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Abstract The objective of the study was to assess the

short-term efficacy of radiofrequency volumetric tissue

reduction (RFVTR) of the inferior turbinates in patients

with nasal obstruction caused by turbinate hypertrophy.

The study is a prospective, randomized, single-blinded,

placebo-controlled, crossover trial. A total of 22 patients

(age range 21–72 years; median age 41 years) were ran-

domized into two treatment arms. Using a bipolar radio-

frequency system, the first group (VP-group) received

RFVTR (verum = V) first (at t1) followed by a placebo

treatment (P) 6–8 weeks later (at t2). The PV-group was

treated with placebo first at t1 and received RFVTR at t2.

Subjects in both groups underwent identical procedures in

an office-based setting. Delivery of radiofrequency energy

was the only difference between the two groups. The out-

come measures assessed were rhinomanometry, physi-

cian’s evaluation of the degree of hypertrophy of the

inferior turbinates and patients’ estimation of nasal

obstruction. Physician and patient evaluations were docu-

mented using a score ranging from 0 = none to

4 = severe. Evaluation was performed 6–8 weeks after

every intervention. No intraoperative or postoperative

complications occurred. Inferior turbinate hypertrophy

improved significantly in both groups after RFVTR was

performed (VP-group: p \ 0.001; PV-group: p = 0.002).

Nasal obstruction also decreased only after RFVTR (VP-

group: p = 0.004, PV-group: p = 0.002). This study con-

firmed the safety of bipolar RFVTR as an office-based

treatment of nasal obstruction due to inferior turbinate

hypertrophy. We could prove that RFVTR is superior to

placebo for reduction in turbinate hypertrophy and sub-

jective improvement in nasal obstruction. To our knowl-

edge, this is the first level I study proving the short-term

efficacy of a bipolar radiofrequency system.

Level of evidence 1b.
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Introduction

Chronic nasal airway obstruction is a widespread com-

plaint frequently caused by hypertrophy of the inferior

turbinates. When conservative treatment methods fail, the

wide range of surgical options offers alternatives for

reduction of the hypertrophic inferior turbinates. An ideal

surgical procedure for turbinate volume reduction should

entail minimal discomfort or adverse effects and preser-

vation of physiologic function [1]. In their review, Hol and

Huizing [2] evaluated 13 surgical techniques that have

been described for reduction of inferior turbinate hyper-

trophy over the past 130 years. Every method contained

some inherent weakness associated with lack of efficacy

and early or late complications (e.g., pain, bleeding, crust

formation, need for nasal packing, long-term relapse, or
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atrophic rhinitis) [3–6]. The wide range of different sur-

gical techniques available represents a lack of consensus

regarding the ideal surgical treatment [2].

Recently, radiofrequency volumetric tissue reduction

(RFVTR) has been used with increasing popularity as a

minimally invasive method. Submucosal application of

radiofrequency energy generates a focal lesion via heat-

induced ablation without damaging underlying structures

(e.g., turbinate bone) or the mucosal cover [7]. Subsequent

healing of the circumscribed submucosal necrosis includes

a fibroblast-induced wound contraction, which results in

turbinate volumetric reduction and relief of impaired nasal

patency. Additionally, submucosal fibrosis adheres to the

mucosa to the turbinate periosteum and reduces blood flow

to the turbinate, minimizing the likelihood of postoperative

swelling and edema [8, 9]. Based on its documented

improvement of nasal obstruction, sound intraoperative

control, and favorable morbidity rates, RFVTR has become

more widespread, especially for office-based inferior tur-

binate reduction.

However, many studies published on nasal RFVTR are

limited by a low level of evidence as they are based on

observation of symptoms only. Hytönen et al. [5] per-

formed a systematic literature search of trials dealing with

RFVTR of the inferior turbinates. In their conclusion, they

stress the urgent need for well-planned, randomized, dou-

ble-blind, placebo-controlled trials of nasal RFVTR.

