European Archives of Oto-Rhino-Laryngology (2018) 275:1189-1196
https://doi.org/10.1007/s00405-018-4940-5

RHINOLOGY

@ CrossMark

Surgical outcomes of overlapping lateral pharyngoplasty
with or without coblator tongue base resection for obstructive sleep
apnea

Do-Yang Park'2 - Hyo Jin Chung? - Sang Chul Park? - Jin Won Kim? - Joo-Heon Yoon®* . Jeung-Gweon Lee? -
Chang-Hoon Kim3# . Hyung-Ju Cho3*

Received: 11 February 2018 / Accepted: 14 March 2018 / Published online: 21 March 2018
© Springer-Verlag GmbH Germany, part of Springer Nature 2018

Abstract

Purpose Considerable number of patients with obstructive sleep apnea (OSA) failed to respond to positive airway pressure
therapy and so turned to surgical procedures. A wide variety of surgical procedures have been developed and advanced,
according to obstruction and target site through nasal cavity to trachea. We introduced our overlapping lateral pharyngoplasty
(OLP) technique as a surgical option for OSA and evaluated its surgical outcomes both with and without endoscope-guided
coblator tongue base resection (CobTBR).

Methods Sixty-five patients underwent either OLP alone or OLP combined with CobTBR to treat OSA at academic tertiary
center. Twenty-nine patients underwent postoperative polysomnography and were divided into two groups, as an OLP group
and an OLP combined CobTBR group. Various parameters from physical examinations and polysomnographic results were
compared and analyzed.

Results Most enrolled patients improved on various polysomnographic parameters, including AHI and oxygen levels. In
the OLP group, 91.7% of patients showed a surgical response and the overall success rate was 66.7%. Mean AHI improved
significantly from 36.3 to 14.8. In the OLP 4+ CobTBR group, all patients showed improvement in AHI and the surgical
response rate was 100%. The overall success rate was 70.6% and mean AHI improved from 38.8 to 13.1. In both groups,
various parameters such as RDI, lowest O, saturation, mean O, saturation, oxygen desaturation index, supine AHI, and ESS
significantly improved after surgery.

Conclusion Our OLP technique appears to be safe and effective among OSA patients. Multi-level OLP surgery combined
with CobTBR can be a good surgical strategy for patients experiencing retroglossal obstruction.
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Introduction

Electronic supplementary material The online version of this
article (https://doi.org/10.1007/s00405-018-4940-5) contains

supplementary material, which is available to authorized users. The prevalence of obstructive sleep apnea (OSA) is reported

to be 3-9% in the general population, and OSA is associ-
>4 Hyung-Ju Cho ated with resistant hypertension, cardiovascular disease,
hyungjucho@yuhs.ac neurological disease, and various types of mortality [21].
Moreover, OSA has deleterious effects on economic produc-
tivity, and is known to be a significant contributor to motor
vehicle accidents [13]. The American Academy of Sleep
Medicine (AASM) has recommended the use of a positive
airway pressure (PAP) device for the first-line treatment of
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defined value of adherence of the AASM minimum accept-
able usage standards [18]. Given these findings, the role of
surgery should not be overlooked, and optimal surgical tech-
niques are necessary for OSA patients. However, the over-
all success rate using the traditional UPPP technique, first
described by Fujita [9], was low, approximately 40% [17].

Therefore, the development and application of more
effective sleep surgery techniques is necessary. Recently,
the collapse of the lateral pharyngeal wall (LPW) has been
suggested as an important factor in the pathogenesis of
OSA, and persistent LPW collapse after conventional UPPP
was one of the major contributors to the low success rate
[14-16].

A new surgical procedure for preventing LPW collapse,
lateral pharyngoplasty (LP), was first introduced by Cahali
[2]. By involving the myotomy of the superior pharyngeal
constrictor (SPC) muscle and suturing this with palato-
glossus, this technique presented a better surgical outcome
(approximately a 60% success rate) compared with conven-
tional UPPP [2, 3]. In our clinical practice, we adopted this
technique. However, we have encountered several problems
with this technique. Therefore, we modified the original
technique to improve LP.

In addition to LPW collapse, OSA patients often have
multiple obstruction sites, and as such, multi-level surgery
has become common. A recent meta-analysis reports a
66.4% success rate using multi-level surgery [12].

