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Objectives: To estimate the treatment effect of
temperature-controlled radiofrequency (TCRF) re-
duction of turbinate hypertrophy in patients with
sleep-disordered breathing (SDB) treated with nasal
continuous positive airway pressure (CPAP), and to
assess the impact of study design on this estimate.
Study Design: Prospective, randomized, double-blind,
placebo-controlled clinical wpilot trial. Methods:
Twenty-two CPAP-treated patients with SDB with
turbinate hypertrophy were randomly assigned to ei-
ther TCRF turbinate treatment (mean energy 415 +
37 Jiturbinate; n = 17) or placebo control (n = 5).
Changes in nasal obstruction were evaluated be-
tween pretreatment and 4 weeks post-treatment. The
primary outcome assessed changes in the blinded ex-
aminers’ findings of nasal obstruction on a visual an-
alogue scale (VAS). Secondary outcomes included
blinded patients’ and unblinded examiner assess-
ments of nasal obstruction (VAS), nightly CPAP use,
adherence, and tolerance, along with sleepiness and
general health status scales. The treatment group
findings were subtracted from the changes in the pla-
cebo group to yield treatment effect. Resulfs: The pri-
mary outcome treatment effect by VAS was -0.9 em
(95% confidence interval [CI], -2.4, 0.7), and beyond
the placebo effect of -1.5 em (95% CI: -3.4, 0.3). The
secondary treatment effect of the unblinded exam-
iner was -3.0 em (95% (I, -4.9, -1.1). A beneficial treat-
ment effect was also seen on every secondary outcome
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except general health status, but only self-reported
CPAP adherence (P = .03) was statistically signifi-
cant. Conclusions: TCRF turbinate treatment appears
to benefit nasal obstruction and CPAP treatment
for SDB. Placebo control and double blinding are crit-
ical for establishing the true treatment effect. A fu-
ture definitive trial is feasible to establish statistical
significance of these findings. Key Words: Tempera-
ture-controlled radiofrequency, turbinate hypertro-
phy, sleep-disordered breathing, CPAP, placebo-
controlled, randomized trial, double-blind.
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INTRODUCTION

Those who use nasal continuous positive airway pres-
sure (CPAP) devices for sleep-disordered breathing (SDB)
and experience problems resulting from nasal complaints
may benefit from treatment of the shrinkable turbinate
tissues in the nose. The anterior inferior turbinates, when
enlarged, may create blockage of the nasal passages be-
cause they have a variable reactivity to allergens, temper-
ature, humidity, and the increased pressure and airflow
from CPAP. Patients using CPAP often experience nasal
stuffiness and blockage resulting from this reactive tissue
and are commonly on oral decongestant medications, al-
lergic desensitization, or chronic nasal sprays. The cur-
rently available treatment modalities for enlarged turbi-
nates (hypertrophy) range from conservative non-invasive
medical management to surgical management.’”® Al-
though surgical turbinectomy is an acceptable remedy to
open the nasal airway, it may require nasal packing. In
addition, there are risks of bleeding, infection, adverse
airflow patterns, and the onerous problems of atrophic
rhinitis. Conservative medical therapies such as steroid
injections, nasal sprays, decongestants, and desensitiza-
tion procedures are not always effective in controlling
turbinate enlargement in the patient with sleep-
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disordered breathing on CPAP. An alternative in this
patient population may be temperature-controlled radio-
frequency (TCRF) shrinkage of a portion of the inferior
turbinate tissue. Hence, this pilot study was designed to
investigate and estimate the treatment effect of TCRF,
assess the impact of study design on the estimate of treat-
ment effects, and determine the feasibility of conducting a
future definitive study.

MATERIALS AND METHODS
Study Design

This investigation was designed as a prospective, random-
ized, double-blind, placebo-controlled clinical pilot trial that ad-
heres to Sackett’s level II rules of evidence.”® In addition, for
comparison, an unblinded investigator evaluated outcomes but
did not communicate with blinded investigators. The university
institutional review board approved this protecol, and all subjects
provided informed consent.

