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1. ABSTRACT

Soft palate, tonsillar and inferior turbinate interventions are among the most common surgical
procedures in medicine, practised mainly by Ear Nose and Throat specialists. This, in spite of the
fact that the basic pathophysiological mechanisms causing the disorders to be treated still remain
unclear. In addition, the beneficial effects of these upper respiratory tract procedures to the patient
have not been documented according to evidence-based rules. Thus, it is clear that when the
procedure includes a removal of normal tissue, there should be enough evidence according to good
clinical practise guidelines that the procedure is beneficial for the patient, or at least not harmful.
Given this background, there is every justification to seek intervention modalities of upper
respiratory tract disorders, which are as minimally invasive as possible.

Radiofrequency thermal ablation is a well-known treatment modality, which is characterised by a
precise controllable lesion and has demonstrated, in other areas of medicine, acceptable efficacy,
safety and reproducibility of treatment results. The purpose of the present study was to evaluate the
feasibility of radiofrequency thermal ablation as treatment of pathological conditions of upper
airway tissues.

In four prospective non-randomised series with a follow-up period varying from 3 to 12 months the
morbidity and efficacy of radiofrequency thermal ablation of the soft palate in habitual snorers, of
the inferior turbinates in turbinate hypertrophy and of tonsillar tissue in tonsillar hypertrophy were
evauated. Additionally, in a randomised single-blinded setting, tonsillectomy using radiofrequency
scal pels were compared with traditional tonsillectomy.

As soft palate, inferior turbinate and tonsillar hypertrophy procedures the radiofrequency thermal
ablation procedure was well tolerated as outpatient procedures. There was a significant
improvement of snoring and daytime sleepiness in the treatment of the soft palate in habitual
snorers, accompanied by objective radiological changes. The rate of relapses was 6-21 %. The nasal
function improved subjectively and objectively after the treatment of inferior turbinates without
relapses. Tonsillar radiofrequency procedure induced objectively detectable significant reduction in
tonsillar volumes. The results of these procedures are comparable with other conventional treatment
modalities.

Radiofrequency thermal ablation tonsillectomy in adult patients did not show any significant
advantages compared to the traditional technique and the controversy over which tonsillectomy
technique is preferable still exists.

The results of the present investigations are in concordance with previously reported results of this
treatment modality and a continual evaluation is warranted.

The use of radiofrequency thermal ablation for the treatment of upper airways disorders
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3. ABBREVIATIONS

AHI = Apnea-Hypopnea | ndex

Al = Apnea Index

ARM = Acoustic Rhinometry

BMI = Body Mass Index

bRFTA = Bipolar Radiofrequency Thermal Ablation
Cl = Confidence Interval

CK = Creatine Kinase

CPAP = Continuous Positive Airway Pressure
CRP = C-Reactive Protein

EBM = BEvidence-Based Medicine

EDS Excessive Daytime Sleepiness

ENT Ear Nose Throat

ESR = Erythrocyte Sedimentation Rate

ESS = Epworth Sleepiness Scale

HI = Hypopnea index

HUCH = University Central Hospital, Helsinki

J = Joules

LAUP = Laser-Assisted Uvuloplasty

Leuc = Leucocyte count

LUPP = Laser-Uvulopalatopl asty

MRI = Magnetic Resonance Imaging

ODI = Oxygen Desaturation Index

OSAS = Obstructive Sleep Apnea Syndrome

OTH = Olfactory Threshold

PAS = Posterior Airway Space

PNS-P = Length of the soft palate from the posterior nasal spine to the uvula
PSG = Polysomnography

PW = The width of the soft palate (palatal width)
RAUP = Radiofrequency Assisted Uvuloplasty
RDI = Respiratory Disturbance Index

RF = Radiofrequency

RFe = Radiofreguency energy

RFTA = Radiofrequency Thermal Ablation

RMM = Rhinomanometry

SDB = Sleep-Disordered Breathing

SNB = Sella— Nasion point B angle

SNRSo = Snoring Score assessed by the bed partner
SNRSs (=SS) = Snoring Score assessed by the patient
STT = Sacharine Transit Time

TE = Tonsillectomy

TErfta = Radiofrequency Thermal Ablation Tonsillectomy
TEtrad = Traditional Tonsillectomy

UARS = Upper Airway Resistance Syndrome
UPP = Uvulopalatoplasty

UPPP = Uvulopalatopharyngoplasty

VAS = Visual Analogue Scale
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4. INTRODUCTION

In the field of medicine, there are many procedures with along history and still routinely used in the
clinic. Removing organs, partly because of lack of knowledge to treat the disorder otherwise, has
been the therapy for severa disorders. An example of this is tonsillary removal, which was first
described as a medical procedure in the first century A.D. (Stevenson et al 1949, Thornval 1969).
The comprehension of the function of the tonsillar tissue has varied from being associated with the
reproductive function of females to inflammatory tissue that needs to be removed as quickly as
possible.

Soft palate, tonsillar and inferior turbinate interventions are commonly practised in Ear Nose Throat
(ENT)-clinics, although, many questions about the basic mechanisms in the development of the
disorders still remain unanswered. It is clear that when normal organs/tissues or parts of them are
removed, there should be enough evidence that the procedure is beneficial for the patient, or at least
not harmful.

Evidence-Based Medicine (EBM) has become a hot topic for clinicians. EBM is the use of current
best evidence in making decisions about the care of individual patients. The practice of EBM means
integrating individual clinical expertise with the best available external clinical evidence from
systematic research. Good physicians use both individual clinical expertise and the best available
external evidence, and neither alone is enough (Sackett et al. 1996).

In otorhinolaryngology, the Cochrane library (Cochrane ENT Disorders Group and Airways
Group), consisting of a regularly updated collection of EBM databases, has produced abstracts
concerning treatment of tonsillar diseases and sleep-disordered breathing (SDB). In tonsillar surgery
there is no evidence-based knowledge or consensus whether to treat chronic or recurrent acute
tonsillitis with surgery or with conservative management (Burton et al. 2002), or which technique
ought to be used in tonsillectomy (Hollis et a. 2002, Pinder et a. 2002). With the treatment of
SDB, the evidence of the effect of conservative treatment e.g. lifestyle modifications and drug
treatment is scarce and the conclusion of the reviewers was that there is a need for randomised
controlled trials (Shneerson et al. 2002, Smith et al. 2002). The Cochrane ENT Disorders Group is
working with several protocoals, one of which is dealing with the treatment of snoring.

For the time being, the above-mentioned, commonly practised procedures are lacking evidence-
based documentation. Given this background, it is justifiable to seek intervention modalities of
minimal invasiveness. The modalities of treatment should be accompanied by as little acute- and
long-term morbidity as possible. The cost-effectiveness of the techniques used to achieve the
surgical objectives and secure fair reimbursement has to be evaluated.

The purpose of the present study was to evaluate the feasibility of radiofrequency thermal ablation
(RFTA), awell-known treatment modality in medicine, in the treatment of pathological conditions
of upper airway tissues. The proposed advantages of RFTA over conventional procedures include
less pain, faster healing and reduced postoperative care. Furthermore, most procedures can be
performed under local anaesthesia in an office setting rather than in the surgical theatre. RFTA is
characterised by a precise controllable lesion and has demonstrated, in other fields of medicine,
acceptable efficacy, safety and reproducibility of treatment results (Sweet et al. 1974, Calkins et al.
1992, Chapple et a. 1999, Seidenfeld et a. 2002).

The use of radiofregquency thermal ablation for the treatment of upper airways disorders



5. REVIEW OF THE LITERATURE
A. History and basic principles of electrosurgery

Heating of tissues has been used for thousands of years to treat a variety of conditions or to help
stop bleeding from awound. In the late 19" century a French physicist introduced the concept of an
electrical current flowing through the body as a way of producing heat in tissue. The first widely
accepted electrosurgical generator was produced through the collaboration of a physicist (William
T. Bovie 1882-1958) and a surgeon (Harvey Cushing 1869-1939) (Smith et a. 2001). Harris P.
Mosher (1867-1954) used this instrument in the field of otorhinolaryngology to coagulate bleeding
vessels in the nose (Hill et a. 1966). Little has changed in the basic principles applied according to
Bovi€ sinvention.

In electrosurgery, a high frequency current, which is used to minimise unwanted tissue stimulation,
passes through the tissue for cutting, coagulation and for ablation. The current, which passes
through the body between the probe tip and the grounding pad, heats the tissue, not the electrode
itself. The electric ions in the tissue close to the probe move through the tissue rapidly due to
acceleration by the electric field. They continualy collide with other atoms and molecules
transferring their excessive kinetic energy. The result is increased random motion of the tissues
molecules, and this collectiverisein internal energy we refer to as heat.

Electrocautery, however, operates like a soldering iron, in which an ordinary current passes through
a heating element that raises its temperature to the desired level. Thus, the heating element conducts
heat to an active blade, which is used to cauterise. No electric current is passed through the patient
and therefore no dispersive electrode is necessary.

The eectrosurgical circuit is similar in both unipolar and bipolar applications. In the bipolar mode,
the volume of tissue through which the current is returned, is greatly reduced (Wicker 1992). In the
bipolar mode the hand piece contains the active and the dispersive electrode and the current passes
between the electrodes in the hand piece generating high current density and heating (Malis 1996).
This enables a more precise application of current to tissues.

The different modifications of electrosurgery are electrosection, coagulation, fulguration and needle
ablation.

In electrosection the electric current creates enough hest to vaporise tissue ahead of the active
probe, thereby separating tissue like a knife. The peak voltage is sufficiently high to produce a
constant arching between the electrode and the tissue, which causes tissue heating to the boiling
point with cell rupture. In addition, intense local pressure gradients are generated which expedites
tissue disruption and ablation.

When the electrode is brought into contact with a severed blood vessel and held in that position,
arcing ceases and tissue heating occurs. Coagulation occurs as the local temperature is raised above
the range of 45-55 °C. Electrosurgical units have a spray coagulation (= fulguration) mode, which is
used for broad area coagulation in areas of diffuse haemorrhage. In this mode, contact with the
tissue is not made. A spray of sparks between the electrode and the tissue is used to provide
superficia heating of the tissue and to induce thermal damage with subsequent coagulation. All
modern electrosurgical units alow a blend mode of operation in which electrosection can be
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accompanied by varying degrees of coagulation. This is the primary advantage of the
electrosurgical knife over the scalpel.

In radiofrequency (RF) needle ablation, the generators operate at a much lower frequency, which
means that the impedance to current flow is four or five times greater than that associated with the
use of conventional electrosurgery generators (Chinpairoj et al. 2001). Equally, the cutting action of
needle ablation method is also achieved at lower temperature (65-100 °C) than with conventional
electrosurgery devices (400-600 °C). The high current density in tissue within a few millimetres of
needle electrode causes a rapid local temperature rise of 50 — 90 °C, within seconds to minutes
resulting in thermal injury, coagulation, protein denaturation and irreversible tissue destruction. RF
needle ablation uses frictional heating that is caused when ions in the tissue attempt to follow the
changing directions of alternating currents. When the 100 °C threshold is reached, boiling at the
electrode-tissue interface results in tissue coagulum adhering to and insulating the electrode and
there is an abrupt drop in current density; tissue heating ceases as does lesion formation and tissue
damage (Powell et al. 1997). In recent years, electrosurgical devices developed for RF needle
ablation have incorporated sensors in the electrode to monitor local tissue temperature and
impedance to prevent tissue near the electrode attaining 100 °C. The sensor automatically shuts off
the current and this determines the maximum lesion size. Lesion size depends on current intensity
and duration, and on electrode size. Lesions produced by RF needle ablation have a spheroid shape
(Organ 1976). Theoretically, the needle ablation method should produce less collatera tissue
damage than conventional electrosurgery.

