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ABSTRACT. The aim of this study was to determine whether high-
intensity focused ultrasound (HIFU) therapy under nasal endoscopy
guidance could provide better efficacy and safety in patients with
persistent allergic rhinitis (PAR) than the first-line drugs recommended
by the World Health Organization. A total of 120 adult patients with
PAR were randomly divided into 2 groups (N = 60 each). One group
underwent HIFU therapy under nasal endoscopy guidance using an
ultrasound rhinitis therapeutic machine. The other group served as the
control group and was treated with corticosteroid nasal spray and oral
cetirizine hydrochloride. All patients underwent follow-up treatment
for 1 year, after which the efficacy and safety were evaluated. There
was no significant difference between the two groups (P > 0.05) in the
total effective rate. Moreover, no complications such as nasal adhesion,
septal perforation, mucosal atrophy, and hyposmia were observed,
indicating that HIFU was as effective as the first-line drug treatments
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recommended by the World Health Organization for symptom relief in
PAR patients. The treatment efficacy, repeatability, safety, economical
aspects, ease of performance, and few complications of HIFU therapy
strongly suggest that HIFU should be routinely incorporated into
clinical practice.
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INTRODUCTION

Allergic rhinitis (AR) is a global health problem. For the last half century, the
prevalence of AR has continuously increased in most parts of the world, and the identifi-
cation of an effective and safe treatment for AR is still an important topic for current clini-
cal AR investigations. AR is a chronic inflammatory disease of the nasal mucosa, which is
triggered by the release of immunoglobulin (Ig) E-mediated mediators (mainly histamine)
when the sensitive individual is exposed to allergens. This high incidence of refractory
otorhinolaryngological disease results from the activities of a variety of immune cells and
cytokines. The main symptoms include sneezing and nasal congestion, dripping, and itch-
ing. Over nearly half a century, AR has increased continuously in most parts of the world
(Adsule and Misra, 2010).

In 2001, the diagnostic guidelines “Allergic Rhinitis and its Impact on Asthma”
(ARIA) were published by the World Health Organization (WHO) (Bousquet et al., 2001).
These guidelines indicated that AR is a global health problem, which usually coexists with
asthma, and also stressed that AR is a risk factor for asthma. According to the ARIA guide-
lines, AR is generally classified as intermittent or persistent, and more specifically classified
as mild, moderate, or severe, which is based on the symptom severity and impact on the qual-
ity of life (Gunhan et al., 2011). The main principles of AR management include avoiding
allergens, drug therapy, immune therapy, and education. According to the ARIA classification
system, the WHO has recommended a step-by-step treatment approach for AR (Bousquet et
al., 2008). However, drug therapies can induce side effects, while immune therapy generally
has poor compliance and is expensive. Therefore, an important topic of current clinical AR
investigations is the identification of an effective and economical treatment for AR, associated
with minimal or no side effects.

MATERIAL AND METHODS
Clinical information

Atotal of 120 adult patients (72 males and 48 females) diagnosed with persistent aller-
gic rhinitis (PAR) according to the AR diagnostic criteria established by the 2004 Otorhinolar-
yngology Society of the Chinese Medical Association (2005, Lanzhou, China) were analyzed.
The mean patient age was 36.8 years (range = 16-67 years), and the course of disease ranged
from 1 to 30 years. This study was conducted in accordance with the declaration of Helsinki
and with approval from the Ethics Committee of First Affiliated Hospital of Chinese PLA
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General Hospital. Written informed consent was obtained from all participants.

Symptoms at onset included intermittent nasal itching, congestion, continuous sneez-
ing, and watery dripping. Nasal examination showed pale nasal mucosa, edema, hyperemia,
and swelling. In the exacerbation period, nasal secretion smears showed the presence of eo-
sinophils (+) and allergen skin prick tests showed responses of at least one or above (++). No
recruited patients had nasal polyps or severe nasal septum deviation.

The patients were randomly divided into 2 groups of 60 patients each. One group
received high-intensity focused ultrasound (HIFU) therapy under nasal endoscopy guidance
using an ultrasound rhinitis therapeutic machine (Seapopinna, Chongqing, China). The other
group served as the control and received corticosteroid nasal spray and oral cetirizine hydro-
chloride. The therapeutic effects were observed and recorded.

Methods

Patients in the HIFU group were sprayed with 1% ephedrine on both sides of the nose
while lying in the supine position in order to shrink the nasal mucous membrane. Subsequently,
under nasal endoscopy guidance, cotton patches containing 2% tetracaine were inserted into
the bilateral nasal cavities for 5 min twice, in order to anesthetize the surface of the nasal
septum, inferior turbinate, middle turbinate, and agger nasi. Under endoscopy, an ultrasound
probe was secured closely to the nasal mucus and a single-scan line was scanned twice using
the following ultrasound rhinitis therapeutic machine parameters: frequency, 10 MHz; sound
power, III; scan rate, 2-6 mm/s; and scan line interval, 4 mm. The scan was focused on the
bilateral agger nasi, the anterior half of the inferior turbinate (the distribution area of the
anterior ethmoidal nerve and posterior inferior nasal nerve), and the distribution area of the
anterior ethmoidal nerve in the nasal septum. The scanning of any particular area lasted no
more than 2 s, and the total scan time was within 6-10 min, depending on the condition of the
nasal cavity and the severity of the disease.

