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ABSTRACT

Background: Surgery for obstructive sleep apnea (OSA) has changed in concept and tech-
nique that transformed from radical excision to functional reconstruction. The aim of this
study was to investigate the safety and effectiveness of palatal hybrid surgery in OSA
patients.

Methods: Palatal hybrid surgery is a tissue-specific technique (mucosa-preservation, tonsil-

Keywords: excision, fat-ablation, muscle-relocation/suspension) used in treating OSA patients with
Palatal hybrid surgery velopharyngeal obstruction. The study included 46 consecutive adults OSA patients. The
Uvulopalatopharyngoplasty palatal hybrid surgery annotates uvulopalatopharyngoplasty in stereoscopic reconstruc-
Omni-suspension of soft palate tion of tonsillar fossa (pharyngoplasty), omni-suspension of the soft palate (palatoplasty)
Stereoscopic reconstruction of and advancement of uvula (uvuloplasty).

tonsillar fossa Results: No patient experienced airway compromise, voice change or persistent nasal
Push and pull maneuver regurgitation following palatal hybrid surgery. One patient existed postoperative tonsillar
Obstructive sleep apnea fossa bleeding received conservative treatment. Postoperative pain in visual analogue scale

(VAS) showed average score of 3, 3, 2, 0 at the 1st, 3rd, 7th, 14th day, respectively. Peri-
operative snoring severity (VAS) (8.7 vs 2.6) and daytime sleepiness (Epworth Sleepiness
Scale) (11.3 vs 5.5) all improved significantly (p < 0.001). Posterior air space in retropalatal
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area increased from 8.4 to 11.1 mm (p < 0.001). Home sleep test showed that apnea—hy-
popnea index significantly reduced from 41.8 to 18.2 event/h and minimal oxygen satu-

ration increased from 72.4 to 81.5% (p < 0.001). The success rate in individual Friedman
stage was 100% (stage I), 63% (stage II) and 58% (stage III) with a total success rate of 63%.
Conclusion: Palatal hybrid surgery using tissue-specific maneuver annotates UPPP in
concept and technique. The results show that palatal hybrid surgery is mini-invasive with

low morbid and is effective in improving subjective clinic symptoms, objective sleep pa-

rameters and success rate of OSA.

At a glance of commentary
Scientific background on the subject

Traditional UPPP uses radical excision of redundant soft
palate to enlarge velopharynx and improve sleep-related
breathing disorder. UPPP had been criticized for its low
success rate in treating obstructive sleep apnea and high
complication rate in disturbance of swallowing and
phonation.

What this study adds to the field

Palatal hybrid surgery adopts suspension of the muscles,
ablation of the fat and excision of the tonsils. These
hybrid method offers physiological reconstruction with
significant reduction of complication and increase of
success rate.

Introduction

Obstructive sleep apnea (OSA) is characterized by repeated
obstruction of the upper airway during sleep [1]. The conse-
quences of OSA involve many systems especially in increased
risk of stroke and cardiovascular disease [2,3]. Continuous
positive airway pressure (CPAP) is the gold standard and 1st
line treatment [4], by contrast, surgery is an alternative and
salvage treatment and for those patients who are unwilling or
poor compliance to CPAP therapy [5].
Among various sleep surgeries, uvulopalatopharyngoplasty
(UPPP) is the most commonly used surgery for snoring and OSA
[6]. Nevertheless, UPPP was criticized by its low success rate
and high complications [7]. Traditional UPPP adhered to the
excision of “redundant” soft tissue to enlarge upper airway
space [8]. Therefore, general outcomes of excision-based
technique were associated with the grade of tonsil and
largely attributable to tissue volume reduction from tonsillec-
tomy [9,10]. Further, excessive excision of the pharyngeal
muscle for enlargement of airspace incurs complications in
swallowing and articulation [11].

