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Preface

Nasal continuous positive airway pressure ventilation is the gold standard in the treatment 
of obstructive sleep apnea. Long-term compliance rates are about 60%. Therefore, several 
alternative treatment options are of special interest. Beside conservative therapies, various 
surgical concepts exist. The field of surgery for sleep disordered breathing has rapidly 
grown with new instrumentation and surgical techniques in the last 10 years. Surgeons 
in these fields have to attend scientific meetings, participate in workshops, and read the 
literature to stay up to date.

In our sleep laboratories we conduct 30 polysomnographies each night. Each year, 
we perform almost 1,000 surgical procedures for sleep disordered breathing apart from 
numerous other conservative and apparative treatment modalities. Referring to our experi-
ence and the present literature, we tried to give new information on surgical techniques in 
this second edition.

The chapters are grouped in different anatomical fields of interest. We wanted to give 
general advice and specific new hints for the surgery of sleep disordered breathing so that 
the reader learns basic techniques followed by more advanced surgery. In addition to the 
illustrated surgical descriptions, the chapters contain informations about indications and 
contraindications of each surgical procedure and the postoperative care.

Special interest has been dedicated to evidence-based medicine. So in each chapter, 
there is a table of references summarizing the effectiveness of the procedure and EBM 
grade.

The enclosed DVD version of the book contains video files of elected procedures 
explained in the book. The reader has first the possibility to read the chapter text and then 
to reinforce his learning experience by reviewing the actual video of the procedure. The 
result is a complete illustrated information of the surgical procedure.

We hope that the second edition of this book will help training surgeons with special 
interest in modern sleep medicine.

Mannheim and Hamburg, Prof. Dr. Karl Hörmann
December 2009 Prof. Dr. Thomas Verse
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Sleep Disordered Breathing

Kerstin Rohde and Thomas Verse

1

In our modern competitive society, nonrestorative sleep is acquiring an increased signifi-
cance. The international classification of sleep disorders includes 95 different diagnoses of 
possible causes for nonrestful sleep [12]. A subgroup with a comparatively high incidence 
rate is formed by the so-called sleep-related breathing disorders (SRBD; synonyma: sleep 
disordered breathing (SDB)). These are further divided into disorders with central sleep 
apnea (CSA), obstructive sleep apnea (OSA), sleep related hypoventilation syndromes, 
and other SRBDs. OSA syndromes are separated into adult OSA and pediatric OSA. The 
term upper airway resistance syndrome (UARS) is subsumed under this diagnosis because 
the pathophysiology does not significantly differ from that of OSA. Primary snoring is 
included in a different subgroup, namely isolated symptoms, apparently normal variants, 
and unresolved issues.

Snoring is a respiratory sound generated in the upper airway during sleep; it typically 
occurs during inspiration. Primary snoring occurs without episodes of apnea or hypoven-
tilation. The intensity of snoring may vary and often will disturb the bed partner’s sleep 
and even awaken the patient. Primary snoring does not cause symptoms of daytime sleepi-
ness or hypersomnia [13].

Core Features

In the case of primary snoring, the patient does not suffer from hypersomnia, ››
excessive daytime sleepiness, or sleep disruption attributable to snoring or 
airflow limitation.
In adult obstructive sleep apnea, the patient complains of daytime sleepiness, ››
unrefreshing sleep, fatigue, or hypersomnia. Polysomnography recordings show 
five or more scoreable respiratory events per hour of sleep.
In pediatric obstructive sleep apnea, the caregiver reports snoring, labored, or ››
obstructed breathing. Paradoxical inward rib-cage motion during inspiration, 
morning headaches, secondary enuresis, hyperactivity, or aggressive behavior 
may occur. Excessive daytime sleepiness is seen less commonly in children than 
in adults with OSA. Polysomnography recordings show one or more scoreable 
respiratory events per hour of sleep.
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In contrast to primary snoring, adult OSA has an adverse effect on the daytime life qual-
ity. The most frequent symptoms of OSA are intermittent snoring (94%), daytime sleepi-
ness (78%), and diminished intellectual performance (58%). Further symptoms are 
personality changes (48%), impotence in men (48%), morning headaches (36%), and 
enuresis nocturna (30%) [253].

OSA is a widespread disorder affecting up to 10.9% of the male and up to 6.3% of the 
female population [331, 841]. OSA is associated with serious adverse consequences, such 
as myocardial infarction [311], stroke [166], hypertension [555], and traffic accidents 
[737], for the afflicted individuals.

In the case of OSA, an imbalance exists between forces dilating and occluding the 
pharynx during sleep. The muscle tone supporting the pharyngeal lumen is too low, and the 
inspiratory suction force and the pressure of the surrounding tissue narrow the pharynx and 
are situated too high [561, 596]. This disorder occurs only during sleep because of a physi-
ological loss of muscle tone of the pharyngeal muscles in this state. The effects are com-
plete cessation of breathing (apneas) or reduced breathing phases (hypopneas). Both events 
trigger, if sustained long enough, an emergency situation for the body. The body reacts 
with a central arousal that disturbs the physiological sleep by a release of catecholamines. 
The latter lead to a strain upon the cardiovascular system via an increase of the tone of the 
sympathetic system. However, the frequency of apneas and hypopneas during sleep cor-
relates poorly with daytime symptom severity and impact on quality of life. It is possible 
for any severity level of OSA to occur with any degree of symptomatic sleepiness and, in 
cases, with no subjective complaints.

The major predisposing factor for OSA is excess body weight. The risk of OSA 
increases as the degree of additional weight increases, with an extremely high prevalence 
of OSA with morbid obesity. Patients with normal body weight are more likely to have 
upper airway obstruction due to localized structural abnormality such as a maxilloman-
dibular malformation or adenotonsillar enlargement.

In other words, primary snoring is merely an irritating annoyance, whereas OSA repre-
sents a disease with a significant morbidity and mortality. This implies that distinct therapy 
goals are warranted. Therefore, we consider it as vital that a precise diagnosis is established 
before the initiation of any therapy. The necessary diagnostic work-up includes an anamne-
sis using standardized questionnaires, a physiological and otolaryngological assessment, 
and a sleep lab evaluation. For details, see the relevant literature [14–16, 19, 200].

Pediatric OSA is characterized by prolonged partial upper airway obstruction and 
obstructive apnea or hypopnea that disrupts normal ventilation during sleep. Children with 
OSA may demonstrate several different breathing patterns during sleep. Some children 
have cyclic episodes of obstructive apnea, similar to that of adults with the syndrome [12, 
248]. However, some patients, particularly younger children, have a pattern of obstructive 
hypoventilation, which consists of long periods of persistent partial upper airway obstruc-
tion associated with hypercarbia and arterial oxygen desaturation. Most children with OSA 
present with a history of breathing difficulties during sleep. Snoring is usually loud and 
may be punctuated by pauses and gasps, with associated movements or arousal from sleep. 
However, some patients, particularly infants and those who are weak, may not snore. 
Children have a very compliant rip cage. As a result, paradoxical breathing is a prominent 
sign of these patients. Children may sleep in unusual positions, such as seated or with their 
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neck hyperextended. Excessive daytime sleepiness may be present, especially in older 
children, but is seen less commonly in children than in adults with OSA [178]. Although 
studies have shown that children with OSA generally have larger tonsils and adenoids than 
do other children, the size of the tonsils and adenoids does not predict disease in individual 
patients. The prevalence of OSA is approximately 2% in otherwise-normal young children 
with a peak incidence in the preschool age [12]. For details in necessary diagnostic work-
up see the relevant literature [178, 248].

Take Home Pearls

A diagnosis differentiating between primary snoring on the one hand and OSA ››
on the other hand including sleep studies is crucial before making a treatment 
decision in modern sleep medicine.
Definitions of disease and treatment modalities substantially differ in adult and ››
pediatric patients.
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General Aspects of Therapy

Thomas Verse

2

In the meantime, a multitude of treatment options for SDB exists. They can be classified 
into conservative, apparative, and surgical methods. While this book focuses solely on 
surgical therapies, for the competent surgeon, it is necessary to be familiar with the conser-
vative and apparative treatment options in order to be able to define the ideal therapy 
concept for every patient. What follows is, therefore, a concise discussion of the most 
important nonsurgical treatment options. We point the interested reader to readable sur-
veys of the topic. Even when aware of the complete array of treatment options, the deci-
sion regarding which treatment is the best for which patient is not always easy. For years, 
the authors have been leading clinical seminars on this topic in the context of the German 
Academy for Otolaryngology, Head and Neck Surgery. The experiences from these courses 
are presented in the second part of this chapter.

Core Features

Treatment options for SDB are either conservative, apparative, or surgical.››
The decision regarding which treatment fits for which patients depends on ››
several parameters. The most important criteria are severity of SDB, daytime 
symptoms, comorbidities, age (especially children or adults), BMI, site(s) of 
obstruction, and of course, the preferences of the patient.
Today, guidelines, statements, and reviews that summarize scientific data ››
according to evidence-based medicine criteria are available. This book highlights 
the data for each chapter according to the Oxford Criteria of EBM.
Focussing on surgical treatment, the authors define five main areas of indication ››
for surgery for SDB. These are (a) improvement of nasal breathing to support 
ventilation therapy (nasally applied CPAP), (b) minimally-invasive surgery for 
primary snoring and (very) mild OSA, (c) invasive surgery for mild and 
moderate OSA, (d) multilevel surgery for moderate and severe OSA as 
secondary treatment after failure or definitive interruption of ventilation therapy, 
and (e) adenotonsillectomy or adenotonsillotomie in pediatric OSA.
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�2.1   
Conservative Treatment

Conservative methods include weight reduction, optimizing of sleeping hygiene, condi-
tioning in respect of the avoidance of certain sleep positions, and drug treatments.

Obesity is considered the main risk factor for SDB. But most patients are not able to 
reduce their weight sufficiently and consistently [570]. Yet, even in those cases in which 
healing is initially achieved merely through weight reduction, a symptomatic SBD may 
occur again later even though the weight is kept on a low level. This fact may be inter-
preted as indicating that SDB is a multi-factored event, in which obesity plays a significant 
role in the pathogenesis of many patients. But in the case of obese patients, other factors 
also usually play a role, which, together with the adiposity, contribute to the development 
of OSA. Nevertheless, a weight reduction is of essential importance and simplifies every 
other OSA therapy; however, weight reduction in itself is only rarely able to resolve an 
OSA without further therapy.

A new field in the treatment of SDB is surgical weight reduction, the so-called bariatric 
surgery. Chapter 12 highlights this issue.

The maintenance of a certain level of sleeping hygiene (avoidance of alcohol and seda-
tives, reduction of nicotine and other noxious substances, observance of a regular sleep 
rhythm, etc.) is part of the standard recommendations in the treatment of SDB. Obviously, 
no controlled long-term studies exist relating to these measures.

In the case of positional OSA, apneas and hypopneas occur predominantly or solely 
only in supine position. In these cases, one should always consider the existence of a pri-
marily retrolingual obstruction site. In supine position, the tongue, in accordance with 
gravity, falls backward because of the physiological muscle relaxation. As a result of the 
lower mass, this effect apparently plays a lesser role in the case of the soft palate. As mini-
mal criterion for a positional OSA, it is necessary that the AHI in supine position is at least 
twice the value of the AHI in lateral position. Similarly, there are incidents of primary 
snoring wherein socially disruptive respiratory noises are only manifest in supine 
position.

In order to prevent supine position, the following methods have been used: verbal 
instructions, a “supine position alarm”, a ball sewed into the back of the pyjama, or a vest, 
or backpack. Backpack and vest reliably prevent supine position; verbal instructions are 
only successful in 48% of cases. On average, the AHI could be reduced by 55%. 
Unfortunately, no long-term results exist for these methods, yet there are several controlled 
studies. All in all, data of 69 patients exist. The average success rate lies at 75% [447]. In 
a randomized cross-over study [335], a significantly better AHI was found with CPAP than 
with the backpack; however, daytime sleepiness and productivity were identical with 
either treatment.

Avoidance of supine position makes sense in the case of positional sleep apnea. It can 
also help in optimizing the results of a ventilation therapy or a surgical treatment.

In 1998, a survey was published, which assessed the efficacy of 43 drugs in the treat-
ment of SDB [273]. Yet currently, there is no drug that can be considered viable in the 
treatment of SDB. Similarly, a Cochrane review on the topic of drug treatment of OSA 
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found that the existing data do not support the efficacy of medication for OSA [690]. 
Therefore, a drug therapy cannot be recommended.

�2.2   
Apparative Treatment

Apparative treatment options include respiratory treatment with continuous positive airway 
pressure (CPAP) with its various modifications, oral appliances, and electrostimulation.

The CPAP ventilation therapy, according to Sullivan [728], which for the most part is 
nasally applied, splints the upper airway pneumatically from the nares to the larynx 
(Fig. 2.1).

Concerning the implementation of CPAP therapy and its diverse modifications, we 
refer to the specialized literature [158]. CPAP ventilation reduces or removes snoring, 
daytime symptoms, and the cardiovascular risk. Two excellent studies demonstrate the 
efficacy of the method [37, 330], as does a systematic Cochrane review [815]. With a pri-
mary success rate of 98%, CPAP therapy is, alongside tracheotomy, the most successful 
therapy modality available. Only these two treatment modalities achieve sufficient cure 
rates in cases of extreme obesity and severe OSA. With respect to quality of life and risk 
of traffic accidents, the cost effectiveness of a CPAP therapy was recently corroborated 
[29]. As an example of many new insights, we refer to the work of Drager et al. [162], 
which demonstrated that already after 4 months of CPAP therapy (compared to no therapy) 
significant changes of intima thickness, pulse wave speed, C-reactive protein, and cate-
cholamines in the serum occured. A new review [258] demonstrates the efficacy of CPAP 
in comparison to placebo on arterial hypertonia under reference to 572 patients of 12 ran-
domized studies.

Fig. 2.1     Method of pneumatic stenting of the upper airway with CPAP. (Left) Airway collapse. 
(Right) Stabilization with continuous positive airway pressure
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Therefore, nasal CPAP therapy is considered to be the gold standard in the treatment of 
OSA. All other therapies for OSA must be measured against this method. Unfortunately, 
the long-term acceptance rate of CPAP therapy lies below 70% [453]. The acceptance rate 
of CPAP therapy especially decreases the younger the patient is, and the less his subjective 
ailments improve with a CPAP therapy [328, 416]. As a consequence, many patients with 
moderate and severe OSA in need of treatment have to be secondarily guided into another 
therapy. Often surgery is successful in these cases [699].

Among the oral devices, the mandibular advancement devices have established them-
selves. For mild to moderate severe OSA, success rates of 50–70% have been reported 
(new survey in [99]). The compatability of the mandibular advancement devices is given 
as between 40 and 80% [193]. Main side effects in up to 80% of the patients are hypersali-
vation, xerostomy, pain in the jaw, dental pain, and permanent teeth misalignments with 
malocclusion [542]. Oral devices are recommended for the treatment of simple snoring 
and mild and medium OSA.

Recently, the playing of digeridoos has been added as a curiosity to the list of OSA 
therapies. A first randomized study [583] demonstrates a significant effect on AHI and 
daytime sleepiness for 25 sleep apnea patients after 4 months of digeridoo playing in com-
parison to zero therapy. The playing of digeridoos allegedly strengthens the floor of the 
mouth and tongue muscles, comparable to electrical stimulation therapy. However, the 
latter has only been shown to have a limited effect on the AHI [588, 589, 779]; therefore, 
this form of therapy has not established itself as an isolated treatment option. As supple-
mental therapy, the strengthening of the muscles of the upper airway is certainly 
valuable.

2.3   
Fundamental Reflections Regarding the Treatment Decision

If a patient is transferred for treatment of sleep disordered breathing (SDB), there are basi-
cally several factors that have to be taken into account to make a proper treatment decision 
(Table 2.1).

2.3.1   
Pediatric SDB

As stated in Chap. 1, the medical conditions vary substantially in children compared to 
adults. For children, already more than 2 breathing pauses per hour of sleep are considered 
pathologic. We refer here to an engaging current survey [261]. Since the sleep-medical 
anamnesis and diagnosis of children are much more difficult and elaborate, the question is 
which children should be examined more closely. Concerning this question, several new 
results exist, of which the following will be discussed as examples. The anamnesis in chil-
dren can be supported with specific questionnaires. For instance, the Pediatric Sleep 

10.1007/_1
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Questionnaire (22 items) was successfully used in a longitudinal study of 159 children 
before and 1 year after an adenotonsilectomy [108]. Other authors use their own question-
naires [478, 730]. In any case, obese children should be examined. Obesity and increase of 
the BMI are considered to be primary risk factors [839]; however, they also count as sec-
ondary risk factors for the recurrence of an OSA after an initially successful adenotonsi-
lectomy [21]. Further risk factors for OSA are trisomy 21, tonsilhyperplasy, low social 
status, and low weight at birth [536, 672, 700, 838].

Treatment of pediatric OSA is dominated by the removal or reduction of adenoids and 
tonsils and will be discussed in Chaps. 5, 6.1.1 and 6.1.2. For very young children, special 
postoperative conditions exist, which will be discussed in Chap. 13.

2.3.2   
Daytime Symptoms

Most frequent symptoms of OSA are arhythmic snoring, unquite sleep, daytime sleepi-
ness, and reduction of intellectual vigor. In contrast, the significantly higher risk of mor-
bidity and mortality (in comparison with the healthy population) is not directly noticeable 
for a sleep apneic, but remains a hypothetical risk. For treatment success of an aid, for 
instance, nCPAP therapy or oral appliances, a consistent use of the aid is neccessary. 
Herein often lies the problem. Today, it is known that especially patients who initially 
experience a significant improvement of their daytime symptoms after starting the use of 
their aid show a high long-term compliance. In these cases, the subjective advantage 
(finally restorative sleep) stands in a good relation to potential inconveniences which the 
long-term use of these aids includes. On the other hand, it is often the patients who experi-
ence little subjective advantage from the therapy who will discontinue a genuinely effec-
tive therapy. Included in this group are of course those patients who already have 
experienced few or no daytime symptoms before the therapy. This group is particularly 
suited for surgical therapy since after the perioperative phase, a special therapy compliance 
is not needed.

Table 2.1   Criteria for treatment decisions in sleep disordered breathing

Criteria for treatment decisions

Adults or children?

Daytime symptoms?

Does the patient prefer surgical or nonsurgical treatment?

Site(s) of obstruction

Severity of disease (AHI, symptoms, concommitant diseases)

Special shapes of OSA

  Only in supine position

  Complex malformations
  Laryngeal OSA

10.1007/_13
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2.3.3   
Patient Expectations

Frequently, patients will already have had contact to self-help groups or friends and family, 
or have informed themselves through other means. Our daily practice has shown us that the 
patients often already come to a consultation with a specific therapy notion. Specifically, there 
are patients who do not want to undergo surgery under any circumstances;others do not want 
to use an intrusive appliance which they will have to use their whole life. In the framework of 
the therapy principles described here, we always attempt to take into account the wishes of 
the patients, unless serious reasons indicate that it is neccessary to counter a patient’s expecta-
tion. We have found that being aware of a patient’s wishes helps us in guiding our patients.

2.3.4   
Site(s) of Obstruction

For CPAP therapy it is irrelevant where exactly the site(s) of obstruction is (are) located in 
the upper airway, because the whole upper airway is being pneumatically aligned. For the 
treatment decision for oral devices and especially for the customized surgical therapy, a 
thorough knowledge of the site(s) of obstruction is neccessary. The following Chap. 3 
discusses the scope of topodiagnosis.

2.3.5   
Severity of SDB

The severity of SDB is crucial in deciding which therapy is most suitable for which patient. 
The simple snorer is not ill. Therefore, the goal of treatment in the case of primary snoring 
lies in the reduction of both the duration and the intensity of snoring to a socially accept-
able level. In principle, it needs to be kept in mind (1) that a treatment should not harm the 
patient, (2) that a treatment should only be carried out if the patient has explicitly articu-
lated such a wish, and (3) that after any treatment, nasal ventilation therapy should remain 
possible [17]. This last aspect is of importance due to the fact that the incidence of OSA 
increases with age [427]. Many cases have been described in which nasal ventilation ther-
apy was no longer possible due to the development of a nasopharyngeal insufficiency or 
stenosis [485], especially after aggressive soft palate surgery. These cases have in many 
places seriously impaired the trust in soft palate surgery.

In the case of OSA, the goal of treatment consists in a complete elimination of all 
apneas, hypopneas, desaturations, arousals, snoring, and other related symptoms in all 
body positions and all sleep stages. Of course, here it also has to be stressed that a treat-
ment should in principle not harm the patient. But it must be pointed out that in the case of 
OSA, a disease with corresponding symptoms is already manifest. Therefore, in order to 
achieve the therapy goal, one will be less reluctant to consider a more invasive therapy 
with heightened morbidity and complication rate, a decision which would not be defensi-
ble in the case of harmless primary snoring.

10.1007/_3
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In general, the severity of OSA is classified according to the apnea hypopnea index 
(AHI; equals the number of apneas plus the number of hypopneas per hour of sleep). 
Unfortunately, especially in the case of the mild forms of SDB, the AHI is not necessarily 
correlated to the clinical symptoms of the patients. Furthermore, the AHI is age-dependent. 
Concerning adults, the updated version of the International Classification of Sleep 
Disorders (ICSD) [12] uses the following distinction for OSA:

Mild OSA 5 ≤ AHI < 20

Moderate OSA 20 ≤ AHI < 40
Severe OSA 40 ≤ AHI

The term upper airway resistance syndrome (UARS) is subsumed under the diagnosis 
OSA because the pathophysilogy does not significantly differ from that of OSA. It needs 
to be taken into account that the above values are applicable to 30-year olds. In the case of 
a 70 year old, an AHI of maximally 15 is still not necessarily in need of treatment if the 
patient does not have any daytime symptoms.

Apart from the AHI, the ailments of the patient play a role. That is, a patient with a low 
AHI suffering from intense daytime sleepiness may already be in need of treatment, 
whereas an older patient with an AHI of 15 may be fine without treatment. The concom-
mitant diagnoses also need to be taken into account. Since SDB constitutes risk factors for 
myocardial infarction, arterial hypertension, and strokes, patients with a corresponding 
anamnesis need to be sufficiently treated early on. One should also take special note of 
traffic accidents in the anamnesis, as these are frequently a result of sleepiness behind the 
wheel, which again suggests the existence of an SDB [121, 230, 268, 537].

In younger but not in middle-age groups, OSA has been reported to be more prevalent 
in African Americans compared with Caucasians. The prevalence of OSA in Asia patients 
with craniofacial features that predispose them to developing OSA may be high in spite of 
their having a BMI in comparison with Caucasian patients.

2.4   
Concept of Continuous Narrowing of the Upper Airway

Modern concepts regard primary snoring on the one hand and OSA on the other hand as 
different manifestations of the same pathophysiological disorder (Fig. 2.2) [479]. We agree 
with this conception and have made it the foundation for our therapeutic decisions.

From Fig. 2.2 two important therapy principles can be inferred. On the one hand, a 
surgical therapy, if it is to produce recovery from SDB, has to be performed more aggres-
sively the more severe the SDB is. Surgical procedures are performed both in the case of 
primary snoring and at all severity levels of OSA. For the treatment of primary snoring, 
minimally invasive techniques with a low complication rate should be preferred. In the 
case of higher level OSA, surgery is only secondarily indicated after an unsuccessful nasal 
CPAP-therapy. For a primary surgical treatment, an AHI of approximately 30 and a BMI 
lower 30 kg/m2 are considered as threshold value [768].
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The second therapy principle entails the notion that SDB is more and more considered as 
a disorder of the entire upper airway. For many years, ENT surgeons, by only assuming two 
sites of obstruction, pursued a concept which from our perspective is too mechanistic. Fujita, 
for example, classified OSA patients into those with an obstruction solely behind the soft 
palate (type I), those with an obstruction solely behind the tongue (type II), and those with an 
obstruction both behind soft palate and tongue (type III) [227]. The following Chap. 3 will 
discuss more specifically the established techniques of this topodiagnosis. Yet up to now, this 
topodiagnosis has not been conductive in, for instance, raising the success rate of soft palate 
surgery significantly above 50%. Therefore, we now assume that this simplified classifica-
tion into a retropalatal and a retrolingual site of obstruction is only applicable for primary 
snoring and, to a certain extent, in the case of mild OSA. In these patient groups, we perform 
an individually selected surgery based on the findings of our topodiagnosis. We call this 
selection calculated surgery. Starting with moderate OSA, i.e., from an AHI of approxi-
mately 20, there is a need, in accordance with our experiences and assessments, for a surgical 
treatment of both of the two mentioned, potential sites of obstruction along the lines of the 
so-called multilevel surgery. Also, in this case, the appropriate combination depends upon 
the severity and the anatomical disposition, but always addresses at least the level of the soft 
palate and the level of the hypopharynx (see Chap. 10 multilevel surgery). The following 
algorithm (Fig. 2.3) tries to summarize our thoughts discussed above in a flow-chart.

Figure 2.4 illustrates the indications for the surgical techniques preferred by us, in 
dependence of the severity of the SDB. The following chapters will discuss these tech-
niques in detail.

Nasal surgery seldomly affects the severity of OSA and is of use only in the lesser half 
of patients with primary snoring. Nevertheless, we see an indication as adjuvant therapy 
especially to facilitate a nasal ventilation therapy. Currently, we do not see an indication 
for the following procedures: uvulectomy, injection snoreplasty, cautery assisted palatal 
stiffening operation, transpalatal advancement pharyngoplasty, and tongue suspension 
procedures.

In the following, the surgical methods are discussed according to their anatomical posi-
tion, beginning with the nose and ending with the stomach. Insofar these surgical tech-
niques are not part and parcel of surgery primers; the techniques favored by the authors 
and some important techniques of other authors are elucidated.

continuous narrowing of upper airway

simple 
snoring

mild
OSA

moderate
OSA

site of obstruction

kind of surgery recommended

less invasive more invasive

diffuselocal

semere
OSA

Fig. 2.2   Continuous 
narrowing of upper airway 
modified after Moore [479]

10.1007/_3
10.1007/_10
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Fig. 2.3   Algorithm for treatment decision in adult SDB. OSA obstructive sleep apnea; AHI Apnea 
Hypopnea Index; CPAP continuous positive airway pressure; BMI body mass index

treatment wanted?

simple snoring

diagnostic work-up including sleep study

topodiagnosis

not effective

yes

calculated
surgery

OSA, AHI > 30

CPAP

not compliant

not effective

multi-level
surgery

BMI < 35

AHI £ 20

OSA,AHI £ 30

AHI > 20

BMI ³ 35topodiagnosis

minimally-invasive
calculated surgery

Fig. 2.4   Indications for different surgeries depending on the severity of SDB

AT

simple snoring moderate OSAmild OSA

continuous narrowing of upper airway

severe OSA

TE/TT children
TE/TT adults
RFT tonsils
UPPP/Flap
LAUP
RFT palate
RF-UPP
palatal implants
RFT tongue base
Hyoid suspension
tongue base res.
GG-advancement
MMO
distraction osteogen
laryngeal surgery
multi-level surgery
tracheostomy
bariatric surgery
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172.4  Concept of Continuous Narrowing of the Upper Airway 	

For each case, we present the results concerning the effectiveness of the particular tech-
nique for primary snoring and OSA separately. In isolated cases we discuss the issue sepa-
rately for children and adults.

In any case we tried to summarize the relevant data in tables. Each table displays the 
grading of the particular study according to the Oxford Centre for Evidence-based Medicine 
Levels of Evidence [535] (Table 2.2). Depending on the level of the single studies, the 
level of evidence for each surgical treatment can be determined as shown in Table 2.3. This 
level of evidence is stated in the last row of each table in the effectiveness part of each 
chapter.

A third chapter deals with the postoperative care and potential complications. We give 
pointers toward postoperative supervision and a survey of potential complications of the 
specific method. Finally, indications and contraindications are specified.

Table 2.3   Levels of evidence
A Consistent level 1 studies

B Consistent level 2 or 3 studies or extrapolations 
from level 1 studies

C Level 4 studies or extrapolations from level 2 or 3 
studies

D Level 5 evidence or troublingly inconsistent or 
inconclusive studies of any level

“Extrapolations” are where data are used in a situation which has potentially clinically important 
differences than the original study situation
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Identifying the Site of Obstruction

Joachim T. Maurer and Thomas Verse

3

For a long time, strong emphasis was laid on the importance of the topodiagnosis of the 
collapse site(s) in the upper airway, especially before choosing an adequate surgical treat-
ment method. [663, 665]. An initial classification stems from Fujita, who differentiated the 
patient pool into three types in accordance with retrovelar, retrolingual, or a combined col-
lapse site [227]. But, especially, CT investigations during sleep have demonstrated that 
this classification oversimplifies the dynamic processes occurring in the pharynx [321]. 
Yet still today, some studies advocate a rigorous preoperative topodiagnosis [529], but this 
postulate can no longer be held without reservations. This is due to the fact that the pha-
ryngeal obstruction site is not determined once and for all. It can change first between 
wakefulness and sleep, second between the different sleep stages, third depending on body 
position, fourth postoperatively after upper airway surgery, and finally in dependence of a 
person’s age [182, overview in 777]. Nevertheless, as surgical success has to be improved 
and should be far more predictable than today, topodiagnosis is still a matter of discussion 
and research. Therefore, the most important techniques of topodiagnosis will be discussed 
here censoriously.

Core Features

In order to reduce pre- and postoperative risk and morbidity, sleep surgeons try to ››
do as much as necessary and contemporaneously as few as possible. Therefore, 
the identification of the site(s) of obstruction in SDB is very important.
Pressure measurements with one or more sensors, flexible endoscopy in the ››
awake and during sedation, analysis of sounds during sleep, and various imaging 
techniques are used to identify the site of obstruction and/or the origin of 
breathing sounds.
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3.1   
Pressure Measurements

Increased respiratory effort in both children and adults can be recognized with the help of 
simple esophagus pressure measurements [745]. If these measurements are combined with 
the registration of the oro-nasal air flow, it is then possible to differentiate between central, 
mixed, and obstructive respiratory events [752]. Together with the demonstration of fre-
quent arousals in polysomnography, the esophageal pressure probe provides the essential 
tool in the verification of respiratory effort-related arousals (RERA) [710].

Initially, single flexible pressure sensors were pulled through the pharynx in order to 
identify a pharyngeal collapse site [304]. As this method turned out to be too time- 
consuming, catheters with up to six pressure sensors were developed. With these sen-
sors, it is also possible to measure nasal as well as oral airflow and to identify several 
collapse sites during a whole night recording. The multichannel pressure measurements 
using catheters of a diameter of 2 mm are well tolerated [521], affecting neither sleep 
structure [684] nor breathing during sleep [751]. Moreover, it could be demonstrated 
that the placement of the oropharyngeal sensor at the free margin of the soft palate under 
visual control was sufficient to differentiate between “upper” and “lower” obstructions. 
The distribution of the collapse sites during sleep could be reproduced in 90% of the 
individuals during a second night if there were less than 40% or more than 60% palatal 
obstructions [621]. However, “lower” obstructions cannot be differentiated into tongue 
base and epiglottic obstructions. Furthermore, when comparing the levels of obstruction 
as defined during simultaneous drug-induced sleep endoscopy, there seem to be relevant 
differences [679].

Skatvedt recommends pressure probes in the selection of patients for laser-assisted 
uvulopalatopharyngoplasty (UPPP) even though there was only minimal impact on the 
reduction of upper hypopneas [683]. In a very small sample of 14 patients, Osnes found 
a significantly better outcome after UPPP in the subgroup of 11 patients with mainly 
“upper” obstructions [533]. Tvinnereim attests pressure recordings before Coblation 
assisted upper airway procedures a better outcome even though there is no control 
group [753]. Other study groups are more cautious in regard to the predictive value, 
because postoperative shifts of the collapse site into a different pharynx level, both 
toward cranial and caudal, have been observed [303, 461, 663, 686]. In summary, pres-
sure recordings are reliable, but evidence concerning their impact on surgical outcome 
is limited.

Several reasons have been discussed for the conflicting results of topodiagnosis with 
pressure measurements in regard to the selection of patients for palatal surgery. On the one 
hand, pressure probes are incapable of recognizing segments that are already severely 
constricted but not yet totally collapsed [831]. Suratt et al. [731] observed a shift of the 
obstruction site during a single apnea phase toward caudal. Furthermore, other authors 
have registered such a high number of retrolingual obstructions that they in principle rec-
ommend the inclusion of the tongue base into the surgery concept along the lines of the 
so-called multilevel surgery [685, 830].
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3.2   
Flexible Endoscopy

A fiberoptic endoscopy of the upper airway can be administered without difficulty on the 
awake patient in sitting and supine positions. But it must be said that the results do not 
correlate with the results gained during sleep [296]. Sleep videoendoscopy is a very sophis-
ticated procedure and has to be restricted to specific indications [61, 567, 620]. 
Disadvantages of the method are, among other aspects, the reduction of the cross-section 
of the airway by the endoscope, arousal reactions due to the mechanic stimulus, visual 
obstruction by the phlegm, the simultaneous assessment of only one level of the airway, 
and the personnel-intense aspects of the procedure [296]. The Müller maneuver consists in 
the endoscopic observation of the upper airway during intensified inspiratory respiration 
with closed nose and closed mouth. While older studies considered the Müller maneuver 
as an identification method for the velar collapse type, and therefore recommended it as 
selection criterium for a successful UPPP [666], nowadays, this investigation is no longer 
regarded to have that value [60, 613, 825].

The flexible endoscopic assessment of the upper airway during pharmacologically 
induced sleep was first suggested for children [131], and later also for adults [130]. In addi-
tion to the disadvantages of an endoscopy during sleep already mentioned above, the 
employment of this procedure is further restricted by the fact that pharmacologically 
induced sleep cannot simply be equated with natural sleep [133, 435, 586]. Differences in 
collapse sites according to different sleep phases have already been mentioned. However, 
there is some evidence that at least breathing during pharmacologically induced sleep is 
not relevantly altered compared to natural sleep [636]. Furthermore, sleep endoscopy is 
able to convincingly display different patterns and sites of obstruction to surgeon and 
patient. Recent data suggest that the treatment plan may change in 40–75% of the cases if 
drug-induced sleep endoscopy is performed before treatment [280, 446]. In fact, it contin-
ues to be recommended for preoperative topodiagnosis [278]. Chisholm and Kotecha 
achieved a high success rate (90%) of LAUP eventually with tonsillectomy in 20 patients 
with moderate to severe OSA who were selected only if they demonstrated palatal or 
oropharyngeal obstruction during drug-induced sleep nasendoscopy [110]. Sleep endos-
copy with gentle mandibular advancement was shown to be a good selection tool before 
mandibular advancement device therapy [332]. Yet we do not know of any study which 
was able to convincingly demonstrate that the surgical success can actually be improved 
by virtue of such a preoperative diagnosic procedure.

According to our own experience, videoendoscopy under sedation is helpful in assess-
ing laryngeal obstructions. There is no other tool that can clearly show impaired breathing 
due to supraglottic or glottic collapse.

Another development is the digital analysis of fixated endoscopic images of the soft 
palate with the help of appropriate software. In an initial study, morphological differences 
were described in a pool of 121 primary snorers, 79 patients after LAUP, and 51 healthy 
control subjects [592]. It remains to be seen whether this concept will foster a viable 
method for the clinical routine.



22 3  Identifying the Site of Obstruction

3.3   
Analysis of the Respiratory Sounds During Sleep

In principle, a differentiation between the retropalatal and retrolingual collapse site can be 
established with the help of a recording of the respiratory sounds during sleep using Fast 
Fourrier Transfer (FFT) analyses [646]. It was possible to raise the on-target rate of the 
UPPP from 52.6% [665] to approximately 75% [646]. However, results regarding other 
interventions such as LAUP are not unanimous [68, 431]. In addition, snoring sound anal-
ysis could only identify pure tongue base snoring and not distinguish between different 
levels of obstruction as seen during drug-induced sleep endoscopy [643].

In the U.S. such a diagnostic option for the clinical routine exists in the form of the so-
called SNAP procedure [790]. The investigator has the possibility to send in an audio 
cassette with snoring sounds for both an FFT analysis and an acoustic evaluation by an 
experienced listener. The analytic criteria of the system are not open and the surgeon has 
to blindly trust the company. In Europe the working group of Osman et al. developed the 
so-called Glan Clwyd Snoring Box, an instrument to differentiate between palatal from 
nonpalatal snoring [529, 532]. There are some other systems on the market now, but none 
of them has proven its superiority over simple clinical examination as far as surgical out-
come is concerned. Nevertheless, continuous research is performed in order to clarify the 
role of sound analysis as a preoperative diagnostic procedure.

3.4   
Further Imaging Procedures

Many studies have attempted to establish the collapse site with the help of somnofluors-
copy, radiocephalometry, computer tomography, and magnetic resonance imaging. Overall, 
the mentioned imaging procedures are only of limited use in predicting the surgical suc-
cess of a UPPP [39]. Body mass and AHI continue to be decisive parameters.

Radiocephalometry is more successful in determining a retrolingual than a retropalatal 
collapse site [545, 601]. Accordingly, in the case of therapy failures after UPPP, it is pos-
sible to determine a more constricted retrolingual airway and a hyoid bone situated lower 
in relation to the mandible [602]. Both parameters also influence the success rate of nasal 
surgery in regard to the AHI in patients with mild OSA [659]. While radiocephalometry 
cannot generally be recommended as a routine form of diagnosis, it is certainly of use in 
patients with malocclusion or suspected retrolingual collapse site, and in patients who 
need to undergo surgery. An absolute indication is given before a planned maxilloman-
dibular osteotomy [39, 284].

Fluoroscopy, rapid computer tomography, and functional magnetic resonance tomogra-
phy have not been able to become part of the clinical routine, as they are too cost-intensive 
and cover a too short period of sleep. Another instrument in this context is acoustic reflec-
tometry. A probe generates a noise signal and measures the reflecting sound using a micro-
phone [181]. As the probe is flexible, it already has proven feasibility in sleeping sleep 
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apneics [183]. Unfortunately, the system is not commercially available any longer. These 
procedures remain reserved for specific lines of research [567].

Table 3.1 summarizes once more the advantages and disadvantages of the diagnostic 
procedures described above. Even though all these procedures have relevantly increased 
our understanding of and insight into the pathophysiology of OSA, their significance for 
daily practice is limited. We have essentially made the decision that in addition to the oto-
rhinolaryngological evaluation, we only perform an endoscopy during wakefulness and 
sometimes a radiocephalogram. All of the other procedures outlined above are available in 
our center, but are in need of a specific indication. More research is strongly needed in 
order to specify their potential benefits.

Table 3.1   Techniques for objective localization of upper airway narrowing

Technique During 
sleep

Quantification Disadvantages Clinical 
routine

Pressure measurements in the 
upper airway

+ + SE, limited life-span of 
the expensive probes

+

Flexible nasopharyngoscopy + (+) SE, mom +

Analysis of the respiratory 
sounds

+ + SE (+)

Cinefluoroscopy + + Rad, mom −

Rapid CT scans + + Rad, mom −

Radiocephalometry − + Rad, mom +

Acoustic reflexions + + SE, not commercially 
available

−

Rapid MRI scans + + Mom (up to 1 h) −

SE special expert knowledge necessary; mom detects only short periods of sleep; Rad exposure to 
radiation

Take Home Pearls

Pressure recordings are reliable, but evidence concerning their impact on surgical ››
outcome is limited.
Videoendoscopy under sedation is helpful in assessing laryngeal obstructions. ››
There is no other tool that can clearly show impaired breathing due to 
supraglottic or glottic collapse.
Analysis of breathing sounds during sleep has not yet proven its superiority over ››
simple clinical examination as far as surgical outcome is concerned. More 
research is requested in this field.
Various imaging procedures have relevantly increased our understanding of and ››
insight into the pathophysiology of OSA. However, their significance for daily 
practice is limited.
We only perform an endoscopy during wakefulness and sometimes a ››
radiocephalogram. All of the other procedures outlined above are available in 
our centers, but are in need of a specific indication.
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Already in the ancient world, it was known that impaired nasal airflow may lead to sleep-
disordered breathing. Hippocrates (de morbis, Liber II Sect V) described snoring, besides 
enlargement of the lateral nasal walls and croaky voice, as symptom of nasal polyposis. In 
1581, Levinus [394] reported that mouth breathing in supine position causes restless sleep. 
In 1886, Krieg [372] successfully performed a submucous septal resection under cocaine 
anesthesia in an 8-year-old girl with obstructed nose, snoring, and attacks of suffocation 
during sleep. In 1892, Cline [113] published a first case study of relief of excessive day-
time sleepiness following nasal surgery. In 1898, Wells [807] reported an increase of day-
time vigilance in 8 of 40 patients after nasal surgery.

Still today, ENT physicians are often confronted with the expectation that the restora-
tion of the nasal airway leads to an elimination or reduction of sleep-related breathing 

Core Features

A clearly defined connection between nasal breathing or nasal resistance and ››
sleep-disordered breathing does not exist; instead, the relationship is a very 
complex one.
It is difficult to measure snoring objectively. The available measurement methods ››
are cost-intensive.
Many nasal appliances are available. But in contrast to the advertised promises, ››
all of them have virtually no influence on the severity of obstructive sleep apnea 
(OSA) and are only partially successful in the case of primary snoring.
The studies for primary snoring have not been standardized. Usually, the success ››
is measured with the help of questionnaires filled out by the bed partner. The 
success rate is estimated to be about 40%. In the case of OSA, the success rate of 
isolated nasal surgery (correlated with the severity measured with the AHI) is 
approximately 10%. The subjective success rate in relation to sleep quality and 
daytime symptoms is significantly higher.
Surgery improving the nasal air passage can improve the success of continuous ››
positive airway pressure (CPAP) therapy; and in some cases, CPAP therapy is 
only made possible if this kind of surgery is performed.
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disorders. But the relation between nasal airway and SDB is very complex and, at present, 
still not completely understood in every detail. Several excellent review articles summa-
rize the current state of knowledge in regard to the role of the nose in the pathophysiology 
of SDB [590, 625, 778]. From these reviews, it can be concluded that nasal obstruction 
may have a negative impact on sleep quality; however, it can only be considered as a 
cofactor in the pathophysiology of SDB.

4.1   
Effectiveness of Treatment

4.1.1  
Effectiveness of conservative treatment

Currently, no scientific data exist in regard to the multitude of nasal oils, which are mainly 
offered over the Internet [460]. What have been researched are antiinflammatory nose 
drops [351], nasal corticosteroids [77, 128, 359], and nasal dilators [overviews in 625, 
778]. The objective data are inconsistent. Some series reported a significant reduction of 
the respiratory arousals or of the AHI; but most series did not produce a significant effect. 
Djupesland et al. [157] even reported a significant increase of the AHI from 9.3 without 
dilators to 12.2 with dilators in 18 patients with UARS.

The subjective data present a more consistent picture. For the most part, improvements 
in subjective sleep quality, daytime sleepiness, quality of life, and nonapneic snoring are 
reported [overview in 590, 625, 778].

4.1.2   
Effectiveness for Simple Snoring

Up to now, no long-term results exist concerning the effectiveness of nasal surgery in the 
treatment of SDB. Present data are mostly based on noncontrolled and nonrandomized 
studies, and do maximally fulfill a grade B of recommendation according to the criteria of 
evidence-based medicine. Some working groups provide subjective data regarding the 
impact of nasal surgery on simple snoring.

Summarizing these very inhomogeneous data which usually lack polygraphic or poly-
somnographic investigation, a noteworthy reduction or disappearance of snoring is reported 
in a few studies (Table 4.1).

Furthermore, Illum [316] reported that of the 50 patients who underwent septoplasty and 
conchal surgery 58% were snoring preoperatively and 41.5% complained of snoring 5 years 
postoperatively. From these few examples (often cited) and similar publications it is virtu-
ally impossible to estimate a success rate percentage of nasal surgery in primary snorers.

Nasal surgery may reduce the sound intensity of snoring by 5–10 dB [645]. Nasal sur-
gery improves nasal ventilation, sleep quality, and daytime vigilance [202].
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Table 4.1   Effect of nasal surgery for simple snoring

Author N Follow-up 
(months]

Method Cessation of 
snoring (%)

Reduction of 
snoring (%)

EBM

Fairbanks [188]   13 12 Q 53.8 38.5   4

Fairbanks [187]   47 No data Q   76.6   4

Ellis et al. [169] 126 6–24 Q 31.0 57.1   4

Low [425]   30 4–12 VAS (0–10) 50.0     3b

Woodhead and  
Allen [821]

  29 1.5 VAS (0–10)   69.0   3b

Grymer et al. [245]   26 3–6 Q 50.0     3b

Elsherif and  
Hussein [171]

  96 6–9 Q 50.0 39.6   4

Bertrand et al. [50]     8 12 VAS (1–4)   87.5   3b
All 375 1.5–24   41.9 85.3   B

VAS Visual Analogue Scale; Q questionnaire; EBM Evidence based-medicine

4.1.3   
Effectiveness for OSA

Only few case reports exist on cures of OSA after nasal surgery [163, 272, 677]. On the other 
hand, already in 1977, Simmons et  al. [675] reported about cases with no significant AI 
reduction despite considerable subjective improvement of nasal breathing and sleep quality.

Up to the year 2008, 14 studies on nasal surgery for OSA have been found which pro-
vide data on pre and postoperative AI or AHI (Table 4.2). Altogether, 272 patients were 
included in the studies. For the entire group the postoperative AHI showed hardly any 
changes compared to baseline. The follow-up periods were for the most part short and 
lasted from 1 [629] to 50 months [770]. In only two studies [361, 629], a statistically sig-
nificant improvement of the severity of OSA after nasal surgery alone was found. In four 
other studies with a total of 30 patients, an increase in the severity of OSA was noticed 
postoperatively (Table 4.2), which was not statistically significant in all studies. We 
recorded a noticeable worsening of OSA in two patients with polyposis nasi after parana-
sal sinus surgery [771]. Despite the reconstitution of nasal breathing, the AHI rose from 
14.0 before to 57.7 after surgery. Both patients developed excessive daytime sleepiness 
and required nasal continuous positive airway pressure (CPAP) therapy. Similar cases after 
septorhinoplasty have been reported by Dagan [132] and Balcerzak et al. [36].

Lavie et al. [388] reported on 14 patients with OSA who all underwent only septoplasty. 
OSA severity did not change after surgery, but 12 of their 14 subjects showed improved 
sleep quality in the polysomnography and reported less daytime fatigue.

In our prospective study including 26 patients we did not observe any significant change 
in AHI as well [770]. In contrast, nasal resistance (anterior rhinomanometry at 150 Pa) was 
significantly reduced after surgery (p = 0.0089) and daytime sleepiness decreased as well. 
The Epworth Sleepiness Scale (ESS) was ranked 11.9 before surgery and fell to 7.7 after 
nasal surgery (p = 0.0004). Despite a reduced nasal resistance, the severity of OSA increased 
in four patients. Using Sher’s criteria [665] (reduction of AHI > 50% and to values <20), only 
3 of 19 patients with OSA (15.8%) were classified as cured after isolated nasal surgery.
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Other studies report cure rates of nasal surgery for OSA between 0 [28, 771] and 33% 
[138]. In the literature, raw data for 76 patients with OSA are available. Using Sher’s cri-
teria the cure rate of these patients is only 17.5%.

To sum it up, patients may be allocated to two groups. With the vast majority of patients, 
the normalization of nasal resistance leads to a positive impact on the well-being and the 
sleep quality, however not on the severity of OSA. Even a worsening of the condition has 
been described. In a smaller number of patients, an improvement, in some cases even heal-
ing, of an existing OSA can be achieved. Reliable criteria to identify responders have not 
yet been found. Therefore, the prediction of success of a rhinosurgical treatment for an 
individual with sleep-disordered breathing is currently not possible.

4.2   
Postoperative Care and Complications

A discussion of the complications and the specific postoperative follow-up treatment after 
rhinosurgery lies beyond the scope of this book. For this, we refer the reader to the specialized 
rhinological literature.

Yet in connection with SDB the issue of nasal packing needs to be addressed. In the 
case of primary snoring and mild OSA, nasal packing usually does not present a problem 
[84]. However, in the elderly patient with moderate-to-severe OSA (AHI > 30), the AHI 

Table 4.2   Effect of nasal surgery on the severity of obstructive sleep apnea

Author N Follow-up AHI pre AHI post p-Value EBM

Rubin et al. [629]     9 1–6 37.8* 26.7* <0.05 4

Dayal and Phillipson [138]     6 4–44 46.8 28.2 n.s. 4

Caldarelli et al. [89]   23 No data 44.2* 41.5* n.s. 4

Aubert-Tulkens  
et al. [28]

    2 2–3 47.5* 48.5* – 4

Sériès et al. [658]   20 2–3 39.8 36.8 n.s. 4

Sériès et al. [659]   14 2–3 17.8* 16* n.s. 4

Utley et al. [760]     4 No data 11.9 27 – 4

Verse et al. [771]     2 3–4 14 57.7 – 4

Friedman et al. [221]   22 >1.5 31.6 39.5 n.s. 4

Verse et al. [770]   26 3–50 31.6 28.9 n.s. 4

Kim et al. [361]   21 1 39 29 <0.0001 4

Balcerzak et al. [36]   22 2 48.1 48.8 n.s. 4

Nakata et al. [490]   12 No data 55.9 47.8 n.s. 4

Virkkula et al. [785]   40 2–6 13.6 14.9 n.s. 4

Koutsourelakis et al. [367]   49 3–4 31 31 n.s. 4
All 272 1–50 33.0 31.8   C

AHI Apnea Hypopnea Index; n.s. not statistically significant; EBM level of evidence-based medi-
cine; *Apnea Index
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may increase if nasal packing is used for epistaxis or after surgery. In older publications, 
even vital complications have been reported [93, 812]. The danger is especially prevalent 
in the first 6 h postoperatively [46]; therefore, the patient needs to be postoperatively moni-
tored during this phase. Yet in the opinion of the authors, a monitoring in an intensive care 
unit, even in the case of severe sleep apnea after multiple surgeries on the upper airway 
with nasal packings in situ, is only necessary in individual cases. For the specific anesthe-
siological procedures in the case of sleep-apneics, see Chap. 13.

If patients with a preoperatively existent CPAP-obligatory OSA receive nasal packing 
postoperatively, then it is recommended that the continuation of the CPAP ventilation 
should be done either via a combined mouth nose mask (fullface) or via an oral mouth-
piece. Dorn et al. [161] investigated the use of such an oral CPAP application in a pilot 
study including five patients with severe OSA (mean AHI  =  54.5) whose noses were 
packed after nasal surgery. Oral CPAP ventilation proved to be effective and safe.

4.3   
Indications and Contraindications

Unfortunately, we as yet do not know any factors which can predict success. Low [425] 
did not find any influence of either preoperative severity of nasal obstruction, preop-
erative intensity of snoring, preoperative collapsibility of the soft palate, or degree of 
reduction of nasal obstruction on the postoperative result. In seven of 14 patients with 
mild OSA, Sériès et al. [659] found that a radiocephalometry revealed narrowing of the 
airway space behind the tongue (PAS) and an increased distance from the mandible to 
the hyoid bone. Three months after nasal surgery, a comparison of those with and with-
out anatomical abnormalities showed that those with normal anatomy experienced a 
significant improvement in sleep and respiratory parameters (AHI, Arousal Index). In 
patients with pathological radiocephalometric findings however, both indices remained 
unchanged after surgery. The authors conclude that the presence of craniomandibular 
abnormalities makes it unlikely that nasal surgery will improve mild obstructive sleep 
apnea.

In our hand the following approach has proved its feasibility. Dealing with simple snor-
ers the prescription of a nasal appliance, in other words an internal or external dilator, may 
help to identify those patients who benefit from nasal surgery in regard to snoring. If the 
appliance helps the surgery will probably do as well [185].

In case of OSA we only perform nasal surgery if the patient subjectively suffers from 
impaired nasal breathing, and we inform the patient preoperatively that nasal surgery alone 
seldom cures OSA. Apart from that nasal surgery frequently is necessary to facilitate or 
enable nasal CPAP treatment.

Otherwise, palatal surgery seems to influence nasal patency and resistance. Antila et al. 
[24] described a tendency of higher postoperative values of midnasal volume in baseline 
and decongestion recordings indicating that the conchal area is more patent after laser-
assisted uvulopalatoplasty. Using rhinomanometry, other authors found a significantly 
lower nasal resistance 3–6 months [347] and 18 months [805] following UPPP.

10.1007/_13
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4.4   
Impact of Nasal Surgery on Nasal CPAP Treatment

There are only a few papers reporting on the effect of nasal surgery on the requested CPAP. 
Apart from several case reports [452, 612, 817], Series et al. [658] reported on seven patients 
who needed nasal operations before they were able to tolerate the nCPAP treatment.

Powell et  al. [578] designed a prospective, randomized, double-blind, placebo-controlled 
clinical study in 22 patients comparing the effect of an interstitial radiofrequency treatment 
(RFT) of the nasal turbinates vs. a sham operation. Both, nasal breathing and the self-reported 
CPAP adherence (p = 0.03) was statistically superior in the verum group 4 weeks after surgery.

Table 4.3 summarizes the current knowledge about the effect of isolated nasal surgery 
on effective CPAP. Because of the limited number of patients, the data have to be regarded 
as preliminary. However, there is a trend that surgical improvement of nasal breathing is 
able to reduce the required CPAP.

