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OBJECTIVE: The study goal was to determine the
effectiveness of (1) multilevel temperature-con-
trolled radiofrequency tissue ablation (TCRFTA) or
(2) continuous positive airway pressure (CPAP) for
the treatment of mild to moderate obstructive sleep
apnea syndrome (OSAS).

STUDY DESIGN AND METHODS: We conducted a
randomized, placebo-controlled, 2-site trial,
comparing TCRFTA (n = 30) and CPAP (n = 30)
with sham-placebo (n = 30) using intention-to-
treat analysis.

RESULTS: Compared with pretreatment baseline,
TCRFTA improved reaction time, OSAS-specific
quality of life (QOL), and subjective sleepiness (all P
< 0.05). Compared with sham-placebo, TCRFTA im-
proved QOL, airway volume, apnea index, and re-
spiratory arousal index (all P < 0.05). TCRFTA side
effects and complications were mild, temporary,
and similar to sham-placebo. CPAP improved QOL
and sleepiness compared with baseline and QOL
when compared with sham-placebo (all P < 0.05).
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Significant differences were not seen between
TCRFTA and CPAP outcomes.

CONCLUSION: TCRFTA and CPAP each improve
QOL for mild-moderate OSAS patients. TCRFTA im-
provements may result from changes in airway vol-
ume, apnea index, and respiratory arousal index.
(Otolaryngol Head Neck Surg 2003;128:848-61.)

SIeep disordered breathing defined by an Apnea-
Hypopnea Index (AHI) of 5 or more events per
hour is estimated to affect 9% to 24% of middle-
aged adults.* Obstructive sleep apnea syndrome
(OSAS) includes both sleep disordered breathing
and excessive daytime somnolence® and affects
2% to 4% of adults.® It is associated with cardio-
vascular disease, quality of life and performance
deficits, and motor vehicle accidents.®® Within the
OSAS population, a large proportion of the pa-
tients manifest mild or moderate disease (AHI <
30 events per hour).

First-line treatment for many OSAS patients is
nasal continuous positive airway pressure (CPAP).
When used adequately, CPAP improves deepi-
ness, performance, quality of life, and cardiovas-
cular risk.*”® However, the effectiveness of
CPAP in patients with milder OSAS remains un-
clear.*1*

Temperature-controlled radiofrequency tissue
ablation (TCRFTA) applied to the tongue base and
palate have been described to treat OSAS. Severd
case series and one large multicenter clinical trial
have demonstrated improvement in polysomno-
graphic parameters and in clinically important out-
comes, with low morbidity and complication
rates.*** Studies have aso demonstrated
TCRFTA successfully reduces soft tissue volume
of the tongue.*? However, none of these studies
included control subjects. Thus, this study was
undertaken to evaluate the effects of multilevel
(tongue and palate) TCRFTA on clinically impor-
tant outcomes in patients with mild to moderate
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OSAS. Sham-placebo and nasal CPAP arms were
included for controlled comparison.

METHODS
Study Design and Objectives

A 2-ingtitution randomized placebo-controlled
trial was performed to test the hypothesis that
multilevel (tongue base and palate) TCRFTA is
more effective than sham-placebo for improve-
ment of clinically important outcomes in patients
with mild to moderate OSAS. This trial was aso
performed to test the hypothesis that nasal CPAP
is more effective than sham-placebo.

Participants

Eligibility criteria included (1) age 18 to 65
years, (2) self-reports of daytime somnolence, (3)
body mass index (BMI) =34 kg/m?, (4) no prior
surgical or CPAP treatment for OSAS, and (5)
mild to moderate OSAS defined by an AHI of 10
to 30 on screening sleep study. Exclusion criteria
included (1) another significant sleep disorder (eg,
insomnia, periodic limb movement), (2) tonsillar
hypertrophy, (3) nasal or supraglottic obstruction
on examination, (4) ASA classIV/V, (5) claustro-
phobia, (6) Latex alergy, (7) pregnancy or plans
to become pregnant, (8) major depression or non-
stabilized psychiatric disorder, (9) drug or alcohol
abuse, (10) history of an accident secondary to
sleepiness, or (11) participation in another study.
Eligible subjects passing al exclusion criteriathen
had a baseline full polysomnography (PSG) and
were included if AHI was 5 to 40 (Fig 1).

Subjects were recruited directly from the aca-
demic otolaryngology practices and from poster
and newspaper advertisements. This study was
designed, performed, and reported according to
the Revised CONSORT Statement™ and with ap-
prova from local institutional review boards. All
patients gave informed consent. Subject flow is
summarized in Figure 1.

Polysomnography/Sleep Studies

Screening sleep studies included home Autoset
PDS (ResMed Inc, Poway, CA) or full in-labora-
tory PSG (if performed within 1 year of enroll-
ment). All subjects underwent a subsequent base-
line full PSG (unless full in-laboratory PSG
performed within 6 months of enrollment), which
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included an electroencephalogram (=2 channels),
electrooculogram, chin and leg muscle electro-
myograms, electrocardiogram, measures of orona-
sa airflow, thoracic and abdominal efforts, body
position, and pulse oximetry. Apnea was defined
as cessation of inspiratory airflow of at least 10
seconds. Hypopnea was defined as a reduction of
inspiratory airflow of at least 10 seconds, with an
associated 4% decrease in oxyhemoglobin satura-
tion or an electroencephal ographic arousal. Respi-
ratory arousals were quantified on PSGs at Uni-
versity of Cincinnati and were defined as arousals
associated with an apnea or hypopnea. AHI, apnea
index (Al), total arousal index, and respiratory
arousal index were calculated as the number of
events, respectively, per hour of sleep. For CPAP
subjects, treatment AHI and Al were downloaded
from Autoset T (ResMed Inc).

