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Abstract

Background: Saline nasal irrigation is labelled as an add-on
treatment in patients with allergic rhinitis (AR). The primary
aim of this study was to compare the efficacy of 21-day use
of buffered hypertonic saline (BHS) versus normal saline so-
lution (NSS) on reducing nasal symptoms in children with
seasonal AR (SAR). Comparing their efficacy on nasal cytol-
ogy counts (NCC), quality of life, and sleep quality was the
secondary aim. Methods: In this 21-day, open-label, ran-
domized controlled study, 36 SAR children (aged 6-13 years)
with a Total 5 Symptom Score (T5SS) >5 received twice-dai-
ly BHS or NSS delivered through a nasal douche. Efficacy
measures were least square mean changes (LSmc) in T5SS,
NCC, Paediatric Rhinoconjunctivitis Quality of Life Question-
naire (PRQLQ), and Pittsburgh Sleep Quality Index (PSQI)
scores. Results: BHS improved the T5SS total score to a
greater extent than NSS (LSmc -6.45 vs. -5.45, p < 0.001).

Concerning NCC, BHS significantly reduced the scores of
neutrophils (LSmc -0.76, p = 0.004) and eosinophils (LSmc
-0.46, p=0.018), while NSS did not. Similarly, only BHS yield-
ed a significant improvement in the PRQLQ score (LSmc
-0.57, p = 0.009), whereas the improvement in PSQI score
was comparable between the BHS (LSmc -0.77, p = 0.025)
and NSS (LSmc -1.39, p < 0.001) groups. Overall, BHS was
well tolerated. Conclusions: In children with SAR, BHS is ef-
fective in improving nasal symptoms and NCC, with an as-
sociated beneficial effect on quality of life.

©2017 S. Karger AG, Basel

Introduction
Allergic rhinitis (AR) is a common disease in children,
with a global prevalence ranging from 3.9 to 45.1% [1]. In

Italian surveys, the prevalence ranges from 6 to 35% [2,
3]. Nasal and ocular symptoms deeply affect a patient’s
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life and activities, including their quality of life (QoL) and
sleep quality (SQ) [4, 5]

In the “Paediatric Rhinitis: Position Paper of the Euro-
pean Academy of Allergy and Clinical Immunology” [6]
saline nasal irrigation (SNI) was labelled as an add-on
treatment in combination with pharmacotherapy, aller-
gen-specific immunotherapy (where possible), and patient
education on prevention of the avoidable allergens, with a
grade A of recommendation. Recently, a meta-analysis of
10 randomized controlled trials has provided evidence for
the role of short and long courses of SNI in AR adults and
children as a complementary therapy for improving nasal
symptoms and QoL, and for decreasing drug consumption
[7]. Both normal saline solution (NSS) and buffered nor-
mal saline have been shown to be associated with good
compliance and tolerance [8]. Conversely, nasal burning/
irritation was reported for buffered hypertonic saline
(BHS), despite its efficacy in reducing nasal symptoms in
children with AR [9] and adults with rhinosinusitis [10].

QoL and SQ impairment are markedly related to the
severity of AR, the amelioration of which correlates with
an improvement of these outcomes [11]. Satdhabudha
and Poachanukoon [9] observed a similar QoL improve-
ment in children with AR at the end of a 4-week treatment
period with BHS or NSS. The effect of BHS on nasal
symptoms, QoL, and SQ in children with seasonal AR
(SAR) has not yet been investigated.

Similarly, no previous studies have focused on the ef-
fect of BHS on nasal cytology counts (NCC) in children
with SAR. Indeed, NCC is a simple and safe tool for char-
acterizing the patterns of inflammatory cells associated
with AR, which allows monitoring of the treatment effi-
cacy [12].

The primary aim of this study was to compare the ef-
ficacy of 21-day use of BHS versus NSS on reducing nasal
symptom scores in SAR children. Comparing their effi-
cacy on NCC, QoL, and SQ was the secondary aim.

Materials and Methods

This single-centre, open-label, randomized controlled study
was approved by the local Institutional Ethics Committee (Paler-
mo, Italy; approval No. 11/2014), and informed consent was ob-
tained from all parents before study entry. The approved study was
registered on the central registration system ClinicalTrials.gov
(ID: NCT02729012).