Among various multi-level surgeries, the surgical tech-
nique for OSA patients with retroglossal obstruction is often
tongue base resection with Coblation® or transoral robotic
technique, due to their good efficacy with low morbidity
[1,7].

To our knowledge, there have been no reports regarding
the surgical outcomes of LP among patients requiring multi-
level surgery or regarding the surgical outcomes of LP in
multi-level surgery. Therefore, we aimed to introduce our
overlapping LP (OLP) technique and analyze the surgical
outcomes of OLP alone and OLP combined with coblator
tongue base resection (CobTBR).

Materials and methods
Patients

We retrospectively reviewed the medical records of patients
who attended our sleep clinic from 2013 to 2015. Among
the patients with OSA, our OLP technique was applied to
65 patients who declined or failed to adhere to CPAP treat-
ment. And twelve-nine patients agreed to postoperative PSG.
Study patients received OLP alone or OLP combined with
CobTBR. The patients were classified into two groups. The
patients who underwent OLP without tongue base resection
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were classified as the OLP group and patients who under-
went OLP with coblator tongue base resection were classi-
fied as the OLP + CobTBR group.

The subjects were assessed via physical examination,
including nasopharyngoscopy with the Muller maneuver
and/or drug-induced sleep endoscopy and findings were
scored according to the scoring system reported by Kezirian
[10]. We used OLP when the score was above 1 with a pat-
tern of concentric or lateral wall obstruction of the velum
(V) or lateral wall obstruction of the oropharynx (0O). We
considered the patient to have retroglossal obstruction if the
tongue base (7)) score was above 1 in antero-posterior and/
or lateral dimension or if the tongue moved backward during
full expiration with a closed mouth, according to Woodson’s
hypotonic test [20], or with an open mouth. The CobTBR
was considered if the patients were suspected of having a
retroglossal obstruction (Table 1).

We analyzed and compared various features from physi-
cal examinations, polysomnographic parameters, surgical
outcomes, and postoperative complications. We used two
criteria to measure success, as reported by Carrasco-Llatas
et al. [4]. The first criterion, a traditional definition suggested
by Sher et al. [17], was a postoperative AHI below 20, with
at least a 50% reduction in AHI. The second, stricter, crite-
rion was a postoperative AHI below 10. Postoperative com-
plications were evaluated using all the patients data with or
without postoperative PSG (65 subjects) and other variables
were evaluated using 29 subjects data with postoperative
PSG. The study protocol was reviewed and approved by the
Institutional Review Board.

Polysomnography

The PSG recording channels comprised two electroenceph-
alographic (EEG) channels, electro-oculograms (EOG),
electromyograms (EMG), pulse oximetry, nasal cannulas,
thoracic and abdominal respiratory effort bands, and body
position sensors. All 11 channels were applied to patients to
measure the following parameters: EEG, EOG, EMG, elec-
trocardiography, oxymetry, airflow, respiratory effort, and
body position. All PSG data were scored manually, accord-
ing to the AASM 2012 criteria.

Surgical techniques

All sleep surgeries were performed by a single surgeon
under general anesthesia. If a tongue base procedure was
planned, nasotracheal intubation was utilized.

A Mclvor mouth gag was applied to the open mouth
and lateral pharyngoplasty was performed after bilateral
tonsillectomy. In some cases, a surgical microscope was
utilized to perform meticulous dissection in the initial
attempt of lateral pharyngoplasty; now, a surgical loupe
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Table 1 Detailed profiles of patients enrolled in the study