B. Presentation of the interventionsinvestigated in this study

a. Soft palateinterventions

Nearly every one of us snores occasionally. Snoring becomes a medical entity when it is habitual
and causes socia or other disturbances, or when it is associated with symptoms of obstructive sleep
apnea syndrome (OSAS). Habitual snoring is a common condition affecting 9-35% of the general
adult population and the prevalence is increasing up to the age of 60-65 years, thereafter slightly
decreasing (Lugaresi et a. 1980 Figure 1, Partinen et al. 2000).

70

Percent who snore
60 -
Figure 1: Shoring in men and women.
50 |- These data were obtained from 5713
peopleliving in San Marino, Italy
401 (Lugaresi et al. 1980).
ok Males
201
Females
10
o L A ' A A | A L
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Snoring is a noisy inspiratory sound produced by vibrations and partia obstruction in the
oropharynx. Although, in some cases it can be associated with structural abnormalities, the
obstruction is mostly the consequence of a functional pharyngeal hypotonia (possibly due to the
Bernoulli effect, Sullivan et a. 1980, Ulfberg 1996, Figure 2) in relation to a relatively narrow
pharyngeal cross-sectional area (Bradley et al 1986).

Figure 2: Snhoring is caused when there is narrowing of
| the normal airway. Because of the Bernoulli effect, air
flows faster through a narrowed passage (similar to that
when water sprays faster and farther when you put your
finger on the tip of a garden hose). This faster flow of
air causes high frequency vibrations of the soft tissue of
the airway resulting in the characteristic sounds of
snoring.

(Picture modified from the website
| http://mww.drsinha.com/snoring.htm).

Neuromuscular control is a contributory factor to upper airway collapse. It has been suggested that
in patients with SDB, chronic snoring vibrations lead to lesions in the afferent and efferent nerves
innervating upper airway tissues (Svanborg 2001, Friberg et al. 1998). In astudy by Kimoff, snorers
and OSAS patients, compared with normal subjects, had impaired sensation in the upper airway,
which may predispose to development of apneas of longer duration (Kimoff et a. 2001). Paulsen
found structural changes in mucosa of the uvula with scanning electron microscopy and
immunohistochemistry of patients with different degrees of SDB indicating increased collapsibility
induced by the trauma of snoring (Paulsen et al. 2002). Abnorma neuromuscular control also
contributes as reflex activation of the pharyngeal dilatators in response to airway obstruction often
failsin patients with SDB.

Anatomic narrowing is an additional factor to upper airway collapse. There is a clear mae
predisposition in SDB and a model developed by Malhotra et al (2002) demonstrates that the airway
is more collapsible in males solely on the basis of anatomic differences.

The surgical interventions of the soft palate share a common goal; reduction, stiffening and
stabilisation of the soft palate. In Finland with a population of 5 million about 900 soft palate
surgeries were performed in 2001 (Rasilainen et al. 2002). Surgical manipulations in patients with
SDB are effective resulting in successful relief of snoring in approximately 80% and improvement
of OSAS in 50% of subjects (Larsson 1994). However, surgical procedures are associated with
significant morbidity and life-threatening complications have been encountered (Carenfelt et al.
1993, Ylikoski 1995). In addition, the frequency of long-term adverse effects on swallowing,
regurgitation, taste, smell and voice have been reported to be up to 40-60% (Hagert et al. 2000).

Therefore, procedures in which a variable amount of normal tissue of the soft palate is removed
cannot be regarded as an optimal solution for treatment of habitual snoring. It is clear that in the
future far less morbidity causing procedures should replace these surgeries.

The use of radiofreguency thermal ablation for the treatment of upper airways disorders
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b. Tonsillar surgery

Tonsillectomy (TE) is one of the most common surgical procedures performed worldwide. In the
early 20" century, TE was the most popular procedure for treating respiratory and systemic
disorders (MacBeth 1950, Kornblut 1987). Use of TE began to decline with the advent of
antibiotics and critical assessments of the need for it. Although, the first report of the procedure is
from the first century A.D. (Stevenson et a 1949, Thornval 1969), the first critical evaluations of
beneficial effects of TE are from the 1960s (Mawson et a. 1967). In the 1960s and 1970s 1 to 2
million TEs with or without adenoidectomies was performed annually in the United States.
Currently, these operations are performed at half the rate of those 40 years ago (Y ounis et a. 2002).
Still, the procedure is in wide use. In Finland with a population of 5 million about 10 000 TEs were
performed in 2001 (Rasilainen et al. 2002).

The indications for TE or the complications associated with the procedure have changed very little.
Today, most of the TEs are performed under genera anaesthesia. There are two major post-operative
morbidity problems; pain and the risk of delayed haemorrhage. Pain does not completely subside
until the muscle becomes covered with mucosa 14 to 21 days after surgery. The risk of delayed
haemorrhage varies between 2-16 % (Windfuhr et a. 2001, Krishnaet al. 2001, Blomgren et a. 2001,
Paradise et a. 2002). Any possible improvement of this procedure should decrease operating time,
post-operative haemorrhage and particularly the post-operative morbidity. Cost-effectiveness must
today be kept in mind when considering the use of one TE technique over another. With the growing
interest in day case surgery, quick techniques with rapid recovery are favoured.

c. Inferior turbinateinterventions

Nasal obstruction in non-infective chronic hypersensitive rhinitis is frequently caused by mucosal
hypertrophy. The basic mechanisms of the development of mucosal disordersin the nasal cavity are
partly unknown. Several methods have been used to treat mucosal hypertrophy. The medications
proposed, such as intranasal steroids, antihistamines, cromones and symphatomimetics, provide a
satisfactory relief of nasal obstruction in only a proportion of patients. Thus, many patients with
nasal obstruction caused by non-infective chronic rhinitis may become candidates for surgical
turbinate interventions.

Various techniques used for treatment of hypertrophied inferior turbinates are associated with
different degrees of nasal crusting, post-operative bleeding and irreversible mucosal complications.
Any of the techniques in use ought to achieve optimal volume reduction with preservation of
function. It appears so far that there is no method of treatment that could be considered satisfactory
for hypertrophied inferior turbinates (Hol et al. 2000). In recent years, accompanying the interest in
day case surgery, office based inferior turbinate reduction has regained popularity.

In Finland with a population of 5 million about 150 inferior turbinate surgeries were performed in
2001 (Rasilainen et a. 2002).

C. The development of soft palate surgery for snoring

The first reference referring to sleep disturbances in the modern literature was the classic
description of a typical OSAS patient by Charles Dickens in Pickwick Papers published in 1836. A
systematic review of the 19™ century literature revealed that patients with obstructive sleep
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disorders were vividly described in the second half of the century (Lavie 1984). There were
documented observations of the linkage between airway obstructions and noisy snoring.

Palatal stiffening as a treatment of snoring is not a new idea. In a London surgical atlas from 1852
there is a description of palatal stiffening operation, where a central part of the soft palate was
removed as a treatment of snoring (Mair et a. 2000). In 1943 Strauss proposed injection of a
sclerosing agent (sylnasol) in the soft palate to produce controlled fibrosis for treatment of snoring
(Strauss 1943). This procedure was re-introduced recently in a report with 27 patients receiving
sodium tetradecyl sulfate (Brietzke et a. 2001). Twenty-five of 27 (92%) patients experienced a
decrease in snoring. In Japan, the operation of traditional uvulopalatopharyngoplasty (UPPP) was
introduced by Ikematsu (lkematsu 1964) and by Fujita (Fujita et al. 1981); this is the most
established surgical approach to SDB and in widespread use. UPPP is effective and results in
successful relief of snoring in approximately 80% (Levin 1994). A laser surgical procedure, laser
uvulopaatoplasty (LUPP) to shorten the palate was pioneered in Sweden in the 1980s in a study
consisting of 146 patients with a success rate of 90% (Carenfelt 1991). Ellis in Great Britain
proposed a new approach in areport of 16 patients (Ellis et a. 1993). Laser palatoplasty, following
this model, involves creating a laser burn to the soft palate mucosa to induce scarring. The snoring
was greatly reduced in 14/16 (88%) patients. Other methods include laser-assisted
uvulopaatoplasty (LAUP) popularised by Krespi in the United States (Krespi et al. 1994) and
Kamami in Europe (Kamami 1994). This technique offered the potential advantage of being office
procedures and do not always require the use of general anaesthesia. In the report of Kamami, 55 of
63 (87%) patients were successful responders. Other described techniques are uvulectomy alone
(Lindholm 1990), uvulectomy with mucosal strip (Powell et al. 1996), cautery of the soft palate
(Clarke et a. 1998), submucosal uvulopalatopharyngoplasty (Friedman et a. 2000) and Z-
pharyngoplasty (Mukai et a. 2002) with reported success rates varying between 67% - 92%.

D. Thedevelopment of tonsillar surgery

Over the years, various techniques and instruments have evolved to accomplish TE and have along
history — the first description of tonsillary removal as a medica procedure is from the first century
A.D. (Stevenson et al 1949, Thornval 1969). Cornelius Celsus in Rome described blunt removal of
inflamed tonsils by using a finger. There is still controversy over the optimal technique of tonsillar
surgery. The described techniques include blunt dissection, guillotine excision, cryosurgery,
monopolar and bipolar diathermy dissection, suction diathermy dissection, bipolar scissor
dissection, microscopic bipolar diathermy dissection, ultrasonic removal and laser dissection (Baily
1997, McGuire 1967, Goycoola et a. 1982, Weingarten 1997, Martinez et al. 1987, Mann et al.
1984, Pang et al. 1994, Saleh et al. 1999, Andrea 1993). Tonsillotomies or intracapsular partial TEs
using laser (Hultcrantz et al. 1999) or powered instruments (Koltai et al. 2002) have been reported
having a benefit in the post-operative period in children compared with traditional TE. Additionally,
a myriad of adjuvant therapies used peri-operatively have been developed to improve outcomes
after TE (Steward et al. 2000).

According to a recent report (Zinder 2001) radiofrequency subtotal tonsillectomy was widely
performed in the 1920s and 1930s. Kelly and Ward in their book “Electrosurgery”, provide a
description of 4 techniques for tonsillar surgery using RF electrosurgical devices (Kelly and Ward
1932). They stated that the bleeding was minimal and the post-operative pain was much less with
RF tonsillar shrinkage than when the tonsils were removed by traditional means. For reasons related
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to the over-coagulation, i.e. secondary haemorrhage, massive sloughing of tonsillar tissue and
severe oedematous reactions, the procedure has fallen out of favour since its advocacy in the 1920s.

Other authorities (Nelson et al. 2001) have stated that with the new insertion-coagulation techniques
the risk of over-treatment with its associated morbidity is reduced. The modern techniques use low
power and temperature-controlled heating on tonsillar stroma providing a precise and predictable
lesion formation. A gradual reduction of submucosal tissue volume occurs over time beneath the
intact mucosa.