Modified UPPP procedures have been implemented for
decades to improve its safety and efficacy in OSA patients
[12—17]. Among them, lateral pharyngoplasty [18] and Barbed
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reposition pharyngoplasty [19] had major impacts on concept
and technique in the evolution of palatal surgery. Lateral
pharyngoplasty addressed on the stabilization of lateral
pharyngeal wall and lessened its collapse during sleep [18].
Barbed reposition pharyngoplasty focused on the suspension
of the soft palate and stretching of pharyngeal muscle [19].
These two techniques inspired and encouraged many modi-
fications of palatal surgery for OSA [20—23].

From the pathophysiological viewpoint, narrowing of the
velopharyngeal space in OSA patients can be attributable to
anatomical obstruction from increased tissue volume and
physiological collapse from decreased muscle tone during sleep
with different proportion in individuals [24] Among the
pharyngeal components, tonsil and fat are belong to volume-
based obstruction and muscle is part of tone-based collapse
[24]. Therefore, an integrated palatal surgery needs to fulfill
the improvement in both obstruction and collapse.

In this proof-of-concept study, we propose a novel
technique-palatal hybrid surgery that involves tissue-
individualized technique (mucosa-preservation, fat-ablation,
tonsil-excision, muscle-relocation/suspension) in palatal sur-
gery for OSA (Fig. 1). The use of tissue-specific hybrid technique
in UPPP is based on anatomy (obstruction) and physiology
(collapse) to maximize the velopharyngeal space for respira-
tion, moreover, with no damage to normal pharyngeal function
in phonation and swallowing. The objective of this study is to
investigate the safety and efficacy of palatal hybrid surgery in
OSA patients. The results from this study may be helpful in
contributing to integrated precision surgery in treating OSA
patients.

Method

This study was approved by The Institutional Review Board of
Linkou-Chang Gung Memorial Hospital, Taoyuan, Taiwan
(202100843B0).

Study population

Forty-six consecutive OSA patients who underwent palatal
hybrid surgery for OSA were reviewed in a tertiary referral sleep
center at Linkou Chang Gung Memorial Hospital. Eligible can-
didates for palatal hybrid surgery were diagnosed OSA (apnea/
hypopnea index (AHI) > 5 events/h) on preoperative sleep test
with clinical symptoms (snoring with/without daytime



Fig. 1 Palatal hybrid surgery is a tissue-specific technique that involves mucosa-preservation, fat-ablation, tonsil-excision,

muscle-relocation&suspension.

sleepiness, unrefreshed sleep, choking, gasping, morning
headache). All patients were unsatisfied to conservative treat-
ments and unwilling or poor compliance to CPAP therapy. In-
clusion criteria included: age between 20 and 65 years, BMI
<32 kg/m? mouth opening space >3 finger breadth (4 cm),
velopharyngeal obstruction in Muller's maneuver [25], complete
questionnaires (visual analogue scale (VAS) of snoring, Epworth
sleepiness scale [26] (ESS)) and home sleep test before and 6
months after surgery. Exclusion criteria included significant
retrognathia or syndromic patients, Friedman tongue position
[27] 1V, severe medical disease, previous palate surgery, and
high risk for general anesthesia (American Society of Anes-
thesiologists physical status class > 2).

Home sleep test

Patients with sleep-disordered breathing were routinely
received polysomnography in our sleep center before treat-
ment for decades. However, the sleep center have been
repeatedly placed on lockdown to prevent spread of COVID-19
in the past two to three years. Further, the subjects needed to
show certificate of negative in PCR test for the allowance of in-
lab sleep test according to local rule. These largely impeded
the process of in-lab sleep test and reduced patients' motiva-
tion to receive standard polysomnography. In the epidemic
situation, we consequently shifted in-lab sleep test to home
sleep test for safety and non-delayed diagnosis of OSA in
highly-suspected symptomatic patients. For those patients
who were suspected of being co-morbid with insomnia and
other sleep disorders or major medical diseases received
standard polysomnography.

