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Minimally Invasive Surgical Treatments 
for Obstructive Sleep Apnea

Surgery remains an option for patients who cannot tolerate positive airway pressure 
 treatment but carries risks that must be considered.

Mary J. Aigner, PhD, RN, FNP-BC; and Pawan Sikka, MD

O
bstructive sleep apnea (OSA) 
is recognized primarily as a 
problem of the upper airway. 
Although narrowing or ac-

tual obstruction of the airway during 
the night can be found in only 1 or  
2 areas of the upper airway, most often 
sleep apnea involves the entire pha-
ryngeal upper airway passages. Three 
regions are considered to be of major 
concern: the nasal cavity region, the 
retropalatal region, and the retrolin-
gual region. As the level of these  
3 regions descends, the volume of tis-
sue from the nose to the base of the 
tongue increases significantly. This 
leads to increased difficulty treating 
OSA with each descending region as 
well as to a lower success rate overall. 
Sometimes, the problem causing OSA 
is limited to only 1 region but may in-
volve 2 or even all 3 regions.1

Continuous positive airway pres-
sure (CPAP) therapy and other posi-
tive airway pressure (PAP) therapies 
have been considered a safe and ef-
fective treatment for OSA. Unfortu-
nately, compliance rates, even among 
patients who use it to successfully 

eliminate their symptoms, can vary 
from 50% to 70%. Complaints about 
using CPAP and other PAP therapies 
range from skin irritation, discom-
fort to the nose or nasal passages, 
and eye problems to claustrophobia 
from wearing a mask. Patients who 
are unable or unwilling to use CPAP 
therapy can be candidates for surgical 
treatment of OSA.2 

This article discusses surgi-
cal options for adult patients who 
have OSA who choose not to use 
CPAP therapy, the reasons to per-
form surgery for adults who have 
OSA, and the desired outcomes of 
surgery for OSA with a focus on 
minimally invasive procedures. In-
terventions for pediatric patients 
are not addressed. 

TREATMENT OPTIONS 
Treatments other than CPAP can help 
lessen the severity of OSA. Noninva-
sive treatments include weight loss, 
positional treatment (avoiding sleep-
ing on one’s back), and oral appli-
ances. Practice parameters from the 
American Academy of Sleep Medi-
cine (AASM) for the treatment of 
OSA include dietary weight loss in 
addition to the primary therapy. An 
improvement in the apnea-hypopnea 
index (AHI) may occur with dietary 
weight loss.3

Major weight loss through the use 
of bariatric surgery has been shown 
to be effective in treating OSA and 
obesity hypoventilation syndrome 
(OHS), which is defined as daytime 
hypercapnia and hypoxemia (PaCO2 
> 45 mm Hg and PaO2 < 70 mm Hg 
at sea level) in an obese patient (body 
mass index [BMI] > 30 kg/m2) with 
sleep-disordered breathing in the ab-
sence of any other cause of hypoven-
tilation.4 Some individuals may have 
both conditions. However, CPAP 
therapy should not be discontinued 
even when major weight loss occurs 
until repeat polysomnography has 
been performed. Major weight loss 
may cure OHS and help improve the 
severity of OSA but will not totally 
resolve the condition.4 According 
to Woodson, sleep apnea in patients 
who are morbidly obese may be differ-
ent from traditional OSA as rapid eye 
movement (REM), REM-related ap-
neas, and hypoventilation occur more 
often in this population. Although 
weight loss is strongly recommended 
for patients with OSA, bariatric sur-
gery is not recommended as the sole 
treatment for traditional OSA.5 

Positional therapy, wherein the 
patient avoids the supine position, 
can be effective as a secondary or 
supplemental therapy in addition to 
treatment with CPAP. Guidelines rec-
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ommend this primarily for individu-
als who have a lower AHI when in 
the nonsupine position than when 
lying on their backs. Patients who 
benefit from positional therapy tend 
to be younger, less obese, and with 
a less severe condition. The AASM 
practice parameter was based on  
3 level II studies—randomized tri-
als with high alpha and beta levels.6 
One of the level II studies compared 
supine with an upright position, stat-
ing: “Because not all patients nor-
malize AHI when non-supine, the 
committee’s opinion is that correction 
of OSA by position should be doc-
umented with an appropriate test.” 
Special pillows have been described 
in 2 papers reviewed by AASM, 
which seemed to improve OSA.6