Subjective Measurements

Total 5 Symptom Score

The Total 5 Symptom Score (T5SS) is a subjective scoring sys-
tem for the determination of symptom severity based on 5 do-
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mains: rhinorrhoea, nasal obstruction, nasal itching, sneezing, and
eye itching. Each symptom is scored on a 4-point scale from 0 to 3
(0, absent; 1, mild - any symptom that is present but not particu-
larly bothersome; 2, moderate — any symptom that is bothersome
but does not interfere with daily activities or disturb sleep; 3, se-
vere — any symptom that interferes with daily activity or disturbs
sleep). The total score is calculated by adding the scores for all the
5 domains, resulting on a range of 0-15 [13].

Paediatric Rhinoconjunctivitis Quality of Life Questionnaire

The Paediatric Rhinoconjunctivitis Quality of Life Question-
naire (PRQLQ) is a self-administered disease-specific question-
naire with a 4-week recall, for assessing physical, emotional, and
social problems in subjects with AR. It includes 23 items in 5 do-
mains: nose symptoms, eye symptoms, practical problems, activity
limitation, and other symptoms. Each domain is scored on a
7-point scale (from 0, not troubled, to 6, extremely troubled). The
overall score is obtained from the mean score of all items [14].

Pittsburgh Sleep Quality Index

The Pittsburgh Sleep Quality Index (PSQI) is a self-adminis-
tered questionnaire with a 4-week recall, which includes 19 ques-
tions in 7 domains: subjective SQ, sleep latency, sleep duration,
habitual sleep efficiency, sleep disturbance, use of sleep medica-
tions, and daytime dysfunction. Each domain is scored from 0 to
3, meaning the total score ranges from 0 to 21. A total score above
5 indicates poor SQ; scores greater than 10 indicate a chronic sleep
disorder [15].

Objective Measurements

Nasal Cytology

Nasal cytology was performed using a small plastic curette
(Rhinoprobe™) in anterior rhinoscopy, scraping from the middle
portion of the inferior turbinate. The cellular material was spread
on a glass slide, fixed by air drying, and then stained through the
May-Griinwald-Giemsa method. Slides were read using a com-
mon optical microscope equipped with a digital camera at x1,000
magnification, in oil immersion. The analysis of rhinocitograms
involved the reading of not less than 50 fields. Neutrophil and eo-
sinophil NCCs were graded based on Gelardi et al. [16] as follows:
0, none; 0.5, occasional; 1, a few scattered cells, small clumps; 2,
moderate number, large clumps; 3, large clumps not covering the
field; 4, clumps covering the entire field.

Entry and Exclusion Criteria

The entry criteria were: (1) age 6-13 years; (2) a clinical history
of SAR in the previous year; (3) a positive skin-prick test to grass
pollen (grass mix) and/or olive pollen (Olea europaea), defined as
a skin response after 15 min (wheal >3 mm larger than the nega-
tive control test; Stallergenes, Milan, Italy) [17], and (4) T5SS 25
in at least 4 out of the 7 days of the run-in period.

The exclusion criteria were: (1) upper or lower respiratory tract
infections in the 2 weeks before the screening visit; (2) use of leu-
kotriene antagonists, systemic/topical antibiotics, or corticoste-
roids in the 2 weeks before the screening visit; (3) ongoing aller-
gen-specific immunotherapy, and (4) active smoker.

Study Design
Sixty-two children with SAR, aged 6-13 years, were recruited
at the paediatric allergy outpatient clinic of the IBIM (CNR, Pa-
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Assessed for eligibility
(n=62)

Excluded (n = 26)

« 7 did not fulfil entry criteria
« 1 adverse event

« 5 protocol violations

* 6 lost to follow-up

« 7 consent withdrawn

Y
Randomized
(ITT population: n = 36)

N

Dropouts (n = 3)

« 1 consent withdrawn
« 1 protocol violation
+ 1 lost to follow-up

Fig. 1. Study flowchart. ITT, intention-to-
treat.

