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Review

INTRODUCTION

Sleep surgery has come a long way in the three decades since 
the advent of the original phase 1 and 2 Stanford algorithm by 
Riley and Powell [1]. Phase 1 involves multi-level surgery in-
cluding tonsillectomy and uvulopalatal flap with genioglossus 
advancement (GA) [1,2]. Inadequate responders to phase 1 are 
recommended phase 2 surgery: maxillomandibular advance-
ment (MMA) [3]. This protocol compared favorably to positive 
airway pressure (PAP) therapy, especially with the inclusion of 
MMA [4]. The drawback to the algorithm is its unidirectional 
nature. It assumes that obstructive sleep apnea (OSA) does not 
recur if a cure, defined as Apnea Hypopnea Index (AHI) less 
than five events per hour, is achieved at one point. It also does 
not take into account patient preferences of elective procedures. 

Finally, it does not incorporate multi-modal treatment such as 
PAP and oral appliance therapy (OAT). 

Sleep surgery is part of a continuum of care for OSA that in-
volves medical, pharmacologic, and behavioral therapy. Upper 
airway surgery for OSA may not alter arousal threshold, loop 
gain, or muscle tone. It can, however, significantly change the 
critical negative closing pressure [5]. This is the same mechanism 
of action as PAP or OAT. The updated surgical algorithm adds 
precision in three areas: (1) patient selection, (2) identification 
of previously unaddressed anatomic phenotypes, and (3) surgical 
techniques [6,7]. Conceptually, while the focus has been on in-
dividual surgical success rate, this algorithm strives for an overall 
treatment success. The growing understanding of the pathophys-
iology of OSA and development of new methods for airway eval-
uation allow improved phenotyping of the upper airway and 
customization of surgical treatment. This review provides an up-
date the original surgical algorithm for OSA.

 

PATIENT SELECTION

Precise phenotyping of patients with polysomnographic findings, 
targeted physical examination, and diagnostic tools are critical 
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to optimizing surgical success in patients with OSA. Sleep sur-
geons should consider the patient’s preferences, expectations, 
associated comorbidities, OSA severity, and individual anatomy. 

Physical examination
A meticulous sleep-specific history, full head and neck examina-
tion including the nasal airway, velopharynx, pharyngeal wall, 
tongue base, and epiglottis, and facial skeletal relationship 
should be performed to facilitate surgical planning [6]. Nasal 
obstruction may be the main cause of PAP intolerance [8,9]. 
Therefore, care should be taken to assess anatomical abnormali-
ties causing nasal obstruction, including posterior septal devia-
tion [10,11]. Exam should involve endoscopic examination to 

identify all possible anatomic and functional causes of nasal ob-
struction [10]. While there is only modest correlation between 
the severity of disease and grading of airway collapse during 
Muller’s maneuver, the negative pressure maneuver is a quick 
method to assess upper airway collapsibility [12]. A mandibular 
protrusion maneuver can be performed at the same time to vi-
sualize the degree of lateral pharyngeal wall dilation and tongue 
base advancement. Nasal examination is not limited to the nose 
alone. Long-term nasal obstruction leads to facial changes, most 
often in the appearance of a long midface, open bite, and re-
truded mandible. Intraoral examination tends to show narrow, 
high-arch maxilla with the appearance of a relatively large 
tongue and redundant soft palatal tissue (Fig. 1). This is the clas-
sic adenoid facies associated with chronic mouth breathing [13-
15]. The internal nasal valve (INV), the most restrictive part for 
nasal airflow, is a target for intervention. The INV includes the 
septum, the inferior turbinates, the upper lateral cartilage, and 
the nasal floor. 

Polysomnography
Overnight polysomnography (PSG) is the gold standard for di-
agnosing and evaluating the severity of OSA, although it may 
not reflect a patient’s status over a long period of time [16]. The 
severity of OSA is measured by the AHI. Beyond the AHI, oxy-
gen desaturation nadir also reflects the severity of OSA. Some 
studies have shown that the oxygen desaturation index corre-
lates more strongly with cardiovascular morbidity of OSA than 
the AHI alone [17,18]. Recently, ambulatory sleep study is in-
creasingly replacing level 1 PSG. It must be noted that ambula-
tory sleep testing tends to underestimate OSA severity [19-21]. 
Surgical success should be compared using the same diagnostic 
study and hypopnea criteria before and after surgery [6,22]. 

