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Objectives. To compare the efficacy and safety of high-intensity focused ultrasound (HIFU) therapy with coblation for the

treatment of inferior turbinate hypertrophy (ITH).

Methods. In this randomized controlled clinical trial, 20 patients underwent inferior turbinate surgery, which consisted of
either HIFU or coblation therapy. Efficacy, safety, and tolerability were evaluated by subjective symptom scores,

acoustic rhinometry, and nasal endoscopy:.

Results. The modified nasal obstruction symptom evaluation (NOSE) score and nasal obstruction visual analog scale (NO-
VAS) significantly decreased in both groups 12 weeks postoperatively. The between-group differences in the evalua-
tion scores were not statistically significant. On nasal endoscopy, the HIFU patients showed improvements in mucosal
swelling sooner than the patients undergoing coblation therapy. Nasal crusting significantly increased in the patients
undergoing coblation compared to the patients undergoing HIFU therapy until postoperative week 4. Mucosal pres-
ervation was superior in the HIFU patients. Although HIFU was less painful than coblation therapy during the proce-
dure, the difference was not significant (4.9 vs. 6.3, P=0.143). The difference in global satisfaction between the two
groups was not statistically significant, although satisfaction was slightly higher among the HIFU patients than among

the coblation patients (4.6 vs. 4.1, P=0.393).

Conclusion. HIFU provided results similar to those of coblation therapy for patients with nasal obstruction due to ITH, but
HIFU therapy caused less discomfort during the procedure. HIFU therapy appears to be a good noninvasive alterna-

tive to the current surgical modalities for ITH.
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INTRODUCTION

Inferior turbinate hypertrophy (ITH) is one of the most common
causes of chronic nasal obstruction [1-3]. Since more than 50%
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of air introduced from the outside forms a constant airflow along
the inferior turbinate, an enlarged inferior turbinate leads to in-
creased resistance to airflow and difficulty breathing through the
nose. ITH is commonly observed in patients with allergic rhinitis
(AR) or septal deviation [4]. Topical corticosteroids, antihistamines,
decongestants, and mast cell stabilizers are considered the pri-
mary treatments for ITH. However, surgical treatment is often
required for patients who are refractory to medical therapy. A
variety of surgical techniques, including partial or total turbi-
nectomy, submucosal resection, microdebrider-assisted turbino-
plasty, and radiofrequency turbinoplasty, are used to widen the
nasal airways in patients with ITH. The severity of complications
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varies with the increasing extent of invasiveness, and ranges from
minor bleeding to marked hemorrhage, synechia, crusting, foul
odor, pain, hyposmia, and chronic dryness [5]. Although many
studies have compared the various surgical techniques, the opti-
mal treatment has not yet been established [2,4,6,7].

High-intensity focused ultrasound (HIFU) is a new noninva-
sive treatment modality that focuses an ultrasound beam on the
target tissue in the body and generates high energy, which selec-
tively and rapidly causes coagulation necrosis of the target tissue
without damaging adjacent tissues or superficial tissues. HIFU
has been recently applied in an increasing number of medical
fields, including oncology, urology, ophthalmology, and otorhi-
nolaryngology [8,9]. Several studies have found that HIFU was
as effective as first-line drug treatment for symptomatic relief in
patients with persistent AR, markedly reducing their nasal symp-
toms and improving their quality of life [10]. We recently dem-
onstrated the efficacy and safety of HIFU turbinoplasty in an
animal model. HIFU turbinoplasty showed no complications,
such as bleeding or scar formation, and efficiently reduced the
turbinate size in a porcine model. Histological examinations
showed decreased glandular structure and increased fibrosis in
the HIFU-treated group [11]. However, few studies have com-
pared the efficacy of HIFU therapy and coblation for the treat-
ment of ITH in real-world patients.

We recently developed a new surgical device that uses HIFU
for the treatment of ITH. Here, we report our clinical trial of pa-
tients with nasal obstruction due to ITH who underwent cobla-
tion or HIFU therapy, with the aim of demonstrating that HIFU
therapy is not inferior to coblation for the treatment of ITH, along
with a comparison of subjective satisfaction and complications
between the two methods.