We hypothesized that RFVTR is superior to placebo in

volumetric reduction of the inferior turbinates. The objec-

tive was to prove the short-term efficacy of RFVTR on a

high level of evidence (Fig. 1). We report our findings of a

prospective, randomized, single-blinded, placebo-con-

trolled crossover trial.

Materials and methods

Study design

The present study was a prospective, randomized, single-

blinded, placebo-controlled crossover trial (Fig. 2). The

study protocol was reviewed and approved by the

institutional Ethics Board of the Medical Faculty Mann-

heim of the University of Heidelberg (Germany). Written

informed consent was obtained from all patients. Patients

were then randomized to either RFVTR (RF) treatment

(verum = V) or placebo (P) at the first date of treatment

(t1). The patients were not informed about their group

status throughout the duration of the study (either VP-

group: first RF then placebo, or PV-group: first placebo

then RF). Subjects were asked to complete questionnaires

regarding nasal obstruction, or, during postoperative

intervals, to describe any symptoms that occurred after the

treatment. The surgical settings for both interventions were

identical; however, no energy was delivered through the

active tip of the handpiece during placebo treatment.

Subjects were evaluated 6–8 weeks after the first treatment

and completed questionnaires. At this point, patients

switched treatment groups (crossover). After the second

treatment (t2), all subjects had received one RF and one

placebo treatment, not knowing their individual order of

interventions. A final evaluation with a survey regarding

symptoms and procedure-related complications was

administered and unblinding of group status occurred

6–8 weeks after the second treatment. Each patient met

with the ENT Department a total of four times.

Patients

A total of 22 patients (9 female and 13 male) were included

in this study. The median age at the time of the study was

41 years (age range 21–72 years). Subjects had to meet the

following inclusion criteria: impaired nasal passage

exclusively resulting from hypertrophied inferior turbinates

and capacity to consent. The age range for participation in

the study was 20–75 years. Patients with previous turbinate

surgery, septal deformities, nasal valve collapse, nasal

polyps, sinunasal tumors, allergic rhinitis, recurrent sinus-

itis or acute or chronic rhinitis were excluded. Additional

exclusion criteria included chronic use of topical decon-

gestants or steroids, coagulation disorder, cardiac pace-

maker, uncontrolled hypertension, gravidity, mental health

problems or language barriers. Patients who qualified for

the study were informed both orally and in writing.

Fig. 1 Working hypothesis: RFVTR is superior to placebo. A reduction of tissue volume can only be observed after application of

radiofrequency (t1 in the VP-group, and t2 in the PV-group). VP-group first RFVTR then placebo, PV-group first placebo then RFVTR
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Evaluation and documentation

The subjects were evaluated before every treatment and

6–8 weeks after the second treatment in an identical

manner. The clinical evaluation included a complete his-

tory and physical head and neck examination with nasal

endoscopy and anterior rhinomanometry. Physical exami-

nation was performed to evaluate the inferior turbinates

and to assess any crusting, bleeding or ulceration. The

anterior rhinomanometry was performed without decon-

gestants using a standard device (Rhinomanometer 300,

ATMOS Medizintechnik GmbH, Lenzkirch, Germany). All

clinical examinations were performed by the same exam-

iner (G.M.B.). The primary outcome measure assessed by

clinical examination was the degree of hypertrophy of the

inferior turbinates. Evaluations were documented using a

score ranging from 0 = none to 4 = severe.

Before every treatment, patients also received a ques-

tionnaire related to nasal obstruction, improvement of nasal

passage or postoperative complaints (e.g., bleeding, crust-

ing, impaired nasal passage or pain). Nasal obstruction was

documented using the nasal airway obstruction score

(NAOS), ranging from 0 = none to 4 = severe. Complete

evaluation and documentation were performed three times:

once before the start of the trial and 6–8 weeks after every

treatment.

