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Intranasal sodium hyaluronate on the nasal cytology of patients with allergic

and nonallergic rhinitis
Matteo Gelardi, MD, Lucia lannuzzi, MD and Nicola Quaranta, MD

Background: Rhinitis is an extremely common medical
problem characterized by nasal congestion, clear rhinor-
rhea, sneezing, and itching. Hyaluronate is an endogenous
compound that has an important role in mucociliary clear-
ance by the epithelial surface of the nasal passages and in
mucosal surface healing and repair. The objective of this
work was to determine the effects of intranasal adminis-
tration of sodium hyaluronate on nasal cytology in patients
with allergic and nonallergic rhinitis.

Methods: In a single-center, randomized, blinded trial, 78
patients received intranasal mometasone and oral deslo-
ratadine plus either intranasal sodium hyaluronate or saline
for 1 month. Nasal cytology was performed and the change
from baseline in the numbers of neutrophils, eosinophils,
mast cells, lymphocytes, and infective species was deter-
mined. Other outcomes included changes in symptoms and
the endoscopic appearance of the nasal mucosa, and toler-
ability.

Results: Patients receiving sodium hyaluronate experi-
enced asignificant decrease in the median neutrophil count
seen on nasal cytology compared with controls (p = 0.001).
Sodium hyaluronate was associated with significant im-
provements in sneezing, rhinorrhea, and nasal congestion,
and on exudate seen on endoscopy at 1 month compared
with baseline. Intranasal sodium hyaluronate received bet-
ter tolerability scores than saline over the 1-month treat-
ment period.

Conclusion: The addition of sodium hyaluronate to in-
tranasal corticosteroid and systemic antihistamine reduced
the neutrophil count seen on nasal cytology in patients with
allergic and nonallergic rhinitis and improved several clini-
cal and endoscopic parameters while being well tolerated.
These data provide encouraging evidence of the efficacy of
sodium hyaluronate in the treatment of this common dis-
ease. © 2013 The Authors. International Forum of Allergy &
Rhinology published by Wiley Periodicals, Inc., on behalf of
ARS-AAOA, LLC.
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hinitis is a condition characterized by the presence of
nasal congestion, clear rhinorrhea, sneezing, and itch-
ing. Allergic rhinitis is an immunoglobulin E (IgE)-mediated
inflammatory condition associated with a response to en-
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vironmental allergens.! It is traditionally classified as sea-
sonal or perennial, depending on whether the causative al-
lergen is a cyclic pollen or present year round, such as dust
mites.! The most common form of nonallergic rhinitis is
vasomotor rhinitis.>3 Nonallergic rhinitis is characterized
by the absence of systemic allergic sensitization (such as
negative skin test and/or lack of serum-specific IgE) to the
allergens implicated in allergic rhinitis.* Patients with vaso-
motor rhinitis generally suffer more from nasal congestion
and clear rhinorrhea than from itching and sneezing, and
exhibit sensitivity to irritants and changes in the weather.!
Importantly, some patients may present with or develop
rhinitis that exhibits characteristics of both allergic and
nonallergic rhinitis, known as “mixed rhinitis.”*¢
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Allergic rhinitis affects 20 to 40 million Americans; esti-
mated prevalence rates are between 10% and 30%.” While
the true incidence of nonallergic rhinitis is more difficult to
establish, it is thought that 50 million Europeans and 19
million Americans experience the condition, with vasomo-
tor rhinitis being the most common subtype.®’

Hyaluron (also known as hyaluronic acid or hyaluronate)
is a large nonsulfated glycosaminoglycan that is an im-
portant component of extracellular matrices, such as those
in respiratory epithelial cells and gland serous cells of the
nasal and tracheobronchial mucosa. Hyaluron has an im-
portant role in the function of mucociliary clearance by
the epithelial surface,'” in the processes involved in wound
healing and repair of mucosal surfaces,!! and in the vis-
coelasticity of the structures responsible for speech.!?4
Furthermore, hyaluron promotes phagocytosis of Strepto-
coccus pyogenes in vitro and in vivo by interfering with
mechanisms of recognition.' !¢ Subcutaneous administra-
tion of hyaluronan in patients with chronic bronchitis
and recurrent exacerbations reduces the number of ex-
acerbations and the requirement for antibiotics to treat
exacerbations.!”

This work reports the results of a randomized con-
trolled study comparing the effects of intranasal sodium
hyaluronate with saline on nasal cytology in patients with
allergic and nonallergic rhinitis.

Patients and methods
Study design

This randomized, controlled, double-blinded study was
performed between March 2011 and May 2012 in accor-
dance with the principles of the Declaration of Helsinki and
the principles of Good Clinical Practice. The study protocol
and amendments were approved by the local institutional
review board and all patients provided informed consent
prior to entry into the study.

