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Many patients with obstructive sleep apnoea
(OSA), as well as the medical community, are
seeking alternative therapies to continuous posi-
tive airway pressure (CPAP). Where there are
problems with CPAP adherence, surgical proce-
dures are an option without the need for adequate
compliance. A wide variety of surgical procedures
is available, all of which address the differing
anatomy and types of patients requiring specific
evaluation of the available data.

The author performed a literature search up
to October 2008, the studies being evaluated ac-
cording to EBM criteria. The data for some of the
methods was limited. Minimally invasive surgery
is helpful due to its positive efficacy vs morbidity

ratio.While UPPP is still the standard procedure
in mild to moderate OSA, its success is difficult to
predict and often falls off with the passage of
years. Additional upper airway investigations have
not yet succeeded in overcoming this disadvan-
tage. Combined surgery of the multi-level is re-
served for secondary treatment after CPAP fail-
ure. Only tonsillectomy and maxillomandibular
advancement are successful enough to be consid-
ered a first-line treatment in certain patients.
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Summary

Continuous positive airway pressure (CPAP)
is the treatment of choice for patients with ob-
structive sleep apnoea syndrome (OSA) [1]. On
the other hand, the last Cochrane review did not
recommend surgery at all for OSA, except in
studies [2]. However, adherence to CPAP is only
between 17 and 54% [3], thus leaving a large
group of patients without adequate treatment.
Many patients therefore seek alternative treat-
ments, such as oral appliances and surgery. Oral
appliances also require sufficient compliance in
order to be effective. As a result, many patients
prefer surgical therapy.

Over the last 27 years various procedures for
upper airway surgery have been developed involv-
ing the nose, palate, tongue, larynx, facial skeleton

and the neck, all trying to improve upper airway
patency by either actively opening the airway,
removing anatomical obstructions, stiffening the
pharyngeal wall, increasing its muscle tone, a
combination thereof or bypassing the collapsible
segment. In addition, upper airway surgery can be
divided into minimally and classical invasive sur-
gery.

To improve the surgical outcome, clinical-
endoscopic examination of the upper airway has
been supplemented by more sophisticated tech-
niques such as videoendoscopy during sedation
and pharyngeal pressure measurements.

This publication presents current data on sur-
gical therapies for sleep apnoea and discusses
their impact on treatment flow.

Introduction

There is no conflict
of interest in rela-
tion to this article.

Nasal surgery

Nasal ventilation has only minimal impact on
the severity of sleep disordered breathing in adults
[4]. Accordingly, improvement of nasal breathing
by any means whatever has failed to show a sig-
nificant impact on adult OSA. This is also true of

nasal surgery [5]. Changes in severity of OSA do
not exceed normal night-to-night variability; suc-
cess rates do not exceed 10%.

However, nasal surgery is very often per-
formed in OSA patients to improve adherence to

1 This publication
was presented in
part at the Annual
Meeting of the
Swiss Society for
Sleep Research,
Sleep Medicine
and Chronobiology,
Solothurn,
February 2008.
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and compliance with nasal CPAP. Data on 71 pa-
tients now with CPAP titration before and after
nasal surgery indicate that the requisite pressure
can be reduced by approximately 2 mbar [6]. Bier-

mann showed that in long-term follow-up pa-
tients with nasal surgery used CPAP for two
hours longer per night than those without nasal
surgery [7].

Minimally invasive surgery

There is no official definition of this term.We
consider an operation to be minimally invasive if
it fulfills certain criteria (table 1). The different
types of radiofrequency surgery, Pillar® palatal
implants and injection snoreplasty may be sub-
sumed under this group. The latter has not been
evaluated for OSA and therefore will not be de-
scribed further.

Radiofrequency
The use of high frequency electric current in

surgery is called radiofrequency (RF) surgery.
Today monopolar as well as bipolar systems are in
use. RF can be applied either interstitially, thus
coagulating tissue, or superficially for vaporisation
or cutting purposes. Interstitial coagulation is the
technique commonly used in OSA patients at
present. Coagulation produces necrosis and sub-
sequent scarring, leading to tissue stiffening [8]
and, in some tissue types (lymphatic tissue,
turbinates), to volume reduction [9, 10] e.g. of 50–
75% in the case of tonsil treatment. Energy deliv-
ery is controlled by measurement of temperature,
impedance, or application time at a certain energy
input, to avoid overdosing and tissue carbonisa-
tion. This leads to reproducible lesion sizes for
specific power settings.The number of lesions per
session and the number of treatment sessions per-

formed varies according to the technical system
used, the site of surgery and the surgeon’s experi-
ence.

In OSA, RF has so far been applied to the soft
palate, the tongue base and the tonsils.Treatments
were isolated or combined.