Surgical procedure

The treatments were delivered on an outpatient basis in the

Department of Otorhinolaryngology, Head and Neck Sur-

gery. No premedication was given. The same surgeon

performed all treatments throughout the study and was not

blinded to the patients’ group (G.M.B.). The inferior

turbinate was topically anesthetized using cotton strips

with a 1:1 mixture of lidocaine and xylometazoline

hydrochloride (Xylocaine, Astra Zeneca, Wedel, Germany;

Otriven, Novartis, Basel, Switzerland). In addition,

approximately 1.5 ml of local anesthetic was applied to the

anterior and medial parts of the inferior turbinate. The

electrode was placed in a serial technique submucosally

into the caudal segment of the inferior turbinate. Distance

between entry sites was approximately 1.5 cm. RFVTR

was applied with a handheld Binner bipolar needle elec-

trode and a Curis� radiofrequency generator (Sutter Med-

izintechnik GmbH, Freiburg, Germany) that was set to

RaVoRTM-mode. With this bipolar mode of operation

(10 W and 4 MHz), the impedance-controlled generator

stops delivery of energy automatically once the tissue has

reached a certain level of resistance due to radiofrequency

ablation (Fig. 3). The process of ablation is accompanied

by an acoustic tone that rises in pitch as the resistance of

the tissue increases. Subjects in the placebo arm underwent

identical treatment, including anesthetic, submucosal

placement of the probe, and sound from the acoustic gen-

erator. Delivery of energy into the tissue was the only

difference between verum and placebo. No packing or

antibiotic therapy was used after the operation. Patients

were allowed to leave the office 15 min after completion of

the treatment.

Statistical analysis

All analyses were performed with either SAS software

version 9.2 (randomization) (SAS Institute Inc., Cary,

North Carolina, USA), or PASW Statistics 18.0 (SPSS Inc.,

Chicago, IL, USA). To compare baseline characteristics,

Fisher’s exact test was used for categorical variables and

Fig. 2 Schematic summary of the crossover study design

Fig. 3 Curis� radiofrequency generator with handheld Binner bipo-

lar needle electrode (Sutter Medizintechnik GmbH, Freiburg,

Germany)
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the Mann–Whitney U test was used for continuous scores.

Non-parametric crossover analyses with Mann–Whitney

U tests were performed to establish significance values for

intervention, carryover and period effects. All analyses

were based on intention-to-treat. A p value of B0.05 was

considered significant.

Results

Randomization of the 22 patients resulted in 11 subjects in

the verum group and 11 in the placebo treatment arm. All

patients tolerated both procedures well, and the repeat-

treatment acceptance was 77.3 %. No patients had signif-

icant bleeding during or after a treatment, and there was no

need for nasal packing in any of the patients. Furthermore,

no ulceration, adherent crust formation or mucosal erosion

was observed at any follow-up examination. No patient

required prescription of analgesics after the procedure. The

most common complaints were transient side effects,

including minor nasal discharge and a post-procedural

obstruction for up to 5 days.

We report on the following three outcome measures:

rhinomanometry, degree of hypertrophy as evaluated by

the investigator, and subjective nasal obstruction.

At baseline, rhinomanometry values were smaller in the

VP-group (248.2 ± 65.8 ml/s) compared to the PV-group

(293.7 ± 72.8 ml/s), although this difference was not sta-

tistically significant (p = 0.169). Evaluation of the post-

operative measurements of the VP-group indicated no

statistically significant difference either after the first

(RFVTR) or after the second (placebo) intervention. In the

PV-group, the second treatment (RFVTR) resulted in a

statistically significant improvement of nasal airflow

(334.3 ± 128.93; p = 0.017) (Fig. 4).