The AASM guidelines state that 
oral appliances are indicated for 
some patients, although they are 
not as efficacious in treating OSA as 
CPAP therapy. Oral appliances are 
recommended for patients with mild 
to moderate OSA who have not re-
sponded to CPAP therapy, cannot 

tolerate CPAP therapy, are not appro-
priate for treatment with CPAP for 
some reason, or fail treatment with 
CPAP along with other behavioral 
measures, such as weight loss or po-
sitional therapy.6 

In addition, the AASM guidelines 
recommend that patients with severe 
OSA, “should have an initial trial of 
nasal CPAP because greater effective-
ness has been shown with this in-
tervention than with the use of oral 
appliances. Upper airway surgery (in-
cluding tonsillectomy and adenoid-
ectomy, craniofacial operations, and 
tracheostomy) may also supersede 
use of oral appliances in patients for 
whom these operations are predicted 
to be highly effective in treating sleep 
apnea.”6

Nasal expiratory positive end pres-
sure (EPAP) devices may be helpful in 
treating OSA in some patients. These 
devices contain a mechanical valve 
with very low inspiratory resistance 
but high expiratory resistance. The de-
vice has an adhesive and is applied by 
the patient to create a seal. Exhalation 

causes a high expiratory resistance 
that splints the upper airway open. 
This increases the resistance of the air-
way to close on inspiration.7 An EPAP 
device is recommended for potential 
use in mild to moderate OSA for pa-
tients who either have an intolerance 
to CPAP therapy or have failed to re-
spond to it.8   

Finally, there are major surger-
ies performed by oral surgeons that 
can benefit some patients with OSA. 
One of these is maxillomandibular 
advancement (MMA). According to 
the AASM practice parameter: MMA 
“involves simultaneous advance-
ment of the maxilla and mandible 
through sagittal split osteotomies. 
It provides enlargement of the ret-
rolingual airway and some advance-
ment of the retropalatal airway.”9 It 
is indicated as a surgical treatment 
for patients with severe OSA who 
are either unwilling or do not toler-
ate CPAP treatment. These individ-
uals would not benefit from an oral 
appliance (recommended for mild 
to moderate OSA) or would find it 
undesirable.9 

There is also stepwise or mul-
tilevel surgery (MLS) that can be 
performed. These include a num-
ber of  combined procedures, 
which address multiple sites with 
narrowing in the upper airway. 
Frequently, MLS will consist of  
2 phases: the first involves use of 
the uvulopalatopharyngoplasty 
(UPPP) procedure “and or genio-
glossus advancement and hyoid 
myotomy (GAHM). The second 
phase surgeries consist of utilizing 
maxillary and mandibular advance-
ment osteotomy (MMO), offered to 
those failing Phase I surgeries.”9

OSA SURGICAL PROCEDURES
Tracheostomies are first estimated to 
have been performed in 2000 bc.10 
Performing a tracheostomy to bypass 

JUNE 2014 • FEDERAL PRACTITIONER • 25

Table 1. Criteria (Powell-Riley) for Defining a Responder or 
Cure to Surgery for OSA1

Are the Symptoms Resolved?

Further interventions may not be necessary if the patient meets  
criteria 1 to 3 or 4 below.

1.  AHI ≤ 20 and/or at least a reduction in the AHI of 50%. (For an AHI 
that is < 20 episodes per hour of sleep: Example, if the AHI is 16, 
then it must be by definition 8.0 after treatment to call it a cure.)

2. SaO2 ≥ 90% or a minimal fall below 90%.

3. Normalization of sleep architecture.

4.  Equivalent comparison to nasal CPAP/BiPAP results on the  
second night of titration.

5. Resolution of EDS.

AHI = apnea-hypopnea index; BPAP = bilevel positive airway pressure; CPAP = continuous 
positive airway pressure; EDS = excessive daytime sleepiness; SaO2 = arterial oxygen saturation.
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the upper airway was used in the 
1960s and 1970s for the treatment 
of OSA and for many years was the 
only treatment available for people 
with Pickwickian syndrome (OHS) 
and nocturnal upper airway obstruc-
tion. The procedure was generally not 
tolerated or accepted by patients, even 
though it improved their quality of 
life and added to their life expectancy. 
Once CPAP treatment proved success-
ful for OSA, tracheostomy has rarely 
been necessary.11

