Comparison of postoperative pain between laser-assisted
uvulopdalatoplasty, uvulopalatopharyngoplasty, and
radiofrequency volumetric fissue reduction of the palate
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OBJECTIVES: This study compares the postireatment
discomfort between laser-assisted uvulopalato-
plasty (LAUP), uvulopalatopharyngoplasty (UPPP),
and radiofrequency volumetric tissue reduction
(RFVTR) of the palate through the use of visual ana-
log pain scales and a quantitative assessment of
the analgesic medication taken.

METHODS: In one group, LAUP (n = 10) or UPPP (n = 9)
was used to treat patients’ snoring or sleep-disor-
dered breathing (SDB), and the other group under-
went RFVIR (n = 22).

RESULTS: The mean numbers of days with pain after
RFVTR, LAUP, and UPPP were 2.6, 13.8, and 14.3 days,
respectively. Narcotic analgesics were required in
the RFVTR, LAUP, and UPPP groups in 9%, 100%, and
100% of the subjects, respectively. The mean num-
ber of these days requiring narcotic pain medica-
tions for RFVIR, LAUP. and UPPP was 0.2, 11.8, and
12.4 days, whereas the total narcotic equivalent
was 0.3, 7.4 and 29.6 days, respectively.
CONCLUSION: RFVTR of the soft palate produced
less posttreatment pain than LAUP or UPPP. LAUP and
UPPP appedared to show little difference in the
severity or duration of posttreatment discomfort.
(Otolaryngol Head Neck Surg 2000;122:402-9)

Chrﬂni-: primary snoring, upper airway resistance
syndrome (UARS), and obstructive sleep apnea syn-
drome (OSAS) encompass a spectrum of upper airway
obstruction. Primary snoring is caused by partial airway
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collapse usually created by vibration of the velopharynx.
Sleep-disordered breathing (SDB) includes UARS and
OSAS. These entities often have a palatal component to
their upper airway collapse. Several procedures have
been developed to address this velopharyngeal obstruc-
tion, including laser-assisted uvulopalatoplasty (LAUP),
uvulopalatopharyngoplasty (UPPP), and the newly
implemented radiofrequency volumetric tissue reduc-
tion (RFVTR) of the palate.

The radiofrequency (RF) energy ablation of soft tis-
sues has, in the past, been apphied successfully to human
beings by specialists in the fields of cardiology, neurolo-
gy, oncology, and urology.'* We have previously report-
ed on the application of this technology to an in vivo
porcine tongue model.” In the porcine study the rela-
tionship of lesion size to total RF energy delivery and
subsequent tissue volume reduction was established.
The healing process was analyzed through a serial his-
tologic analysis and demonstrated favorable wound
healing. However, what could not be assessed in the
porcine model was the character of pain or the effects on
speech and swallowing after RF energy was used.

The first human clinical study evaluating the use of
RFVTR of the soft palate for snoring and SDB con-
cluded that the technique is safe with minimal compli-
cations. Bleeding, infection, speech disturbances, and
swallowing problems were not observed. Pretreatment
snoring was reduced in the study group by an overall
mean of 77%.% Thus the safety and efficacy reported in
the previous animal study have been confirmed in the
human palate.

The soft palate (retropalatal level) was selected for
this study because anatomically it is readily visible,
accessible, and usually the site of snoring and a compo-
nent of collapse in SDB. This region of the upper air-
way 1s more compliant in subjects with SDB than in
normal individuals,” as well as narrower,%12 and is
commonly treated surgically for snoring and SDB.!3-16

METHODS
Study Design

This was a prospective nonrandomized clinical trial in a
group of subjects with chronic primary snoring and mild SDB.
In one group, participants were given the option of LAUP or
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UPPP to surgically treat their primary snoring or SDB. A sep-
arate group volunteered for an investigational treatment to the
palate for primary snoring and SDB known as RFVTR.

Population

Forty-one subjects, 18 to 65 years old, were enrolled into
3 groups: 10 LAUP, 9 UPPP, and 22 RFVTR. The RFVTR in-
vestigation was approved by the university institutional review
board. All were seeking treatment for symptomatic chronic
(habitual) snoring and reported symptoms of daytime sleepi-
ness. Each subject was counseled regarding the alternative
treatment options. Although a reduction in snoring was the
main objective motivating subjects to enroll, they were
advised that attenuation of snoring was a secondary objective
in this experimental investigation. The primary and secondary
objectives outlined previously were carefully presented to all
subjects, and they were asked to sign an informed consent
approved by the institutional review board. The remaining
inclusion and exclusion criteria for the subjects were deter-
mined as follows,

Criteria of inclusion. Subjects were required to have the
following subjective symptoms related to breathing during
sleep: chronic (habitual) disruptive snoring, present for more
than | year, leading to social disruption. Patients with SDB
reported fatigue and/or sleepiness during the davtime, which
nterfered with professional or social activities. Each potential
subject had an upper airwav examination, and only those in
whom the major site of obstruction was located at the palate
were accepted. Negauve findings on a pregnancy test were
required of each of the women before treatment. All subjects
were required to meet the criteria for classification as anes-
thetic risk 1 or I, as dictated by the American Society of
Anesthesiologists (ASA).!7 Each subject was required to meet
predetermined polysomnographic eligibility criteria and need-
ed to fall into 1 of the following 3 groups.