The portable home sleep test we used in this study was
Apnealink® (ResMed, Sydney, Australia) [28,29], which is
powered by two 1.5-V AA batteries and fixed on to the user's
chest with the supplied belt. Parameters measured with are
pulse oximetry and oronasal flow via nasal cannula to record
the flow signal. Once the user presses the start button,
ApneaLink® is capable of monitoring breathing patterns and
measures apneas or hypopneas as well as flow limitation,
snoring sounds, and inspiratory flow. The analog signal is
digitalized and scanned on respiratory events, which fulfill the

predetermined definitions for hypopneas and apneas. An
event log shows and saves the total number of apneas,
hypopneas and AHIs per hour recording time. Those param-
eters are analyzed automatically, but were reviewed and
rescored by an experienced sleep specialist.

Surgical procedure

The palatal hybrid surgery was performed under general
anesthesia through intra-oral intubation. Head was hyper-
extended and an adequately size of mouth gag was used to
expose the oropharynx. Procedure of palatal hybrid surgery
include: 1. PlasmaBlade-assisted, pillar mucosa-preserved
tonsillectomy. A PEAK PlasmaBlade (model: cutting-4, coagu-
lation-2, Medtronic) was used to incise the pillar mucosa along
its junction with tonsil (cutting model) and dissect the tonsils
from underlying muscle in superior-lateral-inferior-medial
sequence (coagulation model). 2. Alation of supratonsillar
adipose tissue. An electrocautery wand (cutting model, 20 W)
was used to ablate the supratonsillar fat for further expansion
of lateral dimension of the velopharynx and facilitating
maximal suspension of the soft palate. 3. Stereoscopic
reconstruction of tonsillar fossa. (pharyngoplasty) The
tonsillar fossa reconstruction started from the inferior pole to
middle tonsillar fossa as an upward approach style. Whole
muscle layer suture involving the palatopharyngeus, superior
pharyngeal constrictor and palatoglossus muscles was per-
formed by a 2-0 Vicryl (Fig. 2A). Seamless closure of the fossa
was achieved by push and pull maneuver (keeping the knot at
the junction of palatopharyngeus muscle and mucosa of
posterior pillar, simultaneously pushing the posterior pillar
upward by needle holder and pulling the string downward)
(Fig. 2B). The tie was then locked through square knot. The
tonsillar fossa reconstruction needed 3—4 stitches according
to the tonsil size. The tonsillar fossa was remodeled to a three-
dimensional structure after this procedure. 4. Raphe-based
omni-suspension of the soft palate. (palatoplasty) The sus-
pension procedure started by a stay suture of the palato-
pharyngeus muscle using a 1-0 Vicryl, the needle then
penetrated the mucosa above the pterygomandibular raphe,
pressed down with bundle suture of the raphe, passed
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Fig. 2 Whole muscle layer suture includes the palatopharyngeus, superior pharyngeal constrictor and palatoglossus muscles.
(A) Seamless closure of the tonsillar fossa is achieved by “push and pull” maneuver (simultaneously pushing the posterior pillar

upward by needle holder and pulling the string downward). (B).

through tonsillar fossa, and finally the two strings were tied
together to accomplish fixing the palatopharyngeus muscle to
the pterygomandibular raphe for suspension of the soft palate
(Fig. 3). The suspension started from most superior part of the
palatopharyngeus muscle, adjacent to the lateral aspect of the
musculus uvula then with interruption of 5 mm inferiorly.
Totally, three suspension sutures toward anterior, middle,
lateral directions were implemented to expand the velophar-
yngeal space and diminish its collapse (Fig. 4A and B). Mucosa
of anterior and posterior was approximated by 3-0 Vicryl. 5.
Advancement of uvula. (uvuloplasty) The uvuloplasty was
implemented by horizontal incision of the redundant mucosa
at the uvular root and mattress sutures of the raw wound by 3-
0 Vicryl. In case of long uvula (>1.5 cm), uvular tip (non-
muscular part) was removed.