Study population

Patients affected by allergic and nonallergic vasomotor
rhinitis attending the outpatient Rhinology Clinic of the
Otolaryngology Unit of the University of Bari were en-
rolled in this study. Patients were assessed at the first clinic
visit, at which time a clinical history, skin test for allergens,
nasal endoscopy, and nasal cytology were performed, and
the degree of nasal obstruction was assessed.

The history of patients was carefully taken to determine
the presence of a family history of atopy, asthma, and as-
pirin allergy. We also determined the patient history of
asthma, aspirin allergy, headache and/or facial pain, nasal
obstruction, type of rhinorrhea (serous, mucous, purulent,
or purulent-hematic), itch, sneezing, daytime or nighttime
cough, halitosis, postnasal drip, and fever.

The patient rated the degree of nasal obstruction from 0
to 10 using a 100-mm visual analogue scale (VAS) where

0 = nose free from obstruction and 10 = nose completely
obstructed.

Allergic sensitization was assessed by the presence of a
positive skin prick test carried out and read in accordance
with approved methods.'® The panel of allergens used in-
cluded: house dust mite (Dermatophagoides farinae and
D. pteronyssinus); cat; dog; grass mix; Compositae mix;
Parietaria judaica; birch, hazel, and olive trees; Alternaria
tenuis; Cladosporium; and Aspergilli mix. The concentra-
tion of allergen extracts was 100 index of reactivity (IR)/mL
(Stallergenes, Milan, Italy). Individuals with equivocal skin
tests were further investigated by a CAP-RAST assay
(Phadia, Uppsala, Sweden).

Endoscopic examination was performed with a flexi-
ble fiber optics endoscope (ENT 2000; Vision Sciences,
Orangeburg, NY), with a diameter of 3.4 mm. Patients were
rated according the following objective criteria: (1) pres-
ence of intranasal anatomic alterations (septal deviation,
cartilaginous spurs, concha bullosa, intranasal tumors); (2)
mucosal appearance (hyperemia, edema, atrophy, areas of
de-epithelialization); and (3) type of secretions (serous, mu-
cous, pus, hematic, exudate clotted scabs).

Nasal cytology was performed by anterior rhinoscopy
using a nasal speculum and good lighting. Scrapings of the
nasal mucosa were collected from the middle portion of the
inferior turbinate, using a Rhino-Probe™ (Arlington Scien-
tific, Inc. Springyville, UTAH, USA) nasal cytology curette. '’
Samples were placed on a glass slide, fixed by air drying and
then stained by the May-Grunwald Giemsa method (Carlo
Erba®, Milan, Italy). The slide was observed under a Nikon
E600 light microscope (Nikon, Canada) equipped with
a digital camera (Nikon “Coolpix 3:34”, Nikon, Tokyo,
Japan) for the acquisition of microscopic images. For the
rhinocytogram analysis, 50 microscopic fields were read at
a magnification of x1000 to assess the presence of nor-
mal and abnormal cellular elements, along with any micro-
scopic features (spots, special inclusions, etc.) important
for diagnosis. Cell counts and bacterial and fungal anal-
ysis were carried out by a semiquantitative grading.?’ In
particular, bacterial and fungal spore assessment was de-
termined as follows: grade 0 (not visible); grade 1+ (oc-
casional groups); grade 2+ (moderate number); grade 3+
(easily visible); and grade 4+ (many cover the entire field of
view).

Patients were subdivided on the basis of the skin prick
test and nasal cytology into subjects with allergic or non-
allergic rhinitis. Cellular forms were further subdivided
based on their cytotype as follows: nonallergic rhinitis
with neutrophils (NARNE; neutrophils >50% with absent
spores and bacteria); nonallergic rhinitis with eosinophils
(NARES; eosinophils >20%); nonallergic rhinitis with
mast cells (NARMA; mast cells >10%); and nonaller-
gic rhinitis with eosinophils and mast cells (NARESMA;
eosinophils >20% and mast cells >10%).

Patients that had received medical treatment for rhinitis
in the 2 weeks prior to enrolment were excluded from the
study.
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Randomization, blinding, and treatment

Patients were randomized into 2 treatment groups and
treated for 30 days. Randomization was designed to take
into account patient’s age, sex, and type of rhinopathy, and
was performed by Stata software (StataCorp LP, College
Station, TX). Patients and the investigators were blinded to
treatment group allocation. Medical personnel who were
not part of the investigational team administered the study
drugs.

Patients in the investigational arm (group 1) were treated
with mometasone furoate nasal spray 50 ug/spray (2 sprays
into each nostril once daily), oral desloratadine 5 mg once
daily and sodium hyaluronate (Yabro®, IBSA, Lodi, Italy)
9 mg twice a day aerosolized in 3 mL sodium chloride 0.9%
using the Fluirespira® nasal douche device (Zambon, Bresso
(Mi), Ttaly) administered 30 minutes after the mometasone.

Patients in the control arm (group 2) were treated with
mometasone furoate nasal spray 50 ug/spray (2 sprays in
each nostril once daily), oral desloratadine 5 mg once daily,
and sodium chloride 6 mL twice a day aerosolized using the
Fluirespira® nasal douche device administered 30 minutes
after the mometasone.