  The growing understanding of the pathophysiology of obstruc-
tive sleep apnea (OSA) and development of new methods for 
airway evaluation allow improved phenotyping of the upper 
airway and customization of surgical treatment.

  Dynamic airway assessment has been augmented with exami-
nation under drug-induced sedation (sleep) endoscopy.

  Conceptually similar to pediatric rapid maxillary expansion, 
distraction osteogenesis maxillary expansion effectively ad-
dresses the same anatomic phenotype in adults.

  Maxillomandibular advancement and upper airway stimula-
tion have been highly effective surgical options for the treat-
ment of OSA, but they differ in strengths and limitations, and 
may complement each other.

  The combination of contemporary sleep surgery with advanc-
es in modulation of arousal threshold, loop gain, and muscle 
tone will truly define precision in OSA care.

H LI IG GH H T S

Fig. 1. Obstructive sleep apnea patient with high-arched palate (A) and narrow nasal floor (B). Narrow and high-arched hard palate indicates a 
disproportion between the volume of tongue and the size of the oral cavity. 
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Drug-induced sleep endoscopy
Various diagnostic tools including cephalometric X-ray [23], 
awake flexible laryngoscope [24], acoustic analysis [25], com-
puted tomography (CT) scan [26], and dynamic magnetic reso-
nance imaging [27] have been introduced to identify and phe-
notype the upper airway anatomy among OSA patients. How-
ever, most airway assessment techniques are performed in the 
awake and static state, which does not reflect sleep-disordered 
breathing [28]. Dynamic airway assessment has been augmented 
with examination under drug-induced sedation (sleep) endosco-
py (DISE) [29,30]. DISE is a useful tool to visualize and pheno-
type this pharyngeal muscle buttress system that varies in length, 
lateral dimension, antero-posterior diameter, and structural ele-
ments, and is influenced by the skeletal structure within which it 
is located [28]. 

There is no consensus regarding standardized protocols for 
DISE. The procedure is usually performed in the supine position 
in an outpatient surgery setting with monitoring of oxygen satu-
ration, heart rate, blood pressure, and sometimes, Bispectral in-
dex score. Propofol, dexmedetomidine, and midazolam are com-
monly used for induction of sedation. Propofol has the benefit 
of rapid onset of action and recovery with minimal side effects 
[31]. The genioglossus muscle tone is decreased by up to 10% of 
the maximum awake activity in healthy individuals during pro-
pofol unconscious sedation [32,33]. Currently, the effect of mid-
azolam and dexmedetomidine on genioglossus muscle tone is 
unknown [34]. Midazolam has a greater therapeutic range but is 
limited by its slow onset and potential to cause respiratory de-
pression. Dexmedetomidine has the characteristics of rapid on-
set and small therapeutic range, with less respiratory side effects 
[35]. The depth of sedation is critical and evaluated by the onset 
of disordered breathing or the Bispectral index score [32].

Several classification systems have been introduced to charac-
terize DISE findings [36-40]. The VOTE classification system, 
comprised of the Velum, Oropharyngeal (lateral walls), Tongue, 
and Epiglottis, is widely used for DISE scoring. The most com-
mon finding from DISE is multilevel collapse, despite heteroge-
neity among studies [41,42]. The patterns of complete concen-
tric collapse (CCC), multilevel collapse, and tongue base col-
lapse are associated with higher AHI [41,42]. CCC has been as-
sociated with poor surgical outcomes in multilevel surgery and 
upper airway stimulation (UAS) [43,44], but is well-addressed 
by MMA [45]. 

SURIGICAL PROCEDURES FOR OSA: 
ORGANIZED BY SITE

Intranasal surgery: septoplasty, turbinoplasty, nasal valve  
surgery
Nasal breathing is an important factor for sleep quality, and na-
sal obstruction does contribute to the pathogenesis of OSA [46, 

47]. Septal deviation, turbinate hypertrophy, and valve dysfunc-
tion can result in increased nasal resistance and subsequent mouth 
breathing. Increased nasal resistance leads to downstream inspi-
ratory collapse of the oropharynx or hypopharynx in suscepti-
ble OSA patients [48,49]. Mouth breathing can also cause pos-
terior displacement of the base of the tongue and consequent 
narrowing of the hypopharyngeal airway [7]. Nasal surgery in-
cluding septoplasty, turbinoplasty, or valve reconstruction can 
restore nasal airway patency and reduce nasal resistance and 
mouth breathing. Although nasal surgery alone shows limited 
efficacy in terms of AHI [50], it improves sleep quality, OSA-re-
lated sleep symptoms, and PAP compliance [51-53]. Nasal sur-
gery is important in the multilevel treatment plan for OSA [54].

