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1.1  Introduction

Obstructive sleep apnea (OSA) is a chronic and prevalent disease associated with 
major adverse cardiac events, neurocognitive impairments, obesity, and other mor-
bidities [1–4]. Mainstream therapy for OSA includes continuous positive airway 
pressure (CPAP), oral appliance, and surgery [5, 6]. CPAP is the first-line and gold 
standard for OSA.  However, modest acceptance and low long-term compliance 
limit the application of CPAP in OSA patients [7]. Surgery is an alternative and 
salvage treatment for patients who are unwilling or intolerant to CPAP therapy [7]. 
Furthermore, surgery is the only treatment modality to improve OSA without the 
use of a device. Among various sleep surgeries, UPPP was the first surgical proce-
dure specifically designed to treat snoring and OSA [6]. Traditional UPPP includes 
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tonsillectomy and excision of the redundant pillars, soft palate, and uvula [6]. 
Although improvement in clinical symptoms, UPPP was criticized for its unaccept-
able pain, high complications, and low success rate [8]. Therefore, modification of 
UPPP has been undergoing in the past four decades. The first part of this article 
elaborates on the historical evolution of palatal surgery regarding key differences in 
surgical procedures from time to time. Conceptual evolution is then discussed in 
terms of surgical indication (why to treat), obstruction site (how to diagnose), and 
treatment endpoint (when to stop). Technical evolution dives into details of cutting- 
edge and state-of-the-art surgical techniques. Finally, the evolution of postoperative 
care is emphasized on enhanced recovery after surgery and integrated treatment to 
fulfill the quality of care and long-term outcomes.

1.2  Historical Evolution

 1. On the horizon. Resection of the soft palate triangle paramedian to the uvula has 
been implemented for snoring in the 1950s [9, 10]. Amputation of the uvula 
(uvulectomy) was performed to ameliorate snoring in the 1970s [11]. Theses 
techniques implied the critical relationship between the velum and snoring, 
which inspired following palatal surgeries.

 2. In-between. Tracheostomy via permanent stoma was the model treatment of 
Pickwickian syndrome and OSA with severe daytime sleepiness in the 1960s 
[12, 13]. However, related comorbidities and the development of non-invasive 
CPAP therapy prohibit its clinical use [14].

 3. Origin. UPPP developed by Fujita in the 1980s was the surgical milestone in 
treating snoring and OSA [6]. Traditional UPPP aimed to enlarge and stabilize 
the oropharyngeal airway and consequently prevented its collapse. Simmons 
advocated removing the soft palate as much as possible to maximize airspace 
and that became a stereotype of UPPP (classic UPPP) [15]. Clinical outcomes of 
UPPP revealed significant improvement of subjective symptoms in conjunction 
with incongruous changes in polysomnography [16].

 4. Mini-invasive procedure. Laser-assisted uvulopalatoplasty (LAUP), utilizing a 
CO2 laser to vaporize the vibrating uvula and soft palate, led to a series of office- 
based anti-snore procedures in the1990s [17]. Despite LAUP improved habitual 
snoring in the short term, the residual fibrotic palatal tissue narrowed the velo-
pharyngeal airway and exacerbated OSA.  Radiofrequency was introduced as 
interstitial thermotherapy to the soft palate without major complications in the 
late 1990s [18]. The caveat of RF was that it might require repetitive treatments 
to achieve desirable results due to decayed effects over time [19]. Pillar implant 
was introduced to stiffen the soft palate via a single application in the early 
2000s [20]. It could reduce snoring in primary snorers; however, a comprehen-
sive treatment approach was required to tackle more severe SDB patients [21].

 5. Reconstruction of the lateral pharyngeal wall (pharyngoplasty). Several modifi-
cations of the UPPP technique were implemented to prevent airway collapse by 
stabilizing the lateral pharyngeal wall. Procedures such as lateral  pharyngoplasty, 
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expansion sphincter pharyngoplasty, Z-palatoplasty, and relocation pharyngo-
plasty had been published in the 2010s [22–25].

 6. Suspension technique. More palatal procedures attempted to further enlarge the 
velopharyngeal airspace by suspending the palatopharyngeus muscle to the pter-
ygomandibular raphe. Barbed Roman blinds technique, barbed anterior pharyn-
goplasty, barbed reposition pharyngoplasty, suspension palatoplasty, barbed 
suspension pharyngoplasty, and omni-suspension were proposed in recent years 
[26–32].

1.3  Conceptual Evolution

Conceptual changes of palatal surgery for OSA could be discussed in three perspec-
tives: the surgical aim (why to treat), obstruction site (how to diagnosis), and treat-
ment endpoint (when to stop).