Nasal surgery

Nasal surgery was performed simultaneously with palatal
hybrid surgery in OSA patients who had nasal obstruction and
deviated nasal septum. The procedure of nasal surgery used in

Fig. 3 Using the pterygomandibular raphe as an anchor,
palatopharyngeus muscle is pulled to the raphe for the
suspension of the soft palate.
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this study was mini-invasive septoturbinoplasty (MIST), which
involves excision of deviated septum, incision of the nasal
septum along the nasal floor for drainage, two to three hori-
zontal trans-septal sutures, and out-fracture of inferior turbi-
nate [24].

Outcome measurement

Change of AHI six months after palatal hybrid surgery in home
sleep test was the primary outcome. Other outcomes included
changes of minimal oxygen saturation and apnea index, etc;
image data of posterior air space in retropalatal space on
lateral cephalometry; questionnaire in daytime sleepiness
measured by the Epworth Sleepiness Scale [26] (range, 0—24);
snoring severity by visual analogue scale (VAS, range, 0—10),
and postoperative pain by visual analogue scale (range, 0—10).
Classical success (Sher's criteria [7]) was defined as reduction
of AHI >50% and postoperative AHI <20.

Statistical analysis

Continuous data are presented as mean and standard devia-
tion (SD) and were compared using the paired Student t test
between preoperative and postoperative values. Categorical
data are presented as numbers and percentages. Two-tailed p
values < 0.05 were considered statistically significant. All
statistical analyses were performed using Graph Pad Prism
7.00 for Windows (Graph Pad Software Inc., San Diego, CA,
USA) and G*Power 3.1.9.2 software (Heinrich-Heine Univer-
sity, Dusseldorf, Germany).

Results
Study population

Forty-six OSA patients were enrolled in this study with the
general profile of middle age, male, overweighted, severe
severity in OSA, small tonsil, high tongue position, and unfa-
vorable Friedman stage (Table 1).



Fig. 4 Three suspension sutures toward anterior, middle, lateral directions are implemented to expand the velopharyngeal
space and diminish its collapse. (A) The soft palate is raised and the velopharyngeal space is enlarged in both

anterior—posterior and lateral dimensions. (B).

Table 1 Baseline characteristics.

Variable (n = 46) mean (SD)
Age (year) 38.4 (9.3)
Male:female 45:1

BMI (kg/m?) 26.2 (3.3)
MMP LILIII 5:9:32
Tonsil size LILIII 27:9:10
Stage LILIII 3:19:24

PAS (mm) 8.4 (2.4)
AHI (event/h) 41.8 (22.8)
Al (event/h) 25.8 (24.3)
ODI (event/h) 38.5 (21.2)
Snoring index (event/h) 267.1 (186.6)
Mean oxygen saturation (%) 92.6 (3.5)
Lowest oxygen saturation (%) 72.4 (11.1)
<90% saturation (%) 22.0 (22.1)
ESS (0—24) 11.3 (5.5)
VAS snore (0—10) 8.7 (2.4)

Continuous variables express as mean (SD).

Abbreviation: SD: standard deviation; BMI: body mass index; MMP:
modified Mallampati grade; PAS: posterior air space; AHI: apnea/
hypopnea index; Al: apnea index; ODI: oxygen desaturation index;
ESS: Epworth sleepiness score; VAS: visual analogue scale.

Recovery

All patients were extubated smoothly after palatal hybrid
surgery at operation room and then remained hospitalized in
regular ward for two days. No airway compromise was noted.
One patient experienced tonsillar wound bleeding at 10th day
after surgery that ceased following conservative treatment.
Two stitch granulomas over the area of pterygomandibular
raphe (L't) were noted and subsided after gargling with Beta-
dine solution. Globus sensation of the throat was common
and dramatically improved after removal of retained stitches
on low edge of the soft palate at the 2nd postoperative week.
Dehiscence of tonsillar fossa was noted in 7 patients and the
dehiscence rate was 15% (7/46) in total population and 7.5% (7/
92) in total tonsillar fossa. Average postoperative pain score in

VAS was mild and showed 3 (1st day), 3 (3rd day), 2 (7th day),
0 (14th day). Additionally, there was no subjective alternation
in voice, articulation or taste disturbance experienced one
month postoperatively.