Interventions

Nasal CPAP therapy was titrated unattended
over 3 or more nights with the AutoSet T device.*®
Final constant CPAP pressure was set as the 95
percentile pressure and was continued for 8 weeks.
Subjects were seen at 1, 2, and 4 weeks to trou-
bleshoot and optimize compliance. Side effects
were identified by questionnaire at each visit and
were treated appropriately (eg, nasal medication,
heated humidifier, etc). Side effects recorded on
the final (8-week) questionnaire is reported (see
Table 3). Objective pressure-on time was acquired
from usage software within the CPAP device, and
self-reported use was recorded at each visit.

Active temperature-controlled radiofrequency
tissue ablation (TCRFTA) was performed with the
Somnoplasty radiofrequency generator (Gyrus-
ENT, Memphis, TN). Five tongue and 2 palate
sessions were planned for each active subject.
Subjects were treated perioperatively with oral
antibiotics, prednisone, antiseptic oral rinse, ana-
gesic (as needed), and nonsteroidal anti-inflamma-
tory medication (as needed). A loca anesthetic
mixture (2.5 mL of 2% lidocaine with 1:100,000
epinephrine, 2.0 mL of normal saline, and 0.5 mL
of 8.4% sodium bicarbonate) was injected into
each tongue treatment site, and 1% lidocaine with
1:100,000 epinephrine (1 to 2 mL) was injected
into each palate site. Radiofrequency energy was
delivered to create nonoverlapping lesionsin 2 or
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Fig 1. Flow diagram of subject progress through ftrial. Flow diagram of subjects' progress through the screening,

enrollment, allocation, follow-up, and analysis.

3 tongue sites (1000 or 750 J, respectively, per
site; target temperature 85° C; maximum power 10
W) per tongue treatment session, which occurred
at 4-week intervals. Radiofrequency energy was
delivered to create 1 midline and 2 lateral lesions
(nonoverlapping) to the soft palate (650 J and 325
J, respectively) in each paate treatment session.
Investigators were instructed to adjust lesion num-
bers per treatment session based on clinical judg-
ment and patient tolerance. When tongue and pal-
ate sessions were combined, the subject was
offered overnight hospital admission. Investiga-

tors were instructed to perform sequentia and not
simultaneous tongue and palate treatments if there
were concerns about airway edema or patient tol-
erance. Attempts were made to apply similar lev-
els of energy in all patients irrespective of the
timing of sessions.

Sham-placebo TCRFTA was performed as de-
scribed above for tongue TCRFTA except that a
blocking control box on the radiofrequency gen-
erator was set to “off” to prevent delivery of
energy. Three tongue sessions were planned for
each sham-placebo subject at 4-week intervals,
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with 3 tongue lesions created per session. Subjects
were anesthetized and medicated as described for
active tongue TCRFTA. The sham treatment ses-
sions were limited to 3 to balance the risk of
hematoma, edema, or abscess formation at the site
of anesthetic injection or TCRFTA probeinsertion
versus the goal of providing a realistic placebo.

Outicomes

The primary outcome measures were chosen a
priori to represent meaningful measurements of
patient function and quality of life. The primary
outcome measures are changes in slowest reaction
time (SRT) and OSAS-specific quality of life.
Slowest reaction time was measured as the mean
of the dowest 10% of reaction times on the Psy-
chomotor Vigilance Task (PVT-192; Ambulatory
Monitoring Inc, Arddey, NY) with a total test
time of 10 minutes and stimulusinterval of 2to 10
seconds. SRT was analyzed as the reciprocal (1/
SRT) to minimize the contribution of very long
lapses.™” OSAS-specific quality of life was mea-
sured with 2 validated questionnaires: (1) Func-
tional Outcomes of Sleep Questionnaire (FOSQ)*®
and (2) Symptoms of Nocturnal Obstruction and
Related Events (SNORE25), formerly the OSA
Patient Oriented Severity Index.™®

The secondary outcome measures include
changes in (1) median reaction time (RT) and
fastest reaction time (mean of fastest 10% reaction
times, FRT) measurements, using the Psychomo-
tor Vigilance Task as described above'’; (2) day-
time deepiness using the Epworth Sleepiness
Scale (ESS); (3) general hedth status measured
with the SF36 (version 1) Mental Component
Summary (MCS) and Physical Component Sum-
mary (PCS) scales; (4) total upper airway volume
(incisors to epiglottis) using acoustic pharyngom-
etry (SensorMedics, Yorba Linda, CA); and (5) in
sham-placebo and TCRFTA subjects, PSG param-
eters (AHI, Al, lowest oxyhemoglobin saturation
[LSAT], total arousal index, and respiratory
arousal index). Pain and swallowing side effects
were assessed 1 and 3 weeks after each TCRFTA
and sham-placebo treatment session, using 10-cm
visual analog scales (pain: 0 = “no pain” and 10
= “severe pain”; swallowing: 0 = “normal swal-
low” and 10 = “unable to swallow without pain,
even with medication”). Adverse events were re-
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corded with a description, course of action, and
sequelae and were reported to local institutional
review boards. Adverse event rates are reported as
events per treatment session.

Randomization and Blinding

Random treatment assignment was made with
block randomization by site, using a computer-
generated random number table. Randomization
was concealed before assignment using sealed en-
velopes. Those responsible for randomization
were not involved in enrollment or treatment as-
signment.