NSS BHS
(n =18) (n =18)
Dropouts (n = 3)
[€— —>»{ * 2 consent withdrawn
+ 1 protocol violation
Y Y
Completed Completed
(n =15) (n =15)

lermo, Italy) between October 2015 and February 2016. Diagnosis
of SAR was defined according to the ARIA criteria [18]. A detailed
medical history was obtained by well-trained medical interviewers
(V.M,, G.F,, SL.G.), investigating the course and duration of
symptoms, as well as host and environmental risk factors.

The study involved the following 4 visits: screening (visit 1, -7
days); randomization (visit 2, day 1); mid-treatment efficacy and
safety evaluation (visit 3, day 14 + 2), and final efficacy and safety
evaluation (visit 4, day 21 + 1). At visit 1, skin-prick tests were car-
ried out in all patients. A physical examination was performed at
each visit. NCC, PRQLQ, and PSQI were performed at visits 2 and
4. When necessary, questionnaires were completed under the su-
pervision of one of the researchers (L.M.) during the visits.

Patients were screened in May 2016, when the pollen season
had started (with a guidance of at least 30 grains/m? www.polli-
nieallergia.net). Then, 36 children were assigned to the BHS or the
NSS group (1:1 allocation) according to a computer-generated
randomization list. For 21 days, BHS children received twice-daily
5mL of 3% BHS (Rinorex3, nasal solution, composition: aqua, so-
dium chloride buffered with sodium bicarbonate, pH value 7-7.5),
while NSS children received 5 mL of 0.9% saline solution (pH val-
ue 6). Both BHS and NSS, prepacked by the manufacturer (Stewart,
Milan, Italy), were dispensed through the Rinowash nasal douche
device (Markos Mefar, Bovezzo, Italy) to properly deliver the en-
donasal therapy. All patients and their caregivers were trained re-
garding SNI usage through a brief demonstration. They were also
instructed to record their T5SS symptom scores daily on a diary
card prior to morning dosing. Moreover, patients and their care-
givers were asked to record the occurrence of any adverse event

Buffered Hypertonic Nasal Irrigation in
Children with Rhinitis

and use of rescue medications. Oral antihistamines (cetirizine oral
drops 10 mg/mL, 5 mg b.i.d.) were allowed, if required, as a rescue
medication throughout the study period.

Outcomes

The primary efficacy outcome was the change in T5SS symp-
tom score from baseline. Daily repeated measurements were avail-
able over the whole treatment period. The changes from baseline
to 21 days of treatment in NCC, PRQLQ, and PSQI were evaluated
as secondary outcomes.

Statistical Methods

Based on data from a previous study [9], a sample size of 90
measurements for each treatment group would ensure an 80% sta-
tistical power and a 5% 2-sided significance level (Epi Info, version
7.2) in detecting an expected difference of 1 in the mean T5SS total
score (SD 2.4) between BHS and NSS after 2 treatment weeks. The
actual sample size (per-protocol) of 15 subjects per group, yielding
315 repeated measurements per group, would provide an appro-
priate result. All efficacy assessments were carried out on the pop-
ulation who completed the study (per-protocol analysis). Both for
the primary and the secondary outcomes, the 2 treatment groups
were compared using linear regression models for the repeated
measurements, adjusting for age, gender, exposure to passive
smoking and mould during life, disease duration (years), and base-
line value of the outcomes. Comparisons were performed in terms
of least square mean change (LSmc; R package Ismeans). A p value
<0.05 was considered to indicate a statistically significant effect.
Statistical analyses were performed through R version 3.2.3.
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Fig. 2. T5SS daily mean scores in children treated with NSS and
BHS.

Table 1. Demographic and clinical characteristics of children at
randomization (intention-to-treat population)

NSS BHS p
(n=18) (n=18) value
Age, years
Mean + SD 10.16%+2.39 8.9+2.26 0.11
Min.—-max. 6-13 6-13
Gender 1.00
Female 6 (33) 5(28)
Male 12 (67) 13 (72)
BMI 18.75+4.12 19.05+£3.76 0.82
Parental history of allergy! 12 (71) 10 (56) 0.49
Mould exposure during life 6 (35) 7 (39) 1.00
Smoke exposure during life 6 (35) 7 (39) 1.00
SAR duration 0.60
1-3 years 7 (39) 4(22)
3-5 years 6 (33) 7 (39)
>5 years 5(28) 7 (39)
Olive sensitization 6 (33) 11 (61) 0.18
Grass mix sensitization 11 (61) 14 (78) 0.47