E. Thedevelopment of inferior turbinateinterventions

At least 13 surgical techniques have been used over the past 150 years to treat hypertrophy of the
inferior turbinate (Hol et a. 2000). The first method was el ectrocautery of the turbinates, suggested
as early as 1845 by Heider from Vienna and Crusel from St Petersburg (Hol et a. 2000). Surface
electrocautery is still one of the most practised methods, even though it is destructive. Intraturbinal
thermocoagulation was introduced to diminish the destructive mucosal complications. The amount
of deep tissue reduction is, however, difficult to predict (Wengraf et al. 1986). Secondly, the effect
of intraturbinal thermocoagulation is often limited or temporary (Meredith 1988). The use of
chemical coagulation (trichloric acid or chromic acid) to reduce turbinate volume aso came into use
during the last decades of the 19" century. The procedure had to be repeated and it led to mucosal
damage. Reduction by surgical resection of the turbinates dates also from the last decades of the
19" century. The first description of partial resection of the turbinates is from 1882 and total
turbinectomy from 1895. Thereafter, several varieties of surgical interventions have been
introduced being more conservative and aiming for preservation of turbinate function, such as
lateralization (1904), lateropexia (1967), submucous resection of turbinate bone (1906), crushing
and trimming and partial resection (1930), turbinoplasty (1982) and the use of powered instruments
(1994) (Hol et a. 2000). Injection of corticosteroids (Semenov 1952) and sclerosing agents
(Shainian 1953) have also been used for reducing a hypertrophied turbinate. However, due to
unpredictable results and serious complications, the methods never became widely used. A different
approach to the problem was introduced 1961, the cutting of the parasympathetic fibers in the
Vidian canal to decrease the parasympathetic tone in the nose, Vidian neurectomy (Golding-Wood
1961). Hypersecretion was diminished but not the blockage and the technique has been abandoned.
In the 1970s, cryosurgery was introduced. Here the inferior turbinate was frozen with a cryoprobe
using nitrous oxide or liquid nitrogen as a cooling agent (Ozenberger 1970). The reaction of the
mucosa was found to be different than with electrocautery and it was assumed that new respiratory
epithelium would replace the frozen tissue. The overall short-term results were satisfactory, but the
benefit was usually not sustained, and cryosurgery was gradually abandoned. The use of laser
technology to treat hypertrophied turbinates was first reported in 1977 by using Argon-laser (Lenz
et al. 1977). In later years, several other types of laser were applied, i.e. CO,, KTP, Neodinum-Y ag
and Holmium-Yag laser. Microscopic studies of laser-treated mucosa have shown that the
epithelium regenerates only to a limited degree and part of the seromucinous glands and blood
spaces are decreased permanently (Kubota 1995). Laser surgery seems not meet the requirement of
preservation of function and should not be used to threat a hypertrophied inferior turbinate.
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F. Radiofrequency thermal ablation

a. Applicationsin Medicine

The use of radiofrequency energy (RFe) in medicine to ablate soft tissue is not new. The first study
of the therapeutic value of RFe was reported in 1974 for the treatment of trigeminal neuralgia
(Sweet et al. 1974). A precise controllable lesion is a characteristic of the RFTA -method. Following
wound healing the delivered RF current leads to scar formation and retraction of tissue, resulting in
volume reduction (Powell et al. 1997, Courvey et a. 1999). It has demonstrable efficacy, safety and
reproducibility of treatment results. More recent applications include destruction of aberrant
conduction pathways in the heart (Calkins et al. 1992) and volumetric reduction of benign prostate
hypertrophy (Chapple et a. 1999), and indications are still expanding covering a large scae of
disorders in medicine such as cardiology (Vital et al. 2002), vascular surgery (Harris 2002),
orthopaedics (Hecht et al. 1999, Torriani et a. 2002), gastroenterology (DiBaise et al. 2002) and
surgical oncology (Seidenfeld et a. 2002, Solbiati et al. 2001, Dupuy et a. 1998, Zuboy 2000,
Jeffrey et al. 1999, Navarro et a. 2002, Hoffman et al. 1995, Wood et al. 2001, Dupuy et al. 2001,
Putnam 2002).

b. Applicationsin Otorhinolaryngology — Head & Neck Surgery

Powell first reported the use of RFe in the volumetric reduction of pharyngeal tissue (Powell et al.
1997). This study established the relative safety of RFe ablation and looked at both the gross and
histologic effects on porcine tongue tissue. It was found that the lesion size created was proportional
to the amount of RFe administered and that the tissue treated demonstrated a very localised
response of initial oedema, subsequent formation of scar tissue and a resultant reduction in the
volume.

Current literature on this topic includes the use of RFe ablation in human subjects and the first was
reported by Powell (Powell et a. 1998). In this study, 22 patients with SDB were treated on an
outpatient basis with RFe delivered to the submucosa of the soft palate. Powell demonstrated
improvement of snoring (with snoring scores) and daytime sleepiness (with the Epworth Sleepiness
Scale (ESS) questionnaire) after RF ablation of the soft palate with minima morbidity.
Additionally, there was a significant reduction in the distance from the nasal spine to the tip of the
uvula (PNS-P) assessed with cephalometric radiographs indicating shrinkage of the free edge of the
soft palate in the midline after treatment of that region. Thereafter, several studies have been
performed in treating habitual snorers with ssimilar conclusions (Coleman et a. 2000, Emery et al.
2000, Boudewyns et a. 2000, Ferguson et a. 2001, Sher et a. 2001, Johnson et al. 2002). It appears
that the result of RF treatment of the soft palate decreases with time as with other surgical
procedures of the soft palate (Li et a. 2000, Trotter et al. 2002). Scar tissue matures and softens
over 12-18 months, which might explain the relapses (Courey et al. 1999). However, the relapses
after RF treatments can be improved with additiona treatments (Li et a. 2000). The minimal
invasiveness of this treatment modality provides a high acceptance of re-treatment.

In the management of mild to moderate obstructive sleep apnea syndrome (OSAS), the results of
RF tissue ablation of the soft palate are controversial. In the study groups of Powell and Brown
(Powell et al. 1998, Brown et al 2001) there were no clinically significant differences in sleep
parameters of the polysomnographies (PSG). However, in the report by Blumen (Blumen et al.
2002 a) there was a significant decrease in the respiratory disturbance index (RDI) post-operatively.

The use of radiofregquency thermal ablation for the treatment of upper airways disorders



16

As a soft palate procedure, RFTA seem to produce less post-operative pain compared to LAUP and
UPPP due to reduced coagulation temperature and the insulation of the mucosa from tissue injury
(Troell et al. 2000 a, Blumen et a. 2002 b). The earliest equipment for RF delivery includes
monitoring equipment measuring the tissue temperature and impedance during the application,
which adds significantly to the cost of the procedure. Additionally, the hand pieces are of single use
only. In a study by Taliafero (Taliafero 2001) concomitant monitoring of tissue impedance and
temperature during the volumetric reduction of the soft palate was not necessary for the safe and
effective application in the treatment of snoring.

Reports on complications associated with RF ablation of the soft palate have shown that the
incidence of mucosal injuries is high, although, many of which were only visualised endoscopically.
The injuries present themselves rapidly and are self-limiting. The occurrence of mucosa ulcers is
usually associated with only a minor increase in post-operative pain (Terris et a. 2001, Pazos
2001). In a report by Haraldsson (Haraldsson et al. 2002), where they assessed subjectively and
objectively the voice quality of patients treated, the RF ablation of the soft palate did not cause
adverse effects on nasopharyngeal function.

Radiofrequency-assisted uvulopalatoplasty is a modification of LAUP in using similar surgical
technique as described for laser surgery, but with different equipment. The procedure is done with a
radiofrequency knife with comparable results and, according to the report, less morbidity and costs
than with the equipment used for LAUP (Wedman et al. 2002).

Li wasthe first to report the use of RF volumetric tissue reduction for treatment of inferior turbinate
hypertrophy (Li et al 1998). They treated 22 consecutive patients with hypertrophy of the inferior
turbinate refractory to medical treatment with RF ablation in an outpatient setting. The patient was
discharged approximately 5 min after the treatment without restrictions on normal daily activities.
The results were assessed subjectively with visual analogue scales (VAS). The procedure was
associated with minor adverse effects, such as mild discomfort or heat during the application and
mild oedema during the first post-operative days. The nasal breathing improved in 21 of 22 patients.
Thereafter, the promising treatment results have been repeated including objective assessments with
rhinomanometry (RMM) and acoustic rhinometry (ARM) in short-term follow-up (Elwany et al.
1999, Fisher et a. 2000, Coste et a. 2001, Rhee et a. 2001). In severa studies there are
assessments of the preservation of normal turbinate function after RF ablation. Electron
microscopic examination of the nasal mucosa at the end of the follow-up period in Elwanys report
revealed intact healthy epithelium as well as intense fibrosis of the underlying stroma (Elwany et al.
1999). The saccharine transit time (STT) (Coste et a. 2001, Rhee et a. 2001), ciliary beat
frequency (Coste et a. 2001, Rhee et a. 2001) and olfactory thresholds (OTH) (Rhee et al. 2001)
have not been adversely affected by the treatments. In subjects using continuous positive airway
pressure (CPAP) with turbinate hypertrophy, the RF treatment appears to improve nasal breathing
and CPAP-treatment for SDB, a conclusion drawn by Powell in a randomised, double-blind,
placebo-controlled study with subjective assessment using VAS (Powell et al. 2001).

Radiofrequency tonsillar volume reduction was reported by Nelson (Nelson 2000). He treated 9
patients with tonsillar hypertrophy with submucosal RF ablation into each tonsil in an outpatient
setting. The author himself assessed the change in the tonsillar volume by measuring the
oropharyngeal airway between the tonsils with photographs. The evaluation of the change in
symptoms were not statistically analysed. The procedure, however, avoids the post-procedure
morbidity and discomfort of more invasive and currently practised treatments of this condition
(Nelson 2000). In the same report, there were no visible damages to underlying muscular or
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vascular structures in the tonsil fossa. In the extended follow-up study the achieved reduction was
still present one year after the procedure (Nelson 2001).

Powell reported a pilot study on RF tongue base reduction in SDB (Powell et al. 1999). The
treatment group consisted of 18 patients with a broad distribution of OSAS severity with a RDI of
39.5 (0.7-110) in PSG before the treatment. At minimum, palatopharyngoplasty had failed in all.
The treatments were done in an outpatient setting and the patients were allowed to leave in 5 min
after the completion of the session. The assessment was done with questionnaires (morbidity,
quality of life, ESS), radiologicaly (cephalograms and magnetic resonance imaging, MRI) and
PSGs. The mean number of treatment sessions per patient was 5.5 (range 2-9) with a treatment
interval of 3-4 weeks. Sedative pre-medication was not given. In PSGs, there was a significant
decrease in RDI and nadir oxygen saturation accompanied with questionnaire results indicating less
snoring and daytime sleepiness. The posterior airways space (PAS) and the tongue volume
decreased significantly. The morbidity was acceptable, although, they reported three adverse events
(ulceration, pain on swallowing and a tongue infection). The results were promising along with the
lack of hospitalisation and few concerns regarding post-operative morbidity accompanying midline
glossectomy, lingualplasty and maxillofacial approaches with or without hyoid suspension. The
results of this treatment modality were confirmed by a multi-institutional study (n=57) by Woodson
(Woodson et a. 2001), where he used non-randomly concurrently enrolled CPAP users (n=99) as a
cohort group. Four base of tongue infections were recorded. Stuck claimsto have achieved a similar
cure rate with only a slight increase in post-operative complications by increasing the amount of
energy per treatment session and reducing the number of treatment sessions (Stuck et al. 2000, 2002
a). However, the changes in the PSGs were not statisticaly significant. He recommended the
prophylactic use of antibiotics for this patient group. Complications associated with RF ablation of
the tongue base, such as tongue base abscesses and floor of the mouth oedema with ensuing airway
compromise, seem to be more severe, delayed and life threatening (Pazos et a. 2001). In a study by
Li (Li et al. 2002), where the study population of the pilot study by Powell (Powell et al. 1999) was
re-evaluated, they concluded that the success of temperature-controlled RF tongue base reduction
for SDB might decrease with time. They demonstrated in PSGs that long-term relapse is primarily
reflected in the hypopnea index (HI) without significant detrimental effects on the patient's quality
of life (questionnaire) and sleepiness (ESS).