After the procedure, in order to reduce mucosal edema and prevent adhesion, the
patients were treated alternately with two kinds of nasal drops (1% furosemide ephedrine and
peppermint oil). The patients were instructed to clean the nasal secretions for 3 days after the
procedure and were examined once a week for 3 weeks in order to prevent adhesion between
the inferior turbinate and nasal septum. If the symptoms were not reduced after three visits,
the treatment was repeated. Similarly, if the disease relapsed, the treatment was also repeated.
After 1 year of follow-up treatment, no complications such as nasal adhesion, septal perfora-
tion, mucosal atrophy, and hyposmia were observed.

The control patients received corticosteroid nasal spray (one spray on each side, twice
daily; AstraZeneca, Switzerland) and oral cetirizine hydrochloride (10 mg/night; Yangtze
Pharmaceutical Company, China). Upon symptom relief, the oral antihistamines were discon-
tinued and the frequency of nasal corticosteroid spray was reduced.

Evaluation of treatment efficacy

The treatment efficacy was evaluated according to “The Principles of Diagnosis and
Treatment of Allergic Rhinitis and Recommended Plan” established by the Otorhinolaryn-
gology Society of the Chinese Medical Association (2005, Lanzhou, China) after 1 year of
follow-up treatment. The established classification criteria for the symptom and physical sign
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scores are defined in Tables 1 and 2, respectively.

The effective rate of PAR was calculated based on the total symptom and sign scores
before and after the treatment using the following formula: effective rate = (total score before
treatment - total score after treatment) / total score before treatment x 100%. Effective rates
>66%, 65-26%, and <25% were considered remarkably effective, effective, and ineffective,
respectively.

Table 1. Classification criteria for symptom scores.

Score Sneezing® Nose dripping® Nose congestion Nasal itching

0 None None None None

1 3-5 <4 Congestion when breathing Intermittent itching
2 6-10 5-9 Intermittent mouth breathing Tolerable itching

3 >11 >10 Interactive mouth breathing almost all day Intolerable itching

“Daily number of sneezes, *daily incidence of nasal dripping.

Table 2. Classification criteria for physical sign scores.

Score Status of the inferior turbinate, nasal septum, and middle turbinate

1 The inferior turbinate is mildly swollen, but the nasal septum and middle turbinate are still visible

2 The inferior turbinate and nasal septum (or the bottom of the nasal cavity) have either closed against each other
or only a small gap remains

3 The inferior turbinate, nasal septum and the bottom of nasal cavity are closed tightly. The middle turbinate is not

visible, or mucous polypoid and polyp formation can be seen

Statistical analysis

The o test was used to evaluate the treatment differences.
RESULTS

The treatment results are shown in Table 3. It was demonstrated that there was no
significant difference between the two groups (P > 0.05) in the total effective rate, suggesting

that the two treatment methods had similar efficacy.

Table 3. Comparison of efficacy in patients with mild or medium-severe symptoms.

Groups N Mild symptoms Medium-severe symptoms Total effective rate
Remarkably  Effective Non-effective Remarkably Effective Non-effective
effective effective
Control 60 9 4 0 36 3 8 86.7%
HIFU 60 10 2 0 39 3 6 90.0%*

*Non-significant difference by the y*test; P> 0.05.

DISCUSSION

PAR is an IgE-mediated, type I allergic reaction. Exposing individuals who have an
idiosyncratic immune system to antigens can trigger the production of the corresponding IgE
antibodies, which can lead to a sensitized status. When these individuals are repeatedly ex-
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posed to similar antigens, these antigens, together with the participation of complements, will
combine with IgE molecules and bind to IgE receptors on mast cell membranes. In turn, this
interaction stimulates the mast cells to produce a series of biochemical changes on the cell
membrane, leading to the degranulation and release of a series of inflammatory mediators
such as histamine, slow-reactive substances, and bradykinins (Layton et al., 2011; Braido
et al., 2012; von Bernus et al., 2012). Consequently, these mediators bind to their respec-
tive receptors on the blood vessels, glands, and nerve endings on the nasal mucus and later
induce significant inflammatory reactions. These reactions include contraction of resistance
vessels (pale nasal mucus), blood volume expansion (light blue nasal mucus and congestion),
increased capillary permeability (mucosal edema), excessive glandular secretion (increased
nasal dripping), and enhanced nerve sensitivity (continuous sneezing). Further studies have
indicated that allergic reactions consist of two phases: acute-phase and late-phase reactions.
The main difference between these two phases is that acute-phase reactions result from the
effects of IgE, while late-phase reactions are mediated mainly by the major histocompatibility
complex (Cingi and Ozlugedik, 2010; Navarro et al., 2011).