Patients were blinded to active versus placebo
TCRFTA treatment. Subjects were blinded to the
difference in treatment schedule between placebo
and active TCRFTA groups. CPAP patients were
not blinded. Treating investigators and study co-
ordinators were not blinded to intervention group;
however, medical assistants delivering self-admin-
istered subjective questionnaires were blinded.
Furthermore, sleep laboratory staff including those
scoring the PSGs were blinded to active or pla-
cebo TCRFTA treatment as well as to baseline or
posttreatment status. Last, as treatment assignment
was performed after baseline evaluations, all in-
volved were blinded to treatment group for base-
line assessments.

Data Management and Statistical
Methods

Data were collected on case report forms at
each site. Copieswere mailed to the sponsor’ s data
coordinators, who entered the data and visualy
checked for accuracy. The principal investigator at
each treatment site verified data accuracy. Data
were also checked statistically and inconsistencies
were resolved with the raw data at each site.

The sample size was calculated as 30 patients
per treatment group, based on the primary out-
come 1/SRT, using the 2-sample t test with a =
0.05, power = 90%, standard deviation 1/SRT =
0.3,*" the minimal clinically important treatment
effect (difference) = 0.27,>" and accounting for a
10% dropout rate.

Subjects were analyzed according to their orig-
inal group assignment (intention-to-treat analysis).
For all analyses of continuous variables, normality
was tested with the Shapiro-Wilk W test, Shapiro-
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Table 1. Baseline Characteristics
Placebo* TCRFTA* CPAP*
Variable Norm (n = 30) (n = 29) (n = 28) P valuet
Demographics
Age (yr) 46.0 = 8.1 494+ 9.2 51.7 = 8.6 0.04%
Male gender (%) 70.0 89.7 75.0 0.17
Anatomy
Body mass index (kg/m?) <25 285+ 42 277+ 3.6 291+ 37 0.36
Neck circumference (cm) <43 40.6 = 3.6 (29) 409 £ 3.3(28) 41.4+33(27) 0.69
Upper airway volume (cm®) 771+ 18.0(28) 73.6+19.8(27) 69.3* 15.4(22) 0.31
Polysomnography parameters
Apnea-Hypopnea Index (eventshr) <52 154+ 78 213+ 111 19.8 + 9.9 (27) 0.06
Apnea Index (events/hr) <5 39+41 75+ 109 6.2 = 7.5(27) 0.21
Lowest saturation (%) >90 88.3+ 3.9 86.3*+ 7.6 86.0 = 6.4 (27) 0.32
Symptoms and quality of life
Epworth Sleepiness Scale <10 116 = 35 119+ 46 12.6 = 5.0(27) 0.68
Functional Outcomes of Sleep >17.8'% 168+ 21 16.5 + 2.0 16.0 + 2.6 (27) 0.38
questionnaire
Symptoms of Nocturnal Obstruc- 16+07 1.6 = 0.7 (28) 15+ 06(27) 0.51
tion and Related Events Ques-
tionnaire
SF36 Mental Component Sum- 50 46.7 = 9.8 464 +94(28) 472=*105(27) 095
mary
SF36 Physical Component Sum- 50 499 + 8.0 50.1 + 8.3 (28) 50.7 = 6.7 (27) 0.92
mary
Psychomotor vigilance
1/Slowest reaction time (1/msec) =288 288+055(29) 271+ 0.69 2.77 + 0.66 0.60
Median reaction time (msec) =231 227 + 35(29) 236 + 41 (28) 226 = 34 0.55
Fastest reaction time (msec) =191Y 184 + 18(29) 192 + 26 183 + 24 0.31

TCRFTA, temperature-controlled radiofrequency tissue ablation group; CPAP, continuous positive airway pressure group.
*Values given in mean = SD. n indicated in parentheses if less than the whole group.
TANOVA (x? for gender variable). For nonnormal distributions, normal transformations (Box-Cox, logarithmic, or square root) revealed similar

results (not shown).
$P-value <0.05 is significant.

FranciaW’ test, and combined skewness and kur-
tosis tests. For non-normality by any one of these
tests, non-parametric tests or normal transforma-
tions (Box-Cox, logarithmic, or square root) were
used to confirm parametric test results.

Basdline characteristics between groups were
compared using ANOVA for continuous variables
and the x? test for the categorical variable (sex)
(Table 1). Objective versus self-reported CPAP
treatment data were compared with the paired t
test (normal continuous variable), Wilcoxon sign-
rank test (non-normal continuous variable), and
Fisher's exact test (proportions) (see Table 3). The
paired t test for continuous normal variables and
the sign test for continuous nonnormal variables
were used to test the null hypothesis that changes
within groups were equal to zero (see Table 5).
One-tailed tests were used for TCRFTA and

CPAP groups because an effect was expected a
priori. Two-tailed tests were used for the placebo
group because an effect was not expected a priori.
The unpaired 2-samplett test (1-tailed) was used to
test the null hypothesis that TCRFTA and CPAP
were no different from-placebo (see Table 6). Sta-
tistical results were confirmed adjusting for study
site (ANCOVA) (not shown). Normal transforma-
tions and/or the Mann-Whitney U test were used
to confirm the statistical testing for non-normal
variables (not shown). The unpaired 2-sample t
test (2-tailed) was used to test the null hypothesis
that TCRFTA was no different from CPAP (see
Table 7), confirming with study site-adjusted AN-
COVA (not shown) and with normal transforma-
tions or Mann-Whitney U test for nonnormal vari-
ables (not shown). Fisher's exact test (2-sided)
was used to test the null hypothesis that TCRFTA
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Table 2. Placebo and TCRFTA freatment data

Variable Placebo (n = 28) TCRFTA (n = 26)
Tongue
No. of sessions 29*+04 45+ 0.8
No. of lesiong/session 27*+05 28+ 05
Time/lesion (sec) 96 + 12 219 + 62
Energy/lesion (J) 0 770 = 118
Energy/session (J) 0 2144 + 375
Total energy (J) 0 9700 = 2000
Palate
No. of sessions 0 15+ 0.7
No. of lesions/session 27+0.8
Time/midline lesion (sec) 129 + 43
Time/lateral lesion (sec) 59 + 10
Energy/midline lesion (J) 624 + 74
Energy/lateral lesion (J) 309 + 29
Energy/session (J) 1129 + 330
Total energy (J) 1785 + 904

TCRFTA, temperature-controlled radiofrequency tissue ablation group.

success was no different from CPAP success, and
logistic regression (Wald test) was used to test the
null hypothesis adjusting for study site (not
shown). Success was defined as achieving an ef-
fect size =0.50 over placebo.