Chronic primary snoring: A respiratory disturbance index
(RDI} of less than 5 events per hour of sleep with no oxygen
saturation {Sa0,) less than 90% during sleep and a peak neg-
ative end inspiratory esophageal pressure or inspiratory nadir
less negative than =10 cm H,0. Chronic primary snoring was
detined n this study as habitual loud and disruptive upper air-
way noise dunng sleep, which was noted by the patient and
reported by the bed partner for more than 1 vear: for gualifi-
cation, it had to occur nmightly. These patients did not report
excessive daytime sleepiness,

UARS: An RDI of less than 5 events per hour of sleep with
an Sa0, of greater than or equal to 90% during total sleep
ume and a peak negative end inspiratory esophageal pressure
or mspiratory nadir more negative than —10 ¢cm H,O. Patients
without esophageal pressure monitors displaved frequent
arousals associated with snoring or increased diaphragmatic
electromyogram activity. These patients all reported excessive
daytime sleepiness.
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Mild OSAS: An RDI of 5 to 15 events per hour of sleep
with 4 maximum Sa0, drop to 85% (nadir) during total noc-
turnal sleep time.

Criteria of exclusion. Excluded from this investigation
were subjects in the anesthetic groups of ASA classes 111
through V and those with morbid obesity (body mass index
[BMI] = 32 kg/m?). Those subjects with radiographic findings
of marked skeletal mandibular retrognathia or micrognathia,
defined as a sella nasion point B angle of less than 74°, and/or
fiberoptic evidence of moderate or severe tongue-base nar-
rowing were also excluded. The criteria were established to
minimize the potential danger to an already at risk population,
in whom apphcation of experimental treatment to the upper
airway might create an edematous effect. Excluded were any
patients with histories of palatal surgery or those with swal-
lowing or speech problems. Subjects with histories or findings
of coagulopathy or neurologic or psvchiatric disorders were
also excluded. Patients with implanted pacemakers were
excluded. Patients with SDB who were excluded from the
investigation for having RDIs greater than 15 were treated by
nasal continuous airway pressure or other upper airway recon-
structive techniques.

Because the RF technology had not been previously used
in the tissues of the upper airway, the investigation was limited
to nonobese, healthy patients with snoring, UARS,!® or mild
OSAS. These selection criteria were used to minimize the
potenttal adverse effects or risks of this procedure, which
might inciude excessive pain, infection, tissue slough, ob-
struction caused by airway edema, bleeding, problems with
speech and swallowing. as well as worsening of the patient’s
condition.

Pretreatment Evaluation

The iniual evaluation in all groups included an Epworth
Sleepiness Scale (ESS) questionnaire, a complete medical and
sleep history, head and neck examination, fiberoptic naso-
pharyngoscopy with the Mueller maneuver, a lateral cephalo-
metric radiograph, and nocturnal polysomnography. All
patients completed a pain visual analog scale (VAS) and doc-
umented the total quantity of analgesic medications adminis-
tered.

ESS

The standard ESS questionnaire evaluates a patient’s
reported likelihood of falling asleep in 8 situations of mild-to-
moderate vigilance. 20

Cephalometric Radiographs

A lateral cephalomelric radiographic head film was taken
before treatment in all 3 groups, This was done to assess soft
tissues and bony measurements for baseline anthropometric
data, for inclusion and exclusion purposes, and to compare
changes {(shrinkage) in the soft palate length and width after
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treatment. The traditional bony and soft tssue measurements
(normal values) to evaluate the airway in SDB included: sella
nasion point A (82%). sella nasion point B (80% ), mandibular
plane to hyoid distance (15.4 mm), postertor airway space {11
mm), posterior nasal spine to palatal uvular HP distance (37
mm).2-2% and palatal width.>*

Nocturnal Polysomnography

Nocturnal polysomnography was completed in all subjects
to determine baseline data and for inclusion critena. Poly-
somnography was performed in the sleep laboratory before
treatment with full monitoring, which consisted of an elec-
troencephalogram (C3/A2, C4/A1, and O2/AT of the interna-
tional electrode placement system), electro-oculogram, elec-
trocardiogram (modified V2), submental and bilateral leg
electromyogram, body-position sensor, oronasal temperature
thermistor, thoracic and abdominal strain gauges, and pulse
oximetry.