No. Sex Age BMI NC WHratio FS Muller maneuver DISE AHI, events/h  Surgical
VOTEFEOMYV O T E Before After
OLP group 1 M 32 317 46 0.7 2 22100 O 2 2 1 1 772 152 S
2 M 25 325 41 09 1 22 100 O nc 152 41 S
3 F 58 320 37 10 2 11 001 O nc 40.3 13 S
4 M 23 238 38 08 2 21 101 O 2 1 2 0 152 249 F
5 M 35 342 425 09 322221 2 2 2 2 0 86.1 647 F
6 F 65 302 35 1.1 2 20100 O 2 2 1 1 713 261 F
7 M 26 253 36 09 2 22 200 1 2 2 1 0 351 1 S
8 F 19 192 30 08 1 22 000 2 2 2 0 0 488 10.7 S
9 M 43 208 35 08 3 1.1 000 1 nc 5.7 43 S
10 F 60 208 30 08 2 11 001 2 nc 16.2 102 F
11 M 22 234 355 09 1 22 000 O nc 16.6 0 S
12 M 25 218 35 08 2 22100 O nc 7.8 23 S
OLP+Cob TBR group 1 M 33 294 41 09 2 22 201 1 2 2 3 1 449 145 S
2 F 60 240 32 09 321100 1 2 2 2 1 18.1 106 F
3 M 48 248 38 09 3 11100 1 1 2 0 249 74 S
4 F 42 199 32 08 322101 2 21 3 163 39 S
5 M 44 275 39 09 321100 2 nc 59.4 60 S
6 M 43 243 37 09 2 1 2 100 O nc 445 127 S
7 M 34 273 40 08 1 22 100 1 nc 53.2 89 S
8 M 39 309 43 1.0 2 22221 0 2 2 2 2 755 98 S
9 M 39 308 43 09 3112 22 2 2 2 2 0 872 593 F
10 M 19 235 39 09 2 1.0 00 0 1 2 0 2 1 197 14 F
11 M 20 189 34 08 2 21 200 2 2 0 2 0 477 36 S
12 M 34 249 345 09 2 21 302 2 2 2 2 1 171 104 F
13 M 49 237 365 09 321 202 2 nc 12.8 1.6 S
14 M 43 278 415 09 3 22 102 1 2 2 2 1 368 335 F
15 M 37 228 39 08 321 201 2 2 2 2 3 241 7 S
16 F 57 236 36 08 2 21 101 2 2 2 1 0 238 1.8 S
17 M 42 301 41 1.0 2 22 200 1 2 2 2 1 529 184 F

Surgical success: postoperative AHI below 20, with at least a 50% reduction in AHI

AHI apnea-hypopnea index, DISE drug-induced sleep endoscopy, FS Friedman stage, S success, F failure, V velum, O oropharynx, T tongue

base, E epiglottis, FE full expiration, OM open mouth, nc not checked

is used routinely for all lateral pharyngoplasty procedures.
The upper portion of the anterior pillar, including part
of the palatoglossus, was resected in a wedge shape to
expose the entire tonsillar fossa (Figs. la, 2a). Then, we
divided and undermined the superior and part of the mid-
dle pharyngeal constrictor muscle with tonsil forceps and
a needle tip Bovie dissector (Figs. 1a, 2b). This creates two
muscle flaps in the lateral pharyngeal wall (Figs. la, 2c).
One flap is medially based and the other laterally based,
as reported by Cahali et al. [2]. The dissection range is
from the most upper pole of the tonsillar fossa superi-
orly to the lowest region of the tonsillar fossa where is
near the inferior lingual root. During the dissection of the
lateral pharyngeal wall (LPW), tonsillar arterial branches
are often found and easily electrocauterized by bipolar

bovie. Fat tissue in the parapharyngeal space was often
observed, but not removed. Next, the two medial- and lat-
eral-based muscle flaps were re-approximated in an over-
lapping technique to enhance the reinforcement of LPW
(Fig. 1b). The two overlapping muscle flaps are sutured
together with Vicryl 3-0 using a vertical mattress method
(Fig. 2d-f). This is the surgical step that was modified
from Cahali’s method [2] and the rationale for this modi-
fication is described below. Then, the palatopharyngeus
is retracted supero-laterally and anteriorly with a suspen-
sion technique using Vicryl 3-0 sutures. The needle passes
first through the superolateral point of the soft palate just
near the second molar and comes out of the upper pole of
the tonsillar fossa (Fig. 2g). Then, the palatopharyngeus
muscle is tied up by the suture and the needle comes back
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Fig. 1 Illustration of the surgi-
cal steps of overlapping lateral
pharyngoplasty. a The anterior
pillar is partially resected in

a wedge shape to expose the
upper pole of the tonsillar fossa
and the superior pharyngeal
constrictor muscle is dissected
and divided into medial- and
lateral-based flaps. b The
divided muscle flaps overlap
and are closed with a modified
vertical mattress suture from
the upper to lower pole. ¢ The
palatopharyngeus is retracted
supero-laterally and anteriorly
with a suspension technique
using Vieryl 3-0 suture. The
redundant mucosa of the uvula
is trimmed. d The upper portion
of the posterior pillar is par-
tially incised and the released
posterior pillar is sutured to the
anterior face of the soft palate to
cover the denuded soft palate

through the upper pole to the initial starting point, very
near the second molar and they are tied together (Fig. 1b,
c¢). This enhances the expansion of the retropalatal area in
both the anterior—posterior and lateral dimensions without
the removal of soft palate. Finally, the upper portion of
the posterior pillar is partially incised to release tension
and the released posterior pillar was sutured to the ante-
rior face of the soft palate to cover the denuded portion
(Figs. 1d, 2h, 1).