All results of continuous variables are ex-
pressed as mean *+ SD. Within-group effect size
was calculated as (posttreatment mean — baseline
mean)/(baseline SD) as per Kazis et al.?° Positive
sign denotes improvement; negative sign denotes
worsening. Between group effect size was calcu-
lated as (active treatment mean change — placebo
mean change)/(placebo change SD). Positive sign
denotes improvement in active treatment group
over placebo; negative sign denotes worsening.
The data were analyzed with Intercooled Stata 7.0
software (Stata Corp, College Station, TX). P <
0.05 was considered statistically significant. Cor-
rections for multiple comparisons were not made
because the primary outcomes were limited to 3.

RESULTS

Details of subject recruitment and the final sam-
ple of study participants are outlined in Figure 1.
The dropout rate was 12% (Fig 1). Data were not
complete on al follow-up subjects, but al avail-
able data were analyzed.

The 3 treatment groups were not significantly
different with respect to all baseline variables ex-
cept age, which was not considered a clinically

relevant difference (Table 1). On average, subjects
had moderate OSA by AHI criteria,? and evidence
of OSAS with excessive daytime sleepiness and
deficits in OSAS-specific quality of life. BMI did
not change significantly within groups (overall
mean increase 0.2 + 0.7 kg/m?, P > 0.10 for each
group) or between groups (P = 0.64).

Sham-placebo and TCRFTA treatment data are
shown in Table 2, and CPAP treatment data are
shown in Table 3. Subjects overestimated their
actual CPAP use. Built-in CPAP apnea’/hypopnea
monitors demonstrate efficacy of prescribed pres-
sures (Table 3). Between CPAP users (=4 hr/night
and =5 nights’wk?) and nonusers, there were no
significant differences in prescribed pressure (8.4
+ 1.2 versus 7.6 = 1.8 cm water, p = 0.24) or
residual AHI (5.1 = 2.1 versus 4.6 = 2.9 events
hr, P = 0.59).

Adverse events were mild and temporary in al
cases, and the frequency was comparable between
sham-placebo and TCRFTA groups (Table 4). No
adverse events were seen with palate TCRFTA.
Three subjects received additional medication
(prednisone and/or prophylactic amoxicillin/cla-
vulanate). Pain and swallowing difficulty in-
creased mildly 1 week after treatment for both the
placebo and TCRFTA groups but returned to base-
line by 3 weeks with no significant differences
noted between groups. After simultaneous tongue
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P valuet objective versus

Variable Objective measure*  Self-report*t self-report
Use (hrg/night used) 4.2 + 2.5 (24) 49+ 25(22) 0.09 (19)
Use (nights/wk) 4.0 = 25 (25) 57+21(22) 0.002 (20)
No. of nights recorded 63.0 = 29.7 (27)
Adequate use8 9/24, 37.5% 17/22, 77.3% 0.007
CPAP (cm H,0) 7.9+ 1.6 (24)
Apnea-Hypopnea Index on CPAP|| (events/hr) 4.6 * 2.7 (24)
Apnea Index on CPAP|| (events/hr) 0.5+ 1.0(24)

CPAP, continuous positive airway pressure.

**Values given in mean = SD. n indicated in parentheses if less than the whole group.
1Self-report based on report at final follow up (8 weeks after CPAP started).
1P value based on paired t test (use hr/night, normal distribution), Wilcoxon sign-rank test (use nights/wk, nonnormal distribution), and Fisher’'s

exact test (adequate use, proportions). P, < 0.05 is significant.
8Adequate use: =4 hr/night used and =5 nightsiwk.**

[|Apnea-Hypopnea Index and Apnea Index readings from built-in CPAP monitor (not polysomnography).

Table 4. Adverse events and side effects

Event Placebo (n = 28) TCRFTA (n = 26) Event CPAP (n = 21)
Adverse events
No. of hematomas (% of ses- 3 (3.5%) 3 (2.3%)
sions)
No. of ulcerations (% of sessions) 0 (0%) 1(0.8%)
No. of infections (% of sessions) 0 (0%) 0 (0%)
Side effects*
Pain pretreatment 0.37 = 0.78 (17) 0.64 = 1.46 (19) Nasal 8 (38%)
Pain 1 wkt 1.84 = 2.35(81) 1.64 = 2.19(75) Sleep 9 (43%)
Pain 3 wkt 0.33 = 0.65 (58) 0.71 = 1.13(68) Inconvenience 7 (33%)
Swallow pretreatment 1.32 + 2.08 (17) 0.85 + 1.63(19) Air mechanics 7 (33%)
Swallow 1 wktt 1.73 = 2.44(81) 2.14 + 2.52 (76) Skin or eyes 8 (38%)
Swallow 3 wkt 0.57 = 0.99 (59) 0.85 = 1.36 (68) Subjects affected 20 (95%)