MATERIALS AND METHODS

Study design

This was a prospective, randomized, comparative surgical trial
conducted from September 2019 to April 2020. The study re-
cruited patients older than 19 years and younger than 65 years,
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= High-intensity focused ultrasound (HIFU) is a new noninva-
sive treatment modality that focuses an ultrasound beam on
the target tissue in the body and generates high energy, caus-
ing selective and rapid coagulation necrosis of the target tissue
without damaging adjacent tissues or superficial tissues.

= In this clinical trial that included 20 adults, HIFU treatment
showed improvements comparable to coblation in patients
with nasal obstruction due to inferior turbinate hypertrophy.

= HIFU can be an effective and safe noninvasive alternative to the
current surgical modalities for inferior turbinate hypertrophy.

who visited our outpatient clinic with nasal obstruction (greater
than 4 out of 10 on the visual analog scale [VAS]) secondary to
ITH and refractory to medical treatment longer than three months.
We enrolled not only the AR patients but the patients with nasal
obstruction with ITH regardless of atopy status. Patients were
excluded if they had marked deviation of the nasal septum, per-
forated nasal septum, collapsed nasal valve, acute/chronic rhino-
sinusitis with/without nasal polyps, sinonasal tumor, asthma,
previous nasal surgery; or they were receiving systemic cortico-
steroids or long-acting antihistamines for another systemic dis-
ease. Patients using a topical/systemic antihistamine, deconges-
tant, corticosteroid, leukotriene modifier, or topical anticholin-
ergic could participate in the study after 2 weeks of washout pe-
riod. The patients were assigned according to a 1:1 ratio by a
block randomization method into two treatment groups of 10
patients each.

Institutional Review Board of Seoul National University Hos-
pital (No. 1906-097-1040) approval was obtained prior to initia-
tion of the study. Informed consent was obtained from every
study patient. The HIFU device used in this study was approved
for human use by the Ministry of Food and Drug Safety of Re-
public of Korea.

Procedures

All procedures were performed under the guidance of a 4-mm-
diameter, 0° rigid nasal endoscope (Karl Storz) by a single sur
geon in an outpatient clinic. After informed consent was ob-
tained from the patient, 4% lidocaine-soaked cotton pledgets
were applied to the patient’s bilateral nasal cavities for approxi-
mately 5 minutes. Each patient then underwent inferior turbi-
nate surgery by either a HIFU or coblation procedure.

The Rhin-Hi system (GTG Wellness Co.) (Fig. 1A) equipped
with a 4-mm-diameter, straight, rigid probe (Fig. 1B) was used
for the HIFU procedure. The ultrasound emitter window was
placed on the mucosa of the inferior turbinate, and then scanned
between front and back followed by up and down (Fig. 1C). The
scan speed on the lateral wall was 2 mm/sec. The power of each
pulse was 1.5 J, with an interval time between each pulse of
1.5 seconds. The total treatment time for both sides was 6-8 min-
utes. A total of 120 shots were applied to both inferior turbinates,
and the projection depth was adjusted to 3 mm.

The Coblator II surgery system equipped with the Reflex Ul-
tra 45 wand (ArthroCare ENT) was used for the coblation pro-
cedure. The system was set at a power level of 6 in the coblation
mode. After being advanced through the mucosal area, the wand
was advanced to the submucosal plane up until the bend in the
wand. Beginning posteriorly and moving anteriorly, the probe
was activated for 10-15 seconds on each side of the turbinate.
After the procedure, bleeding was controlled prior to discharge
of the patient to his/her home.
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Fig. 1. (A) The Rhin-Hi system. (B) Probe of the Rhin-Hi system. (C) High-intensity focused ultrasound procedure under nasal endoscopic guid-

ance.

Table 1. Modified nasal obstruction symptom evaluation questionnaire

Symptom Not a problem  Very mild problem Moderate problem Fairly bad problem  Severe problem
Nasal stuffiness 0 1 2 3 4
Trouble breathing through nose 0 1 2 3 4
Trouble sleeping 0 1 2 3 4
Unable to obtain sufficient air through the nose 0 1 2 8 4

