2.0, the first
stitch is from the midline, at the level of the posterior
nasal spine (a) antero-laterally towards the upper part
of tonsillectomy bed (b), usually in two passages re-
introducing the needle close to point of exit (Fig. 2a);

3. Multiple stitches (from 2 to 4 passages) are placed
around the upper portion of palatopharyngeal muscle
(c), anchoring it to the anterior pillar (Fig. 2a);

4. A suspension stitch is made by passing the needle into
the pterygomandibular raphe (d) and applying traction
without needing to make knots (Fig. 2a);

5. Further stitches are made in the palatal muscles through
the base of the uvula (e) to the contralateral pterygoman-
dibular raphe (f) and going back through the midline
to the ipsilateral pterygomandibular raphe (g, d), and
finally cutting the suture (h) (Figs. 2b, 3b, 4 and Sup-
plementary Video).

A simultaneous multilevel procedure was chosen if nasal
obstruction was significant, also performing turbinoplasty
and/or septoplasty.

Outcome evaluation

Surgical success was evaluated at least 6 months after sur-
gery, performing PSG and repeating the ESS questionnaire
[12]. Criteria for evaluation of outcomes, in agreement with
Montevecchi et al. [15], are reported in Table 1.

Statistical analysis

Categorical variables were described as absolute and rela-
tive frequencies; standard descriptive statistics were used
expressing medians, first and third quartiles of quantitative
variables. The Shapiro—Wilk normality test was applied and
the Wilcoxon signed-rank test for matched samples was cho-
sen to compare pre- and posttreatment values of variables
of interest. Groups’ comparison analysis was performed by
Fisher’s exact test, Chi-square test, or Mann—Whitney test,
as appropriate.

GraphPad Prism Version 6.0 (San Diego, CA, USA) and
IBM SPSS Statistics version 24.0 were used for statistical
analysis and graph drawing. For all tests, a two-tailed p value
<0.05 was considered significant.
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Fig.3 Surgical view in the
operating position before sur-
gery (a) and at the end of a BSP
procedure (b)
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Fig.4 Surgical draw of the suture route at the end of the surgical pro-
cedure. Red line, right side; blue line, left side

Table 1 Definitions of outcomes

Outcome Definition

Cure AHI <5 and ESS < 10 and reduction of both by >50%
Success AHI <20 and ESS < 10 and reduction of both by > 50%
Failure AHI > 20 or ESS > 10 or reduction of both by <50%

AHI Apnea—Hypopnea Index, ESS Epworth sleepiness scale score

Results
Patients and treatments

Forty-two patients met the study inclusion criteria and
were included in the analysis. The median age was 54 years
and the cohort was composed of 38 men (90%) and 4
women (10%). Eight patients (19%) were affected by mild
OSAHS, 19 (45%) by moderate and 15 (35%) by severe
OSAHS. Twenty-two (52%) patients underwent BRP and
20 (48%) BSP. Given the presence of nasal obstruction,
a multilevel surgical procedure with nasal surgery was
chosen for 35 patients (84%) by performing turbinoplasty
in 12 (29%) and both septoplasty and turbinoplasty in 23
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cases (55%). Categorical data and summary statistics are
reported in Table 2.

Postoperative course

The median hospital stay was 2 days (range 1—4 days); com-
plications related to the surgical procedures encompassed
one case of hemorrhage from tonsillar bed on 11th postop-
erative day managed by medical therapy, two cases of tem-
porary velopharyngeal insufficiency, spontaneously solved
before the discharge, and five cases of minimal partial thread
extrusion (four cases among BRP group and one case among
BSP one), treated by its cutting at outpatient clinic.

Improvement in polysomnographic parameters

Non-resective pharyngoplasty with barbed sutures (BRP or
BSP) in a uni-level or multilevel setting led to significant
improvement of all polysomnographic parameters and of
the daily sleepiness as assessed by the ESS questionnaire
(»<0.001). In particular, the surgical procedure achieved a
significant reduction of AHI (p <0.001), Oxygen Desatura-
tion Index (ODI) (p <0.001), and t90% (p <0.001), as shown
in Table 3. Successful treatment was achieved in 39 patients
(93%) with a cure rate of 29%, while three patients (7%)
experienced treatment failure. Among the two groups, there
were no significant differences regarding gender, age, sever-
ity of OSAHS, or multilevel surgery (p > 0.05). Outcomes
were also comparable (p =0.10). Patients who underwent
BSP had successful treatment in 100% of cases with a cure
rate of 40%.