Outcomes

Outcome parameters were measured at the first assessment
(baseline) and after 1 month of treatment. Cytologic out-
comes included neutrophils, eosinophils, mast cells, lym-
phocytes, bacteria spores, and infectious stains/biofilms.
Clinical outcomes included cough, asthma, rhinorrhea,
postnasal drip, halitosis, itch, sneezing, and nasal conges-
tion. Endoscopic outcomes included edema, hyperemia, de-
epithelialization, exudate, and nasal hyperactivity. At the
end of the study, all patients were asked to evaluate the tol-
erability of the treatment under study using a questionnaire
in which 1 = sufficient, 2 = good, and 3 = excellent.

Statistical analysis

Continuous baseline characteristics are presented as a me-
dian and interquartile range (IQR), or a mean and stan-
dard deviation (SD), where appropriate. For proportions,
absolute and relative frequencies are reported. To test dif-
ferences at baseline between the 2 groups of treatment, the
Wilcoxon Mann-Whitney test or ¢ test was used for contin-
uous and ordinal variables, respectively, and Fisher’s exact
test was used for proportions.

In order to evaluate the effect of treatment on prespecified
outcomes we used the Wilcoxon test or ¢ test for quantita-
tive and ordinal variables, respectively, and Fisher’s exact
test for binary variables.

To measure the effect of treatment on outcomes, we cal-
culated relative risks (RRs) and 95% confidence intervals
(CI). Risk ratios indicate the relative probability of an im-
provement in the outcome associated with the active treat-
ment compared with control.

In order to explore the relationship between some pat-
terns of variables (nominal), we used Cramer’s V index. All

TABLE 1. Patient baseline demographic and clinical
characteristics

Characteristic Sodium hyaluronate (n = 39) Control (n = 39)
Age, years, range 21-63 22-61
Male sex, n (%) 23 (59) 21 (54)
Diagnosis, n (%)
NARNE 2 (5) 2 (5)
NARMA 25 2(5)
NARES 9(23) 9(23)
NARESMA 6 (15) 6 (15)
AR (M) 4(10) 3(8)
AR (P) 9(23) 9(23)
AR (M +P) 7(18) 8(21)

AR = allergic rhinitis; M = house dust mite; NARES = nonallergic rhinitis with
eosinophils; NARESMA = nonallergic rhinitis with eosinophils and mast cells;
NARMA = nonallergic rhinitis with mast cells; NARNE = nonallergic rhinitis with
neutrophils; P = pollen.

significance tests were 2-tailed at the 0.05 significance level.
All the analyses were conducted using Stata 11.

Results

Patient characteristics
Seventy-eight patients were enrolled in the study. The base-
line demographic and clinical characteristics of each patient
group are shown in Table 1. The age of patients ranged
between 21 and 63 years and the patient groups were
well matched for age, gender, and diagnosis at baseline.
Approximately a quarter of patients in each group had
NARES and a further 23% had allergic rhinitis to pollen
(Table 1). Approximately 20% of patients in each group
were diagnosed with allergic rhinitis to house dust mites

and pollen, and 15% had NARESMA.

Cytological outcomes

A significant improvement in median nasal neutrophil
cytology scores was seen in patients receiving sodium
hyaluronate compared with control subjects at 1 month.
The median neutrophil cytology score decreased from 98
at baseline to 41 at 1 month in patients receiving sodium
hyaluronate compared with 98 vs 89 in control subjects
(p = 0.001) (Table 2, Fig. 1A and B). The RR of an
improvement in neutrophils in patients receiving sodium
hyaluronate compared with control subjects was 2.33 (95%
CI, 1.55-3.52). Other cytology scores did not reach statis-
tical significance in either treatment group (Table 2).

Clinical outcomes

The addition of sodium hyaluronate to mometasone furoate
and desloratadine significantly improved sneezing, rhi-
norrhea, and nasal obstruction at 1 month compared
with baseline (Tables 2 and 3). The number of patients
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TABLE 2. Improvements seen in clinical, endoscopic and cytological outcomes at 1 month compared with baseline

Sodium hyaluronate (n = 39)2 Control (n = 39)°
Outcome Before treatment After treatment Before treatment After treatment Relative risk (95% ClI) p
Cytological scores
Neutrophils 98 (79, 205) 41 (24, 74) 98 (65, 207) 89 (39, 102) 2.33 (1.55-3.52) 0.001
Eosinophils 9(5,18) 3(0,5) 9(5,27) 5@3,7) 1.12 (0.98-1.27) 0.722
Mast cells 0(0, 8) 0(0,2) 3(0,7) 0(0,4) 1.12 (0.69-1.81) 0.414
Lymphocytes 00, 5) 0(0,0) 0(0,3) 0(0,0) 1.07 (0.6-1.91) 0.968
Bacteria 0(0,2) 0(0,1) 0(0,2) 0(0,1) 1.2(0.71-2.02) 0.378
Spores 0(0,1) 0(0,0) 0(0,0) 0(0,0) 1.22 (0.57-2.62) 0.518
Biofilm 0(0, 4) 0(0, 0) 0(0, 4) 0(0,2) 1.07 (0.62-1.84) 0.704
Clinical outcomes
Rhinorrhea 13,2 1(0,2) 13,2 1(1,2) 3.8 (1.58-9.16) 0.017
Nasal obstruction® 7 (6, 8) 4(2,5) 7(6,8) 5(4, 6) 1.19(0.91-1.57) 0.048
Endoscopic outcomes
Exudate 2(1,2) 1(0,2) 11,2 1(1,2) 3.83 (1.76-8.37) 0.000