Uvulopalatopharyngoplasty sur-
gery was introduced in 1981. The 
aim of this surgery is to decrease 
snoring and treat OSA by remov-
ing obstructive tissues, enlarging the 
cross-sectional portion of the upper 

airway, and bypassing the 
upper airway. Tissue that is 
removed includes the tonsils, 
uvula, and the distal portion 
of the soft palate.12 

Woodson considers sur-
gery for OSA to be the 
third-line of treatment. The 
first-line treatment would be 
CPAP therapy, and second-
line therapy would include 
oral appliances to enlarge the 
airway or retain the tongue (if 
the individual has no denti-
tion). The intent of surgery 
falls into 3 categories: cura-
tive, salvage, and ancillary. 

In a chronic disease such 
as OSA, “many may question 
whether a cure exists.” In-
stead of eliminating OSA, the 
curative intent is definitively 
to reduce symptoms and dis-
ease morbidity for long peri-
ods. The criteria for defining 
a responder or cure to surgery 
for OSA are found in Table 1.5 

Surgery for salvage aims 
at treating patients who have 
failed CPAP therapy. Success-
ful treatment with the intent 

of salvage can occur with a lessening 
of disease severity, including morbid-
ity and mortality, but not necessarily 
totally eliminating the symptoms. Fi-
nally, ancillary surgery for OSA aims 
to combine a surgical procedure with 
the first-line therapy (positive pres-
sure) to add an additional therapeutic 
benefit. The combination of CPAP and 
ancillary procedures may be of the 
most benefit to patients with OSA.5

As mentioned previously, the 
AASM has developed practice pa-
rameters for the treatment of OSA, 
including surgery. Desired outcomes 
of treatment for OSA include the 
resolution of symptoms and clinical 
signs, normalization of the quality 
of sleep, AHI, and levels of oxyhe-

moglobin saturation. It is recognized 
that normalization of the AHI may 
not reverse all the components of 
OSA, and up to 22% of patients con-
tinue to have residual hypersomnia 
with CPAP therapy.9 

Despite this, most studies that 
show significant benefits in lower-
ing cardiovascular risk, mortality 
rates, symptoms, and neurocognitive 
effects have also shown significant 
reductions in the AHI.9 Therefore, 
the AASM puts a high value on treat-
ing OSA with the goal of normaliza-
tion of the AHI. There exists a lack 
of quality studies and good evidence 
regarding the effectiveness of surgi-
cal procedures of the upper airway 
as treatment for OSA. Despite this, 
the AASM recommendation is that 
“all reasonable treatment alternatives 
for OSA be discussed in a manner 
that allows the patient to make an 
informed decision.”9

TYPES OF OSA SURGERIES
Surgery for OSA can be divided into 
2 categories, invasive surgery and 
minimally invasive surgery (Table 
2). Invasive surgeries for OSA have 
a higher risk of complications and 
postoperative pain.9

Invasive Surgery
The UPPP surgery is perhaps the 
best-known invasive procedure for 
treating OSA. A meta-analysis of  
15 studies on UPPP outcomes 
found overall improvement in AHI 
of 33% but with postoperative AHI 
remaining elevated at an average of  
29.8 events per hour.13

Adverse effects for the procedure 
include changes in taste, dysphagia, 
nasal regurgitation, and voice altera-
tions. Seven of the 15 studies reported 
at least 1 death following the UPPP 
procedure. The effects of UPPP sur-
gery on systemic and cardiovascular 
sequelae of OSA are not fully known 

Figure 1. Pillar Implants Diagram.

Reprinted with permission from Medtronic, Inc.
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and need to be further researched. 13

Another invasive procedure that 
is similar to the UPPP is the laser- 
assisted uvulopalatoplasty (LAUP) 
procedure. First reported in 1990, 
LAUP was developed as a procedure 
to eliminate snoring and was found 
to be effective. Other studies have 
been conducted since then, but there 
are inconsistencies in the specific 
types of procedures performed and a 
lack of detailed data analysis. 