Surgical outcomes

Six months after surgery, there was no significant change in
BMI. Home sleep test showed significant improvement in AHI
(—21.1 event/h), Lowest oxygen saturation (+9.1%) and snoring
(—134.0 event/h). Subjective snoring in VAS (70% reduction)
and daytime sleepiness in ESS (—5.8) also improved signifi-
cantly. The posterior air space in retropalatal area at lateral
cephalogram increased (+2.7 mm) significantly (Table 2). The
classical success rate in individual Friedman stage was 100%
(3/3) in stage I, 63% (12/19) in stage II, and 58% (14/24) in stage
11 with an overall success rate of 63%.

Perioperative changes of oropharyngeal structure (0° rigid
endoscope, intraoral) and retropalatal space (70° rigid endo-
scope, trans-nasal) in one patient are demonstrated in Fig. 5.
Perioperative change of posterior air space in retropalatal area
at lateral cephalogram is demonstrated in Fig. 6.

Discussion

This study proposes a tissue-specific integrated surgical
technique (mucosa-preservation, fat-ablation, tonsil-exci-
sion, muscle-suspension) named palatal hybrid surgery to
annotate UPPP on stereoscopic reconstruction of tonsillar
fossa (pharyngoplasty), raphe-based omni-suspension of soft
palate (palatoplasty), and advancement of uvula (uvuloplasty).
The results showed minimal morbidities of voice and swal-
lowing in conjunction with significant improvement in sub-
jective symptoms (snoring, daytime sleepiness), objective
polysomnographic parameters and airway space. The success
rate increased remarkably in Friedman stage III patients.
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Table 2 Changes in home sleep test, questionnaire, and cephalometry before and after palatal hybrid surgery.

Variable preoperative postoperative Change p
BMI (kg/m?) 262 (3.3) 26.9 (2.9) +0.7 0.06
AHI (event/h) 41.8 (22.8) 18.2 (15.3) —236 <0.0001
supine AHI (event/h) 45.0 (22) 23.6 (17.0) —21.4 <0.0001
non-supine AHI (event/h) 18.2 (22.1) 9.4 (14.2) -8.8 0.0009
Al (event/h) 25.8 (24.3) 4.7 (7.5) —21.1 <0.0001
ODI (event/h) 38.5 (21.2) 18.1 (15.1) ~20.4 <0.0001
Snoring index (event/h) 267.1 (186.6) 133.13 (139.3) —133.97 0.0001
mean SpO2 (%) 92.6 (3.5) 94.4 (1.5) +1.8 0.0003
Lowest SpO2 (%) 72.4 (11.1) 815 (6.7) +9.1 <0.0001
<90% SpO2 (%) 22.0 (22.1) 7.7 (13.8) ~143 0.0001
ESS (0—24) 11.3 (5.5) 5.5 (2.9) -5.8 <0.0001
VAS snore (0—10) 8.7 (2.4) 2.6 (1.8) —6.1 <0.0001
PAS (mm) 8.4(2.4) 11.1(2.7) +2.7 <0.0001

Continuous variables express as mean (SD).

Abbreviation: SD: standard deviation; BMI: body mass index; MMP: modified Mallampati grade; PAS: posterior air space; AHI: apnea/hypopnea
index; Al apnea index; ODI: oxygen desaturation index; ESS: Epworth sleepiness score; VAS: visual analogue scale.

wd

Fig. 5 Perioperative changes of oropharyngeal structure (0° rigid endoscope, intraoral) and retropalatal space (70° rigid
endoscope, trans-nasal) demonstrate significant enlargement of the airspace.