Tongue base resection was performed with the Cob-
lator II Surgery System (ArthroCare ENT, Sunnyvale,
CA, USA). We have used this surgical technique when
retroglossal obstruction was noted based on drug-induced
sleep endoscopy and/or Muller’s maneuver. For coblator
tongue base resection, an EVac 70 coblation wand (Arthro-
Care ENT) was used and a setting of coblation 9/coagula-
tion 5 was applied in our procedure. A Mclvor mouth gag
was used to open a patient’s mouth and the 70’ rigid endo-
scope was positioned in the oral cavity facing upward to
visualize the tongue base. Tongue base tissue was excised
by moving the coblator wand in an anterior-to-posterior
direction. We resected the bilateral lingual tonsils if they
were observed and performed a midline partial glossec-
tomy (Fig. 3). Postoperative tracheostomy was not required
in all cases of tongue base resection.

@ Springer

Results

Profiles and comparison of the two surgical groups

Demographic data, including mean age, male to female
ratio, preoperative BMI, neck circumference, waist-hip
ratio, tonsil size, Mallampati stage, Friedman stage and
preoperative AHI in all subjects are shown in Table 2.
The mean age in the OLP and OLP + CobTBR groups was
36.1+16.4 and 40.2 +10.7 years, respectively. Individuals
in the OLP group had greater tonsil size compared with
those in the OLP + CobTBR group, but this difference was
not significantly different (¢ test, p =0.387). Both the Mal-
lampati stage and the Friedman stage were higher in the
OLP + CobTBR group than in the OLP group, though not
all levels reached statistical significance (# tests, p=0.233,
p=0.055, respectively). The findings of the Muller maneu-
ver were also calculated, and we used a modified VOTE
classification, as suggested by Kezirian et al. [10], to score
the degree and site of obstruction (Table 2). The scores of
the velum, oropharynx, and epiglottis did not vary between
the two groups, but the tongue base score was higher in
the OLP + CobTBR group compared with the OLP group
(p=0.016). When performing the Muller maneuver with
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Fig.2 Serial steps of the overlapping lateral pharyngoplasty surgical of the divided medial and lateral muscle flaps. g Lateral suspension
technique. a Bilateral markings for wedge resection of the anterior suture of the palatopharyngeus. h Partial incision of the posterior pil-
pillar. b, ¢ Dissection and division of the superior constrictor muscle lar and trimmed soft palate. i Postoperative view after suturing the
into medial- and lateral-based flaps. d—f Approximation and suture pillar and soft palate

Fig.3 The endoscopic images of the base of the tongue during coblator tongue base resection surgery. a Exposed tongue base before surgery. b
Bilateral lingual tonsillectomy and midline partial glossectomy is performed with coblator

@ Springer
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Table 2 Patient demographics

OLP group  OLP+CobTBR group  p value

Subject number 12 17
Age 36.1+164  40.2+10.7 0.459
Sex (M:F) 8:4 14:3
BMI 263+5.4 255+3.6 0.677
NC 38.1+£5.4 37.6+3.9 0.422
W/H ratio 0.86+0.09 0.90+0.04 0.754
Tonsil size 20+1.0 1.7+0.8 0.387
Mallampati stage ~ 2.5+0.9 29+0.7 0.233
Friedman stage 1.9+0.7 2.4+0.6 0.054
Muller maneuver

Velum 1.8+0.5 1.8+0.4 0.931

Oropharynx 1.5+£0.7 1.4+0.6 0.553

Tongue base 0.8+0.8 1.5+0.7 0.016%*

Epiglottis 0.2+0.6 0.2+0.7 0.770
Full expiration 0.3+0.5 0.8+0.8 0.091
Open mouth 0.7+0.9 1.4+0.7 0.037*

OLP overlapping lateral pharyngoplasty, TBR tongue base resection,
BMI body mass index, W/H ratio waist/hip ratio, AHI apnea—hypo-
pnea index, NC neck circumference

#p<0.05

a nasopharyngoscope, we also checked for tongue base
collapse while asking patients to relax with full expira-
tion and an open mouth. Tongue base collapse was noted
more frequently in the OLP + CobTBR group than in the
OLP group (p=0.032). Postoperative polysomnography
was performed in both groups and their results are shown
in Table 1.