2Values are median (IQR).
bAssessed using a visual analogue scale of 1-10.
ClI = confidence interval; IQR = interquartile range.

experiencing improvements in sneezing at 1 month was sig-
nificantly greater in patients receiving sodium hyaluronate
compared with control subjects (17 vs 4; p = 0.002)
(Table 3).

The degree of nasal obstruction, as expressed as the me-
dian of a VAS, decreased from 7 to 4 in patients receiving
sodium hyaluronate and from 7 to 5 in control subjects
(p = 0.048) (Table 2). A significantly greater decrease
in rhinorrhea was seen in sodium hyaluronate recipients,
compared with control subjects. While median rhinorrhea
scores for each group were 1; importantly, a reduction
in the IQRs, as shown in square brackets, was observed
(1 [IQR 1, 2] vs 1 [IQR 0, 2]) (p = 0.017; Table 2).

A significantly greater likelihood of improvement in rhi-
norrhea (RR, 3.8; 95% CI, 1.58-9.16), and sneezing (RR,
4.25; 95% CI, 1.57-11.49) was seen in patients receiving
sodium hyaluronate compared with control subjects was
(Tables 2 and 3).

No other significant changes from baseline in symptoms
were reported.

Endoscopic outcomes

A significant improvement in exudate was seen in sodium
hyaluronate recipients compared to those in the control
group at 1 month (Table 2). The median exudate score
seen on endoscopy reduced from 2 to 1 in patients receiving
sodium hyaluronate but remained stable in control subjects
(1 vs 1) (p = 0.000; Table 2). Again, IQRs for this pa-
rameter were significantly reduced (Table 2). There was a
significantly greater chance of an improvement in exudate

in patients receiving sodium hyaluronate compared with
control subjects (RR, 3.83; 95% CI, 1.76-8.37).

No other significant changes from baseline in endoscopic
outcomes were observed at 1 month compared to baseline.

Tolerability
When asked to make a judgment concerning the tolerabil-
ity of treatment, significantly more patients preferred the
active treatment compared with control. The median score
awarded to sodium hyaluronate was 2 (IQR 1, 3) com-

pared with a median score of 1 (IQR 1, 2) for control
(p = 0.0001).

Discussion

Our study shows that the addition of intranasal sodium
hyaluronate 9 mg twice a day to mometasone furoate and
desloratadine for 1 month significantly reduced the number
of neutrophils seen on nasal cytology and improved several
clinical and endoscopic parameters in patients with allergic
and nonallergic rhinitis.

Alterations in the cellularity seen in nasal disorders are
thought to underpin the physiological and clinical effects
of this heterogeneous group of diseases. Rearrangements of
the respiratory mucosa comprising a reduction in the cili-
ated cell component and increases in muciparous cells leads
to an increase in the production of mucous, which stagnates
in endonasal sinuses and favors bacterial replication.?!
Mucociliary transport is reduced and allows recurrent in-
flammatory episodes that impede the reconstruction of the
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FIGURE 1. (A) important cytology signs of nasal immune-mediated inflam-
mation, with ciliated cell decrease and clear alterations in the ciliary appa-
ratus. C = ciliated cell (nasal cytology in TO). (B) Significant reduction of
immunoinflammatory cells. Ciliated cells well shown with intact ciliary appa-
ratus. C = ciliated cell (nasal cytology in T1 in patients treated with Yabro®).
May-Grunwald Giemsa staining, magnification x 1000. E = eosinophils; N =
neutrophils.

normal ratio of the various cell types in the respiratory tract
epithelium. Prolonged or delayed mucociliary clearance it-
self may increase the propensity toward infection and pre-
dispose the individual to the development of rhinosinusitis.
Destruction of the respiratory mucosa reduces its ability to
function as a barrier and allows greater exposure of the
irritant trigeminal receptor, located immediately beneath
the basal membrane, to chemical, physical, or atmospheric
stimuli, resulting in exaggerated reactivity of these patients
to various stimuli.??~2*

Nonallergic rhinitis is associated with increased ex-
pression of cellular elements (neutrophils, eosinophils,
mast cells, lymphocytes, plasma cells) and their media-
tors (eosinophil cationic protein, major basic protein, his-
tamine, leukotrienes, tryptase, elastase). While the mech-
anisms linking cellularity and clinical expression are well
known in allergic rhinitis, they are less well understood in
nonallergic rhinitis.