The technique of tissue coblation TE is a method, in which RF energy with a special hand piece is
used to removal the tonsil down to but not through the lateral portion of the tonsillar capsule, which
essentially constitutes a subtotal supracapsular tonsillectomy. In paediatric patients this technique
seem to offer significant advantages in the post-operative period, with a rapid return to a normal
diet and a drastic reduction in analgesic requirements following the surgery (Temple et a. 2002),
although opposite results have been reported (Shah et al. 2002). The favourable morbidity outcome
of coblation TE was also reported in an adult patient group (Timms et a. 2002).

Additionally, there are reports of RFe ablation as palliative treatment of head and neck tumours
(Owen et a. 2002), as treatment of adenoid cystic carcinoma of the head and neck (Bui et al. 2002)
and as atreatment alternative for microcystic lymphangiomatous macroglossia (Cable et a. 2001).
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6. AIMSOF THE STUDY

The general aim of this study was to investigate the role of radiofrequency thermal ablation in some
common surgical procedures in otorhinolaryngology .
Our hypothesis was that radiofrequency ablation is an effective treatment modality associated with

acceptable morbidity.

The specific goals were to analyse the morbidity and efficacy of:

I monopolar and bipolar radiofrequency thermal ablation of the soft palate in subjects

with habitual snoring.

I bipolar radiofrequency thermal ablation tonsillectomy and compare it with the

traditional tonsillectomy in adults.

Il bipolar radiofrequency thermal ablation of inferior turbinates in patients with nasal

obstruction caused by turbinate hypertrophy due to non-infective chronic rhinitis.

v bipolar radiofrequency thermal ablation tonsillar reduction in patients with

symptomatic obstructive tonsillar hypertrophy.
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7. MATERIALSAND METHODS

The study protocol was reviewed and approved by the Research Ethical Committee of the of
Department of Otorhinolaryngology - Head & Neck Surgery, University Central Hospital, Helsinki
(HUCH), Finland. Informed consent was obtained from all patients.

A. Patients (1-V)

The patients had been referred to the Department of Otorhinolaryngology - Head & Neck Surgery,
HUCH. The patients in studies | and 11l had visited the ENT-clinic because of habitual snoring
associated with excessive daytime sleepiness (EDS) and they were scheduled for palatal surgery. In
study |1 the patients were admitted for elective TE and the indications were recurrent infections,
chronic infection, airway obstruction or history of quinsy. In study V only patients with
symptomatic obstructive tonsillar hypertrophy were included. In study IV the patients were
suffering from nasal obstruction due to non-infective chronic rhinitis and hypertrophied inferior
turbinates despite varying treatments. Study characteristics, inclusion and exclusion criteria are
presented in tables | and I1.

Tablel: Clinica study characteristics according to the protocol.

Study Patients Design Object of the study

I 20 Prospective, non-randomised Effects on habitual snoring (monopolar)

I 40 Prospective, randomised, Comparison of two tonsillectomy techniques
single-blinded (traditional and radiofrequency)

I 20 Prospective, non-randomised Effects on habitual snoring (bipolar)

v 20 Prospective, non-randomised Effects on hypertrophied inferior turbinates

\i 10 Prospective, non-randomised Effects on hypertrophied tonsillar tissue

The use of radiofregquency thermal ablation for the treatment of upper airways disorders



20

Tablell: Inclusion and exclusion criteriafor the studies.

Study I 1 i v \Y
INCLUSION

Age (years) 18-60 18-65 18-65 > 18 18-65
PAS (mm) >8 >8

SNB () >74 >74

ODI 4% <15 <5

ODI 10% <1 <1

BMI (kg/m?) <33 <35

EXCLUSION

Local anaestheticg/alergy + + + +
Bleeding disorders + + + + +
Any illness interfering + +
the recovery

Psychiatric disorder + + + + +
Neurologic disorder + + + + +
Pacemakers + + + + +
Previous palatal surgery + +

Speech/swallowing + +

disorders

Intensive gag reflex + + +
Rhinitis medicamentosa +

Nasal cancer +

Other major +

nasal disease

Radiation therapy + + + + +
Oral steroid use +

Anosmia +

Abbreviations. PAS = posterior airway space, SNB = Sella-Nasion point B angle, ODI = oxygen
desaturation index, BMI = body mass index

B. Radiofrequency thermal ablation procedure (1-V)

In study I, RFe was delivered at 460 + 1 kHz using a RF generator with needle electrodes
(VidaMed® generator, model nr. 7200), initially designed for use in the prostate (Chapple et al.
1999). In all other studies the procedures were done with the bipolar ENTec Coblator Plasma
Surgery System™ with a voltage range of 96 — 312 voltage root-mean-square value at 100 kHz.
The safety and effectiveness of Coblation™ have been proven through its extensive use in
arthroscopic surgery (Tasto et a. 1999). Bipolar RFTA (bRFTA) has been adapted to operate in dry
field environments and the first clinical applications have been in cosmetic surgery (Burns et a.
1999). The equipment and the treatment modalities are summarised in table l11.
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Tablelll: The equipment and treatment modalities of the RF procedures.

study  eguipment hand piece J/Vrms sessions  insertions

I VidaMed® generator Tuna3 600 J and 2 1
mode nr 7200 model no 6193  300J

I ENTec Coblator Plasma Plasmascalpe™ 192-260 Vrms
Surgery System™

1 ENTec Coblator Plasma ReFlex™ 55 216-234Vrms 2 3
Surgery System™

\Y ENTec Coblator Plasma Hummingbird™ 168-182Vrms 1 6
Surgery System™

\Y; ENTec Coblator Plasma ReFlex™ 55 216-234Vrms 1 6
Surgery System™

Abbreviations: J = Joule, Vrms = voltage root-mean-square-value, session = treatment sessions,
insertion = insertion points per session into the treated tissue.

Sudiesl, I11-V

No premedication was given. The patients had no restrictions in diet prior to surgery. The
treatments were delivered on an outpatient basis using lidocaine 10 mg/dose spray (Xylocan®,
AstraZeneca, Sweden) as a topical anaesthetic. A needle was used to locally inject lidocaine
hydrochloride 10 mg/ml cum epinephrine (Lidocain®, Orion, Finland) into the treatment region
(Figure 3). The patients were alowed to leave within a few minutes after completion of treatment
and were advised to sleep the first night in a half sitting position and reduce pain / swelling with ice
cubes (I, 111 and V). No medications were prescribed, but the patients were advised to use ibuprofen
or ketoprofen if needed.
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Figure 3: Picture of oropharynx with the insertion points of the hand piece in treating the soft palate (a) and the
muscular anatomy of the soft palate viewed without the mucosa (b) (Troell et al. 2000 b). Abbreviation: PNS =
posterior nasal spine.

Sudy |1
A standardised anaesthetic technique was used in al patients. The patients were prepared in
accordance of our standardised guidelines for TE in both groups. Each patient was randomly
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assigned to either traditional tonsillectomy (TEtrad) or bipolar radiofrequency thermal ablation
tonsillectomy (TErfta) by the surgeon picking a card from a pack of cards. In the TEtrad group, TE
was initiated by an incision overlaying the superior pole of the tonsil and dissection proceeded
along the tonsillar fossa in the peritonsillar plane. Haemostasis was achieved by pressure with
packs and bipolar diathermy coagulation of vessels. In the TErfta group, TE was done with the
bipolar RF equipment and a special device. The wand is composed of five active el ectrodes located
at the distal end of the tip and an exposed portion of the shaft acting as the return electrode just
proximal to the active electrodes. Cooled saline was connected to the wand and a different suction
line was used. The TE proceeded slowly along the capsular plane. If there was more bleeding or if
the wand did not seal the vessel within five seconds, point diathermy coagulation was used.

C. Evaluation of morbidity (1-V)

VAS was used for evaluation of the morbidity of the procedures. Patients were asked to grade their
symptoms by drawing a vertical line crossing a 100 mm line, where 0 was anchored as no
symptoms and 100 represented intensive symptoms. The symptoms evaluated in studies I-I11 and V
was pain, swelling sensation of the oropharynx, difficulty in drinking, difficulty in eating, difficulty
in opening the mouth, and in difficulty in speaking. In study IV each patient used VAS to grade
post-operative nasal symptoms for a week (pain, nasal discharge, itching, sneezing, crusting,
frequency of nasal obstruction and degree of nasa obstruction). Additionally, the patients graded
the development of long-term symptoms using VAS before the treatments and at 3, 6, and 12
months post-operatively (nasal discharge, itching, sneezing, crusting, frequency of nasa
obstruction, degree of nasal obstruction and patient satisfaction).

In study 1, different recovery indicators were used to assess the morbidity of TE. We calculated the
time spent and medications used in the recovery room. Additionaly, the general condition and

status of the uvula the first post-operative day was evaluated. Furthermore, the use of

corticosteroids in the surgical ward, the time the patients returned to work and the use of antibiotics
for the following two weeks was assessed.

The post-operative use of pain medication was registered using a different questionnaire. In the
analysis of the used amount of pain medications in studies | - 1l and V, the milligrams were
converted into dosages related to the maximal amount of the medication that are recommended per
day (ketoprofen 300 mg/d => 1 dosage is 100 mg, ibuprofen 3200 mg/d => 1 dosage is 800 mg,
asetosalicylic acid 3000 mg/d => 1 dosage is 1000 mg, paracetamol 3000 mg/day => 1 dosage is
1000 mg, combination of paracetamol 500 mg and codeinphosphate 30 mg 8 thl/d => 1 dosage 1
tbl, tramadolhydrochloride 8 thl/d => 1 dosage is 1 thl). The total dosages of group A) ketoprofen/
ibuprofen/ asetosalicylic acid/ paracetamol and group B) paracetamol-codeinphosphate/
tramadol hydrochloride were calculated either during the 2 weeks following (I, 111 and V) or in three
different periods; during three days, seven days and two weeks (I1).

Finally, we asked for the patients’ re-treatment acceptance.

D. Laboratory blood tests (1, 11, V)

We measured C-reactive protein (CRP), leucocyte counts (Leuc), creatine kinase (CK) (I) and
erythrocyte sedimentation rate (ESR) (11 and V) levels before the procedure and post-operatively in
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the following two days and one week after the last treatment (I), one day and two weeks after
surgery (I1), and one and two days after treatment (V) in order to evaluate the inflammatory host
response induced by the procedure.