Convenient results were reported by Biermann [52] who retrospectively compared the 
charts of each 35 severe sleep apneics with and without septoplasty and turbinoplasty. All 
patients were on nasal CPAP ventilation. In the group of patients who underwent a nasal opera-
tion, the requested CPAP was 1.5 mbar lower (p < 0.01), and the mean duration of daily use 
was 0.8 h longer (p < 0.01) as compared to the control group. Similar results were reported in 
a prospective Spanish study including 182 nCPAP users with septal deformities [179]. Either 
medical or surgical therapy was offered to these patients. The outcome was that patients treated 
with septoplasty became more compliant with their nCPAP than those medically treated.

The influence of an increased nasal resistance on initial acceptance of nCPAP in treat-
ment for SDB has been shown by two prospective studies using active anterior rhinoma-
nometry [490, 727]. Sugiura et  al. [727] studied 77 patients with OSAS who received 
nCPAP. The CPAP therapy was accepted by 56 patients. BMI, AHI, and ODI were signifi-
cantly higher (p < 0.01) and nasal resistance was lower (p = 0.003) in patients who accepted 
nCPAP than in those who did not. Logistic regression analysis, with patient age, BMI, ESS 
score, AHI, ODI, and nasal resistance before CPAP treatment as explanatory variables, 
showed that nasal resistance (NR + 0.1 Pa/cm3/s: 1.48; p = 0.002) and AHI (NR + event/h: 
0.93; p = 0.003) were significant factors for CPAP nonacceptance.

Table 4.3   Effect of nasal surgery on effective continuous positive airway pressure (CPAP)

Author N CPAP pre (cm H2O) CPAP post (cm H2O) p-Value

Mayer-Brix et al. [452]   3   9.7   6.0 No data

Friedman et al. [221]   6   9.3   6.7 <0.05

Dorn et al. [161]   5 11.8   8.6 <0.05

Masdon et al. [441] 35   9.7   8.9 n.s.

Nakata et al. [490]   5 16.8 12.0 <0.05

Zonato et al. [845] 17 12.4 10.2 <0.001
All 71 11.0   9.1  

n.s. not significant
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Nakata et al. [490] performed nasal surgery in 12 males who were refractory to treat-
ment with nCPAP. 41 OSA patients with nCPAP were used as control. Nasal surgery resulted 
in a significant decrease in nasal resistance and in a significant reduction of ESS score.

All cited reports agree that the requested nasal CPAP can be statistically significantly 
reduced by nasal surgery. In several cases, nasal surgery improves the patients’ compliance 
regarding a necessary CPAP treatment. Therefore today, in most sleep medical centers 
nasal surgery is included in a comprehensive treatment concept of OSA [221].

4.5   
Conclusion

Nonsurgical or operative reduction of nasal resistance significantly improves the well-
being, daytime fatigue, and sleep quality of the persons concerned; moreover, the number 
of arousals can be reduced. The number of apneas and hypopneas hardly alters within the 
group of patients.

Recapitulating the rhinosurgical data of patients with SDB, the authors would like 
to make the following conclusions. The success rate of only nasal surgery for simple 
snoring is not available and the success rate for OSA seems to be much less than 20%. 
The reasons for the low success rates have been articulated by Hoffstein et al. [286]: 
“Neither the site of obstruction during apneas nor the site of generation of snoring is in 
the nose.” As a consequence, we perform nasal surgery only in patients who complain 
of nasal obstruction and impaired nasal breathing either during wakefulness or during 
sleep.

Nevertheless, rhinosurgery occupies a valid position in sleep medicine in those cases 
where it is necessary to optimize a CPAP therapy, or to make it available to the patient in 
the first place.

Take Home Pearls

For only about 40% of the patients, nasal surgery reduces snoring to a socially ››
acceptable level. Nasal appliances may help to identify appropriate candidates 
for surgery.
In patients with OSA, surgical improvement of nasal breathing has hardly any effect ››
on the number of apneas and hypopneas and on snoring. On the other hand, sleep 
quality and daytime fatigue frequently improve after nasal surgery. This is why any 
nasal surgery requires postoperative sleep studies to determine the severity of OSA.
Nasal surgery is commonly used to optimize a necessary nasal CPAP treatment. ››
The reduction of nasal resistance increases compliance of nasal CPAP ventilation. 
Therefore nasal surgery should be included in a comprehensive treatment concept 
of OSA.
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Cephalometric analysis of patients with obstructive sleep apnea (OSA), simple snorers, 
and normal controls does not show any significant differences concerning nasal structures 
[42]. In contrast, Donnelly et al. [159] found significantly reduced nasopharyngeal patency 
and significantly enlarged adenoids in 16 young sleep apneics as compared to 16 age-
matched controls. In childhood, adenoidal hypertrophy is a common feature predisposing 
SDB. Pediatric OSA is equally common in both sexes [507, 799]. Today, there is evidence 
that the relative adenoid size strongly correlates with the severity of OSA in children [74, 
261, 323]. A positive correlation between snoring and adenoid size was already described 
more than 20 years ago [281, 451, 695].

Apart from enlarged adenoids [836], antral choanal polyps (ACP) may cause snoring 
or even OSA in children. Only a few cases have been described with snoring of children 
as a symptom of ACP [103, 374, 528], and only three well-documented cases of pediatric 
OSA caused by ACP exist in the literature [66, 618, 638]. Crampette et al. [129] reported 
on two children with snoring suffering from sphenochoanal polyps. Gong et  al. [238] 
described an 11-year-old girl with retropharyngeal lipoma with OSA (AHI = 13.9) and 

Core Features

(Adeno)tonsillar hypertrophy and its surgical removal will be discussed in Sect. ››
6.1.1 in Chap. 6.
In children, apart from enlarged adenoids, antral choanal polyps are the main ››
cause for nasopharyngeal obstruction. In adults, case reports describe various 
tumors of the nasopharynx as the cause of obstructive sleep apnea (OSA).
Topical nasal steroids have proven to be helpful in children with enlarged ››
adenoids. Nasopharyngeal tubes are effective as well but are afflicted with minor 
compliance rates. Surgical removal of adenoids or other nasopharyngeal tumors 
is the treatment of choice.
In adults, complete obstruction of the nasopharynx rarely occurs. The treatment ››
is mainly surgery.

10.1007/_6
10.1007/_6
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growth reduction (BMI = 16.9 kg/m2). Six months after successful surgery, BMI increased 
to 18.9 kg/m2 (no postop PSG).

In adults, however, a complete obstruction of the nasopharynx rarely occurs. Piccin 
and Sorrenti [562] report on a 73-year-old female with OSA (AHI = 43, ESS = 15), obe-
sity (BMI = 32), and nCPAP incompliance. Her retropharyngeal lipoma was operated. 
After 1 month, all symptoms disappeared (AHI = 12, ESS = 4). They cite three other 
cases with OSA because of a retropharyngeal lipoma in a 36-year-old man [5], in a 
56-year-old man [152], and in a 64-year-old man [285]; all were cured of OSA after 
tumor removal.

5.1   
Effectiveness of Treatment

5.1.1   
Corticosteroids

Intranasal corticosteroids have been demonstrated to reduce adenoid size, independent 
of the individual’s atopic status [77, 510]. To sum it up, there seems to be some evidence 
of an improvement in the severity of OSA in children treated with intranasal corticos-
teroids, but further studies are needed before such therapy can be routinely 
recommended.

5.1.2   
Nasopharyngeal Tubes

Already in 1981, Afzelius et al. [2] reported about two patients with severe OSA cured by 
self-intubation with a nasopharyngeal tube during sleep. The tubes were individually fitted 
under fiberoptic visualization with a 3.0–4.0  mm uncuffed latex pediatric endotracheal 
tube that extended from the nares to a level 5 mm above the epiglottis. Within 6-months 
follow-up, no complications were found.

Nahmias and Karetzky [488] treated 44 patients with OSA with nasopharyngeal tubes. 
At 4-months follow-up, 44% of the patients still tolerated their tubes. The AI was reduced 
by 62.3%. Responder rates were given as 36.4%, which is higher than the rhinosurgical 
success rates. The reason for this high responder rate might be the splinting of the nasophar-
ynx, which is not affected by rhinosurgery.

Masters et al. [442] described the successful use of a modified nasopharyngeal tube to 
relieve upper airway obstruction in nine infants with Pierre-Robin sequence, isolated 
micrognathia, Down’s syndrome, and idiopathic generalized hypotension. The well-
tolerated tube allows simultaneous use of oxygen prongs. The tube was required for a median 
of 6 months in children with Pierre-Robin sequence (N = 6) and for up to 15 months for the 
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other infants. Apart from three infants who experienced regurgitation of feeds into the 
nasopharyngeal tubes in the initial period, no other complication occurred.

5.2   
Surgical Treatment

Khalifa et al. [358] have reported that enlarged adenoids may be associated with ventila-
tory impairment which is reversible after adenoidectomy. However, the correlation 
between adenoid hypertrophy and OSA is not as obvious. Data on the not-always-suffi-
cient efficacy of isolated adenoidectomy in cases of pediatric OSA have been reported 
by Nieminen et  al. [507] in a controlled, prospective, nonrandomized clinical trial. 
Fifty-eight snoring but otherwise healthy children aged 3–10 years with symptoms sug-
gestive of OSA underwent polysomnography twice, namely before and 6 months after 
surgery. A second group of 30 nonsnoring, healthy children served as controls. Twenty-
one children with an obstructive AHI greater than 2 underwent adenotonsillectomy. 
Seventy-three percent of the children operated on (16/21) had had previous adenoidec-
tomies, which had not resolved the obstructive symptoms, or the symptoms had begun 
after the adenoidectomy. The epipharynx was checked intraoperatively during the ade-
notonsillectomy, and none of the children appeared to have substantial regrowth of the 
adenoidal tissue. In other words, an isolated adenoidectomy does neither seem to be as 
effective as an isolated tonsillectomy nor as a combined adenotonsillectomy for OSA. 
Nevertheless, isolated adenoidectomy has been shown to improve mental performance 
in children [538].

In the cited cases of ACP, OSA resolved after paranasal sinus surgery. However, this 
origin of OSA is too rare to recommend paranasal sinus surgery as standard procedure for 
OSA.

5.3   
Postoperative Care and Complications

This issue will be discussed in context with combined adenotonsillectomies in Sect. 6.1.1 
in Chap. 6. Apart from the evidence stated there, no reports exist of OSA-related prob-
lems after isolated adenoidectomy within the peri- and postoperative period. 
Adenoidectomy is usually performed on an outpatient basis, the documentation of a stan-
dardized bleeding history prior to surgery is strongly recommended before adenoidec-
tomy [651]. Most problems occur after adenoidectomy in early life and in obese children 
[261, 313, 444].

For pain control, diclofenac turned out to be superior to paracetamol in small children 
[33]. We have good first-hand experience with diclofenac, and with ibuprofen.

10.1007/_6
10.1007/_6
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5.4   
Indications and Contraindications

As stated in Sect. 6.1.1 in Chap.  6, children with severe OSA show reduced neurocog-
nitive performance, which is reversible after combined adenotonsillectomy [209]. In 
the treatment of OSA, adenoidectomy alone is not as effective as combined adenoton-
sillectomy. Therefore, we prefer and recommend the combined procedure if OSA has 
been diagnosed. This applies also to children younger than 3 years, even though the 
incidence of postoperative complications is higher after tonsillectomy in this age group. 
This fact means that children under 3 years require more intensive postoperative 
monitoring.

Less is known about children who snore but do not suffer from severe upper airway 
obstruction. Recently, two controlled studies indicated that, compared to normal controls, 
children who snored but were otherwise healthy showed reduced neurocognitive and aca-
demic performance [57, 758]. In these cases without any other clinical symptoms of sleep-
disordered breathing apart from regular snoring we perform an isolated adenoidectomy in 
our pediatric patients.

Take-Home Pearls

Adenoidectomy is a highly effective treatment for pediatric snoring and OSA, ››
justifying its use as first-line treatment. Often it is combined with tonsillectomy 
or tonsillotomy (Sects. 6.1.1 or 6.1.2 in Chap. 6).
Postoperative risk after adenoidectomy is much less than after tonsillectomy, ››
justifying its use for simple snoring.

10.1007/_6
10.1007/_6
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6.1.1   
Tonsillectomy and Adenotonsillectomy

Thomas Verse

It seems certain that one of the main reasons for obstructive sleep apnea (OSA) in children 
is obstructive tonsillar hypertrophy [382, 765, 837]. It has been demonstrated previously 
that adenotonsillectomy (ATE) during childhood cures OSA with high efficiency. In adults, 
a strong correlation between tonsillar hypertrophy and the severity of OSA has been dem-
onstrated as well [220, 846, 847]. However, it is not as clear to what extent tonsillectomy 
(TE) is effective in these latter cases. For this reason, the issue will be discussed separately 
for children and adults.

Furthermore, surgical techniques such as tonsillotomy (TT) [309], intracapsillary TE, 
and different interstitial thermal ablation techniques [495] have recently been (re)

6.1

Core Features

(Adeno)tonsillar hypertrophy occurs much more frequently in children than it ››
does in adults. Therefore, this issue is discussed separately.
Concerning simple snoring, only a few studies investigate the influence of ››
adenotonsillectomy (ATE) on breathing sounds. Data originate in part from 
controlled studies; these studies document an efficiency of ATE for simple snoring.
(Adeno)tonsillar hypertrophy is the most common etiology for pediatric ››
obstructive sleep apnea (OSA). Accordingly, (adeno)tonsillectomy is often 
performed as first-line treatment of OSA in children. Cure rates are high.
With tonsillotomy (TT) and interstitial radiofrequency treatment (RFT), less ››
invasive surgical alternatives for ATE are available (see Sects. 6.1.2 and 6.1.3).
Substantial tonsillar hypertrophy is a rare condition in adulthood. Data for simple ››
snoring do not exist. In contrast, a strong correlation between tonsillar 
hypertrophy and severity of OSA has recently been described.

K. Hörmann, T. Verse, Surgery for Sleep Disordered Breathing,
DOI: 10.1007/978-3-540-77786-1_6.1, © Springer Verlag Berlin Heidelberg 2010
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introduced into the field of sleep surgery. These new developments give this issue new 
topicality. As interstitial radiofrequency surgery is a completely different operative tech-
nique, it will be discussed separately in Sect. 6.1.3.

6.1.1.1    
Children

Effectiveness of Treatment

Effectiveness for Simple Snoring

Surprisingly, there are only a few studies focusing on the efficacy of tonsilar surgery for 
simple snoring. This might be due to the reason that sleep studies are much more diffi-
cult to perform in children than in adults. Many studies do not precisely differentiate 
between simple snoring and OSA. Another problem consists in the lack of established 
and validated objective measurement techniques to analyze snoring sounds. Table 6.1.1 
summarizes the data and quality of studies focusing on (adeno)tonsillectomy for simple 
snoring (Table 6.1.1).

What to be mentioned especially is the work by Hultcranz and colleagues [309] who, in 
a randomized study, investigated the efficacy of TT compared to TE. In both study arms, 
snoring had not reappeared in the majority of children postoperatively after a year. Only 
two of the children continued snoring after the TT, both 6 and 12 months postoperatively. 
This would seem to point to an advantage of the conventional TE compared to TT. But the 

Table 6.1.1   Efficiency of pediatric tonsillar surgery for simple snoring

Author N Follow-up 
[months]

Surgery Method No more 
snoring

EBM

Ahlquist  
et al. [4]

85 1–12 TE Q 90.5% 4

Swift [732] 20 1 ATE Q 95% 4
Agren  

et al. [3]
20 12 ATE Q 95% 4

Hultcrantz  
et al. [309]

20 12 TT (N = 21)  
vs. TE 
(N = 20)

Interview All: 95.1% 
90.5%  
vs. 100%

2b

Helling  
et al. [274]

99 2–24 Laser-TT Q 88% 4

Coticchia  
et al. [125]

10 1 ATE (N = 10) 
vs. AT + RFT 
tonsils 
(N = 13)

VAS 0 –10 VAS pre:  
7.4  
VAS post: 
1.0

2b

All 254 1–24     91.0 B

ATE combined adenotonsillectomy; TE tonsillectomy; TT tonsillotomy; Q questionnaires; VAS 
visual analog scale
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difference was not statistically significant. Yet the postoperative morbidity rate in children 
who underwent TT was significantly lower in comparison with those who received con-
ventional surgery.

Coticchia et al. [125] compared TE with interstitial radiofrequency treatment (RFT) of 
the tonsils, both groups combined with adenoidectomy (AT). Results in regard to snoring 
were similar, but the TE group suffered from significantly more postoperative pain and 
body weight loss

In a third controlled study, Stradling et al. [711] examined 61 children before and 6 
months after ATE, as well as 31 healthy, age-matched children at the beginning of the 
study and 6 months later. In the group of the children having received surgery, the oxygen 
saturation and the movement time during sleep, as well as various subjective parameters, 
were normalized to the level of the untreated, healthy children. An improvement of intel-
lectual performance and – in the case of a preexisting developmental deficiency – an accel-
eration of the maturing process were also found [107, 247].

Interesting in this context is the finding of Tzifa and colleagues [753] that TE during 
childhood does not reduce the likelihood of becoming an adult snorer.

Effectiveness for OSA

The number of childhood adenotonsillectomies performed in Europe and the United States 
has declined over the last two decades. At the same time, the indications for ATE have 
undergone a transition: while fewer operations have been performed for recurrent inflam-
mation, there has been a percentual increase in ATE performed for relief of obstructive 
symptoms [627, 628]. The spontaneous resolution of OSA secondary to adenotonsillar  
hypertrophy without surgery has been reported at only 9% [4] within a 1-year observation 
period [4].

Therefore, ATE is the most common major surgical procedure performed on children 
[364, 544]. The number of papers providing data of sleep studies as well pre as postopera-
tively are to many to abstract them well arranged in a table. Various recent reviews under-
line the importance of ATE as first-line treatment for pediatric OSA [67, 391, 470, 668]. In 
the first edition of this book we calculated the mean surgical success rate in otherwise 
healthy children with pediatric OSA as 85.8%.

In 2003, in the form of a Cochrane evidence-based medicine (EBM) review [415], Lim 
and McKean reviewed 196 references concerning ATE for OSA in children. They did not 
find one single randomized trial, which means that they could not verify any results. Today 
there is more information; Table 6.1.2 summarizes all controlled studies available (dead-
line 1.1.08).

All in all, we found raw data of 356 otherwise healthy children who underwent ATE as 
an isolated procedure for OSA. All selected studies showed significant improvements in 
respiratory parameters postoperatively. In mean the apnea hypopnea index (AHI) fell from 
12.3 to 2.7 after surgery. Apart from the data assembled in Table 6.1.2, it has been shown 
that craniofacial deformities are common in children with adenotonsillar hypertrophy, and 
improve significantly with surgical treatment of the airway obstruction [3]. Görür et al. 
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[239] illustrated that adenotonsillary disease with OSA symptoms leads to right and/or left 
ventricular enlargement and hypertrophy which resolved after ATE. In addition, ATE was 
shown to have a long-term effect on quality of life in pediatric patients with sleep disor-
dered breathing (SDB) (review worth reading: [229, 473]).

Guilleminault et al. [249] compared different pediatric surgeries for OSA in a retro-
spective investigation of 400 consecutively seen children. ATE turned out to provide the 
best results.

However, in those studies in Table 6.1.2 that provide corresponding figures, the success rate 
of isolated ATE is “only” 75%. Risk factors for persisting OSA are high baseline AHI [669, 
735], overweight [471, 669, 735], and other morbidities like Prader Willi syndrome [549].

In some children, obstructive symptoms reoccur years later. Postoperative increase of 
body mass index (BMI) and overweight were recently identified as risk factors for recur-
rent disease [21]. In this context, Guimaraes et al. [254] described increased lingual tonsils 
after prior TE. In a follow-up study performed after an average 7.5 years, Guilleminault 
found radiocephalometric evidence of anatomic anomalies, particularly behind the tongue 

Table 6.1.2   Controlled trials investigating the effect of ATE on the severity of obstructive sleep apnea 
(OSA) in children

Author N Follow-up 
[months]

Age 
(years)

surgery AHI 
pre

AHI 
post

Success 
(AHI 
< 5)

EBM 
grade

Control  
group

Stradling  
et al. [711]

61 6 2–14 ATE   3.6 1.5 No data 3b N = 31 no 
treatment

Ali et al. [8] 12 3–6 6–12 ATE   3.0 1.4 No data 3b N = 11 no 
treatment

Nieminen  
et al. [507]

27 6 2–10 ATE   6.9 0.3 77.8 3b N = 30  
no treat 
ment

Montgomery-
Downs  
et al. [477]

19 4 4.4 ATE 10.1 1 100 2b N = 19  
no treat 
ment

Chervin  
et al. [107]

78 12 5–13 ATE   7.3 1.1 No data 3b N = 27  
no treat 
ment

Coticchia  
et al. [125]

10 3 2.6–12.5 ATE   7.7 0.3 No data 2b N = 13 RFT 
tonsils 
+ AT

Tauman  
et al. [735]

110 1–15 1–16 ATE 22 6 71 3b N = 20  
no treat 
ment

Mitchell and 
Kelly [472]

39 5.1 3.1–15.6 ATE 17.1 2.4 72.0 3b N = 33  
obese ATE

All 356 1–15 1–15.6 ATE 12.3 2.7 75.0 B  

AHI apnea hypopnea index; EBM evidence-based medicine; RFT interstitial radiofrequency treatment; 
AT adenoidectomy
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(PAS) and in the mandible, as an explanation for recurrence of OSA [247]. Another reason 
contributing to the recurrence of OSA may be AT in conjunction with unilateral TE. In 
these cases, the remaining tonsil may undergo hyperplasia, as adenoids may regrow [671]. 
Guilleminault [251] reported recurrent OSA during the pubertal growth spurt in adoles-
cents who as children had undergone ATE for relief of adenotonsillar hyperplasia and OSA 
and who had been free of obstructive symptoms over several years.

These findings show that children treated successfully with ATE for OSA should con-
tinue to be monitored, particularly those in families with a history of bite abnormalities, 
which reach their full manifestation during puberty.

6.1.1.2   
Postoperative Care and Complications

In general, TE seems to be a procedure with low morbidity in the otherwise healthy child 
[810]. However, there are some reports suggesting that there may be an increased periop-
erative morbidity in some children with OSA after ATE [392, 455, 628, 640]. Risk factors 
are obesity, age below 3 years, Down’s syndrome, congenital heart defect, asthma bronchi-
ale, craniofacial anomalies, and cerebral deficiencies [669, 691, 701, 715, 733]. These 
children require intense postoperative monitoring for at least 24 h [392, 455, 626]. In some 
of these cases, a postoperative bilevel positive airway pressure ventilation within the 
immediate postoperative period has been shown to avoid the risk of reintubation and 
mechanical ventilation [220].

As minor complications, laryngospasm, nasopharyngeal hemorrhage, and transient air-
way obstruction have been described after ATE for OSA in children [631].

Indications and Contraindications

After several studies have demonstrated that children who suffer from snoring perform 
weaker in school than their nonsnoring peers [57, 240, 470, 758], and that these deficits 
can be eliminated with an ATE [108, 209, 210, 471, 477], a reevaluation process has begun 
in relation to when an ATE is indicated. Today, we receive far more referrals for an ATE 
than several years ago.

Based on the available data, we continue to regard ATE principally indicated for chil-
dren with primary snoring.

In the treatment of pediatric OSA, TE, often in combination with adenotomy, belongs 
to the most successful surgical procedures, despite a lack of sufficiently large randomized 
studies. The cure rate of ATE as an isolated procedure in normal weight children lies at 
approximately 85–95%. We consider surgical indication given in the case of verified OSA 
even if no clinical evidence of hypertrophy of tonsils and/or adenoids impresses, since the 
clinical findings correlate only weakly with the extent of the functional obstruction [4, 72, 
387]. Children with OSA suffering from trisomy 21 [436] or sickle-cell anemia [639] also 
profit from an ATE.

In a retrospective analysis of 400 cases of pediatric OSA persistent SDB was found 
in 14.5% after various treatment modalities [249]. Adenotonsillectomy was performed 
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in only 68% of the cases, but showed the best results. Nevertheless, after ATE, there 
also remained some nonresponders. In a second prospective survey, the same working 
group [250] proved that multidisciplinary evaluations of the anatomic abnormalities 
(i.e., mandibular deficiencies, etc.) before surgery lead to better overall treatment 
results.

6.1.1.3   
Adults

Effectiveness for Simple Snoring

Still no sufficient data exist in the literature documenting any positive effect of isolated TE 
on simple snoring in adults. Fairbanks reported one single case of complete resolution of 
snoring in an adult patient [188]. On the other hand, Tzifa et al. [754] considered whether 
TE could affect snoring, no matter what age and the indication of surgery are. One thou-
sand people took part in their study and filled out questionnaires. The prevalence of snor-
ing was 12.5–48% depending on age, mainly in men. In 19.8% of the cases, TE had already 
been performed, usually in childhood. TE did not at all reduce the likelihood of becoming 
an adult snorer.

Effectiveness for OSA

Since substantial hypertrophy of the palatine tonsils is rare in adults, there are only a few 
studies available (Table 6.1.3).

All of the studies listed in Table 6.1.3 are case series and furnish raw data. All in all, 
there are 95 complete sets of data of sleep apnea patients who exclusively underwent TE. 
Counting all ten studies together, the average number of breathing events per hour of sleep 
sank from preoperative 49.5 to postoperative 7.8. This difference is statistically highly 
significant (p < 0.0001). In accordance with the success criteria of Sher [665], this amounts 
to a healing rate of 80.0% in this selected patient pool.

Although the EBM grade of recommendation is low, it can be inferred from these data 
that a massive tonsillar hyperplasia is rarely seen in adults, but if it exists, TE for the treat-
ment of OSA is almost as successful as in childhood.

6.1.1.4   
Postoperative Care and Complications

TE is a standard procedure. The complications and the specific aftercare are sufficiently 
described in otolaryngological surgery handbooks. Specific aspects in the peri and postop-
erative management of patients with SDB will be discussed in Sect. 13.

Anyway one problem is worth mentioning. TE patients suffer from substantial pain 
within the first 10 days after surgery. Therefore, a sufficient pain treatment is mandatory. 

10.1007/_13
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In this context, Thorneman and Kervall [744] showed significant advantages of a basic 
oral pain treatment with paracetamol (750 mg × 6) and diclofenac (50 mg × 3) compared 
to a regimen in which patients received analgetics only on demand. On the other side, a 
potentially increased risk of postoperative hemorrhage after TE is discussed with the use 
of nonsteroidal anti-inflammatory drugs (NSAID). Recently, Krishna et al. [373] pub-
lished a meta-analysis concerning this topic. Data of seven prospective, controlled trials 
including 1,368 patients were analyzed. Apart from aspirin there appeared no significant 
increased risk of postoperative bleeding for nonaspirin NSAIDs in this meta-analysis.

6.1.1.5   
Indications and Contraindications

As already mentioned, unfortunately no evidence exists in the literature for the efficiency of 
TE in the treatment of primary snoring. Nevertheless, every otolaryngological surgeon is 
familiar with individual cases, in which a socially disruptive snoring has disappeared after 
solitary TE. In contrast to this stands a significant postoperative morbidity. Our own analyses 
have shown that on average our patients need analgetics for 12 days after a conventional TE. 
The literature reports a risk of postoperative bleeding of up to 6.1% [819]. We have become 
extremely cautious with the indication of conventional TE in the case of primary snoring as 
radiofrequency surgery and TT procedures with a lower morbidity rate are available today.

In adulthood, a massive tonsillar hyperplasia is rare. If it does occur, a TE (without 
any additional procedures) will be helpful in any case. From the presented data, we 

Table 6.1.3   Effect of TE on the severity of OSA in adults

Author N Follow-up  
(months)

AHI pre AHI post Success (%) EBM  
grade

Orr and Martin [526]   3 1–30 55.5a   9.8a 100 4

Rubin et al. [629]   5 2–6 50.9a 26.6a   40 4

Aubert-Tulkens  
et al. [28]

  2 1–15 31.1a 18.9a   50 4

Moser et al. [486]   4 2–43 20.1a   7.5a   75 4

Houghton et al. [297]   5 1–3 54.6   3.6 100 4

Miyazaki et al. [474] 10 No data 14.0   3.0   4

Verse et al. [769]   9 3–14 46.6 10.1 88.9 4

Martinho et al. [440]   7 3 81.0 23.0 85.7 4

Nakata et al. [491] 30 6 69.0 30.0 No data 4

Nakata et al. [489] 20 6 55.7 21.2   4
All 95 1–43 49.5   7.8 80.0 C

AHI apnea hypopnea-index
aThese study used the apnea index (AI)
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have come to the conclusion that we always recommend a TE in the case of a  
medium-to-severe form of OSA. Also, in the case of mild OSA, we see an indication 
for a tonsillar procedure if one site of obstruction on the level of the oropharynx is 
suspected.

Take Home Pearls

ATE is a highly effective treatment for pediatric snoring and OSA, justifying its ››
use as first-line treatment.
Main risk factors for persistent or recurrent disease are substantial overweight, ››
Down’s syndrome, craniofacial deformities, and age below 3 years. This patient 
population requires intense follow-up care and postoperative monitoring.
In adults with OSA, TE is always indicated if the site of obstruction is suspected ››
to be at the level of the soft palate.
In adults suffering from simple snoring, less invasive surgical procedures are ››
recommended in order to minimize postoperative morbidity and complication 
rates.
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6.1.2   
Tonsillotomy

Thomas Verse

Within the last 10–15 years, a significant amount of research in tonsil surgery has focused 
on postoperative pain and recovery times [362]. Of growing interest are the recent reports 
about tonsillotomy (TT), specifically for those patients suffering from SDB due to ade-
notonsillar hypertrophy. There is no standard technique for TT so far. Various surgeons 
recently described their individual surgical technique. All of these techniques require sig-
nificantly less pain medication and allow the patient to return far more quickly to normal 
oral feeding as compared with conventional tonsillectomy. Within the following chapter, 
we abstract the available data using the umbrella term TT.

6.1.2.1   
Surgical Technique

The basic principle of all these techniques consists in saving the pseudocapsula of the 
tonsils by performing the resection strictly within the tonsillar tissue. As a consequence, 
more or less tonsillar tissue remains in the patient. Technical aids such as bipolar electro-
surgical scissors [786], radiofrequency ablation [96, 174, 176, 306], argon-plasma sup-
ported monopolar surgery [302], various lasers [138, 149, 274, 308, 315, 322, 756], and 
the microdebrider [120, 150, 363, 418, 692, 694, 696] have been recommended so far.

Core Features

With tonsillotomy (TT), a less invasive surgical alternative to ATE is available. ››
Terms such as partial tonsillectomy, intracapsular tonsillectomy, or subtotal 
tonsillectomy describe individual techniques of tonsillotomy.
The technique employed (laser, radiofrequency, bipolar scissors, cold steel, or ››
others) does not seem to be relevant with regard to effectiveness and 
postoperative morbidity.
In comparison with conventional (adeno)tonsillectomy (ATE), (adeno)››
tonsillotomy (ATT) causes less pain, less postoperative weight loss, and less 
disturbance to quality of life.
Preliminary results assume comparable effectiveness for both ATE and ATT with ››
regard to sleep-disordered breathing.
The most important and frequent contraindication for ATT is chronic tonsillitis. ››
As this condition rarely occurs in young children, TT is of particular interest in 
pediatric SDB.
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Sobol and colleagues [692] compared microdebrider-assisted TT with monopolar electro-
cautery tonsillectomy. The former turned out to take over 4 min longer (16.9 vs. 20.9 min).

6.1.2.2 
Effectiveness for Simple Snoring

Ericsson et al. [174] restudied 92 children 1 and 3 years after radiofrequency-assisted TT 
(N = 49) and conventional tonsillectomy (N = 43). The authors describe comparable effects 
for both techniques with regard to snoring, quality of life, infections, and long-term 
changes in behavior. After 3 years, two children of the TT group were tonsillectomized, 
one because of peritonsillitis and the other of increased snoring.

Hultcrantz et al. [307] conducted the first controlled study comparing laser-assisted TT 
(N = 21) with conventional tonsillectomy (N = 20) in 41 children with SDB focusing on 
postoperative pain and effectiveness. Results in respect of snoring and breathing obstruc-
tion were almost the same in both groups after a 1-year follow-up. The same patients were 
reevaluated after 6 years [308]. The number of children who remained free from snoring 
decreased from 40 after the first year to 25 after 6 years (11 TT vs. 14 TE). The authors 
conclude that both surgical techniques show comparable results with regard to snoring 
both in the short and the long term. In a similar controlled study [149], comparable results 
concerning snoring were achieved 3 months and 2 years after laser-assisted TT and con-
ventional tonsillectomy. Another noncontrolled series of 36 children [315] described a 
successful release of snoring after laser-assisted TT in 91% of the cases. Follow-up time 
varied between 4 weeks and 4 years.

Koltai and colleagues [363] conducted a retrospective case series including 107 chil-
dren after tonsillectomy and 243 children after microdebrider-assisted TT. Both operations 
turned out to be equally effective in relieving SDB.

6.1.2.3 
Effectiveness for OSA

Today there is some evidence that TT increases quality of life in children and in teenagers 
with OSA both in the short and the long term. Smith et al. [689] used the OSA-18 question-
naire [693] and the Brouilette Score [76] to measure quality of life in 30 age-matched 
controls and 92 children with OSA before and after adenotonsillectomy (ATE; N = 30), 
isolated adenoidectomy (AT; N = 30), and adenotonsillotomy (ATT; N = 32) (EBM 3b). 
Quality of life parameters improved postoperatively in all three patient groups after sur-
gery. ATE and ATT improved quality of life parameters similarly, resulting in a quality of 
life comparable with the healthy control group. AT, however, was less effective than ATE 
and ATT in this trial. Ericsson and co-workers confirmed comparable large improvements 
in quality of life in adolescents and young adults (age 16–25 years) after both tonsillec-
tomy and TT in the short-term as well as in the long-term follow-up [175, 176]. The most 
recent study used the OSA-18 questionnaire 3 months and 1 year after microdebrider-
assisted TT in 50 children [120]. The total and individual domain scores were significantly 
improved at both postoperative intervals.
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Vlastos et al. [786] conducted a 2-year prospective study including 243 children after 
TT and 780 children after tonsillectomy (EBM 3b). Data on weight, patient satisfaction, 
and recurrence of obstructive symptoms were studied in each of 60 randomly selected 
subjects. Short-term satisfaction was comparable in both groups. Interestingly, in the long 
term the authors found that twice as many children in the TT group developed obstructive 
symptoms again, resulting in 3.5% of the patients who were offered a tonsillectomy. In 
this context a regrowth of tonsillar tissue after partial tonsillectomy (tonsillotomy) was 
recently estimated at 3.2–17% [96, 696, 756] in groups of 42–278 children (all studies 
EBM 4).

The only study so far [140] to provide polysomnographic data includes 29 normal 
weight children with OSA (age: 2–9 years). Exclusion criteria were obesity, craniofacial 
abnormalities, or other pulmonary, cardiac or metabolic diseases as well as a positive his-
tory for recurrent tonsillitis. All children underwent a laser-assisted tonsillotomy with 
adenoidectomy (ATT). The mean AHI decreased from 14.9 ± 8.7 (± standard deviation) 
before surgery to 1.1 ± 1.6 twelve months after surgery. All children fulfilled the criteria of 
surgical success (AHI <5).

6.1.2.4  
Postoperative Care and Complications

In a retrospective analysis the overall major complication rate after TT in 870 children was 
calculated as 0.009%, whereas the overall major complication rate (0.9%) was much 
higher in 1,121 children after conventional tonsillectomy [694].

The techniques employed (various lasers, coblation, radiofrequency, cold steel, or 
others) seem to be secondary factors in relation to the observed lowered postoperative 
morbidity. It seems assured that TT causes much less pain and weight loss as com-
pared with conventional tonsillectomy in the postoperative period [139, 149, 150, 176, 
306, 307, 363, 692, 786]. In this context Lister et al. [418] conducted a prospective, 
randomized, double-blind, matched pair, clinical trial. In 25 children the authors per-
formed a TT on one side and a conventional tonsillectomy on the other side. There was 
a 100% correlation between the side of otalgia and the side of conventional 
tonsillectomy.

Ericsson et al. [177] examined presurgical child behavior ratings and pain management 
after conventional tonsillectomy and laser-assisted TT. SDB influenced children’s behavior, 
but there was no relation to postoperative pain. The surgical method used predicted pain bet-
ter than the child’s behavior rating did. Interestingly, the nurses underestimated the pain 
experienced by the child. In this context, the reduction of postoperative morbidity and pain 
after TT is very important.

It remains to be seen in how far TT also reduces the risk of postoperative hemorrhage. 
The current trend points in this direction [149, 302, 315, 786].

Helling et al. [274] did not observe severe complications such as scarred tonsillar crypts 
and tonsillar abscesses in a survey compassing 826 children after laser-assisted TT with a 
follow-up of up to 11 years.
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6.1.2.5  
Indications and Contraindications

Yet at present TT is only indicated in the case of noninflammatory tonsillar hypertrophy. 
Chronic tonsillitis is still considered to be a contraindication [140, 242, 274, 696]. 
Randomized studies show comparable results with regard to quality of life for both TT and 
conventional tonsillectomy. The only trial providing polysomnographic data [140] as well 
points to a comparable success rate of TT measured against conventional tonsillectomy for 
pediatric OSA.

Apart from those for adolescents and very young adults (age <25 years), no studies 
exist investigating the effectiveness of TT in adults. Because of this fact TT does not play 
a significant role in the treatment of adult SDB.

Owing to the advantages mentioned above the author strongly prefers TT over conven-
tional tonsillectomy in pediatric SDB. This applies to both diagnoses: simple snoring and 
OSA.

Take Home Pearls

Tonsillotomy (TT) shows a similar effectiveness with regard to pediatric SDB as ››
compared with conventional tonsillectomy.
The intra- and postoperative morbidity after TT is much less than after ››
conventional tonsillectomy, especially in children.
Unless the patient’s history is unsuggestive for chronic tonsillar inflammation, ››
the author always performs a TT for pediatric SDB.
Data on the use of TT in adults are rare.››
In adults we prefer conventional tonsillectomy due to the higher incidence of ››
chronic tonsillitis and other affections of the tonsils.
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6.1.3   
Interstitial Radiofrequency Treatment (RFT)

Boris A. Stuck and Thomas Verse

Radiofrequency techniques use high-frequency alternating current to either cut or coagulate 
tissue. If used as an interstitial treatment, a needle electrode is inserted submucosally into 
the soft tissue. By applying radiofrequency energy, a thermal lesion is created followed by 
scar formation. Depending on the tissue that has been treated, this results in either stiffening 
or shrinking. To differentiate this kind of surgery from cutting radiofrequency procedures, 
we will use the term interstitial radiofrequency in the following.

Within the scope of sleep surgery, interstitial radiofrequency treatment (RFT) has been 
established in the treatment of the inferior turbinates [406, 759], the soft palate [577], and the 
base of tongue [575, 576]. Little is known about its use in the treatment of tonsillar 
hypertrophy.

The analysis of the current literature is complicated because of the lack of standardiza-
tion in surgical techniques and its nomenclature. In terms of surgical approaches to the 
palatine tonsils, radiofrequency surgery is frequently used not only for interstitial treatment 
but also for partial (tonsillotomy) or total tonsillectomy (e.g., coblation). Those techniques 
will be discussed in the corresponding chapter of this book, while in the following sections, 
only interstitial thermotherapy with radiofrequency energy will be presented.

Core Features

Interstitial radiofrequency treatment (RFT) uses high-frequency alternating ››
current to induce thermal lesions and tissue necroses. Bipolar and monopolar 
systems exist.
In sleep surgery, RFT is used within the nasal turbinates, the soft palate, the base ››
of tongue, and the tonsils. Submucosal scarring results in a stiffening of the soft 
palate and tongue base. Within lymphatic tissue (tonsils) and within the nasal 
conchae, RFT achieves an additional reduction in tissue volume.
RFT of the tonsils can easily be performed under local anesthesia. Sedation and a ››
perioperative antibiotic prophylaxis are recommended.
RFT of the tonsils achieves a 40–75% reduction of tonsillar volume. Preliminary ››
results are comparable to tonsillectomy in regard to reduction in AHI and 
subjective snoring.
Within the first days after surgery, a swelling of the tonsils occurs. Pain killers ››
are needed for 1–2 days. Complications are minimal.
RFT of the tonsils meet our criteria of minimally invasive surgery.››
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6.1.3.1   
Principles of Interstitial Radiofrequency Surgery

The principle of interstitial radiofrequency surgery lies in the submucousal application of 
radiofrequency energy (low frequency radio waves) via a mono- or bipolar application 
needle. This induces thermal lesions and tissue necroses (Fig. 6.1.3.1).

In vivo, this results in a tissue necrosis and a perifocal edema, which can be nicely 
imaged in the MRI (Fig. 6.1.3.2).

Currently, a limited number of systems is available using different methods of energy 
application (mono vs. bipolar). The energy application can furthermore be either controlled 
or uncontrolled. The controlled procedures include among others somnoplasty (temperature 
controlled – Somnus, Gyrus ENT, Bartlett, IL), the Celon system (resistance controlled – 
Celon AG Medical Instruments, Teltow, Germany), and the reusable devices provided by 
Sutter (resistance controlled – Sutter Medizintechnik, Freiburg, Germany).

Fig. 6.1.3.2   Radio 
frequency lesion and 
perifocal edema in the MRI 
(TIRM-sequence)

Fig. 6.1.3.1   Interstitial 
application of radiofre-
quency energy via a bipolar 
needle electrode (turkey hen 
meat). System Celon 
(RFITTR, Celon, Teltow, 
Germany)
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The Somnus system is the system that has by far received the most evaluations as it was 
the first system to be introduced in sleep surgery. Radiofrequency energy is delivered at 
465 kHz using a specially constructed needle electrode and monopolar delivery system 
(Fig. 6.1.3.3). A thermo element is integrated into the tip of the electrode that continuously 
measures the surrounding tissue temperature. The tissue target temperature is set by the 
surgeon. While in the case of electrocoagulation, tissue temperatures of above 500°C are 
reached; with Somnoplasty, it is possible to generate temperatures significantly below 
100°C. The lesion size can be regulated via power setting and energy input.

The Celon system regulates the energy input by means of the tissue resistance. It consists of 
a bipolar system (Fig. 6.1.3.3) with both electrodes in the needle tip, separated by an isolating 
element (Fig. 6.1.3.1). A neutral electrode is not necessary. With the help of the applied radio
frequency energy (300 kHz to 2 MHz), the water is thrust out of the tissue. As a result, the 
tissue resistance increases. If the system is used on a high power level, resistance increase 
rapidly, resulting in a smaller lesion. This means that for larger lesion, e.g. at the tongue base 
or the tonsils, lower power levels need to be set compared to the nasal concha or the soft palate, 
where smaller lesions are needed. A comparable method of energy control is used by the reus-
able bipolar probes of the Sutter system, using two separate probes in one needle.

Furthermore, a multitude of uncontrolled systems are available for interstitial radiofre-
quency surgery wherein the energy is applied under manual control only. This means that for 
these systems a certain measure of surgical experience is needed in order to determine the ideal 
energy input. Popular instances of this type of systems are for example the Plasma Coblation 
System (ENTec, Arthrocare, USA) or the Ellman system (Ellman International, Oceanside, 
CA). Unfortunately, almost no studies exist which evaluate the safety level of these systems.

6.1.3.2 
Surgical Technique

In adults, surgery is usually performed under local anesthesia as an outpatient procedure 
(these systems can also be used to treat hypertrophic tonsils in children). Surgery is per-
formed in a sitting position. In order to treat potential complications, an intravenous line is 

RF-Generator
Monopolar

RF-Generator
Bipolar

Electrode 2

Electrode 1Active electrode

Neutral electrode

Insulting layer

Fig. 6.1.3.3     Mono (i.e., Somnus) and bipolar (i.e., Celon, Sutter) systems for interstitial radiof
requency surgery
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established. The patient may be sedated according to the patients or the surgeons’ choice. 
We prefer Midazolam i.v. for sedation under monitoring with pulse oximetry and ECG.

A superficial disinfection may be performed, and then local anesthesia is executed. We 
use Prilocaine 2% with suprarenine (1:200,000). According to size, each tonsil is infiltrated 
with approximately 5 mL local anesthetic. In our opinion, due to the frequent hypersaliva-
tion, the use of a surface anesthetic delivered as a spray has not proven to be advantageous.

The technique is similar to that used at other sites. A needle electrode is inserted into 
the lymphatic tissue of the tonsil. Depending on the size of the tonsil and the technical 
device used, four to eight lesions are created per side (Fig. 6.1.3.4).

We regularly used the Celon system for tonsil reduction (Celon AG medical instru-
ments) applying 7 W per lesion with a total amount of 4–8 lesions per side.

Regardless of the system used, the amount of swelling in the initial postoperative period 
exceeds the initial reduction, which means that tonsil size may be equal or larger than the 
preoperative size. Therefore, we do not recommend using radiofrequency techniques on an 
outpatient basis in patients with kissing tonsils. Tonsil shrinkage occurs between the first 
and third week after surgery. A view at 3 weeks postoperatively is shown in Fig. 6.1.3.5.

Like most authors, we perform a single stage procedure, whereas Nelson recommends 
a second procedure in some cases [495, 496].

6.1.3.3 
Effectiveness for SDB

The calculated reduction of the tonsil size is specified as ranging from 51.1 [215] to 75.0% 
[497]. Pfaar et al. measured tonsil size with sonography and found a volume reduction of 
40% [560]. Nelson described improvements in daytime sleepiness (79%), subjective snor-
ing (81%), and in the Epworth Sleepiness Scale (70%) 3 months after surgery in 12 
patients. These results remained constant after 6 and 12 months in the same population 
[496]. In children the same author found an improvement in quality of life parameters up 
to 1 year after surgery.

Concerning the effectiveness of isolated radiofrequency surgery of the tonsils for 
obstructive sleep apnea (OSA), only a small number of studies are available. 

Fig. 6.1.3.4   Application pattern for RFT 
of the tonsil
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Nelson performed an interstitial RFT of the tonsils, combined with an adenoidectomy, in 
10 children [497]. The apnea hypopnea index (AHI) decreased not statistically significant 
from 8.8 to 4.2 one year after surgery. Additionally, he found improvements in daytime 
sleepiness and in the obstructive sleep apnea-18 questionnaire score. A recent randomized 
controlled trial compared effectiveness and postoperative morbidity between temperature-
controlled radiofrequency surgery and standard tonsillectomy (in both cases including 
adenoidectomy) in a group of 23 children with OSA [125]. The authors reported compa-
rable results in terms of clinical efficacy. The mean RDI improved from 7.7 to 0.3 in the 
tonsillectomy group and from 7.6 to 1.6 in the radiofrequency group (total amount of 
energy: 13,681 J per treatment). Improvement of daytime sleepiness was comparable in 
both groups. Postoperative morbidity was less in the radiofrequency group, especially with 
regard to the return to normal diet.

Fischer et al. [201] performed multilevel interstitial radiofrequency therapy of the soft 
palate, base of tongue, and tonsils in 15 sleep apneics. All patients received 16 treatment 
sites with a total dose of 9,750 J (somnoplasty). The AHI significantly decreased from 32.6 
to 22.0 after surgery. Using Sher’s criteria, 20% were regarded as cured after the proce-
dure. Nevertheless, the specific effect of tonsil reduction in this population can not be 
established due to the combined approach.

6.1.3.4 
Postoperative Care and Complications

To avoid infections, we recommend a perioperative (e.g., cephazolin i.v.) and a postopera-
tive oral antibiotic prophylaxis for 5 days (i.e., penicillin). In some cases, corticosteroids 
are needed to reduce postoperative swelling; nevertheless, we discourage the regular use 
of corticosteroids in radiofrequency surgery. There is no specific postoperative care. 
Patients are recommended to consume ice cream or to suck ice cubes to reduced postop-
erative swelling. Postoperative morbidity has been estimated by Nelson [495] and by 
Friedman et al. [215]. The patients reported pain for up to 2 days after surgery. Pain killers 
were needed for 1–2 days. On average, the patients returned to normal activity within 1–2 
days or after 2.4 days respectively. Friedman et al. compared postoperative morbidity of 

Fig. 6.1.3.5   RFT of the tonsils. Right tonsil: 
preoperative situation. Left tonsil: situation 3 
weeks after surgery
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radiofrequency surgery, tonsil coblation, and with standard tonsillectomy in terms of pain 
days, narcotic-days, and days before return to normal diet and activity and found a sub-
stantial reduction in postoperative morbidity in the radiofrequency and coblation group 
compared to “cold” dissection [215]. In a randomized prospective study of Pfaar et al. 
[560], postoperative morbidity, blood loss, and procedure time were compared between 
bipolar interstitial radiofrequency surgery and standard tonsillectomy in a group of 137 
patients. The amount of tonsil reduction assessed with sonography was reported as 40%. 
Postoperative pain, dysphagia, speech problems, and intraoperative blood loss were sig-
nificantly less in the radiofrequency group compared to the standard tonsillectomy group, 
and the procedure time was less in the radiofrequency group. Nevertheless, as clinical 
efficacy was not assessed, the significance of the study is limited.

Interstitial radiofrequency surgery of the tonsils is a safe procedure. Intraoperative 
blood loss ranges from minimal (<20 mL) to none. Up to now, other working groups and 
the authors have not seen any postoperative bleedings after radiofrequency of the tonsils 
[215, 495, 497]. Only Fischer et al. [201] described the formation of a tonsillar abscess. 
Admittedly, the lymphatic tissue tends to develop postoperative edema and the upper air-
way may be obstructed immediately after surgery. Therefore, overnight observation is 
recommended in cases of kissing tonsils and especially in children.

6.1.3.5 
Indications and Contraindications

Interstitial radiofrequency surgery of the tonsils is a minimally invasive procedure with 
low postoperative morbidity resulting in a substantial shrinking of tonsillar tissue. In 
children, the technique competes with different tonsillotomy techniques. Both techniques, 
interstitial radiofrequency and tonsillotomy, have to be performed under general anesthe-
sia. Both techniques require overnight observation. Controlled interstitial radiofrequency 
surgery is still an expensive technique because the majority of applicators are single-use 
instruments. Therefore, we rarely perform interstitial radiofrequency surgery in 
children.

In adults, the procedure can easily be performed under local anesthesia on an outpatient 
basis. According to the underlying anatomy we regularly perform combined procedures on 
the tonsils, the soft palate and in selected cases the base of tongue in patients with simple 
snoring and mild OSA.

Exclusion criteria for interstitial radiofrequency procedures are asymmetrical tonsillar 
hypertrophy with suspected malignancy, a history of peritonsillar abscess, and patients 
with a clear history of repeated tonsillar infections [215], the latter being a relative con-
traindication to our understanding. In moderate or severe OSA in adults, interstitial radio
frequency surgery alone is in most cases not sufficient.
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Take Home Pearls

Initial postoperative swelling may lead to upper airway compromise. There RFT ››
of the tonsils should not be performed in kissing tonsils on an outpatient basis.
Volume reduction is substantial but less as compared to tonsillectomy and ››
tonsillotomy.
Preliminary results in regard to sleep-disordered breathing are promising.››
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6.2Uvulopalatopharyngoplasty (UPPP)

Wolfgang Pirsig and Thomas Verse

No surgical procedure for the treatment of SDB has received more research attention than 
uvulopalatopharyngoplasty (UPPP). Since the first UPPP for snorers by Ikematsu in 1963 
[314] and the introduction of a more radical procedure for OSA by Fujita et al. [224], sev-
eral modifications that aim at reducing the excessive tissue components of the soft palate 
mostly combined with tonsillectomy have been published. These early modifications of 
UPPP were mostly radical, indicated without patient selection, and did not address the 
often concomitant tongue base level and the lateral velopharyngeal segment collapse. This 
resulted in unsatisfying outcomes, several long-term side effects, and often a deterioration 
of the SDB. Recently, the first study of the long-term quality of life outcomes of a group 
of 49 unselected patients who underwent UPPP between 1980 and 1983 for OSA at 
Stanford University has been published [235].The details of the various complications and 
insufficiencies still present 17–20 years after a radical UPPP are rather shocking and will 
be discussed later.

Core Features

Since 1963, UPPP has been performed for SDB. Since 1981, it is used to treat OSA.››
The human soft palate has many physiological functions, which need to be ››
preserved by a gentle surgical technique, saving the palatal muscles.
UPPP is effective for simple snoring. Long-term results (>3 years) show ››
satisfaction rates of more than 70%. However, short-term success rates are even 
higher. This means that the effect of UPPP in regard to diminishing socially 
inacceptable snoring ceases within the first year after surgery.
For OSA, if the tonsils are still present, UPPP always with tonsillectomy is the ››
surgical standard procedure. No other surgical technique has been investigated 
more intensively so far. As in primary snoring, the effect of UPPP ceases within 
the first year after surgery. Long-term success rates are about 50%.
UPPP with and without tonsillectomy causes postoperative morbidity. The pain ››
requires analgetic drugs for a mean of 12 days.
Various complications have been described after UPPP. Most of them can be ››
avoided by a careful surgical technique preserving the palatal muscles.
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In the last two decades of the twentieth century, most UPPP procedures (summary in: 
[186]) included the resection of too much velar tissue, which is important for functions 
such as phonation, and nonphonetic functions [199] as swallowing, lubrication, blowing, 
playing wind instruments, whistling, coughing, gagging, withholding a sneeze, or modi-
fying the resistance of the mouth. To achieve these functions, a complex synergism of 
the palatal and pharyngeal muscles [300], of muscle spindles in the palatoglossus mus-
cles and tensor palati muscle [375], of an intact sensory innervation of the palatal 
mucosa, and of small submucosal salivary glands is necessary. The velum with the uvula 
is especially needed for the transport of the mucus from the nasal septum into the phar-
ynx [312].