Interstitial treatment of the soft palate in sim-
ple snorers has proven superior to placebo in a
controlled trial [11]. An even higher success rate
seems to be possible when performing radiofre-
quency uvulopalatoplasty (RF-UPP) [12]. Data for
OSA are scarce and conflicting, with success rates
ranging from 17 to 66% [13, 14].Verse presented a
meta-analysis of three publications showing a
mean AHI reduction from 20.2 to 12.8. The origi-
nal data points towards a loss of efficacy in patients
with an AHI above 30 [6]. Better results can be
achieved if interstitial coagulation is combined
with resection of excessive mucosa of the posterior
pillar – the above-mentioned RF-UPP [15]. Due
to the excision of mucosa, RF-UPP is more painful
than purely interstitial treatment. In the long term
RF-UPP seems to be superior to laser-assisted
uvulopalatoplasty (LAUP) but to need more treat-
ment sessions. It should be mentioned that no neg-
ative impact of interstitial RF treatment of the
palate on speech or voice was demonstrable either
subjectively or objectively [16, 17].

Radiofrequency is the only minimally invasive
treatment of the tongue base available today. It
has been used in mild to moderate OSA and is
able to reduce AHI by approximately 33% on av-
erage (table 2). In polysomnographic outcome it is
less effective than CPAP but superior to placebo
[25]. Surprisingly, subjective outcome did not dif-
fer significantly. Results achieved initially remain
stable over a two-year period [21].

Combined radiofrequency of soft palate and
tongue base does not have higher morbidity but a
slightly better outcome than tongue base treat-
ment alone [6, 26]. As a result, combined treat-
ment is preferred in most OSA cases.

In a recent meta-analysis of 13 case series and
3 controlled trials, Farrar et al. pooled combined
as well as isolated soft palate and tongue base pro-
cedures. Short-term data (follow-up less than one
year) showed a significant 31% decrease in AHI as
well as daytime sleepiness (ESS). Long-term data
(follow-up at least two years) from two studies in-
volving 45 patients show an AHI reduction of
45% [27].

The impact of radiofrequency treatment of
the palatine tonsils on OSA in adults has not been
assessed except as part of multi-level surgery [28].

perioperative

procedure under local anaesthesia

low perioperative morbidity

postoperative

outpatient procedure

low complication rate

low postoperative morbidity

Table 1

Criteria for minimally
invasive surgery.

Author N Follow-up AHI AHI ESS ESS
pre post pre post EBM

Powell et al. 1999 [18] 15 4.0 47.0 20.7 10.4 4.1 3b

Woodson et al. 2001 [19] 56 1.5 40.5 32.8 11.1 7.4 2b

Stuck et al. 2002 [20] 18 1.0 32.1 24.9 7.9 4.9 3b

Li et al. 2002 [21] 16 28.0 39.5 28.7 10.4 4.5 3b

Riley et al. 2003 [22] 19 3.0 35.1 15.1 12.4 7.3 3b

den Herder et al. 2006 [23] 10 12.0 12.9 10.6 5.1 4.4 3b

All 134 5.9 37.2 25.7 B

Follow-up in months; AHI = apnoea-hypopnoea index; ESS = Epworth sleepiness scale;
pre = preoperative; post = postoperative; EBM = grading according to Oxford criteria
[24].

Table 2

Efficacy of radiofrequency treatment of the tongue base in OSA.
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Soft palate implants
Palatal implants (Pillar®) are cylinders of

woven polyester yarns 18 mm in length and 2 mm
in diameter. They are inserted into the soft palate
at the junction with the hard palate and their aim
is permanent stiffening of the soft palate. After
initial case series showing efficacy in simple snor-
ers [29], there are now case series and two ran-
domised placebo-controlled trials in OSA pa-

tients (table 3). The overall efficacy is limited in
these groups of patients with mild OSA. How-
ever, Pillar® implants were superior to placebo
[35, 36]. Short-term results appear to remain sta-
ble over a one-year period [33, 37]. Furthermore,
Friedman found objective success (by PSG) in
21.7% of patients receiving Pillar® as adjuvant
therapy after uvulopalatopharyngoplasty (UPPP)
had failed [38].