E. Evaluation of efficacy

a. Questionnaires(l, 111, 1V)

Sudies| and Il

In studies | and I11, snoring was assessed by the patient using a 10-point grade rating scale SNRSs
(Table IV, abbreviation SS was used in study ). An additional snoring score (SNRSo) (Lim et al.
1999) in study 11 was given to the bed partner for completion (Table V). EDS was evaluated with
ESS questionnaire presented by Johns (Johns 1991, 1993) (Table V1).

TablelV: Snoring Score, SNRSs, assessed by the patientsin study | and 111.

No snoring Op

Soft snoring, which does not interrupt the bed partners’ sleep 1-3p

Loud snoring, enough to be bothersome to bed partner 4-6p

Very intense, snoring is annoying to anyone nearby 7-9p

Bed partner |eaves the room 10p
Score:

Table V: Snoring score, SNRSo, assessed by the bed partner in study I11.

Please pick the answer in each of the three questions below that describesyour partners snoring
1. How often does your partner snore?

Every night 3p
Snores on most of the nights 2p
Snores on some nights 1p
Snores on very rare occasions or never snore Op
2. How much does your partner snore?
Snores all time throughout the night 3p
Snores most of the time throughout the night 2p
Snores occasionally throughout the night 1p
Hardly snores or no snoring Op

3. How loud is the snore?
Snoring can be heard throughout the flat or louder with the bedroom door closed 3 p

Snoring can be heard in the next room with the bedroom door closed 2p

Snoring can only be heard in the bedroom 1p

There is no snoring noise Op
Total score:
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Table VI: Epworth Sleepiness Scale (ESS) used in study | and 111.
How likely are you to doze off or fal asleep in the following situations, in contrast to feeling just
tired? Use the following scale to choose the most appropriate number for each situation.

0 = would never doze 1 = dight change of dozing

2 = moderate change of dozing 3 = high change of dozing

Situations chance of dozing
Sitting and reading

Watching TV

Sitting inactive in a public place ( e.g. atheatre or ameeting )
Asapassenger in a car for an hour without break
Lying down to rest in the afternoon when circumstances permit
Sitting and talking to someone
Sitting quietly after lunch without alcohol
In acar, while stopped for afew minutesin the traffic
Total score:

Sudy IV

The efficacy of the RF ablation of the inferior turbinates in study 1V was assessed with VAS scores
of subjective complaints (nasal discharge, itching, sneezing, crusting) and evaluation of the
effectiveness (frequency of nasal obstruction, degree of nasal obstruction, patient satisfaction) in 12
months follow-up.

b. Imaging studies (I, I11, V)

The upper airway anatomy examination using cephalometric radiographs in studies | and 111 were
done to evaluate the level of obstruction. A lateral radiographic cephalometric head film was taken
prior to (I and I11) and three months (1) after the RFTA-treatments. The two radiologists together
measured the traditional bony and soft tissue measurements before (I and I1l) and after (1) the
treatments. This was done for inclusion and exclusion purposes and, in study |, to evaluate changes
in the soft palate length and width (PW) induced by treatment. All radiographs were taken in the
same anatomic head position that was assured by the use of a standardised, ridged, cephalometric
head holder.

In studies 111 and V, MRI was done before and 3-4 months after treatment in order to evaluate the
changes in the dimensions of the soft palate (I11) and in the tonsillar volume (V). The MRI was
performed with a 1.5 T imager (TR 500-725 msec, TE 14 msec, dlice thickness 3 mm, matrix 512,
Siemens Magnetom Vision, Siemens AG, Erlangen, Germany). In study Ill, high-resolution
transaxial and sagittal images of the oropharynx were obtained by using a head coil and a T1-
weighted spin-echo sequence. In study V, T1-weighted sagittal and T2-weighted transaxial images
were obtained from the oropharynx by using a head coil.

In study 111, the radiologists measured the different dimensions of the pharynx in one session to
ensure the use of exactly the same measurement points in the MRIs before and after treatment. The
length of the soft palate and also the curved, corrected length of the soft palate was measured. The
width of the soft palate was evaluated at the thickest part and at one cm from the junction of the
hard palate. The post uvular space was measured from the posterior margin of the uvula to the
posterior pharyngeal wall and to the anterior surface of the longitudinal ligaments of the cervical
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vertebras | and 1l. The distance between the tip of the uvula and the bottom of the sella was
calculated to assess the retraction of the soft palate. In the transaxial images, the cross-sectional
dimensions of the narrowest point in oropharynx were documented. The area of the soft palate was
measured from three adjacent images in order to get an evaluation of the volume of the soft palate.
The T1-signal intensity of the soft palate was evaluated before the treatments by using an arbitrary
scale (mild — moderate — magjor). The change in the T1l-signa intensity initiated by the RF
treatments was analysed by comparing the pre- and post-treatment MRIs. The signal alteration was
assessed with an arbitrary scale (mild — moderate — major) by two radiologists and a consensus
value agreed in the changesin the T1-signal intensity.

In study V, two radiologists measured the tonsillar volumes independently and the volumes are the
mean value of two measurements. The volumes were processed by the soft ware of the equipment.
The tonsillar areas in the transaxial images were defined and multiplied by the dlice thickness (3
mm) including the interslice gap (0.3 mm). In order to assess the reliability of our measurement
method, the earlier MRIs of habitual snorers that were treated with RFe of the soft palate, but not of
the tonsils, were used as a control group.

The assessors were blinded to the condition of the subjects. However, they knew whether the
cephalograms or the MRIs were done before or after the procedures.

c. Tests of nasal function (1V)
Rhinomanometry and acoustic rhinometry

ARM (A 1/ 2 Acoustic Rhinometer GM Instruments Ltd., Glasgow, UK), and NR6-2 computerised
RMM (GM Instruments Ltd., Glasgow, UK) were performed in study 1V at the evaluation visit pre-
operatively and in the morning before the procedure in order to assess the day-to-day variation and
to create an internal control. The measurements were repeated 3, 6 and 12 months after the
procedure. We did the measurements at the same time during the day in a sitting position at the
same room temperature and the background noise was minimised. The patients were acclimatised
for 15-30 min before in order to minimise the vasoconstrictive effect of physical exercise (Sipila
1991).

The nasal resistance and cavity volumes were measured with and without vasoconstrictors. A 0.5%
xylometazoline hydrochloride solution was sprayed (Nasolin®, Orion, Finland) in both nasal
cavities 15 min before the measurements to vasoconstrict the nasal mucosa. In RMM the nasd
resistance was measured from each side using a Broms 200 units circle and the total resistance was
caculated. In ARM the sum of both nasal cavity volumes were measured from the nostril opening
to a depth of 5 cm. The response to the vasoconstrictor agent was evaluated by calculating the
differences between the total nasal resistance/ volume before and after the vasoconstrictor.

Olfactory thresholds and Saccharinetransit time

OTH was conducted in an odourless room under standard conditions using a commercially
available smell test kit (OlfactoLabs, Berkley, California, USA). The method has been described
elsewhere in details (Amoore et a. 1983, 1986). The threshold was expressed in arbitrary
logarithmic units, designated as decismels (dS). The concentrations used were —25, -15, -5, 5, 15,
25, 35, 45 and 55 arbitrary logarithmic units. In the statistical analyses the value of 65 dS was used
for those who could not identify even the strongest concentration.
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Nasal epithelial function was evaluated before and 3, 6 and 12 months after the procedure by
measuring the STT by placing a saccharine particle on the anterior portion of the inferior turbinate.
Thetime until the patient felt sweetness was measured up to 30 min.

Table VII: Summary of the evaluations of morbidity and efficacy in studies|-V.

Study Assessment methods

I VAS, questionnaires (SS, ESS), re-treatment acceptance, pain medication,
cephaograms, laboratory parameters

I Operating time, intra-operative bleeding, need of anaesthetics, different recovery indicators
in the recovery room (time, medications), in the surgica ward (medications, use of
corticosteroids, general condition and status of the uvulathe first post -operative day) and the
two weeks following (VAS, pain medication, time the patients returned to work, use of
antibiotics, re-treatment acceptance), complications and laboratory parameters

Il VAS, questionnaires (SNRSs, SNRSo, ESS), re-treatment acceptance, pain medication
MRI

v VAS, re-treatment acceptance, OTH, STT, RMM and ARM

\i VAS, pain medication, re-treatment acceptance, laboratory parameters, MRI

F.STATISTICAL METHODS

Paired Wilcoxon ranked signs test was used to determine whether changes from the baseline to the
final measurements were significant (I, I11, V). Friedman’s repeated measures analysis of variance
on ranks was used to determine whether changes from the baseline to the final measurements in the
laboratory parameters (11, V), questionnaires (I11, 1V) and RMM, ARM, STT and OTH (1V), were
significant. A pairwise multiple comparison procedures with Dunnett's method were done if the
change was significant. Certain correlation’s between different recovery rates were measured by
non-parametric Sperman’s two-tailed correlation test (I-111, V). Non-repeated, non-parametric data
was compared using a Mann Whitney test (11, V).

In study II, we chose a clinically significant difference of 20 mm on the VAS, which would be
considered reasonable in medical research. A sample size of 15 patients per group was calculated
to revea aclinically significant difference in 20 mm on the VAS with a probability of 80 % in our
power calculations. For the VAS scores, areas under curve values were calculated from the time
point 1. to 14. post-operative day in order to evaluate to total discomfort of the 14 post-operative
days. Day-by-day calculations were done with the Mann Whitney test. A learning curve of the new
TErfta method was done in order to evaluate the influence of experience on operating time and
intra-operative blood loss.

In study Ill, linear regression analyses were used to study relationships between dependent and
independent variables.

Results were expressed as medians and range and they were generated using computerised
statistical packages (SPSS, version 9.0 and Sigma Stat, version 3.0 SPSS science, Chicago, lllinois,
USA, Medstat 2.01 Thomson-Medstat Corporation, Ann Arbor, Michigan, USA). A P-value below
0.05 was considered statistically significant.
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8. RESULTS

A. The patientsenrolled (1-V)

Twenty-one patients were enrolled in study 1. The post-treatment results of one patient are lacking
and another one was living alone and he could not evaluate his SS. There were only 17 patients in
which the post-treatment PW could be measured. In our questionnaires at 12 months after the
treatment, we did not manage to contact one patient and those 3 patients that needed an uvulectomy
after 3 months are not included.

In study I, 40 patients entered the study. The indication for TE was chronic and/or recurrent
tonsillitisin 14 casesin both groups and history of quinsy in 5 cases of the traditional and in 4 cases
the RF group. Two patients were subsequently excluded from the study. The first one suffered from
a severe post-operative pneumonia, which influenced her recovery rates significantly and the
second one excluded had only the right tonsil removed, because the left one had been removed
previously due to quinsy. Additionally, one patient cancelled the operation. Therefore, 37 patients
were available for the analysis. No inter-group difference was noted in age, gender, weight and
indications for TE (P > 0.05).

Twenty patients entered study 111. One patient did not answer his questionnaires and one did not
submit his bed partners' questionnaire results. Their MRI results and VAS are included.

Twenty patients entered study 1V, 16 patients with non-infective, non-allergic rhinitis and 4 with
non-infective, alergic rhinitis. Six patients had had cryosurgery previously with dissatisfying
results. One patient did not attend the follow-up visits. In 14 patients inferior turbinates were treated
bilaterally, in 5 unilaterally. One patient did not perform his ARM and RMM, but his subjective
assessments are included. Two patients were not satisfied with the results 6 months after the
treatment and a turbinoplasty was performed, their evaluation at 12 monthsis not included.