Annotation of pharyngoplasty

Lateral pharyngeal wall obstruction is one important part
contributing to OSA [30]. From the image study, negative
pressure in the airway induces lateral pharyngeal wall
collapse [31]. The intraoral components of oropharyngeal
lateral wall are tonsil, palatoglossus muscle, palatophar-
yngeus muscle, and superior pharyngeal constrictor muscle.
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From the viewpoint of anatomic obstruction, tonsillectomy
obtains more airspace in large tonsils (grade III, IV) than
small tonsils (grade I, II). Consequently, tonsil size is always
an outcome predictor of UPPP for OSA [9]. However, this ig-
nores physiological collapse from lateral pharyngeal wall.
Lateral pharyngoplasty and relocation pharyngoplasty tried
to focus on lateral pharyngeal wall [18,22]. In the study,
palatal hybrid surgery performed whole muscle layer suture



Fig. 6 Posterior air space at retropalatal area in lateral cephalogram increases after palatal hybrid surgery.

involving the superior pharyngeal constrictor muscle in
closing the tonsillar fossa. The fixation of superior pharyn-
geal constrictor muscle with palatopharyngeus and palato-
glossus muscles constitutes a shield against negative airway
pressure and pharyngeal collapse to some extent. In addi-
tion, The push& pull maneuver constructs a stereoscopic
structure of tonsillar fossa that avoids the posterior
displacement of the tongue while direct closure of the pala-
topharyngeus and palatoglossus muscles after tonsillec-
tomy. This adverse effect can be observed in the decrease of
retroglossal space after UPPP in image study especially in
patients with big tonsils [32]. PlasmaBlade-assisted tonsil-
lectomy offers low thermal injury to the underlying muscle
layer in compassion to cautery-assisted tonsillectomy [33].
Preservation of pillar mucosa contributes to tension-free
suture of anterior and posterior pillars. The foregoing are
helpful to reduce postoperative dehiscence of tonsillar fossa
and related complications.

Annotation of palatoplasty

Soft palate is the commonest site of snore generator and
airway obstruction in OSA patients [34]. Classic UPPP excising
the “redundant” soft palate for the improvement of snoring
and airway obstruction incurred not only complications in
swallowing and articulation but also potential “silent apnea”
[8]. Barbed reposition pharyngoplasty [19] and suspension
palatoplasty [23] addressed on suspension, instead of exci-
sion, of the soft palate to avoid velopharyngeal insufficiency.
In the study, no patient experienced alternation in voice and
nasal regurgitation in the 1st month's follow up. Raphe-based
suspension technique provides robust support to expand the
velopharyngeal air space against palatal unwinding as time
goes by. Further, omni-suspension to individually anterior,
middle, and lateral direction offers integrated tension to resist
velopharyngeal obstruction from anterior—posterior, lateral,
and concentric collapse during sleep. The ablation of supra-
tonsillar adipose tissue further enlarges the velopharyngeal
space and facilitates full omni-suspension of the soft palate.
Uvuloplasty advances the uvula that reduces turbulence of
airflow and vibration of the uvula, and consequently lessens
the snoring.