In the last 15 years, histological research of the palatal tissues revealed an irreversible 
polyneuropathy in patients with OSA, and functional studies showed a significant impair-
ment in sensory detection threshold for OSA vs. control subjects in the oropharynx, 
velopharynx, and at the larynx (summarized in [142, 504]). From these anatomico-patho-
logical and functional data, one can conclude that any type of aggressive surgery to the 
velum in patients with OSA will enhance the preexisting polyneuropathy.

With this anatomico-pathological and physiological knowledge of the soft palate  
in mind, a tissue preserving technique of UPPP, partially based on Ikematsu’s proce
dure  [314], is presented here, which we have successfully utilized since 1996 in  
selected patients with SDB and with a minimum of long-term side effects [75, 569].  
This is achieved by protecting the anterior palatine arch and the uvula in its muscle con-
taining part.

6.2.1   
Surgical Technique

UPPP with or without tonsillectomy is performed under general anesthesia with the patient 
in the Rose’s position (supine with head hanging) and without an infiltration of the soft 
palate with vasoconstrictive additive and local anesthetic. Partial uvulectomy can be per-
formed at the beginning or at the end of the operation. To do it at the end may mean to 
shorten a possibly edematous uvula. The uvula tip is grasped and pulled tonguewards. In 
this way, the muscle bellies can clearly be distinguished, and the excessive mucosa of the 
uvula tip can be cut off without touching the musculi uvulae. The uvula stump is sewed 
together with a 3-0 double Vicryl suture (Fig. 6.2.3).

The incision into the mucosa of the anterior pillar is performed with a semicircular 
movement in the oral fold of the palatoglossus muscle, approximately 2 mm away from the 
free edge, 1 cm to the uvula base. Then the fibers of the M. palatoglossus are dissected 
from the tonsil. Tonsillectomy follows, in which the posterior tonsilar pillar is initially 
preserved (Fig. 6.2.1).

The posterior tonsilar pillar is partially incised (Fig. 6.2.2), precisely at the site of 
maximum tension of the palatopharyngeus muscle as felt by pulling the posterior pillar 
with a forceps toward the curvature of the anterior pillar. As a result, the posterior pil-
lar opens up in a “V” shape, which produces a lengthened posterior pillar edge to be 
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sewed together with the anterior pillar (Fig. 6.2.2). Now the two pillars can easily be 
sutured together without tension. This double suture combines mucosa and muscula-
ture of the anterior pillar (1), of the lateral pharyngeal wall (2), and of the posterior 
pillar (3) with braided, absorbable, atraumatic thread (e.g., VicrylR 2-0 SH or 2-0 SH1 
or PolysorbR 2-0 X). Usually three sutures per side are sufficient to close the  
curvature of the joined pillars leaving open the inferior tonsillar fossa. With  
these sutures, the posterior tonsilar pillar is moved toward lateral and toward oral. This 
results in a semi-elliptical soft palate (Fig. 6.2.3) with a functioning uvula. Finally, 
redundant mucosa on both sides of the uvula is removed, and the mucosal wound is 
sewed (Fig. 6.2.4).

Fig. 6.2.1   Incision along the caudal edge of the left palatoglossus muscle, with scalpel No. 11 (left). 
Situation after tonsillectomy with preservation of the posterior pillar (right)

Fig. 6.2.2   Incision of the posterior tonsilar pillar laterally to the uvula (left). Suture of both tonsilar 
pillars with 2-0 absorbable, atraumatic thread (right)
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Conclusion: This procedure of UPPP with tonsillectomy preserves all velar muscles 
and sacrifices only a minimum of velar mucosa. The careful adaptation of the mucous 
membrane folds guarantees a controlled healing of the wound. A less vibrating new velum 
with a shortened functioning uvula has been created with a lateralized superior posterior 
pillar and the horizontal edge of the velum more in an anterior position. Together with the 
tonsillectomy an enlargement of the upper airway caliber at the velopharyngeal level has 
been achieved without adding more damage to the new velum with its preexisting poly-
neuropathy in patients with OSA. With this alternative procedure of UPPP there is no 
rationale for radical UPPP [568] (Fig. 6.2.4).

Fig. 6.2.4     Resection of minimal amounts of excessive mucosa on the left posterior pillar (left). 
Final result after adaptive suture (right)

Fig. 6.2.3   Resection of the redundant mucosa of the uvula
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In the meantime, UPPP plus tonsillectomy according to the above technique has been 
performed in Ulm, Mannheim, and Hamburg on more than 600 patients suffering from pri-
mary snoring and OSA. As the main postoperative complication, bleeding occurred in 0.7% 
of the patients. Up to now, no long-term velopharyngeal insufficiency or nasopharyngeal 
stenosis has been observed. For a bit over 10% of the patients a follow-up nCPAP therapy 
was necessary. In none of the cases was the therapy impaired by an oral air leakage.

When employing more radical techniques (Fig. 6.2.5), as they have still been suggested 
since the 1980s, permanent velopharyngeal insufficiencies in up to 24% of cases [257], 
nasopharyngeal stenoses in up to 4% [344], and nCPAP therapy failures as a result of oral 
leakage [262, 485] have been described. The permanent subjective complaints as sequelae 
of these radical UPPP techniques even after 17–20 postoperative years are described by Goh 
et al. [235] and support our opinion that no indication exists for a radical UPPP today.

6.2.2   
Effectiveness for Simple Snoring

Numerous studies have been published regarding the efficacy of isolated UPPP for pri-
mary snoring. Here also the definitions of what constitutes surgical success differ 
immensely; in the following, we therefore have to restrict ourselves to the compilation of 
studies with long-term data. In our understanding, only follow-ups of at least 3 years can 
be regarded as long-term data. The existent data are summarized in Table 6.2.1.

Two studies [282, 393] also include short-term results from the identical patient pool. 
Respectively 87% and 76% were classified as responders. This percentage fell in the long-
term follow-up to respectively 46% and 45%. Accordingly Hassid et al. [270] recently 
described decreasing success rate with increasing follow-up periods.

Combining the values for “snoring reduced” and “no snoring” results in a long-term 
success rate of 73% for isolated UPPP in the treatment of primary snoring, based on the 
data of all 868 patients included in Table 6.2.1. But this figure has to be considered with 
caution, due to the fact that the diverse evaluation criteria are extremely heterogeneous. 
Accordingly, the success rates vary in the cited studies between 44 and 91%.

It was possible to objectively corroborate a reduction of the alpha-EEG arousals after 
UPPP in the case of nonapneic snoring [62]. Janson and colleagues [327] found reductions 
in daytime sleepiness and fatigue in 155 nonapneic snorers following UPPP.

Fig. 6.2.5      Radical or aggressive UPPP technique according to Simmons et  al. [676] (left and 
center). Specimen resected after Martin et al. [439] (right)



64 6.2  Uvulopalatopharyngoplasty (UPPP)

EBM: evidence-based medicine

6.2.2.1 
Comparison of Different Soft Palate Surgical Techniques

Chabolle and colleagues [97] included in the same follow-up study also patients after 
LAUP. The groups were comparable in regards to age, gender, and BMI. With 44%, the 
success rate (complete elimination or satisfactory reduction of snoring) was identical in 
both groups. But the general satisfaction with the surgery was significantly higher in the 
UPPP group than in the LAUP group. The reasons remained unclear. On average, in the 
LAUP group 4.2 treatment sessions (UPPP only one) were necessary, and the rate of 
unwelcome side effects was slightly higher. Nevertheless, the authors conclude that both 
procedures are suited for the treatment of primary snoring.

An objective analysis of the respiratory sounds during sleep furnished a similar success 
rate for UPPP and LAUP, both for short-term (2–11 months) and long-term (29–56 months) 
follow-up assessment [530, 531].

Lysdahl and Haraldson [430] prospectively performed UPPP or LUPP in 121 patients. Both 
techniques achieved significant improvement of subjective parameters such as snoring, awak-
enings, apneas, daytime sleepiness, and sleep spells driving at short-term follow-up (3 months). 
UPPP was superior to LUPP for all clinical effect parameters. Five to eight years after surgery, 
all subjective parameters except sleep spells while driving worsened with the years, with UPPP 
again showing better long-term results. Similarly, in the study of Hagert and coworkers [259] 
the conventional UPPP yielded significantly better results for snoring than LUPP.

Table 6.2.1   Long-term results of UPPP for primary snoring

Author N Follow-up 
(years)

No more 
snoring 
(%)

Snoring 
reduced 
(%)

No 
change 
(%)

Snoring 
worse 
(%)

EBM

Macnab et al. 
[432]

118 3–7 55 22 20 3 4

Levin and 
Becker [393]

  69 1.5–7 46 11 43 0 4

Chabolle et al. 
1998 [97]

  39 3–7 44 No data No data No data 3b

Hultcrantz 
et al. [307]

  30 5–7   8 77 15 0 4

Hagert et al. 
[259]

254 1–8 18 73   9 0 4

Pasche et al. 
[547]

100 4 52 26 22 0 4

Hicklin et al. 
[282]

201 2–10 19 25 36 19 4

Hassid at al. 
[270]

  57 5 12 68.5 19.5 No data 4

All 868 1.5–10 29.8 43.1 29.4 8.1 C
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6.2.3   
Effectiveness for OSA

Only few prospective studies (with the level of evidence 4) exist covering long-term results 
of up to 9 years after UPPP. As with the other techniques, the comparability of these data 
is made problematic due to varying success criteria. Almost unanimously, all authors find 
a discrepancy between adequate subjective improvement of their symptoms and nearly 
unchanged objective sleep parameters after UPPP. Therefore, a polygraphic or polysomno-
graphic postoperative evaluation is necessary after one to three years.

Every surgeon should study the excellent survey by Sher et al. 1996 [665]. The authors 
used as success criteria an AHI < 20 and a reduction of the AHI of at least 50% (or analo-
gously: AI < 10 and AI < 50%). For the nonselected patient pool this meta-analysis yielded 
a surgery success rate of 40.7%. In the selected group with clinically suspected obstruction 
solely on the level of the soft palate, a success rate of 52.3% was found. For the most part, 
these data are based on short-term results.

Data concerning long-term success are summarized in Table 6.2.2 (worth reading 
review in [566]).

Table 6.2.2 impressively demonstrates that the effect of UPPP on the severity of OSA 
decreases over the years. As a consequence of these findings, we and other study groups infer 
the necessity of a long-term sleep medical control of the patients after UPPP. The employed 
success criteria are again heterogeneous. If one combines those data from Table 6.2.2, which 
use Sher’s success criteria [665], this yields a long-term success rate of 49.5% for isolated 
UPPP including tonsillectomy in the treatment of OSA. Nowadays, one can rightly assume 
a positive long-term effect of isolated UPPP, possibly in connection with a tonsillectomy.

Recently Maurer [450] published a meta-analysis showing that a simultaneously per-
formed tonsillectomy doubles the success rate of UPPP for OSA. Five studies including 
269 patients (N = 155 with vs. N = 114 without tonsillectomy) were cited in this analysis 

Table 6.2.2   Long-term results after UPPP for OSA using Sher’s criteria of success

Author N  
short

N  
long

Follow-up 
short 
(months)

Follow-up 
long  
(years)

Success 
short  
(%)

Success 
long  
(%)

Criterion  
of  
success

EBM

Larson  
et al. [385]

  50   48 6 3.8 60.0 50.0 Sher 4

Lu et al. [426]   13   13 12 7.3 69.2 30.8 Sher 4

Perello-
Scherdel  
et al. [556]

    57 6 5 and 10 No data 52.6 AHI <10 4

Janson  
et al. [326]

  25   25 6 4–8 64.0 48.0 Sher 4

Hultcrantz  
et al. [307]

  17   13 3 5–7 82.4 69.2 Sher 4

Boot et al. [60]   38   29 6 1–6.2 42.1 31.6 ODI <50% 4
All 200 185 3–12 3–10 60.5 47.6   C
AHI Apnea Hypopnea Index; ODI oxygen desaturation index; EBM Evidence-based medicine
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[60, 279, 456, 653, 704]. The surgical success rate was 30% in the patients without tonsil-
lectomy, while it was 59% in the group with concomitant tonsillectomy.

In accordance with these results, in a group of 400 patients with SDB who had received 
a UPPP or a laser UPP, no increase in mortality was found in comparison to a control group 
comprising 744 persons [429]. These data may indicate a positive survival effect of UPPP 
surgery. Keenan et  al. [349] contacted their OSA patients treated with either UPPP 
(N = 149) or nasal CPAP (N = 126) over a 6-year period to compare long-term survival 
rates between these two treatments. There was no difference between the two treatment 
groups (Fig. 6.2.6). Furthermore, UPPP for SDB turned out to improve the patients’ stimu-
lated long-term driving performance [265] and decreased the number of car accidents 
within a 5-year period after surgery [266].

6.2.4   
Postoperative Care and Complications

UPPP is one of the most common operations performed for OSA. The anatomic and physi-
ologic abnormalities associated with OSA pose independent risks of complications in the 
intra- and perioperative periods [135, 438]. Postoperative edema and respiratory depression 
enhance the risk of reintubation or emergent tracheotomy within the first few hours after 
surgery [122, 333]. The incidence of lethal complications is given as 0.2–0.03% [90, 356]. 
Serious cardiorespiratory complications other than death occur in 1.5% of the cases [356].

Intraoperatively, we administer an intravenous single-shot antibiosis with 2 g Cefazolin. 
Apart from this, antibiotics are only used in the case of relevant inflammatory complications. 
The severe pain occurring in almost all of the patients in the first postoperative days is treated 
with diclofenac and metamizol. However, frequently the administration of further, more 
potent analgesics becomes necessary. At any rate, basic pain treatments with fixed analgetic 
applications are superior as compared to regimen in which patients received analgetics only 
on demand [744]. Apart from aspirin there is no significant increased risk of postoperative 
bleeding for nonaspirin NSAIDs as recently published in a meta-analysis [373].

During the first postoperative day, the patients are fed via infusion, and take in tea and 
ice-cream as in the case of a tonsillectomy. From the second day on our patients receive  

Fig. 6.2.6   Long-term 
survival of patients with 
OSA and different 
treatments [271, 349]
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a special tonsillectomy diet. The threads are removed between the 10th and 13th postopera-
tive day. The in-patient time varies between 2 and 5 days, depending on the ability to eat 
and the extent of pain. Usually, a postoperative intensive care supervision is not necessary 
after isolated UPPP [82, 464]. Performing the above-mentioned technique of muscle-pre-
serving UPPP, we observed nearly always a pronounced edema of the uvula stump which 
caused more snoring in the first postoperative nights.

Most patients are able to swallow liquids on the first postoperative day, albeit under 
pain. For approximately a third of the patients, the pain continues to be rather severe until 
the fifth day (Fig. 6.2.7); for another third, the pain is comparable to regular tonsillectomy, 
while the last third of patients receiving surgery experiences virtually no pain on the fifth 
day. In the context of follow-ups 6 months after UPPP, so far no patient has complained 
about pain during food intake.

On the whole, postoperative pain after UPPP and LAUP is comparable in respect to 
duration, intensity, and consumption of pain killers [747, 809]. Much less painful is radiof-
requency surgery on the soft palate [623, 718, 748].

Obviously, the new movement pattern of the operated velum during swallowing needs 
to be trained from scratch. Strongly carbonated beverages may cause gas bubbles to rise 
into the nasopharynx. Using a technique that removes the oral mucosa of the whole uvula 
and sews the tip of the uvula muscle into the median soft palate [565] in the long-term, in 
the case of our own patients after over 4 years, 40% of the patients complained of an 
increased viscous mucous production in the pharynx because of the loss of the “drip-stone 
uvula” for transporting nasal secretions. Our more recent technique, described in Fig. 
6.2.4, does not lead to an increased mucous production in the pharynx. Clinically, a dry 
pharynx is often found. Some patients also experience mildly distorted sensations in the 
area of the soft palate, but no pain.

As with any tonsillectomy, postoperative bleeding during the healing phase is a possibil-
ity; though as a result of a careful velum suture, this has become (0.7%) a rare occurrence in 
our own patient pool. Despite double suture, on the fourth to fifth day the suture often breaks 
in the descending suture area; yet it remains intact in the horizontal part, which is crucial for 
the stabilizing scarring. In previous years, we often administered antibiotics (e.g., amoxicil-
lin) over a period of 5–7 days; we repeatedly observed a stomatitis aphthosa in these cases. 
This has become a very rare occurrence since we have begun applying the antibiotic only 
perioperatively. Also, the fetid mouth odor setting in with the third postoperative day, which 
is so typical for tonsillectomy without mucous membrane, is usually absent in our patients.

Fig. 6.2.7   Pain after UPPP, 
UPPP+TE, and LAUP. 
x-axis: days postoperative. 
y-axis: pain sensation on a 
visual analog scale (VAS) 
with the endpoints 0 = no 
pain, and 10 = unbearable 
pain
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The dreaded velar insufficiency with rhinolalia aperta and/or entrance of food into the 
nose during swallowing (Fig. 6.2.8) have only been observed when the musculature of the 
anterior palatine arch is partially resected, which we could see in patients after velar sur-
gery alio loco coming for revision surgery.

Another reason for velopharyngeal insufficiency is a too short and too firm soft palate. 
Such patients can already be distinguished preoperatively by virtue of the fact that water 
flows into their nose during the so-called Finkelstein test [199]. Patients are asked to drink 
water with their heads protruded from under a running faucet. In the case of velum suffi-
ciency no water enters the nose. We use this test pre- and postoperatively in order to docu-
ment the velar sufficiency of the patient undergoing surgery.

Since OSA cannot be cured by surgery in every case and due to the fact that even after 
a temporary postoperative normalization SDB can reoccur, soft palate surgery must 
always be performed in such a way that CPAP therapy remains an option at all times. But 
if the palate musculature is partially resected during UPPP, then a nasal over pressure 
respiratory therapy with the help of nasal CPAP can become very difficult, because the air 
escapes through the mouth. Mortimore et  al. [485] discovered that after a UPPP with 
partial resection of the velum musculature no mask pressure higher than 13 cm water 
column can be nasally applied through the CPAP mask without creating an air leakage 
through the mouth. In the case of patients with an intact velum, and also after application 
of the UPPP technique described here, no air escapes through the mouth, not even in the 
case of nasal CPAP pressures of 20 cm water column. Han et al. [262] corrobated this 
observation in a prospective control trial where they found a higher CPAP failure rate 
because of mouth air leak in the group who underwent a more radical UPPP with removal 
of all of uvula and part of the soft palate than in the group with a less radical UPPP and 
the uvula partly preserved.

Equally dreaded is nasopharyngeal stenosis (Fig. 6.2.9). The following are considered as 
risk factors for the development of a nasopharyngeal stenosis: aggressive surgical tech-
nique, extension of surgery to the lateral pharyngeal walls, and postoperative wound 
infection.

Fig. 6.2.8   Velopharyngeal 
incompetence after 
aggressive UPPP
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The surgical treatment of nasopharyngeal stenosis after UPPP is difficult, and unfortu-
nately does not yield positive results in all cases. Often several surgical procedures and 
intermittent insertion of nasopharyngeal obturators are necessary [231, 369, 370]. We pre-
fer to open the stenosis with scissors as laser surgery may lead to deep thermic lesions and 
uncontrolled scarring. It is of importance to insert a placeholder in the wound to avoid 

Fig. 6.2.9   Nasopharyngeal stenosis after aggressive UPPP

Fig. 6.2.10   Treatment of nasopharyngeal stenosis after UPPP. Stenosis (left). Situation after opening 
(center). Situation after insertion of placeholder made of silicon foil (right) (see small picture in 
the right lower corner)

Fig. 6.2.11   Customized 
palate obturator with 
nasopharyngeal extension
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recurrence of the stenosis. We create such a placeholder out of 1 mm thick silicon foil as 
shown in Fig. 6.2.10. This has proven to be effective, easy to handle, and cost-effective.

Other authors use other kinds of custom-made nasal obturators (Fig. 6.2.11) [231]. 
Nowadays, we regard the appearance of a nasopharyngeal stenosis less as an inevitable 
complication, but as the result of an inadequate surgical technique.

Katsantonis [345] has classified the late-term complications after radical UPPP in 
descending frequency as follows:

Pharyngeal dryness and hardening•	
Postnasal secretion•	
Dysphagia•	
Incapability of initiating swallowing•	
Prolonged angina•	
Taste disorders•	
Speech disorders•	
Numbness of tongue•	
Permanent velopharyngeal incompetence (VPI)•	
Nasopharyngeal stenosis•	

A permanent rhinolalia aperta has not been observed in connection with the muscle-pre-
serving technique described above. Though it must be said that we have observed this sign 
of a velar insufficiency in the case of patients, who alio loco received too radical surgery 
(resection of palate musculature and uvula). Several patients, who had received a tonsil-
lectomy with UPPP, reported a positive change in timbre and resonance of their voice. 
Patients with speech professions (French teacher; radio announcer for Italian and French) 
and two professional musicians (wind instrument players) experienced no difficulties in 
resuming their jobs after a 3–4 week interval. Nevertheless, the indication should be made 
with special restraint for this patient group [75].

Goh et al. [235] published the study with the longest follow-up, namely 17–20 years 
after a radical UPPP according to the technique of Simmons et al. [676] on 49 unselected 
patients (now in a mean age of 67.1 ± 10.1 years) who had been operated between 1980 
and 1983 for OSA at Stanford University. They investigated the quality-of-life outcomes 
of these patients by a retrospective chart review and telephone survey. On a visual ana-
logue scale patients graded the clinical benefits and complications of UPPP with tonsil-
lectomy. All patients had improvement of snoring, EDS, and nocturnal arousals after 
surgery. There was deterioration over time for all three benefits (67.3–40.8% for snoring; 
49–34.7% for EDS; 22.4–14.2% for nocturnal arousals). Although the most common com-
plication of UPPP was velopharyngeal insufficiency (28.5%), dry throat (22.4%) tended to 
cause more significant problems. Complaints of foreign body sensations were reported by 
20.4%, swallowing problems by 24.4%, and speech alterations by 16.3% of the patients. 
Although 43 patients had preoperative sleep studies, only 22 returned for a postoperative 
sleep study. Of these 22 patients, only one (4.5%) was cured as defined by Riley (RDI < 20) 
[610]. Six (27.3%) patients had deterioration of sleep study results, whereas 15 (68.2%) 
were not changed significantly. Of the 21 patients with persistent OSA, 12 (57.1%) devel-
oped cardiovascular problems. In the group without postoperative sleep study, 16 of 27 
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(59.3%) developed cardiovascular consequences, three of them were deceased at the time 
of study. None of these patients sought or underwent any other medical therapy after UPPP. 
In this unselected group of OSA patients, 49 patients had a mean BMI of 31.1 ± 5.6 kg/m2 
at time of operation, and 69.8% of 43 had severe sleep apnea according to the preoperative 
sleep study. We can learn a lot more from Goh’s et al. paper which reports on an unselected 
group of obese patients with mostly a severe OSA who were only treated with a radical 
UPPP and tonsillectomy.

6.2.5   
Indications and Contraindications

Foremost, UPPP can eliminate the snoring sound of the so-called velum snorer. But it is 
not that easy to recognize with certainty the velum snorer. Clinically, the velum snorer 
displays characteristic anatomical traits of his or her soft palate, such as a long and/or wide 
uvula with lateral mucous membrane folds, a salient posterior palatine arch (webbing) 
(Fig. 6.2.12), a short distance between soft palate and pharyngeal posterior wall, and cran-
iocaudal mucosal folds formation in the mesopharyngeal posterior wall. The velum snorer 
is especially distinguished by a snoring sound characterized by a base frequency of 
25–50 Hz and a multitude of overtones, which results in a regular and harmonic sound 
pattern [644]. The UPPP has no effect in the case of a “tongue base snorer,” whose night-
time respiratory sounds are characterized by loud, hard, metallic, nonharmonic snoring 
with frequency amplitudes between 1,100 and 1,700 Hz.

The literature provides only few prospective studies for OSA, which suggests the fol-
lowing selection or exclusion criteria for UPPP:

In general, obesity is a negative selection criterion. The limit for an isolated UPPP •	
appears to lie at a BMI between 28 and 30 kg/m2.
A high AHI or ODI is a negative selection criterion for isolated UPPP. The absolute •	
value is disputed; it seems to lie between 20 and 30 per hour. Above an AHI of 25, we 
pursue a multilevel surgery concept.

Fig. 6.2.12   Soft palate. 
Yellow dots: caudal edge M 
palatoglossus. Green dots: 
caudal edge M. palatopha-
ryngeus. White line: 
so-called webbing = 
distance of the free edge of 
the posterior palatine arch to 
the caudal edge of the  
M. palatopharyngeus
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Large tonsils that are removed with UPPP are a positive selection criterion. If still exist-•	
ing, we always remove tonsils in the context of a UPPP for OSA.
Contradictory data are produced when radiocephalometric data are used for the selec-•	
tion of patients. A retrognathia or a micrognathia are negative selection criteria. In these 
cases the obstruction often lies behind the tongue.
A positive Müller maneuver (provoking of a collapse during inspiration against the •	
artificially closed airway) in the context of the nasopharyngeal videoendoscopy has no 
predictive values; therefore, we do not employ it.
Even sleep endoscopy which is able to add to better patient selection in certain cases of •	
SDB does not guarantee a positive outcome of UPPP although the finding of obstruc-
tion is found on palate-uvula level [279].

An analysis of the literature data yields the following exclusion criteria for an isolated 
UPPP, which in principle we already formulated in 1990 based on our own results [774]:

Chronic heart and/or lung diseases•	
Neurological/psychiatric illnesses in need of treatment•	
High anesthesia risk•	
Obesity; BMI > 30 kg/m•	 2

Chronic alcoholism•	
Soporific drug abuse•	
Severity of OSA; AHI > 25•	
Severe bite misalignment•	
Narrow pharyngeal airway behind the tongue•	
Large distance between lower edge of mandibula to the hyoid•	
Certain craniofacial deformities•	
Too short soft palate•	

If indicated, we perform UPPP and T combined with rhinosurgery in the majority of 
patients. In these cases, the patient is forced to breathe through the mouth during the nasal 
packing (1–2 days). This leads to a heightened postoperative morbidity; but this is justifi-
able in the majority of cases. These patients need to be supervised, e.g., in the wake-up 
room immediately postoperatively (i.e., during the first 3–6 h after surgery). A supervision 
in an intensive care unit is usually not necessary [464]. Yet the issue of heightened postop-
erative morbidity should be discussed with the patient preoperatively, since in principle it 
is of course possible to perform nasal surgery and UPPP separately.

In the case of an AHI of above 25, we no longer perform isolated soft palate surgery. 
The experience of diminishing success rates with increased initial AHI has shown that in 
these cases the complete airway is affected by the disease. We therefore prefer a multilevel 
surgery concept for moderate and severe OSA, in which UPPP or its newer modifications 
with tonsillectomy play a central role (Chap. 10).

In children, UPPP is indicated only in exceptional cases as, for example, neurologically 
impaired children, craniofacial deformities, or Down’s syndrome [1, 310, 352, 365, 714]. 
We have only limited but positive experience in individual cases of M. Down and Pierre 
Robin Sequence.

10.1007/_10
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As until today we have no safe tool to predict the outcome of UPPP in the individual 
patients they should be informed that UPPP alone can improve, not change or deteriorate 
their SDB. Therefore a postoperative sleep study is obligatory.

Take Home Pearls

UPPP is the surgical standard procedure for OSA if the site of obstruction is ››
located at the level of the soft palate. If still present, tonsils need to be removed.
For primary snoring less invasive techniques provide comparable results and ››
should therefore be favored.
There is no rationale for aggressive UPPP. Aggressive UPPP does not improve ››
surgical success rates but definitely does increase complication rates.
Postoperative risk increases with severity of the OSA, BMI and accompanying ››
other diseases. The surgeon must be aware of a possibly difficult intubation.
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Recent Modifications  
of Uvulopalatopharyngoplasty

Wolfgang Pirsig and Thomas Verse

6.3

In our millennium, several modifications of UPPP have been published, some of which 
have proven to be more effective in reducing pathological sleep parameters of patients 
with OSA on the short-term follow-up. There is the group performing uvulopalatal flaps 
[213, 293, 397, 502, 573] and the group including the lateral pharynx in their surgical 
concepts [87, 88, 540].

6.3.1   
Surgical Technique

6.3.1.1 
Uvuloplatal Flap

Uvulopalatopharyngoplasty (UPPP) is a relatively time-consuming surgical procedure, 
even in the case of sufficient surgical experience and practice. This fact has contributed to 
the interest generated by a modification, the uvulopalatal flap, developed at Stanford [573]. 
Today, we use a modification of the original technique with lateral extension to the tonsil 
bed, which impresses by its simple and fast mode of executing [293].

The preparations for surgery are identical to those described for UPPP. Surgery is per-
formed under general anesthesia. The patient lies with reclined head, as in the case of 

Core Features

Modifications of UPPP can be divided in two groups: the so-called uvulopalatal ››
flaps and those techniques extending to lateral pharynx.
Uvulopalatal flaps are simple techniques that can be performed very quickly. ››
These are used as alternatives to conventional UPPP. Short-term results are 
comparable to conventional UPPP. Long-term data do not exist so far.
Techniques addressing the lateral pharynx are recommended as second-line ››
treatments after unsuccessful UPPP. First short-term data are promising.
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tonsillectomy. In the case of OSA, the first step is always a gentle tonsillectomy (Fig. 6.3.1). 
In the case of patients who have already undergone tonsillectomy, there is no need for time-
consuming opening of the scarring between the anterior and posterior palatine arch as with 
the UPPP technique. After this, incisions into the soft palate are made bilaterally on both 
sides of the uvula, as shown in Fig. 6.3.1.

At this point, the classic UPPP technique is left behind. The tip of the uvula is grasped 
with surgical tweezers, and excessive mucous membrane is resected (Fig. 6.3.2).

The now exposed muscle tip of the uvula is also with the surgical tweezers folded 
toward cranial. The opening of the velopharyngeal flap is assessed, and the necessary 
extent of the uvulopalatal flap determined (Fig. 6.3.3). Powell et al. recommend marking 
the correct position of the uvulopalatal flap on the anterior side of the soft palate with 
tincture [573]. As a next step, in the marked area, the mucosa of the anterior palatine 
arch, the fat, and the underlying salivary glands are removed under careful preservation 
of the muscles (Fig. 6.3.3). The removal of the complete soft tissue above the 

Fig. 6.3.2   Shortening of the uvula

Fig. 6.3.1   Situation after tonsillectomy. Bilateral 
incisions into the soft palate on both sides of the 
uvula
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musculature is crucial as only this can prevent the uvulopalatal flap from becoming too 
thick. A too thick uvulopalatal flap may lead to dysphagia, articulation impediments, and 
obstructed breathing.

Now, the uvula is loosely folded into the defect and worked in with atraumatic, resorb-
able suture material. We basically recommend a double suture with a thread thickness of 
2.0 or 3.0, depending on the dimension of the soft palate. As a rule, 5 sutures are sufficient. 
This results in an uvulopalatal flap, which in its thickness is in accordance with the level 
of the surrounding soft palate (Fig. 6.3.4). Finally, lateralization of the posterior palatine 
arch is achieved by sewing together of the two palatine arches, comparable to the tech-
nique employed for UPPP (Fig. 6.3.4).

The lateralization is achieved by deep intra-muscular sutures (2.0 resorbable thread, 
atraumatic needle), which are run through the posterior palatine arch (M. palatopharyngeus), 
through the base of the tonsil bed, and through the anterior palatine arch (M. palatoglossus). 

Fig. 6.3.4   Postoperative situation. Frontal aspect (left). Soft palate, lateral aspect (right)

Fig. 6.3.3   Identifying the correct size of the flap by rotating the uvula upwards (left). Removal of 
mucosa, fat, and salivary glands in the estimated area. Lateral aspect of the soft palate (right)
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We always execute a double suture of the palatine arch; in our experience, a double suture 
significantly delays a tearing of these sutures. The aim of the lateralization is to prevent a 
potential traverse folding of the pharyngeal posterior wall. Figure 6.3.5 compares the pre- 
and postoperative situation.

In 2003, Li et al. [400] published their modification of an extended uvulopalatal flap 
(EUPF). Under general anesthesia and after bilateral tonsillectomy, the retropalatal space 
in both the anteroposterior and lateral dimensions is expanded by incisions of the supra-
tonsillar fossae. Mucosa and submucosal fat are removed with preservation of the muscle, 
and the tip of the uvula is excised. From a point in the midline approximately 5–10 mm 
below the posterior end of the hard palate, a V-shaped incision is made to the upper poles 
of the bilateral tonsillar fossae. The denuded uvula and soft palate now comprise the 
EUPF, which is imbricated and sutured to the residual mucosa of the soft palate using 2-0 
Vicryl. The new tonsillar fossa is closed to decrease the dead space. The anterior and 
posterior pillars are approximated using mattress sutures with maximal lateralization.

For treating patients with SDB and with those who had their tonsils already removed, 
Friedman et al. [213] presented the Z-palatoplasty (ZPP) in 2004. After outlining two adja-
cent flaps on the palate – together they look butterfly-shaped – only the mucosa of their 
anterior aspect is removed. Then, the two flaps are separated from each other by splitting the 
palatal segment down the midline. A two-layered closure brings the midline all the way to 
the anterolateral margin of the palate. The final result creates 3–4 cm of distance between the 
posterior pharynx and the palate. In addition, the lateral dimension of the palate is usually 
doubled to approximately 4 cm. A uvula-similar structure is not visible although both the 
uvula muscles are preserved within the new palate. In addition, all patients also underwent 
tongue base radiofrequency with the application of a total of 4,500 J in monthly intervals.

6.3.1.2   
Lateral Pharyngoplasty

In 2003, Cahali [88] introduced the lateral pharyngoplasty (LP) procedure for treating OSA in 
adults with the intention to splint the lateral pharyngeal muscular walls. These regions, thick-
ened and exceedingly collapsible during respiration in these patients, have a key role in the 
pathophysiology of OSA. After bilateral tonsillectomy the superior pharyngeal constrictor 

Fig. 6.3.5   Uvulopalatal flap (Mannheim technique). Preoperative finding (left). (Middle) Diagram 
comparing preoperative (left side) and postoperative (right side) situation. (Right) Situation 6 
weeks postoperatively
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muscle within the tonsillar fossa (outer pharyngeal muscular layer) is sectioned and sutured to 
the anterior pillar to provide support to the lateral pharyngeal wall. Then, a Z-plasty between 
the lateral free margin of the soft palate and the palatopharyngeus muscle is performed, thus 
providing lateral support to the soft palate. In addition, a partial uvulectomy is done. Therefore, 
the LP supports the pharynx through postoperative retraction of the inner and outer pharyn-
geal muscular layers.

Pang and Woodson modified Cahali’s technique and developed the expansion sphincter 
pharyngoplasty (ESP) for a selected group of OSA patients with small tonsils, Friedman 
[220] stage II or III, and lateral pharyngeal wall collapse noted on endoscopic examination 
[540]. Their principle is to isolate the palatopharyngeus muscle as the main part of the 
lateral pharyngeal wall bulk and rotate this muscle superoanterolaterally, to create the lat-
eral wall tension and remove the bulk of the lateral pharyngeal walls. After bilateral tonsil-
lectomy, the inferior end of the palatopharyngeal muscle is transected horizontally and 
rotated superolaterally with a figure 8 suture, through the muscle bulk itself, with a 3-0 
resorbable suture with round body needle. The muscle is sufficiently isolated and left with 
its posterior surface partially attached to the posterior horizontal superior pharyngeal con-
strictor muscles. A superolateral incision is made on the anterior pillar arch bilaterally, 
identifying the arching fibers of the palatoglossus muscle. The palatopharyngeus muscle is 
then attached to the arching fibers of the soft palate anteriorly with a figure 8 suture, 
through the muscle bulk itself, with 3-0 resorbable sutures. After a partial uvulectomy, the 
anterior and posterior tonsillar pillars are approximated with resorbable sutures.

6.3.2   
Effectiveness for SDB

Concerning the effectiveness of the UPPP modifications for treatment of sleep-related 
breathing disorders only few data have been published. Only one publication addresses the 
therapy of primary snoring [502]. Sixty-five patients received as sole surgical procedure an 
uvulopalatal flap. At follow-up 14 months postoperatively, both a significant subjective 
and objective reduction of the snoring sounds could be demonstrated. The polysomnogra-
phy showed an unchanged RDI (preoperatively 3.2 ± 1.2 vs. 3.0 ± 1.8 postoperatively).

More data exist concerning the efficacy of the recent UPPP modifications for the treat-
ment of OSA (Table 6.3.1). In an initial publication, 80 patients were diagnosed prospec-
tively (EBM 3b) [573]; 59 of them received an uvulopalatal flap; the remaining 21 underwent 
a conventional UPPP. The results in regard to the polysomnographic and subjective find-
ings were comparable in both groups. But it must be said that in 84% of the cases additional 
surgery on the hypopharynx was performed in the same session. Therefore, this study does 
not allow for inferences regarding the isolated effect of the uvulopalatal flap.

Our initial evaluation of 30 patients [293] who received an isolated uvulopalatal flap accord-
ing to the technique described above resulted in a statistically significant reduction of the AHI 
(Table 6.3.1). Further significant improvements were found in the objectively determined snor-
ing index (45.3 vs. 21.0) and in the minimal oxygen saturation (79.2% vs. 87.5%).
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Table 6.3.1   Effectiveness of uvulopalatal flap and other recent modifications of UPPP for OSA
Author N Technique Add.  

proc.
Follow-up 
(months)

AHI  
pre

AHI  
post

Success 
(%)

ESS  
pre

ESS  
post

EBM

Hörmann  
et al. [292]

  30 Flap None   1.5 19.2   8.2 46.7   5.5 3.0 4

Neruntarat 
[497]

  31 Flap GA HS   8.0 48.2 14.5 73.7 14.9 8.2 4

Neruntarat 
[499]

  32 Flap HS   8.1 44.5 15.2 78.0 14.1 8.2 4

Neruntarat 
[498]

  49 Flap GA HS 39.4 47.9 18.6 65.2 15.9 6.2 4

Li et al. [399]   33 EUPF None   6.0 41.6 12.5 81.8 No data No data 4

Cahali [88]   10 LP None   6.0 41.6 15.5 53.3 14.0 4.0 4

Friedman  
et al. [212]

  25 ZPP RFT TB   6.0 41.8 20.9 68.0 12.5 8.3 2b

Cahali et al.  
[87]

  15 LP Nasal 
surgery

  7.9 41.6 15.5 53.3 14.0 4.0 2b

Li et al.  
[395]

105 EUPF None 12.0 43.8 15.0 80.0 No data No data 4

Li et al. [396]   55 EUPF None   6.0 43.6 21.1 82.0 11.8 7.5 4

Li et al. [397]   84 EUPF None   6.0 46.5 14.6 No data 11.0 7.2 4

Li et al. [400]   12 EUPF LLT/
MLG

  6.0 53.5 30.4 41.7 No data No data 3b

Li et al. [398]   50 EUPF None   6.0 44.5 13.4 84.0 No data No data 4

Hsieh et al. 
[297]

  6 EUPF MLG   6.0 50.7 11.6 No data No data No data 4

Lin et al.  
[417]

  55 EUPF None   6.0 43.6 12.1 No data 11.8 7.2 3b

Baisch et al. 
[35]

  83 Flap RFT TB, 
HS

  1.0 36.4 19.4 59.7   9.7 6.4 4

Verse et al. 
[762]

  45 Flap RFT TB, 
HS

  4.3 38.9 20.7 51.1   9.4 7.2 3b

Verse et al. 
[762]

  15 Flap RFT TB   5.9 27.8 22.9 40.0   9.1 4.1 3b

Pang and  
Woodson [540]

  23 ESP None   6.5 44.2 12.0 82.6 No data No data 2b

Huang and  
Cheng [301]

  50 MEUP None   6.0 37.9   6.1 80.0   9.8 5.2 4

All 839     8,24 41.92 15.61 70.10 11.55 6.68 B

Add. Proc additional procedure; AHI Apnea Hypopnea Index; ESS Epworth Sleepiness Scale; EBM 
level of evidence based medicine; Flap uvulopalatal flap; EUPF extended uvulopalatal flap; ZPP 
z-pharyngoplasty; LP lateral pharyngoplasty; ESP expansion sphincter pharyngoplasty; MEUP 
microdebrider-assisted extended uvulopalatoplasty; GA genioglossus advancement; HS hyoid sus-
pension; RFT interstitial radiofrequency treatment; TB tongue base; MLG midline laser glossectomy
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Better results have been recently reported by Li et al. (Table 6.3.1), who use an extended 
technique not comparable to our own [400]. These authors also report a significant 
improvement of the snoring index and the minimal oxygen saturation. Furthermore, a sign-
ficant improvement of daytime sleepiness and of quality of life in 7 of 8 domains of the 
SF-36 was observed.

Friedman et al. [213] compared the outcomes of ZPP (N = 25, BMI 31.0 kg/m2) with 
UPPP (N = 25, BMI 29.6 kg/m2) in patients with OSA and with already absent tonsils after 
6 months follow-up. All of them also received a radiofrequency treatment of the tongue 
base. Subjective improvement was good for both groups, but objective clinical improve-
ment was significantly better for the ZPP group. The AHI in the ZPP group was reduced 
from 41.8 to 20.9 and respectively from 33.4 to 25.2 in the UPPP group (Table 6.3.1). The 
authors consider a very significant limitation of their procedure that there is no landmark 
to describe the size of the flaps, that the procedure is technically more difficult and takes 
longer time than the classic UPPP. Further, the ZPP results in the absence of a uvula and 
many patients complain of a “foreign-body” sensation in the throat. We consider an essen-
tial limitation of this study that the efficacy of ZPP or UPPP cannot really be estimated 
because of the concomitant treatments of the tongue base with radiofrequency. In a more 
recent paper, the authors recommended ZPP as an effective and safe second-line treatment 
after unsuccessful UPPP [211].

In a randomized controlled trial, Cahali et al. [87] compared the clinical and polysom-
nographic outcomes of the LP procedure (N = 15) with UPPP (N = 12) according to the 
technique of Fairbanks [184] in adults with OSA incompliant of nCPAP. Concomitant 
nasal surgery was performed in 5/15 LP patients and in 8/12 UPPP patients. Comparing 
the preoperative data with those after a mean follow-up of 8 months, in the LP group a 
statistically greater reduction of body weight (mean BMI: 29.3 vs. 27.7 kg/m2), excessive 
daytime sleepiness (ESS: 14 vs. 4), and AHI (mean AHI: 41.6 vs. 15.5) was found. There 
also was a statistical increase in the amount of deep sleep and a reduction of morning 
headache. In the UPPP group, there were no significant changes in the polysomnographic 
parameters (mean AHI: 34.6 vs. 30.0), while mean excessive daytime sleepiness also was 
significantly reduced (ESS: 14 vs. 5). Interestingly, there were similar cross-sectional mea-
surements of computed tomography of the pharyngeal airways while awake in both groups 
preoperatively and at follow-up.

In a prospective, randomized controlled trial, Pang and Woodson [540] compared the 
outcomes of expansion sphincter palatoplasty (ESP) (N = 23) with UPPP (N = 22) in 
selected patients with OSA with a mean BMI of 28.7 kg/m2 after a mean follow-up of 
6.5 months. The AHI decreased from 44.2 to 12 (p < 0.005) following EPS and from 
38.1 to 19.6 (p < 0.005) in the UPPP group. Using Sher’s criteria, success was 82.6% in 
ESP compared with 68.1% in UPPP (p < 0.05). When selecting an arbitary threshold of 
a 50% reduction in AHI and AHI less than 15, the ESP success rate was 78.2%, com-
pared with that of the UPPP group at only 45.5% (p < 0.005). Postoperative endoscopic 
findings also demonstrated significant reduction of lateral pharyngeal wall collapse  
in the EPS group. This was not the case in the UPPP group, with some patients still  
having significant lateral pharyngeal wall collapse noted on Müller’s maneuver, 
postoperatively.
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6.3.3   
Postoperative Care and Complications

The immediate healing phase after uvulopalatal flap proceeds as after conventional UPPP. 
This of course also especially holds of the healing phase after the additionally performed 
tonsillectomy. Therefore, we implement the same postoperative management as after 
UPPP, and refer the reader to our discussion in Chap. 6.2.

Several studies [87, 213, 293, 397, 498, 540, 573] also furnish information concerning 
the potential complications after uvulopalatal flap or LP.

6.3.3.1 
Uvulopalatal Flap

Focusing on the uvulopalatal flap, it has to be said that orginally the uvulopalatal flap was 
regarded as a potentially reversible surgical technique. We want to challenge this evaluation; 
we do not consider the uvulopalatal flap as in principle reversible. Our experience has shown 
that the scarrings after completed healing of the wound cannot easily be opened up again.

The dreaded velopharyngeal incompetence has clinically neither been observed by the 
Stanford or our study group. Neruntarat described transient nasal regurgitation in two of 
his patients (4%). In the Finkelstein test [199], a flow of liquid into the nose was demon-
strated endoscopically in 3 of our 30 patients, without it becoming clinically relevant. In 
the longer run, a nasopharyngeal reflux could no longer be demonstrated.

Although a few patients complained of the sensation of having a lump in the throat  
(7%; 4/55) and mild nasal regurgitation (6%, 3/55) after EUPF, none of them complained 
about any physical limitation in their daily activities [397].

A nasopharyneal stenosis, as it has been described after other, especially aggressive soft 
palate techniques, has not been observed either after uvulopalatal flap or after LP.

In the first weeks postoperatively, irritations and foreign-body sensations are to be 
expected. This is due to the principle of the surgery, which transports mucous membrane 
segments which originally have been in the posterior side of the velum to the anterior side. 
As a result, some patients initially experience an irritation in the nasopharynx when it 
comes to a contact with the flap. These sensations disappear after several weeks.

Permanent foreign-body sensations develop, especially in cases where not merely an 
incision of the posterior palatine arch is performed, but a cut is also performed in the ante-
rior palatine arch. This is necessary in rare cases, in order to achieve a sufficient opening 
of the velopharyngeal segment; but this should always be performed as cautiously as pos-
sible, in order to not endanger the sensible innervation of the flap and the uvula, which 
pulls from laterocranial toward mediocaudal. If one abides by this principle, then such 
permanent foreign-body sensations, which severely burden the patient, can be avoided.

Our own investigations concerning language and articulation have not brought to light 
any disturbances in this respect.

As a further complication, a hematoma in the area of the uvula tip with secondary 
inflammation, which led to a revision of the flap, and a suture insufficiency with partial flap 
insufficiency, has been described [573]. We also have observed suture insufficiencies with 
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partial or complete dislodgement of the flap from its bed. These suture insufficiencies can 
be reliably avoided with the help of an adequate suture technique with deep-reaching dou-
ble sutures and atraumatic suture material. In order to prevent unnecessary postoperative 
wound pain, it must be ensured that the knots are tightly bound, but that the tissue is not 
squashed. A slack adaptation of the wound edges is aimed at. Some surgeons consider the 
use of knot slides as very helpful in this context.

These data are comparable with those of gentle UPPP, and they corroborate the assump-
tion by Finkelstein, according to which the proof of a subclinical nasopharyngeal reflux in 
the first weeks after soft palate surgery depends on the intensity, with which the surgeon 
hunts it out.

6.3.3.2 
Other Techniques

Pang and Woodson [540] reported of no significant complications in either group follow-
ing ESP or UPPP. All patients started soft diet consumption on the first postoperative day. 
There was no significant difference in the use of narcotics or pain relief in the two groups, 
and there was no long-term dysphagia or voice change.

Friedman et al. [213] found that patients undergoing ZPP used narcotic pain medication 
for 6.4 days and required 6.4 days to return to a normal diet as compared with 9.4 days and 
10.3 days, respectively in UPPP patients (p < 0.005 resp. p < 0.002). Tongue base infections, 
secondary to radiofrequency treatments, were found in 1 ZPP patient and 2 UPPP patients. 
Temporary velopharyngeal insufficiency (VPI) between 2 and 60 days was reported in 
12/25 ZPP and 7/25 UPPP patients. The majority of postoperative complications were 
related to throat discomfort, including foreign-body sensation (11 of ZPP vs. 17 of UPPP), 
dysphagia (1 ZPP vs. 11 UPPP), postnasal drip (3 ZPP vs. 4 UPPP), and dry throat.

As to complications there was no bleeding, nasopharyngeal stenosis, or permanent 
palatal incompetence [87]. In the first 10 patients of the LP group, there were significant 
swallowing problems with dysphagia over a mean of 20.4 days (range 8–70 days). Four 
patients in each group reported mild episodes of oronasal reflux of liquids which disap-
peared within 2–6 months.

6.3.4   
Indications and Contraindications

The uvulopalatal flap is a comparatively modern procedure. We see the indication for the most 
part in the area of OSA. For primary snoring, there exist techniques such as radiofrequency 
surgery, soft tissue implants, and other procedures, which can be used on an outpatient basis 
and under local anesthesia. Given the comparable efficacy, these procedures are to be pre-
ferred also in respect to the costs involved.

UPPP and uvulopalatal flap are similar in regards to their basic principle and their 
effects upon the upper airways; therefore, we assume the same indication areas for both 
surgical techniques, when they are employed in a muscle-preserving manner. For the 
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isolated soft palate surgery (uvulopalatal flap with tonsillectomy) we perform either UPPP 
or the uvulopalatal flap as the first-line procedure in moderate to moderately severe OSA. 
In combination with surgery on the hypopharyngeal segment we also use the uvulopalatal 
flap for severe OSA.

On the whole, we see few advantages for the uvulopalatal flap, especially if a tonsillec-
tomy had been performed prior to surgery; but in the end it appears that every surgeon will 
have to choose for themselves the technique with which they achieve better surgical results.

6.3.4.1 
Extended Techniques

For treating OSA using EUPF, Li et al. [397] selected patients with a normal weight and a nar-
rowed retropalatal space judged by nasofibroscopy with Müller maneuver and 3-dimensional 
computed tomography.

Friedman et al. [213] published a longer list of selection criteria, among them are the 
failure of CPAP or dental appliances, patients without tonsils or those who underwent prior 
tonsillectomy, Friedman OSA stages II or III, and the appearance of obstruction at the level 
of the soft palate (diagnosed by fiberoptic hypolaryngoscopy and Müller maneuver).

Velum surgery including the lateral pharynpgoplasty (LP and ESP) is indicated to splint 
the lateral pharyngeal muscular walls and to remove or reduce the bulk of the lateral pha-
ryngeal walls. Therefore, Pang and Woodson [540] selected patients with small tonsils (ton-
sil size 1 and 2), BMI  <  30  kg/m2, Friedman clinical stage II and III [220], and lateral 
pharyngeal wall collapse noted on endoscopic examination who cannot tolerate CPAP. They 
excluded patients with large tonsils for whom they recommended the traditional UPPP.

Cahali et al. [87, 88] selected as inclusing criteria the presence of a low-lying soft palate 
(most of the patients were Malampatti type 3 with few type 4) associated with a fiberoptic 
pharyngoscopy finding of narrowing or collapse in the retropalatal region without narrow-
ing in the hypopharynx (Fujita type 1), both at rest and during the Muller maneuver. All 
their patients had bulky lateral oropharyngeal tissues (either the tonsil or the posterior 
tonsillar pillar). They excluded patients with weight over 130 kg, morbid obesity, the pres-
ence of uncontrolled hypothyroidism, and gross maxillary or mandible deformities.

Summing up the results of the cited studies on uvulopalatal flaps and other recent modi-
fications of UPPP we find some positive developments and also some limitations. All 
described modifications try to improve shortcomings of the conventional UPPP, and espe-
cially the LP attacks the problems of the lateral pharyngeal walls [87, 88, 540]. Most stud-
ies report on more reduction of sleep parameters than achieved with conventional UPPP. 
Clear criteria for patient selection are only given by some authors [87, 213, 540], espe-
cially for patients after prior tonsillectomy. Quality-of-life evaluation helps to improve the 
subjective outcomes of velum surgery [213, 397, 400].

Some surgical procedures are rather invasive and temporarily disturb the coordination 
of the velar muscles which results in postoperative problems with swallowing. Also the 
velar sensory innervation is disturbed by large incisions, thus enhancing the preexisting 
polyneuropathy of the patients with OSA. Another disadvantage is the uvulectomy per-
formed by several working groups [88, 213, 397, 540, 573]. Most authors use 
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nasopharyngeal endoscopy and Müller maneuver while awake to diagnose the level of 
pharyngeal obstruction, methods of questionable diagnostic value. No study described the 
use of sleep endoscopy. The numbers of operated patients are mostly small, especially 
when compared with conventional UPPP. The follow-up is very short, between 1.5 and 8 
months. Most publications [87, 213, 397, 573] present outcomes of a two-level surgery 
instead of isolated velum surgery. Therefore, no long-term conclusions on the definite 
value of these new modifications are possible.

Take Home Pearls

The uvulopalatal flap is an alternative to conventional UPPP, especially in ››
patients after prior tonsillectomy.
As in conventional UPPP complications frequently occur after aggressive ››
surgery. The muscles of the soft palate should be handled with care. There is no 
need for broad resections.
Techniques addressing the lateral pharynx should be reserved to patients with ››
still narrow velopharyngeal segments after unsuccessful UPPP.
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Laser-Assisted Uvulopalatoplasty (LAUP)
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6.4

Since 1981, uvulopalatopharyngoplasty (UPPP) has gained acceptance as routine therapy 
in the surgical treatment of sleep-disordered breathing [224]. As an essential modification 
of the conventional UPPP technique, a laser-assisted velum surgery was developed, which 
was introduced by Carenfelt [91] in 1986, and which he called “laser uvulopalatoplasty” 
(LUPP). While Carenfelt performed the LUPP under general anesthesia and with sutures 
similar to those used with the UPPP, at the end of the 1980s, Kamami [339] introduced a 
further modification, which was carried out under local anesthesia in several sessions on 
an outpatient basis. This modification was called “laser-assisted uvulopalatoplasty” 
(LAUP); it has spread rapidly in Europe and since 1992 has also become increasingly 
popular in the United States [118].