Nasal floor expansion: distraction osteogenesis maxillary  
expansion 
Expansion of the adult nasal floor is useful for OSA patients 
who present with narrow and high-arch maxilla [15]. Patients 
with this phenotype tend struggle with both nasal obstruction 
and lack of intraoral volume for the tongue during sleep. Maxil-
lary expansion directed at the nasal floor by way of distraction 
osteogenesis with maxillary expansion (distraction osteogenesis 
maxillary expansion [DOME]) has shown promise [55-58]. Min-
imally invasive osteotomies can be made at the LeFort I level 
via an intranasal incision. An expander is anchored to the roof 
of maxilla intraorally. The patient turns the expander once a day, 
which translates to an expansion of 0.025 mm. This generally  
results in 8 to 10 mm of widened nasal floor at the INV in a 
month (Fig. 2). Orthodontic treatment restores the occlusion. 
Conceptually similar to pediatric rapid maxillary expansion, 
DOME effectively addresses the same anatomic phenotype in 
adults [58-62].

Oropharynx: uvulopalatopharyngoplasty
Uvulopalatopharyngoplasty (UPPP) remains the most common-
ly performed sleep surgical procedure worldwide [63]. Most sur-
geons specialized in OSA have stopped performing earlier meth-
ods of UPPP, which tend to be ablative in nature including re-
section of the uvula. This is particularly true in procedures such 
as the laser-assisted UPPP which worsens AHI in 44% of pa-
tients based on meta-analysis [64]. Isolated soft palate surgery 
has the highest success rate in Friedman stage I patients [38]. In 
clinical practice, various forms of UPPP are often performed as 
part of multi-level surgery to maximize surgical success [1,65,66]. 
In the Riley-Powell sleep surgery algorithm, uvulopalatal flap is 
part of multi-level surgery with GA during phase 1. The uvulo-
palatal flap was designed as a reversible soft palate procedure in 
the event of velopharyngeal insufficiency [2]. Most forms of con-
temporary UPPP focus on palatal muscle expansion and stabili-
zation with targeted vectors during suturing [67-70].

Various techniques of palatopharyngoplasty such as lateral 
pharyngoplasty, expansion sphincter pharyngoplasty, and 
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transpalatal advancement pharyngoplasty have been introduced 
to resolve the limitations of classic UPPP. Collectively, they have 
shown more successful outcomes than the classic UPPP [28,71-
75]. Sleep surgeons can individualize the options according to 
the pattern of collapse. For example, lateral pharyngoplasty, ex-
pansion sphincter pharyngoplasty, or similar procedures can be 
applied to lateral pharyngeal collapse, while transpalatal ad-
vancement pharyngoplasty can be utilized in anteroposterior 
narrowing [76]. 

An indication for isolated UPPP is part of a phased approach 
towards UAS. CCC of the soft palate (velum) seen during DISE 
is an exclusion criteria for UAS, palatopharyngoplasty can re-
verse this collapse pattern and increase candidacy for UAS [77].

Tongue base: lingual tonsillectomy, transoral robotic surgery
Untreated retrolingual obstruction is well recognized as a major 
cause of surgical failure [78]. Removal of the lingual tonsils and 
base of tongue fat may involve the use of coblation, laser, or ro-
botic assistance per surgeon preference [79-81]. The removal of 
tissue in this area can be supplemented by an anterior anchor-

age of the epiglottis to the base of tongue for epiglottis collapse. 
With high quality optics for improved visualization and instru-
mentation, robotics was adapted and introduced to target the 
posterior tongue [81,82]. While transoral robotic surgery (TORS) 
offers unparalleled visualization, the use of multi-armed robots 
originally designed for the abdominal cavity can be cumber-
some for the upper airway. Results for the use of TORS as part 
of a multilevel surgical approach for OSA are promising for se-
lect patients. Success rate of TORS was higher than 75% in non-
obese patients and 50% in obese patients with OSA [83]. 

The cost and morbidity may be greater than with other tech-
niques offsetting its advantages in visualization and precision 
[84]. On comparing the surgical outcomes between TORS 
(n=820) and coblation (n=262), the mean rate of failure was 
found to be 34.4% in TORS and 38.5% in the coblation group. 
The postoperative complication rates were 21.3% and 8.4% 
[85]. The advent of single port robot system which is designed 
for single cavity operative sites is promising [86]. Augmented re-
ality assisted TORS using a single-port robot will reduce morbid-
ity such as bleeding and increase precision in distinguishing fat 
from muscle [87].