Adverse effects of the LAUP pro-
cedure include minor bleeding, glo-
bus sensation, local infection, minor 
dysphagia and dysphonia, and tran-
sient velopharyngeal insufficiency.14 
However, studies have also shown 
that about one-quarter of the partici-
pants developed persistent dyspha-
gia or mild to moderate scar fibrosis. 
Postoperative swelling can reduce an 
already narrow airway, and the use of 
sedatives or narcotics can make this 
problem worse. Some studies have 
noted structural changes following 
this procedure that lower airway re-
sistance, resulting in the collapse of 
the upper airway and the narrowing 
of the airway during inhalation with 
worsening OSA.13,14

Practice parameters for the LAUP 
procedure were developed by the 
AASM in 1994. The AASM recom-
mended against using LAUP to 
treat OSA (and other sleep-related 
breathing disorders) and against 
substituting LAUP for UPPP sur-
gery. The AASM also suggested 
criteria for choosing candidates 
for LAUP and urged that patients 
be given full information about the 
procedure and a preoperative evalu-
ation from their provider.5,14

Minimally Invasive Surgery
Radiofrequency surgery and soft pal-
ate implants are considered mini-
mally invasive procedures, according 
to the criteria established in a study 

by Maurer.11 Various nasal surger-
ies (eg, septoplasty, adenoidectomy, 
and polyp removal) could also be 
considered minimally invasive and 
are often performed in patients with 
OSA to improve tolerance of CPAP 
by improving the ability to breathe 
nasally. However, nasal surgery with 
improvement of nasal breathing has 
not been found to have a significant 
impact on adults who have OSA. An 
advantage of nasal surgery is that 
some studies have shown longer use 
of CPAP therapy, up to 2 hours lon-
ger per night.5

With radiofrequency of the tongue 
base, high-frequency radio waves, ei-
ther monopolar or bipolar, are used 
to coagulate the interstitial tissue at 
the base of the tongue. This, in turn, 
leads to necrosis and scarring, which 
then leads to stiffening of the tissue 
and in some cases, volume reduction. 
The surgeon controls the tempera-
ture to avoid overdosing and tissue 
carbonization. A number of lesions 
are produced during a session and the 
number of sessions necessary for full 
treatment varies per surgeon and the 
technical system used in procedures. 

Although radiofrequency abla-
tion (RFA) has been used on the ton-
sils and soft palate, RFA is currently 
available only to patients with OSA 
on the tongue base. A reduction in 
AHI of 33% on average was achieved 
in a review of 6 studies, and the re-
duction was stable over a 2-year pe-
riod.11 The average presurgery AHI 
was 39.5, and the average postsur-
gery AHI was 28.7. In this same 
review, the average Epworth Sleepi-
ness Scale (ESS) (a commonly used 
subjective tool to measure levels of 
daytime sleepiness) score was 10.4 
presurgery and 4.5 postsurgery.11

A Chinese study looked at compli-
cations from RFA of the tongue base. 
According to the abstract (the article 
was written in Chinese), 1 patient  

(n = 193) developed a fatal arrhyth-
mia. The authors’ recommendation 
was for close monitoring after sur-
gery until the swelling subsided.15 

With soft palate implants, small 
cylinders of woven polyester (“poly-
ethylene terephthalate, commonly 
marketed as Dacron polyester”) yarn, 
18 mm long by 2 mm diameter, are 
inserted at the junction of the hard 
palate and soft palate. Placed into the 
proximal soft palate tissue, these im-
plants are designed to stiffen the soft 
palate “through fibrotic tissue en-
capsulation and tissue ingrowth over 
time.” Many patients with only snor-
ing or mild to moderate OSA have 
found improvement with this pro-
cedure. Improved reduction of snor-
ing was found in 1 study (n = 79), 
which looked at the use of Pillar im-
plants to reduce snoring (Figure 1). 
This reduction of snoring occurred 
in patients with lower AHI levels be-
fore the procedure.16 Mauer reviewed 
3 studies of the palatal implants and 
found a pooled reduction of 26% in 
AHI after placement.11 

CRITERIA FOR SURGERY
The mechanism that causes collapse 
of a patient’s airway will vary from 
one person to the next. Variables in-
clude age, body weight, anatomy, and 
body position. Thus, different find-
ings will require different surgical 
techniques, and there is no one-size-
fits-all surgery for OSA. 11