Surgical outcomes in OLP and OLP with CobTBR
groups

In the OLP group, 11 of 12 patients (91.7%) showed a
surgical response. Mean AHI improved significantly from
36.3+28.6 to 14.8+17.9, a reduction of approximately 60%.

Other parameters such as RDI, lowest O, saturation, mean
O, saturation, oxygen desaturation index (ODI), supine AHI,
and ESS also significantly improved after surgery (Table 3).
According to Sher’s success criteria, 8 out of 12 patients
achieved success (66.7%). The success rate among Friedman
stages was as follows: stage 1 (n=3); 100%, stage 2 (n=17);
57.1%, stage 3 (n=2); 50.0%. The success rate among the
three different severity groups was as follows: mild group
(n=2), 100%; moderate group (n=4), 50%; severe group
(n=6), 66.7%. According to the strict success criteria of an
AHI below 10, the overall success rate was 41.7%.

In the OLP + CobTBR group, all patients showed
improvement in AHI, and the surgical response rate was
100%. Mean AHI improved significantly from 38.8 +22.0 to
13.1+ 14.1, a reduction of approximately 67%. Other param-
eters such as RDI, lowest O, saturation, mean O, saturation,
OD], supine AHI, and PSQI also significantly improved after
surgery (Table 3). According to our surgical success crite-
ria, 12 out of 17 patients achieved success and the overall
success rate was 70.6%. The success rate among Friedman
stages is as follows: stage 1 (n=1), 100%; stage 2 (n=38),
75.0%; stage 3 (n=38), 62.5%. The success rate among the
three different severity groups was as follows: mild group
(n=1), 100%; moderate group (n=7), 57.1%; severe group
(n=9), 44.4%. According to the strict success criteria of
AHI below 10, the overall success rate was 52.9%.

Surgical complications

To determine postoperative complications, we assessed
bleeding, foreign body sensation (FBS), taste decrease (TD),
and velopharyngeal insufficiency (VPI) in all patients who
underwent OLP (n=65). The symptoms of foreign body
sensation, taste decrease, and velopharyngeal insufficiency
were evaluated approximately 3 months after surgery. In
the OLP group (n=41), postoperative bleeding occurred in
four cases (9.8%) and this bleeding stopped spontaneously
in all cases without emergent surgery. FBS (n=7; 17.1%),
TD (n=2; 4.9%), and VPI (n=1; 2.4%) were observed. In

Table 3 Comparison of pre- and

. . OLP group OLP + CobTBR group

postoperative polysomnographic

results in OLP and Preop Postop p value Preop Postop p value

OLP+ CobTBR groups
AHI 363+£28.6 14.8+17.9 0.004**  38.8+22.0 13.1x14.1 <0.0001%**
RDI 399+26.7 17.8+189 0.006¥*  41.0+20.5 17.3+13.0 <0.0001%*%*%*
Lowest O, saturation ~ 78.3+10.9 86.6+5.3  0.024* 78.1+8.4 85.8+5.2  0.0006%***
Mean O, saturation 93.8+3.7 96.0+1.6  0.027*% 94.9+2.2 912+19.8 0.480
ODI 27.8+279 121174 0.011* 369+21.5 11.2+14.0 <0.0001%**
Supine AHI 459+312 17.2+189 0.002%*%  53.8+24.1 19.4+20.0 <0.0001%**
ESS 9.5+3.8 72436  0.006%*  10.6+5.6 8.4+49  0.059
PSQI 8.4+34 6.4+33  0.106 79+3.7 55+23  0.008%*

%p < 0.05, **p < 0.01, ***p < 0.001
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the OLP + CobTBR group (n=24), postoperative bleeding
occurred in five cases (20.8%) and one case required emer-
gent bleeder ligation surgery. FBS (n=9; 37.5%) and TD
(n=5; 20.8%) were noted, but there were no complaints of
VPI. Although FBS and TD in the OLP + CobTBR group
were higher than in the OLP group, those symptoms were
minor and gradually improved over time. Most patients also
described these symptoms as minor complications and did
not complain.