The degree of inferior turbinate hypertrophy was docu-

mented using a score system (score range, 0 = none to

4 = severe). Before treatment, the degree of hypertrophy

did not differ significantly between both treatment groups

(VP-group, 3.28 ± 0.47; PV-group, 2.82 ± 1.17) (p =

0.595). Post-treatment evaluation of the VP-group indi-

cated a statistically significant improvement only after the

first procedure (RFVTR) (1.8 ± 1.23; p = 0.001). There

was a tendency of improvement even after the second

(placebo) intervention (Fig. 5); however, it was not statis-

tically significant (0.25 ± 1.58; p = 0.668) (Table 1).

Evaluation of the PV-group indicated significant

improvement after the second treatment only (RFVTR)

(1.56 ± 1.24; p = 0.005) (Fig. 5). At the end of the trial,

a statistically significant improvement was observed

in both treatment arms (VP-group, p \ 0.001; PV-group,

p = 0.002).

Crossover analysis revealed a significant period effect

(p = 0.0013) and a significant carryover effect

(p = 0.028). The effect of intervention showed a strong

tendency without statistical significance (p = 0.051)

(Table 2).

Subjects’ estimation of nasal obstruction was docu-

mented with the NAOS at every follow-up evaluation

(score range, 0 = none to 4 = severe). Comparison of the

preoperative scores showed no statistically significant

Fig. 4 This boxplot diagram summarizes all rhinomanometry mea-

surements for both treatment arms at baseline examination and

6–8 weeks after every treatment. A significant improvement of

rhinomanometrical measurements was only observed in the placebo

group after verum RFVTR (p = 0.017)

Fig. 5 Clinical scores after evaluation of hypertrophy of the inferior

turbinates in both groups. The score ranged from 0 = none to

4 = severe. A significant improvement was documented only after

the RF procedure. RFVTR was performed in the VP-group at t1

(p = 0.001), and in the PV-group at t2 (p = 0.002). The whiskers
indicate a confidence interval of 95 %
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difference between both treatment arms (VP-group,

2.91 ± 0.7; PV-group, 2.81 ± 0.6; p = 0.765).

In the VP-group, NAOS improved from 2.9 ± 0.7 to

1.6 ± 0.97 after RFVTR (p = 0.001). This score dropped

further to 1.5 ± 1.3 after placebo treatment, but did not

reach statistical significance (p = 0.782) (Fig. 6; Table 1).

Comparison of the pre- and post-operative values of the

PV-group indicated minimal but not statistically significant

improvement after placebo treatment (2.8 ± 0.6–2.4 ± 0.9;

p = 0.267) but a clear and statistically significant

improvement after RFVTR (1.30 ± 0.9; p = 0.024)

(Fig. 6). At the end of the study, a statistically significant

improvement was observed in both treatment arms

(VP-group, p = 0.004; PV-group, p = 0.002).

Crossover analysis revealed a significant period effect

(p = 0.019) and intervention effect (p = 0.043) but no

significant carryover effect (p = 0.150) (Table 2).

Discussion

Since the first documented application of radiofrequency

energy for volumetric reduction of inferior turbinates was

by Li et al., various benefits of the treatment have been

identified, including practicability as an office-based pro-

cedure, low morbidity, improvement rates of nasal

obstruction between 80 and 100 %, and preservation of

mucosal function [1, 3, 7, 8, 10]. Thus, RFVTR has been

established as a safe, minimally invasive modality that is

broadly applied in many countries even though the number

of nasal radiofrequency studies—especially randomized

controlled trials—remains relatively small [5, 10].

In order to achieve a high level of evidence, we used

several study design elements that are critical for evalua-

tion of treatment outcomes. First, randomization was per-

formed to control known or unknown confounders of the

treatment. Comparison of baseline data for all outcome

measures (rhinomanometry, degree of hypertrophy, and

NAOS) showed no statistically significant difference

between both treatment arms, which proves sound ran-

domization. Second, the crossover design enabled each

patient to serve as his or her own control, further reducing

the influence of confounding covariates.