Ten patients entered study V. One patient did not complete his VAS and analgesic consumption
guestionnaires, but his laboratory parameters and MRI isincluded. Two patients received only 2 RF
ablations on one of their tonsils, because of treatment-associated discomfort.

Demographic and clinical characteristics of study population are summarised in table V1I1.
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Table VIII: Demographic and clinical characteristics of the study population presented asmedian
and range.

Study I 1 i v \Y

Age (years) 44 (35-55) 30(19-63) 43(35-63) 52(23-77) 24.5(19-55)
n (m/f) 21 (21/0) 37 (15/22) 20 (19/1) 20 (10/10) 10 (6/4)
BMI (kg/m?) 26.9 (22.7- 32.3) 25.7 (22.6-34.6)

Mass (kg) 71 (52-116)

ODI 4% 0.8(0-7.3) 0.1(0-3.8)

PNS-P (mm) 46.5 (39-54) 45 (34-58)

PW (mm) 11 (7-14)

PAS (mm) 13(8-18) 11(8-18)

Drop-outsExcluded 3 1

Follow-up 12m 3w 9.5(9-11.5) m 12m 41 (35-43) w

Abbreviations: BMI = body mass index, ODI = oxygen desaturation index, PNS-P = length of the
soft palate from the posterior nasal spine to the uvula, PAS = posterior airways space, PW = palatal
width, m = months, w = weeks.

B. Morbidity of the procedures

a. Visual analogue scale and different recovery rateindicators (1-V)

Sudiesl, 111

All the patients tolerated the procedure well. The most common complaint was swelling of the soft
palate, which gradually decreased during the two-weeks follow-up time. Pain scores (Figure 4,5)
were the highest the day after the first treatment session and then gradually decreased during the
two-week period. One patient, in study Ill, was given corticosteroids because of the swelling. In
study 11, 4 patients received antibiotics because of development of a small abscess in the insertion
point of the electrode. Minor transient changes in speech and swallowing difficulties were
encountered (Figure 4,5).

Fourteen patients in study | and 6 patients in study 111 developed a mucosal blanching. The post-
operative morbidity showed significant correlation with the occurrence of blanchings after the
treatments. The patients with blanchings reported higher VAS scoresin pain, swelling sensation and
dysphagia, but not in speech. In study I, these blanchings did not correlate with the use of pain
medications (r = 0.220, P = 0.492). However, in study |11, the blanchings correlated with the use of
pain medications (r = 0.882, P = 0.036) but not with the use of antibiotics (r = 0.357, P = 0.882),
athough, in a linear regression model the occurrence of blanchings did not increase significantly
the use of pain medications (R? = 0.030, F = 0.553, P = 0.467) or the need for antibiotics (R? =
0.128, F = 2.633, P =0.122). There was no signs |eft of these blanchings at the follow up visit.
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Figure 4: Visual analogue scale scores (median and range) of different symptoms related to the monopolar
radiofrequency thermal treatments of the soft palate in study |. Abbreviations: VAS = visual analogue scale, Day 0 =
the first treatment day, day 1 = the day after the first treatment, day 2 = two days after the first treatment, day 00 = the
second treatment day (one week after the first treatment day), day 11 = the day after the second treatment, day 22 =
two davs after the second treatment, dav w = one week after the second treatment.

pain swelling sensation
day1 — 1 — day1 —_
29— 1 — 2 1 B
s 0 s———— 1
a—r a— A
s+ A s+
el T —— sl ——
L O e A
day 11 — 1 e —— day 11 P [ | ——
12 4 ——] 1 b 12 e S I
13— | — w—{
wf we{r A
s s T
sl T — w4
v 7 A
o 10 20 30 40 50 60 ] 80 % 100 0 10 20 B 40 50 60 [ 80 % 100

VAS scores (boxplot)

VAS scores (boxplot)

speaking eating
day 1 T day 1 e N |
2 A 1 — 22— 1 P
s—1 s——— 1
a0 a—tr o
s s
e ————— [ s —
LR N e
day 11 [ — 1 —— day 11 - | F——-—
124 —] 1 b 12 e S i |
1 ] i we— {0
i | F I o e
PP A sl
15 {IH R e ——
17 {1H v {TT—
0 10 20 0 40 50 60 0 80 90 100 0 10 20 30 40 50 60 70 80 90 100

VAS scores (boxplot)

VAS scores (boxplot)

Figure 5: Visual analogue scale scores (boxplot) of different symptoms related to the bipolar radiofrequency thermal
ablationsin study I11. Abbreviations: VAS = visual analogue scale, Day 1 = thefirst treatment day, 2/ 3/ 4/ 5/ 6/ 7 = the
days following the first treatment, day 11= the second treatment day (one week after the first treatment day), 12/ 13/ 14/

15/ 16/ 17 = the days foll owing the second treatment.
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Sudy Il and V

In study Il, the VAS questionnaires on the different symptoms showed no significant differencesin
neither the day-by-day analysis (P > 0.05) nor in the whole post-operative period analysis (P >
0.05) (Figure 6). There was a significant difference in operating time and intra-operative blood loss
in favour of the TEtrad group (P < 0.01 and P < 0.001 respectively). There were no significant
differences between the groups in their requirement of intra-operative additiona fentanyl or post-
operative need of oxycodone doses, the time spent in the recovery room, the occurrence and the
management of primary and secondary bleeding, the need for corticosteroids, the general condition
and the swelling of the uvula the following morning after surgery, the use of antibiotics or the time
the patients returned to work. The variations on the learning curves in the RF group on operating
time and intra-operative blood loss diminished, but they showed no significant correlation with the
number of procedures done (number vs. operating time r = 0.185, P = 0.461, number vs. intra-
operative bleeding r = -0.099, P = 0.695).
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Figure 6: Visual analogue scale scores obtained daily for two weeks on different symptoms following elective
tonsillectomy with the TEtrad and TErfta techniques in study Il. The data points represent the median of the group on
each day. Abbreviations: VAS = visual analogue scale, TEtrad = traditional tonsillectomy, TErfta = radiofrequency
thermal ablation tonsillectomy.

In study V, the majority of the patients tolerated the RF ablation procedure well. Mucosal sloughing
Bleeding related to the procedure did not occur. Four patients developed an infection after the
treatment and were prescribed penicillin. The most common complaint was a swelling sensation, as
in studies | and 111, which gradually decreased during the one-week follow-up time (Figure 7).
However, no patient received corticosteroids. Pain scores were the highest on the night after the
treatment. The VAS scores of every symptom were significantly lower in the tonsillar reduction
group in study V than in the two TE groupsin study |1 after the 4™ post-operative day.
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Figure 7: Visual analogue scale scores (boxplot) of different symptoms related to submucosal bipolar radiofrequency
thermal tonsillar reduction in study V. Abbreviations: VAS = visual analogue scale, Day 1 = the first treatment day, 2/
3/ 4/ 5/ 6/ 7 = the days following the treatment day.

Sudy IV

The mgjority of the patients tolerated the RF ablation of the inferior turbinates procedure well. No
patients had mucosal erosion, bleeding or adherent crust formation. The most common complaint
was pain and nasal discharge immediately after treatment, which gradually decreased after two
days. Minor transient changes in crusting and sneezing were recorded (Figure 8). Although the
treatment induces mild to moderate oedema it did not adversely affect the scores or degree of
frequency of nasal obstruction immediately after treatment (Figure 8).
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Figure 8: Visual analogue scale scores (boxplot) of immediate post-operative nasal symptoms related to the
submucosal bipolar radiofrequency thermal ablations of the inferior turbinates in study 1V. Abbreviations: VAS=visual
analogue scale, Day 1 = the treatment day, 2/ 3/ 4/ 5/ 6/ 7 = the days following the treatment day.
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b. The use of pain medication (1-V)

The use of pain medication in studies | and 111 was low with a median of 1 (0-9)(1) and 2 (0-27)(111)
dosages during the two-week period. There were no significant differences between the groups (P =
0.072), although, the tendency was clearly in favour of study I.

In study 1, the use of pain medications in the surgical ward, during three days, seven days and two
weeks time post-operatively did not show significant differences between the groups (P > 0.05).
However, the use of pain medications during the post-treatment week was significantly lower in the
tonsillar reduction group in study V than in the two TE groups in study Il group (P = < 0.001
respectively).

c. Re-treatment acceptance (I-V)

All the patients treated with RF energy of the soft palate (I, 1) were willing to undergo additional
treatment if necessary. There were no signifi cant differences between the groups according to their
re-trestment acceptance in study Il (yes 15/15 no 5/4, P > 0.05). Two of the patients with their
inferior turbinates treated (1V) and one in the tonsillar reduction group (V) refused additional
sessions due to treatment-associated discomfort.

d. Inflammatory response (I-11, V)

The monopolar RF energy on the soft palate (1) did not induce notable changes related to the
procedure in any of the laboratory parameters. The two different TE techniques (1) and bipolar RF
energy ablation into tonsillar tissue (V) resulted in a significant change from the baseline to the final
measurements suggesting that an inflammatory host response is induced by the procedure (P = <
0.001). In study I1, the change in the ESR was significant on the first postoperative day and two
weeks after the operation with both the techniques. This change was also noticed the first post-
operative day in CRP in both the techniques, but only in the study group two weeks after the
operation. Thus, the only difference between the groups was a significant CRP value change in the
TErfta group but not in the TEtrad group. In study V, the changes of the values were significant
compared to the preoperative one.

C. Efficacy according to the questionnair es, imaging results and tests of nasal function

a. Questionnaires (I, 111, 1V)

Sudy | and I11

The analyses of the questionnairesin studies| and 111 of al the patients showed a significant change
indicating decreased snoring and daytime sleepiness. Fourteen patients out of 20 (70%) in study |
was satisfied after two treatments. A 3 treatment was given to 3 patients. The success rate was 17
/ 20 (85%). Three (15 %) needed an uvulectomy despite the RFTA-treatments. In study I11, the
changes in the questionnaires SNRSs and SNRSo from before to 3 months and 9.5 (9-11.5) months
after the procedures correlated significantly (r = 0.792, P = < 0.001and r = 0.529, P = 0.029, Figure
9,10). In the regression analyses the changes in the SNRSs and SNRSo questionnaires from before
to 3 months and 9.5 (9-11.5) months after the procedures were of the same kind indicating similar
improvement in the symptoms determined by the patient and the bed partner. SNRSs explained
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70.2% of the variance of the SNRSo at 3 months (R?= 0.702, F = 15.561, P = 0.001) and 54.5% of
the variance at 9.5 (9-11.5) months (R*= 0.545, F = 17.988, P = 0.001).

ESS/pre 45 I
(3-9)

p<0.05
ESS/3mo — 20 4{

(1-5)
p<0.05
ESS /9.5 mo 35 4{
-7
0 2 4 6 8 10 12 14 16 18 20 22 24

Epworth Sleepiness Scale (0-24 points)

Figure 9: Epworth sleepiness scale scores (boxplot, median with 95% Cl) pre- and post-operatively in study IlI.
Abbreviations: ESS= Epworth sleepiness scale, pre = pre-operatively, 3 mo = 3 months after the treatments, 9.5 mo =
9.5 (9-11.5) months after the treatments, Cl = confidence interval.
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Figure 10: The snoring scores (boxplot, median with 95% CI) assessed by the patient (a) and the bed partner (b) pre-
and post-operatively in study I11. Abbreviations: SNRSs = snoring score assessed by the patient, SNRSo = snoring
score assessed by the bed partner, pre = pre-operatively, 3 mo = 3 months after the treatments, 9.5 mo = 9.5 (9-11.5)
months after the treatments, Cl = confidence interval.