A thorough physical examina-
tion of the upper airway is important. 
Maurer recommends considering the 
use of videoendoscopy under seda-
tion, which allows a view of the mech-
anism and site of obstruction, with 
pressure catheters inserted to collect 
data. This procedure was developed 
in the 1990s to improve the analysis 
of obstruction within the upper air-
way. Unfortunately, the data are un-
clear about whether this aids in the  
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surgical outcome.11 Powell stated that 
sleep endoscopy is currently consid-
ered investigational because medica-
tion-induced sleep may differ from 
natural sleep without medication.1

Nasopharyngoscopy, using fiber-
optics, and lateral cephalometric 
analysis have been used for several 
years as primary diagnostic tools for 
patients being considered for a sur-
gical procedure for OSA. Some new 
imaging procedures (eg, 3-D imag-
ing coupled with advanced software 

programs) have been developed that 
may be helpful to assess regions that 
are constricted as well as provide a 
more exact measurement of the air-
way from the nose to the larynx.1

Risks and Complications of Surgery
The higher risk of anesthesia-related 
complications during or after sur-
gery related to OSA is one reason that 
surgery is usually considered to be 
the third-line of treatment. Patients 
with OSA commonly have hyperten-

sion and other cardiovascular disease, 
which adds to the risk of anesthesia-
related complications. Patients who 
have anatomical abnormalities of the 
jaw or portions of the upper airway 
will also be at a higher risk. Initial 
intubation and providing anesthesia 
during procedures may be more diffi-
cult for patients with these jaw or air-
way abnormalities. Postsurgical pain 
management with opioids contrib-
utes to the higher rate of apnea. After 
extubation, the incidence of apnea 

Table 2. Categories of Surgery for Sleep Apnea1,17

Invasive Surgery Minimally Invasive Surgery Other Procedures

Tracheostomy Radiofrequency tissue ablation (may      
be repeated several times until  suc-
cess is achieved) 
   Midportion of tongue
   Tongue base

Removal/cauterization of 
nasal polyps

Retropalatal obstruction/reconstruction
    UPPP
    Modified UPPP
    LAUP
    LA-UPPP

Laser-assisted reduction of tongue 
tissue/mass
   Glossectomy

 Septoplasty

Retrolingual or hypopharyngeal  
obstruction/reconstruction
   Reduction of tongue volume/mass
       Via surgery
       Radio frequency ablation of  
          tongue mass
   Advancement genioplasty
   Genioglossus advancement
   Hyoid myotomy (UPPP or MMA)
   MMA
   Distraction osteogenesis
   BMA

Treatment of hypertrophic 
inferior nasal turbinates

T onsillectomy 
 Via surgery

   R adio frequency ablation 
of tonsils

   Serial laser tonsillectomy
   GA

BMA = bimaxillary advancement; GA = genioglossus advancement; LA-UPPP = laser-assisted uvulopalatopharyngoplasty; LAUP = laser-assisted 
uvulopalatoplasty; MMA = maxillomandibular advancement; UPPP = uvulopalatopharyngoplasty.
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has been found to be higher in the 
population with OSA as well.17

A study published in 2001 used 
a case-control matched population 
methodology to examine patients who 
were undergoing elective surgeries for 
either hip or knee joint replacements. 
Significant differences in overall com-
plication rates were found among the 
patients with OSA (n = 101) com-
pared with those of the control group 
(n = 101). These differences were not 
related to the type of anesthesia, nar-
cotic use after surgery, or the type of 
operation performed. The OSA group 
had a significantly higher number of 
patients who required higher flow 
rates of oxygen postoperatively and 
for a longer period. Serious compli-
cations, including the reintubation of  
2 patients and unplanned intensive 
care unit (ICU) transfers, were noted 
in the patients with OSA (24%) com-
pared with the control group (P = 
.004). The mean length of hospital 
stay was significantly longer for pa-
tients with OSA (6.8 + 2.8 days) com-
pared with those in the control group 
(5.1 + 4.1 days, P = .007).18