Annotation in safety of UPPP

Three major concerns in the safety of UPPP are postoperative
pain, bleeding and velopharyngeal insufficiency. Intolerable
pain is most criticized after traditional UPPP. Previous studies
showed moderate to severe pain associated with dysphagia
after UPPP [35—37]. The average pain scores (VAS) after palatal
hybrid surgery are 3, 3, 2 and 0 in the 1st, 3rd, 7th, and 14th
day, respectively. The significant reduction of postoperative
pain is mainly attributable to the decreased tonsillar fossa
dehiscence by stereoscopic reconstruction and the use of
suspension instead of excision of pharyngeal muscle. Other
factors are also related to the mild post-operative pain in
palatal hybrid surgery: use of low thermal injury tool-
PlasmaBlade [33], mucosa-preserved tonsillectomy and
intravenous injection of Ketorolac [38]. The decreased post-
operative pain facilitates normal swallowing and enhanced
recovery after surgery. Post-operative tonsillar bleeding is
another major concern in safety of UPPP. Previous report
revealed 7.8% of tonsillar bleeding after UPPP [39]. In this
study, one patient experienced tonsillar fossa bleeding at the
10th day and ceased after conservative treatment. Risk of
post-UPPP bleeding is related to systemic co-morbid such as
hypertension, coagulation disorders, administration of anti-
coagulation medication and local condition such as hyper-
trophic tonsils (grade III, IV), operative tonsil in infectious
status. These factors need to be controlled or excluded to
decrease the emergence of post-operative tonsillar bleeding.
In palatal hybrid surgery, whole muscle layer suture with
push & pull maneuver facilitates sealing off the dead space
and seamless closure of the tonsillar fossa that contribute to
decreased of tonsillar fossa dehiscence (7.5% in total tonsillar
fossa) and diminish the incidence of post-operative tonsillar
bleeding. Velopharyngeal insufficiency and voice change after
UPPP are annoying to OSA patients in quality of life. Tradi-
tional UPPP excised the “redundant” soft palate that jeopar-
dized the integrity of pharyngeal sphincters (levator veli
palatinus muscle and uvular muscle) and consequently led to
velopharyngeal insufficiency and voice change [40]. Palatal
hybrid surgery used suspension technique to expand the
velopharyngeal space with no damage to the pharyngeal
muscle. Previous study showed the suspension technique not
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only advances but also lifts soft palate that facilitates closure
of the velopharynx during swallowing and phonation of vowel
sounds [41]. In the study, no persistent nasal regurgitation or
hypernasality observed at the 1st month after surgery. Lump
in the throat is common and annoying in UPPP patients [42].
The cause of lumping throat after UPPP is mainly from phys-
ical contact between firm scar at palatal edge and dorsal
tongue during swallowing or radical uvulectomy leading to
dryness and phlegm accumulation. Palatal hybrid surgery
preserves mucosa of palatal edge to avoid “hard” contact
during swallowing and maintains uvular function in lubrica-
tion and swinging off the phlegm that consequently
contribute to the diminution of post-UPPP lumping throat.

Annotation in efficacy of UPPP

The principal assessment of UPPP outcome includes subjec-
tive symptoms, objective airway space and sleep apnea. Two
major clinical complaints in OSA patient are snoring and
daytime sleepiness. Systemic review showed UPPP improved
snoring and daytime sleepiness in OSA patients [43,44]. The
study showed significant improvement in snoring (70%
reduction in VAS) and daytime sleepiness (—5.8 in ESS) after
palatal hybrid surgery. The results here suggest that palatal
hybrid surgery using mini-invasive technique can achieve
significant improvement in snoring and daytime sleepiness.
Traditional UPPP excised the redundant soft palate and ton-
sils to enlarge the retropalatal space and the changes of the
air space were positively associated with the tonsil size. Using
pterygomandibular raphe as the anchor, palatal hybrid sur-
gery suspends soft palate to expand the velopharyngeal
space. In lateral cephalometry, the posterior air space at
retropalatal area increased from 8.4 mm to 11.1 mm (+32%).
Instead of tonsil size, broad posterior pillars (webbing) facili-
tates omni-suspension and assures a wide retropalatal space
after palatal hybrid surgery. Changes of AHI have been used to
judge surgical success or failure of OSA for decades. The AHI
decreased significantly from 41.8 to 18.2 event/hr after palatal
hybrid surgery. According to Sher's criteria, the success rate of
UPPP was 41% [7]. The success rate of UPPP in individual
Friedman stage I, Il and III was 80%, 40% and 8%, respectively
[45]. In the study, the success rate in stage I, II and III was
100%, 63% and 58%, respectively. It's noteworthy that palatal
hybrid surgery remarkably improved the success rate in un-
favorable anatomic structure (Friedman staging III). This
could be due to full suspension of the soft palate augmenting
the retropalatal space and stereoscopic reconstruction of
tonsillar fossa lessening lateral pharyngeal wall collapse and
avoiding backward pulling of the tongue. We presume these
techniques provide adequate tension to help resist airway
collapse from soft palate and lateral pharyngeal wall during
sleep. However, the suboptimal success rate and residual AHI
also indicate the limitation of sole palatal surgery in treating
OSA and suggest a further treatment for persistent airway
obstruction found during drug-induced sleep endoscopy in
failed patients.