The first-line PAR treatments include intranasal corticosteroids and H -antihista-
mines, both of which are recommended by the WHO (Cox and Wallace, 2011). Second-line
treatments include anti-leukotrienes, cromones, decongestants, and anti-cholinergics; in the
present study, only the first-line treatments were used.

Glucocorticosteroids produce strong anti-inflammatory effects by reducing the release
of cytokines and chemotactic factors. These drugs could inhibit inflammatory reactions in mul-
tiple stages. As a result, they are considered to be the most effective drugs for treating allergic
rhinitis and other allergic diseases (Barnes, 1999; Pasquali et al., 2006; Bousquet et al., 2012).
Although the safety of intranasal corticosteroids has been well recognized, the possibility of
undesirable local and systemic side effects should not be ignored. Local side effects include
dry nose, nose bleeding, and nasal septal perforation. Systemic side effects include inhibition
of the hypothalamus-pituitary-adrenal axis, stunting developmental growth in children, and
ocular complications (Wu et al., 2001; Davila et al., 2006). These systemic side effects remain
a serious concern, which might limit the wide application of intranasal corticosteroids in clinical
practice, and are the subjects of ongoing intensive research.

On the other hand, H -antihistamines (H, receptor antagonists) work by blocking the
effects of histamine, a major mediator of AR, and therefore play an important role in AR treat-
ment (Ribeiro de Andrade et al., 2010; Aypak et al., 2013). The pharmacological mechanism
of antihistamine activity involves competitive binding to H, receptors and blocking of the
biological effects of histamine. This blockade can eliminate many symptoms caused by mast
cell granules, and this is one of the reasons why H -antihistamines have been used as the first-
line drug for the treatment of AR (Vovolis et al., 2013). The biggest drawbacks of antihista-
mines are their central sedation and anti-cholinergic effects, which have partly limited its wide
application in clinical practice. Although second-generation antihistamines cause barely any
drowsiness, there have been some reports regarding cardiac side effects, such as QT prolon-
gation, which may lead to serious cardiac arrhythmia (Higaki et al., 2012). Fortunately, this
vital cardiac side effect has rarely been observed in clinical practice; however, when prescrib-
ing AR therapies, clinicians should pay special attention to other comorbid diseases of AR
patients, such as organic heart disease, cardiac arrhythmia, and electrolyte imbalance (Adsule
and Misra, 2010; Ciebiada et al., 2011; Cox et al., 2012).

On the other hand, focused ultrasound technology can focus an ultrasound beam on
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diseased tissues inside the body (i.e., therapeutic target tissue) for a short period. Through the
mechanical, thermal, and cavitation effects (mainly thermal effects) of ultrasound, the local
temperatures can be increased to 70°-100°C, resulting in protein coagulation and spotty necro-
sis (Davila et al., 2006). Herein, using a Seapopinna ultrasound rhinitis therapeutic machine,
high-energy ultrasound was focused on the lower layer of the nasal mucus, which contains a
large number of immune cells, plasma cells, serous mucous glands, nerves, and blood vessels,
thereby causing protein coagulation and spotty necrosis.

The HIFU efficacy is the results of several different mechanisms. As inflammatory
cells and cells with active metabolism are very sensitive to ultrasound, HIFU can directly
damage local invasive immune cells and decrease the cell numbers, which in turn can reduce
the levels of cytokines and inflammatory mediators released from these cells. HIFU can also
induce the degranulation of mast cells, similar to immunotherapy. Moreover, HIFU can destroy
the parasympathetic ganglion cells and substance P nerve fibers in the deep layer of the nasal
mucus. As a result of this process, the excitability of the cholinergic nerves is reduced, and, at
the same time, vasoactive peptides are released, thus alleviating vasodilatation and glandular
secretion. All above effects are equivalent to the therapeutic effect of anti-cholinergic drugs.
In addition, HIFU can directly block blood vessels or lead to thrombus formation through
damaging of the vascular endothelial cells that partially or completely block the vessels. The
results of these actions are equivalent to the effects of decongestants, which include reducing
plasma exudation and relieving nasal edema.

Through the present clinical study, it was demonstrated that HIFU was as effective as
the first-line drug treatment (recommended by the WHO) for symptom relief of PAR patients.
Therefore, the treatment efficacy, repeatability, safety, economical aspects, ease of perfor-
mance, and few complications of HIFU therapy strongly suggest that HIFU should be rou-
tinely incorporated into clinical practice.
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