The OSA group in the aforemen-
tioned study was divided into 2 types 
during this investigation: one group 
(n = 36) included patients undi-
agnosed with OSA until after their 
surgery (mean 1.8 years); the other 
group (n = 65) had a confirmed di-
agnosis at the time of surgery. All 
36 in the first group and 32 from 
the second group with diagnosed 
OSA did not use CPAP therapy at 
home; a total of 68 patients (67.3%) 
who had not received therapy be-
fore the surgery. The 33 patients 
with diagnosed OSA (32.7%) who 
did use CPAP therapy before sur-
gery had lower complication rates, 
including shorter hospital stays  
(6.0 + 2.1 days) compared with their 
counterparts with untreated OSA  
(7.2 + 3.1 days). The authors sur-

mised that there might be a carryover 
protective effect at least for the first 
postoperative day.18

A retrospective study examined 
patients with OSA who had outpa-
tient surgical procedures performed 
under either major regional anesthe-
sia (central neuraxial) or general an-
esthesia. The study looked at the first 
outpatient surgical procedure for the 
patient with OSA following the diag-
nosis except for otorhinolaryngologic 
surgeries, which were excluded from 
the study. The 234 patients with OSA 
were then matched to the same num-
ber of control patients who had also 
had outpatient surgical procedures 
(excluding the otorhinolaryngologic 
procedures). The researchers noted a 
higher incidence of endotracheal in-
tubation in the OSA group (79.9% vs 
73.9% in the control group, P = .017). 

The OSA group was less likely 
to have a laryngeal mask airway 
used during surgery for their airway 
management (5.1% vs 10.7% in the 
control group, P = .017). The only sig-
nificantly different complication be-
tween the 2 groups was unplanned 
admissions to an ICU in the postop-
erative period (although numbers/per-
centages were not listed in the article). 
However, there was no difference in 
the overall unplanned hospital admis-
sion rate between the 2 groups. One 
limitation to this study was that the 
control group had not been tested for 
OSA, and therefore, it was possible 
that some in the control group might 
have had undiagnosed OSA.19

It is recommended that the sur-
geon and anesthesiologist ask about 
a diagnosis of OSA or sleep apnea 
symptoms during the preanesthesia 
assessment for any surgery. The pro-
vider performing the preoperative 
physical examination should pay at-
tention to the circumference of the 
neck, chin-throat length, Mallampati 
classification, mandible position, and 

BMI. Any findings that suggest undi-
agnosed OSA should prompt further 
evaluation before any elective surgery. 

Those who are at risk of OSA 
anesthesia-related complications 
should be offered regional anesthesia 
if possible. It is undesirable to pre-
medicate with sedatives or opioids 
for this population. The sniffing posi-
tion during surgery has been found 
to reduce the collapsibility of the 
airway and improve its dimensions. 
All patients who use CPAP therapy 
at home should have this therapy 
available for use in the recovery room 
with the lateral position preferred.17

Outpatient surgery using sedation 
and local anesthetics can also be a 
higher risk for patients with OSA. The 
unprotected, potentially problematic 
airway is still a serious concern. Pa-
tients requiring short procedures may 
do well with titrated sedation if well 
positioned and appropriately selected 
for this before the procedure. Clini-
cians must be prepared to handle any 
complications that occur. One compli-
cation that occurs commonly in obese 
patients related to a smaller functional 
residual capacity is rapid oxygen  
desaturation.17

A Chinese study evaluated compli-
cations in patients who had received 
tongue base reduction through RFA. 
Complications, both intraoperative 
and postoperative, included hema-
toma of the tongue base, bleeding, al-
tered taste, an abscess at the base of the 
tongue, speech dysfunction, numb-
ness, and deviation of the tongue ex-
tension movement. One cardiac death 
occurred 37 hours following surgery 
related to swelling of the tongue base 
and pain, which aggravated sleep 
apnea and nocturnal hypoxemia and 
induced a fatal arrhythmia.15

THE FUTURE OF OSA TREATMENTS
Research is underway to evaluate the 
effectiveness of an implanted system 
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to stimulate the hypoglossal nerve 
with the intent of activating the upper 
airway musculature. A small study of 
8 patients found improvement in the 
degree of upper airway collapsibility 
and the severity of OSA. Continued 
research on the device is focusing on 
the parameters for the nerve stimula-
tion. The criteria for patient selection 
are also being established.20 