Four main types of nonallergic rhinitis have been de-
scribed based on the presence of inflammatory cell in-
filtrates: NARES; NARMA; NARNE; and NARESMA.
We have previously demonstrated differences in clini-
cal and functional features in patients presenting with
NARES, NARMA, and NARNE,?’ and have shown that
NARESMA represents a particularly severe form of nonal-
lergic rhinitis.?®

Hyaluron is an important regulator of inflammatory pro-
cesses and is broken down under the influence of free rad-
icals and enzymes during inflammation. The resulting low
molecular weight fragments play a role in tissue damage
signaling and immune cell mobilization, while the high
molecular weight form suppresses immune cell function.?”
Hyaluron is believed to play a role in vascular leakage
and edema formation in the larynx,”® to regulate levels
of substances, such as endothelin-1, that affect vasomotor
tone and serous and mucous gland secretion in the nasal
mucosa,””3° and to induce mucous hypersecretion in air-
way epithelium.?!

Hyaluron, due to its peculiar physicochemical character-
istics, has been proven to have several biologic functions in
the tissues of animals and humans, such as a dose-related
inhibiting effect on the migration and chemotaxis of poly-
morphonuclear leucocytes.?? The exogenous application of
sodium hyaluronate might be an important therapeutic reg-
imen to restore the natural barrier against polymorphonu-
clear leukocyte migration, and could therefore be helpful
for interrupting the inflammatory cascade. Hyaluron ap-
pears to inhibit migration, chemotaxis, and aggregation of
polymorphonuclear leucocytes and monocytes in airway
inflammation,>?33 and reduce bronchial hyperreactivity in
asthmatics.?

In our study sodium hyaluronate was associated with a
significant decrease in the number of neutrophils in nasal
cytology from 98 to 41 compared with a decrease from 98
to 89 seen in control subjects (p = 0.001). Moreover, the
RR of a decrease in neutrophil count was 2.35 (95% CI,
1.55-3.52). A decrease in median eosinophil cytology score
was seen in both groups, as would be expected with the use
of topical corticosteroid, but this decrease was not signif-
icant in either treatment group. Sodium hyaluronate did
not significantly alter the numbers of mast cells or infective
species. While we must be cautious in drawing conclusions
from this study due to its exploratory design and small num-
ber of patients, it may be that sodium hyaluronate may be
more effective in NARNE than in other forms of the dis-
ease. This finding is similar to that of another exploratory
study in children treated with recurrent upper respiratory
tract infections, in which sodium hyaluronate produced fa-
vorable effects on neutrophils, but not eosinophils or mast
cells (Macchi A. personal communication). However, fur-
ther studies are required to confirm these data.

Current treatment options for vasomotor rhinitis include
nasal corticosteroids, sodium cromoglycate or ipratropium
bromide.” While the effect of these agents on clinical end-
points has been well studied in rhinitis, their effects on
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TABLE 3. Improvements seen in clinical and endoscopic outcomes at 1 month compared with baseline

Outcome Sodium hyaluronate (n = 39)° Control (n = 39)? Relative risk (95% CI) P

Clinical outcomes
Cough 3(7.7) 2(5.1) 1.50 (0.26-8.49) 1.0
Asthma 2(5.1) 4(10.3) 0.50 (0.1-2.57) 0.675
Postnasal drip 4(10.3) 2(5.1) 2.0(0.39-10.29) 0.675
Halitosis 3(7.7) 1(2.6) 3.0 (0.33-27.6) 0615
ltching 9(23.1) 10 (25.6) 0.9(0.41-1.97) 1.0
Sneezing 17 (43.6) 4(10.3) 4.25 (1.57-11.49) 0.002

Endoscopic outcomes
Edema 14 (35.9) 7(17.9) 2.0 (0.91-4.41) 0.125
Hyperemia 3(7.7) 0 - 0.24
De-epithelialization 2(5.1) 1(2.6) 2.0 (0.19-21.16) 1.0
Nasal hyperactivity 5(12.8) 3(7.7) 1.67 (0.43-6.5) 0.711

2Values are numbers of patients (%).
Cl = confidence interval.

nasal cytology have not. Nasal administration of corticos-
teroids has been consistently shown to reduce levels of
eosinophils and basophils in the nasal mucosa in stud-
ies in allergic rhinitis, but the effect on neutrophils has
not been reported.’*? Intranasal sodium cromoglycate
produced a significant reduction from baseline in nasal
eosinophil levels in 1 study, but ipratropium did not
produce any changes in nasal cytology in a study in pa-
tients with perennial allergic rhinitis.*’ The significant re-
duction in neutrophil count in the nasal cytology of pa-
tients with allergic and nonallergic rhinitis in the present
study suggests that sodium hyaluronate may have advan-
tages over current therapies for vasomotor rhinitis by alter-
ing the number of inflammatory cells in the nasal mucosa
of these patients, thus reducing symptoms at the source of
inflammation.