In our study, the effects of RFVTR treatment were

evaluated separately by the patient and the physician using

a score system that is comparable to a visual analogue

scale. The physician evaluated the degree of hypertrophy of

the inferior turbinates, and patients estimated the extent of

nasal obstruction (NAOS). RFVTR provided a significant

improvement in degree of hypertrophy and nasal obstruc-

tion (Table 1). Our findings are in accordance with previ-

ous reports concerning short-term improvement after

RFVTR treatment [1, 6, 7].

Irrespective of whether an evaluation is performed by

the patient or the physician, it is prone to be biased by a

placebo effect [5]. Only a few trials used a placebo-con-

trolled treatment arm to evaluate its impact on the outcome.

In 2001, Powell et al. [11] conducted a randomized pilot

study, including 22 patients randomized to placebo (n = 5)

or verum treatment (n = 17). A beneficial effect on nasal

obstruction was observed in both groups. However, find-

ings in the placebo group did not reach statistical signifi-

cance, probably due to the small number of patients

randomized to this group. In a similar study by Naese and

Krempl [12], radiofrequency energy was applied to reduce

inferior turbinate hypertrophy in bigger sample sizes (16

patients in each group) with an additional crossover option.

Table 1 Table of p values indicating statistical significance of

improvement after performance of RF treatment or placebo

Interval Degree of hypertrophy NAOS

VP-group PV-group VP-group PV-group

t1–t2 0.001 0.839 0.001 0.267

t2–t3 0.668 0.005 0.782 0.024

t1–t3 \0.001 0.002 0.004 0.002

The outcome measures were degree of hypertrophy of the inferior

turbinate, evaluated by a physician, and nasal airway obstruction

score (NAOS), as estimated by every patient. As a result of the

crossover study design, all subjects improved by the end of the trial

(t1–t3). These p values prove that RFVTR is superior to placebo in

volumetric reduction of the inferior turbinates

Table 2 Statistical analysis of the scores (turbinate hypertrophy and NAOS)

VP-group PV-group Effect, p valuea

Mean SD Mean SD Intervention Carryover Period

Turbinate hypertrophy (0 = none to 4 = severe) t1 1.40 1.40 3.00 0.47 0.051 0.028 0.031

t2 1.25 0.89 1.11 1.05

NAOS (0 = none to 4 = severe) t1 1.60 0.97 2.70 0.48 0.043 0.150 0.019

t2 1.56 1.33 1.30 0.95

SD standard deviation, NAOS nasal airway obstruction score, t1 after the first operation, t2 after the second operation
a Mann–Whitney U test
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This crossover option offered RFVTR treatment to patients

from the placebo group after unblinding of their status. The

outcome of this study proved for the first time that RFVTR

is significantly better than placebo. Additionally, a signif-

icant placebo effect was observed, yet this could not be

fully evaluated due to the optional crossover. The authors

stressed the need for further investigation of the relevance

of a placebo effect in nasal RFVTR studies [12].

As mentioned above, each patient serves as his or her

own control in a crossover study design, thereby mini-

mizing the influence of a placebo effect in contrast to a

longitudinal study. Powell et al. [11] pointed out that suf-

ficient power to test a placebo-controlled hypothesis could

only be obtained by an appropriate number of subjects in

each group and suggested a total of n = 76. Application of

crossover design offers higher statistical efficiency, which

reduces the number of subjects required (in our study

n = 22). Analysis of Figs. 5 and 6 reveal a tendency of

improvement after placebo in both treatment arms. How-

ever, the observed trends of a placebo effect were not of

statistical significance (Table 1). This proves that RFVTR

is superior to placebo and that the effect of a placebo

treatment is not comparable to RFVTR. Herewith we

adduced evidence for our hypothesis, proving that RFVTR

is superior to placebo in the reduction of the inferior tur-

binate on a high level of evidence.

There are some limitations to our study. Objective

testing with anterior rhinomanometry was performed but

produced inconsistent results, proving questionable in

reliability and reproducibility [11, 13].