Core Features

There are two kinds of laser-assisted soft palate surgeries. The so-called laser ››
uvulopalatoplasty (LUPP) is similar to conventional UPPP, requires general 
anesthesia, and should be regarded as a modification of UPPP.
The so-called laser-assisted uvulopalatoplasty (LAUP) comprises a resection of ››
redundant mucosa of the posterior tonsillar pillar and the uvula. Some authors 
perform a parauvular incision into the muscles of the soft palate in order to 
achieve additional stiffening. Instead of lasers, various other technical aids can 
be used as well (LAUP related procedures).
LAUP and related procedures are easy and quick to perform. They only require ››
local anesthesia without sedation in an outpatient setting.
LAUP and related procedures can be combined with other surgeries for SDB.››
Because of substantial postoperative pain, LAUP induces significant ››
postoperative morbidity.
Potential complications are numerous. Most of them can be avoided, be a gentle ››
resection of only mucosa.
LAUP and related procedures are only indicated to treat simple snoring. They ››
are not sufficiently effective in treating OSA.
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Up to March 2008, more than 120 articles on LAUP have been published worldwide; 
however, only some of these articles are clinically relevant. Therefore, the present outline 
intends to structure the literature on the basis of clinical criteria in order to highlight the 
significance of LAUP/LUPP for the everyday routine work. In particular, the indication for 
LAUP/LUPP, their surgical prospects of success, and the complications associated with 
the procedure will be illuminated.

6.4.1   
Surgical Techniques

We found 24 different descriptions of laser surgical techniques of the soft palate, explain-
ing in detail which anatomical structures of the soft palate are involved in the surgery. 
Most of these publications are illustrated with explanatory drawings or photographs. 
Although the variability of the techniques described is very high, three basic techniques 
can be identified.

The oldest technique, applied by Carenfelt already in 1986 [91], is the LUPP, which 
some working groups [91, 809] reported to be more gentle to muscles, while others 
regarded it as being substantially more radical [197, 371]. The procedure performed with 
the LUPP is similar to that carried out with the UPPP, which means the preparation also 
extends to the pharyngeal walls and partly to the tonsils (Fig. 6.4.1). The Carenfelt and 
Haraldsson working group uses suture techniques for the adaptation of the posterior tonsil-
lar pillar to the anterior tonsillar pillar in order to prevent uncontrolled scarring.

Most authors apply the LAUP technique introduced by Kamami [339]. The uvula is 
partly or totally removed. Then, two paramedian full-thickness, through-and-through 
trenches are made over the soft palate, on either side of the uvula, to a height of 1–2 cm. 
With few exceptions, the LAUP is performed under local anesthesia in an outpatient set-
ting. There exists a more gentle procedure performed in several (up to five) sessions (Fig. 
6.4.2) and a radical “one-stage-technique” (Fig. 6.4.3).

Fig. 6.4.1   Scheme of LUPP according to 
Wennmo et al. [809]
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In most cases, the CO2-laser is used, sometimes the Nd:YAG [798] or the KTP laser 
[338]. No comparative information pointing to differences between various laser types has 
been found in the literature yet. However, Ducic et al. [164] were able to show in an animal 
test performed on six dogs that the CO2-laser caused deeper thermal tissue damage and 
more intensive scarring than the conventional UPPP technique using bipolar coagulation.

According to our experience, we see the most advantages in a cautiously performed mod-
ified Kamami technique [775]. We strongly advise against radical incisions into the 
palatopharyngeal and the palatoglossal muscles. As we know from our extensive experience 
from the UPPP surgery, there is no rationale for an aggressive surgical technique. The surgi-
cal outcome will not improve after a more radical procedure, but the incidence of severe 
complications will increase. We do not believe that there are no or only little complications 
after procedures like the one-stage LAUP (Fig. 6.4.3) as reported by Kamami [340].

Based on our experiences we developed a modification of the multiple-stage Kamami 
technique. We operate on the sitting awake patient. In general, there is no need for seda-
tion. We perform a local anesthesia using 5–6 mL prilocaine (2%) with adrenaline (0.01%). 

Fig. 6.4.3   Scheme of “One-Stage”-LAUP modified after Kamami [340]

Fig. 6.4.2   Scheme of LAUP in multiple stages modified after Kamami [340]
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Topical anesthesia is not advantageous because it often causes hypersalivation forcing the 
patient to swallow frequently. When we started to do LAUP surgery we used the CO2 laser 
(8 W, continuous wave, superpulsed mode) in the majority of the cases. Important is the 
use of a backstop protecting the posterior pharyngeal wall from the laser beam. Comfortable 
to use in contact mode is the KTP laser. Today, we predominately use mono- or bipolar 
high-frequency cutting instruments mostly in argon atmosphere, the latter being used to 
reduce thermal penetration into the tissue. As no lasers are used, all these technique are 
subsumed using the term RAUP (radiofrequency-assisted uvulopalatoplasty). Depending 
on the devices used, there is little smoke formation. The staff does not need to use glasses 
to protect his or her eyes from the laser beam. To sum it up, we do not see any need for 
lasers for this kind of surgery. In our experience, it is much less important which surgical 
tool is used than to use an appropriate surgical technique.

While the tongue is held down with a blade, an inverse V-shaped incision is made bilaterally 
to the uvula, only cutting about 5 mm into the anterior pillar of the soft palate (Fig. 6.4.4).

If bleeding occurs it has to be coagulated carefully. To complete the procedure the tip 
of the uvula is pulled downwards with a forceps. Thereby the uvula muscle becomes 
apparent. Preserving muscular tissue the redundant mucosa is taken away (Fig. 6.4.5).

Figure 6.4.6 shows peri- and postoperative photographs of our technique taken in gen-
eral anesthesia during one of our surgical courses.

6.4.2   
Effectiveness for Simple Snoring

Up to now, there are no generally accepted techniques to quantify snoring. In the literature, 
either visual analogue scales (VAS) usually filled out by the patient’s bed partner or the 
so-called snoring indices (SI) based on different algorithms analyzing the recorded snoring 

Fig. 6.4.4   (Left) palatal incision lines. (Right) incisions done
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Fig. 6.4.5   (Left) uvula pulled downwards with forceps. (Right) uvula shortened

Fig. 6.4.6     Two cases of the Mannheim/Ulm/Hamburg Technique of LAUP. First case (a–d): (a) 
Preop. (b) immediately after surgery. (c) Six days postop. (d) 2 months postop. Second case 
(bottom). (Left) 2 weeks after surgery. (Right) three months after surgery.
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sounds during sleep studies are used to describe the effectiveness of LAUP for simple 
snoring. Others use simple questionnaires with items such as “Do you still snore?” to 
verify treatment success.

Relevant data from prospective studies using VAS to evaluate the subjective improve-
ments of either LUPP or LAUP for simple snoring are given in Tables 6.4.1 and 6.4.2. 
Extremely varying definitions of success complicate the interpretation of the results.

6.4.2.1 
Lupp

Data concerning LUPP are taken from somewhat dated publications. More recent data 
including information about daytime sleepiness are not available.

LUPP seems to have a positive short-term impact if used in simple snorers. Long-term 
results are reported by Lysdahl and Haraldsson [430]. The authors prospectively performed 
LUPP in 60 patients. A control group of 61 snorers received a conventionally performed 
UPPP. Both techniques showed significant improvement of subjective parameters such as 
snoring, awakenings, apneas, daytime sleepiness, and sleep spells while driving, at short-
term follow-up (3 months). UPPP was superior to LUPP in all mentioned effect parame-
ters. Five to eight years after surgery, all subjective parameters except sleep spells while 
driving had worsened over time, with UPPP again showing better long-term results.

6.4.2.2 
Laup

All but one working group listed in Table 6.4.2 used the CO2-Laser. Only Hanada and col-
leagues [263] used the Nd:YAG laser for LAUP.

Although every working group uses its own criteria of success, there is evidence that 
LAUP is effective in the treatment of simple snoring. Looking through the literature, there 
are many more studies on the effectiveness of LAUP on simple snoring, using other mea-
surement tools than VAS. We recently summarized this information [775]. LAUP results 
in an at least short-term reduction of socially disturbing snoring. Some long-term subjec-
tive recurrence of snoring does occur [501, 661].

Similar to the findings in patients suffering from OSA, Berger et  al. [48] describe a 
decrease of subjective snoring improvement after LAUP for simple snoring over time in a 

Table 6.4.1   Effectiveness of LUPP for simple snoring

Author N Follow-up 
(months)

VAS VAS pre VAS 
post

Success 
rate (%)

Def. of 
success

Laser EBM

Carenfelt [91]   60 3–4 1–4 No data No data 85 Red >1 CO2 3b

Wennmo  
et al. [809]

  10 2–36 0–3 3 0.15 80 VAS £1 CO2 4

Albu et al. [7]   90 No data 0–10 No data No data 80 VAS <4 Nd:YAG 4
All 160 2–36       81.9     C

VAS visual analogue scale; Red reduction; EBM grade of evidence-based medicine
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group of 14 patients. Subjective improvement was stated in 79% 1 month after surgery and 
dropped down to 57% after 10.1 months. Increase of subjective snoring occurred in one 
patient after 1 month but in three patients after 10 months. Three of those patients (21%) who 
initially all were simple snorers developed mild OSA as a result of laser treatment. Similar 
findings of a decrease of success rates over time are reported by Kyrmizakis et al. [380].

On the other hand, Osman et al. performed objective analysis of snoring sounds using their 
Gal Clxyd Snore Box [532]; 22 patients underwent a single stage LAUP with the KTP laser, 
and another 16 patients received UPPP. At short-term follow-up (2–11 months), subjective 
snoring improvement was reported in 83% of LAUP patients and in 89% of the UPPP group. 
The objectively measured snoring index (SI) decreased statistically significantly in both groups 
[531]. Twenty-four patients (12 LAUP and 12 UPPP) out of the same pool of patients were 
reevaluated 29–56 months after surgery. The SI was still statistically significantly lower than 
before treatment. There was no statistical difference between short- and long-term follow-up 
in the SI [530]. There was still no difference between the UPPP and the LAUP patients.

Walker et  al. [790] performed objective measurements of snoring sounds using the 
SNAP system in a series of 27 patients undergoing LAUP. The SI decreased with every 
new treatment session. The mean frequency of the snoring sounds increased, while the 
loudness of the low-frequent part of the sound spectrum which is thought to have its origin 
in the soft palate level decreased. A decrease of the relative loudness of snoring sounds 
below 180 Hz correlates well with the patients’ subjective satisfaction.

Table 6.4.2   Effectiveness of LAUP for simple snoring

Author N Follow-up 
(months)

VAS VAS  
pre

VAS  
post

ESS  
pre

ESS  
post

Success 
rate (%)

Def.  
of success

EBM

Walker  
et al. [791]

105 1.5 0–100 66.7 No data No data No data 60.0 Red >70% 4

Hanada  
et al. [263]

  35   1 1–10 No data 5.3 No data No data 51.4 Red >50% 4

Vukovic and 
Hutchings  
[787]

  25   6 0–12 No data No data No data No data 84.0 VAS £6 4

Astor  
et al. [26]

  38 No data 0–7 No data No data No data No data 76.3 VAS <4 and  
Red >2

4

Schlieper  
et al. [649]

152 12 1–6 No data No data No data No data 88.0 VAS £3 4

Uppal  
et al. [757]

  31 19 1–6   4.0 2.7 10.0 No data 67.8 VAS £3 1b

Larrosa  
et al. [384]

  13   3 1–10   6.6 5.5 10.4 9.6 0 No data 1b

Cincik  
et al. [112]

  18 1.5 0–4   3.3 0.3 6.6 2.6 88.8 VAS £1 1b

Belloso  
et al. [44]

  13 12 1–10   8.5 2.8 No data No data No data No data 2b

Lim  
et al. [414]

  17   6 1–10   8.0 3.4 12.1 5.4 85.0 Improvement 2b

All LAUP 447 1–19     5.6 2.8 9.6 5.5 75.1   B

VAS visual analogue scale; ESS Epworth sleepiness scale; Red reduction; EBM grade of evidence 
based medicine
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6.4.2.3 
Raup

The following Table 6.4.3 summarizes four other studies performing comparable surgeries 
but using other devices instead of lasers. Each one working group used a different device 
for monopolar electrocautery. Belloso at al. [44] used the Coblation technique. The basic 
surgical concept was in all cases identical with LAUP.

More important than the figures in Table 6.4.3 is the fact that all but one study are controlled 
trials comparing RAUP with LAUP. All the three studies achieved comparable results. This is 
why we think that RAUP and LAUP can be regarded as the same kind of surgery for SDB. It 
does not seem to be important which technical instrument is used to perform the surgery.

6.4.3   
Effectiveness for OSA

In 2000, we conducted a meta-analysis on the efficacy of laser surgery to the soft palate for 
OSA [776]. At the time, we did not find any long-term results. Short-term results were 
given only in eight publications with altogether 232 patients providing pre- and postopera-
tive polysomnographic information. The AHI decreased, not statistically significantly, 
from 29.1 to 23.4 after LAUP. The authors used diverse criteria of success, a fact that 
complicates sufficient comparison of the results. Mickelson and Ahuja [463] for example 
show a variation in the surgery success rate between 33 and 67% in the same patients 
merely by applying different criteria. This fact has already been criticized by the American 
Sleep Disorders Association [18] and by Hoffstein [288].

Today more substantial information exists. Therefore, we always used the criteria rec-
ommended by Sher et al. [665] (AHI reduction of at least 50% and AHI reduction to values 
below 20) to compare the literature results. Table 6.4.4 summarizes those studies presenting 
success rates according to Sher.

Table 6.4.3   Effectiveness of RAUP for simple snoring

Author N Follow-up 
(months)

VAS VAS 
pre

VAS 
post

ESS pre ESS 
post

Success 
rate (%)

Def. of 
success

EBM

Wedman  
et al. [803]

40   3 0–10 8.4 2.3 No data No data 93 Will undergo 
RAUP again

4

Cincik  
et al. [112]

18 1.5 0–4 3.1 0.4 6.4 2.6 83.3 VAS £1 1b

Belloso  
et al. [44]

17 12 1–10 7.1 4.0 No data No data No data No data 2b

Lim  
et al. [414]

24   6 1–10 7.9 3.3 12.2 5.1 83.0 Improvement 2b

All 99 1.5–12   7.1 2.5 9.7 4.0 87.9   B

VAS visual analogue scale; ESS Epworth sleepiness scale; Red reduction; EBM: grade of evidence 
based medicine
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The working group of Walker et  al. and Mickelson reported in earlier publications 
about their results with LAUP in patients with OSA [466, 791, 793]. Since the investiga-
tion periods are identical, only the more recent publications were considered in order to 
prevent patients being included twice in the evaluation.

Looking at the data of the 13 studies listed in Table 6.4.4, one finds polysomnographic 
data about 392 patients. The overall success rate is 31.2% using Sher’s criteria. Medium-
term results (>8 months of follow-up) are substantially worse than short-term results. 
Table 6.4.4 strongly corroborates the findings of the working group of Finkelstein et al. 
[49, 198] that promising short-term results after LAUP deteriorate over time.

The controlled studies imply that LAUP is more effective than doing nothing [192, 
384] but much less effective as conventional UPPP [49] for OSA. The study of Kern [350] 
does not really add much new information, as there is a substantial bias in this trial. 
Patients undergoing LAUP combined with tonsillectomy were more severely affected 
than patients selected for LAUP. Therefore, we cannot agree with the authors’ conclusion 
that LAUP with and without tonsillectomy shows comparable efficiency in the treatment 
of OSA.

Apart from their objective results stated in Table 6.4.4, Ryan and Love [633] were able 
to show that the quality of life significantly improved in all domains and daytime sleepi-
ness decreased after LAUP.

The working group of Finkelstein at al. [49, 198] found out twice that their favorable 
subjective short-term results of LAUP for OSA deteriorated over time (mean follow-up 
12.3 months). Postoperative polysomnography revealed that LAUP might lead to deterio-
ration of existing apneas. The authors conclude that these findings are probably related to 
velo-pharyngeal narrowing and progressive fibrosis inflicted by the laser beam as found in 
human specimen after LAUP [47].

Fifteen working groups have searched for criteria to predict the operation’s success. 
The following criteria are stated: lower BMI, lower severity of OSA, site of obstruction in 
the velopharynx, female gender, velo-pharyngeal obstruction pattern, lack of loud snoring 
and apneas, exclusion of cranio-facial malformations, and lower age [775]. A clear trend 
cannot be recognized, which is mainly explained by the fact that the definitions for success 
are too divergent.

Bassiouny et al. [41] conducted the only trial so far investigating the effect of RAUP on 
OSA. Twenty patients were included. Using the Coblation system, the mean AHI dropped 
from 17.2 at baseline to 8.1 four months after surgery. The surgical success rate according 
to Sher’s criteria is given as 50%. A control group received interstitial radiofrequency 
treatment of the soft palate. RAUP turned out to be more effective but to cause signifi-
cantly more postoperative pain.

There is a single study providing polysomnographic data on the efficiency of LUPP 
[559]. In this study, the Apnea Index (AI) of 30 patients decreased from 26 before to 7 
five months after LUPP. The success rate according to Sher’s criteria was calculated as 
63.3%. It is important to keep in mind that this technique includes the removal of the 
tonsils. This fact makes the higher success rate understandable. In any case, this tech-
nique is very similar to the conventional UPPP technique and should be interpreted in 
this context.
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6.4.4   
Postoperative Care and Complications

In a survey about complications that occurred in Sweden with soft palate surgery for SRBD 
[90], three deaths were reported with 9,000 UPPPs and one death with 2,900 LAUPs. The 
latter patient died from a sepsis on the fourth postoperative day, since a perioperative pro-
phylaxis with antibiotics had not been carried out.

Generally any kind of soft palate surgery, in particular radical procedures, bears the danger 
of a limited acceptance of a later nasal CPAP therapy due to an occurring oro-nasal airflow 
leakage [789]. Moreover, in 25 publications, further complications with LAUP are mentioned, 

Table 6.4.4   Effectiveness of LAUP for treatment of OSA

Author N Follow-up 
(months)

AHI 
pre

AHI 
post

Success 
(%)

Sessions EBM Control  
group

Lauretano  
et al. [386]

  17 2 27.9 29.1 No data 2.6 4 None

Utley  
et al. [760]

  12 4   8.9 10.3 33 2.4 4 None

Mickelson and  
Ahuja [463]

  36 4 28.1 17.9 33.3 2.7 4 None

Pribitkin  
et al. [580]

  29 2 15.8 41.3 24.1 1.9 4 None

Walker  
et al. [792]

  38 3 30.3 22.2 44.8 4 4 None

Ryan and Love 
2000 [633]

  44 3 29 19 34.1 1 4 None

Seemann  
et al. [655]

  43 2 No data 7.4 32.2 1 4 None

Finkelstein et al.  
[198]

  26 12.3 29.6 25 19.2 1.5 4 None

Ferguson  
et al. [192]

  21   8.2 18.6 14.7 19.1 2.4 3b N = 24
No treatment

Berger  
et al. [49]

  25 12.2 25.3 33.1 16 1 2b N = 24

UPPP

Kern  
et al. [350]

  33 3 35.6 24.1 42.4 3.2 3b N = 31 
LAUP+TE

Larrosa  
et al. [384]

  13 3 13.6 15.1 No data 1 2b N = 12
Sham surgery

MacDonald et al. 
[431]

  55 6 9.6 10.1 No data 1 4 None

All 392 2–12.3 18.2 16.6 31.21 1–4 B  

BMI body mass index; AHI Apnea Hypopnea Index; EBM Evidence-based medicine



976.4.4  Postoperative Care and Complications 	

which are summarized in Table 6.4.5 together with the frequency, in cases wherein it was 
stated. The post-surgical observation period reached from 48 h [739] to 8 years [259].

Long-term complications are particularly strenuous for the patients. Hardly any data can be 
found regarding this problem. Petri et al. [559] describe a permanent reflux in the nasopharynx 
(Fig. 6.4.7) for 3 of 30 of their patients. Grontved et al. [243] report about a permanent reflux 
in the nasopharynx for 1 of 21 patients. In 2 of 60 patients Pinzcower et al. [564] described a 
foreign body sensation (Fig. 6.4.8) 6 months after surgery. The authors deal with this problem 
in more detail in their publication. They were able to prove that the parauvular incisions caused 
damage to the sensitive supply of the neo-uvula area, which is medial of the incisions. This in 
turn causes the sensation of a foreign body being there, which may sometimes lead to vomit-
ing [366], but which apparently recedes in most cases. Nasopharyngeal stenosis (Fig. 6.4.9) 
was reported in 0.1–3.3% of all cases and must be considered as a permanent complication. 
This complication is difficult to correct. Basic surgical principles are stated in Chap. 6.2.

Particularly valuable for the assessment of complications occurring with the LAUP is the 
comparison with the UPPP when the same author uses both surgical techniques. Such a 
comparison can be found in five publications. Carenfelt [91] describes a significantly higher 
rate (p > 0.05) of scarred nasopharyngeal stenosis after LUPP when compared with the status 
after UPPP. Chabolle [97] found fewer cases of velo-pharyngeal incompetence after LAUP 
(5% vs. 10%) and fewer dysphagia (15% vs. 23%), but more often pharyngeal dysphagia 
(22% vs. 18%), wound infections (10% vs. 5%), and general painfulness (44% vs. 41%).

Table 6.4.5   Complications of laser-assisted surgery on the soft palate according to frequency

Complication Incidence (%)

Nasal regurgitation (short-term) 80

Sore throat 46

Scar fibrosis 27

Velopharyngeal incompetence 1.5–26.7

Dysphagia 6–26.6

Foreign body sensation 9–25

Paresthesia 22

Aspiration 21.5

Occurrence of other disturbing breathing sounds 20.5

Voice problems 1.3–20

Irritation of taste 0.7–18

Xerostomia 16

Wound infection 1.5–14

Odynophagia 1.4–12

Vomiting 10

Nasal regurgitation (long-term) 4.8–10

Postoperative bleeding 0.7–10

Hypersalivation   5
Nasopharyngeal stenosis 0.1–3.3
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Fig. 6.4.9   Nasopharyngeal 
stenosis after LAUP

Fig. 6.4.8   Anesthesia (no 
sensation with needle test) 
with foreign body sensation 
after LAUP. Broken line: 
oral side. Drawn line: nasal 
side

Fig. 6.4.7   Nasopharyngeal 
incompetence after LAUP
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On the other hand, in a radiocephalometric examination with contrast agent, Finkelstein 
et  al. [197] proved an obstruction of the nasopharynx by LAUP and a dilation of the 
nasopharynx by UPPP. In an investigation carried out by Shehab et al. [662], the patients 
reported significantly more pain (p = 0.0027) on the seventh day postsurgery after LAUP 
than after UPPP. On the first postoperative day, no significant difference was found. For a 
collective consisting of 110 patients with OSA and 254 simple snorers Hagert et al. [259] 
reported about postoperative occurrence of other disturbing noises during sleep. Those 
other noises (smacking, grunting, whistling) were observed in 20.5% after LUPP, but only 
in 15.1% after UPPP.

6.4.4.1 
Pain

Laser surgery of the soft palate is a painful procedure with a maximum of pain during the 
third to fifth day after surgery. If done as a multiple-stage procedure almost 20% of the 
patients were reported to be not willing to undergo a next session because of pain [26]. 
Even 2 years after surgery some patients stated that they would not undergo a LAUP again 
because of the painfulness of their procedures.

The mean duration of pain requiring pain killers is cited as between 5.3 days [118] and 
15 days [380] after multiple-stage LAUP under local anesthesia. In individual cases pain 
killers were taken up to 3 weeks postoperatively. Soreness seems to decrease with the 
number of repeated sessions [26].

In comparison to conventional UPPP the LAUP procedure turned out to be slightly 
more painful during the first days after surgery but required pain killers for a shorter period 
of time [97, 623, 662, 748, 809]. This is in accord with our own experience. In the area of 
the soft palate, laser surgery is significantly more painful than RFQ treatments [56, 623, 
748, 757].

Up to now, there is little information about specific postoperative pain management 
after LAUP. We treat our patients successfully with Cox-II antagonists and tramadol. 
Sometimes oral antibiotics are very helpful to control postoperative pain. Sucralfate was 
found to alleviate post-LAUP pain in a randomized clinical trial [381]. Sucralfate is known 
to adhere to proteins that promote healing by forming a protective coating against gastric 
acid, pepsin, and bile salts. Another future perspective may consist in the use of long-
lasting local anesthetics.

6.4.5   
Indications and Contraindications

In 2001 the Standards of Practice Committee of the American Academy of Sleep Medicine 
(AASM) issued a declaration with six statements regarding laser-assisted surgery of the 
soft palate [419]:
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1.	 LAUP is not recommended for the treatment of the sleep-related breathing disorders 
including obstructive sleep apnea (guideline).

2.	 LAUP is not recommended as a substitute for UPPP in the treatment of sleep-related 
breathing disorders including OSA (guideline).

3.	 LAUP appears comparable to UPPP in relieving subjective snoring (guideline).
4.	 Surgical candidates for LAUP as a treatment for snoring should undergo a preoperative 

clinical evaluation and a polysomnographic or a cardiorespiratory study to determine if 
the candidate has a sleep-related breathing disorder including OSA (standard). Since 
snoring is a primary diagnostic symptom, patients who undergo LAUP should be 
informed of the need for periodic evaluation for subsequent development of OSA even 
if the procedure reduces or eliminates snoring (standard).

5.	 The need for medications that affect respiration during the perioperative period should 
be assessed during the preoperative clinical evaluation (standard).

6.	 Patients should be informed of the risks and complications of LAUP (standard).

We fully agree with this statement and do not perform any laser-assisted surgery of the soft 
palate in patients with OSA. The new guideline “obstructive sleep apnea in adults” of the 
German Society of Otorhinolaryngology, Head and Neck Surgery [768] is consistent with 
the statement of the AASM.

There are six publications dealing with the former “upper-airway-resistance-syndrome” 
(UARS). Five of these six groups of authors perform LAUP in patients with UARS. We do 
not as it has been documented that LAUP may narrow the nasopharyngeal valve while 
UPPP has been proven to widen it [49, 197, 633]. For this reason we only perform UPPP 
or a modified uvulopalatal flap, always in combination with a tonsillectomy, if tonsils are 
still present, in our patients with confirmed UARS, for the case that a CPAP therapy is not 
accepted.

Nevertheless, LAUP seems to be an adequate treatment modality for simple snoring. 
For this indication, LAUP competes with radiofrequency of the soft palate. While 
patients with long uvula and redundant mucosa at the posterior pillar (so-called web-
bing) are good candidates for laser-assisted procedures, radiofrequency treatment is 
reserved for candidates with no or minimal redundant mucosa because radiofrequency 
does not remove any excessive tissue but stiffens the soft palate by intramuscular 
scarrification.

The following associated conditions are mentioned as contraindications for LAUP: 
overweight, arterial hypertension, and mental irregularities or lacking cooperation 
[775]. Being a professional speaker or singer was also seen as relative contraindication 
[371].

The following illnesses are named as local factors: tonsillar hypertrophy, trismus, 
cranio-facial malformation and cleft palate, macroglossia, prominent plication of the 
rear oropharyngeal wall, heavy retching, previously existing velo-pharyngeal incom-
petence, floppy epiglottis, and neuromuscular diseases of the pharynx [775]. A solely 
retro-lingual site of formation of snoring sounds is naturally also seen as 
contraindication.
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Take Home Pearls

We do not see any indication for LUPP.››
LAUP and related procedures (RAUP, etc.) are not adequate treatments for OSA.››
Outcome of LAUP or RAUP does not depend on the technical equipment used.››
LAUP and related procedures do not fulfill the criteria of minimally invasive ››
surgery, because of substantial postoperative pain. Patients need to know that 
they cannot return to work for a couple of days.
There is no need for aggressive LAUP or any other resections within the soft ››
palate.
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6.5.1    
Interstitial Radiofrequency Treatment (RFT)

Boris A. Stuck and Thomas Verse

Already in 1995, Whinney and colleagues suggested a procedure that can be considered 
as a precursor of radiofrequency surgery on the soft palate [813]. The authors per-
formed 10–15 punctate penetrations of the mucosa and diathermized the palatal muscles 
on each puncture to achieve a stiffening of the soft palate, palpable to the surgeon  
(Fig. 6.5.1.1).

Today, radiofrequency systems, which need fewer thermic lesions to achieve a treat-
ment effect, have been established. In terms of the soft palate, this interstitial radiofre-
quency surgery competes more with the LAUP than with the classical UPPP. The 
fundamental aspects of radiofrequency surgery have already been discussed in Sect. 6.1.2 
in the context of the tonsil treatment. But in contrast to tonsillar surgery, a plethora of data 
from clinical studies is available for the soft palate.

6.5.1.1 
Surgical Technique

Surgery is usually performed under local anesthesia as an outpatient procedure on the sit-
ting patient. In the case of an isolated soft palate treatment, sedation is usually not necessary. 

Radiofrequency Surgery 6.5

Core Features

Radiofrequency surgery of the soft palate is a minimally invasive treatment for ››
primary snoring and mild obstructive sleep apnea.
Radiofrequency surgery of the soft palate can be performed on an outpatient basis ››
under simple local anesthesia, but usually requires multiple treatment sessions.
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Monitoring by way of a pulse oximetry and an ECG is recommended for sedated patients, 
but otherwise not mandatory.

In the area of the soft palate, we also perform surgery without a mucosal disinfection. 
For the local anesthesia, we use prilocaine 2% with epinephrine (1:200,000). In many 
patients, surface anesthetics cause a bothersome hypersalivation; therefore, we do not 
regularly take recourse to this option. In order to achieve an adequate analgesia, the path-
way of the sensible innervation needs to be taken into account. The nerve fibers run from 
lateral toward the uvula. It is important to begin the local anesthesia sufficiently close to 
the hard palate, due to the fact that the radiofrequency applicators need to be inserted 
approximately 2 cm further cranially than the expected lesion. As a rule, 5–8 mL local 
anesthetic is sufficient for the local anesthesia (Fig. 6.5.1.2).

It may be beneficial to lay the needle on the soft palate in order to determine the correct 
position for lesion and puncture before penetrating the mucosa with the radiofrequency 
applicator. It is crucial to check the position of the active probe in the tissue before applying 
energy. This can be done either by palpation or by back-and-forth moving of the probe. If the 
active electrode is situated too superficially, an ulcer may develop as a result of the thermic 
damage, causing an extended time of healing.

Currently, using the Somnus system (Somnus, Gyrus ENT, Bartlett, USA), we prefer 
4–6 lesion at 85°C target temperature and 400–500 J for the initial treatment. In this 
respect, our concept differs from that of others, which either favor a single lesion [194, 
664] or also several lesions with total energy amounts between 1,099 [738] and 2,100 

Fig. 6.5.1.1   Punctate diathermy of the soft palate 
according to Whinney et al. [813]



1056.5.1   Interstitial Radiofrequency Treatment (RFT) 	

[749]. Either 80 or 85°C is used as target temperature. In the case of the Celon system 
(Celon AG medical instruments, Teltow, Germany) we use, depending on the thickness of 
the soft palate, 10–12 W, and also apply six lesions (Fig. 6.5.1.3). It is efficient to limit the 
amount of punctures of the mucosa by not pulling the needle completely out of the soft 
palate after the first lesion, but pushing forward again under slightly changed target direc-
tion. In this way the bleeding, which is minor in any case, can be even further minimized. 
Other potential treatment devices are the reusable bipolar probes of Sutter Medizintechnik 
(Sutter Medizintechnik, Freiburg, Germany).

In the case of soft palate therapy, two to three sessions are necessary until a satisfactory 
reduction of the snoring sound to a socially acceptable level is achieved. The follow-up 
sessions are basically performed in the same way as the first; but in the case of smaller soft 
palates we reduce the number of lesions to four.

Fig. 6.5.1.2   Local anesthesia. 
(Left) Area of infiltration. 
(Right) Application of local 
anesthesia

Fig. 6.5.1.3   Soft palate procedure. Six lesions
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Other authors proceed more aggressively, and apply up to nine lesions to the soft palate. 
Yet we have not found an increase in efficacy by applying larger or more frequent lesions. 
But the development in this field is still in flow.

6.5.1.2 
Effectiveness for Simple Snoring

In 1998 Powell et al. [577] first reported the use of interstitial radiofrequency surgery for 
the human soft palate in the treatment of simple snoring. In the following 5 years, various 
study groups attempted to repeat or modify this study in order to assess the value of this 
new procedure.

Stuck and colleagues summarized the results in a meta-analysis in 2004 [718]. The 
survey of the literature at that time generated 22 original articles dealing with interstitial 
radiofrequency surgery of the soft palate in the treatment of snoring. 18 studies were pro-
spective clinical trials, 15 of these focused on treatment efficacy, 3 of which included a 
comparison with other treatment modalities such as intraoral devices, LAUP or UPPP. One 
study was a medium-term follow-up of previously published material.

Nineteen of the 22 studies used temperature-controlled radiofrequency tissue ablation 
(Somnoplasty®). The remaining three studies used the Ellman (monopolar), VidaMed, or 
Coblation (bipolar) system. Between 1 and 4 application sites per treatment session were 
selected. Obstructive sleep apnea was ruled out with polysomnography in 19 of these stud-
ies, with a maximum RDI of 10 or 15 respectively. Furthermore, obese patients were 
excluded in most of the trials (16 out of 22), although the maximum BMI varied between 
studies (between 27 and 40 kg/m2). Follow-up periods were usually 6–8 weeks, but espe-
cially retrospective trials had a significantly longer follow-up (2–18 months). Treatment 
efficacy was assessed with the help of visual analogue scales or snoring scores filled out by 
the bed-partner in 16 of the 18 studies addressing treatment efficacy. 

The studies providing results of subjective snoring (visual analogue scales or snoring 
index) were summarized in terms of two meta-analyses. In the studies using the visual ana-
logue scales a total number of 505 patients were treated. The weighted mean score of these 
studies was reduced from 8.2 to 3.7. The mean weighted treatment effect was 4.5. In the studies 
using the snoring index a total number of 167 patients were treated. The weighted mean ± SD 
was reduced from 8.1 to 3.3 and the weighted mean treatment effect was 4.8. The changes in 
mean snoring scores of the studies involved were significant at a level of p < 0.01.

In three trials, different treatment protocols concerning the number of applications sites 
per treatment session were compared (i.e., 3–4 vs. 1) [173, 194, 664]. One study was based 
on snoring scores [173] and compared a group of 19 patients receiving 698 J (mean value) 
at the midline as a single treatment to a group of 24 patients receiving three lesions with a 
mean total of 1,254 J per treatment session. The group receiving multiple lesions (total 
amount of energy per patient: 2,165 J) showed a slightly more pronounced reduction of 
mean snoring scores (7.8–2.3) compared to the group receiving single lesions (total amount 
of energy per patient: 2,196 J; 8.9–2.5).

The two studies comparing the effects of single vs. multiple lesion treatments based on 
visual analogue scales showed comparable effects for these two treatment protocols [194, 
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664], with a higher total amount of energy delivered per patient for the multiple lesion group 
(1,676 vs. 3,418 J, and 1,898 vs. 2,001 J). The main advantage of multiple lesion treatments 
seems to be the reduced number of treatment sessions necessary (3.3 vs. 1.75 [173], 2.38 vs. 
1.94 [194], and 2.9 vs. 1.6 [664]) rather than a higher efficacy in respect to the final outcome.

Kania et al. [341] analyzed the influence of energy delivered on snoring outcome in 43 
patients. One group received 1,250 J and the other group 1,500 J per treatment at three 
sites. The 1,500 J delivery led to a better snoring reduction with a significant difference 
after two treatment sessions.

In two studies with a longer follow-up a relapse over time was seen in 11–41% of the 
patients [407, 637]. The results for the VAS in this study increased from 2.1 to 5.7 after 14 
months. Eight of the 9 patients showing a significant relapse were again treated with radio
frequency surgery. Their mean snoring score could again be reduced from 5.8 to 3.3. Two 
studies reevaluated initial success rates (3 months) after 12 and 9.5 months respectively. 
Mean postoperative snoring index increased from 4 to 5 in the first study (12 months) [31] 
and the success rate decreased from 33 to 28% in the second (9.5 months) [32].

Terris et al. [740] compared interstitial radiofrequency surgery of the soft palate with 
LAUP in a prospective, randomized manner. LAUP revealed a slight advantage over 
radiofrequency but resulted in a greater degree of postoperative discomfort.

In 2005 a placebo-controlled, prospective trial on radiofrequency surgery of the soft 
palate was published by our working group. An overall number of 26 patients with primary 
snoring were randomized to either two sessions of temperature-controlled radiofrequency 
surgery or placebo, the latter consisting of an insertion of the device needle under local 
anesthesia without energy application [722]. While no relevant changes were documented 
in the placebo group (snoring before treatment 8.4 and after treatment 8.0) snoring score 
were reduced from 8.1 to 5.2 in the radiofrequency group. This result demonstrates statisti-
cally significant differences between the two groups. Although the overall success was 
inferior to the results of the meta-analysis, this is the first study demonstrating the superior-
ity of radiofrequency surgery of the soft palate over placebo in terms of a level I trial.

In 2006, Hofmann et al. compared radiofrequency surgery of the soft palate with tonsil-
lectomy and UPPP (the surgical intervention was based on the individual anatomy) and 
came to the conclusion that UPPP was more effective in reducing snoring compared to 
interstitial radiofrequency surgery but associated with higher morbidity [289]. Our per-
sonal opinion, however, is that a relatively invasive treatment such as tonsillectomy and 
UPPP should only be used in highly selected cases and with particular caution to treat 
patients with primary snoring only, as other minimally invasive alternatives exist  
(e.g., RF-UPP combined with RFT of the tonsils).

6.5.1.3 
Effectiveness for OSA

There is only a limited number of studies available dealing with isolated interstitial radiofre-
quency at the soft palate for OSA. A literature search in Pubmed (National Library of 
Medicine) was performed for the terms “radiofrequency,” “palate,” and “sleep apnea”. 
Original studies published in English up to March 2008 were included if they addressed 
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radiofrequency surgery of the soft palate in the treatment of sleep-disordered breathing. For 
the analysis of clinical outcome, only studies using radiofrequency surgery as an isolated 
approach were analyzed; studies using combined approaches or studies with patients with 
primary snoring were only selected with regard to morbidity and complications.  
In addition, a recent review was evaluated regarding potential additional publications [189]. 
Several trials were not included, although they claimed to investigate the effects of radiofre-
quency surgery of the soft palate in sleep-disordered breathing. Those excluded trials either 
did not provide sufficient objective outcome measures [31, 738, 753] or the baseline AHI was 
below 5 [305, 577] or 10 [119, 734, 753] and the primary intention was to treat snoring.

Using the Somnus unit, Blumen et al. [55] treated 29 patients with an AHI of 10–30 and 
a body mass index of less than 30  kg/m2. For the entire group the AHI significantly 
decreased 8.5 months after surgery. The cure rate (defined as an AHI below 10 after sur-
gery) was estimated as 65.5%. Daytime sleepiness as measured with the Epworth Sleepiness 
Scale improved in 62.1% of the patients.

Brown et al. [78] performed interstitial radiofrequency at the soft palate in more severely 
affected patients with an AHI up to 78. Although the reduction in mean AHI was statisti-
cally significant in this sample too, no clinically significant differences were found between 
pre- and posttreatment groups with respect to any other sleep parameters.

Bassiouny et al. compared RFT of the soft palate with radiofrequency-assisted uvulo-
palatoplasty (RF-UPP) (see Sect. 6.5.2 in this book) [41]. In this trial, RF-UPP was supe-
rior to “standard” radiofrequency surgery (RFT), but associated with higher postoperative 
morbidity.

Detailed information using Sher’s criteria of success is given in Table 6.5.1.1.
In summary, there is little information that interstitial radiofrequency treatment of the soft 

palate might be effective for mild OSA. In our personal opinion, radiofrequency surgery of 
the soft palate may be helpful for patients with mild OSA not requiring nasal ventilation 
therapy but seeking treatment of snoring as long as the individual anatomy appears suitable.

6.5.1.4 
Postoperative Care and Complications

Concerning postoperative complications no serious adverse events were reported, though 
it should be mentioned that there was a significant variation in the overall complication 

Table 6.5.1.1   Interstitial radiofrequency treatment of the soft palate for OSA

Author N Device Follow-up 
(months)

AHI pre AHI post Success 
(%)

EBM

Brown et al. [78] 12 Somnus 1.5 31.2 25.3 16.7 4

Blumen et al. [55] 29 Somnus 8.5 19.0   9.8 65.5 4

Bassiouny et al. [41] 20 Arthrocare 4.0 15.3   9.8 40 2b
All 61   5.6 20.2 12.8 47.5 C

AHI Apnea Hypopnea Index
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rates provided, which ranged from 0 to 50% [551, 724]. The most frequently reported 
complication was a mucosal erosion/ulceration. Mucosal blanching was also reported as 
accompanying the treatment and to be related to the intensity of postoperative pain [31], 
but was not assessed by us as a complication. In general, the comparison between different 
studies concerning postoperative complications poses difficulties. Especially “mucosal 
erosion” seems to a certain extent be inevitable at the site of the intrusion of the needle 
(and is not regarded as a complication). It has to be distinguished from secondary erosions 
or ulcerations due to the energy delivered. Nevertheless, “mucosal erosion” is often listed 
as a complication without further description.

Four studies reported moderate complications in terms of palatal damage (palatal fis-
tula, uvula loss/sloughing) [63, 173, 194, 551]. One of these studies reported the highest 
rate of overall postoperative complications with 50%, all being moderate complications 
such as major mucosal breakdown and uvula sloughing [551]. In this study, technical 
parameters and the intraoperative setting were comparable to the other studies using tem-
perature-controlled radiofrequency surgery. One significant difference was the regular use 
of oral corticosteroids before and after treatment in every patient. This is the reason why 
we do not give any corticosteroids routinely. Series with a larger number of patients 
showed complication rates of about 1–5% [63, 664, 724].

In those studies where postoperative morbidity was compared with other surgical 
approaches (UPPP or LAUP), interstitial radiofrequency surgery was associated with the 
least amount of postoperative pain [56, 92, 623, 748, 757]. For example, mean postopera-
tive pain duration was 2.6 days for radiofrequency surgery compared to 13.8 for LAUP 
and 14.3 for UPPP in the study of Troell et al. [748].

In a very recent publication of Birkent et al. the effects of radiofrequency surgery of the 
soft palate on voice was assessed [53]. The authors could demonstrate that there was no 
significant impact on fundamental frequency and formant frequency of vowels which 
appears particularly important in professional voice users. If a professional voice user asks 
for surgical treatment of snoring, radiofrequency surgery appears to be the favorable treat-
ment alternative.

6.5.1.5  
Indications and Contraindications

On the basis of the presented data, we currently see an indication for radiofrequency sur-
gery of the soft palate mainly in case of primary snoring. In those cases wherein a mild 
OSA has been diagnosed but does not require ventilation therapy (for instance, in cases of 
an AHI below 15 or 20 without daytime symptoms in otherwise healthy subjects), radiof-
requency surgery may be applied if the primary complaint is snoring and the anatomy 
appears suitable. As an alternative, a combined radiofrequency surgery of tongue base, 
tonsils, and soft palate may be performed. In the case of moderate-to-severe OSA a radiof-
requency therapy is usually not sufficient.

For the indication of primary snoring radiofrequency surgery of the soft palate competes 
with LAUP, palatal implants, and RF-UPP. In this context, the individual anatomy is (again) 
of particular importance. In the case of pronounced webbing and particularly excessive 
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mucous membrane at the soft palate an ablative procedure is needed which removes the 
redundant mucosa (LAUP or RF-UPP, see corresponding Sects. 6.4 and 6.5.2).

Soft palate implants (Sect. 6.6) compete directly with radiofrequency surgery of the soft 
palate due to the fact that indication and anatomical requirements are identical for both tech-
niques. The soft palate implants also produce only a low postoperative morbidity and level I 
trials are available for both techniques. It is assumed that soft palate implants may have a better 
long-term efficacy; nevertheless, currently no comparative trials exist for the two techniques.

Take Home Pearls

Radiofrequency surgery of the soft palate can successfully be applied in primary ››
snoring. Its effects in obstructive sleep apnea are limited, but it may be used in 
mild cases where snoring is the major complaint.
The morbidity of radiofrequency surgery of the soft palate is limited and it is ››
associated with least postoperative pain compared to standard soft palate 
procedures (LAUP, UPPP).
Level I data from placebo-controlled trials are available for radiofrequency ››
surgery of the soft palate in primary snoring, demonstrating its superiority over 
placebo. The overall effect, however, is limited but can be further improved with 
a combination of soft tissue resection.
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6.5.2   
Radiofrequency-UPP

Boris A. Stuck

With regard to the significant morbidity associated with laser-assisted uvulopalatoplasty 
(LAUP) in terms of postoperative pain and with regard to the specific safety issues with 
laser systems, cutting devices based on radiofrequency energy were used instead of the 
laser to excise palatal tissue. According to the LAUP, this technique has often been labeled 
as “radiofrequency-assisted uvulopalatoplasty” RAUP [41, 414, 803]. Furthermore, vari-
ous combinations have been proposed, the most interesting one being the combination of 
interstitial radiofrequency surgery (RFT) and RAUP, which we call RF-UPP [34]. This 
technique is particularly interesting as it overcomes the major limitations of interstitial 
radiofrequency surgery, being the fact that excessive soft tissue (webbing) cannot be suc-
cessfully treated with interstitial radiofrequency surgery alone.

6.5.2.1 
Surgical Technique

RAUP is usually performed analogous to standard LAUP under local anesthesia (see 
Sect. 6.4). We prefer the above-mentioned combination of interstitial radiofrequency sur-
gery combined with cautious resection of excessive soft tissue at the posterior pillar and 
the uvula whenever present (RF-UPP). The procedure can be performed under local anes-
thesia. In upright position, the patient is comfortably seated either in the clinical chair or 
on a surgical table. Sedation is not generally recommended in this case but may be applied 
according to the patient’s needs. If necessary, we administer sedation intravenously with 
Midazolam, by titrating the drug up to the desired level of sedation. A perioperative anti-
biotics prophylaxis is not required. First, the interstitial application of radiofrequency 

Core Features

Radiofrequency surgery can also be used in a cutting mode to resect and excise ››
excessive soft tissue at the soft palate. It has substantial advantages over 
laser-assisted resections in terms of morbidity and safety.
Combined approaches with interstitial radiofrequency surgery and ››
radiofrequency-assisted surgical excision can be performed to increase  
clinical efficacy.
Radiofrequency-UPP alone or in combination with interstitial radiofrequency ››
surgery can be performed in an outpatient setting under local anesthesia.
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energy is undertaken (for RF-UPP, the bipolar Celon systems are used performing about 
5–6 lesions at 10 W; Celon AG Medical Instruments, Teltow, Germany), as described in 
Sect. 6.1.3. In addition, careful resection of excessive mucosa is performed with a cutting 
device (Celon ProCut, Celon AG Medical Instruments). A triangular incision is done 
bilaterally of the uvula; hypertrophic mucosa at the posterior arch of soft palate is resected 
with the ProCut electrode with 20 W. With the same needle, uvular resection is done with 
transversal resection of mucosa (Fig. 6.5.2.1). Particular care is taken to resect only exces-
sive soft tissue, leaving the palatal muscles intact. The session is usually repeated after 
6–8 weeks.

6.5.2.2 
Effectiveness for Simple Snoring

As presented in Table 6.5.2.1, both studies addressing RF-UPP in primary snoring demon-
strated statistically significant improvement of snoring assessed with visual analogue 
scales (VAS) (0–10), with one study being a randomized controlled trial. In the study by 
Uppal et  al., surgical outcome was compared between RF-UPP (N  =  30) and LAUP 
(N = 30), and no differences were seen between the two groups [757]. The best outcome 
was reported by our own study group with RF-UPP, indicating that the additional soft tis-
sue resection helps to improve overall outcome [34]. Nevertheless, data are sparse, and 
long-term data are not available to date.

6.5.2.3 
Effectiveness for OSA

To date, only two studies from the same working group in Kairo are available with regard 
to RF-UPP and its use in obstructive sleep apnea. Both studies applied the Arthrocare 
system (Coblation, Arthrocare, Synnyvale, CA) as demonstrated in Table 6.5.2.2 [27, 41]. 
Bassiouny et al. compared interstitial radiofrequency treatment (RFT) of the soft palate 
with RF-UPP and demonstrated that RF-UPP was more effective in reducing respiratory 
parameters than RFT [41]. Atef et  al. compared RF-UPP (they made three upward 

Fig. 6.5.2.1   Amount of soft tissue resection in 
RF-UPP
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interstitial channels through the incision made near the uvula) with LAUP [27]. A statisti-
cally significant reduction in Apnea Hypopnea Index (AHI) was achieved after RF-UPP 
after at least three treatment sessions while a statistically significant reduction was 
achieved in the LAUP group already after the first session. The overall outcome was 
comparable but a higher number of sessions was necessary in the RF-UPP group. Surgical 
success decreased over time. This is a result that is known from almost all other soft pala-
tal surgeries for SDB.

More controlled trials with regard to a real control group are not available to date; the 
same is true for long-term follow-up studies.

6.5.2.4 
Postoperative Care and Complications

As described above and in accordance with interstitial radiofrequency surgery and LAUP, 
the above-mentioned techniques can be performed on an outpatient basis. In general, post-
operative pain after RAUP is significantly less pronounced and postoperative morbidity is 
significantly lower compared to LAUP [414]. Nevertheless, postoperative morbidity, espe-
cially in terms of postoperative pain, after RAUP is still higher compared to simple inter-
stitial treatment with radiofrequency [41]. With regard to our own data and our increasing 
experiences with RF-UPP, significant postoperative pain after RF-UPP has to be expected 
in the first 2–3 days.

Table 6.5.2.1   RF-UPP for simple snoring

Author N Device Follow-up 
(months)

Snore 
pre

Snore 
post

Success (%) ESS 
pre

ESS 
post

EBM

Uppal  
et al. [757]

30 No data 19 4.0 2.9 70 (Improvement) 8.0 No data 2b

Baisch  
et al. [34]

21 Celon 2 8.5 2.0 86 (VAS < 3) 6.3 4.3 4

All 52   2–19           C

ESS Epworth sleepiness scale; VAS Visual Analogue Scale; EBM evidence-based medicine

Table 6.5.2.2   RF-UPP for OSA

Author N Procedure Follow-up 
(months)

AHI 
pre

AHI 
short (3 
months)

AHI post Success 
3 months 
(%)

Success 
18 
months 
(%)

EBM

Atef et al. 
[27]

64 RF-UPP  
vs. LAUP

18.0 26.3 14.4 16.6 73.1 41.2 2b

Bassiouny 
et al. [41]

20 RF-UPP  
vs. RFT SP

4.0 17.2   8.1   50 3b

All 84   4–18 24.1   14.6   43.3 B

AHI Apnea Hypopnea Index; EBM evidence-based medicine
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In the majority of the trails cited above, no relevant complications were described.  
Lim et al. reported foreign-body sensation and dry mouth in 2 of their 24 patients with 
RAUP (which was significantly less than in the LAUP group) [414].

6.5.2.5 
Indications and Contraindications

According to the current literature and our own experiences, RAUP has substantial advan-
tages compared to LAUP, especially with regard to postoperative morbidity and technical 
simplicity. RAUP can easily be combined with interstitial radiofrequency surgery 
(RF-UPP), which significantly improves the outcome compared to interstitial radiofre-
quency surgery only. We would recommend performing RAUP or better RF-UPP instead 
of interstitial radiofrequency surgery alone, especially in those cases where excessive soft 
tissue is found at the soft palate. To our understanding, there is little support for still using 
the Laser at the soft palate in patients with snoring (and no indication in obstructive sleep 
apnea according to current guidelines).

RAUP and RF-UPP significantly improve snoring, although to date no controlled trials 
are available. In terms of obstructive sleep apnea, we see an indication for these procedures 
in cases with mild obstructive sleep apnea not requiring ventilation therapy, as long as 
snoring is the major complaint and the individual anatomy appears suitable.

Take Home Pearls

RF-UPP is the combination of interstitial RFT and the resection of redundant ››
mucosa at the posterior palatal pillar and uvula, as for example in LAUP.
In cases of excessive soft mucosa at the soft palate (webbing, uvula ››
hypertrophy), radiofrequency-UPP can significantly reduce snoring. In our 
hands, RF-UPP is more effective than its isolated components.
With regard to postoperative morbidity and safety, radiofrequency-UPP has ››
significant advantages over LAUP and can also be used in cases of mild 
obstructive sleep apnea, where Laser resection is contraindicated.
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 Palatal Implants

Joachim T. Maurer and Thomas Verse

6.6

UPPP and LAUP are standard procedures for the treatment of simple snoring and the pala-
tal site of obstruction in OSA or UARS. However, these treatments are invasive, destruc-
tive, painful, and, to a certain extent, irreversible. Furthermore, UPPP requires general 
anesthesia. Radiofrequency of the palate being the first minimally invasive palatal proce-
dure is a multiple-step procedure. Furthermore, a considerable relapse of snoring has been 
reported 1 year after treatment [405]. Therefore, a new minimally invasive, single-step 
procedure that places cylindrical implants within the soft palate has been developed [442]. 
Shortly afterward, the technique (Pillar®) was used for OSA patients as well.