TCRFTA, temperature-controlled radiofrequency tissue ablation group; CPAP, continuous positive airway pressure group.
*Pain and swallow side effects measured in placebo and TCRFTA patients at baseline and after tongue treatments, presented as mean = SD of
10-cm visual analog scale (pain: 0 = “no pain” and 10 = “severe pain”; swalowing: 0 = “normal swallow” and 10 = “unable to swallow without
pain, even with medication”). nindicated in parenthesesiif less than the whole group. CPAP side effects measured in CPAP patients only, presented
as number (percentage) of patients. Nasal = dryness, congestion, bleeding, and/or sinusitis; sleep = delayed sleep and/or subjective sleep

fragmentation; inconvenience = noise and/or spouse objection; air mechanics = aerophagia, chest wall discomfort, and/or mouth breathing.
11 wk = mean at 1 wk for al 3 tongue-only treatments; 3 wk = mean at 3 wk for all 3 tongue-only treatments.

and palate TCRFTA, mean pain scoreswere 2.8 =
25at 1week and 0.7 = 1.2 at 3 weeks, and mean
swallowing scores were 2.6 = 2.6 at 1 week and
1.0 = 1.4 a 3 weeks. Most CPAP subjects expe-
rienced at least one side effect but none were
serious (Table 4).

Table 5 and Figure 2 display the absolute
changes and effect sizes for most outcome vari-
ables in each group compared with their pretreat-
ment baseline. The placebo effects were small and
not statistically significant. TCRFTA subjects im-
proved on al primary outcome measures. CPAP

subjects improved on al primary outcome mea-
sures, but without statistical significance on the
objective primary outcome (1/SRT). Among sec-
ondary outcomes, CPAP subjects had a large im-
provement on AHI measured by AutoSet (effect
size 1.5, P < 0.001). Compared with the entire
CPAP group, CPAP users (n = 9, use =4 hr/night
on =5 nights'wk) had larger improvements on
FOSQ, SNORE25, and ESS, but similar improve-
ments on al 3 reaction time outcomes, SF36
MCS, SF36 PCS, and total airway volume (data
not shown).
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Table 5. Treatment effects for each group

Placebo TCRFTA CPAP
P Effect P Effect P Effect
Outcome n Change* valuet sizet n Change* valuet sizet n Change* valuet sizet
Primary
1/SRT (IUmsec) 25 0.05 =+ 0.66 0.68 00923 032057 0006 04219 018*=060 011 0.30
FOSQ 28 04*+20 018 01826 12*+16 0005 06625 15*x21 002 061
SNORE25 28 —0.21 = 0.56 0.06 0.31 25 —-0.43 = 0.56 <0.001 0.6524 —0.30+ 0.52 0.005 0.46

Secondary
RT (msec) 27 —44+226 032
FRT (msec) 25 —31+167 037

0.12 23 -100*+ 195 0.03
0.14 23 -10.2+ 219 0.02

02322 -31*+276 026 0.09
03719 -08%+130 082 0.03

ESS 28 —-10+£31 011 02726 —21+x39 0005 05025 —-23x52 002 044
MCS 27 04x64 070 00424 29x73 008 03224 20x61 073 022
PCS 27 1578 044 01824 0568 042 00624 01x77 008 0.02

AHI (eventshr) 28 —1.8+ 115 034 02424 —-45+138 034 0.38
Al (eventshr) 28 17+54 100 -05424 -31+95 025 027
LSAT (%) 28 06+47 054 01524 -06+46 081 —0.08
Tota Vol (cm®) 26 —37+157 017 -02022 66=195 014 027

TCRFTA, temperature-controlled radiofrequency tissue ablation group; CPAP, continuous positive airway pressure group; 1/SRT, slowest reaction
time (reciprocal); FOSQ, functional Outcomes of sleep questionnaire; SNORE25, symptoms of Nocturnal Obstruction and Related Events
questionnaire; RT, reaction time; FRT, fastest reaction time; ESS, Epworth Sleepiness Scale; MCS, SF36 Mental Component Summary; PCS, SF36
Physical Component Summary; AHI, Apnea-Hypopnea Index; Al, Apnea Index; LSAT, lowest oxyhemoglobin saturation; Total Vol, volume of
upper airway.

*Change = posttreatment mean — baseline mean. Values given in mean = SD.

TP value based on paired t test for comparison of means for normally distributed variables or sign test for comparison of medians for nonnormally
distributed variables. Two-sided tests used for placebo (no effect expected a priori), one-sided tests used for TCRFTA and CPAP groups (effect
expected a priori). P < 0.05 is significant (bold).

fEffect size = (posttreatment mean — baseline mean)/(baseline standard deviation). Positive indicates improvement, negative indicates worsening.

Subject not included in effect size calculation if baseline or posttreatment data missing. Effect size =0.50 is at least moderate (bold).

Table 6 and Figure 3 display the absolute dif-
ferences and effect sizes for most outcome vari-
ables in the treatment groups compared with
sham-placebo. TCRFTA subjects had clinically
important improvement on all primary outcomes,
with statistical significance or a statistical trend.
TCRFTA subjects also improved on most second-
ary outcomes compared with sham-placebo, but
only Al and total airway volume were statistically
significant. TCRFTA aso improved the respira-
tory arousal index over sham-placebo (effect size
0.95, P < 0.04), but data were available from only
one site (n = 11). Other standard PSG parameters
(HI, percent sleep time with oxyhemoglobin satu-
ration <90%, and total arousal index) were not
significantly different between TCRFTA and
sham-placebo groups (data not shown). CPAP
subjects had a dtatistically significant moderate
improvement in FOSQ but no statistically signif-
icant improvement over sham-placebo on the
other outcomes measured (Table 6 and Fig 3).

Statistical significance did not change with adjust-
ment for study site (not shown).