Eligibility Criteria

(reneral inclusion required an age range of 18 to 60 vears
and a clinical history of bilateral turbinate hypertrophy causing
nasal obstruction interfering with the nightly use of CPAP, a
desire for treatment, and otherwise good health (ASA class I-II).
Further inclusion criteria required a history of incomplete or
failed treatment by conventional medical methods and the ability
to discontinue all nasal medication for the duration of the study
(2 weeks before “treatment” until 4 weeks post-treatment). Ex-
cluston criteria included previous nasal surgery, recurrent epi-
staxis, olfactory abnormalities, and septal or bony deformity af-
fecting the nasal airway. Excluded also were subjects with a
history of upper respiratory tract cancer, radiation therapy, ac-
tive respiratory infections, labile or uncontrolled hypertension,
and coagulopathy. Further exclusions were the inability to give
informed consent or the inability to complete the study protocol,
psychiatric instability, drug or alechol abuse, pregnancy, or clas-
sification as an ASA class III-V. All prospective subjects under-
went evaluation and assessment for nasal obstruction, which
included a detailed history and physical examination with objec-
tive rhinoscopy and photography. The specific evaluation criteria
reviewed the patients’ complaint of nasal obstruction, which cov-
ered frequency, length, and severity of occurrences. This was used
to establish that the subject suffered from a chronic, unremitting
problem interfering with the use of nightly CPAP. This group
then proceeded to clinical screening and rhinoscopy to assess
intranasal airway pathology or anatomic deformities, and to eval-
uate the extent of nasal airway obstruction of the inferior turbi-
nates. Each examiner to independently and serially grade these
anatomic findings over the course of the study scored their find-
ings on a 10-cm visual analogue scale (VAS). VAS anchors were
0 = no obstruction and 10 = complete obstruction.

Subjects and investigators did not receive any compensation
for participation in this study, and no subject incurred treatment
fees.

Subjects

Sixty-two subjects were interviewed from the Stanford
Sleep and Research Center and 40 did not meet eligibility crite-
ria. Twenty-two were declined over the phone and 18 were re-
jected after the clinical and fiberoptic examination. Of these,
there were anatomic abnormalities, polyps, unilateral turbinate
obstruction, and an unwillingness to be randomized. Twenty-two
eligible subjects (22 of 62) were enrolled and were randomly
assigned to either the TCRF active treatment or placebo control
groups. Randomization was performed with the use of sealed

Laryngoscope 111: October 2001
1784

envelopes just before treatment. This sample size was chosen to
allow estimations of TCRF treatment effects and variance, to
evaluate the influence of placebo control and blinding, and to
determine the feasibility of a future study.

Examiners

Blinding to treatment was achieved with a realistic placebo
“treatment” and was identical to the active treatment protocol,
except that a separate unblinded investigator used a covert ra-
diofrequency (RF) energy cut-off switch. The RF device was pro-
grammed to mock treatment feedback (audio indicators) to main-
tain blinding of the patient and treating physician. Patients, as
well as treating and examining physicians (R.T. and K.L.), were
all blinded to treatment groups for the duration of the study. In
addition, an unblinded physician (A.Z.) also examined patients
before treatment and after treatment to estimate the effect of
blinding on outcome assessment. The unblinded physician did not
deliver any treatments or discuss the findings with the subjects or
blinded physicians. The subjects were unaware of the unblinded
status of this examiner. Examiners did not, at any time, share
results during the study.

Study Procedures

Two weeks before randomization and treatment, 20 subjects
were switched to new loaner CPAP devices with overt electronic
metered time/pressure counters: 10 ResMed (ResMed Corp., San
Diego, CA) and 10 Nelcor (Nelcor Puritan Bennet, Pleasanton,
CA). Two subjects continued their own BiPAP devices (Respiron-
ics) already with counters. All subjects continued on their prior
pressure settings and used their usual mask apparatus. Each
subject kept a sleep diary, which included sleep time and CPAP
use starting 2 weeks before and ending at 4 weeks after treat-
ment. All subjects completed data questionnaires and nasal ex-
amination (independently by blinded and unblinded physicians)
just before treatment and at 1, 2, and 4 weeks after treatment.
The patients and blinded physicians remained blinded to treat-
ment groups for the duration of the study.

Treatment (TCRF)

(Cutpatient treatment intervention consisted of application
of topical anesthetic to the turbinate mucosa bilaterally, followed
by injection of 2.0 mL of 0.5% lidocaine into the anterior inferior
turbinate. Placement of a TCRF electrode (Somnus Medical Tech-
nologies Inc., Mountain View, CA) into the anterior inferior tur-
binate under direct visualization was made, and 350 to 500 J of
RF energy was delivered over 25 to 70 seconds at 80°C. One
treatment was delivered for each turbinate. The subject was then
discharged from the office within 5 minutes of treatment. Each
subject was instructed to continue nightly use of CPAP. No sed-
ative medications, steroids, or antibiotics were used. Patients
were advised to use 500 to 1000 mg acetaminophen if needed for
pain. The subjects were seen for post-treatment clinical follow-up
at 1 day, and at 1, 2, and 4 weeks.