Author N Follow-up AHI pre AHI post Success [%] ESS pre ESS post EBM

Friedman et al. 2006 [30] 29 7.5 12.7 11.5 24.1 no data no data 4

Walker et al. 2006 [31] 53 3.0 25.0 22.0 20.8 11.0 6.9 3b

Nordgard et al. 2006 [32] 25 3.0 16.2 12.1 36 9.7 5.5 3b

Nordgard et al. 2007 [33] 26 12.0 16.5 12.5 50 8.3 5.4 3b

Goessler et al. 2007 [34] 16 3.0 16.5 11.2 37.5 7.2 4.6 3b

Friedman et al. 2008 [35] 29 3.0 23.8 15.9 41.9 12.7 10.2 1b

Steward et al. 2008 [36] 47 3.0 16.8 13.9 26 10.6 8.7 1b

All 225 4.6 19.0 15.2 31.3 B

Table 3

Efficacy of Pillar®

palatal implants in
patients with OSA.
Follow-up in months;
AHI = apnoea-hypop-
noea index; ESS =
Epworth sleepiness
scale; EBM = grading
according to Oxford
criteria [24].

Invasive surgery

Pharyngeal procedures
Muscle-preserving UPPP is still the standard

procedure at the level of the soft palate. Long-
term data with a follow-up of 3–10 years are avail-
able showing a success rate of 49.5% [4].The uvu-
lopalatal flap yields similar success rates [4].There
is some evidence that tonsillectomy doubles the
success rate of UPPP even though the success cri-
teria are different (table 4). Li et al. showed that a
favourable anatomy with large tonsils and a small
tongue predicted outcome better than severity of
OSA [44]. In addition, Verse stressed that success
rates decrease significantly above a BMI of 30 [6].
Tonsillectomy itself plays an important role in
OSA if the tonsils are nearly kissing during in-
spection with the mouth open and the tongue
relaxed. Even though these patients are rare, they
should not be missed because almost 80% can be
cured [4]. In children with OSA there are data in-
dicating that tonsillotomy is as effective as tonsil-
lectomy and has significantly lower morbidity
[45]. There are no current data concerning this
procedure in adults.

LAUP cannot be recommended for OSA pa-
tients, since randomised controlled trials showed
only a minimal decrease in AHI [46–48]. In con-

trast, pain after LAUP is severe and long-lasting
[49], and is therefore not an alternative to mini-
mally invasive techniques.

Tongue base procedures
Data concerning tongue base resections via a

transoral and transcervical approach are limited.
During the 1990s they were aggressive, requiring
perioperative tracheotomy in almost every case
[4]. Since 2000 they have been superseded by ra-
diofrequency. Nowadays less aggressive resections
leaving the muscle tissue intact are being investi-
gated by Coblation®. Morbidity can be signifi-
cantly reduced and tracheotomy has never been
necessary in our own small series of nine patients.
Volume removal seems relevant. Data on outcome
are still lacking.

The tongue suspension technique (Repose®)
pulls the tongue base anteriorly using a non-re-
sorbable thread fixed to the genioglossus tubercle.
The procedure is performed under general anaes-
thesia. Success rates are around 33% [4]. Because
it is difficult to obtain the correct tension on the
suture, this procedure has been abandoned by
most surgeons.Tongue advancement systems have
therefore been developed where the necessary

Author n Definition of success without with TE

Stevenson et al. 1990 [39] 84 AI reduction >50% 21/48 24/36

Schwartz et al. 1992 [40] 13 AI <10 in nonREM-Sleep 2/7 4/6

McGuirt et al. 1995 [41] 79 AI <5 and red. >50% 2/27 27/52

Boot et al. 2000 [42] 38 ODI reduction >50% 2/14 11/24

Hessel et al. 2004 [43] 55 AHI <20 and red. >0% 7/18 25/37

Sum 269 34/114 91/155
(Mean %) (30%) (59%)

Table 4

Impact of tonsillec-
tomy on UPPP out-
come (short-term re-
sults).
AI = apnoea index;
ODI = oxygen desatu-
ration index; AHI =
apnoea-hypopnea
index;TE = tonsillec-
tomy
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amount of advancement can be titrated under se-
dation later. They are under investigation and the
results are awaited.

Hyoid suspension is a technique whereby the
hyoid bone is fixed in front of the thyroid carti-
lage via a cervical approach. It is rarely carried out
separately but chiefly used in multi-level surgery.
Data on solitary procedures exist in 60 patients,
showing a significant reduction in AHI and a suc-
cess rate comparable to UPPP, bearing in mind
that anatomically different patients were selected
[6].

Supraglottic procedures
Patients with supraglottic collapse are de-

tectable by videoendoscopy under sedation only.
The patterns found are comparable to laryngo-
malacia in children and surgical treatment is per-
formed accordingly [50]. Improvement in 85% of
the patients is described in only one case series in
adults [51].