The effects of currently used treatments for vasomotor
rhinitis on symptoms vary in randomized controlled tri-
als in patients with nonallergic rhinitis. Nasal budesonide
improves the symptom of nasal obstruction in patients
with nonallergic rhinitis but does not appear to improve
any other symptoms.*! Ipratropium bromide administered
intranasally consistently reduces nose blowing frequency
and rhinorrhea, but the symptoms of nasal congestion—
sneezing and itch—appear to respond less well.*>#¢ In
1 comparative study, nasal budesonide produced signifi-
cantly greater improvements in the symptoms of nasal se-
cretion and sneezing than ipratropium,*” although in a sec-
ond study the treatments appeared similar.*® Last, sodium
cromoglycate improved the symptoms of rhinitis, reducing
sneezing and congestion scores and itch in 2 randomized
controlled trials.*>>° The evidence for symptomatic relief in
patients with allergic rhinitis is far more unequivocal, with
nasal corticosteroids and sodium cromoglycate improving

multiple symptomatic endpoints in a large number of well-
designed studies.” Furthermore, ipratropium bromide pro-
duced a significant reduction in rhinorrhea and postnasal
drip in 1 randomized controlled study.’' Endoscopic out-
comes are less well reported and no improvements in these
have been seen with the currently used agents in random-
ized controlled studies.

In the present study, sodium hyaluronate was associated
with improvements in symptoms associated with sneez-
ing, rhinorrhea, and nasal congestion in our patients with
vasomotor rhinitis, but did not appear to affect cough,
asthma symptoms, postnasal drip, halitosis, or itch. On
endoscopy, sodium hyaluronate was associated with a
significant improvement in exudate, a trend toward im-
provement in edema and hyperemia, and no improvement
in de-epithelialization and nasal hyperactivity. These en-
doscopic improvements support the expected changes that
should occur through cytological remodeling observed with
a decrease in neutrophils and, therefore, in inflammatory
mediators in the nasal passages. While the improvements
in clinical and endoscopic outcomes in the active treatment
arm were modest compared with controls, this may be due
to the low numbers of patients presenting with symptoms
and signs at baseline, and a larger treatment effect may be
anticipated in a patient group showing more overt signs of
and/or more severe disease.

Sodium hyaluronate aerosolized in saline and adminis-
tered intranasally using the Fluirespira® nasal douche de-
vice was well tolerated and no safety signals were detected.
Indeed, when patients were asked about the tolerability
of the products used in this study, significantly more pa-
tients preferred the active treatment group compared with
control, suggesting good symptomatic relief from nasal
symptoms.
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This analysis of the effects of the addition of sodium

Conclusion

couraging data with which to continue development of this

hyaluronate to intranasal corticosteroid and systemic anti-
histamine showed a reduction in neutrophil count on nasal
cytology in patients with allergic and nonallergic rhinitis.

Furthermore, improvements in clinical and endoscopic dis-
ease parameters were also seen. This study provides en-

References

1.

10.

11.

12.

13.

14.

15.

17.

Sin B, Togias A. Pathophysiology of allergic and non-
allergic rhinitis. Proc Am Thorac Soc. 2011;8:106—
114.

Tran NP, Vickery ], Blaiss MS. Management of rhini-
tis: allergic and non-allergic. Allergy Asthma Immunol
Res. 2011;3:148-156.

Lal D, Corey JP. Vasomotor rhinitis update. Curr
Opin Otolaryngol Head Neck Surg. 2004;12:243—
247.

Kaliner MA, Farrar JR. Consensus review and defini-
tion of nonallergic rhinitis with a focus on vasomotor
rhinitis, proposed to be known henceforth as nonal-
lergic rhinopathy: part 1. Introduction. World Allergy
Organ |. 2009;2:97.

Gelardi M, Russo C, Fiorella ML, Fiorella R, Canon-
ica GW, Passalacqua G. When allergic rhinitis is not
only allergic. Am | Rhinol Allergy. 2009;23:312-315.

Settipane RA, Lieberman P. Update on nonallergic
rhinitis. Ann Allergy Asthma Immunol. 2001;86:494—
507.

Long A, McFadden C, DeVine D, Chew P, Kupelnick
B, Lau J. Management of allergic and nonallergic
rhinitis. Evidence report-technology assessment no.
54. Agency for Healthcare Research and Quality
publication no. 02-E024. Rockville, MD: Agency for
Healthcare Research and Quality; 2002. http://archive
.ahrq.gov/downloads/pub/evidence/pdf/rhinitis/
rhinitis.pdf. Accessed June 9, 2013.

Kaliner MA. Classification of nonallergic rhinitis syn-
dromes with a focus on vasomotor rhinitis, proposed
to be known henceforth as nonallergic rhinopathy.
World Allergy Organ J. 2009;2:98-101.