Outcome Measures

The primary outcome variable was the change in the
blinded examiners’ assessment of nasal obstruction from pre-
treatment to 4 weeks post-treatment. Obstruction was quantified
on a 10-cm visual analogue scale (VAS) with anchors of 0 indi-
cating no obstruction and 10 indicating complete obstruction.
This outcome metric was chosen because it was relatively stan-
dardized and specific to the primary problem of nasal obstruction.
A change of 0.7 cm was considered the minimal clinically impor-
tant change from baseline based on previous standards with
other subjective measures,® ! including other visual analogue
scales.'
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Secondary outcomes, in order of specificity to the problem
being treated, included changes in each patient's assessment of
nasal obstruction and unblinded examiner assessment of nasal
obstruction using the same 10-cm VAS as was used by the blinded
physicians. A change in CPAP use from the 2-week period before
treatment up to 4 weeks after treatment (objectively measured
with an embedded counter), as well as CPAP adherence (mean
CPAP time per night/mean sleep time per night), were reported
by patients’ diaries over the same time periods as CPAP meter
readings. Subjective CPAP tolerance (VAS) and sleep propensity
changes were measured by the Epworth Sleepiness Scale.!*-15
Health status changes were measured by the SF-36 domain
scores pre- and post-treatment. All VAS used a standard 10-cm
scale with anchors described in Table 1.

Statistical Analyses

Baseline, treatment, and outcome variables of the two
groups were compared with Student ¢ test for continuous normal
variables, the Mann-Whitney test for continuous nonparametric
variables, and the Fisher's Exact Test for dichotomous variables.
The paired ¢ test for continuous normal variables and the sign
test for continuous nonparametric variables were used to test the
hypothesis that changes within groups were equal to zero. For
nasal obstruction, right and left sides were scored separately and
averaged for each patient’s overall nasal obstruction score, which
was then used for analyses.

All results regarding continuous variables are expressed as
mean * standard deviation. The data were analyzed with Inter-
cooled Stata 6.0 software (Stata Corp., College Station, TX). All
statistical tests used a two-tailed significance level because it was
plausible that treatment could worsen symptoms in the 4-week
post-treatment period. P value <.05 was considered statistically

significant.

RESULTS

All subjects who entered the protocol (N = 22) com-
pleted the study. There were no complications or unto-
ward reactions to treatment. Table II contains baseline
data and Table III displays treatment data of the two
groups. The subjects were middle-aged, overweight, and
had moderate to severe SDB by respiratory disturbance
index (RDI).'® The groups were statistically different only
with respect to baseline nasal obstruction assessed by the
unblinded examiner and treatment energy delivered.

Table IV summarizes the nasal obstruction data
(VAS) before and after treatment in the control and inter-
vention groups. Tabulations are presented for the patient,
blinded physicians, and unblinded physician assessments.
The negative values for all tabulations in the columns
headed “change” indicate there was an observed mean
improvement by all assessors in both the control group

and the intervention group. These VAS improvements in
the control group represent the placebo effect: -1.7 ecm (95%
confidence interval [CI], -4.1, 0.6) for patient, -1.5 cm (95%
Cl, -3.4, 0.3) for blinded examiners, and -0.8 em (95% ClI,
-2.7, 1.2) for unblinded examiner assessments. The true
treatment effect is the difference in improvement between
the intervention group and control group (placebo effect)
shown in Table IV. Only the unblinded physician assess-
ment demonstrated a statistically significant improve-
ment in treated patients over control subjects.

The effects of turbinate treatment on CPAP mea-
sures (objective use, self-reported adherence, and subjec-
tive tolerance) are displayed in Table V. For all CPAP
measures, a negative change indicates a decrease in CPAP
use, adherence, or tolerance. The treatment effect is esti-
mated by the difference in these mean changes between
the intervention and placebo groups. CPAP adherence had
a statistically significant improvement in treated patients
over control subjects. The effects of turbinate treatment on
daytime sleep propensity (ESS) and the vitality domain of
the SF-36 (most pertinent to SDB) are summarized in
Table VI. No statistically significant improvements were
noted with these measures or with any of the other SF-36
domain scores.

DISCUSSION

Our primary hypothesis was that TCRF turbinate
treatment would improve nasal obstruction and thus the
effectiveness of CPAP for patients with SDB having prob-
lems with nasal congestion secondary to turbinate hyper-
trophy. This study was by design, a pilot study, hence, not
powered with sufficient patient numbers to be a definitive
study. As a pilot study it was designed to control for key
biases, most importantly the placebo effect and examiner
bias, to estimate the real effect of TCRF treatment. The
three main results from this pilot study are: 1) TCRF
treatment of turbinates appears to have a beneficial effect,
2) appropriate study design is critical in assessing treat-
ment, and 3) a future definitive study is feasible.