Total T5SS score at baseline
Total PRQLQ score at baseline
Total PSQI score at baseline

9+3.65 8.39+£3.26 0.60
1.74+1.5 1.65+0.9 0.85
3.59+1.87 2.79+1.53 0.21

Data are represented as the mean + SD or n (%), unless other-
wise stated. p values are from Fisher exact (categorical variables)
or t tests (quantitative variables). SAR, seasonal allergic rhinitis;
T5SS, Total 5 Symptom Score; PRQLQ, Paediatric Rhinoconjunc-
tivitis Quality of Life Questionnaire; PSQI, Pittsburgh Sleep Qual-
ity Index.

! Maternal or paternal history of allergic conditions (i.e., ecze-
ma, rhinitis) were defined as those parents responding “yes” to the
question: “Has any doctor ever told you that you have one or more
allergic conditions?”

100 Int Arch Allergy Immunol 2017;174:97-103
DOI: 10.1159/000481093

Fig. 3. Mean change from baseline over the entire treatment period
for the total and partial symptom scores in children treated with
NSS and BHS. * p < 0.001.

Results

Patient Characteristics

Out of the 62 screened patients, 36 (intention to treat
population) were randomized to receive either the BHS
(n = 18) or the NSS (n = 18; Fig. 1). Twenty-six patients
(42%) were excluded before randomization due to: viola-
tion of entry criteria (11%), health adverse event (fever,
2%), protocol violation (criteria for exclusion detected at
the screening visit, 8%), lost after the screening visit
(10%), and consent withdrawn (11%).

In total, 30 patients (83%) completed the study; 2 pa-
tients (11%) from the BHS group withdrew their consent
compared with 1 (5.5%) in the NSS group. One patient
per group (5.5%) withdrew because of protocol violation
(treatment not administered as prescribed), and 1 child
was lost to follow-up in the NSS group (5.5%). The demo-
graphic and clinical characteristics were similar between
the 2 groups at baseline (Table 1). The level of adherence
was 100% in both the treatment groups. Permitted rescue
medication use (oral antihistamines) was reported in 5
NSS children (31%) versus 2 BHS children (12%). Ad-
verse events reported by parents, such as nasal irritation
or burning duringirrigation, were observed in 1 NSS chil-
dren (6%) versus 2 BHS children (12%), but they were not
severe enough to preclude the continuation of treatment.

Efficacy Assessment

Total 5 Symptom Score

The daily mean T5SS total score was lower in the BHS
group for most of the days of treatment (Fig. 2). Overall,
the BHS group improved the baseline T5SS total score to
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Table 2. Mean change from baseline in secondary outcomes over
the treatment period (per-protocol analysis)

NSS p BHS P
(n=15) value (n=15) value

Nasal neutrophil count

LSmc -0.24 0.285 -0.76 0.004

LSmc difference -0.52 0.106
Nasal eosinophil count

LSmc -0.15 0.359 -0.46 0.018

LSmc difference -0.31 0.216
PRQLQ total score

LSmc -0.48 0.062 -0.57 0.009

LSmc difference -0.09 0.728
PSQI total score

LSmc -1.39 <0.001 -0.77 0.025

LSmc difference 0.63 0.15

Significant changes are indicated in bold. LSmc, least square
mean changes; PRQLQ, Paediatric Rhinoconjunctivitis Quality of
Life Questionnaire; PSQI, Pittsburgh Sleep Quality Index.

a greater extent than the NSS group (LSmc of -6.45 and
-5.45, respectively, p < 0.001; Fig. 3). The decrease in the
total T5SS was the result of an improvement in rhinor-
rhoea, nasal itching, sneezing, and eye itching (p < 0.001;
Fig. 3).

Secondary Outcomes

Only in the BHS group, nasal neutrophil count (LSmc
-0.76, p = 0.004) and nasal eosinophil count (LSmc -0.46,
p =0.018) reduced significantly after 21 days of treatment
(Table 2). Similarly, the mean PRQLQ score significantly
decreased only among BHS patients (LSmc -0.57, p =
0.009). The mean PSQI score significantly decreased in
both the BHS (LSmc -0.77, p = 0.025) and NSS (LSmc
-1.39, p < 0.001) groups.