Another study of hypoglossal 
nerve stimulation (HNS) evaluated 
21 patients who were unable to tol-
erate CPAP therapy. The research-
ers found significant improvement 
in AHI (43.1 + 17.5 to 19.5 + 16.7); 
Functional Outcomes of Sleep Ques-
tionnaire (14.4 + 2.0 to 16.7 + 2.2); 
ESS (12.1 + 4.7 to 8.1 + 4.4); Beck 
Depression Inventory (15.8 + 9.0 

to 9.7 + 7.6); and the Calgary Sleep 
Apnea Quality of Life Index (3.2 + 
1.0 to 4.9 to 4.9 + 1.3). The research-
ers concluded HNS decreased OSA-
related symptoms and the severity of 
OSA.21 At least one of these devices, 
the Inspire device, has been approved 
for use in Europe (Figure 2).22 In 
addition, the FDA has approve the 
Inspire Upper Airway Stimulation 
therapy for use in a subset of patients 
with moderate to severe OSA who are 
unable to use CPAP.23

A recent study investigated the ef-
fect of HNS on the severity of OSA 
among patients who had moderate 
to severe OSA and had not had a re-
sponse to CPAP therapy. The HNS 
was associated with significant im-
provement in reducing the frequency 

of respiratory events. The median 
AHI at 12 months decreased from 
29.3 events per hour to 9.0 events 
per hour (P < .001), and the num-
ber of times per hour of sleep that the 
blood oxygen level dropped by ≥ 4% 
from the baseline (oxygen desatura-
tion index score) decreased from 25.4 
to 7.4 events per hour (P < .001).24

Another area being studied is the 
development of a device to advance 
the tongue. Forty-two patients had 
mandibular bone anchors inserted 
with a flexible tether connected to a 
surgically inserted anchor in the pos-
terior tongue. Unfortunately, 31% 
of the participants developed tis-
sue anchor barb fractures that were  
asymptomatic and detected through 
radiography. At this time, the failure 
rate does not warrant clinical use. 
However, some patients showed sig-
nificant improvement in multiple 
measures for sleep apnea, and more 
research is ongoing with the device.25

Similarly, a surgically inserted 
tongue pin that connects to an oral 
device during sleep has been stud-
ied. This pin prevents the tongue 
from moving back and obstructing 
the upper airway. Polysomnogra-
phies were performed both before 
and after and showed an increased 
rate of apnea in the 10 subjects. Vi-
sualization with magnetic resonance 
imaging showed that the upper air-
way was not kept open by this fixa-
tion device. Additional research with 
a modified design for the device is 
recommended.26 

Reshaping of the epiglottis using 
a CO

2
 laser has been studied with 

cadaver specimens. The researchers 
believe scar formation following the 
reshaping would aid in retraction of 
the epiglottis anteriorly. Studies with 
animals are being conducted with 
different laser types. Future studies 
involving selected patients with OSA 
who have epiglottis malformations 

Figure 2. Inspire Upper Airway Stimulation Therapy.22

Reprinted with permission from Inspire Medical.
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would be the next step.27

More studies about both mini-
mally invasive and invasive surgeries 
for OSA are needed. There are many 
unanswered questions, including the 
timing of follow-up assessments, how 
long to observe a patient after surgery, 
whether the use of multilevel surgery 
affects the rate of relapse, and what 
are the best follow-up tools to use. Re-
search needs to be performed in di-
verse populations, including gender, 
race/ethnicity, and age groups. Com-
plications of surgical procedures need 
to be studied and clarified over both 
short- and long-term periods.9

CONCLUSIONS
Although there have been some 
successes in using surgical proce-
dures to treat OSA, CPAP therapy 
remains the first-line treatment. In-
vasive surgeries have higher rates 
of complications and risks than do 
those of minimally invasive pro-
cedures. There are also additional 
risks related to the use of anesthe-
sia both during and after surgery. 
Referrals for surgery should in-
clude information about a diagno-
sis of OSA, and patients should be 
instructed to discuss this with the 
anesthesiologist or certified nurse 
anesthetist. 

With careful selection by the sur-
geon and sleep providers, patients 
who do not tolerate CPAP therapy or 
respond to other noninvasive inter-
ventions can benefit from a surgical 
procedure. Minimally invasive sur-
geries are less risky for the patient 
and should be considered.  ●
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