Discussion
Synopsis of new findings

Lateral pharyngoplasty is a remarkable technique first devel-
oped by Cahali MB [2, 3]. The surgical procedure consists
of microdissection and sectioning of the superior pharyn-
geal constrictor muscle vertically within the tonsillar fossa
and suturing the laterally based muscle flap to the same-
side palatoglossus muscle with three separate stitches. In
Cahali’s first report, after surgery, the median AHI decreased
from 41.2 to 9.5 [2]. Lateral pharyngoplasty appears very
promising, as it can increase the tension in the collapsible
“pharyngeal tube,” including the tongue base. However, we
encountered some cases that developed dehiscence of stitch
in the laterally based muscle flap and same-side palatoglos-
sus. Cahali MB also reported some wound dehiscence in the
region of the caudal stitch after surgery [2]. There are two
reasons for an easily dehiscent wound. First, SPC muscles
lie obliquely and their muscle fibers are intermingled with
each other. Therefore, suturing this muscle with the palato-
glossus may make it vulnerable to tears by traction. Second,
the palatoglossus may be an insufficient strut to support
SPC, as the palatoglossus is a very thin muscle (its mean
width was 3.2 + 1.2 mm in Korean cadaveric study [5]) and
it moves with the movement of the tongue and soft palate
while swallowing food. Therefore, the weak palatoglossus
may easily tear.

This is the primary reason why we reconsidered the pro-
cedure in detail and revised lateral pharyngoplasty. The main
purpose of lateral pharyngoplasty is to increase the tension
of the LPW by manipulating the pharyngeal muscles. We
approximated the lateral- and medial-based muscle flaps by
at least five stitches of vertical mattress suture, overlapping
the two muscle flaps, instead of suturing the laterally based
muscle flap and palatoglossus (Figs. 1b, 2d-f). With this
modification, we aimed to augment the tension of the LPW
more efficiently. We also focused on the palatopharyngeus
muscle, because it is often very bulky among OSA patients.
The palatopharyngeus is a flat muscle which emerges from
the lateral pharyngeal wall and spreads into the soft pal-
ate [5]. We have noted that the remaining palatopharyngeus

is still bulky, even after lateral pharyngoplasty, which may
contribute to persistent pharyngeal collapse. We pulled
it supero-laterally and performed anchoring sutures as
described in the methods section. The anchoring suture
technique results in expanding both the antero-posterior and
lateral dimensions of pharyngeal lumen.

Strengths and limitations of the study

The surgical method of OLP combined with CobTBR
appeared satisfactory among OSA patients with retroglossal
obstruction. In our study, the combined procedure showed
a 100% response rate and its overall success rate was 70.6%
using Sher’s criteria, a rate that was higher than in the OLP
group. Even in Friedman stages 2 or 3 and with severe OSA,
the success rate in the OLP + CobTBR group was higher
than compared with the OLP group. The LPW might be
strengthened by OLP and the reduced volume of the tongue
base may provide a reasonable surgical strategy for OSA. As
previously reported [8], we also found that higher Friedman
stages had lower success rates when Sher’s criteria were
applied. However, strict success criteria (AHI below 10)
showed a higher success rate in Friedman stage 3 than in
stage 2.

This study has several limitations. First, the number of
subjects enrolled in the study is lacking, and including more
patients can elucidate different aspects of surgical outcomes.
Second, we have not provided evidence that our OLP tech-
nique is better than the original LP technique. In this study,
we hoped to introduce our concept of lateral pharyngoplasty
and present its surgical outcomes with low postoperative
complications. In addition, we were the first to report the
surgical outcomes of lateral pharyngoplasty combined with
coblator tongue base resection.

Conclusion

We modified the original LP technique by superimpos-
ing the anterior and posterior muscle flaps and anchoring
sutures to the region of the upper second molar gingiva.
Our overlapping LP technique appears to be safe and effec-
tive among OSA patients. The multi-level surgery of OLP
combined with CobTBR can be a good surgical strategy for
OSA patients with retroglossal obstruction. Moreover, these
surgical methods can be considered for obese or elderly OSA
patients with favorable prediction of surgical outcomes.
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