The Pillar® implant consists of polyethylenterephthalat (PET). This material has been 
used as a vascular endoprosthesis (since 1960), as mesh in stomach surgery (since 1970), 
and in heart valves (since the end of the 1970s). Three rod-shaped implants are inserted in 
the soft palate. The implants themselves and the surrounding scarring induce a stiffening 
of the soft palate, which shall reduce or eliminate snoring sounds and respiratory events.

6.6.1   
Surgical Technique

As in the case of LAUP and interstitial radiofrequency surgery of the soft palate, this tech-
nique is performed on an outpatient basis in the sitting patient. A perioperative antibiotic 
prophylaxis is started (e.g., with 2 g Cefazolin intravenously) and will be continued per os for 
5 days (e.g., with 2 × 500 mg Cefuroxim per day). After mucosal disinfection with Hexetidine 
0.1% and topical anesthesia with Lidocain spray or gel 2%, the palate is infiltrated with 
approximately 3 mL of Prilocain 2% with epinephrine 1:200,000. If required, sedation is 
induced (e.g., with Dormicum® = Midazolam, titrated according to effect), but in most cases, 

Core Features

Three palatal implants are used to stiffen the soft palate.››
Palatal implants fulfill the criteria of minimally invasive surgery.››
Satisfaction rates for simple snoring vary between 22 and 75%.››
Palatal implants seem to be effective in mild OSA.››
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this is not necessary. Of course, the operation can also be done as an adjunct procedure under 
general anesthesia. Then, the patient has to be in the tonsillectomy position.

The implants are 18 mm long and have a diameter of 1.5 mm. They are delivered in a 
14-gauge hollow needle (Fig. 6.6.1), which has three markings at the curved end of the 
needle. The complete hand piece is a disposable instrument with one preloaded implant per 
hand piece; therefore, three hand pieces have to be used for one patient. Before the proce-
dure, the plastic sleeve must be stripped off the needle, and the implant can be seen inside 
the hollow needle. Then, the transport lock has to be removed.

The needle is inserted in the midline directly at the junction of soft and hard palate 
and then pushed forward toward the free margin of the soft palate to an extent that the 
most proximal, i.e., full insertion marking just remains visible. The implant is sup-
posed to settle intramuscularly. It is crucial that the implant neither anteriorly nor 
posteriorly bulges through the mucosa. When the correct position is checked by gently 
moving the palate anterioly and posteriorly with the inserted needle, the lock beneath 
the slider is pushed downwards. The implant is deployed by advancing the slider half-
way until a click is heard. Then, the needle is pulled out until the halfway marker 
becomes visible. Finally, the slider is advanced to the end, and the needle is withdrawn 
in a curved motion. The other two implants are placed in the same way 2 mm parallel 
to the first one on both sides. After implantation, a perforation of an implant at either 
surface of the palate is ruled out by inspection, palpation, and transnasal pharyngos-
copy (Fig. 6.6.2).

After the surgical procedure, the implant can no longer be discerned. In Fig. 6.6.3, one 
can still distinguish the punctures, but not the implants themselves (Fig. 6.6.3).

6.6.2   
Effectiveness for Simple Snoring

During the first 3 years after the inauguration of the method, prospective case series focused 
on simple snorers. Today there is data from 268 patients covering a follow-up of 3–12 
months. Three month data in average is superior to 12 month data pointing at a possible 
decrease in efficacy during the first year after the procedure. Subjective snoring (bed-partner 

Fig. 6.6.1   Left side: delivery tool. Right side: magnification of implant
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evaluation by visual analogue scale) can be reduced by approximately 3 cm to a final value 
of 4 cm on the 10 cm scale (Table 6.6.1). A complete elimination of snoring is rare. As values 
below 3 cm are considered as nonbothersome snoring, one has to admit that a considerable 
number of patients may not be satisfied by this procedure. It has to be investigated whether 
additional implants can reduce snoring further. Similarl to other operations, subjective data 
do not necessarily match with objective data obtained in a few studies [449, 514] with the 
SNAP®-system. This may be due to the fact that the description of snoring is very subjective 
and strongly depends on the bed-partner. There is a lack of randomized data till date.

6.6.3   
Effectiveness for OSA

After several case series presenting short-term data two randomized, placebo-controlled 
trials have been published in 2008 (Table 6.6.2). All patients had mild OSA. Unanimously, 
the case series show some reduction of AHI and a success in 20–40% of the cases. The 
study of Nordgard [511] has a higher success rate because 15 of 41 patients were lost to 
1-year follow-up. Some had received additional treatment due to insufficient 3-month 
data, others rejected follow-up visits because they felt subjectively relieved, and the rest 
could not be contacted any more. In an intention-to-treat analysis the success rate of this 

Fig. 6.6.2   (Left) Mimicking the final position of median implant. (Center) Insertion of right implant. 
(Right) Intramuscular position of implant within the soft palate

Fig. 6.6.3   Postoperative 
situation
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study group drops to 32% which is in line with the other short-term data. This indicates 
that the results remain stable over 1 year.

A Chinese group also treated patients with an AHI >60 showing a reduction as well, but 
with  success in only one of the six patients, whereas patients with mild OSA were success-
fully treated in 68% [105]. This indicates that the Pillar® system is more appropriate in 
mild OSA. Unfortunately this publication is in Chinese language only.

Both randomized, placebo-controlled studies show a superiority of implants over placebo. 
However, results are conflicting as Steward et al. had to recognize an increase of AHI [705] 
in contrast to Friedman et al. who reported a pronounced reduction of AHI [217]. Friedman 
also tried to put Pillar® implants after UPPP failure. He was successful in 21.7% of the patients 
with this adjunct minimally invasive treatment [216]. There is a lack of long-term data. Walker 
et al. reevaluated their short-term results (90 days) [794] again after 436 days [795]. Initial 
response or nonresponse to palatal implants remained stable over this extended period.

Palatal implants can also be used in multilevel treatment under general anesthesia [214].

Table 6.6.1   Efficacy of Pillar® implants for simple snoring

Author N Follow-up 
(months)

Method Snore 
pre

Snore 
post

Success (%) ESS  
pre

ESS  
post

EBM

Ho et al. [283]   12   3 VAS 7.9 4.8 No data 8.9 5.7 4
Nordgard et al. [514]   35   3 VAS 7.3 3.6 53 (VAS <3) 9.3 4.6 4

Maurer et al. [449]   15   3 VAS 7.3 2.5 73 (VAS <3) 5.3 3.4 4

Maurer et al. [448]   40 12 VAS 7.1 4.8 22 (VAS <3) 6.1 4.9 4

Kühnel et al. [377] 106   6 VAS 7.6 3.9 <50 (quest) 8.0 5.1 4

Romanow et al. [622]   25   3 VAS 8.5 4.4 75 (quest) 8.3 7.3 4

Nordgard et al. [512]   35 12 VAS 7.1 4.8 23.5 (VAS <3) 9.3 5.6 4
All 268 6.7 VAS 7.5 4.1   8.0 5.2 C

Quest questionnaire; ESS Eporth Sleepiness Scale, VAS Visual Analogue Scale; EBM evidence-
based medicine

Table 6.6.2   Effectiveness of Pillar® implants in OSA

Author N Follow-up 
(months)

AHI  
pre

AHI  
post

Success 
(%)

ESS  
pre

ESS  
post

p ESS EBM

Friedman et al. [222]   29   7.5 12.7 11.5 24.1 No data No data No data 4

Walker et al. [794]   53   3.0 25.0 22.0 20.8 11.0   6.9 <0.001 4

Nordgard et al. [513]   25   3.0 16.2 12.1 36   9.7   5.5 <0.001 4

Nordgard et al. [511]   26 12.0 16.5 12.5 50   8.3   5.4 <0.001 4

Goessler et al. [233]   16   3.0 16.5 11.2 37.5   7.2   4.6 <0.05 4

Friedman et al. [217]   29   3.0 23.8 15.9 41.9 12.7 10.2 <0.001 2b

Steward et al. [705]   47   3.0 16.8 19.7 26 10.6   8.7 <0.01 2b
All 225   4.6 18.9 16.4 31.3   8.9   7.3   B

AHI Apnea Hypopnea Index; ESS Epworth Sleepiness Scale; EBM evidence-based medicine
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6.6.4   
Postoperative Care and Complications

The procedure can be performed on an outpatient basis. Perioperative antibiotic prophy-
laxis with 2  g Cefazolin intravenously which will be continued orally for 5 days with 
Cefuroxim 2 × 500 mg per day may not be forgotten. Up to now, all implants have been 
placed without complications. Improvements of the delivery tool simplified the procedure 
and reduced the risk of malpositioning of the implants.

Only minor discomfort (minor sore throat) is reported in a few patients within the first 
3 days postprocedure. Pain scores on the VAS are minimal (always below 3 at day 2, no 
more pain at day 90). In the majority of patients, Paracetamol at low dosage is sufficient. 
Narcotic analgesics or nonsteroidal anti-inflammatory drugs (NSAID) are not required. 
There is no significant speech disturbance after the procedure.

The patient has to be informed about the possibility of partial extrusion of an 
implant. Implants can extrude to both sides. Therefore, the surgeon has to check the 
oral as well as the pharyngeal surface of the soft palate. Implants never extrude com-
pletely thus making an aspiration impossible. This complication may cause mild pain 
and a foreign-body sensation, but there is no need for analgesics in the majority of 
cases. A partial extrusion happens in 8.6% of the patients on average. There has been 
a marked decrease of extrusion rates over the years indicating that there is a certain 
learning curve the surgeon should be made aware of. The implants can be removed 
easily under local anesthesia. If a patient desires the removal of all three implants even 
though they are well-incorporated into the palatal tissue, it can be difficult because of 
relevant scarring. We have done that in two patients and general anesthesia was 
required. The trauma generated is far bigger than during implantation or removal in 
cases of partial extrusion. Nevertheless, the lesions heal without any further clinical 
sequelae. Despite a partial extrusion snoring may decrease further over time. No severe 
adverse events were observed in 390 patients with a mean follow-up of 237 days 
(Table 6.6.3).

6.6.5   
Indications and Contraindications

The technique can be used for simple snorers as well as patients with mild OSA who have 
palatal obstruction without a long uvula or big tonsils. Its short-term results are compara-
ble to interstitial radiofrequency surgery of the soft palate. Soft palate implants directly 
compete with this procedure. One-year follow-up seems to be slightly superior to RF of the 
soft palate. However, further studies have to show whether one of these two minimally 
invasive techniques will turn out to be preferable.

In comparison with the soft palate implants, interstitial radiofrequency surgery has the 
advantage that it can be additionally extended to the tongue base, the inferior turbinates, or 
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the tonsils. This is especially of advantage in those cases where the surgeon is not certain 
whether he or she is dealing with an exclusive palatal snoring.

Candidates for palatal implants differ from candidates for LAUP or RF-UPP, respec-
tively. The latter are ablative procedures in which the posterior palatine arch and the uvula 
are shortened. This is not the case for the soft palate implants. Therefore, patients with 
pronounced webbing and a long uvula should not receive implants; on the other hand, in 
cases wherein no excessive mucosa exists, the soft palate implants or interstitial radiofre-
quency surgery are to be preferred because of the significantly lower postoperative mor-
bidity rate.

Table 6.6.3   Extrusions of Pillar® implants

Author N Follow-up  
(days)

Extrusions per 
implant

Per patient

Ho et al. [283]   11   90   3 (9.1%)   2 (18.2)

Nordgard et al. [512]   35 365   9 (8.6%)   6 (17.1)

Maurer et al. [448]   40 365 13 (10.8%) 10 (25%)

Romanow et al. [622]   25   90   2 (2.7%)   1 (4%)

Friedman et al. [222] 125 300 10 (2.7%) 10 (8%)

Friedman et al. [216]   23 180   0 (0%)   0 (0%)

Skjostad et al. [688]   10 180   0 (0%)   0 (0%)

Nordgard et al. [511]   26 365   3 (3.8%)   3 (11.5%)

Goessler et al. [233]   16   90   0 (0%)   0 (0%)

Friedman et al. [217]   29   96   2 (2.3%)   2 (6.9%)

Steward et al. [705]   50   90   2 (1.3%)   2 (4%)
All 390 237 44 (3.8%) 36 (8.6%)

Take Home Pearls

Palatal implants are minimally invasive.››
They are effective for simple snoring and (very) mild OSA.››
A complete elimination of snoring is rare.››
Good candidates for palatal implants differ from candidates for LAUP or ››
RF-UPP respectively.
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Other Soft Palate Procedures

Thomas Verse

6.7

Apart from the procedures previously described, there exists a plethora of surgical tech-
niques for the soft palate which have been suggested for the treatment of SDB. Illustrating 
all these techniques or modifications would go beyond the scope of this book. But a few of 
these techniques have recently received more attention or are so fundamentally different in 
their approach that we consider a brief presentation of these techniques to be worthwhile.

6.7.1   
Uvulectomy

A search of the literature generated more than 60 hits for this topic. Most of the hits refer to 
ritual indications and not to SDB. Only one publication recommends uvulectomy as a sim-
ple and complication-free method for the treatment of primary snoring [25]. The success 
rate is approximately 61%. However, it must be said that the majority of the respondents 
requested further treatment for the reduction of their snoring. Uvulectomy is described as a 
very painful treatment, comparable to a complete uvulopalatopharyngoplasty (UPPP).

Another publication recommends uvulectomy for the therapy of UARS [503]. Yet the 
study offers no success rates. In this context, we once again wish to draw attention to the 
study by Mortimore et al. [485]: the study was able to demonstrate that in the case of a 
CPAP therapy after an isolated uvulectomy already for low respiratory pressures oronasal 
air leaks occur. These can make an effective respiratory treatment impossible. In our opin-
ion, uvulectomy is generally not to be recommended. It is crucial that the musculature of the 
soft palate be preserved during surgery. Solely excessive mucosal folds may be resected.

Core Features

There are various types of surgery addressing the soft palate to treat simple ››
snoring and OSA.
This chapter will compile the current knowledge about uvulectomy, palatal ››
stiffening, injection snoreplasty, and transpalatal advancement pharyngoplasty.
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Today, there exist safer and more effective procedures in the treatment of obstructive 
sleep apnea (OSA) as well as for the therapy of primary snoring.

6.7.2   
Palatal Stiffening Operation

6.7.2.1   
Surgical Technique

Ellis et al. [168] investigated the mechanics of snoring in the laboratory as an aid for devis-
ing a more effective operation. These studies have shown that there are several methods by 
which snoring can be generated, but palatal flutter is probably the most important factor. 
The dominant parameters in the generation of flutter of the palate are its length and stiff-
ness. Any removal of tissue to shorten the palate as in UPPP inevitably risks impairing its 
function. Therefore, the authors were the first to choose the stiffening alternative. Using a 
laser, a central longitudinal strip of mucosa – but not the muscles in the area of the anterior 
palatine arch (M. palatoglossus) – is removed from the surface of the soft palate, which 
heals by fibrosis, producing the required stiffening. Some authors additionally [481, 687] 
treated the uvula and the posterior palatine arch as in the case of laser-assisted uvulopalato-
plasty (LAUP) and laser uvuloplatatoplasty (LUPP)  and call this modification “mucosal 
strip technique” (MST) (Fig. 6.7.1). Other authors do not address the uvula and call their 
technique “palatal stiffening” [798].

A third group of surgeons adopted this idea of palatal stiffening using electrocautery to 
remove the anterior palatal mucosa. Mair and Day [433] removed a 2 cm central palatal 
mucosal flap under local and topical anesthesia. The resection starts 1 cm from the junction 
of the hard and soft palate, which is gently dissected down to the uvula. Finally, the redun-
dant mucosa of the uvular tip is resected preserving the uvular muscle (Fig. 6.7.2 left side 
and middle).

Fig. 6.7.1   Scheme of MST. Coagulation of the 
palatine mucosa combined with a shortening of 
the uvula according to Skatvedt [687]
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Throughout the operation the palatal muscles remain intact. By week 2 or 3 the palate 
has stiffened (Fig.  6.7.2 right side). For further details on the precise surgical procedure, 
we refer the reader to the original publication [433].

Finally, a combination of both palatal stiffening and LAUP is recommended by Remacle 
et  al. [595]. These authors perform three steps. First, they vaporize the palatal mucosa 
(Fig. 6.7.3 left side) in a method similar to the MST technique. Second, the palatal arches 
are trimmed very cautiously, completely protecting the anterior pillar (Fig. 6.7.3 middle). 
Finally, the uvula is either cut or vaporized (Fig. 6.7.3 right side). We do not have per-
sonal experience with this technique but is seems reasonable, because it is a very careful 
technique not disturbing the palatine arches and combines two established techniques. We 
ourselves combine the interstitial radiofrequency treatment (RFT) of the soft palate with a 
cautious resection of the redundant mucosa and call our technique radiofrequency-assisted 
uvulopalatoplasty (RF-UPP). For more details, please refer to Sect. 6.5.2.

As all the techniques mentioned here are very similar, and they will be discussed 
together in the following section.

Fig. 6.7.2   Cautery-assisted palatal stiffening operation (CAPSO). Left: incision. Middle: resection 
of palatal mucosa and shortening of the uvula. Right: stiffening after secondary wound healing 3 
weeks postoperatively

Fig. 6.7.3   Scheme of combined palatal stiffening with LAUP according to Remacle et al. [595]. Left: 
coagulation of the palatal mucosa. Center: resection of posterior pillars. Right: shortening of the uvula

10.1007/978-3-540-77786-1_6.5
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6.7.2.2   
Effectiveness for Simple Snoring

Palatal stiffening procedures show satisfying short-term results (Table 6.7.1). Again, 
patients’ satisfaction decreases over time [170, 424, 757]. The two controlled trials showed 
comparable effectiveness of laser-assisted palatal stiffening and conventional UPPP [168, 
662]. One fact in the latter trial is remarkable: there was no positive impact of an addition-
ally performed tonsillectomy on the snoring outcome. Uppal et al. [757] compared laser-
assisted palatal stiffening and a punctate diathermy both combined with uvulectomy in a 
single-blinded randomized controlled trial (N = 62). Results with regard to the subjective 
reduction of snoring were comparable with significantly more postoperative pain in the 
group after laser surgery.

Mair and Day investigated 206 patients who underwent isolated cautery-assisted palatal 
stiffening operations (CAPSO) for habitual snoring [433]. No sleep studies were per-
formed. Four to six weeks after surgery, 190 patients (92%) reported successful reduction 
or elimination of snoring. Follow-up evaluation 6–36 months postoperatively (mean 12 
months) revealed a 77% drop in the success rate (145 successes from 188 patients).

6.7.2.3   
Effectiveness for OSA

Wassmuth et al. [800] evaluated the effect of CAPSO for OSA. As they are part of the 
same working group, the surgical technique used was identical to that of Mair and Day 
[433]. The authors included 25 sleep apneics with a baseline Apnea Hypopnea Index (AHI) 
of 25.1  ±  12.9. Three months postoperatively, the AHI had statistically significantly 

Table 6.7.1   Palatal stiffening for simple snoring

Author Device N Follow-up 
(months)

VAS Success 
(%)

Definition  
of success

EBM

Ellis et al.  
[168]

Nd:YAG 16 3 1–10 87.5 VAS < 4 3b

Ellis [170] Nd:YAG 16 15–18 1–10 68.8 VAS < 4 4

Shehab  
et Robin  
[662]

CO2 24 3–52 1–10 79.2 Red. > 2 3b

Morar et al.  
[481]

CO2 25 6 1–100 72.0 Red. ³ 25% 4

Mair  
and Day 
[433]

electrocautery 206 12 No VAS 77.0 Telefone 
interview

4

All   287 3–52   76.88   B

VAS Visual Analogue Scale; EBM grade of evidence-based medicine; Red. reduction
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dropped to 16.6 ± 15.0. Using Sher criteria, the success rate was estimated as 48%. Daytime 
sleepiness as measured with the Epworth Sleepiness Scale improved highly significantly 
from 12.7 at baseline to 8.8 after surgery (Table 6.7.2).

6.7.2.4   
Indications, Complications, and Postoperative Care

Palatal stiffening operations are designed as an outpatient office procedure under local 
anesthesia. The surgical setting and postoperative care is the same as with LAUP. No seda-
tion is required. No antibiotics or steroids are administered.

The use of lasers at the soft palate has proven to be safe in several animal models [127, 
383, 798]. No perioperative complications have been reported so far. Postoperative com-
plications include minor bleedings (1%), temporary velopharyngeal incompetence (<1%), 
prolonged throat pain (4%), and intermittent tiny vesicles at the scar site for up to 2 months 
after surgery [433]. Hoolsema [291] described subjective complaints in some patients such 
as an inability to articulate a rolling/r/, increased gag reflex, aspiration, and altered taste 
sensations at short-term follow-up.

CAPSO is a painful surgery. Pain has been rated at between 50 and 60 for the first 8 
days on a Visual Analogue Scale (VAS) with its end-points 0 = no pain and 100 = maxi-
mum pain [800]. This means that CAPSO is as painful as our conventional UPPP tech-
nique (see Sect. 6.2).

In summary, CAPSO shows similar short-term results for simple snoring and for mild 
OSA as other soft palate procedures. We do not use it for simple snoring as we think there 
are less-invasive procedures available, producing less postoperative morbidity. In cases of 
redundant mucosa, we prefer the LAUP, which reshapes the free margin of the palate. In 
other cases, we prefer either interstitial radiofrequency surgery or palatal implants, as these 
techniques are much less painful. For OSA, we perform a conventional UPPP or an uvula-
flap, always combined with a tonsillectomy if tonsils are still present, because for this 
procedure, there exists a reliable long-term data documenting superior efficiency.

Table 6.7.2   Palatal stiffening OSA

Palatal  
stiffening

Device N Follow-up 
(months)

AHI  
pre

AHI  
post

ESS  
pre 

ESS 
post

Success 
(%)

EBM

Wassmuth  
et al.  
[800]

Electrocautery 25 3 25.1 16.6 12.7 8.8 40.0 4

Pang and  
Terris  
[539]

Electrocautery 8 3 12.3 5.2 12.2 8.9 75.0 4

All   33 3 22.0 13.8 12.6 8.8 48.5 C

EBM grade of evidence-based medicine; AHI: apnea hypopnea index; ESS: Epworth Sleepiness 
Scale.

10.1007/978-3-540-77786-1_6.2
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6.7.3   
Injection Snoreplasty

6.7.3.1   
Surgical Technique

Injection snoreplasty was introduced in 2001 to treat palatal snoring [70]. The surgical 
concept consists of the injection of sclerosing agents into the soft palate. As a result, scar-
ring ensues a stiffening of the soft palate. The authors initially used 3% sodium tetradecyl 
sulfate (STS) as an effective agent. In Europe, this substance has not been approved for 
this usage. Therefore, no European study reports exist, and for the same reason, we our-
selves do not employ injection snoreplasty. In a recent publication, further agents were 
assessed with respect to their efficacy [71]. None of the tested substances produced better 
results than STS. Only 50% ethanol was found to produce equivalent subjective and 
objective snoring efficacy and equivalent pain and recovery time compared to STS. 
However, a higher rate of transient palatal fistula was found in the case of ethanol.

The patient is maintained in a sitting position in the surgical chair. The authors only 
perform topical anesthesia first using a spray followed by a local anesthetic gel. The latter 
is placed on the end of a tongue depressor and placed against the soft palate for up to 
10 min. Injected local anesthesia is not thought to be necessary. During the first treatment, 
2.0 mL of 1% STS (10 mg/mL Sotradecol, Elkins-Sinn, Cherry Hill, NJ) is injected with a 
single needle penetration into the midline soft palate. The desired anatomic plane of injec-
tion is the submucosal layer of the soft palate. After approximately 2 min, the injected 
midline palate turns into a purple, hemorrhagic color as the sclerotherapy agent begins to 
take effect. Over a period of weeks, the mucosa heals, and a midline scar remains. For 
patients undergoing a second treatment, the site of injection is modified (Fig. 6.7.4). 

Fig. 6.7.4   Injection snoreplasty with 3% sodium 
tetradecyl sulfate. During the first treatment 
session the agent is applied in the midline. In 
case of a second treatment session, the agent is 
injected paramedially on both sides
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Breitzke and Mair [70] used 3% Sotradecol for repeated treatment sessions in most cases. 
For more details see [70].

6.7.3.2   
Effectiveness for Simple Snoring and OSA

Although the data is still limited, initial preliminary conclusions can be drawn from 
Table 6.7.3. All the authors used tetradycil sulfate (TDS) for treatment. In all studies, satis-
faction was defined as the bedpartner`s satisfaction with regard to the decrease of snoring.

Two working groups [9, 69, 70] documented a decrease in the bedpartner`s satisfaction 
with injection snoreplasty over time. This finding is in accordance with all other palatal 
treatments for simple snoring. Iseri and Balcioglu [317] compared injection snoreplasty 
with interstitial RFT of the soft palate. Both the treatments were effective for simple snor-
ing but tended to produce little benefit for RFT (87.5% satisfaction vs. 76.7%).

There is no information concerning the isolated use of injection snoreplasty for OSA. A 
recently published study describes the combined use of injection snoreplasty and bipolar 
radiofrequency uvulopalatoplasty as effective for both simple snoring and OSA [520].

6.7.3.3   
Indications, Complications, and Postoperative Care

So far, intraoperative complications have not been reported. There is no specific postopera-
tive care. The overall discomfort level created by the procedure was reported to be 3.5 on 
the VAS with its end-points 0 = no discomfort and 10 = maximum discomfort. To date, four 
patients have developed a transient, asymptomatic palatal fistula. One had received STS 
and the other three 50% ethanol. As with palatal tissue breakdown, treatment was entirely 
supportive without the use of antibiotics or steroids. All four patients healed spontaneously 
without complications and with good snoring results. In an animal model, injection snore-
plasty produced more scarring within the palate as compared with interstitial RFT [579].

Table 6.7.3   Effectiveness of injection snoreplasty for simple snoring

Author Agens N Follow-up  
short (weeks)

Success  
short (%)

Follow-up  
long (months)

Success  
long (%)

EBM

Breitzke et al. 
[69, 70]

TDS 27 6 92.6 19 74.1 4

Iseri et al.  
[317]

TDS 70 6 76.7 No data No data 3b

Al-Jassim  
et al. [9]

TDS 60 6 66.7 12 48.3 4

All   157 6 75.61 12–19 56.31 C

EBM grade of evidence-based medicine; TDS tetradycil sulfate
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The data are limited in their scope by the fact that they stem from merely one study 
group and only encompass a small number of patients. Having said this, the method does 
appear to produce comparable results in simple snorers as other minimally invasive surger-
ies of the soft palate.

6.7.4   
Transpalatal Advancement Pharyngoplasty

Evaluations of pharyngeal properties before and after UPPP, using both computerized 
tomography and acoustic reflection, have demonstrated increases in oropharyngeal size 
and decreases in oropharyngeal collapsibility. Larger increases in these characteristics are 
associated with a successful clinical response to UPPP [663, 837]. However, UPPP fail-
ures are associated with smaller volume increases, compliance changes, and subsequently 
are observed to have a persistent palatal site of obstruction. Woodson and Toohill [829] 
concluded from these findings that in some patients technical failure may occur and intro-
duced a new surgical alternative to UPPP, the so-called transpalatal advancement pharyn-
goplasty (TAP).

The surgical principle consists of not only altering the inferior edge as in a UPPP, but 
also in advancing the base of the soft palate at the hard palate. This entails a partial resec-
tion of the posterior edge of the hard palate. Surgery is performed under general anesthe-
sia. The preparations and the surgical setting are analogous to the procedure in the case of 
a UPPP. All patients were administered perioperative antibiotics and dexametasone 
(10 mg). In the original publication [829], local infiltration with an adrenal local anesthetic 
and the superficial insertion of 4% cocaine solvent along the floor of the nose was 
recommended.

Initially, a conventional UPPP is performed. In the second phase, the advancement of 
the soft palate (Fig. 6.7.5) occurs. First, a reverse V-shaped mucous membrane soft tissue 
flap is prepared and the transition from the hard to the soft palate is exposed (Fig. 6.7.5 left 
side). Subsequently, soft and hard palate are separated exposing the nasopharynx (Fig. 
6.7.5 half left). Now, the posterior edge of the hard palate is partially resected. For the 
reinsertion of the soft palate, drill holes are placed in the hard palate (Fig. 6.7.5 half right). 
Finally, the adaptation of the soft palate to the hard palate and the realignment of the soft 
tissue flap are performed (Fig. 6.7.5 right side). With regard to the exact surgical technique 
including potential pitfalls, we refer the reader to the original publication by Woodson and 
Toohill [829].

In a first series including 6 patients with severe OSA, the authors were able to achieve a 
reduction of the AHI from 52.8 to 12.3 after isolated TAP. Four of these 6 patients (67%) 
fulfilled the healing criteria according to Sher. In a second series, 6 more patients first under-
went a UPPP and in second session a TAP [835]. Four patients received solely a TAP in the 



1296.7.4  Transpalatal Advancement Pharyngoplasty 	

second session; three of them fulfilled the healing criteria according to Sher (AHI pre 74.5 
vs. post 29.2). The maximal area behind the soft palate increased by 321% and the retropala-
tal closing pressure decreased significantly as compared with the situation after UPPP. In 
two other publications concerning the matter, Woodson describes an increase both in the 
anterioposterior and the lateral dimensions of the retropalatal airway after TAP [833, 834]. 
His most recent publication [827] compared TAP (N = 30) with UPPP (N = 44). Baseline 
AHI, age, and BMI did not differ between the two groups. In the TAP group, AHI decreased 
from 48.3 ± 25.6 at baseline to 19.8 ± 16.8 after surgery. In the UPPP group, AHI decreased 
from 47.9 ± 30.0 at baseline to 30.9 ± 28.5. The postoperative change was greater in the TAP 
group as compared with UPPP (p = 0.02). Especially in patients with preoperative Friedman 
III classification (mainly tongue base obstruction), TAP offered benefit over UPPP.

Postoperative care is similar to that after conventional UPPP. Antibiotic prophylaxis is 
recommended for 5 days. Additionally, 10 mg dexamethasone is given perioperatively.

As there are data only for a limited number of patients after TAP, it is not possible to 
determine the frequency of potential complications. In his publications, Woodson reports 
on transient palatal fistulas, mild intermittent oropharyngeal dysphagia, partial flap necro-
sis, and one case of severe otitis media. Oronasal fistulas may be avoided by a “propeller” 
incision as recommended by Shine and Lewis [670].

The TAP is a treatment modality for OSA, especially for those patients who still show 
a narrow retropalatal airway after a UPPP. Only very few reports exist documenting TAP 
as a primary technique. Woodson has employed the technique for the treatment of more 
severely affected sleep apneics. No data exists concerning the efficacy for mild OSA, 
especially in comparison with UPPP for a larger patient pool. The technique is more inva-
sive than conventional UPPP and therefore it poses more potential risks. For this reason, 
we have not included TAP in our surgical repertoire but consider it as a solution for spe-
cific individual cases.

Fig. 6.7.5    Transpalatal advancement pharyngoplasty (TAP) according to [829]. Left) palatal 
incisions. Center left) separating hard and soft palate and resection of the dorsal edge of the hard 
palate. Center right) readaptation of soft palate to hard palate using drill holes. Right) situation 
after surgery
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Take Home Pearls

Uvulectomy is not recommended for either simple snoring or OSA. Resection of ››
the uvula muscle may seriously affect the physiological functions of the soft 
palate.
Palatal stiffening is achieved by partial removal of the oral mucosa of the soft ››
palate. Various technical aids are used for surgery. Only short-term data exists. 
So far, palatal stiffening may be used to treat simple snoring and contingently 
mild OSA.
Tetradycil sulfate is mainly used for injection snoreplasty (IS). This agent has no ››
administration in Europe. Elsewhere, short-term results for simple snoring are 
promising but decrease over time. Data on the isolated use of IS for OSA does 
not currently exist.
Transpalatal advancement pharyngoplasty (TAP) is recommended for moderate ››
to severe OSA. In patients with preoperative Friedmann III staging, TAP seems 
to be superior to conventional UPPP.



7

Lower Pharyngeal  
Airway Procedures



133K. Hörmann, T. Verse, Surgery for Sleep Disordered Breathing,
DOI: 10.1007/978-3-540-77786-1_7.1, © Springer Verlag Berlin Heidelberg 2010

The feasibility of interstitial radiofrequency treatment (RFT) of the tongue base was first 
investigated in a porcine model [576] using the Somnus unit. The authors found a mild 
initial edematous response that tapered off 24 h after surgery. Ten days after RFT, a volume 
reduction was documented at the treatment site. The procedure turned out to be safe and 
was transferred to use in patients suffering from obstructive sleep apnea.

7.1.1   
Surgical Technique

We prefer performing RFT of the tongue base under local anesthesia. In upright posi-
tion, the patient is comfortably seated either in the clinical chair or on a surgical table. 
As perioperative monitoring, we initiate an ECG and a pulse oximetry. In contrast to 
the application at the nasal concha and the soft palate, sedation is recommended in this 
case. We administer sedation intravenously with Midazolam, by titrating the drug up 
to the desired level of sedation. Also, in contrast to the application of the RFT on the 
soft palate, we consider a perioperative antibiotics prophylaxis as essential in the 
application of RFT on the tongue base. We administer 2 g Cephazolin intraoperatively 
and perform a postoperative prophylaxis for 5 days with 500 mg Cefuroxim two times 
daily per os. In terms of cost-efficiency, a different antibiotic management, e.g., with 

Interstitial Radiofrequency Treatment (RFT)

Boris A. Stuck and Thomas Verse

7.1

Core Features

Radiofrequency surgery of the tongue base is the only minimally invasive ››
surgical treatment for retro-lingual obstruction in obstructive sleep apnea.
Radiofrequency surgery may be performed as an insolate approach or in a ››
multilevel surgical concept.
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an oral penicillin, can certainly be envisioned. Yet, a general omission of an antibiotic 
prophylaxis is not recommended.

Following an optional surface disinfection with Hexetidine 0.1%, an infiltration anes-
thesia is performed. We use 2% Prilocain with adrenalin additive (1:200,000). We do not 
perform a surface anesthesia because some patients develop a discomforting hypersaliva-
tion, which can impede the patient’s cooperation. Between 5 and 10 mL, local anesthetic 
is applied.

We employ different RFT systems. Among others, we use the Celon system (Celon 
AG Medical Instruments, Teltow, Germany) and the instruments provided by Sutter 
(Sutter Medizintechnik, Freiburg, Germany), both being bipolar-controlled systems (for 
more information, see Sect. 6.1.2). The vast majority of study was performed with the 
Somnus device (Somnus, Gyrus ENT, Bartlett, USA), a monopolar system which neces-
sitates the attaching of a neutral electrode to the patient. Using this system, we were able 
to realize a series of in vitro and MRI-based in vivo studies regarding lesion sizes and 
optimal energy application. A setting of 600 J with a target temperature of 85°C creates 
optimal lesions [716, 717]. Therefore, we have substantial evidence to recommend this 
setting. Nevertheless, due to practical considerations, especially the time needed for 
energy application and the declining distribution of the system in Europe, we have discon-
tinued its use. When using the Celon system, we set the generator to an output of 6–7 W 
(Fig. 7.1.1). With the Sutter system, 14 W in the autostop mode appears to be the optimal 
setting. In general, the lower the output is set, the larger the lesions in the tissue will 
become.

Given the high number of lesions, it is difficult to maintain a fixed application pattern 
for repeated treatment sessions. Nevertheless, one should attempt to avoid placing the 
application needle twice on the same location. The idea of multiple treatment session goes 
back to the initial publications using the Somnus unit, where lesion formation takes signifi-
cant amount of time. Due to the limited experiences, only 2–4 lesions were applied in the 
beginning. With the more rapid bipolar systems, up to 10 or 12 lesions or more may be 
created in one session depending on the system used without increasing the associated 
morbidity in a relevant way. We now consider radiofrequency surgery of the tongue base 
as a single-step procedure.

Fig. 7.1.1   Radiofrequency 
generator Celon with foot 
switch
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It is much more difficult to penetrate the tongue surface than the surface of the soft 
palate. Therefore, special device needles are necessary for the application at the base of 
tongue. Together with Celon, we have developed a special faceted tongue base applica-
tor, the so-called Celon Pro Sleep Plus (Fig. 7.1.2). The applicator is covered in a syn-
thetic coat. Only the tip of the probe with the active electrode is exposed. The coat 
prevents the applicator from being inserted too far into the tissue. This reliably protects 
deeper lying structures, as for example the neurovascular bundle of the tongue. 
Substantial additional force would be needed in order to push the probe beyond the coat 
into the tongue. A radiofrequency energy application accidentally going too deep is 
made all but impossible. Comparable protection systems are realized with the majority 
of radiofrequency systems used to date. Nevertheless, special care for correct needle 
placement should be taken at any time. In Fig. 7.1.3, needle placement during surgery is 
demonstrated. The lesions should be as posterior as possible at the base of tongue in an 
area around or posterior to the wall papilla (see Fig. 7.1.4). The needle has to be inserted 
in an angle as close to 90° as possible to avoid superficial lesions with associated ulcer-
ation (see morbidity and complications).

Fig. 7.1.3   (Left) Outline of the RFT of the tongue base. (Right) Intraoperative situation

Fig. 7.1.2   (Left) Faceted radiofrequence probe Pro Sleep Plus with coat. (Right) Detailed view of 
the active electrodes
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7.1.2   
Effectiveness for Simple Snoring

A recently published trial by Welt and coworkers has investigated the effect of isolated 
tongue base RFT in the treatment of simple snoring [808]. While in obstructive sleep apnea 
RFT of the tongue base does indeed improve snoring [720]; this trial has clearly shown that 
RFT of the tongue base alone is not an effective treatment of primary snoring – not even in 
patients where palatal snoring was excluded and tongue base hypertrophy was the only 
clinical finding [808]. In another trial the effects of RFT on the tongue base was also 
assessed in cases of primary snoring [144]. Nevertheless, in this trial the study group 
(n = 22) consists of only a subgroup patients with simple snoring (n = 9) and a larger sub-
group with obstructive sleep apnea. The results with regard to snoring reduction are not 
given for the different groups but only for the entire (mixed) group of patients. Therefore, 
the specific effect in snoring patients cannot be assessed in this trial.

No data exist with regard to a combined approach, but based on recent data we cannot 
recommend isolated RFT of the tongue base in the treatment of simple snoring (Table 7.1.1).

Fig. 7.1.4   Correct area of treatment at the  
tongue base
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7.1.3   
Effectiveness for OSA

A literature search in Pubmed (National Library of Medicine) was performed for the terms 
“radiofrequency,” “tongue,” and “sleep apnea.” Original studies published in English up to 
March 2008 were included if they addressed interstitial radiofrequency surgery of the 
tongue in patients with diagnosed obstructive sleep apnoea. In addition, a recent review 
was evaluated regarding potential additional publications [354]. For the analysis of clinical 
outcome, only studies using interstitial, transoral radiofrequency surgery as an isolated 
approach were analyzed. Studies using combined approaches in terms of multilevel sur-
gery were only selected with regard to morbidity and complications. Data regarding a 
transcervical radiofrequency approach are limited to two pilot studies only with different 
techniques [54, 615]. In addition, it is regarded as a substantially different technique, so the 
data were not included in the analysis. One study was excluded due to the high number of 
dropouts and the inhomogeneous mixed patient sample (snoring and obstructive sleep 
apnea) [144]. The comparison of the cited studies is facilitated by the fact that all study 
groups but one worked with the same system. The total energy applied varies from 7,915 
[575, 404] to 13,394 J [826]; yet no clear correlation between the energy applied and the 
surgery result can be deduced.

An analysis of the success rates given in Table 7.1.2 produces the following result: for 
altogether 118 patients (excluding the study of Li et al. [404], as the patient pool is partly 
identical with Powell et  al. [575]) a surgical short-term success rate employing Sher’s 
criteria of 33.2% for RFT of the tongue base was achieved for (on average) moderate OSA. 
This seems to indicate that the efficacy of this technique is almost equal to invasive tongue 
base resections (Sect. 7.3). Nevertheless, in our opinion the data from Table 7.1.2 need to 
be cautiously interpreted. This is due to the fact that the study design of the RFT studies is 
a very different one. In all of the other procedures, a sleep lab evaluation is performed 
before and after surgery. But in the case of the RFT surgery which is based on subsequent 
treatment sessions, therapy continues until the polysomnography produces a satisfactory 
result. This is the issue at stake: the polysomnography exhibits a high night-to-night vari-
ance, which in this case only becomes evident in a positive manner for the surgical result 

Table 7.1.1   Effectiveness of RFT of the tongue base for treatment of simple snoring

Author N Device Les/treat Method Snore 
pre

Snore 
post

Success (%) ESS 
pre

ESS 
post

EBM

Welt 
et al. 
[808]

20 Celon 12 (7 W) VAS 7.5 6.1 15.0  
(VAS <3)

6.0 6.1 4

Les/treat: lesions per treatment session; Snore score on the Visual Analogue Scale snoring; ESS 
Epworth Sleepiness Scale; EBM evidence-based medicine; VAS Visual Analogue Scale
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[459, 462]. In other words: we doubt that the presented results would be corroborated by a 
therapy design delineated from the start by a defined number of sessions, lesions, and a 
defined amount of energy input. In addition to that, controlled studies are not available for 
tongue base RFT to date.

The best results are described by Riley and colleagues [611]. This study is distinguished 
from the other studies by the fact that besides two lesions at the tongue base it also applies 
a lesion on the anterior part of the tongue. Possibly this procedure contains a potential for 
an improvement of the objective results of RFT on the tongue base. Steward et al. per-
formed an extended follow-up study [707] on a subgroup of patients published previously 
[708] and came to the conclusion that the improvements achieved with treatment remain 
stable over time (mean follow-up was 23 months).

A number of additional studies exist investigating the effects of RFT of the tongue base 
in the treatment of OSA. Nevertheless, these studies used this treatment as an adjunctive 
method together with, e.g., uvulopalatoplasty [212] or nasal surgery and palatal implants 
[214]. These studies basically document the feasibility of a combined approach; a reliable 
assessment of the specific effects of RFT of the tongue base cannot be performed with these 
studies. This is also true for those studies investigating the effects of combined RFT 
approaches at the tongue base and the soft palate [201, 708, 722]. Nevertheless, these data 
are specifically interesting, as a combination of the two RFT applications combines numer-
ous advantages: the minimal invasiveness of both treatments and the fact that the applica-
tion needles can often be used for both treatment sites without additional costs. The addition 
of a soft palate RFT, e.g., does not increase postoperative morbidity compared to tongue 
base RFT only. In this context, Steward et  al. documented a significant symptomatic 
improvement of OSA after three RFT treatments at the tongue base with further improve-
ment after additional two treatment sessions together with two soft palate treatments [706].

We are also of the basic opinion that the RFT therapy of the tongue base has been 
proven to have an effect in the treatment of OSA; but in terms of objective results it cannot 

Table 7.1.2   Effectiveness of RFT of the tongue base for treatment of OSA

Author N Device Follow- 
up

AHI pre AHI 
post

ESS 
pre

ESS 
post

Success 
(%)

EBM

Powell  
et al.a [575]

15 Somnus 4.0 47.0 20.7 10.4 4.1 46.7 4

Woodson  
et al. [826]

56 Somnus 1.5 40.5 32.8 11.1 7.4 20 2b

Stuck et al. [720] 18 Somnus 1.0 32.1 24.9 7.9 4.9 33 4

Li et al.a [404] 16 Somnus 28.0 39.5 28.7 10.4 4,5 No data 4

Riley et al. [611] 19 Somnus 3.0 35.1 15.1 12.4 7.3 63.2 4

den Herder  
et al. [144]

  9 Celon 12.0 12.9 10.6 5.1 4.4 30 4

All 117   5.8 37.4 25.8 10.3 6.1 33.2 C

Follow-up in months; AHI Apnea Hypopnea Index; ESS Epworth Sleepiness Scale; EBM evi-
dence-based medicine
aIn part identical patients
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compete primarily with the standard therapy CPAP. Yet the subjective results are abso-
lutely equivalent with regard to daytime condition and quality of life [826]. Altogether, a 
careful reading of the raw data in the cited studies indicates that mainly mild forms of OSA 
are suitable for a therapy with RFT at the tongue base.

A series of trials has been published regarding combined radiofrequency surgery at the 
tongue base and the soft palate. This issue will be discussed in Chap. 10 multilevel 
surgery.

7.1.4   
Postoperative Care and Complications

In the beginning of our RFTs at the base of tongue all patients were kept overnight for 
clinical monitoring after every treatment session. Over the last 100 treatments we have 
observed virtually no complications; therefore, this requirement can no longer be upheld 
as a general rule. Yet it is necessary to observe the patients until the sedation has suffi-
ciently worn off. Due to the short half-life we solely use Midazolam. In our experience 
nothing is to be said against performing RFT at the tongue base on an outpatient basis.

The patient requires a perioperative and postoperative antibiotics prophylaxis [719]. 
We administer 2 g Cephazolin intraoperatively and 2 × 500 mg Cefuroxim per os postop-
eratively for 5 days. The administration of corticosteroids is not routinely necessary and 
we discourage its regular use.

In contrast to the application at the soft palate, postoperative pain is to be expected.  
In the case of our own patient pool, we have analyzed the level of pain with the help of a 
Visual Analogue Scale with the endpoints 0 = no pain and 10 = maximal pain [720]. The 
results, compared with the pain level after combined UPPP with tonsillectomy, are given 
in Fig. 7.1.5.

The patients require analgesics for approximately 4–5 days. We have achieved good 
results with retarded Dicflofenac (3 × 100 mg), if necessary in combination with also retarded 
Tramadol (2 × 200 mg). Nevertheless, an individualized pain management is necessary.
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Fig. 7.1.5   Mean postopera-
tive pain scores over 1 week 
after RFT of the tongue base
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Apart from vasovagal reaction no intraoperative complications have been reported  
so far.

The postoperative complication rate is reported widely divergent, namely between 41 
[551] and 0% [611]. But with its complication rate of 41%, the study by Pazos and Mair is 
an exception. All other studies report complication rates of below 5% [355, 720, 723, 724, 
746]. We believe the most probable explanation for these divergent results lies in the peri-
operative management. In contrast to our own procedure, Pazos and Mair [551] recom-
mend the general use of corticosteroids, whereas antibiotics were only administered in the 
case of inflammatory complications. The prophylactic administration of corticosteroids 
may predispose to infections. We therefore advise against their use.

A severe potential complication is the formation of an abscess of the tongue base, which 
has been reported by four study groups [551, 575, 724, 826]. We have taken our own case 
as an incentive to always perform a peri- and postoperative antibiotics prophylaxis. Since 
then, 6 years have passed, and we have not encountered a further abscess in over 1,000 
treatments. A much more frequent complication is the occurrence of ulcerations at the 
tongue base (Fig. 7.1.6). They usually develop as a result of a too superficial positioning of 
the active electrode below the mucosa; in rare cases they are caused by a leak in the protec-
tive electrode sheath caused by excessive flexing of the electrode during treatment. These 
lesions at the tongue base cause a prolonged odynophagia of up to 3 weeks. Other complica-
tions are rare and consist in infection, edema, tongue pain well beyond 1 week, neuralgia up 
to 3 months, and thrush. A comparable safety profile has been documented for combined 
approaches with RFT at the tongue base and the soft palate [724]. Concerning functional 
parameters (swallowing, speech), no changes after RFT of the tongue base were observed 
in the majority of the trials [720, 723, 724, 826]. In a recent trial, high-energy single-session 
tongue base procedures were investigated by Nelson et  al. [493]. The authors observed 
2.8% superficial tongue ulcers and 1.7% persistent taste disturbances, but no serious com-
plications. According to the statements made above regarding multiple and single treatment 
session, the authors came to the conclusion that high-energy single-session tongue base 
RFT is a safe procedure with low morbidity.

Fig. 7.1.6   Ulceration at the 
base of tongue after RFT 
treatment
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For our own patient pool we have analyzed the complication of altogether 711 treat-
ments of 477 patients with the Somnus system and the Celon system. All in all, the com-
plication rate lay by 2.4%, with a slight advantage for the Somnus system. At the tongue 
base, one abscess, five ulcers, and seven prolonged odynophagia for maximally 3 weeks 
were registered. It is interesting to note that the complications diminish with an increase of 
treatment experience (Fig. 7.1.7) [724].

Apparently, a surgical learning effect exists. Today we have reached complication rates of 
below 1%. By observing the recommended perioperative management RFT surgery at the 
tongue base has established itself as a safe procedure with a low postoperative morbidity.

7.1.5   
Indications and Contraindications

With RFT, for the first time, a minimally invasive and effective procedure for the tongue 
base is at our disposal. The postoperative morbidity and complication rate is strikingly 
low. Therefore, we regard RFT at the tongue base as a significant broadening of the surgi-
cal therapy spectrum. Accordingly high is the number of operations performed in our 
centers.

With regard to the most recent literature, RFT of the tongue base cannot be recom-
mended in the treatment of primary snoring unless it is performed as combined procedures, 
e.g., together with RFT of the soft palate. From the data presented in Table 7.1.2 we infer 
an indication for RFT at the tongue base for mild OSA although a precise threshold cannot 
be given. In the case of more severe OSA, RFT at the tongue base is additionally an essen-
tial element of our multilevel surgical concept (see Chap. 10).

Contraindications are very limited. RFT of the tongue base should not be performed in 
patients with preexisting unilateral hyoglossal paralysis, although persistent paralysis of 
the hypoglossal nerve has not been documented in our centers.
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Take Home Pearls

Radiofrequency surgery of the tongue base can successfully be applied in ››
obstructive sleep apnea; as an isolated approach it is not recommended for 
primary snoring.
Radiofrequency surgery of the tongue base is associated with limited ››
postoperative morbidity and low complication rates as long as an antibiotic 
prophylaxis is ensured.
The overall efficacy of the procedure is limited. When performed as an isolated ››
approach, about one-third of well-selected patients may be treated successfully, 
although the underlying data are limited.
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Hyoid Suspension

Nico de Vries and Thomas Verse

7.2

7.2.1   
Introduction: Hyoid Suspension Alone and As Part of Combined Treatment

While over the last 20 years gentle surgical procedures have been developed for the retro-
palatal obstruction site, much less techniques have been established for obstruction at ret-
rolingual level. Series are small and long-term results are still lacking. Due to their invasive 
nature and their peri and postoperative morbidity, many of these procedures need to be 
critically evaluated.

Core Features

In OSA, due to retrolingual obstruction, it is an option to employ hyoid ››
suspension (HS) as isolated procedure, not combining it with other procedures.
Several modifications exist, with and without cutting of the strap muscles, with ››
and without cutting of the tendon of the stylohyoid muscle, and with several 
forms of suture or steel wire.
Overall, the results of HS as isolated procedure in OSA with retrolingual ››
obstruction are slightly above 50%, in small series and without long-term 
follow-up.
Success rates of HS in OSA due to retrolingual obstruction assessed by sleep ››
endoscopy as only and as first procedure in a small series are above 70%.
Results of HS in OSA with retrolingual obstruction as salvage surgery in patients ››
after UPPP failure are around 35%.
There is a trend to routinely combine HS with radiofrequency of the tongue base ››
in OSA due to retrolingual obstruction.
HS is an integral part of multilevel surgery in severe OSA, CPAP failure, and ››
multilevel obstruction.
Morbidity and complication rates of the procedure are acceptable.››
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As in all surgery, meticulous patient selection is crucial. In addition to polysom-
nography, topical diagnostic work-up is of paramount importance in this regard. We 
routinely perform sleep studies first. After this, in case surgery is considered, and in 
case of an AHI below 30, we schedule patients for sedated endoscopy (“sleep endos-
copy”). In patients with an AHI >30, who refused nCPAP treatment upfront, or in 
patients who cannot accept nCPAP for whatever reason, sedated endoscopy is per-
formed as well.

In case of retrolingual obstruction only, and simple snoring up to mild OSA (AHI <20), 
we either perform interstitial radiofrequency treatment of the tongue base (RFT TB) or we 
offer a mandibular advancement device if during sedated endoscopy the so-called chin lift 
(synonyms: mandible lift, chin thrust, Esmarch maneuvre) prevents tongue base collapse. 
Good candidates for a mandibular advancement device usually show a partial but not total 
tongue base collapse during sedated endoscopy.

In the period from March 2000 till June 2004 in case of retrolingual obstruction only, 
and moderate-to-severe OSA (AHI >20), we used to perform hyoidthyroidpexia (hyoid 
suspension, HS) as isolated procedure [145]. Usually in these patients the tongue base col-
lapse during sedated endoscopy is more outspoken than in cases of mild OSA. Mandibular 
advancement devices have proven to be less effective in cases with a relatively higher AHI 
(moderate-to-severe OSA) and in cases that show total tongue base collapse and little 
effect of the chin lift within the sleep endoscopy.

Since 2005 till present, in case of retrolingual obstruction only, and moderate-to-severe 
OSA, we now more or less routinely combine hyoidthyroidpexia with RFT TB.

In case of combined retropalatal and retrolingual obstruction, moderate-to-severe OSA, 
we perform a form of multilevel surgery [600] (see Chap. 10). This,  at our institute, is 
usually a combination of hyoidthyroidpexia, RFT TB, and UPPP with tonsillectomy. We 
have added genioglossal advancement (GA) to these three procedures in this period, but 
since we found that adding GA to the other three procedures did not lead to further 
improvement, we later abandoned this again.

7.2.2   
Surgical Technique

7.2.2.1   
Original Surgical Technique (1986), Historical Perspectives, and Nomenclature

The idea of preventing the collapse of the tongue musculature, which relaxes during sleep, 
toward dorsal into the upper airway with the help of a suspension of the hyoid bone is not 
new. Already at the beginning of the 1980s a widening of the upper airway after HS was 
demonstrated, first for the animal model [548, 762], and later for humans [348]. Initially it 
was attempted to fixate the hyoid on the chin.