The primary and many of the secondary out-
comes were comparable between TCRFTA and
CPAP groups with no significant differences noted
between treatments (Table 7). However, a signif-
icantly greater proportion of TCRFTA subjects
achieved a moderate improvement over placebo
on the SNORE25 questionnaire compared with
CPAP subjects (52% versus 21%, P = 0.04) (Ta
ble 8). As expected, TCRFTA subjects experi-
enced a statistically significantly greater enlarge-
ment of the upper airway volume than CPAP
subjects, consistent with this mode of therapy (P
= 0.02). The CPAP group experienced a statisti-
cally significantly greater reduction in AHI during
CPAP use (measured by AutoSet) than the
TCRFTA group experienced after treatment (mea-
sured on PSG) (P = 0.004). However, average
CPAP use was only 16.8 hr/wk (4.2 hr/CPAP-
night X 4.0 nights'wk, Table 3), which trandates
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Fig 2. Effect sizes (before—after). Posttreatment effect sizes over baseline measures for all primary and several secondary
outcome measures in each treatment group. TCRFTA, temperature-controlled radiofrequency tissue ablation group;
CPAP, nasal continuous positive airway pressure group; 1/SRT, slowest reaction time (reciprocal); FOSQ, Functional
Outcomes of Sleep Questionnaire; SNORE25, Symptoms of Nocturnal Obstruction and Related Events questionnaire; RT,
median reaction time; FRT, fastest reaction time; ESS, Epworth Sleepiness Scale; MCS, SF36 Mental Component Summary.
Statistically significant (P < 0.05) effects are indicated by * (TCRFTA) and # (CPAP).

into 30% of the 56 hr/wk (8 hours nightly) of
recommended sleep time.

DISCUSSION
Treatment Effects and Outcome
Measures

These results suggest that either multileve
(tongue and pdate) TCRFTA or nasal CPAP signif-
icantly improves deep apnea quality of life for pa
tients with mild to moderate OSAS compared with
pretrestment basdline (Table 5) or a sham-placebo
treatment (Table 6). Compared with pretreatment
baseline, TCRFTA but not nasal CPAP significantly
improves reaction time testing, an objective mea
surement of patient function. TCRFTA appears to
enlarge the airway and improve some PSG parame-
ters (Al and respiratory arousal index), which may
represent the mechanism by which this trestment
improves function and OSAS quality of life.

The clinical importance of therapeutic effect
may be inferred from analyses of effect sizes
(small = 0.2, moderate = 0.5, and large = 0.8).%°
These data suggest avery consistent small to mod-
erate therapeutic effect of TCRFTA across both

subjective and objective outcome measures com-
pared with baseline or sham-placebo (Figs 2 and
3). Analysis of CPAP effect sizes suggests a small
to moderate therapeutic effect for subjective mea
sures compared with pretreatment baseline or
sham-placebo (Figs 2 and 3).

CPAP is efficacious in improving respiratory
parameters while it is actually used; however,
its effectiveness in improving clinically impor-
tant outcomes is limited by inadequate usage.
Despite all efforts to optimize CPAP use in our
patients and despite normalization of AHI with
CPAP use, only 38% demonstrated adequate use
by objective measurement. Similar patterns of
use are reported in other randomized trials.®**
Thus, it is important to distinguish CPAP effi-
cacy (ie, effect when actually used) from effec-
tiveness (ie, effect in everyday life).?? Respira-
tory parameters measured while using the CPAP
device inherently represent efficacy measures.
Because compliance is moot after surgical treat-
ment, use of respiratory parameters as outcome
measures unfairly compare CPAP efficacy to
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Table 6. Outcomes comparison: Active tfreatments versus placebo

TCRFTA CPAP

Placebo P Effect P Effect

Outcome (n) n Diff* 95% CLt valuet size§ n  Diff* 95% CLt valuef size§
Primary

1/SRT (1/msec) 25 23 0.27 —0.09, 0.62 0.07 041 19 012 -0.26,051 0.26 0.18

FOSQ 28 26 09 -01,19 0.04 045 25 1.2 01,23 0.02 0.60
SNORE25 28 25 —-0.22 -0.53,0.09 0.08 039 24 —009 —-0.39,021 0.28 0.16
Secondary
RT (msec) 27 23 =56 -—17564 0.18 025 22 14 —-134,16.2 0.57 —0.06
FRT (msec) 25 23 —71 -185,43 0.11 043 19 23 -6.8,113 069 —-0.14
ESS 28 26 —12 -31,08 0.12 039 25 -14 -38/11 0.13 0.45
MCS 27 24 25 —14,64 0.10 039 24 17 -18,52 0.17 0.27
PCS 27 24 -10 -51,31 069 -013 24 -14 -58,30 0.74 —-0.18
AHI (events/hr) 28 24 —-27 -99, 45 0.23 0.23
Al (events/hr) 28 24 —-48 -93,04 0.02 0.89
LSAT (%) 28 24 —-12 -38,14 083 —-0.26

Total Vol (cm®) 26 2 93 -11,198 0.04 0.59

TCRFTA, temperature-controlled radiofrequency tissue ablation group; CPAP, continuous positive airway pressure group; CL, confidence limits;
1/SRT, slowest reaction time (reciprocal); FOSQ, Functional Outcomes of Sleep Questionnaire; SNORE25, Symptoms of Nocturnal Obstruction
and Related Events questionnnaire; RT, reaction time; FRT, fastest reaction time; ESS, Epworth Sleepiness Scale; MCS, SF36 Mental Component
Summary; PCS, SF36 Physical Component Summary; AHI, Apnea-Hypopnea Index; Al, Apnea Index; LSAT, lowest oxyhemoglobin saturation;
Total Vol, volume of upper airway.