Surgical Aim not only for OSA but holistic care of comorbidities

OSA is a chronic and age-related disease; surgical intervention for OSA is more 
likely to improve than cure the disease. Evidence showed that palatal surgery for 
OSA significantly alleviated clinical symptoms, prevented cardiovascular disease, 
improved disease severity but rarely cured it [8, 33–35]. Recent evidence revealed 
that OSA patients had a higher prevalence of vertigo, tinnitus, sudden deafness, 
normal-tension glaucoma, infection rate, Alzheimer’s disease than the matched 
non-OSA population [36–39]. Therefore, the purposes of palatal surgery are to 
improve quality of life, lessen disease severity, ameliorate comorbidities, and pre-
vent major complications in OSA patients. In addition, morbid obesity may not be 
absolute surgical contraindication if combined airway and bariatric surgeries are 
considered to improve both OSA and obesity.

Obstruction Site Evaluation not only DISE but interventional DISE

Traditional assessments of the airway obstruction are implemented in wakeful-
ness, which cannot reflect the obstruction site during sleep [40]. Drug-induced sleep 
endoscopy (DISE) simulates the dynamic changes of the airway during pharmaco-
logically induced sleep, and identification of obstruction sites of the airway becomes 
accessible. Therefore, DISE reasonably becomes one of the prerequisites in surgical 
planning for OSA patients [41]. Conversely, the effectiveness of palatal surgery in 
the setting of multi-level surgery for OSA remains unclear due to the complexity of 
aerodynamic interactions between different domains of the upper airway, such as 
velopharyngeal, oropharyngeal, and hypopharyngeal spaces. Interventional DISE 
by placing a nasopharyngeal tube during exam demonstrated that 74% of patients 
had partial improvement, and 35% had complete collapse resolution [42]. Reductions 
in the collapse were observed at sites of the lateral wall (86%), epiglottis (55%), and 
tongue base (50%) [42]. This finding supported that the patency of retropalatal 
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airspace could potentially reduce negative pharyngeal pressure and alleviated other 
upper airway obstruction sites. As a result, interventional DISE can provide a tailor- 
made surgical plan for OSA patients with or without multi-level obstructions.

Surgical Endpoint not only AHI but comprehensive and preventive effect

Typically, the success or failure of sleep surgery for OSA is judged by changes 
in AHI pre- and postoperatively [8]. However, OSA is a chronic disease associated 
with other comorbidities; thus, it is more realistic to intervene and improve sleep 
apnea in a timely fashion than pursue a statistical cure. Also, research has revealed 
that the change in AHI is not always consistent with the improvement of clinical 
symptoms, which are patients’ primary concerns. Therefore, the reasonable goal in 
treating OSA should be to improve the disease in terms of AHI reduction, ameliorat-
ing symptoms, and minimizing unfavorable clinical outcomes. In summary, the 
endpoint of palatal surgery for OSA is suggested as follows: (1) significant improve-
ment of clinical symptoms (snoring and daytime sleepiness), (2) correction of OSA 
severity to “mild” (AHI < 15/h), (3) decreased profile of biomarkers indicating risks 
of coronary artery/cardiovascular diseases [43, 44], and (4) patient’s satisfaction of 
surgical results.

1.4  Technical Evolution

Through excision of the “redundant” soft palate, classical UPPP incurred severe 
postoperative pain and velopharyngeal insufficiency that further jeopardized sal-
vage use of CPAP in surgical failure patients due to mouth leak [15, 45]. Studies 
showed that the lateral pharyngeal wall collapse was the crucial factor contributing 
to OSA [46]. To address this issue, the technical evolution of palatal surgery initially 
started as “functional reconstruction” of the lateral pharyngeal wall, which included 
lateral pharyngoplasty [22] and relocation pharyngoplasty [25], for example. 
However, suboptimal stabilization/expansion of the velopharynx resulted from the 
reconstructive-driven procedures because of the lack of structural support of the 
velum. Therefore, the evolution of palatal surgery transitioned to the concept of 
“suspension,” which suspended the pharyngeal muscle, especially the palatopha-
ryngeal muscle, to the pterygomandibular raphe as the anchor [29]. The Barbed 
Roman blinds technique was first introduced [26, 27], and a series of Barbed vari-
ants were developed to cope with different patterns of palatal obstructions [28–31].

Furthermore, the thesis of tissue-specific hybrid surgery was postulated based on 
the suspension technique. Physiological hybrid palatal surgery could be constructed 
following histologic gradation: (1) mucosa: preservation, (2) lymphoid tissue: exci-
sion, (3) adipose tissue: ablation, and (4) muscle: suspension [47] (Fig.  1.1). 
Preservation of the mucosa is crucial to facilitate wound healing, lessen suture ten-
sion to reduce wound dehiscence, and maintain submucosal gland secretion to pre-
vent dryness of the mouth. Tonsil is the only tissue to be excised to widen the 
oropharyngeal space and facilitate the lateral pharyngeal wall reconstruction. Also, 
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Fig. 1.1 Tissue-specific hybrid surgery. (1) mucosa: preservation, (2) adipose tissue: ablation, (3) 
muscle: suspension, (4) lymphoid tissue: excision