during exercise

Evaluation

Nasal stuffiness was evaluated on a modified questionnaire con-
sisting of a nasal obstruction symptom evaluation (NOSE), which
consisted of four questions. Each question was graded on a Lik-
ert scale ranging from O (not a problem) to 4 (severe problem)
(Table 1).The nasal obstruction visual analog scale (NO-VAS) was
also performed to quantify nasal obstruction. NO-VAS used a
continuous scale ranging from 0 to 10, where 0 corresponds to
no obstruction and 10 corresponds to complete obstruction. The
patients also underwent acoustic rhinometry (Eccovision Acous-
tic Rhinometer, HOOD Laboratories) to measure total nasal vol-
ume (TNV), minimal cross-sectional area (MCA) and nasal en-
doscopy to assess the degree of mucosal swelling, discharge, and
crusting; which was based on 5-point scale (0—4). One otolaryn-
gology specialist who was blinded without knowing the patient
group rated the endoscopic findings. The questionnaires and ex-
aminations were assessed at every visit (before surgery; and at 2,
4, and 12 postoperative weeks). Pain during the procedure was
assessed by a VAS. Each patient’s global satisfaction was assessed
based on 6-point scale (0-5) at postoperative week 12.

Statistical analysis

The Wilcoxon signed rank test was used to compare the results
of acoustic rhinometry and subjective symptom scores before
and after treatment within the same group, and the Mann-Whit-

ney test was used to compare the results of acoustic rhinometry
and subjective symptom scores between the two patient groups.
The Mann-Whitney test was used to compare the global satis-
faction score and pain score between the two groups. A P-value
<0.05 was considered to be statistically significant. Statistical
analysis was performed by the IBM SPSS ver. 20 (IBM Corp.).

RESULTS

Participant characteristics

In total, 20 participants (10 men, 10 women) were recruited from
September 2019 to April 2020 for this study, with 10 patients
each in the HIFU and coblation groups. The mean patient age in
the HIFU and coblation groups was 40.1+10.5 years and 37.1+
12.5 years, respectively (P=0.656). The male-to-female ratios in
the HIFU and coblation groups were 6:4 and 4:6, respectively
(P=0.361). At the preoperative visit, the two groups did not show
significant differences in the modified NOSE and NO-VAS scores
or the findings of acoustic rhinometry and nasal endoscopy (Ta-
ble 2).

Effectiveness
The scores of the modified NOSE and NO-VAS evaluations be-
gan to improve within 2 weeks postoperatively in both groups.
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Table 2. Baseline patient characteristics and preoperative status

Variable HIFU (h=10)  Coblation (n=10)  P-value
Age (yr) 40.1£105 37.1+£125 0.361
Sex (male:female) 6:4 4:6 0.656
Modified NOSE score

Stuffiness 2.8+04 25+05 0.280

Trouble breathing 29x0.7 25x05 0.280

Trouble sleeping 29+0.6 26+0.7 0.315

Trouble exercise 29407 24+0.7 0.165
NO-VAS score 7.01£0.84 6.82+1.11 0.631
MCA (cm?)

Right 0.52+0.11 0.50+0.11 0.971

Left 0.53+0.12 0.51£0.12 0.853
TNV (cm?®)

Right 7.55+2.53 592+1.49 0.123

Left 6.89+1.61 6.71£2.06 0.971
Nasal endoscopy

Swelling 3.20+£0.35 3.25+0.42 0.684

Discharge 1.50+0.85 1.15+£0.91 0.353

Crust 0.05%+0.16 0.40+0.57 0.218

Values are presented as mean xstandard deviation.

HIFU, high-intensity focused ultrasound; NOSE, nasal obstruction symp-
tom evaluation; NO-VAS, nasal obstruction visual analog scale; MCA, min-
imal cross-sectional area; TNV, total nasal volume.

At postoperative week 12, both the modified NOSE and NO-
VAS scores had markedly decreased; but the differences be-
tween the patient groups were not significant (Table 3). Acoustic
rhinometry was used to measure both TNV and MCA at the
level of the internal valve. Although the subjective symptoms
improved in both patient groups postoperatively, the TNV and
MCA did not show significant differences either compared with
the preoperative findings or between the groups throughout the
follow-up period. Nasal endoscopy did not find significant dif-
ferences in the amount of nasal discharge between both patient
groups during follow-up. Mucosal swelling began to improve
starting at the 2-week postoperative visit and significantly de-
creased at 12 weeks in both groups. However, the patients who
underwent HIFU showed decreased postoperative mucosal
swelling sooner than the patients undergoing coblation. At the
2-week postoperative visit, the mucosal swelling was reduced
more in the HIFU patients than in the coblation patients. Nasal
crusting was significantly greater in the coblation patients than
in the HIFU patients until the 4-week postoperative visit. After
12 weeks, the differences between the amount of nasal crust at
12 weeks in the two groups was not significant (Fig. 2, Table 4).
Although HIFU was less painful during the procedure than co-
blation, the difference in the degree of pain between the two
groups was not significant (4.9 vs. 6.3, respectively; P=0.143).
The difference in postoperative global satisfaction between the
two groups was not statistically significant, although satisfaction
was slightly higher among the HIFU patients than among the
coblation patients (4.6 vs. 4.1, respectively; P=0.393). Every pa-
tient who underwent coblation required temporary nasal pack-