Effect of TCRF Treatment

The point estimates consistently suggest a beneficial
treatment effect from TCRF turbinate treatment. Table
[V summarizes the degree of nasal obstruction, and all
three assessors consistently found greater improvement
in the treatment group over the placebo group. Similarly,
the point estimates of the CPAP measures all suggest
improvements in the treatment group over the placebo

TABLE I.
Visual Analog Scale Anchors®.

Measure

Minimum Anchor {0)

Maximum Anchor {10)

MNasal obstructiont No obstruction

CPAP tolerance

Pain No pain

Unable to tolerate or use

Complete obstruction

Easily tolerated and use all 7 nights
per week

Intense pain

*All scales on a 10-cm unmarked line.

1Same scale for patient, blinded examiner, and unblinded examiner assessments.

CPAP = continuous positive airway pressure.
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TABLE II.

Baseline Data.
Control Group Intervention Group
Variable (N = 5) (N =17) P value*
Demographic variables
Gender (% female) 60% 41% 62
Age y) 51 =7 55 =12 46
Clinical variables
Body mass index (kg/m?) 31+6 29 + 4 .39
Polysomnography variables
Apnea-hypopnea index (events/hr) 25 + 18 35 = 26 39
Apnea index (events/hr) 6.2 = 7.8 17 = 21 46
Minimum oxygen saturation (%) 83 + 11 80 =8 .55
Awake oxygen saturation (%) 94 = 2 95 = 2 a1
Sleep & CPAP variablest
CPAP duration
Total (mo) 6.0 + 3.3 14 = 19 87
New, w/counter (days) 152 15+ 2 48
CPAP pressure (cm H.O) 88 1.3 8022 45
CPAP use (min/night): diary 234 + 133 318 + 93 A2
Mean sleep time (min/night): diary 382 + 30 390 + 62 78
Blocked nose on CPAPL (% Yes) 100% 88% 1.00
Outcome variables before intervention
Masal obstruction (VAS§), assessed by
Patient 56 + 0.8 51 +18 52
Blinded examiner 6.8 £ 2.2 70x2A1 .88
Unblinded examiner 7.3 0.7 8.5 0.8 .01
CPAP use (min/night): counter 259 *+ 146 346 = 125 20
CPAP adherence (CPAP min per night/sleep min per night): diary 0.61 = 0.35 0.82 =+ 0.20 41
CPAP tolerance (VASS) 43 = 3.6 49 + 28 72
Epworth Sleepiness Scale 88 +2.8 105+ 48 A7
29 + 13 41 = 20 23

SF-36 Vitality Domain

“P value based on two-tailed t test (normal) or Mann-Whitney test (nonparametric) for equality of means, or Fisher exact test for homogeneity (gender,

blocked nose on CPAP).

tAll sleep and CPAP baseiine summaries pertain to the 2-week period before treatment, except where specified otherwise.

TAt initiation of CPAP.
§See Table | for details of visual analog scales.

CPAP = continuous positive airway pressure; VAS = visual analog scale.

group (Table V). Small improvements in sleepiness were
also noted (Table VI). Furthermore, the magnitude of the
clinical treatment effects were approximately 10% for na-
sal obstruction (0.8-0.9 on VAS), an increase in CPAP use
by 32 minutes, 10% for CPAP adherence (0.10), and >20%
for CPAP tolerance (2.4 em by VAS).

These small but positive findings may be far more
relevant in patients with SDB than previously appreci-
ated. Support for this is seen in Poiseuille’s law which
states that flow through a tube is proportional to the
fourth power of the radius or to the square of the cross-
sectional area of the tube.!” Thus, a 10% increase in the
cross-sectional area of the nasal passage would result in a
21% increase in airflow through the nose. In this study,
the blinded and unblinded examiners’ assessment of nasal
obstruction was based only on visual examination and
rhinoscopy, thus roughly estimating cross-sectional area.
Resistance in a tube is also inversely proportional to the
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fourth power of the radius. King et al.’® recently reported
on 12 normal healthy, non-obese subjects who were re-
stricted to nasal breathing (through a nasal CPAP mask)
at a subatmospheric pressure of -10 em H,0 while sleeping

TABLE Il
Treatment Data: Temperature-Controlled Radiofrequency Energy.

Control Group  Intervention Group
Variable (N = 5) N =17) P value®
Energy per turbinate (J) 0x0 415 = 37 <.001
Time per turbinate (sec) 31 +3 39 + 12 24
Pain (VAST) 2.3 1.7 19 +1.7 62
‘P value based on two-tailed t test (normal) or Mann-Whitney test
(nonparametric) for equality of means.

tVisual analog scale (10 cm) with anchors “no pain” and “intense pain.”
VAS = visual analog scale.
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