We defined a relapse in the treatments as changes of more than two points in the questionnaires in
study | and, accordingly, there were four relapsesin our follow up study (1) (Figures 11,12).
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Figure 11: Shoring scores results pre- and post-operatively shown case by case in study |. S§Y 3 and SS 12 are the
results obtained three and twelve months after the treatments. There were four significant relapses. Abbreviations. SS
= snoring score assessed by the patient (= SNRSs).
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Figure 12: Epworth sleepiness scale results pre- and post-operatively shown case by case in study |. ESS 3 and ESY
12 are the results obtained three and twelve months after the treatments. There were four significant relapses.
Abbreviation: ESS= Epworth sleepiness scale.
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Significant improvements, successful outcomes and relapses according to our criteria in study 111
areshownin Table IX.

Table 1X: Evaluation of the efficacy and relapses of two bipolar radiofrequency thermal ablations
of the soft palate according to the SNRSs (n=19) and SNRSo (n=18) questionnaires in primary
habitual snorersin study I11.

Significant improvement Successful outcome Relapses
SNRSs/ 3 mo 11/19 (58%) 6/19 (32%)
SNRSs/ 9.5 mo 12/19 (63%) 7/19 (37%) 4/19 (21%)
SNRSo/ 3 mo 7/18 (39%) 6/18 (33%)
SNRSo /9.5 mo 6/18 (33%) 5/18 (28%) 1/18 (6%)

A successful treatment outcome was defined as a reduction of SNRSs from at least 7 to 0-3 points
and a reduction of SNRSo from at least 6 to 0-3 points. An improvement in the SNRSs and SNRSo
of 3 points was considered significant. The relapse in treatment was defined as a change of more
than two points in the SNRSs and SNRSo questionnaires between 3 and 9.5 (9-11.5) months after
treatment. Abbreviations. SNRSs = snoring score answered by the patient, SNRSo = snoring score
answered by the bed partner, mo = months.

Sudy IV

After the RF ablation of the inferior turbinates (1V), the VAS scores of subjective complaints in the
12 months follow-up decreased significantly (Figure 13). Evaluation of the effectiveness of the
treatment showed significant changes without significant relapses (Figure 14).

nasal discharge (P=<0.001) itching (P=< 0.001)

Figure 13: Visual analogue scale scores (boxplot) of long-term symptoms (nasal discharge, itching, sneezing, crusting)
related to the submucosal bipolar radiofrequency thermal ablations of the inferior turbinates in study IV.
Abbreviations: VAS = visual analogue scale, pretreat = before the treatments, 3mo /6 mo /12 mo = 3/ 6/ 12 months
after the treatments post-operatively.
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Figure 14: The evaluation of the long-term effectiveness (frequency of nasal obstruction, degree of nasal obstruction
and patient satisfaction) of the submucosal bipolar radiofrequency thermal ablations of the inferior turbinates using
visual analogue scale scores (boxplot) in study 1V. Abbreviations: VAS = visual analogue scale, pretreat = before the
treatments, 3mo /6 mo/ 12 mo = 3/ 6/ 12 months after the treatments post -operatively.

b. Imaging results (1, 11, V)

With monopolar RFe treatment of the soft palate (1), the reduction of the soft palate length was
significant (P < 0.01) indicating volume reduction of the soft palate. The changes in the PNS-P did
not correlate with the changes in the questionnaires (SS-PNS-P r = 0.098, P = 0.691, ESS-PNS-P r
=-0.014, P = 0.952). The changes in PW, which was measured in 17 cases, were not significant (P
=0.13).

In study Il with bipolar RF energy treatment of the soft palate, the second MRI was performed in
13 weeks after the first treatment. There was a significant change in the distance between the tip of
the uvula and the bottom of sella, indicating a retraction of the uvula (P = 0.005). However, the
length of the soft palate was not significantly shortened (P = 0.849 and P = 0.983). The change in
the T1-signal intensity, reflecting fibroid scar formation of the soft palate, showed major changesin
9 cases, moderate in 4 cases and no/mild changes in 6 cases. These changes did not correlate
significantly with the changes in the questionnaires before and three months after the treatment (r =
-0.196, P=0.421, r = -0.156, P = 0.536 and r = 0.064, P = 0.795 respectively). In alinear regression
analysis SNRSs-change explained only 2.3% of the variance of the T1-signa change. There was no
relationship between questionnaires and T1-signal change (R?= 0.023, F = 0.404, P = 0.534 // R*=
0.005, F = 0.083, P = 0.777 /| R?= 0.011, F = 2.633, P = 0.699 respectively). Neither was the T1-
signal intensity before the treatments a prognostic factor for a successful treatment outcome (R* =
0.116, F = 2.222, P=0.154 // R*= 0.007, F = 0.111, P= 0.793 // R*= 0.072, F = 1.241, P= 0.282 //
R?=0.000, F = 0.007, P = 0.933). There were no significant changes in the other dimensions of the
soft palate.

The MRI after the tonsillar reduction (V) was done 19 (18-28) weeks after the treatment.
Reliability of the measurement evaluated by comparing the two radiologists measurements of the
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treatment group and the control group was good, the volumes did not differ significantly (treatment
group P = 0.48 — 0.68, control group P = 0.53 - 0.80). The volume of both tonsils in the treatment
group reduced significantly (P < 0.01). The tonsillar volumes in the control group did not change
(right tonsil volume P = 0.14, left tonsil volume P = 0.33). The decrease in the tonsil volume did not
correlate with the need of TE after the reduction (r = - 0.098, P=0.79 and r = - 0.312, P = 0.38
respectively).

c. Tests of nasal function (1V)
Rhinomanometry and acoustic rhinometry

In RMM the total nasal resistance and response to the vasoconstrictor agent diminished after the
procedures during the follow-up period, but the changes were not significant (Figure 15). However,
in ARM the change in the sum of both nasal cavity volumes from nostril to 5 cm were significant 6
and 12 months after the treatments (Figure 16). The difference between the pre- and post-operative
vasocongtrictive effect in ARM diminished up to 6 months after the treatment. However, the high
variation of the values at 12 months made the overall statistical change not significant (Figure 16).

Olfactory threshold and saccharinetransit time

According to the OTH and STT determinations, there were no adverse effects on nasal epithelial
clearance time and olfactory functions. In fact, the values were better 6 months after than before the
treatments (Figure 17).

rhinomanometry (P=0.743)
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acustic rhinometry (P=0.004) Figure 16: The sum of both nasal
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9. DISCUSSION

A. General discussion

The studies show that RFTA of the soft palate, tonsils and inferior turbinates are well tolerated by
patients because of minimal discomfort. All these RFTA procedures seem also to have at least a
fairly good efficacy as compared to any conventional surgical procedures. The RFTA procedures
are easy to perform and have as minimally invasive outpatient procedures a high re-treatment
acceptance. The efficacy of RFTA is based on the assumption that it leads to necrosis and fibrosis
with contracture of target tissue without actual removal (Powell et a. 1997), although, the ideal
RFTA-treatment modality for snoring, obstructive hypertrophied turbinates and hypertrophied
tonsils is unclear. The number of treatment sites, optimal energy per treatment site and value of
repeated treatment sessions while maintaining satisfactory tolerance needs to be evaluated. In all, it
seems that the efficacy of RFTA of the soft palate, inferior turbinatesand tonsils has been provenin
a similar manner as with the previous treatment modalities (Carenfelt 1991, Kamami 1994, Lenz et
al 1977).

The reduction of post-TE morbidity is important, not only for patient comfort, but also because
reducing pain improves ora intake, which reduces risk of dehydration, infection and post-TE
haemorrhage. Electrosurgical instruments and lasers all achieve cutting and simultaneous
haemostasis by sealing the blood vessel lumina by virtue of tissue heating. Earlier studies support
the hypothesis that the extent of diathermy used in TE has a direct influence on the delayed post-
operative morbidity and healing of the mucosal wounds (Choy et al. 1992). The degree of pain must
be related to the degree of soft tissue damage. Apparently, the TErfta technique does not affect
positively on the factors causing the post-operative pain. However, the RF tonsillar reduction seems
to be a promising alternative in treating obstructive tonsillar disease.

Questionnaires were used extensively in current investigations in order to gather data on the
subjective variables. VAS has been firmly suggested as a reliable method for reporting of pain and
other symptoms (Price et a. 1983). The RFTA induced objectively detectable changes in
radiological images and assessments of nasal patency in studies I, 11, IV and V. However, al of
these changes did not correlate with the clinical outcome or the subjective assessments.

In al the studies, the normality tests of the patient groups failed. Thus, the only way of performing
statistical analyses was to use non-parametric tests in every study.

Studies I, I11-V are prospective case series and the results are partly based on subjective outcomes.
The promising results of radiofrequency ablation need to be confirmed in a placebo-controlled
randomised study with alarger sample size and along-term follow-up. There are some studies now
being reported that attempt to address this objective. The preliminary results published by Terris
(Terris et al. 2002) from a prospective, randomised trials of two palatal operations (RFTA and
LAUP) for SDB reveal that prospective, randomised trials of surgery for snoring are possible. There
was a slight advantage of LAUP over RFTA in snoring reduction, but with a greater degree of
discomfort post-operatively. In subjects using CPAP with turbinate hypertrophy, the RF treatment
appears to improve nasal breathing and CPAP-treatment for SDB, a conclusion drawn by Powell
(Powell et a. 2001) in a randomised, double-blinded, placebo-controlled study with subjective
assessment using VAS.
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B. Morbidity

Sudy | and 111

Pain is moderate or intense after surgical procedures of the palate and mesopharynx requiring pain
medication for up to two weeks. RFTA of the soft palate leaves the mucosa intact contrary to
LUPP, LAUP and UPPP. Almost all the patients in our studies (I, 111) reported restless sleep on the
first post-treatment night because of mild discomfort and feeling of swelling of the soft palate.
Speech and swallowing difficulties are well-known complications after palatal surgery (Fairbanks
1990). Only mild or moderate speech or swallowing problems were reported with the RFTA-
treatment and they resolved within two days. The overall post-operative discomfort was low even
though there were a few blanchingsin the soft palate. The occurrence of blanchings did not increase
the post-operative discomfort, which is in accordance with the studies by Pazos (Pazos et al. 2001)
and Terris (Terriset al. 2001).

Thereis aclear-cut advantage of RFTA-treatment over UPPP, LUPP or LAUP with respect to post-
operative morbidity. This may be due to avoidance of mucosal transection in using a protective
sheat (I Tuna 3, Il ReFlex™ 55) in both the wands. RFTA treatment with the hand piece (ReFlex
™ 55 (111)), caused more blanchings than we experienced with the usage of monopolar Vidamed®
(I) and have been reported with the usages of monopolar Somnoplasty® (Powell et al. 1998,
Coleman et al. 2000). Additionally, four patients needed antibiotics during their recovery because of
development of a small abscess in the insertion points of the soft palate. This complication has not
been reported previously. The ReFlex™™ 55 hand piece is of greater size than that of the Vidamed®
or Somnoplasty®, but the treatment time was only 15 s per site, which the patients accepted easily.
The ongoing acute and chronic inflammatory response, due to our treatment regimen, may
contribute to an increased risk of infection. The effect of these blanchings and the need for
antibiotics on post-operative morbidity cannot be evaluated in the present study.

