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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.
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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


34 5    Nasopharyngeal Surgery

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



40 6.1  Tonsils

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)
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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 



856.3.4  Indications and Contraindications 	

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
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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]
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[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