Discussion

This study demonstrated that 21-day use of BHS sig-
nificantly improves T5SS in children with SAR, and also
provided relevant information about nasal cytology, QoL,
and SQ. Compliance with daily treatment was very high
due to a close telephone follow-up conducted by well-
trained investigators. Adverse events and rescue medica-
tion use did not feature in the BHS group, indicating a
good treatment tolerability.

Buffered Hypertonic Nasal Irrigation in
Children with Rhinitis

The exact optimal salinity and pH of nasal irrigation
fluid for the treatment of AR are still not well defined. It
is known that hypertonicity can reduce mucosal oedema
due to osmotic pressure-induced water transport through
the epithelial membrane, improving mucociliary clear-
ance [19]. Previous data reported the efficacy of nasal ir-
rigation with hypertonic saline solution in children with
AR [20, 21]. Despite concerns that have been raised about
the concentration of nasal irrigation solutions and poten-
tial damage to the nasal mucosa, in vivo studies showed
that hypertonic saline solutions below 6% do not result in
any epithelium damage [22, 23].

In addition, alkaline pH proved to be more beneficial
for ciliary function [24], and in vitro studies showed that
the optimal ciliary beat frequency occurs between pH 6.9
and 9.5 [25]. It has been shown that BHS is superior to
buffered normal saline in improving mucociliary clear-
ance in adult patients with sinusitis [10, 26]. A pH range
between 3 and 10 can be tolerated, even though subjective
discomfort may occur at the extremes of this range. How-
ever, studies on animal models demonstrated no occur-
rence of mucosal damage with solutions between pH 3
and 10 [27].

The current study emphasizes the role of BHS in im-
proving most nasal symptoms in AR children, with good
tolerability in terms of adverse event occurrence. Consis-
tent with results obtained by Satdhabudha and Poacha-
nukoon [9], in the present study BHS improved the T5SS
total score to a greater extent than NSS (p < 0.001) over
the treatment period. However, in contrast to the afore-
mentioned study, a significantly greater improvement for
BHS was found not only for nasal itching but also for rhi-
norrhoea, nasal itching, sneezing, and eye itching (p <
0.001). The latter result highlights the efficacy of BHS also
in controlling ocular symptoms in children with SAR.

The reported improvement in T5SS was associated
with a reduction in neutrophil and eosinophil counts as-
sessed through nasal cytology, where significantimprove-
ments from baseline (p = 0.004 and 0.018, respectively)
were observed only in the BHS group. It is noteworthy
that no previous studies focused on NCC as an outcome
of BHS efficacy in children with SAR. This result appears
to be relevant since it provides objective evidence about
the treatment efficacy, focusing on the inflammatory sta-
tus of nasal mucosa [12].

After the 21 days of treatment a significant improve-
ment in overall QoL was observed only in BHS children.
This result provides further evidence to previous data
published by Satdhabudha and Poachanukoon [9] that
observed a similar QoL improvement at the end of a
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4-week treatment period (1 week longer) with BHS or
NSS in children with AR.

Focusing on SQ, a significant improvement was found
in both the BHS and NSS groups. This result can be as-
cribed, in general, to the nasal cleansing effect of NSI, in-
dependently of the tonicity and pH. Despite the compa-
rable SQ improvement between the 2 treatment groups,
this result may be of interest since the effect of BHS on SQ
had not been investigated before through a specific stan-
dardized tool such as PSQI in children with SAR.

From a clinical point of view, the results can be of rel-
evant interest since nasal irrigation is widely used in chil-
dren to enhance the control of rhinitis symptoms. In ad-
dition, the finding of a significant improvement in ocular
symptoms suggests that use of BHS as an add-on treat-
ment could be useful in controlling the most frequent
concomitant symptoms in AR children. Indeed, ocular
symptoms worsen QoL, affecting daily activities in chil-
dren with AR [4]. Performing nasal cytology can repre-

sent an added value, since a combined approach using
both subjective and objective outcomes is advisable for a
better management of children with AR.