Table 3. Preoperative and postoperative modified NOSE and NO-
VAS scores

Variable Preoperative 2wk 4 wk 12 wk
Modified NOSE score
Stuffiness
HIFU 28104 1.4+0.7° 0.9+0.6” 0.7+0.9%
Coblation 25105 1.8+1.0? 10105  0.7+05°
Trouble breathing
HIFU 29+0.7 1.4+0.7% 08+06” 04105”
Coblation 25405 1.7+1.1 0.9+06”  0.6+0.5”
Trouble sleeping
HIFU 29+0.6 1.4+0.8" 1.0+0.8” 0.7+0.9”
Coblation 2.6%0.7 19+1.0? 09+0.7% 0.4 +05”
Trouble exercising
HIFU 29+0.7 1.4+0.8 1.0+05°  0.7+05°
Coblation 24+0.7 1.7+0.8% 0.8+0.47 0.5+0.5”
NO-VAS score
HIFU 701+£0.84 3.89+1.88” 3.38+1.96” 2.10+1.63
Coblation 6.82+1.11 4.86+2.007 2.64+1.56° 1.19+0.66

Values are presented as mean +standard deviation.

NOSE, nasal obstruction symptom evaluation; NO-VAS, nasal obstruction
visual analog scale; HIFU, high-intensity focused ultrasound.

3P <0.05 and ®P<0.005: Wilcoxon signed-rank test.

ing for bleeding control, whereas none of the HIFU patients re-
quired temporary nasal packing.

DISCUSSION

HIFU technology, which was first described more than 70 years
ago, focuses an ultrasound beam on diseased tissues inside the
body for a brief period. Through the mechanical, thermal, and
cavitation effects (although predominantly thermal effects) of
ultrasound, local temperatures in the target tissue can be increased
to 70 °C-100 °C, which leads to coagulated proteins and spotty
necrosis [12-14]. HIFU is completely noninvasive and only af-
fects the target tissue, without damaging the adjacent or surround-
ing tissues. With these advantages, HIFU therapy is mainly used
for the treatment of solid masses associated with various organs,
such as prostate cancer and uterine myomas, and it is also used
for dermatological treatments such as skin tightening.

Several studies of HIFU in the field of otolaryngology have
been published. Wei et al. [15] observed histological changes in
the mucosa of the inferior turbinate after HIFU treatment for
11 patients with AR. The density of eosinophils and other in-
flammatory cells significantly decreased 1 year after treatment.
The number of submucosal glands and venous sinusoids also
significantly decreased 1 year post-treatment, while the ciliated
epithelium and basement membranes remained well preserved
after treatment. Another study reported that HIFU treatment
showed comparable efficacy to first-line drug treatment in 120
patients with AR. However, complications such as nasal adhe-
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Fig. 2. Preoperative and postoperative nasal endoscopy examinations. High-intensity focused ultrasound (HIFU; A-D) and cablation (E-H). (A,
E) Preoperative nasal endoscopy. (B, F) Endoscopy at postoperative week 2 showed that both HIFU and coblation reduced the volume of the
inferior turbinate. Severe crust formation and mild bleeding were observed in the coblation patients, whereas the mucosal layer was complete-
ly preserved in the HIFU patients. (C, G) Nasal endoscopy at postoperative week 4. Residual crust was observed, indicating delayed mucosal
recovery in the coblation patients. (D, H) The volume of the inferior turbinate was reduced in both groups, and the mucosa had recovered in
the coblation patients at postoperative week 12.