Schatz M, Zeiger RS, Chen W, Yang SJ, Corrao
MA, Quinn VP. The burden of rhinitis in a managed
care organization. Ann Allergy Asthma Immunol.
2008;101:240-247.

Manzanares D, Monzon ME, Savani RC, Salathe M.
Apical oxidative hyaluronan degradation stimulates
airway ciliary beating via RHAMM and RON. Am |
Respir Cell Mol Biol. 2007;37:160-168.

Forteza R, Lieb T, Aoki T, Savani RC, Conner GE,
Salathe M. Hyaluronan serves a novel role in airway
mucosal host defense. FASEB J. 2001;15:2179-2186.

Barbosa LH, Ramos HV, Neves LR, et al. Detec-
tion of hyaluronic acid receptor in human vocal folds
by immunohistochemistry. Braz | Otorhinolaryngol.
2008;74:201-206.

Chan RW, Gray SD, Titze IR. The importance of
hyaluronic acid in vocal fold biomechanics. Otolaryn-
gol Head Neck Surg. 2001;124:607-614.

Sato K, Sakamoto K, Nakashima T. Expression and
distribution of CD44 and hyaluronic acid in hu-
man vocal fold mucosa. Ann Otol Rhinol Laryngol.
2006;115:741-748.

Kawabata S, Kuwata H, Nakagawa I, Morimatsu
S, Sano K, Hamada S. Capsular hyaluronic acid of
group A streptococci hampers their invasion into
human pharyngeal epithelial cells. Microb Pathog.
1999;27:71-80.

Cywes C, Stamenkovic I, Wessels MR. CD44 as a re-
ceptor for colonization of the pharynx by group A
Streptococcus. | Clin Invest. 2000;106:995-1002.

Venge P, Pedersen B, Hikansson L, Hillgren R,
Lindblad G, Dahl R. Subcutaneous administration of
hyaluronan reduces the number of infectious exac-
erbations in patients with chronic bronchitis. Am |
Respir Crit Care Med. 1996;153:312-316.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

European Academy of Allergology and Clinical Im-
munology. Skin tests used in type I allergy testing
Position paper. Sub-Committee on Skin Tests of the
European Academy of Allergology and Clinical Im-
munology. Allergy. 1989;44:1-59.

Gelardi M. Atlas of Nasal Cytology. Torino, Italy:
Centro Scientifico Editore; 2012.

Meltzer EO, Jalowayski AA. Nasal cytology in clinical
practice. Am | Rhinol. 1988;2:47-54.

Passali D, Bianchini Ciampoli M. Normal values of
mucociliary transport time in young subjects. Int | Pe-
diatr Otorbinolaryngol. 1985;9:151-156.

Ayars GH, Altman LC, McManus MM. Injurious ef-
fect of the eosinophil peroxide-hydrogen peroxide-
halide system and major basic protein on human
nasal epithelium in vitro. Am Rev Respir Dis.
1989;140:125-131.

Kim D, Baraniuk JN. Neural aspects of allergic
rhinitis. Curr Opin Otolaryngol Head Neck Surg.
2007;15:268-273.

Gelardi M, Ventura MT, Fiorella R, et al. Allergic and
non-allergic rhinitis in swimmers: clinical and cytolog-
ical aspects. Br | Sports Med. 2012;46:54-58.

Gelardi M, Maselli Del Giudice A, Fiorella ML, et al.
Quality of life in non-allergic rhinitis depends on
the predominant inflammatory cell type. | Biol Regul
Homeost Agents. 2008;22:73-81.

Gelardi M, Maselli del Giudice A, Fiorella ML, et al.
Non-allergic rhinitis with eosinophils and mast cells
constitutes a new severe nasal disorder. Int | Im-
munopathol Pharmacol. 2008;21:325-331.

Krasinski R, Tchorzewski H. Hyaluronan-mediated
regulation of inflammation. Postepy Hig Med Dosw
(Online). 2007;61:683-689.

Hallén L, Johansson C, Laurent C, Dahlqvist A.
Hyaluronan localization in the rabbit larynx. Anat

Rec. 1996;246:441-445.

Mullol J, Chowdhury BA, White MV, et al. Endothe-
lin in human nasal mucosa. Am | Respir Cell Mol Biol.
1993;8:393-402.

Tanaka Y, Makiyama Y, Mitsui Y. Endothelin-1
is involved in the growth promotion of vascular
smooth muscle cells by hyaluronic acid. Int | Cardiol.
2000;76:39-47.

Casalino-Matsuda SM, Monzon ME, Day AJ, Forteza
RM. Hyaluronan fragments/CD44 mediate oxidative
stress-induced MUCSB up-regulation in airway ep-
ithelium. Am | Respir Cell Mol Biol. 2009;40:277~
285.

Partsch G, Schwartzer C, Neumiiller J, et al. Mod-
ulation of chemotaxis and migration of PMN cells
by hyaluronic acid. Z Rheumatol. 1989;48:123—
128.