An aspect that should have improved the methodolog-
ical quality of this study is the same endonasal delivery
system provided to all the enrolled children, while the
main limitation is that the results are not generalizable to
children with a perennial form of AR. This is due to the
small sample size that consisted of children with SAR
from the same geographical area.

In conclusion, this study supports the use of 3% BHS
in paediatric patients with SAR. BHS was found to be
more effective than NSS for an improvement in T5SS and
NCC. Both of the health-related outcomes, i.e., QoL and
SQ, also improved at the end of treatment with BHS.
Therefore, the 21-day course with BHS twice daily proved
to be an effective and well-tolerated treatment in children
with SAR.

References

1 Bjorkstén B, Clayton T, Ellwood P, Stewart A, 7 Hermelingmeier KE, Weber RK, HellmichM, 14 Juniper EF, Howland WC, Robertsa NB,
Strachan Dj; ISAAC Phase III Study Group: Heubach CP, Mésges R: Nasal irrigation as an Thompson AK, King DR: Measuring quality
Worldwide time trends for symptoms of rhi- adjunctive treatment in allergic rhinitis: a sys- of life in children with rhinoconjunctivitis. J
nitis and conjunctivitis: phase III of the Inter- tematic review and meta-analysis. Am ] Rhi- Allergy Clin Immunol 1998;101:163-170.
national Study of Asthma and Allergies in nol Allergy 2012;26:e119-e125. 15 Buysse DJ, Reynolds CF, Monk TH, Berman
Childhood. Pediatr Allergy Immunol 2008; 8 Jeffe JS, Bhushan B, Schroeder JW: Nasal sa- SR, Kupfer DJ: The Pittsburgh Sleep Quality
19:110-124. line irrigation in children: a study of compli- Index: a new instrument for psychiatric prac-

2 Cibella F, Cuttitta G, La Grutta S, Melis MR, ance and tolerance. Int ] Pediatr Otorhinolar- tice and research. Psychiatry Res 1989;28:

Lospalluti ML, Uasuf CG, Bucchieri S, Viegi yngol 2012;76:409-413. 193-213.
G: Proportional Venn diagram and determi- 9 Satdhabudha A, Poachanukoon O: Efficacyof 16 Gelardi M, Iannuzzi L, Quaranta N, Landi M,
nants of allergic respiratory diseases in Italian buffered hypertonic saline nasal irrigation in Passalacqua G: NASAL cytology: practical as-
adolescents. Pediatr Allergy Immunol 2011; children with symptomatic allergic rhinitis: a pects and clinical relevance. Clin Exp Allergy
22:60-68. randomized double-blind study. Int ] Pediatr 2016;46:785-792.

3 Galassi C, De Sario M, Biggeri A, Bisanti L, Otorhinolaryngol 2012;76:583-588. 17 Bernstein IL, Li JT, Bernstein DI, Hamilton
Chellini E, Ciccone G, Petronio MG, Piffer S, 10 Hauptman G, Ryan MW: The effect of saline R, Spector SL, Tan R, Sicherer S, Golden
Sestini P, Rusconi F, Viegi G, Forastiere F: solutions on nasal patency and mucociliary DBK, Khan DA, Nicklas RA, Portnoy JM,
Changes in prevalence of asthma and allergies clearance in rhinosinusitis patients. Otolar- Blessing-Moore ], Cox L, Lang DM, Oppen-
among children and adolescents in Italy: yngol Neck Surg 2007;137:815-821. heimer J, Randolph CC, Schuller DE, Tilles
1994-2002. Pediatrics 2006;117:34-42. 11 Juniper EF, Stahl E, Doty RL, Simons FER, Al- SA, Wallace DV, Levetin E, Weber R: Allergy

4 Cibella F, Ferrante G, Cuttitta G, Bucchieri S, len DB, Howarth PH: Clinical outcomes and diagnostic testing: an updated practice pa-
Melis MR, La Grutta S, Viegi G: The burden adverse effect monitoring in allergic rhinitis. rameter. Ann Allergy Asthma Immunol
of rhinitis and rhinoconjunctivitis in adoles- J Allergy Clin Immunol 2005;115:5390-5413. 2008;100:S1-S148.
cents. Allergy Asthma Immunol Res 2015;7: 12 Howarth PH, Persson CG, Meltzer EO, Jacob- 18 Bousquet J, Khaltaev N, Cruz AA, Denburg
44-50. son MR, Durham SR, Silkoff PE: Objective J, Fokkens W, Togias A, Zuberbier T, Baena-