Table 4. Preoperative and postoperative nasal endoscopy findings

Variable Preoperative 2 wk 4 wk 12 wk
Swelling
HIFU 3.20+0.35 1.65+0.7199 155+0.64° 1.30+0.54°
Coblaton ~ 3.25+0.42 2.65+0.75° 1.90+0.77% 1.10+0.66”
Discharge
HIFU 1.15+091 0.95+0.64 0.80+0.35 0.70+0.59
Coblation ~ 1.50£0.85 1.65+0.94 1.15£047 0.80+0.48
Crust
HIFU 0.40+057 0.40£0.66Y 0.30+£0.63% 0.15+0.24
Coblation ~ 0.05£0.16 2.80£0.63"  1.90+0.88 0.50+0.53¥

HIFU, high-intensity focused ultrasound.
3P<0.05 and PP<0.005: Wilcoxon signed-rank test. ®P<0.05 and YP<
0.005: Mann-Whitney test.

sions, perforation of the septum, mucosal atrophy, and hyposmia
were not observed, indicating that HIFU was as effective and
safe as the first-line drug treatments for symptom relief in AR
patients [10]. In a recent study, Zhong et al. [16] reported that
compared with plasma radiofrequency ablation, HIFU therapy
significantly reduced the nasal symptoms of AR patients, im-
proved their quality of life, and could be used as adjuvant thera-
py for better therapeutic effects. In contrast to most previous
studies, which targeted patients with AR, our study targeted pa-
tients with nasal obstruction due to ITH and demonstrated that
the effectiveness of HIFU treatment was comparable to that of

coblation treatment, regardless of the presence of AR.

Our study found that both HIFU and coblation therapy signif-
icantly reduced nasal obstruction, a finding consistent with pre-
vious reports. Mucosal swelling improved earlier, and less crust
was formed after HIFU than after coblation. Although the dif-
ference was not statistically significant, there was also less pain
during the HIFU procedure than during coblation. We think that
these differences can be accounted for by the procedure itself.
Although coblation therapy is minimally invasive, there is an in-
creased risk of postoperative bleeding and pain, since the probe
must be inserted into the submucosal layer of the inferior turbi-
nate. Thus, the probe can cause bleeding, nasal crusting, and pain
during the procedure. In addition, although coblation can theo-
retically preserve the turbinate mucosa, in clinical practice, mu-
cosal damage often occurs during the procedure, which leads to
crust formation, postoperative nasal congestion, and delayed
mucosal recovery.

Because of the invasiveness of coblation, an inflammatory re-
action may occur shortly after the procedure, which leads to
mucosal swelling. However, HIFU can reduce the incidence of
these complications, because it is a truly noninvasive technique
that allows complete preservation of the nasal mucosa. Therefore,
HIFU can reduce the patient’s discomfort and risk of complica-
tions, especially immediately after the procedure. Furthermore,
HIFU can be applied not only to the inferior turbinate mucosa,
but also to other regions of the nasal mucosa, such as the muco-
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sa of the septum, middle turbinate, and agger nasi. Therefore,
compared with coblation, greater improvement in nasal symp-
toms, including those due to nasal obstruction, can be expected.

However, in our study, acoustic rhinometry assessments of the
TNV and MCA did not reveal significant differences between
before and after surgery or between either patient group through-
out the follow-up period, indicating a discrepancy between the
objective and the subjective assessments of symptoms. Several
studies have reported that acoustic rhinometry did not accurate-
ly reflect subjective symptoms. Kim et al. [17] concluded that
rhinomanometry and acoustic rhinometry might have no diag-
nostic value in estimating the severity of nasal obstruction symp-
toms. Another study reported that nasal endoscopy appeared to
be more reliable than acoustic rhinometry for estimating the de-
gree of subjective nasal symptoms [18]. The relatively small num-
ber of subjects is a limitation of this study. Further studies in-
cluding a larger number of patients are needed. Another limita-
tion may be that HIFU and coblation procedures were not per-
formed on each side of the nose in one subject, which would
have eliminated potential bias due to individual differences.

This clinical trial found that HIFU treatment showed improve-
ments comparable to coblation in patients with nasal obstruction
due to ITH, but HIFU was associated with less discomfort and
pain throughout the procedure. Thus, HIFU can be an effective
and safe noninvasive alternative to the current surgical modali-
ties for ITH.
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