Multi-level surgery
In most cases of moderate to severe OSA the

entire upper airway is obstructed. Based on that
concept multi-level surgery addresses the palate
as well as the hypopharynx, combining proce-
dures at both levels during one single operation if
nasal ventilation is rejected or abandoned in spite
of intensive care for the patient. UPPP or uvu-

lopalatal flap including tonsillectomy are the
palatal procedures employed, whereas the hy-
popharyngeal obstruction is variably dealt with by
performing genioglossus advancement, hyoid
suspension, radiofrequency of the tongue base
and/or tongue base resections. A meta-analysis of
1360 patients in 34 publications revealed a reduc-
tion in the mean AHI from 43.4 to 19.3, a success
rate of 51.5% [6]. Typically these patients have no
anatomical malformation. Patients should be
aware that multi-level surgery is painful and may
cause dysphagia lasting for four weeks [52].

Maxillofacial surgery
Maxillomandibular advancement of approxi-

mately 1 cm after osteotomy of the upper and
lower jaw constitutes a surgical option with a very
high success rate for patients with retrognathia
and OSA. Patients can be cured over a follow-up
of four years with a 90% chance of success [53].

Tracheostomy
Bypassing the pharyngeal obstruction by tra-

cheostomy eliminates every obstructive respira-
tory event during sleep. Success rates are around
96% and remain stable over a period of at least
three years [6]. Due to its invasive character it is
reserved for severe and otherwise untreatable
OSA and is rarely necessary.

Extended upper airway evaluation

Videoendoscopy under sedation and pharyn-
geal multi-channel pressure measurements were
developed during the 1990s to improve the analy-
sis of upper airway obstruction. They are stan-
dardised and technically mature. Videoendoscopy
under sedation mimics the true mechanism and

site of obstruction, with pressure catheters col-
lecting data concerning the level of obstruction
throughout the entire night. However, data docu-
menting an improvement in surgical outcome is
conflicting [54].

Discussion

In the surgical community major efforts are in
progress to improve the outcome of surgery. Sev-
eral modifications of surgical interventions and
techniques have been presented in recent years, ad-
dressing different anatomical sites and acting in
completely different ways on upper airway patency.
Patients’ collapse mechanism may vary according
to age, anatomy, body position, age, and body
weight. As a result, different surgical procedures
cannot be put together and evaluated as can the
same treatment. In summary: different findings re-
quire different surgical treatment. These specific
aspectswere largely taken intoaccountbyMainand
coworkerswhen evaluating each interventionon its
own in their systematic review of surgical and non-
surgical therapy for non-apnoeic snoring [55].

In contrast to CPAP, oral devices or drugs,
placebo treatments are only possible in some min-
imally invasive surgical techniques. Comparisons
with control groups always suffer from patient and
bed partner bias due to peri- and postoperative
morbidity. However, the highest possible evidence
shouldbeobtained in clinical studies regarding sur-
gery for OSA.When assessing the efficacy of sur-
gery for OSA each operation must be judged on its
own merits and studies with the highest evidence
available must be chosen for review.TheCochrane
review [2] disregards all these factors and, there-
fore, suffers from a severe selection bias.

There is an increasing body of evidence to
show that effective treatment of OSA by CPAP
favourably influences cardiovascular risk factors
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[56]. The available studies point to a higher im-
pact on risk reduction in OSA patients suffering
from excessive daytime sleepiness on the one
hand and receiving effective treatment on the
other. Hence, in particular, non-compliant and
non-adherent CPAP patients respectively need to
be carefully investigated with respect to their sur-
gical treatment options. Furthermore, controlled
outcome studies of surgery for OSA are necessary
to assess its impact on cardiovascular risk reduc-
tion.

Finally, the following conclusions may be
drawn from the published literature:
– Nasal ventilation therapy remains the gold

standard in the treatment of OSA (Grade A).
– Nasal surgery is only indicated if nasal

breathing is impaired (Grade B).
– Minimally-invasive procedures are helpful in

mild OSA (Grade B).
– LAUP is not recommended in OSA (Grade

B).
– Tonsillectomy is effective in adult OSA, if in-

tertonsillar space is 5mm or less (Grade C).
– UPPP has a 50% long-term success rate in

moderate OSA (Grade C).

– Solitary tongue base procedures are subject to
research (Grade D).

– Multi-level surgery is reserved for moderate
to severe OSA (Grade C).

– Maxillo-mandibular advancement is indicated
in severe OSA with retrognathia (Grade B).

– Tracheotomy is rarely needed (Grade D).
– Tonsillectomy and maxillo-mandibular ad-

vancement are possible as first-line treatment
for selected patients with moderate to severe
OSA (Grade C).
If data concerning conservative options are

also accounted for, a flow diagram for the treat-
ment decision can be developed using simple pa-
tient characteristics (fig. 1).
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Figure 1

Flow diagram for
therapy in OSA
patients if CPAP is
not accepted. MAD:
mandibular advance-
ment device; Bimax:
maxillo-mandibular
advancement;TB-RFT:
tongue base radio-
frequency treatment;
TT: tracheotomy.
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