Sudy Il and V

Pain is intense after TE requiring pain medication for up to two weeks, independent of the
technique or equipment employed. Our aim was to evaluate several different post-operative
symptoms in our VAS questionnaires and we thought that it would be difficult to evaluate
differences between right and left sides. Therefore we chose to randomise the patients in the two
groups.

Our study did not show a significant difference in post-operative morbidity between the two
techniques, the TEtrad and TErfta. Differences in intra-operative blood loss and operating time
were statistically significant, but clinically insignificant in otherwise healthy adults. Although, there
were no significant differences between the groups in the occurrence of primary and secondary
bleedings, the frequencies (haemostasis was done in the operating room in 5 % of the cases and in
19% the bleeding was managed locally) were higher than usually seen in our practice. This might
be due to the study setting (i.e. the patients were advised to contact the ENT ward immediately
when signs of bleeding occured) or by chance.

During the operation, the need of diathermy was common in the TErfta group to achieve
haemostasis and therefore there might be deeper thermal damage to the surrounding tissue. Thus,
both groups sustained the same thermal injury at least in portions of the tonsillar beds and the
possible beneficial value of bipolar RFTA tonsillectomy was eliminated by the usage of diathermy.
This can aso affect the post-operative morbidity in a significant manner. During the time of
learning a new technique, these matters may be corrected. However, this was not shown in this pilot
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study with small groups. Apparently, the TErfta technique does not decrease the post-operative pain
after TE.

The morbidity of the outpatient procedure of RF tonsillar reduction in study V can be considered
acceptable compared with two different TE techniques, namely the traditional and the RFTA
technique. The difference was significant after the 4™ post-operative day, although, the patients
were not totally free of symptoms thereafter. However, the return to their pre-treatment activity was
prompt in the tonsillar reduction group. Four patients were prescribed antibiotics post-operatively
and there were significant changes in the inflammatory laboratory parameters as well as in the TE
groups. In the future, we recommend the use of prophylactic antibiotics in tonsillar reduction, which
partly differs from the guidelines of antibiotic use in Finland ( Rautakorpi et a . 1999).

Sudy IV

Our results of RFTA of the inferior turbinates are based on long-term subjective and objective
assessment, which has not been reported before. The procedure seems to be effective, it can be
repeated if necessary and there were no significant relapses. Our results indicate that in treating this
patient group a follow-up of six months is needed before you know whether the intervention is
effective. Laser-, cryo- or electrocautery reductions are not well tolerated by patients under local
anaesthesia and can cause prolonged rhinorrhea and worsening of nasal obstruction secondary to
oedema and crusting. Thisis probably due to the depth of tissue injury, which is unpredictable with
laser-, cryo- or electrocautery, in contrast with RF energy. Additionally, RF equipment avoids
potential laser hazards. In our study VAS scores of subjective long-term nasal complaints at follow-
up decreased significantly indicating the procedure having a symptom-controlling effect.

The application of RF energy to the anterior part of inferior turbinates was used to minimise any
potential adverse effect to the physiologic function of the turbinate. Additionally, the anterior end of
the inferior turbinate was selected as the treatment site because the swelling of the erectile tissue in
this location significantly increases nasal resistance leading to nasal airway obstruction (Haigtht et
al. 1983). A previous turbinate procedure was not an exclusion criterion, because the patients were
still unsatisfied with the present situation.

C. Efficacy according to the questionnaires, imaging results and tests of nasal function

a. Questionnaires (I, I11)

Snoring isfirst and foremost a subjective perception by a listener. Severa methods of treatment for
snoring have been devel oped, but there is no general agreement on how snoring should be assessed.
Objective measurements are usually made in unnatural environment. Neither is there any standard
measurement of snoring in the sleep laboratory. Other qualities of snoring than the loudness of
snoring, such as its frequency content, may contribute to the annoyance caused by snoring
(Smithson et al. 1995). Therefore, in most studies reliance is placed on subjective assessment.

Assessment of snoring by self-report is limited because persons naturally are unaware of their
behaviour during sleep. During the clinical interview the spouse may verify the patients symptoms
and many recommend that spouses should be routinely queried concerning the sleep-related
symptoms of their mates. Clinicians have recognised that patient- and spouse-derived histories of
snoring often differ. However, the overall agreement between self- and spouse related symptoms
have been found to be generally high. Furthermore, patients who report that they snore habitually
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do seem to snore objectively (Koskenvuo et al. 1987). Even though, the results of the questionnaires
may be misleading in part, which can affect estimates of treatment effects (Wiggins et al. 1990).
Additionally, the assessment tools based on self-report can be influenced by the placebo effects.

The subjective outcome (snoring and daytime somnolence) of mono- and bipolar RFTA of the soft
palate in habitual snorers was satisfactory. Our results are in agreement with the other reports on
RFe (Powell et al. 1998, Coleman et al. 2000, Emery et a. 2000, Boudewyns et al. 2000, Ferguson
et al. 2001, Sher et al. 2001). The short-term results of the present study are compatible with those
of UPPP (Levin et al. 1994), LUPP (Carenfelt 1991) and LAUP (Kamami 1994). It appears that the
efficacy of RFTA treatment diminishes with time similar to other surgical procedures of the palate.
However, the relapses after RFTA can be treated with additional RFTA-treatments (Li et al. 2000).
The minimal invasiveness of the RFTA-treatment provides a high acceptance of re-treatment also
shown in these studies.

b. Imaging results (I, Il and V)

Cephalometric analysis in study | with monopolar RFTA of the soft palate showed a significant
shrinkage of the PNS-P, but not in the PW. Cephalometric analysis cannot give us information
about the changes in the volume or increased stability of the soft palate. Although, there was some
shrinkage of the soft palate, we presume that the advantageous outcome regarding snoring and
daytime somnolence was mainly due to increased rigidity of the palate caused by the tissue scarring.
This speculation is supported by the fact that the shrinkage of the PNS-P did not correlate with the
subjective outcome measures. The measurement of the paate length may not be a good parameter
in determining the outcome in future studies.

The soft tissue resolution capability is superior with MRI compared with other radiological methods
available; it avoids radiation exposure and yields both transverse and sagittal sections of the upper
airways. Our hypothesis was that MRI would be the only radiological way to find possible objective
changes caused by RF energy. To our knowledge, there is no previous report on treatment
evaluation of habitual snorers and obstructive tonsillar volumes with MRI. In evaluation of the
upper airways in patients with SDB, MRI has been shown to be a useful research tool in two review
articles (Douglas 1990, Shepard et al. 1991) and an effort to develop a standardised protocol for
MRI measurements of the upper airway has been published by Stuck (Stuck 2002 b).

MRI provides indirect information about the changes in the stability of the soft palate. In study 11
the RFe induced objectively detectable changes in certain dimensions and in the T1-signal intensity
of the soft palate. Simultaneously, there was an advantageous outcome regarding snoring and
daytime somnolence. However, there was no statistical relationship between the results of the
guestionnaires and the MRI-analyses. The degree of the T1-signal intensity 3 months after treatment
reflects most probably scar tissue formation supporting the theoretical background of RFTA
treatment. We presume that the increased rigidity of the palate caused by tissue scarring is the basis
of the relief of symptoms and improved sleep quality. Thus, RFTA seems more reasonable
compared to removing the noise-causing vibrating portion of the snorers soft palate.

In study V, the RFTA induced objectively detectable changes in tonsillar volume. Simultaneously,
there was an advantageous outcome regarding the need of TE in patients with symptomatic
obstructive tonsillar disease. The clinical outcome of the treatment was evaluated after the first
treatment session because our primary aim was to assess the radiological outcome. There were a
decrease in the tonsillar volume induced by the RFTA procedure in the treatment group, whereas
there where no change in the tonsillar volume of the control group. The reliability of our assessment
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method was evaluated with the pre-treatment MRIs and the MRIs from the control group. We
achieved an acceptable clinical outcome of 7/10 with this setting and it is probable that it would
increase with repeated treatment sessions. However, this cannot be evaluated in this study.

c. Testsof nasal function (1V)

In RMM the coefficient of nasal resistance was chosen because it has the best validity, calculability
and reproducibility (Sipild 1991). In ARM the 0-5 cm range was chosen since it includes the
functional nasal valve and most of the septal and lateral erectile tissue (Hilberg et al. 1995). Also
the accuracy of nasal volume measurement decreases with increasing distance from the nares
(Hilberg et al. 2000). Nasal cycle, which is the spontaneous variation in patency of the nasal halves,
is present in 70-80% of the patients (Sipila 1991). It is unilateral so that the total nasal
resistance/volume, which was used in our calculations, remains roughly unchanged.

When the RMM and ARM measurements before and after RFTA are compared in the same patient,
whose obstruction is caused by mucosal disorders, they provide an objective measurement of the
nasal mucosal change (McCaffrey et al. 1979). The reproducibility of both methods of nasal
patency assessment, if performed by an experienced operator under controlled circumstances,
compared favourably with many widely accepted clinical tests (Silkoff et al. 1999, Nurminen et al.
2000). However, ARM and RMM results are sometimes inconsistent with the patient’s subjective
assessment of nasal obstruction (Kim et al. 1988). VAS has been used in previous studies as an
effective method to quantify the condition of the subject. Ultimate success in treating patients with
nasal obstruction should include each patient’s perception of nasal obstruction, highlighting the
significance of patient-assessment data such as VAS (Feinstein 1977).

One indication for a successful soft-tissue reduction in chronic hypertrophied turbinates is a
decreased response to the vasoconstrictor agent post-operatively. The induced fibrosis fixes the
epithelium to the underlying tissues, resulting in decreased congestion of the turbinate in response
to noxious and other stimuli (Elwany et al. 1999). The effect of topical vasoconstrictorsin this study
did not change significantly, even though the tendency was clear. A repeated treatment at 6 months
after the first procedure in patients with partial response need to be further investigated.

Our results are in accordance with previous reports on RFTA of inferior turbinates and are based on
long-term subjective and objective assessment, which has not been reported before. The procedure
is effective, it can be repeated if necessary and there were no significant relapses.
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10. CONCLUSION

e The mono- and bipolar ablation of radiofrequency energy of the soft palate as an outpatient
procedure results in a decrease in snoring and daytime somnolence with acceptable

morbidity. It appears that the treatment results diminish with time.

¢ Radiofrequency thermal ablation tonsillectomy in adult patients did not show any significant
advantages compared to the traditional technique. The controversy over which tonsillectomy

technique is preferable whit the lowest morbidity rates still exists.

o Radiofrequency energy is capable of reducing turbinate volume without atering the nasal
mucosa and causing only minimal discomfort for the patient. There were no relapses. The

long-term radiofrequency results are comparable with other surgical treatment modalities.

e Submucosal bipolar radiofrequency thermal tonsillar reduction is a safe procedure

associated with low morbidity in patients with obstructive tonsillary hypertrophy. It seems

to reduce tonsillar volume considerably even with only one treatment session.

e Continual evaluation of RF treatment modality is warranted.
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