Based on the findings from radiocephalometric studies, that in sleep apneics the hyoid 
is positioned lower than in healthy subjects, in 1986 a new therapy concept was presented 
for the treatment of hypopharyngeal obstruction: the inferior sagittal osteotomy of the 
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mandible with hyoid myotomy suspension [606]. The hyoid was moved upwards and for-
wards. This was achieved on the one hand with the help of a medial osteotomy at the chin 
with advancement of the origin of the M. genioglossus (see Sect. 8.1) and on the other 
hand with the help of a suspension of the hyoid at the chin with homologous fascia lata 
strands after myotomy of the intrahyoidal musculature (Fig. 7.2.1).

This original suspension technique of the hyoid to the chin with homologous fascia lata 
strands with myotomy of the intrahyoidal musculature has now more or less been aban-
doned by opinion leaders worldwide.

7.2.2.2  
First Modification (1994)

Although this procedure was shown to be effective in improving OSA, it involved extensive 
surgical dissection of the submental region as well as the need of fascia lata harvest [413]. 
Other authors used, instead of the homologous fascia lata, other material, as for example 
nonresorbable suture material or special anchor systems [137, 368, 587, 641, 650]. In the 
meantime, the Stanford group modified its technique in reaction to these downsides. In this 
modification, originally presented by Riley and colleagues [608], the hyoid is no longer fix-
ated on the mandible but on the upper edge of the thyroid cartilage. The resulting movement 
of the tongue base toward anterior and caudal increases and stiffens the upper airway.

Although in particular in the American literature the procedure is referred to as “Hyoid 
Suspension” this is in fact a misnomer and the correct term – albeit longer- is hyoidthy-
roidpexia. The reader has to make his own choice: the use of the short, easy term HS or the 
longer, more correct term hyoidthyroidpexia (HTP).

HTP involves stabilization of the hyoid bone inferiorly and anteriorly by attachment to 
the superior border of the thyroid cartilage. The underlying principle for altering the hyoid 

Fig. 7.2.1   Original technique of hyoid suspen-
sion (HS) with homologue fascia lata according 
to Riley et al. [606] here combined with 
genioglossus advancement
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is that anatomically, the hyoid complex is an integral part of the hypopharynx. Anterior 
movement of the hyoid complex increases the posterior airway space (PAS) and neutral-
izes obstruction at the tongue base. In fact it is still not completely understood why it 
works. MRI studies have not shown an increase of PAS in wake, and possibly it is more a 
prevention of collapse during sleep only.

Under general anesthesia, with the head in slightly extended position, a horizontal inci-
sion of approximately 5 cm is made in a relaxed skin tension line at the level between 
hyoid and thyroid cartilage. Excessive fat tissue is excised, if useful for better visualiza-
tion. Especially in case of a further posterior positioned hyoid, removal of fat is recom-
mended as well, since otherwise the anterior placement of the hyoid will result in a 
somewhat turkey-like neck contour.

Secondly, the strap muscles are severed just below the attachment to the hyoid. Partial 
removal of the severed strap muscles at the level between hyoid and thyroid cartilage is 
sometimes also to be considered for the same cosmetic reasons while there is also little use 
to leave the nonfunctional cut strap muscles in situ.

The tendon of the stylohyoid muscle is cut only if after release of the strap muscles 
insufficient mobilization is gained. Otherwise the stylohyoid tendon is preserved. Gradually 
we ourselves have almost completely stopped cutting the stylohyoid tendon, as we feel that 
almost always the cutting of the strap muscles provides sufficient mobility.

By mobilizing the hyoid bone in an anterocaudal direction and fixing it to the thyroid 
with two permanent sutures per side (we use Mercilene 0) through the thyroid cartilage and 
around the hyoid bone, more space is created retrolingually. Although with increasing age 
ossification of the thyroid will take place, in more than 100 cases we have never needed to 
make drill holes. A sharp cutting needle has so far always been sufficient to pierce the 
thyroid cartilage.

Antibiotics are not routinely applied, in case HTP is the only procedure, but will be 
applied in case the procedure is combined with RFT TB. A surgical drain is placed and 
usually removed after 24–48 h postoperatively if drainage is less than 10 mL per 24 h. 
Nocturnal oximetry is monitored throughout the first postoperative night in the intensive 
care unit and nonopioid analgesics are used for pain relief, if necessary (Fig. 7.2.2).

Fig. 7.2.2   Modified HS 
according to Riley et al. 
[608]
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Usually intubation anesthesia is used. The procedure can also be performed under local 
anesthesia [500], but then intravenous sedation with Midazolam of Propofol is 
recommended.

7.2.2.3   
Hörmann’s Modification (2001)

In Mannheim, Hörmann and coworkers have modified the method rigorously [292, 294]. 
In order to be less invasive, the group does not cut the ligamenta stylohyoidea or the supra- 
and infrahyoidal musculature at all. Usually intubation anesthesia is used. The procedure 
can also be performed under local anesthesia [500], but then intravenous sedation with 
Midazolam of Propofol is recommended. The patient receives an intraoperative single shot 
with 2 g Cefazolin.

The patient is placed on the operating table with slightly reclined head. Initially it may be help-
ful to mark the position of the hyoid and the upper edge of the larynx. For cosmetic reasons, the 
skin incision is performed above the hyoid bone along the relaxed skin tension lines (Fig. 7.2.3).

One proceeds through the submental fat up to the floor of mouth musculature. Without 
damaging it, the muscles are sectioned down to the hyoid; then the thyroid cartilage is 
exposed. It is useful if the assistant or nurse pushes the larynx toward cranial with two 
fingers. For aesthetic reasons it is important to remove a sufficient amount of fat tissue 
(Fig. 7.2.4). Failure to do so will, as a result of the advancement of the hyoid, create an 
unattractive supralaryngeal wrinkle as a turkey-like appearance.

In contrast to the “standard method,” Hörmann’s modification needs only one triangu-
lar suture, which passes on both sides paramedial through the thyroid cartilage and medial 
around the hyoid. As suture, a monofilamentous grade 3 steel wire (Ethicon, Hamburg, 
Germany) is used. For this, first the suprahyoidal musculature is vertically separated 

Fig. 7.2.3   Hörmann’s technique of HS. Dermal 
incision
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precisely in median, until a Langenbeck retractor can be applied (Fig. 7.2.4, red line). The 
fascia in the midline between each sternohyoid muscle is incised with electrocautery until 
the plane of the thyroid cartilage is reached. The blood supply to the thyroid cartilage is 
provided by the blood vessels of the perichondrium. Unnecessary elevation of the per-
ichondrium should, therefore, be avoided to reduce the risk of necrosis. The muscles on 
both sides are retracted to expose the lateral parts of the thyroid cartilage. Now, starting at 
caudal, a sharp needle is pierced through the cartilage without drilling. The steel wire is 
fixed at the end of the needle, which comes out on the contralateral side of the thyroid 
cartilage (Fig. 7.2.5, left side). Then the hyoid body is encircled with the wire ligature until 
the tip of the needle appears on the Langenbeck retractor (Fig. 7.2.5, center). In order to 
prevent accidental opening up of the laryngeal tube by the wire, the assistant elevates the 
hyoid with a Joseph retractor. In order to prevent tearing of the suture, the distance to the 
upper edge of the thyroid cartilage should be at least 5 mm. Especially in older men, ossi-
fication of the thyroid cartilage may make piercing of it with the ligature difficult, respec-
tively impossible. A surgical drill system as used in ear surgery is of help here.

Now the actual suspension takes place (Fig. 7.2.5, right side). One more time the hyoid 
is undergirded with the Joseph retractor. With one hand the assistant pulls the hyoid with 
this retractor toward anterior and caudal, while pushing the larynx with the other hand 
toward cranial. The surgeon now fixates the hyoid in this position on the larynx with the 
ligature by intertwining the two wire ends. In order to achieve an optimal result, it is 
important not to make a kink in the wire ligature, as otherwise it cannot be tightened. 
Finally the wire ends are twisted inwards in order to prevent painful piercing of the skin. 
A Redon drainage with suction is applied, and the wound is closed in layers.

This modification, which makes a myotomy and a cutting of the ligamenta stylohyoi-
deum unnecessary, shortens the operating time, and reduces the invasiveness of the proce-
dure (Fig. 7.2.6).

Fig. 7.2.4   Hörmann’s technique of HS. 
Exposure of the hyoid bone and thyroid 
cartilage. Resection of redundant fat
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Fig. 7.2.5   Hörmann’s technique of HS. (Left) Transfixing the thyroid cartilage with the steel wire 
suspension. (Center) Undermining the hyoid bone. (Right) Completion of suspension

Fig. 7.2.6   Hörmann’s technique of HS. (Left) Preoperative situation. (Center) HS without myotomy. 
(Right) Situation after surgery
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7.2.3   
Effectiveness for SDB

HS has an established place in the treatment of OSA due to retrolingual obstruction. Currently, 
no published data exist in regards to its usefulness for primary snoring due to retrolingual 
obstruction. In Amsterdam, we have until now not used it in primary snoring or upper airway 
resistance syndrome. In Mannheim, between January and May 2004, 26 patients with pri-
mary snoring or upper airway resistance syndrome were treated with at least HS; 25 of them 
(96%) reported a significant reduction in their snoring after operation.

Efficacy data in the therapy of OSA for isolated HS are also rare due to the fact that HS 
is almost always performed together with other procedures, either with mandibular osteot-
omy with genioglossus advancement (MO) (mostly in the USA) or radiofrequency of the 
tongue base (RFT TB), (mostly in Europe), or as part of multilevel surgery. The only exist-
ing published data are presented in Table 7.2.1.

The total success rate of these 60 patients lies for isolated HS with a severe OSA at 
slightly below 50% according to Sher’s criteria. In the Amsterdam series, a clear differ-
ence was found between primary HS (71% success), and secondary HS (35%), as salvage 
after UPPP failure. In Amsterdam we routinely perform sedated endoscopy before surgery, 
and it is tempting to speculate that the good results are (in part) due to this form of patient 
selection.

Anyhow, the combined data suggest reasonable efficacy of isolated HS in the treatment 
of OSA. Still, controlled studies would be extremely interesting, and long-term data have 
not yet been published. In sum, both standard HS (Amsterdam) [143], and Hörmann’s 
modification, has established itself as an essential and effective part of multilevel surgery 
[295, 766, 767].

However, although our experiences are encouraging, we have changed our policy after 
the reported series. Since it has been shown that radiofrequency of the tongue base as only 
procedure has a small but definite effect, and since radiofrequency of the tongue base is 
almost without adverse events and side effects (with applying antibiotics but no steroids, 
see Sect. 7.1) we now more or less routinely (“why not” – intervention) combine it with 
HS. Our results of combined HTP with RFT TB will be reported elsewhere later.

Table 7.2.1   Effectiveness of isolated hyoid suspension for OSA

Author N Follow-up 
(months)

AHI pre AHI post Success 
(%)

ESS pre ESS post EBM

Riley et al. 
[608]

15 3–6 44.7 12.8 53.3 No data No data 4

den Herder 
et al. [115]

31 6 32.1 22.2 52 7.6 4.3 4

Stuck et al. 
[721]

14 2 35.2 27.4 40 9.1 6.1 4

All 60 2–6 35.97 21.06 49.53 8.07 4.86 C

AHI Apnea Hypopnea Index
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7.2.4   
Postoperative Care and Complications

HS is performed on an inpatient basis. The use of antibiotics is somewhat questionable. In 
Amsterdam no antibiotics are applied when HS is used as solitary procedure. If combined 
with RFT TB, we give 2 g of Amoxicillin during surgery and 3 times per day 625 mg orally 
for one week. In Mannheim, apart from the perioperative single-shot antibiotics; antibiot-
ics are only indicated if inflammatory complications develop.

In Amsterdam we usually keep the patient for one night at the intensive care unit. 
Although in more than 100 procedures we have not had one case of severe respiratory dis-
tress in the night after surgery, it makes us still feel comfortable to have some extra monitor-
ing in the first night. In Mannheim, intensive observation is usually not felt as necessary 
after HS.

The Redon drainage is removed if the wound fluid production is less than 10 mL per 
24 h. This is usually after 1 or 2 days. Usually patients are dismissed after the drain has 
been taken out. In Amsterdam, patients can maintain their normal diet.

In order to protect the upper airway, several authors recommend in severe OSA routine 
nasal CPAP respiration during the postoperative phase after HS [413]. We continue CPAP 
respiration in patients who were using it preoperatively. In case a patient has not previ-
ously used an apparatus, it is decided, based on the observation in the first hours postopera-
tively in the recovery room whether CPAP therapy will be applied or not.

For further postoperative management after surgical procedures at the upper airway for 
severe OSA, see Chap. 13.

Neruntarat recently described self-limited aspiration as a complication after HS within the 
first three weeks after surgery [499]. In standard HS, in more than 100 cases we have had 
only one postoperative bleeding (in our third case) which necessitated tracheostomy and 
reopening of the neck in the first hours after surgery. Three cases developed in the first 6 
months during follow-up fistulas which finally necessitated removal of the Mercilene stitches. 
In none of our patients, removal of stitches resulted in loss of the hyoidthyroidpexia.

In Hörmann’s wire modification, the wire ligature occasionally can break, and might 
have to be removed.

7.2.5   
Indications and Contraindications

HS is an invasive surgical method with potential complications. For the tongue base, a 
minimally invasive alternative exists in the form of RFT TB. We therefore see no primary 
indication for HS for primary snoring. Only in rare cases where RFT TB or other therapy 
failed or was otherwise not possible, HS could be considered in primary snoring.

In the case of mild OSA with suspected retrolingual collapse, HS competes with RFT 
TB. Due to the significantly lower invasiveness and postoperative morbidity we primarily 
choose RFT TB, and offer HS as salvage after failed RFT TB. For mild OSA oral 

10.1007/_13
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appliances are a noninvasive alternative, albeit that approximately one-third of patients 
have a contraindication to oral appliance therapy. In mild-to-moderate OSA, mandibular 
advancement devices achieve a comparable cure rate and have a long-term acceptance rate 
of approximately 50%.

In the case of moderate-to-severe OSA, the success rates of both RFT TB and of dental 
splints decrease. For this indication, HS is superior to RFT TB. Therefore we consider 
moderate-to-severe OSA (AHI 20 up to 40) as a primary indication for the HS. If the 
obstruction site is suspected to lie solely in the retrolingual segment, an isolated HS pres-
ents itself as an option; it can also be combined with RFT TB upfront.

For more severe forms of OSA (AHI >40) it is assumed (and usually confirmed with 
sedated endoscopy, if this procedure is performed) that the complete airway (both retro-
palatal and retrolingual) is affected. For severe OSA, respiratory therapy is to be preferred 
in general. In case of CPAP failure, noncompliance, or simple refusal, a form of therapy 
remains indicated. Surgery then becomes necessary, but isolated HS with or without RFT 
TB is then often not sufficient. In case of severe OSA and multilevel obstruction, we there-
fore pursue primarily a single-stage multilevel concept which combines procedures at the 
soft palate and at the tongue base (see Chap. 10).

We have had several patients who had had Sistrunk’s procedure for a thyroglossal cyst. 
The resulting missing of the corpus of the hyoid is a definite contraindication to HS.

Take Home Pearls

In OSA due to retrolingual obstruction, HS can be considered as isolated ››
procedure, but there is a trend to routinely combine it with radiofrequency of the 
tongue.
There are several modifications, with and without cutting of the strap muscles, ››
with and without cutting of the tendon of the stylohyoid muscle, with several 
forms of suture and steel wire. No data exist comparing the different techniques.
The overall results of HS as isolated procedure in OSA and retrolingual ››
obstruction are slightly above 50%, but in a small test series results of HS as 
only and as first procedure in retrolingual obstruction as assessed by sleep 
endoscopy are above 70%. Results of HS in OSA and retrolingual obstruction as 
salvage in UPPP failure lie only around 35%.
The procedure is well-tolerated; the morbidity and complication rates are ››
acceptable. It is an integral part of multilevel surgery in severe OSA, CPAP 
failure, and multilevel obstruction.

10.1007/_10
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 Tongue Base Resection

Joachim T. Maurer and Thomas Verse

7.3�

Before a minimally invasive surgical procedure at the tongue base in the form of RFT 
was available for the first time in the mid-nineties several surgical concepts already 
existed for the volume reduction of the tongue by directly resecting tissue. In cases where 
surgery was performed on the tongue base, a temporary tracheotomy often became neces-
sary in order to secure the upper airway. A further problem was posited by painful swal-
lowing impairments, which often lasted three or more weeks. As a result, these surgical 
techniques were always reserved for the severe cases of OSA which could not be treated 
with respiratory therapy. Still today, individual cases exist where such an invasive proce-
dure can be indicated. Furthermore, some new techniques were introduced such as 
Coblation® via internal as well as external approach. Here, we will describe the essential 
techniques.

A second group of patients, for whom a partial tongue resection in the context of SDB 
may be indicated, are patients with a macroglossia, e.g., in the case of Down’s syndrome. 
For this second group, only individual case studies are found in the literature; therefore, it 
is not possible to numerically describe the connection between OSA as a result of macro-
glossia and surgical therapies. Figure 7.3.1 shows one of our own cases, with intended 
resection borders. Coming out of the surgery of macroglossia in children with different 
malformation syndromes, several techniques for partial tongue resection in the anterior 
and medial tongue third are available [134, 336, 482].

Core Features

The tongue base is resected by an internal or external approach.››
The neurovascular bundle has to be localized exactly before surgery.››
Resection of the lingual tonsil itself differs substantially from resection of the ››
tongue base musculature.
Success rates for moderate-to-severe OSA vary between 20 and 80%.››
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7.3.1   
 Surgical Technique

In principle, two different basic techniques can be made out which distinguish themselves 
by the surgical approach. The first description of a transoral tongue base resection in the 
medial area stems from the group around Djupesland [155, 156]. In the U.S., a laser sur-
gery modification with partial epiglottis resection has been developed [225]. Recently, 
Robinson et al. [614] reported about resecting the lingual tonsil under endoscopic view 
using Coblation®. According to our own experience, this technique allows complete exci-
sion of the lingual tonsil as well as staying out of the tongue muscles at the same time.

These techniques are performed under general anesthesia in the operating theatre. Before 
treating the tongue base, a tracheotomy or a nasotracheal intubation is performed and anes-
thesia is administered through a laser-safe endotracheal tube if the laser is used. The tongue 
base is either exposed by use of a Davis mouth gag or a small adult or child No. 3 tongue 

Fig. 7.3.1   Partial tongue 
resection in a patient with 
Down’s syndrome
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blade. The smaller blade allows prolapsing of the tongue base into the field [823]. A rigid 
laser laryngoscope can be used as an alternative. A midline portion, approximately 2–2.5 cm 
in width, beginning posterior to the circumvallatae papillae and extending toward the val-
lecula approximately 4–5 cm in length is deeply excised using a CO2 or a KTP laser (Fig. 
7.3.2). We prefer the CO2 laser (20 W in a continuous wave mode). Care is taken to stay out 
of the tongue musculature. Bleedings are coagulated with electrocautery.

Woodson and Fujita [823] recommend performing a so-called lingualplasty. Beginning 
at the anterior corner of excision, an additional centimeter-long wedge of lateral tongue is 
excised in order to create a defect (Fig. 7.3.3). It is important that the wedge resection 
laterally is superficial to ensure preservation of neuromuscular structures.

Fig. 7.3.2   Midline resection of the tongue base

Fig. 7.3.3   Lingualplasty: 
additional lateral wedge 
resection according  
to Woodson and  
Fujita [823]
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After removal of the midline tongue, additional lingual tonsils and redundant tissue of 
the epiglottis are removed via a laser laryngoscope. Finally, the defect is sutured using 2-0 
absorbable sutures (i.e., Vicryl, Ethicon). This advances the tongue base (Fig. 7.3.3). Some 
authors [465] always resect the majority of the free portion of the epiglottis, others only do 
so in the case of an omega-shaped epiglottis [823] (Fig. 7.3.4).

Woodson, Robinson, and Maturo, respectively, invented further techniques to reduce 
the tongue volume in its middle and posterior third by transoral approaches using 
Coblation®. These techniques are not yet sufficiently evaluated, but they are less invasive 
than previous methods and will probably replace them in the future. They all have in com-
mon to localize and mark the neurovascular bundle before beginning surgery. Robinson 
and Woodson [614] proposed a 5-cm midline incision in the middle third of the tongue 
using a Bovie. After exposing the tongue musculature by retracting the wound edges later-
ally an Evac T&A Plasma Wand is used to remove tissue submucosally as close as 5 mm 
to the neurovascular bundle markings. The incision is closed after the procedure. Robinson 
extended this concept more laterally even exceeding the neurovascular bundles. He recom-
mends placing a suprahyoid percutaneous drain after suturing the incision in order to avoid 
postoperative hemorrhage as well as to optimize volume reduction [617]. Maturo [445] 
described a small case series in children with extreme macroglossia making only a 1-cm 
midline incision in the anterior third of the tongue. Then he proceeds posteriorly in the 
midline to create a submucosal cavity using the same coblation wand as described above. 
Further resection is monitored by a 0° irrigation endoscope. Transillumination allows con-
trol of the lateral resection margins. The anterior incision is left open. This procedure can 
be performed in adults as well showing an increased efficacy and morbidity compared to 
RFT of the tongue base [218].

In contrast to the described transoral tongue base reductions, Chabolle and colleagues 
[98] perform transcollar resections in severe sleep apneics via an external approach. Again 
this technique is performed under general anesthesia with the patients intubated transna-
sally. A skin incision is made in a neck fold parallel to the lower border of the mandible, 
between the hyoid bone and the mandible. The lower border of the submandibulary glands, 
the anterior belly of the digastric muscles, the mylohyoid muscle, and the geniohyoid 
muscles are exposed and sectioned. After identification of the neurovascular bundle the 

Fig. 7.3.4   Additional resection of the majority 
of the free portion of the epiglottis
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tongue base is exposed, and the pharynx is entered through the valleculae. Then the authors 
perform a resection of the tongue base that extends laterally to the lingual-tonsillary folds 
and anteriorly to the circumvallatae papillae (Fig. 7.3.5).

The procedure is usually combined with a hyoid suspension. The pharynx is finally 
closed with 1–0 nonabsorbable or absorbable sutures, and the skin is sutured in two layers.

A modification has been recently described by Robinson staying strictly submucosally 
and advancing the hyoid to the mandible by a strip of fascia lata [616].

He also [615] presented data on ultrasound-guided percutaneous submucosal tongue-base 
excision using Coblation® in 15 patients; 5 patients received UPPP as well. In addition, he 
advanced the tongue base mucosa into the submucous defect by a transmucosal suture. He 
resected large volumes of the tongue base, however avoiding tracheotomy in 14 cases. Using 
this technique one cannot directly expose the neurovascular bundle of the tongue during surgery. 
Therefore, ultrasound with doppler has to be used to clearly identify and preserve the hypoglos-
sal nerve as well as the lingual arteries. We have no experience with this technique so far.

There are a few patients with normal-sized tongue and normal skeletal properties, 
whose retrolingual airway is solely constricted due to lingual tonsil hypertrophy. This is 
especially the case in patients who received a tonsillectomy in childhood. In these cases, 
a leveling of the lingual tonsil with the CO2 laser (continuous wave oder superpulse 
mode; 8 W) via a laser laryngoscope suggests itself as an adequate procedure. We per-
form about 1–2 such procedures per year. In our experience, since the tongue muscula-
ture is not damaged, in almost all cases a trachetomy is not necessary. But in the case of 
a very prominent finding, one can proceed bilaterally, first leveling one side, then the 
other. If Coblation® is used instead of the CO2 laser, retraction sutures or a Backhaus 
clamp placed in the middle third of the tongue may be a good alternative to expose the 
tongue base for endoscopic visualization with the 30°- or 70°-rigid endoscope. The Evac 
70 coblation wand is bent in a way that the lingual tonsil can be completely ablated under 
endoscopic or direct visualization. The structure of the tonsil tissue can be distinguished 

Fig. 7.3.5   Transcollar tongue base resection 
according to Chabolle et al. [98]
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easily from muscle tissue so that the muscle can be preserved. Coagulation can be 
achieved by switching to the coagulation mode of the coblation wand; electrocautery is 
rarely necessary. There is no suture necessary. We never had to tracheotomize a patient 
after this procedure so far.

7.3.2   
 Effectiveness for OSA

Since the partial resection of the tongue is an invasive surgical method with in some cases 
obligatory temporary tracheotomy, it is not astonishing that the literature exclusively provides 
data for the treatment of moderate-to-severe OSA. This data is compiled in Table 7.3.1.

It is notable that the results range between 20 and 80% success rate (Sher criteria). 
Altogether, data of 139 patients are available; 22 of these data sets stem from retrospective 
analyses. The methods and the amount of tissue resected vary substantially. The data situ-
ation therefore is heterogeneous, and still allows for a cautious inference. It appears that 
some patients with severe OSA due to a hypopharyngeal collapse do indeed profit from a 
partial tongue resection, especially if clinically only a macroglossia is manifest [465]. The 
amount of tissue resected is thought to be important in regard to the porbability of success. 
It can only be speculated in how far less severely affected sleep apneics achieve better 
results in regard to the clinical success rate. Long-term data is still lacking.

Table 7.3.1   Efficiency of tongue base reduction for OSA

Author N Add. 
proc.

Follow-up 
(months)

AHI 
pre

AHI 
post

Success 
(%)

ESS 
pre

ESS 
post

p ESS EBM

Fujita et al. 
[225]

12 No 5–15 56.3 37 41.7 No data No data No data 4

Djupesland 
et al. [156]

20 UPPP 8.7 54 31 35 No data No data No data 3b

Woodson and 
Fujita [823]

14 No 1.5 50.2 8.6 78.6 No data No data No data 3b

Mickelson  
and Rosenthal 
[465]

12 No 2.4 73.3 46.6 25 No data No data No data 3b

Chabolle et al. 
[98]

10 UPPP 3 70 27 80 15 6 No data 4

Robinson 
et al. [615]

10 No 3 35.4 34 20 10.8 7.9 <0.05 4

Friedman 
et al. [218]

48 No 3 44.5 20.3 65 11.3 7.7 <0.05 3b

Robinson [616] 13 UPPP 3 54 28 39 8.5 6.2 >0.05 4
All 139   1.5–15 52.01 26.56 52.00 11.25 7.27   B

Add. Proc. additional procedures; AHI Apnea Hypopnea Index
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Dünar and colleagues have presented a case study of an OSA caused by a massive 
enlargement of the lingual tonsil [165]. The authors removed the superfluous lymphatic 
tissue with the CO2 laser. The Apnea Index was preoperatively 45.5 and could be reduced 
2 months postoperatively to 2.5.

7.3.3   
� Postoperative Care and Complications

Due to the potential inflammations and postoperative bleedings, partial tongue resections ask 
for special postoperative observation and in several cases a tracheotomy. We observe our 
patients during the first postoperative night in an intensive care unit. If internal submucosal 
lingualplasty or glossectomy is performed, there is a risk of delayed hematoma due to bleed-
ing of small branches of the lingual artery in the posterior third of the tongue which have 
been coagulated during the initial operation. Transnasal fiberoptic intubation or tracheotomy 
was necessary to secure the airway in two cases. A percutaneous suction drain as well as 
transmucosal sutures in the midline and ligaclips can reduce that risk [218, 615, 617].

As a result of the acute pain in swallowing, an effective analgesic management is neces-
sary. Usually it is not sufficient to administer peripherally effective substances. Since the 
patients are also incapable of swallowing tablets, we administer alternatingly tramadol and 
metronidazol drops as base therapy. However, subjective pain is very different interindi-
vidually and an individual solution is warranted.

A gastral probe is placed intraoperatively. As soon as the patient is able to swallow, we 
switch to a porridge-based diet. Only very rarely is nourishment via the stomach probe 
necessary for more than 3 days.

Up to now, no severe complications have been reported after transoral tongue resec-
tions with the vast majority of patients receiving a tracheotomy to secure the upper air-
way within the first postoperative days. Woodson and Fujita report about one case of 
subcutaneous emphysema related to tracheotomy. Using the transcollar approach 
Chabolle and colleagues [98] described five early and three late abscesses (50%) in their 
series of patients, all requiring surgical intervention. Robinson reported no infection 
after the external submucosal approach, but a severe hematoma requiring tracheotomy. 
Three patients did not receive hyoid advancement and complained about aspiration due 
to a dehiscence of the mylohyoid muscle from the hyoid. This complication resolved 
after attaching the mylohyoid muscle to the hyoid bone and suspending the latter to the 
mandible [616].

As minor complications were reported minor bleedings (8–25%), prolonged 
odynophagia for up to 3 weeks (5–8%), tongue edema (5%), and short-term changes in 
taste sensation (8–56%) [155, 225, 465, 823]. According to our experience in this field, 
patients even more frequently develop prolonged odynophagia.

In the case of an isolated resection of the lingual tonsil neither we nor the literature has 
reported any severe postoperative bleedings or inflammations. Usually, a tracheotomy is 
not necessary. But we do observe the patients for an extended period in our recovery room 
and if swelling is relevant patients are kept in the intensive care unit during the first 
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postoperative night. The symptomatic pain configuration is relatively less salient. 
Furthermore, we have as yet not observed any permanent other complications, such as 
long-term changes in taste sensation.

7.3.4   
 Indications and Contraindications

Due to the described invasiveness and postoperative morbidity of partial tongue base resec-
tion this surgical procedure is reserved for severe cases of OSA which cannot be sufficiently 
treated with a nasal ventilation therapy. In principle, we do not perform a partial tongue base 
resection in cases where the patient has not previously received a ventilation therapy. Since 
several cases call for a tracheotomy, this procedure has in our center been more and more 
relegated to the background. This is due to the fact that with hyoid suspension, radiofre-
quency surgery, and mandibular procedures in the case of skeletal anomalies, we have less 
morbidizing alternatives at our disposal which show at least a comparable efficacy.

Therefore, we today consider an indication for partial tongue base resection only as 
ultima ratio when conservative and surgical therapy options have been exhausted, and 
when a tracheotomy must be avoided under all circumstances. This might change if con-
clusive data are presented concerning submucosal glossectomy using coblation.

The situation is different in regards to the mere leveling of the lingual tonsil. This pro-
cedure is less painful, and needs no tracheotomy. For mild OSA, this procedure competes 
somewhat with RFT therapy at the tongue base; due to the latter’s superiority in respect to 
postoperative morbidity, the former should only be used in the case of a massive enlarge-
ment of the lingual tonsil or for moderate-to-severe OSA.

Take Home Pearls

Tongue base resection is an invasive procedure requiring tracheotomy in several ››
cases.
There are many different techniques available whereof none has prevailed.››
They seem to be effective for moderate-to-severe OSA.››
Long-term data are lacking.››
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Tongue Suspension

Boris A. Stuck and Thomas Verse

7.4

In the case of an absence of other anatomical abnormalities such as skeletal malformations 
or tongue base tumors, snoring and airway obstruction can be caused or exacerbated by an 
airway obstruction at the level of the tongue base. During daytime, this phenomenon is 
prevented by the voluntary motor system. Already in 1992, a glossopexia was suggested 
in which the tongue base is fixated at the chin with the help of a tissue sling in order to 
prevent a retrolingual collapse as a result of the physiological muscle relaxation during 
sleep [191].

7.4.1 
Surgical Technique

In the original technique, a glossopexy is combined with a resection of the tongue  
base [191]. For glossopexy, the authors use homologous fascia lata. The fascia lata  
is applied as a sling in the body of the tongue, the ends passed through two holes in  
the mandible and sutured to each other after maximal anterior suspension of the tongue 
(Fig. 7.4.1).

Due to the considerable amount of preparation and the necessity of harvesting fascia 
lata, this technique has not been able to establish itself. Yet this method has gained renewed 

Core Features

Tongue suspension is an alternative treatment of retrolingual obstruction and has ››
been designed both for the treatment of snoring and obstructive sleep apnea.
The principle of tongue suspension consists of a fixation of the tongue at the ››
mandible via a suture that is passed through the tongue base and fixed to a screw 
at the mandible.
Tongue suspension is performed as an inpatient procedure requiring general ››
anesthesia.
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currency with the introduction of the ReposeR system (Medtronic ENT, Jacksonville, 
USA), characterized as minimally invasive [151]. It comprises a surgical kit which 
includes, apart from surgical instruments, a nonresorbable suspension suture which is 
passed through the tongue base and then fixated with the help of a screw at the inner side 
of the chin. In contrast to the RFT of the tongue base, the ReposeR system is a method 
requiring general anesthesia; we therefore consider it to be minimally invasive only to a 
certain degree.

The initial technique proceeded along the following lines [822]: First the included 
inserter was placed in the midline floor of the mouth posterior to the orifice of Wharton’s 
duct. The screw was placed firmly against the mandible, with the screw perpendicular to 
the lingual cortex, and was then inserted. A suture passer was passed through the stab 
wound, and a doubled-looped suture was passed through the tongue lateral to the midline 
into the oropharynx. The point of insertion was approximately 1 cm from midline and 
1 cm below the foramen coecum. A single strand of the suspension suture was then passed 
opposite the double loop with the suture passer. A curved Mayo needle was used to pass 
the suspension suture across the base of the tongue. The suspension suture was then 
passed into the looped suture strand and pulled anterior, finishing all three passes. Finally 
the suture was tied; care was taken to avoid cutting the suture on the incisor teeth (Fig. 
7.4.2). Tightness of the suspension was assessed with the fingers where an indentation can 
be felt.

Meanwhile, the procedure has been slightly modified. The titanium screw with the 
attached sutures in now implanted into the posterior aspect of the lower mandible via a 
small submental skin incision. Via this approach, the risk of affecting the salivary glands 
and their ducts seems to be reduced.

The repose technique can also be combined with other surgical techniques. Several 
authors reported good results of a combination with a UPPP in the context of multilevel 
surgery [468, 524, 741, 743]. Fibbi and colleagues [196] combine the Repose tongue sling 

Fig 7.4.1   Original technique of glossopexy with 
fascia lata modified after Faye-Lund et al. [191]



1637.4.2  Efficiency for Simple Snoring 	

with a genioglossus advancement in the case of clinically relevant tongue base 
constriction.

7.4.2   
Efficiency for Simple Snoring

Until now, the technique has been employed both in the treatment of OSA and the treat-
ment of simple snoring. Data for primary snoring stem from two multicenter studies [822, 
832] which apparently to some extent contain the same patient data; therefore, we will 
only discuss the more recent study which includes a larger number of individuals.

Woodson [832] treated 14 primary snorers with the ReposeR system. The AHI was at 
9.2 preoperatively, and rose nonsignificantly to 15.6 two months after surgery. The other 
respiratory parameters also showed no statistically significant changes. Subjective out-
come measures included Epworth Sleepiness Scale (ESS), functional outcomes of sleep 
(FOSQ), the quality-of-life questionnaire MO-SF36, and a 10-point Visual Analogue and 
Behavior-Based Scale of snoring and sleepiness. Two months after surgery, there were 
statistically significant improvements in all parameters but the Visual Analogue Scale for 
sleepiness.

According to this study, the ReposeR system is successful in the treatment of snoring in 
the case of clinically attested tongue base constriction. Since further studies are not avail-
able, it is currently only possible to speak of a preliminary trend or informed opinion. In 
particular, special care has to be taken and intensified informed consent has to be obtained 
in primary snorers, as the method can be associated with relevant postoperative complica-
tions (see below) and requires general anesthesia. The authors are therefore particularly 
hesitant with regard to tongue suspension in snorers.

Fig 7.4.2     Tongue suspension suture with the ReposeR system (initial surgical approach). (Left) 
Insertion of bone screw with ReposeR Kit. (Center) Run of sutures through the tongue. (Right) 
Situation after surgery



164 7.4  Tongue Suspension

7.4.3   
Efficiency for OSA

More study data are available for OSA; they are summarized in Table 7.4.1. The studies by 
Woodson partially comprise identical patient data; therefore, only the more recent publica-
tion was used for the calculation of the mean values.

The mean values for pre- and postoperative AHI as well as for the surgical success rate 
after Sher given in Table 7.4.1 are almost identical with those after isolated radiofrequency 
therapy at the tongue base (Chap. 7.1). Both techniques are used for the same indication, 
namely clinically evident obstruction at the tongue base level, and apparently both tech-
niques are comparable in regards to their efficacy.

Thomas et  al. [743] have compared the ReposeR tongue sling and the genioglossus 
advancement respectively each in combination with a UPPP in a randomized controlled 
study; they found slight advantages for the Repose procedure (57% success rate with 
Repose vs. 50% with genioglossus advancement). The subjective results in regards to day-
time sleepiness and snoring were comparable.

Recently, Vicente et al. [781] have published their results of a combination of UPPP and 
tongue base suspension is a series of 55 patients with severe OSA (52.8 ± 14.9). After a 
follow-up period of 3 years, the surgical success rate was still reported as being 78% 
defined as a reduction in AHI of more than 50% with an AHI of below 20, together with 
an ESS below 11.

Data including a noncontrolled group or regarding long-term efficacy for isolated 
tongue suspension, however, are not available to date. The overall efficacy of the proce-
dure is therefore difficult to evaluate.

7.4.4   
Postoperative Care and Complications

It is generally recommended to treat the patients perioperatively with broad-spectrum anti-
biotics. In our center we use 2  g cephazoline as single shot. Steroids (dexamethasone 
2 × 10 mg and prednisolone 40–60 mg for 3–5 days after surgery) and nonsteroidal anti-

Table 7.4.1   Tongue suspension suture with the ReposeR system for OSA

Author N Follow-up 
(months)

AHI pre AHI post Success 
(%)

EBM

DeRowe et al. 
[151]

14 2 32.6 16.2 28.6 4

Woodson et al. 
[822]

  9 2 32.2 17.9 No data 4

Woodson [832] 14 2 35.4 24.5 28.6 4
All 37 2–6 33.56 19.75 28.60 C

AHI Apnea Hypopnea Index; EBM evidence-based medicine
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inflammatory drugs are administered by some authors [822]. Initially, swallowing disor-
ders need to be taken into account; but in only a marginal number of cases do they call for 
a special diet. After a maximum of 3 days, all patients were again able to swallow in a 
normal fashion [196].

On a Visual Analogue Scale with the end points “0 = no pain” and “10 = maximal pain,” 
the postoperative pain is given as 7.6 on the first postoperative day, and as 1.7 two weeks 
after surgery [822]. From our own experience we are able to report one patient where the 
suspension had to be removed due to persisting pain. Woodson and colleagues did not 
encounter such cases in the calculations of their success rates [832]. Fibbi and colleagues 
[196] report a case of prolonged odynophagia lasting for 3 weeks.

Postoperative complications include dehydration requiring intravenous rehydration 
several days after surgery (4.3%), delayed gastrointestinal bleeding requiring hospitaliza-
tion (4.3%) [822, 832], and delayed floor-of-mouth sialadenitis (17.4%), the latter espe-
cially when the screw was placed via an intraoral approach. All complications resolved 
without sequela. During the first weeks, temporary swallowing and speech impediments 
are regularly reported.

In our own patient pool, we had two cases where the suspension suture spontaneously 
tore apart. The following night snoring and apneas recurred. Furthermore, we have the 
impression that the thread slowly cuts toward anterior through the tongue in some cases. 
This may not cause severe annoyance, but may over time lead to a reduction of the thera-
peutic effect.

7.4.5   
Indications and Contraindications

Basically, the Repose tongue base suspension is potentially helpful in the treatment of 
airway obstruction at the level of the tongue base. For OSA, the results are comparable 
with RFT therapy at the tongue base. Apart from the costs, we believe there are two draw-
backs to this method.

On the one hand, general anesthesia is necessary in order to place the suspension 
suture. We therefore do not agree with the estimation of the provider, who characterizes 
the procedure as minimally invasive. In our opinion, it should be possible to perform a 
minimally invasive surgical procedure for the therapy of SDB on an outpatient basis 
and under local anesthesia. Here RFT has clear advantages. On the other hand, and to 
our mind even more important, it is very difficult to achieve the correct tightness. Aim 
of the suspension suture is to prevent airway collapse during sleep without impeding 
the function of the tongue during the day, especially in respect to speech and swallow-
ing. This technique consists in a tight-rope walk between sufficient suspension meaning 
effectiveness with regard to SDB and the unhindered functioning of the tongue during 
the day. On the other the concrete disadvantage of the method lies in the lack of a post-
operative option to readjust the tightness. For this readjusting a second general anesthe-
sia is necessary.

Very recently, a new surgical treatment has been presented trying to overcome this 
issue. Instead of a suture, a titanium anchor is placed in the back of the tongue, attached to 
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a titratable spool which is fixed on the mandible [719]. After implantation, the tension on 
the system can be modified even months after surgery under local anesthesia. First clinical 
data are awaited.

Take Home Pearls

Tongue suspension is less invasive than genioglossus advancement but more ››
invasive than tongue base radiofrequency surgery, providing comparable results 
with regard to the treatment of OSA.
With regard to the fact that the procedure requires general anesthesia and that ››
relevant complications had been reported, the authors do not recommend this 
procedure for the treatment of snoring.
Although the morbidity seems to be reduced by the modified approach via a ››
submental skin incision, the problem with the correct adjustment of the tension 
on the suture remains and the clinical results are therefore hard to predict.
The data regarding clinical efficacy is still limited to a small number of ››
noncontrolled trials with limited number of patients.
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Genioglossus Advancement (GA)

Thomas Verse

8.1

In 1986, the inferior sagittal osteotomy of the mandible was used for the first time in the 
treatment of obstructive sleep apnea (OSA) by the Stanford research group [604]. The 
authors used this technique in combination with a hyoid suspension (HS) (Sect. 7.2 in 
Chap. 7) in patients with severe OSA. Since then the so-called mandibular osteotomy with 
genioglossus advancement (MO) has become part of several surgical protocols. 
Interestingly, the technique has until now only been used in combination with other tech-
niques and not as an isolated procedure for treating OSA.

8.1.1   
Surgical Technique

The genioglossus muscle has its origin at the oral side of the mandible. The surgical prin-
ciple consists in mobilizing the whole area of this muscle insertion by incorporating the 
genial tubercle on the inner cortex via an osteotomy of the chin, and then moving it toward 
anterior (Fig. 8.1.1). In this new position, the bone segment is fixated osteosynthetically, 
either with a 24-gauge stainless steel wire or a screw. External cortex and cancellous bone 
are removed in order to prevent a cosmetically disagreeable protrusion of the chin.

Core Features

The genioglossus advancement (GA) is used in combination with other surgical ››
techniques for treatment of severe OSA. The surgical principle consists in 
mobilizing the whole area of this muscle insertion by incorporating the genial 
tubercle on the inner cortex via an osteotomy of the chin, and then moving it 
toward anterior.
An isolated efficiency verification according to the principles of evidence-based ››
medicine (EBM) is not available. In a meta-analysis of 80 patients who received 
a combination of GA and adjunctive procedures (e.g., hyoidsuspension), a 
success rate of 66% was reported.

10.1007/_7
10.1007/_7
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The surgical approach is completely intraoral. The mucosal incision is made 
approximately 10–15 mm below the mucogingival junction and a subperiostal flap is 
developed to expose the symphysis. Exposure and identification of the mental nerves 
are unnecessary. In order to reduce the extent of the dissection, entailing a reduction 
of potential complications, Riley et al. have twice revised their technique of inferior 
sagittal osteotomy. Figure 8.1.2 shows the most recent technique [410] which we 
have adopted in our center. Miller et al. [467] recently recommended the use of the 
Genial Bone Advancement Trephine system (Stryker leibinger Corp.; Kalamazoo) 
and reported good results.

A rectangular osteotomy encompassing the estimated location of the genial tubercle/
genioglossus muscle complex is performed under copious irrigation. The superior hori-
zontal bone is cut approximately 5 mm below the root apices to prevent incisor root injury 
and the inferior horizontal bone is cut approximately 10 mm above the inferior border (Fig. 
8.1.2). Occasionally, the superior horizontal bone cut has to be made 1–2 mm above the 
incisor root apices because of the vertical position of the genial tubercle/genioglossus 
muscle complex [469]. Due to the elongated canine tooth roots that are often present, the 
vertical bone cuts are made just medial to the canine roots to avoid root injury. Before 
completing the osteotomy, a titanium screw is placed in the outer cortex to control and 
manipulate the bone flap. The amount of advancement depends on the thickness of the 
mandible. The bone flap is advanced and rotated about 30–45°, just sufficient to create 
bone overlap for a fixation screw.

Li et  al. [410] control bleeding with electrocautery and a hemostatic agent such as 
Gelfoam R (Pharmacia and Upjohn Co, Kalamazoo). Bone wax is not recommended due 
to extrusion problems. These authors do not use surgical drains. In their hands, the proce-
dure is routinely completed within 30–40 min.

In treating the hypopharyngeal site of obstruction, most authors combine the GA with 
a HS [499, 587, 608]. Fibbi et al. [196] recommend the combination of GA with a tongue 
suspension suture (ReposeR) (Sect. 7.4 in Chap. 7). Furthermore, the GA is part of some 
multilevel surgery protocols as discussed in Chap. 10.

Fig. 8.1.1   Origin of the genioglossus muscle at 
the genial tubercle on the inner cortex of the 
mandible

10.1007/_7
10.1007/_7
10.1007/_10
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8.1.1.1   
Effectiveness for OSA

The GA is a therapy for OSA, but not for primary snoring. As mentioned above we have 
not been able to find any studies using polysomnographies in investigating the effective-
ness of GA as an isolated procedure. Therefore, we have decided to summarize in Table 
8.1.1 only the current data of studies performing combined procedures for tongue base 
obstruction.

Since most of these are noncontrolled data, and since all but two of them are also short-
term data, a verification of the effectiveness according to the principles of evidence-based 
medicine (EBM) is still difficult. In addition, all authors performed additional procedures. 
This is why the effect of an isolated GA remains unclear.

In this context, the study by Neruntarat [499], who compares short- and long-term 
results, is of interest. All patients had received an uvulopalatal flap, an HS, and a GA in 
the framework of a multilevel surgery concept. In his retrospective analysis of 46 
patients, a therapy success (Sher’s criteria) of 78.3% after 6 months and of 65.2% after 
on average 39 months was found. Obviously this points to a decrease of the therapy 
effect over time. Unfortunately, it cannot be deduced which partial effect can be ascribed 
to the GA.

8.1.2   
Postoperative Care and Complications

The GA is performed under general anesthesia on an inpatient basis. In cases where no 
further procedures involving the upper airway have been performed, a hospital stay of 
about 2 or 3 days is sufficient. We administer an intraoperative single-shot antibiosis with, 
e.g., 1 × 2 g cephazoline. The administration of corticoids is not necessary.

As GA is a used in severe OSA, some authors generally protect the upper airway with 
the routine use of nasal continuous positive airway pressure (CPAP) during the postopera-
tive phase. We observe our patients in the recovery room for some hours and apply CPAP 
only in cases that show repeated apneas. If a CPAP therapy is necessary, the auto-CPAP 
mode is used. Observation in an intensive care unit is usually not necessary after MO.

Fig. 8.1.2   Inferior sagittal osteotomy of the mandible. Left: bony segment pulled forward after 
rectangular osteotomy. Center and right: postoperative situation



172 8.1  Genioglossus Advancement (GA)

As minor complication a wound dehiscence has been observed intraorally. It usually 
heals spontaneously without sequela. Furthermore, transient numbness of the lower lip and 
lower central incisors for several weeks [467], dysphagia for up to 1 week, and self-limiting 
aspiration have been reported [499]. In general, tooth root injuries, mental nerve injuries, 
and mandibular fracture as potential complications have been reported only very rarely 
[410]. In our own group of patients one subject developed a severe wound infection several 
days after surgery requiring surgical intervention. Similar cases have been reported by other 
authors as well [395, 605]. Speech or swallowing problems have neither been reported nor 
have they been seen in our own patients.

8.1.3   
Indications and Contraindications

Like HS, GA is an invasive surgical method with potential complications. For the tongue 
base, a minimally invasive alternative exists in the form of radiofrequency treatment (RFT). 
We therefore see no primary indication for the HS for primary snoring, and mild OSA.

In the case of moderate and severe sleep apnea with tongue base obstruction, the GA is 
a surgical treatment option. In our center, we have completely ceased to perform this tech-
nique as we encountered several complications. We have had better experiences with HS. 
The latter can be performed more rapidly, is the only procedure which can be performed 
under local anesthesia, uses less osteosynthesis material, and is at least in our hands less 
prone to complications. Nevertheless, in the hands of an experienced surgeon GA may be 
a viable alternative in the treatment of moderate to severe OSA.

Table 8.1.1   Effectiveness of GA for OSA

Author N Adjunctive 
procedure

Follow-up 
(months)

AHI pre AHI post Success 
rate (%)

EBM

Riley et al. [606]   5 HS   6 73.6 21 80 4

Riley et al. [605]   55 HS, UPPP   6 58.7 11.8 66.7 4

Riley et al. [608]   15 HS   3 44.7 12.8 53.3 3b

Johnson and Chinn 
[334]

    9 UPPP 39 58.7 14.5 77.8 3b

Ramirez and Loube 
[587]

  12 HS, UPPP   6 49 23 42 3b

Lee et al. [390]   33 UPPP 4–6 55.2 21.7 66.7 4

Fibbi et al. [196]     4 TBS   6 22.0 No data 75.0 4

Neruntarat [499]   46 HS, Flap 39.4 47.9 18.6 65.2 4

Miller et al. [467]   24 UPPP   4.7 52.9 15.9 66.7 4

Foltan et al. [205]   31 HM   7.3 20.9 10.3 74.0 3b
All 234     48.78 15.51 66.10   B

AHI Apnea Hypopnea Index; EBM level of evidence based medicine; HS hyoid suspension; UPPP 
uvulopalatopharyngoplasty; TBS tongue base suture; HM hyoid myotomy
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8.2 

Take-Home Pearls

The GA is used in combination with other surgical techniques for treatment of ››
moderate and severe OSA. In our center we do not perform it anymore. 
Treatment options like hyoid suspension or laser-assisted excision of the tonsillar 
tissue at the tongue base are preferred.
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Maxillofacial surgery for the correction of malpostion of the upper and lower jaw was first 
suggested by Kuo et al. [378] as an alternative to tracheotomy in the treatment of obstruc-
tive sleep apnea (OSA). Today, MMA can be seen as the most successful surgical proce-
dure after tracheotomy. On the other side, it must be said that it is an invasive surgical 
technique with corresponding morbidity and complication rates. Therefore, it is used as 
primary therapy in patients with relevant deformities of the face and the skull in most 
instances. For sleep apneics without a jaw anomaly, the Stanford 2 phase concept has 
become the standard treatment. In phase 1, it offers a multilevel surgery of the soft palate 
and tongue base, and if necessary of the nose in accordance with the procedures provided 
in Chap. 10; only in the case of therapy failure does it offer MMA as a secondary 
procedure.

The rationale of MMA is the simultaneous expansion of the naso-, oro-, and hypopha-
ryngeal airways as soft palate, tongue, and lateral pharyngeal walls are advanced or 
stretched (Fig. 8.2.1).

Maxillomandibular Advancement (MMA)

Thomas Hierl

Core Features

Maxillomandibular advancement (MMA) in severe sleep apneics is done as a ››
secondary procedure after failure of a conservative (continuous positive airway 
pressure, CPAP) or multilevel surgery therapy. A simultaneous expansion of the 
naso, oro-, and hypopharyngeal airways is achieved.
MMA is an invasive surgical technique with corresponding morbidity and ››
complication rates.
In high-selected patient groups, studies report a short-term success rate of 97% ››
after 6 months and a success rate of 90% after 51 months.
Complications after MMA are temporomandibular joint dysfunction, ››
hypopharyngeal edema, velopharyngeal incompetence, and hypesthesia of the 
lower lip.

8.2

10.1007/_10
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8.2.1   
Surgical Technique

Although MMA is a routine procedure in maxillofacial surgery, it is technically demanding and 
performed by a team of surgeons in a hospital environment under general anesthesia [581].

8.2.1.1   
Surgery on the Upper Jaw

In order to advance the upper jaw it has to be freed from the upper parts of the midface and 
the cranial base, moved forward (and if necessary simultaneously up- respectively down-
ward), and stabilized in the new position. The usual method consists in a transverse osteot-
omy of the maxilla (so-called Le Fort I osteotomy) [518]. The osteotomy lines (Fig. 8.2.2) 
resemble more or less the fracture lines analogous to the Le Fort I fracture.

While in 1970s–1980s, wire osteosyntheses, zygomatico-maxillary suspensions, and 
intermaxillary fixation (for approximately 6 weeks) were used, now miniplate osteosyn-
thesis has become the standard procedure to hold the maxilla in its new position until bony 
union has occurred (Fig. 8.2.3). The extent of the maxillary advancement is determined 
individually depending on the amount judged necessary for relief of OSA, the new posi-
tion of the mandible and the nutrition status during operation as excessive soft tissue 
stretching in the soft palate region may compromise vascularity. In most studies, 10 mm 
are suggested as some relapse (backward movement of the maxilla) has to be expected.

In case of stabilization with miniplates, intermaxillary fixation is not necessary in most 
instances; this is especially of relevance in the immediate postoperative phase in OSA 
patients. Furthermore, the amount of relapse will be minimized.