Petrigni G, Allegra L. Aerosolised hyaluronic acid pre-
vents exercise-induced bronchoconstriction, suggest-
ing novel hypotheses on the correction of matrix de-
fects in asthma. Pulm Pharmacol Ther. 2006;19:166—
171.

Meltzer EO, Orgela HA, Bronskya EA, et al. A dose-
ranging study of fluticasone propionate aqueous nasal
spray for seasonal allergic rhinitis assessed by symp-
toms, rhinomanometry, and nasal cytology. | Allergy
Clin Immunol. 1990;86:221-230.

Meltzer EO, Orgel HA, Rogenes PR, Field EA. Nasal
cytology in patients with allergic rhinitis: effects of

intranasal fluticasone propionate. | Allergy Clin Im-
munol. 1994;94:708-715.

36.

37.

38.

39.

40.

42.

43.

44.

45.

46.

47.

48.

49.

50.

S1.

product in the treatment of this common disease. €@

Acknowledgments

Editorial assistance was provided by Neil Reynolds and
Stephanie Blick; this assistance was sponsored by IBSA.

Meltzer EO. Clinical and antiinflammatory effects of
intranasal budesonide aqueous pump spray in the
treatment of perennial allergic rhinitis. Ann Allergy
Asthma Immunol. 1998;81:128-134.

Meltzer EO, Jalowayski AA, Orgel HA, Harris AG.
Subjective and objective assessments in patients with
seasonal allergic rhinitis: effects of therapy with
mometasone furoate nasal spray. | Allergy Clin Im-
munol. 1998;102:39-49.

Pelucchi A, Chiapparino A, Mastropasqua B, Marazz-
ini L, Hernandez A, Foresi A. Effect of intranasal
azelastine and beclomethasone dipropionate on nasal
symptoms, nasal cytology, and bronchial responsive-
ness to methacholine in allergic rhinitis in response to
grass pollens. | Allergy Clin Immunol. 1995;95:515-
523.

Orgel HA, Meltzer EO, Kemp JP, Welch MJ. Com-
parison of intranasal cromolyn sodium, 4%, and oral
terfenadine for allergic rhinitis: symptoms, nasal cy-
tology, nasal ciliary clearance, and rhinomanometry.
Ann Allergy. 1991;66:237-244.

Meltzer EO, Orgel HA, Bronsky EA, et al. Iprat-
ropium bromide aqueous nasal spray for patients with
perennial allergic rhinitis: a study of its effect on their
symptoms, quality of life, and nasal cytology. | Allergy
Clin Immunol. 1992;90;242-249.

. Wight RG, Jones AS, Beckingham E, Andersson B,

Ek L. A double blind comparison of intranasal budes-
onide 400 micrograms and 800 micrograms in peren-
nial rhinitis. Clin Otolaryngol. 1992;17:354-358.

Kirkegaard J, Mygind N, Molgaard F, et al. Iprat-
ropium treatment of rhinorrhea in perennial nonal-
lergic rhinitis. A Nordic multicenter study. Acta Oto-
laryngol Suppl. 1988;449:93-95.

Sjogren I, Jonsson L, Koling A, Jansson C, Oster-
man K, Hikansson B. The effect of ipratropium bro-
mide on nasal hypersecretion induced by methacholine
in patients with vasomotor rhinitis. A double-blind,
cross-over, placebo-controlled and randomized dose-
response study. Acta Otolaryngol. 1988;106:453—
459.

Jokinen K, Sipila P. Intranasal ipratropium in
the treatment of vasomotor rhinitis. Rhinology.
1983;21:341-345.

Kirkegaard J, Mygind N, Molgaard F, et al. Ordinary
and high-dose ipratropium in perennial nonallergic
rhinitis. | Allergy Clin Immunol. 1987;79:585-590.

Malmberg H, Grahne B, Holopainen E, Binder E.
Ipratropium (Atrovent) in the treatment of vaso-
motor rhinitis of elderly patients. Clin Otolaryngol.
1983;8:273-276.

Bende M, Rundcrantz H. Treatment of perennial se-
cretory rhinitis. ORL | Otorhinolaryngol Relat Spec.
1985;47:303-306.

Jessen M, Bylander A. Treatment of non-allergic nasal
hypersecretion with ipratropium and beclomethasone.
Rbinology. 1990;28:77-81.

Balle V, llum P. Disodium cromoglycate nasal spray
in the treatment of perennial rhinitis. Acta Otolaryn-
gol. 1977;84:287-291.

Nelson BL, Jacobs RL. Response of nonallergic rhini-
tis with eosinophilia (NARES) syndrome to 4% cro-
moly sodium nasal solution. | Allergy Clin Immunol.
1982;70:125-128.

Georgitis JW, Banov C, Boggs PB, et al. Ipratropium
bromide nasal spray in non-allergic rhinitis: efficacy,
nasal cytological response and patient evaluation on
quality of life. Clin Exp Allergy. 1994;24:1049-1055.

7

International Forum of Allergy & Rhinology, Vol. 00, No. 0, xxxx 2013