Sleep studies were scored in 30-second epochs with the
standard Rechtschaffen and Kales?? criteria and American
Sleep Disorders Association guidelines for periodic leg move-
ments and arousals.2%27 An apnea was defined as cessation of
breathing for 10 seconds. A hypopnea was defined as a
decrease in oronasal airflow for at least 10 seconds associated
with either an arousal or a drop of 4% in the oxyvhemoglobin
saturation. The RDI was calculated by adding the total number
of apneas and hypopneas and dividing by the total sleep time.

Pain VAS

To minimize the possibility of researcher-introduced bias,
the administration protocol for all questionnaires and VASs
was standardized. Each subject filled out questionnaires and
scales and then returned them before being interviewed,
examined, or treated. The VAS ranged from 0 (no pain) to 10
(excruciating or intense pain) to document the existence of
pain.?8-30 A score from 0 to 3 depicted mild pain, which did
not require prescription pain medication. A separate nonvisual
analog questionnaire registered the associated specific use ot
analgesic medications. The first sessions of LAUP and
RFEVTR were used for postoperative pain comparison with
UPPP when comparing continual pain (pain when not swal-
lowing). UPPP with and without tonsillectomy was compared
with LAUP in terms of pain when swallowing.

Surgical Treatment

RFVTR of the soft palate. RF energy was delivered at 465
kHz with an RF generator with custom-fabricated needle elec-
trodes and delivery device. The energy parameters were ini-
tially hand-controlled by one mvestigator (N.B.P.). A comput-
erized energy algorithm controlled these parameters once safe
ranges and hmits were established (Somnus Medical Tech-
nologies Inc, Mountain View, CA). The essential RF energy
parameters of power (watts), temperature hmits (degrees
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Celsius), resistance (Ohms), treatment time (seconds), and
total energy delivery in joules (watts x seconds} were con-
trolled by this algorithm. The necessary feedback for temper-
ature adjustment was provided by multiple microthermocou-
ples embedded along the electrode. A protective thermal
sheath was used on the proximal portion of the electrode to
eliminate surface damage. The maximum temperature gradi-
ent was regulated to less than 90°C with a target temperaturc
of 80°C.

One investigator (N.B.P.) performed all REVTR treat-
ments and follow-up. The soft palate was sprayed with 20%
benzocaine as a topical anesthetic. The midportion of the
palate from the uvular base to the posterior nasal spine was
selected for treatment. This region was then divided into
upper, middle. and lower thirds and right and left paramedian
positions. This arbitrary division was used to facilitate record
keeping because multiple treatments were administered and
we wanted to avoid retreating the same area unintentionally, A
30-gauge needle was used to mject 2.0 mL of 0.5% Marcaine
(bupivacaine) along the treatment site, A 22-gauge RF needle
electrode (10-mm active length with a 10-mm protective
sheath) in a custom-fabricated device allowed placement of
the electrode under the palatal mucosa in the area selected for
treatment. RF energy was then delivered for 60 to 170 sec-
onds. It 1s emphasized that an intravenous route was neither
needed nor used. To limit the effects of confounding variables
such as systemic drugs, sedative premedication was not given,
nor were antibiotics or corticosteroids used before or after
surgery.

LAUP Patients opting for LAUP underwent a modification
of the technique described by Krespi et al. ! With patients in
the sitting position, the procedure began with the application
of 20% benzocaine spray to the velopharynx. A local anes-
thetic solution of 1% hdocaine with 1:100,000 epinephrine
was infiltrated with a 27-gauge needle along the treatment site
at the posterior tonsillar pillars, the soft palate, and the base of
the uvula. Approximately 90% of the uvula was amputated.,
and bilateral trenches of the soft palate about 2 cm trom the
uvula and | ¢m from the tonsillar pillars were removed up to
the muscular crease. One mvestigator (R.J.T.) performed all
LAUP procedures and follow-up. This was performed with
patients under local anesthesia in an outpatient setting with a
CO, laser (ESC Medical Systems Inc. Bothell, WA) at a set-
ting of 18 to 24 W continuous mode. Patients underwent
between 1 and 3 applications with a minimum of 4 weeks
between sessions. These patients were treated with a methyl-
prednisolone 6-day tapering dose, a 7-day course of 230 mg
amoxicillin 3 umes a day, and acetaminophen with codeine
for pain control. Patients were not treated with oral narcotics
or benzodiazepines during the procedure, and an intravenous
line was not required.