**Diff = active treatment change — placebo change.

195% CL may include O with a one-sided P < 0.05.

1P value based on two-sample Student’s t test (one-sided) for comparison of mean diffs displayed. For nonnormal variables, P values were
confirmed with normal transformations (not shown) or when adequate transformation not available by nonparametric (Mann-Whitney U) test. P
values not changed significantly after adjusting for study site (ANCOVA) (not shown). One-sided tests used because a net effect was expected
a priori for each group over placebo. P value < 0.05 is significant (bold). One-sided t test shown, but two-sided non-parametric test was not
statitically significant.

8Effect size = (active treatment mean change — placebo mean change)/(placebo change standard deviation). Positive indicates improvement in
active group over placebo, negative indicates worsening. Effect size =0.50 is at least moderate (bold).

surgical effectiveness. In contrast, reaction time
tests and quality of life questionnaires measure
CPAP effectiveness.

Reaction time and quality of life represent clin-
icaly important outcomes. The day-to-day effects
of untreated OSAS manifest as compromised
function and poor quality of life. Patients seek
treatment to improve these problems. PSG param-
eters, on the other hand, are surrogate measures of
clinically important outcomes. They appear to pre-
dict cardiovascular risk, which is clinically impor-
tant; however, they are not clinically important per
se. Thus we chose to study reaction time and
OSAS quality of life as our primary outcomes.

Role for TCRFTA in the Treatment of
OSAS

These findings suggest an important role for
TCRFTA in the treatment of OSAS. Because

CPAP therapy poses no risks and CPAP users
achieve good outcomes, CPAP continues to rep-
resent a primary therapeutic option for patients
with mild to moderate OSAS. TCRFTA may
represent an alternative treatment in mild to
moderate OSAS patients that refuse CPAP,
demonstrate inadequate use, or experience in-
sufficient improvement. TCRFTA may repre-
sent an alternative treatment in mild to moderate
OSAS patients that refuse CPAP, demonstrate
inadequate use, or experience insufficient im-
provement. Surgical treatment offers the major
advantage of not depending on nightly compli-
ance to achieve an adequate treatment effect.
TCRFTA may also represent an adjunctive ther-
apy to other surgical or non-surgical treatments
of OSAS.

The low morbidity with TCRFTA is a magjor
benefit over traditional OSAS surgery. Our find-
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Fig 3. Effect sizes: active treatments versus placebo. Active treatment effect sizes over placebo for all primary and several
secondary outcome measures. TCRFTA, temperature-controlled radiofrequency tissue ablation group; CPAP, nasal
continuous positive airway pressure group; 1/SRT, slowest reaction time (reciprocal); FOSQ, Functional Outcomes of Sleep
Questionnaire; SNORE25, Symptoms of Nocturnal Obstruction and Related Events questionnaire; RT, median reaction time;
FRT, fastest reaction time; ESS, Epworth Sleepiness Scale; MCS, SF36 Mental Component Summary. Statistically significant
(P < 0.05) effects are indicated by * (TCRFTA) and # (CPAP).

Table 7. Outcomes comparison: TCRFTA versus CPAP

Outcome n (TCRFTA) n (CPAP) Difference” 95% CL P valuet Effect sizet

Primary

1/SRT (1/msec) 23 19 —-0.15 —0.22, 0.52 0.43 —-0.26

FOSQ 26 25 —0.29 —1.35, 0.77 0.58 —-0.16

SNORE25 25 24 -0.13 —0.44, 0.18 0.41 0.24
Secondary

RT (msec) 23 22 —-6.9 —21.4,7.6 0.34 0.29

FRT (msec) 23 19 —-94 —204, 1.6 0.09 0.50

ESS 26 25 0.20 —2.39, 2.80 0.87 —-0.04

MCS 24 24 0.83 —-3.07,4.74 0.67 0.12

PCS 24 24 0.38 —3.86, 4.62 0.86 0.05

TCRFTA, temperature-controlled radiofrequency tissue ablation group; CPAP, continuous positive airway pressure group; CL, confidence limits;
1/SRT, slowest reaction time (reciprocal); FOSQ, Functional Outcomes of Sleep Questionnaire; SNORE25, Symptoms of Nocturnal Obstruction
and Related Events questionnaire; RT, reaction time; FRT, fastest reaction time; ESS, Epworth Sleepiness Scale; MCS, SF36 Mental component
Summary; PCS SF36 Physical Component Summary.

*Difference = TCRFTA change — CPAP change.

TP value based on two-sample Student’ s t test (two-sided) for comparison of mean differences displayed. For nonnormal variables, p-values were
confirmed with normal transformations (not shown) or when adeguate transformation not available by nonparametric (Mann-Whitney U) test. P
values not changed significantly after adjusting for study site (ANCOVA) (not shown). Two-sided tests used because a difference between
TCRFTA and CPAP was not expected a priori. P value < 0.05 is significant.

fEffect size = (TCRFTA mean change — CPAP mean change)/(combined standard deviation). Positive indicates TCRFTA better than CPAP;
negative indicates TCRFTA worse than CPAP. Effect size =0.50 is at least moderate.

ings demonstrate mild, transient side effects (pain energy, because sham-placebo subjects had a sim-
and swallowing difficulty) and low complication ilar rate of hematoma. Nonsteroidal anti-inflam-
rates. The most common complication (hemato- matory medication can inhibit platelet activity and
ma) appears not to result from the radiofrequency may have contributed to the occurrence of hema-
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Table 8. Outcomes success (effect size =0.50) comparison: TCRFTA versus CPAP