There are several limitations of this study. 1. This is a
small sample size study targeting on a overwhelmingly male
OSA patients that may not be generalized to the whole OSA
patients. 2. The use of home sleep test may under-estimate
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the severity of OSA. It's possible because Apnealink® mon-
itors breathing patterns and measures apneas or hypopneas
since the user presses the start button without the monitor of
EEG. However, previous study compared Apnealink with
polysomnography and showed acceptable reliability [29].
Further, we excluded OSA patients co-morbid with insomnia
and other sleep disorders to lessen the potential bias of
under-estimate. Under the COVID-19 pandemic, we believe
home sleep test will be more commonly used in the follow-
up of non-CPAP treatment. 3. Surgical intervention, in this
study, is a concurrent nasal/palatal surgery thus the contri-
bution of palatal surgery in the reduction of AHI is unclear.
However, our previous study revealed that nasal surgery
alone improved subjective snoring and daytime sleepiness
but not objective AHI [46]. Thus we consider changes in AHI
in this study can represent objective outcome of palatal
hybrid surgery to OSA. Further study with control group or
stage surgery is warrant to elucidate individual role. 4. The
cause of surgical failure either from residual palatal
obstruction or persistent hypopharyngeal obstruction is
unclear. An extended study is ongoing to identify the
obstruction site by drug-induced sleep endoscopy and the
cause of obstruction by test of tongue strength/endurance in
surgical failure patients.

Conclusion

Palatal hybrid surgery uses the tissue-specific technique
instead of excision-based technique to treat anatomical
obstruction and physiological collapse in OSA patients. Palatal
hybrid surgery annotates UPPP in pharyngoplasty by stereo-
scopic reconstruction of tonsillar fossa and palatoplasty by
omni-suspension of the soft palate. The results show thatitis
low-morbid in postoperative pain, voice, swallowing and
lumping throat with significant improvement in subjective
snoring, daytime sleepiness, objective sleep apnea, and suc-
cess rate particular in unfavorable Friedman stage III.
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The Barbed reposition pharyngoplasty
focuses onsuspending the
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How many suspension sutures were used to
expand the velopharyngeal space?

Which muscleisanchored to the pterygo-
mandibular raphe to suspend the soft pal-

pharyngeal wall. A 1 ate?
A. medial B. 2 A. Palatoglossus
B. posterior C. 3 B. Superiorpharyngeal constrictor
C. lateral D. 4 C. Medial pterygoid
D. anterior D. Palatopharyngeus
5. What causeslateral pharyngeal wall col-
2. Whatdoes the surgeon use during the pala- lapse contributing to obstructive sleep 9. Whenthe uvuloplasty was performed the

tal hybrid surgical procedure to remove the

apnea?

tip was removed when the uvulawas

supratonsillar fat? A. Enlarged tonsils centimeterslong.
A. #12scalpel blade B. Negative pressureinthe airway A >15
B. C02laser C. Injurytothe hard palate B. >2.0
C. Metzenbaumscissors D. Swelling of the laryngopharynx C. >25
D. FElectrocautery D. >3.0
6. Performingatonsillectomy onanysize
3. Whattypeandsize of muscle layer suture of tonsils contributes to decreasing the 10. Which ofthe followingisa false statement

should the CSThave prepared when the ton-

obstructionand obtaining additional air-

regarding the minimally invasive septotur-

sillarfossa reconstruction is performed? space. hinoplasty procedure?
A. 2-0Vicryl A. True A. Nasalseptumisincisedtoallow drainage
B. 3-0Nylon B. False B. Trans-septal suturesare placed
C. 4-0Prolene C. Deviated septumis excised
D. 5-0Ethibond 7. Which ofthe following is nota major post- D. Middle turbinate is fractured

operative concern of UPPP?
Velopharyngealinsufficiency
Recurrence of obstruction
Hemorrhage

Pain
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