deposition of redundant adipose tissue at the periuvular area and supratonsillar 
fossa can narrow the velopharyngeal airspace and impede the suspension procedure 
of pharyngeal muscles. Ablation of pharyngeal adipose tissue can be implemented 
in supratonsillar fossa after tonsillectomy via electrocautery (cutting mode) under 
assistance of endoscopy and in thick soft palate (thickness > 1 cm) via radiofre-
quency or coblation (ablation mode 5). Suspension of pharyngeal muscle via omni- 
suspension technique is pivotal in the hybrid reconstruction of palatal surgery. 
Omni-suspension involves stay suture of the palatopharyngeus muscle, figure-of- 
eight styled bundle suture of the pterygomandibular raphe, suspending the muscle 
to the raphe, and three suspension sutures toward anterior, middle, lateral directions 
[32] (Fig. 1.2). Noteworthy, omni-suspension is particularly helpful in OSA patients 
with concentric velopharyngeal collapse during DISE examination.

1.5  Postoperative Evolution

Postoperative inpatient care following palatal sleep surgery generally involves the 
delivery of humidified oxygen, positional therapy by elevating the cranial end of the 
bed, prophylactic antibiotics, analgesics, and ice packing on the submental area 
[48]. A comprehensive therapy program, Enhanced Recovery After Surgery 
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Fig. 1.2 Omni-suspension by suspending the palatopharyngeus muscle to pterygomandibular 
raphe, three suspension sutures toward anterior, middle, lateral directions

(ERAS), has been proposed for head and neck surgery and sleep surgery to improve 
the quality of postoperative care [49, 50]. The ERAS for sleep surgery is a multidis-
ciplinary measure composed of preoperative education, lifestyle adjustment (cessa-
tion of smoking and alcohol, if any), adequate nutritional support, evaluation of 
carbohydrate and body fluid intake, cooperation with anxiety, postoperative pain 
management of multimodal analgesics, and early swallowing rehabilitation and 
ambulation. Research showed a significantly lower overall complication rate and 
incidence of fever in ERAS-applied pediatric OSA patients undergoing adenoton-
sillectomy [50]. Furthermore, pediatric patients with ERAS reported less postopera-
tive pain, had a better dietary intake, and were found with lower preoperative anxiety 
scores [50]. These suggested that the ERAS program could reduce physical and 
psychological burden perioperatively in OSA patients.

It is not uncommon that the clinical outcome of palatal surgery may be compro-
mised over time owing to aging, circadian rhythm sleep disorders (delayed/ 
advanced sleep phase disorder, sleep deprivation, shift work sleep disorder) [51], 
open mouth breathing, supine sleeping position, and increased body weight. 
Therefore, integrated treatment is much needed to enhance short- and long-term 
outcomes. Avoidance of delayed sleep phase or sleep deprivation is essential to 
maintain the physiological muscle tone of the soft palate and tongue, which in turn 
counteracts the collapsibility during sleep. In addition to the effects of palatal sus-
pension procedures, the retropalatal airspace is further stabilized by the constant 
airflow from the nasal cavity through the velopharynx during sleep. Therefore, it is 
crucial to control nasal obstruction, prevent open mouth breathing (possibly taping 
the mouth), and apply oropharyngeal myofunctional therapy to facilitate nocturnal 
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Fig. 1.3 Demonstration on integrated treatment after palatal surgery from baseline velopharyn-
geal obstruction, hybrid reconstruction of the velopharyngeal airway, restoration of the velopha-
ryngeal airflow, to integrated re-habilitation of the oropharyngeal muscle

nasal breathing [52, 53]. Positional therapy (lateral sleeping position) also can 
reduce snoring and sleep apnea by enlarging and maintaining the lateral dimension 
of the retropalatal space postoperatively [54]. Bodyweight reduction is beneficial 
for cardiopulmonary function, and the airspace can be less obstructive by the reduc-
tion of pharyngeal fat [55]. Figure 1.3 illustrates the overview of integrated treat-
ment of palatal surgery for OSA: (1) baseline velopharyngeal obstruction, (2) hybrid 
reconstruction of the velopharyngeal airway, (3) restoration of the velopharyngeal 
airflow, and (4) rehabilitation of the oropharyngeal muscle.

1.6  Summary

In this article, the evolution of palate surgery was discussed in terms of concept, 
technique, and postoperative care. The palatal surgery remains the key procedure in 
treating snoring and OSA, and the suspension of the pharyngeal muscle enlarges 
and further stabilizes the velopharyngeal airspace. The chapter on palatal surgery is 
still evolving, rooting from physiological hybrid surgery and combined operation, 
multidisciplinary integrated treatment, and ultimately to the holistic care for OSA 
patients.
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