Tongue muscle strengthening: genioglossus advancement 
Classic GA was designed by Powell and Riley as part of phase  
1 algorithm. GA is usually performed in conjunction with other 
procedures (UPPP, MMA) [88]. The genioglossus muscle, a pow-
erful dilator muscle of the upper airway, is attached to the genial 
tubercles. In advancing the genial tubercles, the genioglossus 
muscle strengthens over time and allows greater tongue advance-
ment during sleep [89]. With the wide availability of CT scan, 
virtual surgical planning and osteotomy guides allow contempo-
rary GA to be considerably more precise (Fig. 3) [90]. GA and 
genioplasty can often be performed in conjunction to improve 
facial balance in retrognathic patients [91].This combination also 
exerts strengthening effects on suprahyoid muscles.

Fig. 2. Distraction Osteogenesis Maxillary Expansion: maxillary ex-
pansion results in widening of nasal floor and internal nasal valve.

Fig. 3. Virtual surgical planning of genioglossus advancement: the 
osteotomy guide is designed to capture the genial tubercle.
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Tongue: upper airway stimulation 
At the time of publication, there is only one Food and Drug Ad-
ministration-approved UAS device (Inspire Medical Systems, 
Maple Grove, MN, USA) for OSA. It generates a unilateral res-
piration-synchronized stimulation of the medial hypoglossal 
nerve branches and C1 nerve, leading to tongue stiffening and 
protrusion during sleep via the genioglossus and geniohyoid 
muscles (Fig. 4). The hypoglossal nerve (CN XII) innervates both 
the tongue protrusor (genioglossus) and retrusor (styloglossus 
and hyoglossus) muscles through its medial and lateral divisions. 
Selective stimulation of the protrusor muscles leads to anterior 
movement of the tongue, resulting in increased airflow and re-
duced pharyngeal collapse during sleep [92]. Selective stimula-
tion of the deep and horizontally oriented genioglossus fibers 
results in curling and stiffening of the tongue, further expanding 
the upper airway [93]. 

The current selection criteria requires DISE to rule out CCC 
of the velum. There is a body mass index (BMI) requirement of 
32 kg/m2 and below, and an AHI range from 15 to 65. There is a 
25% cutoff for central apneas. Implanted patients undergo in-
lab titration of UAS approximately 2 months after implantation. 

The Stimulation Therapy for Apnea Reduction (STAR) trial 
found UAS to be successful with a median decrease of 68% in 
AHI [94]. Recent meta-analyses show that UAS is a safe and ef-
fective for selected patients with moderate to severe OSA [95]. 
A study including 102 patients revealed that 22.6% of the pa-
tients used UAS therapy for less than 4 hours per night, 77.4% 
for 4 hours or more per night, and 55.7% of the patients for 
more than 6 hours per night [96]. UAS can improve AHI as well 
as sleep architecture in responders. Arousal index and N1 sleep 
were reduced while time spent in N2 and slow wave sleep in-

creased after UAS. There are no significant changes to rapid eye 
movement (REM) sleep [97]. 

Total upper airway: maxillomandibular advancement 
MMA is pioneered by Riley and Powell at Stanford Hospital in 
the late 1980’s, and addresses the entire upper airway that can 
contribute to OSA. It remains one of the most effective surgical 
intervention for patients with OSA, and has compared favorably 
to continuous positive airway pressure (CPAP) in a variety of 
studies including a prospective, randomized controlled trial 
[1,3,4,89,98-101]. MMA involves osteotomies of the maxilla 
and mandible, followed by their advancement that is frequently 
accompanied with counterclockwise rotation (Fig. 5) [102,103]. 
The net effect includes greater volume for intraoral soft tissue 
structures and stability of the upper airway dilator muscles 
[7,45,104,105]. Generally, indications for MMA are : (1) moder-
ate to severe OSA with our without history of phase 1 surgery, 
(2) OSA of all severity if there is comorbid dentofacial deformi-
ty, and (3) concentric and lateral pharyngeal wall collapse seen 
with DISE [6,7,103]. Age of patient and severity of OSA have 
not been shown to impact the technical aspects of MMA in a 
high volume center [106].