SNB° SNB°SNA° SNA°

Fig. 8.2.1   Left: preoperative situation. Retropositioned maxilla and mandible with narrow pharyngeal 
airway space. Right: after MMA the widened pharynx, an anterior positioned tongue and soft palate 
can be seen. SNA° and SNB° which determine the sagittal position increase
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8.2.1.2   
Surgery on the Lower Jaw

In principle, the advancement of the lower jaw can be performed almost anywhere in the 
mandible ranging from an osteotomy in the mandibular body to the ascending ramus [574, 
604]. The most common method is the bilateral sagittal split osteotomy (BSSO) according 
to Obwegeser [519] with lateral corticotomy anterior to the mandibular angle [603, 604] 
(Fig. 8.2.4).

In this procedure, the lingual bone separation proceeds horizontally between lingula 
and incisura semilunaris. The osteotomy line on the buccal side proceeds vertically from 
the molar region to the inferior border. The sagittal split is then performed using a chisel 
(Fig. 8.2.4). It is crucial to take care that the inferior alveolar nerve remains lingual of the 
chisel in order to prevent lesions. After aligning the mandible to a correct occlusion, 

Fig. 8.2.2   Le Fort I osteotomy (red line). The 
nasal septum and the pterygomaxillary junction 
are detached with a chisel; the paranasal and 
zygomatic buttresses are cut with a reciprocating 
saw

Fig. 8.2.3   Osteosynthesis technique using 
titanium miniplates in orthognathic surgery. 
Maxillary advancement in the Le Fort-I level 
stabilized by way of four miniplates on the 
paranasal and zygomatic buttresses. 
Simultaneous mandibular advancement (see 
red arrow) utilizing adjustable split-fix 
miniplates (all Synthes®, Paoli, PA)
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osteosynthesis is performed. Here wire sutures, or preferably position screws or miniplates 
can be used (Fig. 8.2.4).

In all cases of MMA surgery, some skeletal relapse has to be accepted. Factors deter-
mining the amount of relapse include osteosynthesis technique and the amount of advance-
ment. In the maxilla and mandible 10–30% can be reckoned with. Thus in a 10  mm 
advancement a net forward movement of 7–9 mm will persist which is judged sufficient 
for OSA relief.

8.2.2   
Efficiency of Maxillomandibular Advancement for OSA

MMA can be considered the most successful surgical procedure for the treatment of OSA 
after tracheotomy with respect to treatment outcome. Several controlled studies have dem-
onstrated a comparable reduction of the Apnea Hypopnea Index (AHI) after MMA to 
continuous positive airway pressure (CPAP) therapy [284, 582, 607] (Table 8.2.1). 
Furthermore, an equivalent optimization of the sleep architecture compared to CPAP has 
been reported after MMA [123].

The successful results seem to be maintained for long follow-up periods. The Stanford 
studies report a short-term success rate of 97% after 6 months [607], and a success rate of 
90% after 51 months [405].

Furthermore, Li et  al. [402] were able to show by way of radiocephalometry and 
nasopharyngoscopic examinations that pharyngeal depth increased by 48% of the amount 
of the maxillary advancement and that pharyngeal length increased by 53% of the maxil-
lary advancement in 5 patients after MMA.

Fig. 8.2.4   Sagittal osteotomy of the 
mandible with lateral corticotomy 
anterior the mandibular angle 
[according to 518]. L lateral
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8.2.3   
Postoperative Care and Complications

For patients suffering from severe OSA, it is recommended to start nasal CPAP at least 1 
month before surgery to stabilize the cardiovascular system and reduce upper airway 
edema [51].

After surgery, extubation should be performed by the operating room staff with the 
patient being fully awake. MMA patients require careful monitoring, including continuous 
pulse oximetry, in an ICU environment [581]. Minor desaturations do not call for a CPAP 
therapy; yet frequent desaturations or apneas require CPAP ventilation therapy. When fea-
sible, nonopioid drugs are used for postoperative analgesia (see Chap. 13).

Nutritional counseling emphasizing clear liquids during the first week, followed by a 
soft diet for 2 months, is recommended. Today, most authors do not favor prolonged inter-
maxillary fixation and use modern titanium plate systems for osteosynthesis. The usual 
hospital stay for MMA lies between 2 days [581, 607] and 1 week [51]. On average, patients 
return to their normal activities after 2–4 weeks. Patients should be asked to continue nasal 
CPAP until a follow-up polysomnography has confirmed the surgical success. Nasal decon-
gestants should be administered for the first postoperative week as maxillary osteotomies 
lead to tearing of the nasal mucosa and edema with impaired nasal respiration.

Temporomandibular joint dysfunction is a potential complication after maxilloman-
dibular surgery. Kerstens et al. [353] reported that 11.5% of the 480 patients who under-
went surgery for dentofacial deformity developed temporomandibular joint symptoms 
after surgery. Similar data were given by White and Dolwick [814] (7.9%). However, 

Table 8.2.1   Multilevel surgery for OSA

Author N Adjunctive 
procedure

Follow-up 
(months)

AHI pre AHI post Success 
rate (%)

EBM

Waite et al. [788]   23 UPPP, GA, 
MLP

1.5 62.8 15.2 65.2 4

Riley et al. [607]   30 HS 6 72.0 8.8 96.7 3b

Hochban et al. [284]   38   2 44.4 2.5 97.4 3b

Prinsell [582]   50 HS 5.2 59.2 4.7 100 3b

Li et al. [405]   40   50.7 69.6 8.9 90 4

Bettega et al. [51]   20 Prior phase 
I

6 59.3 11.1 75 4

Goh and Lim [234]   11   7.7 70.7 11.4 81.8 4

Dattilo and Drooger  
[136]

  15 Prior phase 
I

1.5 76.2 12.6 86.7 4

All 227   12.4 62.3 8.1 89.9   B

HS hyoid suspension; GA mandibular osteotomy with genioglossus advancement; MLP midline 
partial glossectomy

10.1007/_13
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temporomandibular joint problems can be often found in patients suffering from dento-
facial deformities and the vast majority of the patients presenting preoperative tem-
poromandibular joint symptoms reported improvement after surgery [409]. Here two 
patient groups have to be distinguished: firstly, patients with normal occlusion who 
undergo MMA for OSA treatment only and secondly, patients with marked maxillary/
mandibular retrusion where MMA is intended for relief of OSA and to improve occlusal 
relationship.

Further complications are temporary mild-to-moderate hypopharyngeal edema (20%) 
and hypopharyngeal hematoma (5.7%), partly obstructing the airway [411]. In large maxil-
lary advancements patients frequently develop velopharyngeal incompetence of a tempo-
rary nature. Predominantly velopharyngeal incompetence is a phonetic deficit without 
liquid regurgitation. But there are also singular prolonged cases of velopharyngeal incom-
petence with regurgitation up to a duration of maximally 12 months [412].

Hypesthesia of the lower lip is the typical complication of BSSO (anesthesia <1%; 
hypesthesia <5%) [51, 607]. A high percentage of resolution within the first months after 
surgery is reported. Recovery of full mandibular function (maximum mouth opening; bite 
force) will take some time and will not be gained in all instances. A further frequent com-
plication is occlusion disturbances in up to 50% of the cases, requiring minor occlusial 
equilibration by way of orthodontics or prosthodontics [788].

Rare complications include local infection, perforation of the palate, and maxillary pseu-
darthrosis [51]. Furthermore, severe complications like tooth loss, facial nerve paralysis, 
osteomyelitis, damage of the inferior alveolar nerve, and amaurosis have been reported.

The incidence rate for complications increases with higher patient age, especially after 
45 years [51, 788].

Furthermore, the aesthetic effects of MMA should be pointed out. These should espe-
cially be taken into consideration if the patient preoperatively presents no jaw malposi-
tions, but is solely receiving surgery for the treatment of OSA. As a consequence, Goh and 
Lim [234] have recently suggested a modified procedure which includes partial resections 
of the upper and lower jaw in order to counteract the aesthetically disagreeable advance-
ment of the jaws. It is debatable in how far these additional osteotomies can be justified 
with respect to purely aesthetic indication as complication rates should be expected to be 
significantly higher.

8.2.4   
Indications and Contraindications

In addition to the sleep lab diagnosis radiocephalometry is necessary in order to determine 
the indication and amount of MMA. In general, the parameters given in Fig. 8.2.5 are 
analyzed. In case the SNA angle (angle measurement from Sella (S) to nasion (N) to sub-
spinale (A)) is at least 82°, and the SNB angle (angle measurement from Sella (S) to nasion 
(N) to supramentale (B)) at least 80°, a maxillomandibular deficiency can be ruled out.
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While in the case of a maxillomandibular deficiency MMA may already be used as 
a primary therapy of OSA, the indication is more difficult in the case of a regularly 
shaped facial skull. Most authors, including ourselves, see the indication for surgery 
only in those cases in which a respiratory therapy has either been abandoned or refused, 
or is not possible. In principle, an obstruction both in the retropalatal as well as the 
retrolingual segment is demanded as precondition for the MMA. A posterior airway 
space (PAS) <11 mm is generally considered as a positive selection criterion for MMA. 
Hochban et al. [284] determine the PAS at the level of the mandibular plane, whereas 
Prinsell [581] suggests measuring the PAS at its narrowest place instead of strictly 
defined anatomical landmarks.

It is also being debated, whether after the failure of a respiratory therapy less morbidiz-
ing and aggressive surgical procedures should be performed initially, or whether MMA 
should be considered primarily in the case of normal maxillofacial dimensions, too. The 
opinions on this are quite varied. Hochban et al. posit the indication very generously. One 
argument is that soft palate surgery prior to MMA may increase the chance of postopera-
tive velopharyngeal incompetence. Most other study groups [51, 136, 607], in accordance 
with the Stanford 2 phase model, posit the MMA indication only secondarily, namely after 

Fig. 8.2.5   Basic radiocepha-
lometric landmarks for 
sagittal and vertical 
maxillomandibular 
relationships. (S sella; N 
nasion; Ba basion; A 
subspinale; B supramentale; 
Pg pogonion; Gn gnathion; 
Tgo tangent point gonion; 
Pm pterygomaxillare; Ar 
articulare; Sp anterior nasal 
spine; NSL nasion-sella line; 
NL nasal line; OL occlusal 
line; ML mandibular line). 
Special OSA parameters are 
not included
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failed UPPP with tonsillectomy as well as hyoid suspension and RFT of the tongue. Other 
groups [788] perform MMA in the first place and combine the operation with pharyngeal 
surgery. We believe that in each study group an interdisciplinary dialogue should take 
place between the otorhinolaryngologist and the maxillofacial surgeon in order to deter-
mine a constructive therapy concept.

Take-Home Pearls

Maxillomandibular advancement (MMA) is a treatment option for high-selected ››
patients with a severe sleep apnea and a maxillomandibular deficiency. Studies 
report for these high-selected patients as high success rates as after tracheotomy.
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8.3Distraction Osteogenesis (DOG)

Thomas Hierl

Since its introduction into maxillofacial surgery by McCarthy et  al. [454], distraction 
osteogenesis (DOG) has become an accepted procedure in the treatment of severe maxil-
lomandibular deficiency in syndromic and nonsyndromic patients. As a grossly retroposi-
tioned mandible or midface causes a narrow pharyngeal airway, obstructive sleep apnea 
(OSA) is often found in these cases. Thus DOG will be the procedure of choice where 
conventional maxillomandibular advancement (MMA) cannot be performed or is expected 
to lead to unstable results. This is especially true for neonates and young children in whom 
MMA is rarely performed [43].

In DOG, an osteotomy of the mandible or midface without advancement is followed by 
a short latency period of 4 days. Then the two or more bony segments are slowly moved 
apart (in most instances at 1 mm/day) using some kind of distraction device. Thus the 
unmineralized tissue filling the osteotomy gap is slowly stretched until – after cessation of 
distraction – it will turn into bone during the 4–10 weeks lasting consolidation period. 
Now the device will be removed and orthodontic appliances will act against relapse and 
help achieve proper occlusion.

Core Features

Distraction osteogenesis (DOG) has become an accepted procedure in the ››
treatment of severe maxillomandibular deficiency in syndromic and nonsyndromic 
patients. Obstructive sleep apnea (OSA) is often found in these cases. Mandibular 
and maxillary-midfacial DOG are performed. Most publications on DOG in OSA 
patients include only small numbers or are case reports.
Avoiding or ending tracheostomy is the major treatment objective in this patient ››
group and DOG is the most effective procedure.
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8.3.1   
Mandibular Distraction Osteogenesis

The first devices designed for mandibular distraction have been extraoral distractors which 
are fixed to the bone by way of percutaneous pins. Initially unidirectional devices pre-
vailed (i.e., distraction only in one direction), now most companies offer multidirectional 
distractors which allow correction of the distraction vector during treatment (Fig. 8.3.1).

Extraoral devices are mainly used in syndromic neonates and infants where place-
ment of internal distractors is difficult (e.g., Pierre-Robin sequence, Nager syndrome; 
Stickler syndrome, velocardiofacial syndrome, Pfeiffer syndrome, Treacher-Collins 
syndrome).

In less complicated cases, intraoral unidirectional distractors might be used (Fig. 8.3.2). 
These are inconspicuous and avoid facial scars. Most companies offer internal distractors 
with 15–25 mm distraction range, thus for larger advancements extraoral devices are still 
the matter of choice.

Fig. 8.3.1   Thirteen-year-old boy 
suffering from mandibular hypoplasia 
and retrusion due to trauma in infancy. 
Severe pharyngeal narrowing and OSA. 
Distraction of the mandible with 
multidirectional distractors on both 
sides (Multiguide; Stryker-Leibinger 
Co, Kalamazoo, MI)
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8.3.1.1   
Surgical Technique

DOG is a technically complicated procedure performed under general anesthesia after 
nasotracheal intubation in a clinical setting (in adults, local anesthesia is possible but rarely 
used). Perioperative antibiotics are preferable.

In neonates and children, a lateral corticotomy in the area of the mandibular angle or 
ascending ramus is performed via an intraoral buccal sulcus incision. The upper and infe-
rior borders are cut with burs or reciprocating saws. Then the pins are fixed bicortically via 
stab incisions and a greenstick resp. full fracture is done with a chisel. Lastly, the distractor 
is attached to the pins and the mobility of the segments is tested by distractor activation.

Regarding internal devices, the operation starts with a buccal sulcus incision and the 
distractors are temporarily fixed with micro- or miniscrews. Now the osteotomy line is 
marked. Then the distractor is removed and a full osteotomy is performed. The distractors 
are reattached and the mobility of the segments is tested by turning the distractor. Finally, 
the intraoral incision is closed. Fixation of the device can be performed via transbuccal 
stab incisions or preferably with a contra-angle handpiece and screwdriver.

Contrary to the sagittal split osteotomy in MMA, the osteotomy is at right angle to the 
outer cortical border. Care has to be taken not to cut the inferior alveolar nerve during the 
outer corticotomy or to place bicortical pins through the nerve canal. To prohibit violation 
of tooth buds or roots, preoperative radiologic diagnostic is necessary. In syndromic 
patients, CT-scans are obtained in most instances to get an understanding of the individual 
pathology. Reformatting and volume-rendering software allow to examine all important 
structures and visualize the upper airways. In nonsyndromic adult cases, OPT and lateral 
cephalogram are sufficient in most instances.

Fig. 8.3.2   Internal mandibular distractor: right situation after osteotomy and device placement. Left 
during activation (here maximum 15 mm). The flexible activation rod lies in the buccal sulcus 
(Zurich mandibular distractor, Martin Co., Tuttlingen, Germany). Notice the transverse osteotomy 
in contrast to the sagittal split in MMA. Fixation of the device is achieved with 1.5 mm diameter 
monocortical microscrews
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8.3.2   
Maxillary-Midfacial Distraction Osteogenesis

Maxillary-midfacial DOG includes advancements at the Le-Fort I to the Le-Fort III levels. 
Internal and external devices are both available. All procedures are performed under gen-
eral anesthesia in a hospital environment. Several syndromes are associated with sleep-
related breathing disorders due to the pharyngeal narrowing caused by midfacial retrusion. 
These include Crouzon`s disease, Apert syndrome, Weber–Christian disease, achon-
drodysplasia, and to some extent cleft lip and palate. In case of severe preoperative airway 
obstruction temporary tracheostomy has to be considered.

8.3.2.1   
Surgical Technique

In the Le-Fort I level, surgery is similar to MMA. The only differences are that the osteoto-
mized bone is not advanced and that distractors instead of plates are inserted. Here the osteot-
omy design has to keep in mind that there must be enough bone cranially to fix the distractor. 
Furthermore, distractor placement on both sides should be parallel and aligned to the planned 
distraction vector. Mistakes will lead to unwanted movements with potentially unacceptable 
results. In the Le-Fort III level, access is gained via a bicoronal incision. The lateral orbital 
rim, the nose, and the zygoma are freed from above. Pterygomaxillary disjunction is done via 
an intraoral incision or through the bicoronal incision. Most internal Le-Fort III distractors 
are fixed in the transition from zygomatic arch to the zygoma (Fig. 8.3.3) and the activation 
rods leave through the bicoronal cut. Alternatively to internal devices, extraoral haloborne 
distractors may be used. The major advantages are that there is no need for parallel alignment 
of the distractors and the osteotomy cuts can be freely designed as no bone for distractor 
anchorage is needed superior to the bone cut. Furthermore, the distraction vector can be 

Fig. 8.3.3   Mandibular DOG using an 
external device (cf. Fig. 8.3.1). Dotted 
black line represents the typical 
osteotomy line in the mandibular angle 
area (the bone cut may be placed 
almost anywhere). In the midface a 
Le-Fort III advancement by way of an 
internal distractor is shown (red dotted 
line). The activation rod passes through 
the skin in the region of the bicoronal 
incision necessary for the osteotomy. 
Red arrows symbolize distractor 
activation and segment movement
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changed during treatment (Fig. 8.3.4). The only drawback is its rather clumsy appearance 
being extraoral. Internal distractors are removed after a consolidation period of 6–12 weeks, 
external devices after 3–8 weeks.

8.3.2.2   
Efficiency of DOG for OSA

Most publications on DOG in OSA patients include only small numbers or are case reports. 
Concerning neonates or children exact polysomnographic pre- and postoperative data are 
not given in the majority of reports. However, avoiding or ending tracheostomy is the 
major treatment objective in this patient group and DOG is the most effective procedure. 
Only in cases of central apnea, decannulation could not be achieved (Table 8.3.1).

As can be seen in Tables 8.3.1–8.3.3, most studies deal with syndromic patients resp. 
cases with TMJ-ankylosis which can be considered as most difficult to treat surgically. 
Looking at the 3D pharyngeal airway changes induced by DOG, major improvement in 
OSA should be expected when treating these malformations. Figures 8.3.5 and 8.3.6 dem-
onstrate a typical OSA case.

No data regarding the long-term outcome are available as of now. As DOG leads to 
stable skeletal results, a similar outcome in adults as in MMA has to be expected. In syn-
dromic children, there is only limited skeletal relapse, too. As the affected midface shows 
no or only little growth after DOG, a midfacial retrusion (and perhaps OSA) will reappear. 
Further surgery on the midface is therefore a part of the treatment scheme.

A fascinating option during DOG is to perform multiple sleep studies during the 
advancement of the upper or lower jaw. Thus the efficacy and the average length needed 

Fig. 8.3.4   Midfacial distraction in a Crouzon`s disease case. External halo-borne distractor (RED; 
Martin Co. Tuttlingen, Germany) used to advance the midface after a quadrangular osteotomy 
(i.e., Le-Fort III minus the nasal part). Left: Preoperative situation. Center: During distractor 
activation. Right: 6 months after removal of the device (16 mm advancement). The connection of 
the midface to the extraoral distractors can be achieved via orthodontic splints or miniplate 
retention systems
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to treat OSA can be analyzed [543, 824]. This could help in defining the advancements that 
are needed to treat OSA effectively and investigate on the relation of morphologic changes 
and OSA.

8.3.2.3   
Complications and Postoperative Care

Most potential problems of MMA may be encountered in DOG (cf. Sect. 8.2). Beside 
these, DOG has further intricacies which will be listed up below. First of all, DOG is a 
technically demanding procedure (more difficult than MMA) where surgery and the post-
operative period are equally important. Device malposition or improper vector planning 
may lead to therapy failure and a high learning curve has been stated [475]. Thus the over-
all complication rate will be higher than in MMA. Some orthodontic therapy will be needed 
in most cases to achieve proper occlusion. One of the problems is to decide when to remove 

Table 8.3.1   Mandibular DOG for OSA in infants and children

Author N Age Diagnoses Distraction 
length (mm)

Success

Moore et al. [480]   1 6 years     Decannulation

Williams et al. [818]   4 Ø 2.7 years TC-S, 
Nager

15–27 Decannulation in 3/4

Schierle et al. [648]   3 7–15 
months

Nager, 
Down

15–20 Decannulation in 2/3

Morovic and Monasterio 
[483]

  7 1–18 
months

PR-S, 
TC-S

10–25 Decannulation, 
“reduced” AHI

Sidman et al. [674] 11 2 weeks to 
5.5 
years

PR-S, 
Down, 
Nager

10–22 Decannulation, 
relief of OSA in 
10 patients

Denny et al. [147]   5 6–26 days PR-S Ø 12.4 Decannulation, no 
OSA 

Villani et al. [783]   2 2/3 months PR-S 15/20 Decannulation 

Ortiz-Monasterio et al. 
[527]

15 Ø 3 years PR-S   AHI 28 → 0

Perlyn et al. [558]   4 15–64 
months

Nager, 
TC-S

8–25 Decannulation

Izadi et al. [319] 15 Ø 8.5 days PR-S, 
TC-S, 
Stickler, 
Nager

12–15 14/15 Avoidance of 
tracheostomy

All 67       64/67

TC-S Treacher-Collins syndrome; PR-S Pierre-Robin sequence; Nager Nager syndrome; Stickler 
Stickler syndrome; Down Down syndrome. Exact data on pre- and posttreatment sleep lab data is 
missing as do follow-up reports with respect to OSA. Decannulation: decannulation and closure of 
tracheostomy was successful; Ø Mean
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the device. The bony regenerate should be still “ductile” to end up in satisfactory occlusion 
by way of intermaxillary elastics but strong enough to prevent relapse. This is an important 
issue as perfect occlusion will not be achieved by DOG alone in most cases (in contrary to 
MMA). Compared to MMA, a higher percentage of open bite will be seen.

A major issue is the cost of DOG as distractors belong to the most expensive hard-
ware. Thus financing therapy can be difficult. Relapse does not seem to be a major 
problem in most reports, thus a stable skeletal situation can be expected. Unwanted aes-
thetic effects play no major role as all patients treated by DOG will suffer from extreme 
maxillomandibular malformations, thus DOG will lead to a normalized facial appear-
ance (Fig. 8.3.4).

8.3.2.4   
Indications and Counter Indication

Indications for DOG are given by the underlying skeletal malformation to be treated. DOG 
solely for the cure of OSA will be an exception in patients with severe mandibular retru-
sion where conventional mandibular advancement bears the risk of an unstable skeletal 
situation. Thus the majority of patients will suffer from syndromic diseases, cleft lip and 
palate, and posttraumatic deformities.

Ancillary soft tissue operations as RFT can be debated where maximum advancement 
can not be achieved or in cases of tonsillar hyperplasia and macroglossia. As the airways 
are extremely constricted in syndromic patients, isolated soft tissue therapy will not be the 

Table 8.3.2   Mandibular DOG for OSA in adults

Author N Age Diagnoses Distraction 
length (mm)

Success

Karakasis et al. 
[343]

  1 48 TMJ ankylosis 20 RDI: 52.8 → 
10.7

Paoli et al. [543]   1 44 OSA 12 AHI: 87.9 → 
23.3a

Li et al. [403]   5 26–68 
years

1/5 Hemifacial 
microsomia

5.5–12.5 (Ø 
8.1)

RDI: 49.3 → 
6.6

Wang et al. [797] 28 3–60 
years. 
(Ø 
21.2 
years)

21/28 TMJ 
ankylosis

9–30 (Ø 8.1) 23/28 cured, 
5/28 
improved 
AHI: 58 → 
3.2

Harada et al. [264]   1 31 OSA 15 AI: 29.9 → 4.1

Woodson et al. 
[824]

  1 48 OSA 37 RDI: 38 → 2

All 37     9.5  

TMJ ankylosis ankylosis of the temporo-mandibular joint. Follow-up data is only on behalf of the 
skeletal stability
aAfter DOG, a maxillary advancement was performed, final AHI: 6.6
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procedure of first choice. Avoiding or ending tracheostomy will be the major aim in chil-
dren and close cooperation between craniofacial-, maxillofacial-, ENT-surgeon, neurosur-
geon and pediatrician will be necessary.

Fig. 8.3.5   CT-based volume rendering of the pharyngeal airways in a 53-year-old nonsyndromic 
male OSA patient. Preoperative situation displaying narrowing in the retrovelar pharynx (software: 
Vworks; Cybermed, Korea)

Fig. 8.3.6   Same patient as in Fig. 8.3.5. Postoperative situation after 16 mm advancement in the 
Le-Fort I level. Significant sagittal and also transversal widening of the naso- and oropharynx. AHI 
reduction from 39 to 9 in a 2 year follow-up PSG
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Take Home Pearls

With distraction osteogenesis, underlying skeletal malformations are treated.››
For these patients, DOG has a positive influence on OSA.››
A close cooperation between craniofacial-, maxillofacial-, ENT-surgeon, ››
neurosurgeon, and pediatrician is necessary.
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Laryngeal OSA

Thomas Verse

 9

The most frequent sites of obstruction are situated behind the soft palate and/or behind the 
tongue. Nevertheless, the larynx may contribute to the genesis of obstructive sleep apnea 
(OSA): As early as in 1981 Olsen et al. [522] described a case of OSA caused by a laryn-
geal cyst. Removal of the cyst yielded the disappearance of apneas. Since then, several 
case reports and small case series have been published, but it is still not possible to deter-
mine the concrete incidence of laryngeal OSA. Basically, there are two forms of laryngeal 
OSA: the pediatric and the adult form. In the following discussion, they will be considered 
separately.

9.1   
Pediatric Laryngeal OSA

During childhood, malformations, complex malformation syndromes, tumors, or laryn-
gomalacia may be considered as possible causes of a laryngeal OSA. In the case of new-
borns a further aspect can make matters worse: the immaturity of the respiratory control is 

Core Features

Laryngeal obstructive sleep apnea (OSA) is a rare condition. It occurs in adults ››
and children. Laryngeal OSA has to be diagnosed endoscopically during sleep or 
sedation.
In children, laryngeal OSA is caused by malformations, tumors, and ››
laryngomalcia; the latter especially in preterm infants.
In adults, laryngeal OSA mainly occurs in elder men due to a floppy epiglottis. ››
More rare conditions are laryngeal and hypopharyngeal tumors and other 
disorders in this anatomical region.
In children, laser surgery may help to provide tracheostomy. Various techniques ››
have been described as being effective.
In adults, treatment depends on the underlying illness.››
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often responsible for repetitive apneas and periodic breathing in early postnatal life. 
Consequences of this unstable breathing on blood gases and heart rate can lead to severe 
cerebral hypoxia and be life threatening, especially in preterm infants [160, 681, 702].

Malformations that lead to a laryngeal OSA have been documented in various case 
studies. Ruff et al. [632] describe the case of a previously healthy 13-year-old boy who 
developed OSA and bilateral vocal cord dysfunction secondary to type I Chiari malforma-
tion. He subsequently underwent a tracheostomy, a posterior fossa craniectomy, and 
C1-laminectomy. Four months after surgery he returned to school but still continued to 
require his tracheostomy. Two other case reports [59, 599] document that a congenital 
aplasia of the epiglottis may result in laryngeal OSA. Both children developed daytime 
sleepiness as a result of their OSA. One child underwent tracheostomy after she had devel-
oped heart failure. She was decannulated at the age of 7. Recently Chan et al. [100] pre-
sented an unusual case of a child with adenoid hypertrophy and occult supraglottic 
lymphatic malformation that manifested as laryngeal OSA.

Up to now, an epiglottic cyst [509], neurofibromas [673], and laryngeal papillomatosis 
[324] have been described as causes of OSA during childhood. We ourselves have recently 
treated a childhood OSA resulting from a hemangioma of the larynx of a 4-year old. The 
therapy consists in a resection or treatment of the tumors. Depending on tumor entity, size, 
and location, a temporary or permanent tracheotomy may become inevitable.

Laryngomalacia, or congenital laryngeal stridor, is a relatively benign, self-limiting condi-
tion first described in 1843 [40]. It seems to be the most common laryngeal congenital anom-
aly of all [290, 843]. It plays a significant role in the pathogenesis of laryngeal OSA in the case 
of the newborn, and especially for the preterm infant. In order to diagnose this dysfunction a 
fiberoptic laryngoscopy is essential. McSwiney et al. [457] described three anatomic abnor-
malities that cause laryngomalacia: (1) the epiglottis may be long and curled upon itself (the 
so-called omega-shaped epiglottis), and it prolapses posteriorly on inspiration; (2) the aryepi-
glottic folds may be short; and (3) the arytenoids may be more bulky than normal and prolapse 
forward on inspiration. Additionally, a mild subglottic edema may be present [843].

In mild cases, attentive observation is still the method of choice. Improvement always 
occurs before 12–18 months of age, and the outcome of these patients is invariably good [457]. 
In more severe cases, either a tracheotomy or laryngeal surgery may become necessary.

9.1.1   
Surgical Techniques

Three principle types of surgery for laryngeal OSA can be distinguished. These are 
employed depending on the individual anatomic situation of each child.

The technique first to be described consists in a partial resection of the epiglottis. Zalzal 
et al. [843] first described a case series of 10 patients who underwent epiglottoplasty. This 
procedure addresses both the epiglottis and the mucosa of the aryepiglottic folds and the 
arytenoids. The epiglottis is grasped with cup forceps, and scissors are then used to trim 
the lateral edges of the epiglottis and the aryepiglottis folds. The mucosa of the arytenoids 
and corniculate cartilages is trimmed in a similar fashion. The author described the bleed-
ing as minimal. Perioperative antibiotics are recommended.
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Golz et al. [237] perform partial laser epiglottidectomy both in infants and adults if the 
epiglottis is found to be unusually long and flaccid. This technique solely addresses the 
epiglottis. As we, the authors use a Kleinsasser laryngoscope, a Riecker-Kleinsasser chest 
support, and the CO2-Laser (continuous wave or superpulsed mode, 6–10 W). The extent 
of the resection was individualized for each patient in this series according to the anatomic 
abnormality causing the obstruction. The authors perform a U-shaped excision leaving the 
lateral sides of the aryepiglottic folds intact. Bourolias et al. [64] recently described their 
technique of reshaping the epiglottis with the CO2 laser.

The second principle technique is called supraglottoplasty. Its characteristic consists in 
the resection of supraglottal mucosa. Senders and Navarrete [657] differentiate between 
four types of laser-assisted supraglottoplasty depending on the individual laryngeal finding 
(Figs. 9.1–9.4). The authors use the CO2 laser adapted to a microscope micromanipulator 
(100–200 ms pulse sequences; 5–8 W). The authors excise either the supra-arytenoidal 
mucosa (arytenoidoplasty, Fig. 9.1), the mucosa of the aryepiglottic folds (aryepiglotto-
plasty; Fig. 9.2), the posterior edges of the epiglottis (epiglottoplasty; Fig. 9.3), or the lin-
gual mucosal surface of the epiglottis (epiglottopexy; Fig. 9.4). Depending on the 
anatomical situation, every combination of the four techniques can be performed.

The amount of redundant mucosa that should be resected is most suitably identified 
using the “suction test” [571]. Instead of the CO2 laser, laryngeal microinstruments can be 
used as well. We prefer the CO2 laser because of its additional hemostatic effect. For rela-
tively minor cases we have found it advantageous to punctually vaporize the mucosa with 
a defocused laser beam, instead of excising it.

A third technique deals with the problem of the shortened aryepiglottal fold. Here the 
problem is not the redundant mucosa, which prolapses into the glottis during inspiration, 
but rather a too short distance between arytenoid and epiglottis root. We and other study 
groups [424, 656] treat these cases with a V-formed, 3–4 mm deep incision into both of the 
aryepiglottal folds. Already, intraoperatively the laryngeal entrance in the anterio-posterior 
dimenstion becomes visibly wider. For this procedure, we also prefer the CO2-laser (con-
tinuous wave or superpulsed mode; 6–8 W).

Fig. 9.1   Arytenoidoplasty according to Senders 
and Navarrete [657]. Coagulation of redundant 
mucosa of the arytenoids with a defocused laser 
beam
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Fig. 9.2     Aryepiglottoplasty according to Senders and Navarrete [657]. Opening of a too short 
aryepiglottic fold

Fig. 9.3      Epiglottoplasty according to Senders and Navarrete [657]. Reduction of the too big 
epiglottis

Fig. 9.4      Epiglottopexy according to Senders and Navarrete [657]. Scarring approximates the 
epiglottis to the base of tongue
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In principle, according to the individual anatomical situation, combinations of the three 
basic techniques are also possible. Toynton et  al. [747] combined an incision of the 
arytenoid fold with a removal of redundant supraglottal mucosa.

9.1.2   
Efficiency for SDB

Unfortunately, up to now no studies exist which present clean sleep lab data before and 
after larynx surgery. On the other hand, there are many therapy studies which use as pri-
mary variables the daytime symptoms of laryngomalacia. The following Table 9.1 sum-
marizes the results of several recent studies.

It is difficult to compare the studies in Table 9.1 since they deal with different tech-
niques, employ different success criteria, and in part treat very different kinds of patients. 
From a few of the studies [148, 657] it can be deduced that patients who have not been 
successfully treated with larynx surgery, are those who display significantly more fre-
quently complex or additional malformations.

Due to the fact that these are solely retrospective studies, it needs to be mentioned that 
an evidence proof according to Cochrane criteria has as yet not been established. 
Nevertheless, we do feel justified to infer a tendency to the effect that for a high percentage 
rate children with a severe laryngomalacia can be spared a tracheotomy with the help of an 
individually adapted larynx procedure.

9.1.3   
Postoperative Care and Complications

Despite the high success rate, in 11.6% of the cases an initial deterioration of the stridor 
and in 4.7% the necessity of a reintubation or tracheotomy (1.2%) must be anticipated. 
These risks further increase in those cases which do not present an isolated laryngomalacia 
but complex malformations [657]. In any case, we regard an observation of the children in 
an accordingly furnished intensive care unit during the first postoperative night as neces-
sary. In cases where the parents or other supervising persons are present, a monitoring of 
the respiration may be sufficient. In any case, this procedure should be performed on an 
inpatient basis.

Most authors [148, 657] routinely use corticoid therapy (beclomethasone, 125 mg/kg) 
within the first 3–5 days postoperatively, as we do in our center. In contrast to other 
recommendations we do not routinely use anti-inflammatory drugs or antibiotics.

Overall, the complication rate of the described surgical procedures is quite low, and 
does not vary significantly between the various techniques. The overall complication rate 
is given as between 5.8 [747] and 7.4% [148]. There is no difference concerning the com-
plication rate in patients with isolated laryngomalacia compared to those having additional 
congenital anomalies [148].

As minor complications, aspiration of early feeds (7.0%), granulomas (1.5%) that had 
to be removed under general anesthesia, significant edema (1.5%), minor intra-operative 
hemorrhage (1.2%), and a posterior fibrous web between the arytenoids (0.7%) which 
required division with microscissors or laser, have been described.
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Major complications were seen in up to 3.7% of the patients. These consisted in recur-
rence of disease, need for tracheotomy, supraglottic stenosis, fibruous intralaryngeal webs, 
and one case of non-airway related perioperative death [148, 747].

9.1.4   
Indications and Contraindications

The diagnosis of the laryngeal OSA is performed with the help of an endoscopic examina-
tion. In the case of tumors and complex malformations the therapy depends on the primary 
disease. Laryngomalacia is a disease of the perinatal phase, and is especially salient in the 
case of preterm infants. In minor cases, waiting is the therapy of choice. A close coopera-
tion with the child’s pediatrician is necessary.

In severe cases, an endoscopy needs to be employed in order to determine whether a 
shortening of the epiglottis, a removal of redundant supraglottal mucosa, an incision of the 
aryepiglottal fold, or a combination of the three procedures is indicated. In the case of a 
correct indication, in over 80% of the cases the children can be spared a tracheotomy or a 
decannulation becomes possible. We do not consider a minimum age restriction to be in 
effect for these procedures.

The alternative to a surgical procedure consists in a noninvasive respiration therapy 
[190].

Table 9.1   Effectiveness of surgery for severe laryngomalacia in children

Author N Procedure Follow-up Success 
rate (%)

Definition of success EBM

Golz et al. 
[237]

  12 Partial laser 
epigottidectomy

14–52 
months

100 Subsiding of stridor 4

Senders and 
Navarrete 
[657]

  23 Laser 
supraglottoplasty

No data   78 Immediate relief of 
symptoms avoidance 
of tracheotomy

4

82.6

Toynton 
et al. [747]

  91 Aryepiglottoplasty 1 month 54.9
94.5

Relief of stridor 
improvement of 
stridor

4

Reddy and 
Matt [593]

106 Supraglottoplasty No data 95.7 Relief of symptoms 4

Denoyelle 
et al. [148]

136 Laser 
supraglottoplasty

3 days to 60  
months

79 Relief of symptoms 4

Zafereo et al. 
[842]

  10 Laser 
supraglottoplasty

2–29 
weeks

100 Successful extubation 4

90 Significant 
improvement

20 Complete resolution
All 378     55–100   C
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9.2   
Adult Laryngeal OSA

In contrast to children, laryngomalacia plays only a minor role in adults. The only excep-
tion to this is the so-called floppy epiglottis. The floppy epiglottis is a relatively rare 
anatomic finding in adults. Nevertheless, Catalfumo et al. [94] found this condition in 12 
of 104 patients who failed a UPPP procedure. We relatively frequently observe a floppy 
epiglottis in older male patients [773]. One explanation for this may be the fact that apart 
from the pinna of the ear the epiglottis is the only organ of the head and neck consisting 
exclusively of elastic cartilage. Pellnitz [553] has shown a significant increase in the 
length, breadth, and weight of the epiglottis in males, while females show reductions for 
the same parameters. Histological study of 500 epiglottal specimens obtained at autopsy 
shows that size increases in the male epiglottis is due to secondary intercellular deposits 
of byproducts of the metabolism. There were sex-specific differences in the perichon-
drium. Pellnitz postulated specific hormonal influences in connection with these find-
ings, since the growth of the larynx is considered a secondary sexual characteristic. 
Nevertheless, a floppy epiglottis has also been described in younger men and, rarely, in 
women [22, 820].

In contrast to pediatric laryngeal OSA, the removal of redundant supraglottic mucosa is 
not a treatment option for adults. The condition also rarely occurs in adults, probably as a 
result of repeated exposure to subatmospheric pressure [585]. Nasal continuous positive 
airway pressure (CPAP) ventilation is the treatment of choice in these cases.

Tumors as cause of a laryngeal OSA are much more frequently a possibility in the case 
of adults than in children. Specifically, the following tumor entities have been reported as 
inducing OSA: supraglottic cyst [104], squamous cell carcinomas of the oral vestibule 
[820], the epiglottis [237], the glottis [624, 784], the whole larynx [703], and superior 
laryngeal nerve schwannoma [796]. Additionally, laryngeal OSA has been observed after 
irradiation therapy [109, 276] and after partial and reconstructive laryngectomy for glottic 
carcinoma [318, 624].

Acquired laryngomalcia has furthermore been described as a consequence of laryngeal 
trauma [820], sarcoidosis [228, 660], Hunter’s syndrome [525], acromegalia [23], and 
mast cell pharyngitis [86]. More recent publications describe a correlation between apnea 
severity and laryngeal inflammation due to extraesophageal reflux [329, 550]. However, 
causality has not yet been proven.

A far larger group is made up of neurological diseases. Especially the Shy-Drager syn-
drome [232, 346], and vocal cord paralysis (due to other reasons) [23, 287, 816] are to be 
considered. An OSA can also occur after closure of a tracheostoma, even if no OSA existed 
prior to the tracheotomy. Especially in the elderly, laryngeal pathologies may facilitate the 
development of OSA after surgery. Therefore, postoperative reevaluation is recommended 
for all elderly patients with laryngeal abnormalities after operative closure of the tracheo-
stomy [772].
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9.2.1   
Surgical Techniques

The surgical techniques are basically the same as those used in children. First, an exact 
diagnosis is necessary which ideally is obtained via endoscopy [30, 146]. In the case of 
tumors or more complex disorders the therapy is determined by the primary disease.

If a floppy epiglottis is manifest, the partial resection via a laser laryngoscope and the 
shortening of the glosso-epiglottic ligament are indicated [237, 773]. In contrast to the situ-
ation in children, difficulties may arise in the cutting of the cartilage. We therefore employ 
the CO2 laser in continuous wave mode and set it at an input rate of 10–12 W. In individual 
cases the additional use of relevant microinstruments can be of advantage. Furthermore, the 
use of curved rotating microdissection monopolar scissors as used in laparoscopic surgery 
has been recommended [523]. We ourselves have not had any experience with these instru-
ments. In both cases the major part of the free epiglottis is resected (Fig. 9.5).

9.2.2   
Efficiency for SDB

Apart from one exception, the literature only offers case studies dealing with this topic. It 
is therefore not possible to determine the efficacy of the presented surgical procedures in 

Fig. 9.5   Laser partial epiglottectomy. Left: preoperative situation with complete occlusion of the 
larynx. Right: situation after surgery with larynx wide open. Asterisk: shorted glosso-epiglottic 
ligament. Bottom: another postoperative example after partial epiglottectomy
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relation to the OSA. Golz and colleagues [237] retrospectively reported on a series of 27 
patients after partial laser resection of the epiglottis. Preoperatively the mean Apnea 
Hypopnea Index (AHI) was at 45 ± 14.6. Follow-up polysomnographies were performed 
at least 1 year after surgery. The AHI fell down to 14 ± 5.1. A statistically significant 
decrease was achieved in 21 patients (77.8%). Unfortunately, no raw data are presented. 
Therefore it is not possible to calculate the success rate using Sher’s criteria.

In summary, the described surgery of the larynx appears to achieve successful results in 
a carefully selected patient pool. But for the evidence according to Cochrane criteria grade 
V must be assumed.

9.2.3   
Postoperative Care and Complications

The patients undergo extubation immediately postoperatively. A follow-up respiratory 
treatment or tracheotomy is not necessary. We recommend the perioperative administra-
tion of 500 mg dexamethason intravenously. In contrast to children, an observation in an 
intensive care unit is not necessary if the option of either an extended (several hours) post-
operative observation in the waking room or cardiopulmonary monitoring is available. In 
our center a perioperative antibiotics prophylaxis with 2 g cephazolin is performed. Since 
usually no major dysphagic problems arise, no special postoperative diet is necessary. The 
analgetic regimen depends on the individual case.

In contrast to children, as far as we know, postoperative supralaryngeal stenoses have 
not been described in the case of adults. From the few case studies no major complications 
can be inferred. From our own experience we can report mild dysphagia, which regularly 
occurs especially during the swallowing of fluids in the first week postoperatively; but 
parenteral nutrition did not become necessary in any of these cases.

9.2.4   
Indications and Contraindications

Also for adults a precise endoscopical diagnosis is the precondition for a therapy. We always 
perform a fiberoptic endoscopy in flat position. In individual cases, an additional sleep 
endoscopy under sedation or, even better, during natural sleep, can be helpful [277, 278].

In the case of a floppy epiglottis a respiration therapy is frequently not possible due to 
the fact that the CPAP presses the epiglottis onto the larynx entrance, comparable to a lid on 
a pot [773]. In these cases, no alternative to surgery exists. From tumor surgery we know 
that in contrast to a partial resection of the tongue base a partial resection of the epiglottis 
frequently does not produce any significant dysphagia. Therefore, the partial resection of 
the epiglottis with the CO2 laser is overall not very stressful for the patient; as a result we 
quite generously posit the indication for surgery. Yet it must be said that a floppy epiglottis 
is in our experience a rare occurrence. We perform a partial resection of the epiglottis only 
about twice per year. Of the annually more than 700 patients who undergo surgery in our 
center for sleep medical indication, these cases make up merely 0.3%.
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In less severe cases, it is possible that already a hyoid suspension or a genioglossus 
advancement is sufficient in order to move or suspend the epiglottis far enough toward 
anterior so that a larynx occlusion no longer occurs. The decisive criterion here is not the 
size of the epiglottis but its stiffness. The laxer the epiglottis is the more one should con-
sider a partial resection. But if the epiglottis is shifted toward dorsal due to an enlarged 
tongue base, then we are of the opinion that the hyoid suspension, if necessary in combina-
tion with a radiofrequency treatment (RFT) of the tongue base, should be preferred.

For all other disorders of the larynx the therapy depends on the primary disease. But for 
vocal cord palsies it should be noted here that they – even bilateral paralysis – can be very 
favorably treated with a respiration therapy [816, 844].

Take Home Pearls

Laryngeal OSA is a special form of OSA, which every surgeon should be aware ››
of. In case of doubt a sleep endoscopy will help to diagnose this condition.
Main risk factor in children is immaturity in newborns. In these cases laser ››
surgery can help to avoid tracheostomy.
In adults a floppy epiglottis, mostly seen in the elder man, is the most common ››
reason for laryngeal OSA. Again, laser surgery can help to resolve the problem.
Apart from the mentioned conditions all other diseases of the larynx and ››
hypopharynx may cause laryngeal obstruction. Treatment depends on the 
underlying disease.
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A multilevel procedure for the surgical therapy of obstructive sleep apnea (OSA) was 
presented for the first time in 1989 by Waite and colleagues [788]. The authors combined 
nasal surgery with an uvulopalatopharyngoplasty (UPPP), transoral tongue surgery, a 
genioglossus advancement (GA), and a maxillomandibular advancement osteotomy 
(MMA). Basically, the classification of the upper airway into different levels of obstruc-
tion stems from Fujita [226], who distinguished between retropalatal, retrolingual, and 
combined retropalatal and retrolingual obstruction. On the basis of this distinction, Riley 
et al. [609] defined the term and concept of multilevel surgery.

In the meantime, first studies have been published concerning virtually every possible 
combination of soft palate (SP) and tongue base (TB) procedures. For the sake of giving 
some structure to these data, we will distinguish in the following between minimally inva-
sive concepts for mild OSA and more invasive concepts for moderate and severe OSA.

Multilevel Surgery

Thomas Verse

10

Core Features

Multilevel surgery addresses the level of the soft palate (SP) and the level of the ››
hypoharynx concurrently within the same operation.
Minimally invasive, multilevel surgery combines only minimally invasive ››
techniques, such as palatal implants and interstitial radiofrequency treatments 
(RFT) of the SP, base of tongue, and tonsils.
Minimally invasive multilevel surgery can be performed as outpatient procedure.››
Invasive multilevel surgery is needed to address moderate and severe obstructive ››
sleep apnea (OSA). In patients with an AHI>30, it should only be performed as a 
second-line treatment after unsuccessful continuous positive airway pressure 
(CPAP) therapy.
Invasive multilevel surgery requires an inpatient setting and special peri and ››
postoperative care.
In children, multilevel surgery can help to avoid tracheotomy. However, it needs ››
to be reserved to comprehensive centers with sufficient clinical experience.
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Multilevel surgery is also performed on children with severe OSA on the basis of vari-
ous primary illnesses in order to avoid an otherwise necessary tracheotomy. These con-
cepts are discussed in a separate section.

10.1   
Surgical Concepts

10.1.1   
Effectiveness of Minimally Invasive Multilevel Surgery for Mild-to-Moderate OSA

Of the procedures employed, only the isolated interstitial radiofrequency treatments (RFT) and 
the SP implants can be regarded as minimally invasive techniques. Prerequisite for inclusion 
of the data into the following Table 10.1 is the application at least at the SP and TB, as well as 
the presentation of raw data for the calculation of the various parameters (Table 10.1).

A series of trials has been published regarding combined radiofrequency surgery at the 
TB and the SP. Steward et al. have treated a series of 29 patients with TB and SP radiofre-
quency surgery and have documented a statistically significant improvement in Apnea 
Hypopnea Index (AHI) and daytime somnolence [708]. The success rate was reported to 
be 59% (at least 50% reduction in AHI with postoperative values below 20). Comparable 
results have been published by Stuck et al. in 2004 where a statistically significant reduc-
tion in AHI and daytime somnolence was reported in a group of 20 patients [723]. Woodson 
et  al. have published a remarkably designed trial comparing multilevel radiofrequency 
surgery at the TB and the SP with continuous positive airway pressure (CPAP) and placebo 
(sham-CPAP) [828]. Although the changes in the AHI in the radiofrequency group were 
not statistically significant compared to baseline and to placebo, subjective and functional 

Table 10.1   Minimally invasive multilevel surgery for obstructive sleep apnea (OSA)

Author N Application sites Follow-up 
(months)

AHI 
pre

AHI 
post

Success 
[%]

ESS 
pre

ESS 
post

EBM

Fischer et al. 
[201]

  15 RFT SP + TB + 
Tons

4.8 32.6 22.0 20.0 11.1 8.2 4

Woodson et al. 
[828]

  26 RFT SP + TB 1 21.3 16.8 No data 11.9 9.8 2b

Stuck et al. 
[723]

  18 RFT SP + TB 2 25.3 16.7 38.9 9.3 6.1 4

Steward et al. 
[708]

  22 RFT SP + TB 2.5 31.0 18.8 59.0 11.4 7.0 3b

Friedman et al. 
[214]

122 Pillars, RFT TB 12.2 23.2 14.5 47.5 9.7 6.9 4

All 177 1–12.2 24.7 16.0 45.7 10.2 7.3 B

AHI Apnea Hypopnea Index; EBM evidence based medicine; RFT interstitial radiofrequency treat-
ment; SP soft palate; TB tongue base; tons, tonsils; pillars: soft palate implants
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outcome measures improved in statistical significance and there were no differences 
between the radiofrequency group and CPAP regarding these measure.

The data in the table are still very sparse. Yet we believe that it is possible to deduce 
two trends. On the one hand, the combined treatment of TB plus SP does not appear to 
significantly improve the results of an isolated TB treatment in respect to the AHI. In our 
clinical experience, the advantages of a combined treatment lie more in an additional 
effect upon the respiratory noises during sleep. We have recently been able to demon-
strate [723] that the postoperative morbidity and complication rate after combined treat-
ment and after isolated TB treatment are identical. Moreover, since the TB probes can 
also be used without difficulty at the SP, no significant further costs are created by an 
expansion of the therapy to the SP. Since snoring is frequently more of a burden to the 
patients than the health impediment caused by the often mild OSA, we almost exclusively 
perform combined treatments, even if the obstruction is assumed to be located solely  
at the TB.

Yet the relatively low success rate of the study by Fischer et al. [201] (RFT at the SP, 
TB and tonsils) is difficult to adequately interpret, since for other surgical procedures an 
unambiguously positive effect of tonsil reduction on the severity of the OSA has been 
demonstrated. The authors themselves use somewhat different success criteria and describe 
a success rate of 33%. According to our experience (Sect. 6.1.2) and that of other authors 
[495] RFT at the lymphatic tonsil tissue produces a pronounced volume effect; therefore 
we would have assumed a stronger effect on the AHI. Further studies will be needed to 
clarify this issue.

We see a second trend in the limitation of RFT to cases of mild OSA with an AHI of 
maximally 20. This trend is corroborated by the results of the currently single existing 
placebo-controlled study on this topic. Woodson et al. [828] treated 30 patients respec-
tively either with CPAP, with combined RFT at SP and TB, and with a sham operation. 
Unfortunately, the authors did not provide any raw data; therefore, this study could not be 
included in Table 10.1. As expected, CPAP respiration was found to be superior to RFT, 
and RFT in turn superior to the sham operation. Yet in regards to the subjective results, 
which were measured with various validated test instruments for the assessment of life 
quality, no differences were found in the comparison of CPAP with RFT surgery. This 
means multilevel minimally invasive surgery is a valid option for selected patients with 
mild OSA with the understanding that they may require secondary treatment [214].

10.1.2   
Effectiveness of Multilevel Surgery for Moderate-to-Severe OSA

On the level of the SP, invasive therapy concepts include either a UPPP or an uvulopala-
tal flap. For the treatment of the hypopharyngeal obstruction different procedures have 
been recommended. Table 10.2 summarizes the existent data. In the case of a relevant 
clinical diagnosis, several authors additionally perform nasal surgery. Recently, we were 
able to demonstrate that additional nasal surgery does not have a positive effect on the 
severity of the OSA [766, 767]. This result is in line with the information we gathered 
in Chap. 4 in regards to isolated nasal surgery in the case of OSA.

10.1007/_6
10.1007/_4
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Altogether, data of 1,600 patients (EBM 4 to 2b) exist so far. For the present study situ-
ation, this results in grade B evidence according to the Oxford Center for Evidence-based 
Medicine Levels of Evidence [535]. The success rate according to Sher et al. [665] lies at 
almost 54%. All studies dealt with on average moderate or severe forms of OSA. We are 
of the opinion that a sufficient amount of data exist to validate the efficacy of multilevel 
surgery in the case of moderate and severe OSA.

Difficulties arise in attempting to evaluate the divergent concepts against each other. 
For the area of the SP, all study groups either perform the conventional UPPP or more 
rarely the uvulaflap, always including tonsillectomy. The extended uvulopalatal flap 
(EUPF) is a modification described in Sect. 6.3. We consider these techniques to be com-
parable. Therefore, the concepts differ from one another in respect to the therapy of the 
hypopharyngeal constriction of the upper airway. Two study groups [156, 167] recom-
mend in somewhat dated publications a partial resection of the tongue. With 32 and 44% 
respectively the success rates lie below average. A more recent study [298] does not pro-
vide data for surgical success. Furthermore, as shown in Sect. 7.3, partial TB resection is a 
procedure with a relatively high postoperative morbidity and complication rate. We there-
fore regard this procedure to be historical.