Discussion

Since the introduction of non-resective pharyngoplasty tech-
niques, as expansion sphincter pharyngoplasty or a decrease
in surgical complications and improvement of success has
been observed [8, 16].
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Table 2 Absglute and n elaFive Patient characteristics All patients BRP BSP P
(%). frequencies of categorical N (%) N (%) N (%)
variables
All 42 (100) 22 (52) 20 (48)
Gender 0.617
Male 38 (90) 19 (86) 19 (95)
Female 4 (10) 3(14) 1(5)
Age 0.50*
Median (IQ-111Q) 54 (43-62) 51 (40-67) 53 (48-55)
OSAHS score,,,, 0.62°
Mild (AHI 5-15) 8(19) 3(14) 5(25)
Moderate (AHI 16-30) 19 (45) 11 (50) 8 (40)
Severe (AHI > 30) 15 (36) 8 (36) 7 (35)
OSAHS score, 0.178
Normal (AHI<5) 12 (29) 4 (18) 8 (40)
Mild (AHI 5-15) 30(71) 18 (82) 12 (60)
Moderate (AHI 16-30) 0 (0) 0 (0) 0 (0)
Severe (AHI > 30) 0 (0) 0 (0) 0 (0)
Tonsillectomy 0.35%
Previously done 21 (50) 9 (41) 12 (60)
Done during the procedure 21 (50) 13 (99) 8 (40)
Nasal surgery 0.68"
No 7(17) 4 (18) 3(15)
Turbinoplasty 12 (29) 5(23) 7(35)
Turbinoplasty + Septoplasty 23 (55) 13 (59) 10 (50)
Outcome 0.10*%
Cured 12 (29) 4 (18) 8 (40)
Success 27 (64) 15 (68) 12 (60)
Failure 37 3(14) 0 (0)

BRP barbed reposition pharyngoplasty, BSP barbed suspension pharyngoplasty, ,,, pre-operative values,
post POSTOperative values, IQ first quartile, /I1Q third quartile, AHI Apnea—Hypopnea Index

p values estimated by Fisher’s exact test, *Chi-Square test or ¥Mann—Whitney test

Table 3 Comparison of polysomnographic parameters of patients treated with BRP and BSP

BRP

BSP

Medianpre (IQ-11IQ) Medianposl (IQ-11IQ) P

Medianpre (IQ-11IQ) Medianpos[ (IQ-11IQ) p

ESS 7 (4-11.8) 0(0-1)
AHI 27 (21-37.3) 7(5-9.5)
ODI 22 (18.5-29.5) 4 (3-6)
t90% 6.5 (2.3-10) 0 (0-0)

<0.001
<0.001
<0.001
<0.001

9 (6-12) 0 (0-1) <0.001
25 (15.8-34.3) 5(2.5-6) <0.001
22 (20-30) 2 (1-5) <0.001

3(1-8.5) 0 (0-0) <0.001

BRP barbed reposition pharyngoplasty, BSP barbed suspension pharyngoplasty,

pre Preoperative values, ,,, postoperative values, IQ first quartile,

11Q third quartile, ESS Epworth sleepiness scale score, AHI, Apnea—Hypopnea Index, ODI Oxygen Desaturation Index

In our experience, treatment of oropharyngeal and pal-
atal collapse with non-resective barbed pharyngoplasty
(BRP or BSP) is effective, with significant improvement
of objective parameters such as AHI and ODI (p <0.001)
and with significant reduction of daily sleepiness evaluated
by the ESS questionnaire (p <0.001).

The use of barbed sutures in pharyngeal surgery is
described in many techniques such as Roman blinds phar-
yngoplasty [11], barbed reposition pharyngoplasty [10],
and barbed expansion pharyngoplasty [17]. This type of
suture seems to reduce invasiveness and operating times
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without the need of making knots inside the oral cavity
and oropharynx [16].

Our results using the BRP succeeded in getting com-
parable results obtained by other authors [15] in terms of
cure rate (18% vs. 20.7%, respectively) and failures (14%
vs. 27%, respectively), confirming the good reproducibility
and efficacy of this technique. In addition, complications of
our procedures were similar to other studies (bleeding events
< 5%, partial thread extrusion 11%) [15, 17]

In BSP technique, suture passage directly from the poste-
rior nasal spine towards the tonsillar fossa seems to increase
the anterior displacement of the soft palate, as shown in
Fig. 1, by the sum of the main vector forces (p + r) applied to
the soft palate and lateral pharyngeal wall. This suggests that
the technique will be especially useful if soft palate collapse
is observed during preoperative DISE.

In our opinion, the multiple passages through the soft
palate, used in the BSP technique, reinforce the stiffness
of the palate that can be attributed to the cicatricial fibro-
sis, thereby reducing its collapsibility, which is one of the
main causes of obstructive apnea in these patients [14]. By
introducing the BSP, although statistical significance was
not reached, we saw a trend of increasing cure rate vs. BRP
(40% vs. 18%) with no treatment failures.

Our preliminary and encouraging data about this novel
surgical technique should be confirmed in wider, as well as
multicentric and randomized series of patients. The small
sample size should be considered one of the main limits of
our study, whereas the lacking of randomization has been
overcome by the temporal criteria selection, so being the
two groups comparable.

Conclusion

Although CPAP therapy remains the gold standard for treat-
ment of patients affected by moderate—severe OSAHS, in our
experience, BSP is a safe and effective surgical technique,
with a high success rate, to correct lateral pharyngeal wall
and palatal collapse in patients refusing or not tolerating
CPAP.
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