Meta-analysis by Holty and Guilleminault [107] examined 22 
studies involving 627 patients who underwent MMA, reporting 
mean AHI decrease from 63.9 to 9.5 events per hour. The au-
thors defined surgical success with the Sher criteria: a minimum 
of 50% reduction with a final AHI less than 20. The surgical suc-
cess rate was 86.0% and the cure rate (AHI <5) was 43.2%. 
The predictive factors for surgical success were younger age, low-
er BMI, and greater degree of maxillary advancement. The ma-
jor and minor complication rates were 1.0% and 3.1%, respec-

Fig. 4. Upper airway stimulation (UAS): the medial branch of hy-
poglossal nerve is identified (A), sensing lead is placed between 
internal and external intercostal muscles (B).

A

B
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tively. Zaghi et al. [108] updated the meta-analsysis with 45 
studies and 528 patients reporting success and cure rates of 
85.5% and 38%, respectively. In 40 patients who underwent 
MMA with average follow-up of 4.2 years (range, 1 to 12 years), 
36 patients (90%) maintained a significant reduction in respira-
tory disturbance index from 71.2 to 7.6 events per hour with 
improvement in daytime sleepiness [109]. In another study with 
mean follow-up of 12.5 years, surgical success rate maintained 

at 100% in patients less than 45 years old, and who had BMI 
less than 25 kg/m2 [110].

Beyond the AHI, MMA has shown normalization of sleep ar-
chitecture (increase in REM sleep and decrease in wakefulness 
after sleep onset when compared to age-matched healthy con-
trols [45]. It has also shown improvements in multiple health-re-
lated and functional outcomes [111].

Fig. 6. Updated Stanford sleep surgery algorithm. PE, physical examination; PSG, polysomnography; BMI, body mass index; PAP, positive air-
way pressure; OAT, oral appliance therapy; NP, nasopharyngoscopy; DISE, drug-induced sedation (sleep) endoscopy; CCC, complete con-
centric collapse; LPW, lateral pharyngeal wall; DOME, distraction osteogenesis maxillary expansion; TBR, tongue base reduction; TORS, tran-
soral robotic surgery; GGA, genioglossus advancement; UAS, upper airway stimulation.

Fig. 5. Counterclockwise maxillomandibular advancement allows a greater advancement of mandible than maxilla, to maximize airway and fa-
cial esthetics. 
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SURGICAL ALGORITHM: PATIENT-CENTERED, 
PATIENT FIRST

Surgical algorithm for OSA considers anatomic abnormality, dis-
ease severity, and patient preference. The balance between these 
three factors and morbidity of surgery must be emphasized. Ri-
ley et al. [89] developed the original sleep surgery algorithm 
where soft tissue and skeletal framework were targets for inter-
vention. The updated algorithm reflects the contemporary needs 
of improved precision on: (1) patient phenotyping, (2) new pro-
cedures to address distinct phenotypes, and (3) improved meth-
ods for previously established operations [6,7,103]. The updated 
algorithm is shown in Fig. 6.

 In clinic, after a thorough history, physical exam, review of 
PSG, and nasopharyngoscopy, the first decision is made regard-
ing optimization of PAP or OAT use. Of note, the efficacy of up-
per airway surgery for OSA begins to drop as BMI increases. 
Bariatric surgical evaluation and treatment should precede up-
per airway surgery in select candidates. Use of imaging or DISE 
to help determine treatment course is made judiciously on an 
individual basis, as they are supplemental tools. 

MMA and UAS have been highly effective surgical options for 
the treatment of OSA. Both have shown predictably high success 
rates with low morbidity. They differ in strengths and limitations, 
and may complement each other. DISE is currently required to 
rule out CCC of the velum for UAS. Concentric collapse and 
lateral pharyngeal wall collapse from DISE are associated with 
low success rate of soft tissue surgery [112,113]. MMA is more 
reliable in reversing these collapse patterns [45,105]. MMA can 
also be a first-line consideration for patients with any degree of 
OSA with dentofacial deformity. If MMA is performed first, the 
patient is still eligible, and may need, phase 1 procedures. UAS 
or PAP following MMA relapse are safe options especially in 
patients with advanced age [114].

CONCLUSION

The growing understanding of OSA pathophysiology, new meth-
ods for airway anatomic phenotyping, and individualized surgi-
cal modalities optimize surgical management of OSA. As com-
prehensive as this updated algorithm directs surgical care, the 
most pressing need is its integration with physiologic phenotyp-
ing.. The combination of contemporary sleep surgery with ad-
vances in modulation of arousal threshold, loop gain, and mus-
cle tone will truly define precision in OSA care.
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