A much less invasive approach is to limit tongue surgery to the lingual tonsil [401]. 
Laser lingual tonsillectomy (LLT) does not require temporary tracheostomy. Postoperative 
pain can be handled with painkillers. We, ourselves have encouraging experiences with 
this kind of surgery. Li and colleagues combined LLT with UPPP plus tonsillectomy in 
severe sleep apneics. The results are about 10% below the average in Table 10.2. Further 
data need to document the efficiency of this approach.

Seven working groups [35, 180, 212, 494, 712, 763, 767] solely employ the minimally 
invasive RFT at the TB. Baseline AHI varies from 22.9 [180] to 43.9 [212], with most 
studies including moderate sleep apneics. The success rates were given from 40 [767] to 
52% [712]. Undoubtedly, of all the TB procedures presented here the RFT has the lowest 
postoperative morbidity and complication rate. But we infer from the data a tendency 
indicating that solely a RFT at the TB, combined with the UPPP, may not in itself be suf-
ficient for properly treating a severe OSA with surgical means.

Four working group used the tongue base suspension (TBS) [468, 524, 697, 781]. 
Severity of OSA was in between an AHI of 38.7–52.8. Surgical success rates vary exten-
sively between 20 and 81.8%, a fact that makes it very difficult to evaluate the efficiency 
of TBS properly. Furthermore, the Repose System used by all authors, has substantial 
disadvantages (see Sect. 7.4). This is why we ourselves do not use the system any longer.

The majority of studies employ for the therapy of the hypopharyngeal constriction 
either the mandibular osteotomy with GA or the hyoid suspension (HS) or both. Currently, 
the data do not provide information as to which combination is superior. It presumably 
depends more on the surgeon with which technique he or she achieves the best results.

Initially, we followed the Stanford [609] concept. Yet after the mandibular osteotomy 
with GA several complications occurred in our patient pool, such as infections of the oral 
floor with abscess formation and loosenings of the osteosynthesis; therefore, we have 
searched for alternatives with fewer complications. We believe to have found the solution 
in a combination of RFT and HS [766]. In the context of this concept, tonsillectomy and 
HS have shown themselves to be the most effective elements of our multilevel concept.
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With the exception of the studies by Johnson and Chinn [334], Neruntarat [499] and 
Vicente et  al. [781], who present long-term data over a postoperative span of 3 years,  
Table 10.1 only includes short-term data. Therefore, a long-term evaluation of on average 
51 months coming out of Stanford [610] of 40 patients with primary surgical success has 
received special attention. After more than 4 years 90% (36/40) still enjoyed treatment suc-
cess. Four patients had again developed an OSA. In this group, the AHI was preoperatively 
83.3, 6 months postoperatively 10.5, and after 4 years 43. But it should be mentioned that in 
the meantime these patients had experienced a significant weight increase (body mass index 
(BMI) preoperative, 28.7 kg/m2; short-term follow-up 28.0 kg/m2; long-term 30.6 kg/m2).

Similar results have recently been also described by Shibata et al. [667]. Additionally 
to the improvement of the AHI, these authors were able to demonstrate a postoperative 
normalization of the arterial hypertension for 31 patients.

Additionally, Friedman and coworkers [219] were able to show a positive effect on 
CPAP therapy in patients who had persistent symptoms of OSA after multilevel surgery. 
Compliance with CPAP therapy significantly increased from a mean of 0.02 ± 0.14 h per 
night prior to surgery to a 3.2 ± 2.6 h per night following surgery. The effective CPAP pres-
sure decreased from 10.6 ± 2.1 cm H2O before multilevel surgery to 9.8 ± 2.1 cm H2O 
postoperatively.

Obviously, the best success rates are found for staged concepts, which provide as a 
second, additional surgical stage a bimaxillary advancement in the case of the nonre-
sponders. This dividing up into two phases also goes back to the Stanford study  
group [609] and has gained acceptance in many places. The available data are presented in 
Table 10.3.

As already presented in Sect. 8.2, the MMA is also in the context of multilevel surgery 
an eminently successful treatment in regards to the severity level of the OSA. This is 
apparently also the case for morbidly obese patients. In a series of 23 obese sleep apneics 
with a mean BMI of 45 kg/m2 the Stanford 2 phase concept achieved a success rate of 
82.6%. In this series, the mean AHI fell from preoperatively 83 to 10.6, 6 months postop-
eratively. But it needs to be mentioned that the patients had also slightly reduced their 
weight. The average BMI was postoperatively 43 kg/m2. The authors conclude from their 
data that counseling in regards to weight reduction and avoidance of weight gain will 
improve treatment outcomes.

Table 10.3   Staged concepts of multilevel surgery for OSA

Author N stage 1 Nonresponse 
stage 1

N stage 2 
(MMA)

Response 
stage 2 
(MMA)

AHI 
pre 
stage 1

AHI 
post 
stage 2

EBM

Riley et al. [609] 223 89 (40%) 24 23 (97%) 75.1 8.4 4

Lee et al. [390] 33 11 (33.3%) 3 3 (100%) 74.0 5.0 4

Bettega et al. [51] 44 34 (77.3%) 20 15 (75%) 59.3 11.1 4

Li et al. [409] No data No data 19 18 (94.7) 63.6 8.1 4

Hendler et al. [275] 33 18 (54.5%) 7 4 (57.1%) 90.1 16.5 4
All 333 152 (45.6%) 73 63 (86.3%) 69.2 9.7 C

MMA bimaxillary advancement; AHI Apnea Hypopnea Index; EBM evidence-based medicine
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It is striking that only a relatively small number of patients have actually chosen an 
MMA, as can be seen in two series [390, 609]: in both of the studies only 27% of the can-
didates chose the option MMA. The reason for this remained unanswered in the studies. 
Apparently, the indications for and staging of MMA, with respect to the many procedures 
available, are unsettled and often limited to severe OSA, dentocraniofacial deformities, and 
when other surgeries have failed. Due to the potential risks involved, MMA is not a surgi-
cal option for the majority of sleep apneics. For more details please refer to Sect. 8.2.

10.2   
Postoperative Care and Complications

Multilevel surgery for OSA is an inpatient treatment. With the exception of isolated RFT 
it should not be performed on an outpatient basis. As a rule, the duration of the hospitaliza-
tion is 3–7 days. Due to the fact that the patients are for the most part severe sleep apneics, 
already special perioperative measures are necessary; these are described in Chap. 13.

In general, the perioperative risk during and after multilevel surgery is increased as 
compared to isolated palatal surgery [357]. However, even in the case of severe sleep apne-
ics postoperative observation in an intensive care unit is not required if an observation 
option exists for the first postoperative hours in the recovery room [541]. If events here are 
without complications, the patient can be brought into a normal care unit. If the patient has 
already preoperatively received a CPAP respiration device, he or she should be encouraged 
to continue using it postoperatively for several days, until the postoperative inflammations 
have reliably subsided. If the patient does not possess a CPAP device, we apply one. A 
pressure of 10 cm H2O is usually sufficient.

For 5 days, we perform in our patients a postoperative antibiotics prophylaxis. Intra
operatively we administer once 1.5 g Cefuroxim, and postoperatively we administer 2 × 
500 mg Cefuroxim per orally for 5 days. In principle, the use of more cost-efficient broad-
band antibiotics is of course also possible. We do not consider a routine administration of 
corticosteroids for necessary.

The most painful part of the multilevel surgery comprises the SP procedures and the 
tonsillectomy. In order to keep the pain postoperatively as low as possible, it is important 
to take care that intraoperatively the sutures at the SP are knotted tightly, but that the soft 
tissue is not squeezed. A loose adaptation of the wound edges should be attempted, since 
postoperatively in some cases a significant edema is to be expected. Even after adequate 
surgery the period of pain requiring analgesics lasts in our experience an average of 12 
days. But since the pain varies strongly interindividually, an individualized pain treatment 
plan with relevant controls is needed. Routinely we give Diclofenac 3 × 50 mg/ day as 
effervescent tablet in combination with Metamizol 4 × 250 mg as drops. Tablets are diffi-
cult to swallow within the first postoperative days. Persistent pain despite adequate anal-
gesics may indicate the beginning of a wound infection. In these cases an antibiosis, e.g., 
with Amoxicillin, can quickly alleviate the condition.

Apart from pain, the possibility of serious dysphagia must be taken into account. In the 
first 3 days, some patients need to receive parenteral nutrition. In some cases a one-time 
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administration of corticosteroids (e.g., 250–500 mg Methylprednisolon) is sufficient. In 
virtually all cases, oral nutrition can be resumed after 3 days, even without the administra-
tion of cortisone. After tonsillectomy we prescribe the usual diet.

The complications after multilevel surgery consist on the one hand in the sum of the 
complications of the individual procedures. These have already been discussed in the rel-
evant chapters. On the other hand, it is of course conceivable that the effects of several 
simultaneous surgical treatments at the upper aerodigestive tract are amplified. In this con-
text Altman and colleagues [10] were able to demonstrate abnormal objective swallowing 
in 9 of 15 patients 18 months after multilevel surgery for OSA. Six of fifteen demonstrated 
normal objective swallowing. Of these, five reported subjective change. This study is in 
accordance with the results stemming from our multilevel therapy protocol. Almost all of 
our patients initially suffer from dysphagia, which in some cases persists for up to 3 weeks. 
Up to now, in the context of our concept we have not observed a continued dysphagia with 
impediment of food intake lasting over several months.

10.3   
Indications and Contraindications

Minimally invasive multilevel surgery in the form of an isolated radiofrequency therapy is 
not yet scientifically sufficiently validated. Yet in analogy to the results concerning the 
isolated use at the SP and at the TB we are of the opinion that we can posit a legitimate 
indication both for primary snoring as well as for mild forms of OSA. Patients need to be 
informed that they might need secondary treatment. It remains to be seen how far the addi-
tional treatment of the tonsils, as suggested by Fischer et al. [201], will broaden the indica-
tion. Yet currently we assume that above an AHI of 20 more invasive techniques achieve 
better success rates.

For moderate and severe OSA a variety of combinations has been described. At the SP, 
UPPP with tonsillectomy is the preferred procedure. For no other surgical procedure does 
a comparable amount of data exist. Some study groups, including ours, like using the uvu-
lopalatal flap (Sect. 6.3). Since the techniques are somewhat similar, it is ultimately up to 
the surgeon with which technique he or she feels most comfortable.

In our opinion, partial resections of the tongue muscles are obsolete as routine proce-
dures. They often require a temporary tracheotomy, and should be restricted to special 
cases. Isolated resections of the lingual tonsil seem to be a much less invasive surgery. So 
far, the preliminary data do not allow a concluding evaluation.

The surgical kits for tongue suspension are currently under development. The Repose 
System has a lot of disadvantages; that is why we ourselves do not use it any longer.

This leaves mandibular osteotomy with GA, HS and RFT for the therapy of a hypopha-
ryngeal constriction. As described above, we feel justified to infer from the data in Table 10.2 
that an isolated RFT at the TB in combination with the UPPP + TE is not sufficient for the 
treatment of severe OSA. This combination might be appropriate for moderate OSA, as it 
prevents the patient from a certain amount of postoperative morbidity. For severe OSA, the 
SP procedure should be combined with a HS and/or a GA. Which combination 
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is ultimately the most successful, can as yet not be inferred from the available data. The 
largest Stanford series [609] uses both techniques in combination. This protocol with a 
success rate of 60% after Sher is currently regarded as the standard procedure.

In our daily practice, we have replaced the GA with a radiofrequency therapy, and we 
perform a UPPP with tonsillecztomy, an HS and a radiofrequency therapy of the TB. In 
patients after prior tonsillectomy, we perform an uvulopalatal flap instead of UPPP, as in 
this condition the dissection within the scar to divide the two tonsillar pillars as needed for 
an UPPP is troublesome and time consuming. With the help of this newly devised protocol 
we have been able to significantly reduce the postoperative morbidity and complication 
rate. With the Mannheimer multilevel surgery concept we achieve a success rate of 51.1–
59.7% after Sher [35, 767]; this result situates us at the average level of the cited studies. 
We believe that with this less morbidizing surgical concept we are acting in the interest of 
our patients, even if combinations with mandibular osteotomy and GA may furnish some-
what higher success rates.

In the case of those patients who even after a multilevel surgery continue to suffer from 
an OSA in need of respiratory treatment, yet continue to not tolerate the respiration ther-
apy, it should be tested whether an MMA is an option. Otherwise these patients have to 
retry CPAP.

Finally, multilevel airway reconstruction seems to be an effective treatment for moder-
ate and severe OSA – even in the morbidly obese patient [408]. Careful patient selection 
and identifying potential coexisting obesity-hypoventilation syndrome, as well as counsel-
ing on weight reduction and avoiding continual weight gain will improve treatment 
outcomes.

10.3.1   
Multilevel Surgery in Children

The study group around Cohen and Burstein reports good success for surgical multilevel treat-
ment in the case of children with neurological disorders [114] and children with other disor-
ders such as Down`s syndrome, hemifacial microsomia, Pierre Robin sequence, and various 
craniofacial disorders [115]. In these series, the authors were able to spare respectively 83 and 
90% of the children who had undergone surgery a previously recommended tracheotomy. 
Tonsillectomy, adenoidectomy, turbinectomy and/or septoplasty, tongue hyoid advancement, 
UPPP, conventional mandibular advancement, distraction osteogenesis of the mandible, and 
tongue reduction were combined with each other. But the authors do not mandate a rigid 
therapy concept. Rather, the specific combination of single operations is determined by the 
individual clinical diagnosis, which is classified into four levels (Fig. 10.1) [83].

In any case, multilevel surgery in children is a multidisciplinary task requiring excellent 
interdisciplinary cooperation. In our opinion pediatric multilevel surgery should be 
reserved to few specialized centers.
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Take Home Pearls

Minimally invasive multilevel surgery is a treatment for snoring and mild OSA. ››
Patients should be informed that they might require secondary treatment.
Invasive multilevel surgery requires an inpatient setting with special ››
perioperative care.
In the case of severe OSA patients should undergo CPAP treatment first. Surgery ››
is limited to those severe sleep apneics that cannot tolerate CPAP.
In adults with an AHI›› £30 invasive multilevel surgery can be offered as a 
first-line treatment.
In children multilevel surgery is a multidisciplinary task requiring excellent ››
interdisciplinary cooperation. It should be reserved to specially qualified centers.

Fig. 10.1   Functional and anatomic airway zones 
in infants and children according to Burstein 
et al. [83]. (1) nares to velum; (2) lips to 
hypopharynx; (3) epiglottis to trachea; (4) 
subglottis to bronchii
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Tracheotomy was the first effective treatment for patients with severe OSA [376, 635, 
678], and even today it remains the method of last resort. In children, a tracheotomy is 
much more often indicated as some malformations can only be corrected at a later point in 
a child’s anatomical development, which makes it necessary to wait for the best point in 
time to perform surgery.

11.1   
Surgical Technique

Tracheotomy is a standard technique performed by every general, ENT, or maxillofacial 
surgeon. We always perform a complete mucocutaneously anastomized tracheostomy to 
avoid granulation and difficulties when changing the tubes. However, patients who require 
a tracheotomy for OSA often are morbidly overweight. Standard-sized tracheostomy 

Core Features

Before the  introduction of CPAP-ventilation and uvulopalatopharyngoplasty ››
(UPPP) in 1981, tracheotomy was the only  effective treatment for severe 
obstructive sleep apnea (OSA). Even today, it remains one of the most effective 
treatment modalities for severe OSA.
Due to its potential complications and its negative effect on the general quality of ››
life, tracheotomy is rarely used today, particularly as there are various other 
treatment modalities with less impairment of well-being.
However, there still are indications for tracheotomies in sleep medicine. ››
Temporary tracheotomies are used to protect the upper airway perioperatively 
after invasive surgeries. Permanent tracheotomies are performed in cases with 
severe craniofacial malformations, excessive overweight, and in the case of 
patients that cannot be intubated.
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tubes often are too short because of increased submental or anterior cervical girth. The 
surgeon has two options to overcome the problem: modify the tracheostomy tube or 
recontour the neck to accommodate a standard tube. As the patients are supposed to be 
able to handle the tracheostomy tube on their own, we prefer the latter approach. Gross 
et al. [244] described their surgical technique and retrospectively estimated their compli-
cation rate after 23 months as 43%, including wound infections, neck abscess, and 
hemorrhage.

Today an increasing number of percutaneous dilating tracheotomies are performed 
especially in intensive care units. It is a promising tool for patients who require their tra-
cheotomies for short-term periods. In the treatment of OSA, there are two groups of 
patients requiring tracheotomies. For the first group, tracheotomies are performed to pro-
tect the upper airway during the immediate postoperative period after invasive procedures 
within the upper airway. Most surgeons perform conventional surgical tracheostomies in 
these patients as they are already in the operation theater. This is what we also recommend 
and do. The other group of patients needs their tracheostomies for long-term periods. This 
points to a clear advantage for the conventional surgical approach.

11.2   
Effectiveness for OSA

Partinen et al. [546] studied the survival rates of 198 patients with OSA, of whom 71 were 
treated with tracheotomy, while the rest were managed conservatively with weight reduc-
tion. Over a follow-up period of 5 years, there were 14 deaths, all of them in the group 
undergoing conservative therapy.

Ledereich et al. [389] compared 30 patients with permanent tracheostomies with 71 
patients who had received other therapies (temporary tracheotomy, UPPP, tonsillectomy, 
nasal operations, or conservative treatment with medications stimulating respiration). 
Patients were observed for 5 years. Excessive daytime sleepiness was reported by only 
24% of those in the tracheostomy group but by 59% of those who had undergone other 
treatments. Apnea phases were recorded in 3% of the tracheotomized patients and in 35% 
of the other patients. Snoring was reported by 13% of patients with tracheostomy but by 
58% of the comparison group.

Data providing polysomnographic figures is summarized in Table 11.1. Although there 
are no randomized, controlled studies, tracheotomy can be regarded as a very effective 
treatment modality for OSA.

In a study by Kim et al. [360] all patients that were classified as nonresponders after 
tracheotomy showed evidence of cardiopulmonary decompensation as defined by an initial 
PaCO2 greater than 45 mmHg already prior to surgery.

Cohen et al. compared 13 pediatric tracheostomy patients with 50 children who had 
undergone other kinds of sleep apnea surgery. Clinical success was achieved in 100% after 
tracheostomy and in 59% of the sleep apnea surgery group [116]. However, the tracheoto-
mized children showed impaired quality of life for 95% of the items investigated.
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Thatcher and Maisel [742] observed a decannulation in 16 out of 79 patients 2 months to 13 
years after tracheostomy for OSA: 5 patients chose CPAP-ventilation, 3 grew intolerant of their 
tracheotomies, 3 underwent successful UPPP, and 2 experienced significant weight loss.

11.3   
Postoperative Care and Complications

Guilleminault et al. [252] followed 50 tracheotomized OSA patients over a period of on 
average 32 months (range: 9 months to 6 years). Following tracheotomy, all patients exhib-
ited an Apnea Index below 5, but all experienced persistent central respiratory events dur-
ing the first postoperative year. Kim et al. [360] report that in patients with cardiopulmonary 
decompensation, tracheotomy led to improvement but not elimination of OSA in seven of 
13 patients studied. One reason cited was the increased incidence of central respiratory 
events, while another related to the occlusion of the tracheostomy by chin and neck adi-
pose tissue. A similar case with occurrence of severe central sleep apnea 4 years after ini-
tially successful tracheostomy for OSA was reported by Fletcher [203].

Conway et al. [124] followed 11 patients over 90 months and reported three categories of 
complications: granulation, stenoses, and psychosocial problems. Fewer complications were 
seen with the cervical skin flap technique; therefore, the authors favor this technique. Thatcher 
and Maisel [742] recorded 14 deaths within a 20-year period after tracheotomy in 79 patients. 
Average age at time of death was 62 years. Five deaths were cardiopulmonary, four were 
from cancer, two were from postoperative complications of unrelated surgeries, and one 
from aspiration. Tracheostomy-related mortality included one postoperative mycardial 
infarction and one tracheal-innominate fistula.

OSA may also recur following closure of a tracheostoma [772]. This occurs not only in 
patients who have undergone tracheotomy for the treatment of OSA but also in those who 
have been tracheotomized for completely unrelated reasons. Primarily responsible are 
laryngeal changes in advancing age, which promote the development of OSA following 

Table 11.1   Effect of tracheotomy on the severity of obstructive sleep apnea

Author N Follow-up 
(months)

Age 
(years)

AHI pre AHI post Success 
rate (%)

Def. of 
success

EBM 
grade

Guilleminault 
et al. [252]

50 9–72 (mean 
32)

12–66 No data No data 100 AI < 5 4

Haapaniemi 
et al. [256]

7 30–108 41–64 56.3%  
(O2 min)

82.9%  
(O2 min)

100 No data 4

Kim et al. [360] 23 No data 22–77 58.2 (37.2) 19.8 (26.0) 73.9 AHI < 20 3b

Thatcher and 
Maisel [742]

79 3–240 25–70 81 No data 100 No data 4

All 159 3–240 22–77     96.2   C

AHI Apnea Hypopnea Index; Def. definition; EBM Evidence-based medicine.
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closure of a tracheostoma. Elderly adults with pathologic changes in the larynx should be 
followed postoperatively in order to recognize the possible recurrence of OSA following 
closure of their tracheostomas. Five similar cases were reported by Kim et  al. [360]. 
Likewise, polysomnography with occluded tracheostomy is recommended before surgical 
closure in children [750].

11.4   
Indications and Contraindications

Basically, it is necessary to differentiate between a temporary and a permanent tracheotomy 
(Table 11.2). While we occasionally still employ the former in the context of other invasive 
procedures on the upper airway in order to secure the airway during the postoperative 
phase, we have not performed a permanent tracheotomy in adults for the past 3 years.

Different is the situation in the case of children. Especially for children with congenital 
malformations a permanent tracheotomy may become necessary [11] For example in the 
case of laryngomalacia after successful tracheotomy one can wait for the stabilization of 
the laryngeal skeleton and relevant growth [11, 657]. But also prematurity, cardiovascular 
malformations, neurological and congenital/chromosomal abnormalities predispose a 
higher risk to require tracheotomy. Some malformations can be corrected surgically. Quite 
a few of these cases initially require a tracheotomy to gain time to await the optimal occa-
sion to perform the necessary surgery. The following inherent dysfunctions are known to 
predispose to OSA, sometimes requiring a tracheotomy in children: Shy-Drager syndrome 
[346], Crouzon syndrome [680], congenital laryngeal anomalies (laryngomalacia, subglot-
tic stenosis, glottic web, vocal cord paralysis, laryngeal stenosis, subglottic hemangioma) 
[11], congenital tracheal abnormalities (tracheomalcia, anterior compression, tracheal 
stenosis, tracheooesophageal fistula) [11], cerebral palsy [437], CHARGE association 
[619], Chiari type I malformation [632], achondroplasia [236], Canavan disease [207], and 
Duchenne muscular dystrophy [434].

Table 11.2   Comparison of the possible indications for a temporary or permanent tracheotomy

Temporary tracheotomy Permanent tracheotomy

For the postoperative securing of the 
airways after

As ultima ratio

Laryngeal surgery Therapy failures with CPAP or BIPAP masks in the 
case of excessive obesity

Tongue base surgery Surgically not curable pharyngeal obstruction 
Oral surgery on upper and lower jaw Patients that cannot receive intubation or for children 

with Congenital malformations, which cannot or only 
after puberty be surgically corrected
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Although tracheotomy is still the gold standard of care for these patients with malfor-
mations, we always have to keep in mind that this procedure causes a great deal of postop-
erative morbidity for both patient and family [116]. A variety of newer treatment modalities, 
such as distraction osteogenesis of the mandible and mid-face, or multilevel surgery today 
offer sufficient alternatives in specific cases [115].

Take Home Pearls

Tracheotomies still play a role››
In the temporary protection of airway after invasive surgeries in the head and ››
neck.
As permanent tracheotomies in adult patients with excessive overweight, that ››
cannot tolerate CPAP treatment, patients that cannot be intubated and pediatric 
patients with severe craniofacial deformities.
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Currently, 32.9% of US adults and 13% of US children hold a body mass index above 
30 kg/m2 and are obese by definition. In Europe, 15.7% of adults and 4% of children and 
adolescents are obese. In Germany, 22.9% of adults are obese, while the rate is 6.3% for 
children and adolescents.

Obesity is increasing worldwide. It is estimated that more than 300 million people are 
obese [269]. Morbid obesity is growing twice as fast as diabetes mellitus prevalence and 
will overtake it soon [206, 208, 269, 325, 379, 421–423, 557].

The rise in the prevalence of obesity is also associated with increases in comorbidities 
(for instance, type 2 diabetes, hypertension, obstructive sleep apnea (OSA), heart disease, 
stroke, asthma, weight bearing degenerative problems, several forms of cancer, depres-
sion, etc.), which are responsible for more than 2.5 million deaths per year worldwide 
[487, 534, 836].

In the case of extreme obesity (BMI ³ 45 kg/m2) in young adulthood, life expectancy is 
reduced by 13 years in men and 8 years in women.

The incidence of OSA has been underestimated in obese patients. A 10% increase in 
body weight in 4 years is associated with a sixfold higher risk of developing OSA [554]. 
There is an ongoing debate on whether the correlation between obesity and OSA occurs 
exclusively because of anatomic factors [652, 713].

Core Features

Obesity, a widespread and increasing health problem within the US and Europe, ››
is, among others, associated with OSA.
Bariatric surgery encompasses a variety of surgeries. The most important ones ››
are adjustable gastric banding, vertical banded gastroplasty, sleeve gastrectomy, 
intragastric balloons, jejunal bypass, biliopancreatic diversion, and Roux-en-Y 
gastric bypass.
A significant reduction in BMI is associated with a comparable significant ››
decrease in sleep apnea severity.
Bariatric surgery is recommended for patients with a BMI > 35 kg/m›› 2 and an 
obesity related concomitant disease or for patients with a BMI > 40 kg/m2.
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Obese OSA patients show 42% more fat in their cervical region as compared with nor-
mal individuals [484], thereby causing pharyngeal lumen narrowing and resulting in 
increased risk of developing OSA [634].

A study has shown that bodyweight loss is related to increase of airway transversal 
diameter, which could result in Apnea Hypopnea Index (AHI) improvement [630].

Furthermore, obesity may also be involved in the genesis of OSA because of metabolic 
activity of adipose tissue [780].

12.1   
Techniques

Bariatric surgical procedures reduce caloric ingestion by modifying the anatomy of the 
gastrointestinal tract. These operations can be divided into either restrictive, malabsorp-
tive, or combined varieties.

The restriction is usually done by reduction of the gastric reservoir with a narrow outlet 
to delay emptying. For this purpose, the neo gastric volume is reduced to approximately 
20–25 mL.

Examples of restrictive procedure are the adjustable gastric banding, vertical banded gas-
troplasty, endoluminal vertical gastroplasty, sleeve gastrectomy, or the intragastric balloon.

12.1.1   
Adjustable Gastric Banding (Fig. 12.1)

This laparoscopic procedure divides the upper stomach into a small pouch and a large  
residual region by placing an adjustable band around the fundus. It consists of a soft silicon 
ring connected to a port system, placed in the epigastric subcutis. Worldwide, the adjust-
able band is used in 24% of the surgical procedures with a preponderance to European 
countries [80]. With an estimated rate of 0–0.5%, it has the lowest mortality rate of all 
bariatric procedures [517]. Long-term results of a 10-year observation period refer to a 
13.2% reduction of the initial weight [682]. Short-term studies, however, suggest much 
higher reduction rates. Complications such as “band slippage,” pouch complications, and 
decompression of the esophagus might lead to a reoperation rate up to 17% [804].

12.1.2   
Vertical Banded Gastroplasty (Fig. 12.2)

In this restrictive procedure, the fundus region is divided by a vertical staple line. 
Additionally, the outlet is wrapped by a band. Long-term weight loss is higher compared 
to the Adjustable gastric banding [517]. Revision rates of 20–56% mostly affect staple line 
and band disruption, stomal stenosis, and pouch dilatation [38, 45, 764].
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Fig. 12.1   Adjustable gastric banding. P pouch;  
S stomach

Fig. 12.2   Vertical banded gastroplasty.  
E esophagus; P pouch; S stomach

12.1.3   
Sleeve Gastrectomy

The laparoscopic procedure was originally used as a first-line treatment for super obese 
patients. It consists of a partial gastrectomy in which the great curvature is stapled off the 
stomach. As a result of the restrictive technique, the stomach becomes a tube like forma-
tion. In addition, ghrelin producing cells of the gastric mucosa are reduced. Compared to 
adjustable gastric banding, the sleeve gastrectomy results in better hunger control and 
weight loss. Disadvantage is the irreversible loss of gastric tissue.
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12.1.4   
Intragastric Balloon

The intragastric balloon (IB) is a temporary device for weight loss in moderate obesity 
[443]. A balloon is placed endoscopically into the stomach and filled with 500  mL of 
saline solution. Extensive testing is going on; long-term results are still missing. Nausea, 
abdominal pain, and balloon migration are adverse effects.

Malabsorptive procedures reduce the caloric intake by shortening the transit time and 
mucosal surface of the intestine. In general, weight loss with malabsorptive procedures 
tends to be greater than weight loss with restrictive procedures [80]. Though weight loss is 
excellent, these procedures are associated with multiple complications such as malnutri-
tion, vitamin, and electrolyte deficiencies, as well as liver failure [141, 241]. Therefore, 
patients undergoing malabsorptive surgery have to be monitored in a lifetime follow-up.

12.1.5   
Jejunal Bypass (Fig. 12.4)

The operation was the first bariatric procedure performed in 1969. It is an end-to-side 
anastomosis of jejunum to terminal ileum, bypassing most of the small bowel, with the 
cause of massive malabsorption. Due to its high complication rate and need of revision, the 
role in up-to-date bariatric surgery is minor.

12.1.6   
Biliopancreatic Diversion (Fig. 12.6)

There are two biliopancreatic diversion (BPD) surgeries: A BPD and a BPD with a 
duodenal switch (DS) (Fig. 12.3). The BPD consists of a partial gastrectomy and a 
gastroileostomy. A long segment of the small intestine receives food only; the short 
common channel receives food and biliopancreatic secretions. The use is limited due to 
high rates of protein loss, anemia, and stomal ulceration.

In a BPD with duodenal switch (BPD/DS), a smaller portion of the stomach is removed, 
the remaining stomach remains attached to the proximal duodenum and is connected in 
terms of an “alimentary limb” to a 150 cm small intestine segment. The remaining duo-
denum is connected to the lower part of the small intestine variable at length (“enzyme 
limb”). The common channel in which food and enzymes encounter measures 100 cm.

These procedures are reserved for patients with super morbid obesity (BMI  >  
50 kg/m2).

12.1.7   
Roux-en-Y Gastric Bypass (Fig. 12.5)

The Roux-en-Y gastric bypass (RYGB) is a typical practice of a combined malabsorp-
tive and restrictive procedure and the most common bariatric operation performed in 
the US.
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Fig. 12.3   Biliopancreatic diversion with 
duodenal switch. A alimentary limb;  
B biliopancreatic portion; C common  
channel; S stomach

Fig. 12.4   Jejunal bypass. S stomach
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The stomach is narrowed by creating a small 25 mL pouch at the fundus region. The 
smaller stomach is connected directly to the 150 cm measuring “alimentary” jejunal portion 
of the small intestine, bypassing the rest of the stomach and the upper 50 cm “biliopancre-
atic” portion of the small intestine. Digestion and absorption occur in the common channel 
(100–150 cm of length) [73, 111].

Early weight loss is rapid, reaches a plateau usually after 2 years. Long-term reduction 
of 25% body weight is reported in a 10-year observation study [682].

By now, two-third of all bariatric procedures are performed laparoscopically [79]. These 
techniques provide many advantages compared to open surgery. A lower incidence of hernia, 
wound infection, and shorter hospital stay are some proven aspects [153, 428, 505, 811].

12.2   
Effectiveness for OSA

A metaanalysis has documented the effects of bariatric surgery in 2,399 OSA patients 
submitted to surgery. For approximately 86% of the cases, OSA was improved or resolved 
[126]. Continuous positive air pressure (CPAP) treatment could be withdrawn in most 
patients. As seen in adult patients, pediatric studies generally report good OSA-related 
outcome after bariatric surgery [342].

Fig. 12.5   Roux-en-Y gastric bypass (RYGB).  
A alimentary limb; B biliopancreatic portion;  
C common channel; P pouch; S. Stomach 
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The mean BMI changes in OSA patients after bariatric surgeries seem to be similar to 
patients without sleep apnea [246].

On the other hand, it has to be mentioned that in the long run there are cases of recur-
rence of sleep apnea without concomitant weight increase, as described in 14 cases 7.5 
years after successful weight reduction surgery [563].

The currently still limited polysomnographic data on the effect of bariatric surgery for 
OSA are listed in Table 12.1.

12.3   
Indications and Contraindications

Unfortunately, diet therapy, with and without supportive organizations, is relatively inef-
fective in treating obesity at long sight [515, 516]. According to the National Institutes of 
Health guidelines for surgical treatment for obesity and obesity-associated comorbid con-
ditions, patients with a BMI of 35 kg/m2 or greater and an obesity-related comorbid condi-
tion (including OSA) or patients with a BMI of 40 kg/m2 or more are recommended for 
surgical treatment [508].

The potential benefit of bariatric surgery for patients with mild obesity (BMI of 
30–35  kg/m2) remains unclear. Patients should have made previous attempts to lose 
weight, should be free of medical and psychological contraindications, and should be 

Fig. 12.6   Biliopancreatic diversion.  
A alimentary limb; B biliopancreatic portion;  
C common channel; S stomach
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Table 12.1   Effect of gastric surgery on the severity of obstructive sleep apnea

Author N Surgery Follow-up 
(month)

BMI 
pre

BMI 
post

AHI 
pre

AHI 
post

p-Value EBM

Peiser et al. 
[552]

  15 GBP (AI) 2–8 48.3 33.1 82.0 15.3 No data 4

Charuzi et al. 
[102]

  13 GBP 6 70.8 55.0 88.8 8.0 <0.05 4

Charuzi et al. 
[101]

  46 GBP or 
VBG (AI)

6 47.5 32.1 58.8 7.8 <0.001 4

Summers et al. 
[729]

    1 VBG 6 54.0 37.0 40.0 5.0 No data Case 
report

Sugerman et al. 
[725]

  40 GBP or VBG  
or HG

69.6 56.0 40.0 64.0 26.0 <0.001 4

Pillar et al. [563]   14 GBP 90 45.0 35.0 40.0 24.0 <0.05 4

Scheuller and 
Weider [647]

  15 GBP or VBG 12–144 160 kg 105 kg 96.9 11.3 <0.0001 4

Rasheid et al. 
[591]

  11 GBP 3–21 62.0 40.0 56.0 23.0 <0.05 4

Guardiano et al. 
[246]

    8 GBP 28 49.0 34.0 55.0 14.0 <0.01 4

Valencia-Flores 
et al. [761]

  28 GBP 13.7 56.5 39.2 53.7 8.6 <0.01 4

Busetto et al. [85]   17 IB 6 55.8 48.6 52.1 14.0 <0.01 4

Dixon et al. [154]   25 LAGB 17.7 52.7 37.2 61.6 13.4 <0.01 4

Fritscher et al. 
[223]

  12 GBP 24.2 51.5 34.1 46.5 16.0 <0.05 4

Haines et al. 
[260]

101 GBP 11 56.0 38.0 51.0 15.0 <0.001 4

All 331   3–144 54.51 38.39 57.91 14.80   C

AHI Apnea Hypopnea Index; VBG vertical banded gastroplasty; GBP gastric bypass; HG horizon-
tal gastroplasty; LAGB laparoscopic adjustable gastric banding; IB intragastric balloon

supervised by a multidisciplinary team with experience in bariatric surgery and periop-
erative care.

It has been shown that patients with a BMI above 50 kg/m2 do not benefit from a restric-
tive bariatric procedure because after gastric banding they still stay for a period of 2 years 
within the range of morbid obesity [81, 476]. Upon the presentation of type 2 diabetes, 
combined malabsorptive and restrictive bariatric procedures outmatch simply restrictive 
techniques [682, 801].

Secondary causes of obesity should be considered, although they do not usually cause 
severe obesity. Routine screening for Cushing’s syndrome and hypothyroidism is not nec-
essary unless clinical suspicion is high. [709] An accurate medication history should be 
obtained; oral contraceptives, antidepressants and oral hypoglycemic pharmaceuticals are 
associated with weight gain [269].



22912.4  Postoperative Care and Complications 	

A majority of patients presenting for bariatric procedures have one or more psychiatric 
disorders [337]. Other psychosocial factors that have been associated with a suboptimal 
surgical outcome include disturbed eating habits [492]. These facts point out the impor-
tance of an appropriate psychological evaluation of the candidates presenting for bariatric 
surgery.

Specific contraindications to bariatric surgery are few. They include mental or cogni-
tive disorders that limit the patient’s ability to understand the procedure. Severe coexist-
ing medical conditions such as unstable coronary artery disease or liver cirrhosis may 
eliminate the possibility of surgery. Contraindications for sole restrictive procedures are 
eating disorders like “binge- or sweet-eaters,” as well as an insufficient lower esophageal 
sphincter [726, 802].

12.4   
Postoperative Care and Complications

Perioperative care of patients undergoing bariatric surgery requires specialized expertise 
and institutes. Studies have demonstrated that the chance of postoperative complications is 
significantly associated with surgical record [506, 806].

Unfortunately, many patients do not receive systematic perioperative care, and may 
have suboptimal outcomes [267, 598].

Sleep apnea patients usually have more airway-related problems in the postoperative 
period, as well as pulmonary complications such as severe hypoxemia, apnea, or atelecta-
sis [597].

In a retrospective study in patients submitted to joint replacement, OSA patients have 
shown more adverse outcomes than matched control subjects, mostly within the first 72 h 
after the procedure. One-third of those patients with OSA developed substantial respira-
tory or cardiac complications, including arrhythmias, myocardial ischemia, unplanned 
intensive care unit transfers, and reintubation. The length of hospital stay was higher for 
sleep apnea patients compared with control subjects [255].

Those patients with severe OSA who undergo major surgery with a significant amount 
of anesthesia should be monitored closely for potential upper airway collapse. The use of 
opioids during anesthesia or postoperative analgesia may account for pharyngeal collapse 
[584].

Postoperative CPAP provides obstruction free ventilation, improves oxygenation, pre-
vents the development of respiratory complications, and reduces hemodynamic fluctua-
tions [594].

Operative mortality is 0.1% for purely restrictive procedures, 0.5% in patients undergo-
ing gastric bypass procedures, and 1.1% in patients undergoing BPD or DS procedures 
[80]. Common causes of death among patients undergoing bariatric surgery include pul-
monary embolism and anastomotic leaks. Factors that have been found to contribute to 
increased mortality include lack of experience on the part of the surgeon or the program, 
advanced patient age, male sex, and severe obesity (BMI ³ 50) [195, 204, 506, 572].
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Take Home Pearls

The surgical treatment of obesity is superior toward conservative treatment in ››
terms of long-lasting weight control and improvement of comorbidities.
Bariatric surgery is an effective treatment for OSA in patients with clinically ››
significant obesity.
Regarding weight loss and reduction of comorbidities, gastric bypass is superior ››
to gastric banding.
Patient screening for bariatric surgery has to be done in an interdisciplinary team. ››
Postoperative supervision usually lasts a lifetime.
Patients with severe OSA who undergo major surgery with a significant amount ››
of anesthesia should be monitored closely for potential upper airway collapse.
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13.1   
Implications in Patients with OSA

Obstructive sleep apnea (OSA) is, by definition, a problem of the upper airway. Its presence 
indicates an increased likelihood of difficult intubation and airway maintenance under anes-
thesia. Three different groups of patients undergoing general anesthesia can be defined, each 
requiring different strategies for managing the airway: patients who have been diagnosed for 
OSA, patients with symptoms suggesting sleep apnea, and patients who lack signs of the 
syndrome or in whom such features are missed preoperatively. Surgical procedures can be 
OSA-related or for any other diagnosis with varying invasiveness. The common goal in all 
cases will be to avoid inadequate ventilation and oxygenation resulting in hypoxemia or 
hypercarbia and any associated hemodynamic changes (e.g., tachycardia, arrhythmia, and 
hypertension) leading to increased morbidity and mortality. Death, brain injury, and cardiopul-
monary arrest, are amongst the most severe adverse events associated with difficulties in air-
way management, with airway trauma and damage to teeth as additional risks [106].

Core Features

Airway maintenance in patients with obstructive sleep apnea (OSA) can be ››
challenging; therefore, profound preoperative evaluation and preparation are 
mandatory.
Decisions for anesthesiologic airway management focus on awake fiberoptic ››
intubation vs. induction of general anesthesia, and on the preservation of or the 
return to spontaneous ventilation.
The strategies differ based on preoperative knowledge of intubation difficulties ››
and airway abnormalities.
The recovery phase after the end of the surgery calls for the same alertness as the ››
initial management of airway difficulties.
Close cooperation of surgeon and anesthesiologist in the pre, intra, and ››
postoperative period will help reduce airway-related morbidity and mortality.
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Widespread guidelines for management of the difficult airway have been introduced by 
the American Society of Anesthesiologists (ASA) in 1992 and have been published in 
revised form in 2003 [20]. A difficult airway is defined as the clinical situation in which a 
conventionally trained anesthesiologist experiences difficulty with face mask ventilation, 
difficulty with tracheal intubation, or both. The purpose of the ASA guidelines is to reduce 
the likelihood of adverse outcomes. the main goal is to ensure adequate oxygenation when-
ever difficulties occur. As D.B. Scott wrote more than 20 years ago: patients do not die 
from “failure to intubate,” but from failure to stop trying or from undiagnosed esophageal 
intubation [654].

The first step in managing the difficult airway is to identify any patient at risk in the 
preoperative period. Evidence on prediction of difficult airways is inconclusive, but any 
patient with a diagnosed OSA or presenting clinical signs such as obesity, limited mouth 
opening or a large tongue should be treated as a patient with a difficult airway until proven 
otherwise. The description of a difficult airway in previous anesthesia records or in an 
anesthesia pass issued by an anesthesiologist offers clinically suggestive evidence that the 
difficulty may reoccur. Whenever possible, an airway history should be obtained prior to 
the initiation of anesthetic care in all patients. Focused medical history, physical examina-
tion, and review of medical records may improve the detection of a difficult airway in 
patients with OSA, therefore enabling the anesthesiologist to prepare the patient and the 
anesthesia team for the occurrence of airway difficulties. In some patients, additional eval-
uation may be indicated to further judge the likelihood of the anticipated airway 
difficulty.

It is widely accepted that preparatory effects will help in minimizing the risk in patients 
presenting with a difficult airway. In case of a known or suspected difficult airway, the 
patient should be informed of the special risks and procedures for management of the dif-
ficult airway. An additional experienced anesthesiologist should be available, specialized 
equipment for difficult airway management should be prepared, and a strategy as well as a 
backup strategy based on an institutional algorithm for establishing a secure airway should 
be defined (Fig. 13.1). Preoxygenation should be performed for 3 or more minutes and 
supplemental oxygen should be administered whenever possible during the process of 
establishing a secure airway and also after extubation.

There are several basic management choices when faced with a suspected or known 
difficult airway: awake intubation vs. induction of general anesthesia followed by intuba-
tion attempts, the preservation vs. the ablation of spontaneous ventilation, noninvasive vs. 
invasive techniques for the initial approach to intubation.

13.2   
Strategies for Intubation in Patients with a Known or Suspected Difficult Airway

One important strategy in patients with a known or suspected difficult airway may be the 
avoidance of the necessity for invasive airway management. Whenever feasible, local 
anesthesia infiltration or regional blockades should be preferred in these patients.



23313.2  Strategies for Intubation in Patients with a Known or Suspected Difficult Airway 	

In patients with OSA, awake intubation may be attempted with a fibreoptic broncho-
scope after application of local anesthetics. Once the glottis has been successfully identi-
fied, the tracheal tube can be advanced and general anesthesia can be inducted. If the 
procedure fails due to lack of patient cooperation, difficulties in identifying the glottic 
aperture caused by anatomical aberrations or massive secretion, the attempt may be can-
celed, the feasibility of local or regional anesthesia may be considered, or the decision for 
invasive airway access may be made. The latter might be considered as first choice in some 
patients with the options of surgical or percutaneous tracheostomy and surgical or needle 
cricothyrotomy with the option of jet ventilation.

When general anesthesia is induced in patients with a known or suspected difficult 
airway, tracheal intubation will still be successful in a number of patients without prob-
lems, especially when performed by an experienced anesthesiologist. If the initial intu-
bation attempt fails, an additional anesthesiologist should be called if not already 
present, and the option of awakening the patient and returning to spontaneous ventila-
tion should be considered based on the urgency of the surgical procedure. The possibil-
ity of face mask ventilation is the key issue for all further proceedings: when face mask 
ventilation and oxygenation of the patient are possible, repeated attempts at tracheal 
intubation can be attempted, with modified techniques where necessary. Alternative 
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approaches may be the use of a fibreoptic bronchoscope, possibly in combination with 
a supraglottic airway device, the use of rigid fiberscopes such as the Bonfils [58] (Fig. 
13.2), of special larnygoscope blades such as the McCoy-blade with the option of addi-
tional leverage of the epiglottis (Fig. 13.3), or the use of an intubation stylet. The 
Bonfils allows overcoming a major problem in many OSA patients, passage of the big 
tongue and visualization of the vocal chords even when the epiglottis cannot be lifted 
sufficiently with the laryngoscope. This device has become an integral part of manag-
ing airway difficulties in our department ever since it was introduced. In many patients, 
correct positioning of the head will further aid in achieving the goal of tracheal intuba-
tion. Pressure on the cricoid cartilage by an assistant, ideally backward, upward, and 
toward the right (“BURP” – backward, upward, rightward pressure) may also facilitate 

Fig. 13.2   Bonfils intubation fiberscope

Fig. 13.3   McCoy-Blade with option of leverage 
of the epiglottis
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identification of the glottis. Any “blind” intubation attempts without visualization of 
the glottis should be avoided for they may lead to trauma and swelling, interfering with 
further management of the airway.

Whenever face mask ventilation is difficult or impossible in a patient after induction of 
general anesthesia, with or without a failed intubation attempt, supraglottic airway devices 
such as a laryngeal mask (Fig. 13.4, left side) or a laryngeal tube (Fig. 13.4, right side) 
should be inserted to ensure oxygenation of the patient while reconsidering intubation 
strategies. One approach can be to attempt fibreoptic intubation via the supraglottic device, 
direct or with a tube exchange catheter, after preoxygenation of the patient.

Fiberoptic intubation may be facilitated by using the Intubating Laryngeal Mask Airway 
or LMA-Fastrach™ (LMA Deutschland GmbH, Germany) (Fig. 13.5), which provides a 
curved steel shaft guiding the fiberscope toward the glottis. Another option is to reconsider 
the necessity of tracheal intubation vs. the possibility of maintaining the airway with a 
supraglottic airway device for the surgical procedure.

Newer alternatives to tracheal intubation and face mask ventilation such as the LMA-
ProSeal™ (LMA Deutschland GmbH, Germany). (Fig. 13.6a) or the laryngeal tube suction 
(LTS II) (Fig. 13.6b) provide an additional lumen, allowing placement of a gastric tube and 
suctioning, and should be preferred over the standard devices in obese patients since the 
airway seal achieved is also better.

Fig. 13.4   a: laryngeal mask airway. b: laryngeal tube

a

b
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Fig. 13.5   Intubating laryngeal mask airway 
(LMA-Fastrach™)

Fig. 13.6   a: ProSeal laryngeal mask airway. b: laryngeal tube suction (LTS II)

a b

13.3   
Life-Threatening Situations

In any situation requiring urgent airway maintenance, the presence of a preformulated 
strategy to ensure oxygenation, adequate ventilation – and possibly intubation – is abso-
lutely mandatory.
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The anesthesiologist may be faced with two different scenarios: a patient presenting 
with severe obstruction, cyanosis, and/or hypoxemia who requires urgent intubation and 
cannot be ventilated with a face mask or one who cannot be intubated (or a combination of 
both). In other patients, general anaesthesia may be induced and the team is then surprised 
by difficulties maintainig the airway in a patient who lacks signs of a difficult airway or in 
whom such features were missed preoperatively.

The emergency airway management should be basically the same as above, but the choice 
of the options and strategies should be narrowed down to the techniques the anesthesiologist 
is most acquainted with. In any patient requiring urgent oxygenation, supraglottic airway 
devices should be inserted early on, even when face mask ventilation is possible, since the 
airway seal with these devices is superior and not only the delivery of oxygen to the lungs is 
better, but also the rate of gastric insufflation is therefore lower. Fibreoptic intubation via 
these devices or the use of a newer supraglottic alternative providing access to the alimentary 
tract for suctioning should be considered. However, if the problem is caused by airway 
obstruction on the glottic level, this strategy fails and options such as translaryngeal jet ven-
tilation, surgical or needle cricothyrotomy, or an emergency tracheostomy must be consid-
ered early on, especially when oxygenation is difficult or not possible. Close cooperation 
with the ENT specialist is mandatory, not only in these critical incidents, but in the pre and 
perioperative management of all patients with OSA.

13.4   
Extubating the Difficult Airway

After successful management of a difficult airway, several considerations should guide the 
decisions for the postoperative phase. The surgical procedure, the condition of the patient, 
as well as any documented or suspected trauma to the upper airway due to manipulations 
during the process of securing the airway will influence the anesthesiologist’s strategy for 
extubating the patient with a difficult airway. While removal of the tracheal tube will not 
be a problem, reinsertion in case of any airway obstruction will not be easier than during 
the first attempt. On the contrary, edema and secretions will increase the risk of hypoxemia 
should airway maintenance be necessary.

Immediately after a patient with a difficult airway has been successfully intubated, the 
equipment for airway management must be rechecked and completed as necessary to allow 
adequate reaction on any peri and postoperative airway problems. The use of steroids to 
reduce mucosal swelling of glottis and upper airway induced by manipulation during 
repeated intubation attempts is recommended.

In general, patients with a known difficult airway must be awake and communicative 
for extubation, and airway reflexes must have returned. Spontaneous ventilation must be 
sufficient, allowing an adequate tidal volume and oxygenation. After profound suctioning 
of the pharynx to remove secretions, the cuff of the tracheal tube should be deflated and 
the tube should be closed to test whether swelling may cause airway obstruction after 
removal of the tube. If no breathing sounds are noticed around the tracheal tube, there is 
a high risk of complete airway obstruction and the patient should be taken to an intensive 
care unit for prolonged weaning. If the swelling persists, tracheostomy must be 
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considered. In all patients in whom breathing sounds around the tube can be heard, extu-
bation may be attempted with the complete equipment and personnel for difficult intuba-
tion present.

13.5   
Negative Pressure Pulmonary Edema

Patients with OSA are at risk to suffer from upper airway obstruction and are therefore 
extubated in our department only after insertion of an oropharyngeal tube (Guedel) to 
reduce the risk of negative-pressure pulmonary edema (NPPE), also addressed as postob-
structive pulmonary edema [6]. NPPE presents in most cases as a complex of symptoms 
with rapid onset, consisting of acute respiratory failure with dyspnea, tachypnea, and 
strained respiratory efforts. Additional signs are paradox ventilation, pink frothy sputum, 
stridor, and severe agitation. Upper airway obstruction (UAO) produces extreme reduction 
of intrathoracic pressure during spontaneous ventilation, consecutively causing increase in 
venous return to the right ventricle and increase in intrathoracic blood volume, resulting in 
elevated hydrostatic pressures and interstitial transudation of fluids.

13.6   
Postoperative Care

In the postoperative phase, patients with OSA often show respiratory depression and repet-
itive apneas even after successful surgery. Respiratory disorders can be induced by post-
traumatic swelling of the upper airways leading to a mechanical obstruction. Postoperative 
edema formation can be prevented by administering steroids during the operation. Another 
aspect of postoperative respiratory problems is the apnea or hypopnea induced by periop-
erative opioids. There are many reports demonstrating the coincidence of postoperative 
apneas and the use of opioids, but the correction of upper airway annomalities is very pain-
ful and leads to the obligatory use of opioids in combination with nonopioid analgetics. 
Furthermore, the use of clonidine seems to be helpful because of the coanalgetic effect of 
the substance and the reduction of blood pressure. Elevated blood pressure levels often can 
be seen after surgery leading to a higher risk of postoperative bleeding.

To avoid postoperative respiratory complications and episodes of high blood pressure it 
seems necessary to monitor these patients for at least 2 h. Admission to the intensive care 
unit is not a standard in these patients. Interdisciplinary cooperation as well in the recovery 
area as during the further in-hospital course ensures patient safety. Mechanisms to detect 
respiratory and hemodynamic problems must be implemented.



23913.7  Documentation 	

13.7   
Documentation

The presence and nature of airway difficulties should be documented in the patient’s file. 
In addition, an anesthesia pass should be issued describing the problem and the strategy 
that led to successful management. The patient or a responsible person should be informed 
and instructed to carry the pass at all times and show it whenever surgical procedures are 
planned to facilitate future medical care.

Take Home Pearls

Patients presenting for surgery related to sleep-disordered breathing should be ››
presented to the anesthesiologist as soon as the decision for a surgical 
intervention is made, in order to allow adequate examination and preparation.
Algorithms and procedures to manage known and unsuspected airway difficulties ››
must be implemented and followed. Additional personnel and equipment is 
necessary to successfully achieve airway maintenance should problems arise.
Hypoxia and apnea are essential risks in the postoperative period. Upper airway ››
obstruction may lead to negative pressure pulmonary edema.
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