UPPP. The technique of UPPP was a modification of the
procedure described by Fujita et al.!> Tonsils, if present were
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Table 1. Pain duration

Statistical data’ Medan

Parameter 72 P RFVTR UPPP  LAUP
—— 1
20770 00001 255 1433 ]38R0
33.952 00001 023 1244 11.80

Total pain duration
Narcotic use duration

“Test used: Kruskal-Wallis ¥° approximation,

removed on both sides with electrocautery. The soft palate
was conservatively removed with electrocautery after the
location of the muscular crease was noted. The excision
ensures that the posterior aspect of the soft palate cut is longer
than the anterior edge to allow adequate suture closure. The
superolateral aspects of the closure were performed first,
ensuring that there was no stenting of the mucosa of the pha-
ryngeal wall. Simple interrupted 3-0 polyglactin (Vicryl)
sutures were placed to approximate all exposed tissue of the
soft palate and tonsillar pillars, except the most infenor 1 ¢m
of the tonsillar pillars adjacent to the tongue base. There was
no infiltration of a local anesthetic or steroid solution mto the
soft palate or tonsillar fossa during the procedure. One inves-
tigator (R.1.T.) performed all UPPP procedures and follow-up.
Patients recovered in the postanesthesia care unit and then
were transferred to an in-patient surgical ward with continu-
ous pulse oximetry. They received | g of ampicillin and 8 mg
of Decadron (dexamethasone) parenterally before surgery and
a 7-day postoperative oral course of 500 mg amoxicillin 3
times per day. Pain control was administered by low-dose
intramuscular morphine sulfate or oral acetaminophen with
codeine elixir. Patients were discharged atter taking adequate
oral flumds.

Statistical Analysis

Depending on the distribution of the parameter compared.
differences among treatment groups were tested using I-way
analvsis of variance (extension of Student 1 test for more than
2 groups) or the Kruskal-Wallis test (extension of Wilcoxon
rank-sum test for more than 2 groups).

RESULTS
Population

Ten patients (10 men) with a mean age of 34.5 £ 6.2
years and a mean pretreatment BMI of 28.3 = 2.3 kg/m-
completed the LAUP study. Eighty percent of the sub-
jects had previously undergone a tonsillectomy in child-
hood. The diagnosis of chronic primary snoring or mild
SDB with the predetermined inclusion criteria revealed
50.0% (5/10) with primary snoring, 10.0% (1/10) with
UARS, and 40.0% (4/10) with OSAS. Nine patients (8
men) with a mean age of 33.6 = 9.2 years and a mean
pretreatment BMT of 27.1 = 1.8 kg/m? elected the UPPP

TROELL et al 405

Table 2. Pain severity assessment

Statistical data’ Mean

Parameter 22 P RFVTR UPPP LAUP
ey .
30,286 (OO 1.41 7.88 s.11
20,559 (.0001 1.32 660 744
33.221 (L0001 .18 549 505
24 4905 {000 {3.00) 3.80 3.94

Pain at day |
Pain at day 3
Pain at day 5
Pain at day 10

“Test used: Kruskal-Wallis 32 approximation,

procedure. Twenty-two percent (2/9) of the group had
previously undergone a tonsillectomy in childhood.
These subjects were classified as being chronic primary
snorers (1/9), having UARS (3/9), and having OSAS
(5/9). Twenty-two subjects (18 men) with a mean age of
45.3 =+ 9.1 vears and a mean pretreatment BMI of 27.1
+ 3.2 kg/m? enrolled in the RFVTR treatment group.
Fifty percent of the group had previously undergone a
tonsillectomy in childhood. The diagnosis of chronic
primary snoring or mild SDB with the predetermined
inclusion criteria revealed UARS in 63.6% (14/22) and
OSAS in 31.8% (7/22) of the subjects. One subject did
not have an esophageal pressure monitor. He was either
a chronic snorer or had UARS because he reported day-
time sleepiness and had an RDI less than 3.

No patients were taking preoperative narcotics, non-
steroidal antiinflammatory medications, or hypnotics.
Most patients admitted to using no more than 2 alco-
holic beverages a day.

Treatiment Summary

Twenty-two patients underwent RF energy treat-
ment; the mean number of treatments per patient was
3.6 = 1.2. Each patient during his or her respective
office visit received a minimum of 1 or a maximum of
3 separate RF ablations, and each such ablation was
done at a different site in the palate. At the end of the
study, a total of 117 separate ablations of RF energy had
been applied to the total study group (n = 22), with a
total mean of 5 + 2 sites. The mitial RFVTR treatment,
the one being compared, consisted of 46 separate appli-
cations: 8 subjects had applications at 1 site only, 4 at 2
sites, and 10 at 3 sites.

The 10 subjects who underwent LAUP had a total of
I8 treatment sessions. The mean number of treatment
procedures per patient was 1.8 £ 0.9.

RF Parameter Results

Because it was hvpothesized that a correlation exist-
ed regarding the amount of RF energy delivered and the
magnitude of the subjective pain perception, the RF