Review of current studies revealed a maximum of vol-

umetric tissue reduction after interstitial application of

radiofrequency energy by end of week 8 [3, 14, 15]. Smith

et al. [14] showed that 90 % of the reduction in the inferior

turbinate occurred within the first 3 weeks. On account of

these findings, we chose a postoperative time interval of

6–8 weeks (Fig. 2) between each treatment and before

conducting the final evaluation. Because we choose this

time interval, we only performed a short-term follow-up. In

order to achieve a higher level of evidence, we decided to

include a crossover design with a placebo treatment. This

study design may limit the post-procedural time frame of

evaluation, as both groups received RFVTR and placebo by

the end of the trial. However, we believe that long-term

examination of RFVTR is ethically questionable if a group

of patients only receives placebo treatment.

Unblinding of the examining physician could introduce

unintentional bias by causing misinterpretation of data.

However, we believe that evaluation of the degree of

hypertrophy is less prone to misinterpretation, especially

when findings are classified in a score system. In order to

increase feasibility, the investigator was not blinded. He

also was not allowed to see the patients’ previous scores

before evaluation of the actual status. The results of the

patient questionnaires (NAOS) are comparable to the

physician’s outcome, indicating no significant limitation in

this trial.

Crossover trials are prone to another type of bias called

periodic effect. The course of a crossover design can be

subdivided into two periods of treatment. A progressive

disease or acute condition is not appropriate for investi-

gation in a crossover design, as the initial condition may

worsen or improve during the study period independent of

the intervention. As a chronic condition, inferior turbinate

hypertrophy meets the prerequisite for crossover study

design. It is also possible that the order of treatments,

patients’ gain of experience, or timing of a treatment (e.g.,

seasonal changes in an allergy trial) may affect observa-

tions. Any time-related effect that may interfere with the

findings of the treatment is described as a periodic effect.

In our trial, crossover analysis revealed a significant peri-

odic effect after evaluation by the physician (extent of

hypertrophy of inferior turbinates; p = 0.019). This bias

could be caused by the unblinded status of the examining

physician. Another significant periodic effect was found in

the patients’ evaluation of NAOS (p = 0.028). This may be

due to different levels of treatment efficacy at the time of

intervention. While the VP-group experienced a better

therapeutic effect at the beginning of the trial, subjects in

the PV-group started poorly and only improved after the

second intervention.

The second type of crossover trial-related bias is the

carryover effect. It is possible that the effect of a therapy

extends into the time interval between the periods of

intervention. Such a carryover effect would subsequently

Fig. 6 Summary of scores describing the changes of NAOS in both

groups. In accordance to Fig. 4, significant improvement only

occurred after application of RF. In the VP-group, RF was applied

at t1 (p = 0.001), and in the PV-group, RF was applied at t2

(p = 0.024)
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have an impact on the outcome of the second treatment,

which was observed in evaluation of the degree of hyper-

trophy by the physician (p = 0.028). Crossover analysis

for NAOS showed no significant carryover effect, indi-

cating no significant crossover-related bias for this

parameter.

This study confirmed the safety of bipolar RFVTR as an

office-based treatment of nasal obstruction due to inferior

turbinate hypertrophy. RFVTR resulted in minor post-

procedural morbidity (e.g., nasal discharge) with no serious

complications (e.g., bleeding) or need for analgetics. All

subjects responded bilaterally to the treatment. RFVTR

significantly improves nasal obstruction and hypertrophy of

the inferior turbinates and is superior to a placebo treatment

or a concomitant placebo effect. As shown in Fig. 1, we

could prove our hypothesis using a high level of evidence.

Until now, all studies on the therapeutic efficacy of

RFVTR were based on monopolar RF systems. To our

knowledge, this study is the first level I study proving the

short-term efficacy of a bipolar radiofrequency system.
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