Outcome Success criteria® TCRFTA successt CPAP successt

Primary
1/Slowest reaction time (1/msec) 0.383 10/23,43% 6/19,32%
Functional Outcomes of Sleep Questionnaire 1.34 12/26,46% 10/25,40%
Symptoms of Nocturnal Obstruction and Related —0.486 13/25,52% 5/24,21%

Events Questionnaire
Secondary
Reaction time (msec) —15.73 6/23,26% 5/22,23%
Fastest reaction time (msec) —11.39 7123,30% 5/19,26%
Epworth Sleepiness Scale —2.50 11/26,42% 8/25,32%
SF36 Mental Component Summary 3.55 7/24,29% 7/24,29%
SF36 Physical Component Summary 5.40 3/21,13% 3/21,13%
Upper airway volume (cm®) 411 12/22,55%
Apnea-Hypopnea Index (events/hr) —7.50 9/15,38%
Apnea Index (events/hr) —0.96 11/24,46%
Lowest saturation (%) 2.95 5/24,21%

TCRFTA, temperature-controlled radiofrequency tissue ablation group; CPAP, continuous positive airway pressure group; 1/SRT, slowest reaction

time (reciprocal).

*Success criteria = change in each outcome measure required for active treatment to have an effects size =0.50 over placebo. Effect size = (active
treatment mean change — placebo mean change)/(placebo change standard deviation); positive indicates improvement over placebo, negative

indicates worsening.

TProportion of subjects in each treatment group achieving treatment success criteria (effect size =0.50 over placebo).

tomas. Other investigators have found similar low
morbidity associated with TCRFTA, with signifi-
cantly less pain than other surgical therapies for
OSAS.*>% Magjor complications from TCRFTA
include tongue base abscess or airway obstruction,
seen in approximately 1% to 8% of treatment
sessions in previous case series**?*% We ob-
served no major complications, possibly related to
perioperative antiseptic rinse, antibiotics, and ste-
roids. All complications were mild, without air-
way compromise, and resolved completely.

Study Limitations and Strengths

Limitations to these results include limited sta-
tistical power, a sham-placebo schedule that was
not identical to active treatment, a nonstandard
CPAP titration method, incomplete follow-up
data, risk of type | error due to multiple testing,
and the lack of long-term outcomes assessment.
The study had adequate power to achieve statisti-
cal significance for moderate effect sizes but in-
sufficient power to achieve statistical significance
for small clinically important effect sizes (possible
type Il errors). Idedlly, the sham-placebo schedule
would have been identical to the active TCRFTA
schedule; however, ethical concerns regarding un-
necessary potential complications from repeated

placebo treatment superseded this study design
concern. Multilevel treatment was used in the ac-
tive group because it was an a priori opinion that
we could not rely consistently on pretreatment
examination to eliminate the need for multilevel
treatment. Preliminary analysis of pretreatment
examination data has confirmed this assumption
(data not shown). Furthermore, both active and
sham-placebo TCRFTA groups remained blind to
treatment group. Ideally, CPAP would have been
titrated with overnight, in-laboratory polysomnog-
raphy. Expense precluded this titration method,
and autotitrating CPAP has been shown to reduce
PSG parameters to levels comparable to in-labo-
ratory titrations.*® Titration was performed over
several nights to optimize CPAP pressures, which
were documented to dramatically improve AHI
and Al (Table 3).

Twelve percent of randomized subjects were
lost to follow-up, and only partial follow-up data
were available on others. The follow-up rates were
similar between treatment groups. All baseline
variables except FOSQ and SNORE25 were sim-
ilar between those with complete follow-up data
and those with incomplete follow-up data. Base-
line OSAS quality of life (FOSQ and SNOREZ25)
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was worse in subjects with incomplete follow-up
data compared with those with complete fol-
low-up data (both P < 0.05); however, this dis-
crepancy was no different between treatment
groups (all P > 0.3). This study includes multiple
outcome measures. We defined 3 primary out-
comes a priori 0 reduce the risk of type | error
caused by multiple testing. The consistency of
improvement across al primary and most second-
ary outcomes in the TCRFTA group suggests that
statistically significant improvements were not by
chance aone.

Ideally, long-term outcomes would be assessed;
however, long-term outcomes were not studied for
several reasons. First, short-term improvements in
quality of life and sleepiness appear to persist
greater than 2 years after TCRFTA,*® and short-
term CPAP use reflects long-term use.?® Second,
long-term outcomes are particularly difficult to
justify in a randomized, placebo-controlled tria
where placebo patients' treatment is deferred.
Third, we will follow TCRFTA patients (and
sham-placebo or CPAP subjects who subsequently
underwent active TCRFTA) to assess long-term
outcomes.

The methodologic rigor (randomized, placebo-
controlled, blinded, analyzed by intention-to-treat)
is a mgjor strength for these results. Some of the
other strengths include the measurement of clini-
cally important outcomes (both subjective and ob-
jective) rather than just surrogate outcomes, con-
sistency of treatment effect observed, separate
screening and baseline measurements, and a low
dropout rate. This study is the first conclusive,
placebo-controlled OSAS surgery trial to achieve
level | evidence according to Sackett’s criteria®’

CONCLUSION

The results of this study suggest that both
TCRFTA and nasal CPAP improve quality of life
for mild to moderate OSAS patients compared
with sham-placebo TCRFTA. The treatment effect
sizes of both therapies over sham-placebo are
small to moderate, but clinicaly important, for
most outcomes. TCRFTA improvements may re-
sult from an increase in upper airway volume and
a reduction in apnea and respiratory arousal indi-
ces, however, these hypotheses require indepen-
dent testing in a separate sample of patients.

Otolaryngology-
Head and Neck Surgery
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TCRFTA is a low morbidity procedure. Side ef-
fects of CPAP were mild but common.
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