5 Roder E, Berger MY, Hop WC, de Groot H, monitoring of nasal airway inflammation in Cagnani C, Canonica G, van Weel C, et al:
Gerth van Wijk R: The relevance of patient- rhinitis. ] Allergy Clin Immunol 2005; Allergic rhinitis and its impact on asthma
reported outcomes in a grass pollen immuno- 115:5414-5441. (ARIA) 2008 update. Allergy 2008;63:8-
therapy trial in children and adolescents with 13 Baiardini I, Villa E, Rogkakou A, Pellegrini S, 160.
rhinoconjunctivitis. Pediatr Allergy Immunol Bacic M, Compalati E, Braido F, Le Grazie C, 19 Marchisio P, Varricchio A, Baggi E, Bianchi-
2013;24:39-48. Canonica G, Passalacqua G: Effects of mo- ni S, Capasso M, Torretta S, Capaccio P, Gas-

6 Roberts G, Xatzipsalti M, Borrego L, Custovic metasone furoate on the quality of life: a ran- parini C, Patria F, Esposito S, others: Hyper-
A, Halken S, Hellings P, Papadopoulos N, domized placebo-controlled trial in persistent tonic saline is more effective than normal sa-
Rotiroti G, Scadding G, Timmermans F, Valo- allergic rhinitis and intermittent asthma us- line in seasonal allergic rhinitis in children.
virta E: Paediatric rhinitis: position paper of ing the Rhinasthma questionnaire. Clin Exp Int J Immunopathol Pharmacol 2012;25:
the European Academy of Allergy and Clinical Allergy 2011;41:417-423. 721-730.

Immunology. Allergy 2013;68:1102-1116.
102 Int Arch Allergy Immunol 2017;174:97-103 Malizia et al.

DOI: 10.1159/000481093

31298
&#44; Bibl. Area Biomed. Tor Vergata

017 7:30:38 PM

ari



20

21

Garavello W, Di Berardino F, Romagnoli M,
Sambataro G, Gaini RM: Nasal rinsing with
hypertonic solution: an adjunctive treatment
for pediatric seasonal allergic rhinoconjuncti-
vitis. Int Arch Allergy Immunol 2005;137:
310-314.

Garavello W, Romagnoli M, Sordo L, Gaini
RM, Berardino CD, Angrisano A: Hypersa-
line nasal irrigation in children with symp-
tomatic seasonal allergic rhinitis: a random-
ized study. Pediatr Allergy Immunol 2003;14:
140-143.

Buffered Hypertonic Nasal Irrigation in
Children with Rhinitis

22

23

24

Greiff L, Andersson M, Wollmer P, Persson
C: Hypertonic saline increases secretory and
exudative responsiveness of human nasal air-
way in vivo. Eur Respir ] 2003;21:308-312.
Baraniuk JN, Ali M, Yuta A, Fang S, Naranch
K: Hypertonic saline nasal provocation stim-
ulates nociceptive nerves, substance P release,
and glandular mucous exocytosis in normal
humans. Am J Respir Crit Care Med 1999;
160:655-662.

Luk CK, Dulfano MJ: Effect of pH, viscosity
and jonic-strength changes on ciliary beating
frequency of human bronchial explants. Clin
Sci 1983;64:449-451.

25

26

27

Homer J, England R, Wilde A, Harwood G,
Stafford N: The effect of pH of douching solu-
tions on mucociliary clearance. Clin Otolar-
yngol Allied Sci 1999;24:312-315.

Talbot AR, Herr TM, Parsons DS: Mucocili-
ary clearance and buffered hypertonic saline
solution. Laryngoscope 1997;107:500-503.
Pujara CP, Shao Z, Duncan MR, Mitra AK:
Effects of formulation variables on nasal epi-
thelial cell integrity: biochemical evaluations.
Int ] Pharm 1995;114:197-203.

Int Arch Allergy Immunol 2017;174:97-103
DOI: 10.1159/000481093

103

- 31298
&#44; Bibl. Area Biomed. Tor Vergata

017 7:30:38 PM




