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Abstract

Background: Persistent allergic rhinitis (PER) has a moderate
impact on the sense of smell, but no controlled study has
reported the effect of antihistamines on the loss of smell in
patients with PER. Methods: Patients with PER and subjec-
tive loss of the sense of smell (h = 27) were included in this
pilot randomised, double-blind, placebo-controlled study.
Nasal symptoms, nasal endoscopy, skin prick test, acoustic
rhinometry, peak nasal inspiratory flow, nasal nitric oxide
(nNO), and olfactometry (Barcelona Smell Test-24; BAST-24)
were performed and evaluated in all PER patients at baseline
and after 7 and 30 days of treatment with levocetirizine 5 mg
or placebo. Results: The study population was randomized
into two homogeneous groups: levocetirizine (n = 14) and
placebo groups (n = 13). The evolution of symptoms reflect-
ed the therapeutic effect of levocetirizine treatment on rhi-
norrhea, nasal itching, eye itching, sneezing, and the total
symptoms score after 7 and 30 days. Significant improve-
ment in loss of smell by a visual analog scale (VAS) was ob-

served after 7 days of levocetirizine treatment (7.2 + 4.3;
p < 0.05) compared to placebo (-9.4 * 6.2). Improvement
in smell identification by BAST-24 was strongly correlated
(r=0.72; p < 0.05) with smell improvement by VAS after 30
days. After 7 days of treatment with levocetirizine, the nNO
values decreased (-494 * 188) compared to placebo (155 =
284 ppb; p <0.05). Conclusions: The CIRANO study suggests
that levocetirizine is effective on PER symptoms, including a
transient improvement in loss of smell, and that this im-
provement concurs more with reduction of nasal inflamma-
tion than of nasal patency. Copyright © 2012 S. Karger AG, Basel

Introduction

An estimated 5-30% of the general worldwide popula-
tion suffers from allergic rhinitis (AR) [1]. AR is an in-
flammatory disease affecting the nasal mucosa with a
considerable impact on the quality of life (QoL) (work,
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school, and social life) of the sufferer. Classically, AR was
divided into seasonal (SAR) and perennial (PAR). Nowa-
days, using ARIA criteria, AR is divided into persistent
(PER) or intermittent AR (IAR) [2].

Although several studies have reported smell disor-
ders associated with SAR [3-9], few studies have ad-
dressed the potential loss of smell in patients with PAR
[8, 9]. It is well known that the association between AR
and chronic rhinosinusitis seriously harms the sense of
smell [10, 11]. Smell disorders are present in 21-23% of
patients with AR [12, 13], but 31% of patients with AR
have gustative upsets [13]. A study documented the mod-
erate loss of smell (15%) after allergen exposure, with
70% nasal narrowing [3]. We recently published the first
study using ARIA criteria in patients with PER, which
concluded that this disease induces a moderate loss of
smell, with a higher impairment in those with self-re-
ported hyposmia (SRH) and moderate-to-severe PER
[14].

Few controlled studies [6, 15], all done in SAR, have
investigated the effect of antihistamines improving the
sense of smell and nasal congestion in AR. Levocetiri-
zine is a potent second generation nonsedative H;-antag-
onist used in the treatment of AR and urticaria. The
XPERT study demonstrated that levocetirizine improves
nasal symptoms [16] and QoL [17] and reduces socioeco-
nomic costs [18] in patients with PER, with an incidence
of side effects similar to that of placebo. Compared to
other anti-Hj, levocetirizine possesses a very favorable
pharmacokinetic and pharmacodynamic profile with
high selectivity for the H;-receptor, a low volume of dis-
tribution, and virtually no liver metabolism or drug-to-
drug interaction [19]. In patients with PAR, a random-
ized, double-blind, placebo-controlled study comparing
levocetirizine and loratadine demonstrated a significant
improvement in nasal symptoms (83.8 vs. 66.7% of pa-
tients) compared to placebo [20]. To date, no controlled
study has reported the effect of antihistamines on the
sense of smell, nasal inflammation, and nasal congestion
in patients with PER.

However, the nature of odor identification, closely re-
lated to familiar and cultural aromatic items, usually lim-
its the use of olfactory tests to the country or region where
they have been developed and validated. So far, the Bar-
celona Smell Test-24 (BAST-24) [21], a smell test validated
for the Spanish and Mediterranean population, has been
used to evaluate the loss of smell [14] in PER patients,
showing a link between the magnitude of smell disorders
and the severity of AR.

The CIRANO Study

Material and Methods

Population and Design

Study Population

From a population of 49 patients with PER, 27 consecutive pa-
tients with SRH were included in this randomized, double-blind,
placebo-controlled study. Inclusion criteria for the patients were
a history of PER (at least 2 years), according to ARIA [2] duration
and severity criteria, with SRH. Exclusion criteria were the exis-
tence of any nasal disease other than PER: IAR, acute or chronic
rhinosinusitis, specific immunotherapy during the 3 years before
the study, age under 18 years, pregnancy, antiallergic therapy at
study entry, presence of parasitic infections, hypereosinophilia
syndrome, or refusal to consent.

Study Design

Patients with AR were evaluated for PER (symptoms present
for more than 4 days a week and for more than 4 consecutive
weeks) following ARIA guidelines [2]. The primary objective of
this double-blind placebo-controlled trial was to assess the effi-
cacy of 5 mg levocetirizine dihydrochloride tablets administered
once daily at bedtime for 4 weeks compared to placebo to improve
the sense of smell, by using the Barcelona Smell Identification Test
(BAST-24), in PER patients. Secondary objectives were to assess
the efficacy after 7 days of treatment and at the end of the treat-
ment period (30 days) on nasal symptoms including loss of smell,
as well as nasal permeability and patency [acoustic rhinometry,
peak nasal inspiratory flow (PNIF) monitoring], nasal inflamma-
tion (nasal nitric oxide; nNO), QoL (Rhinoconjunctivitis Quality
of Life Questionnaire; RQLQ), and safety after 4 weeks of levoce-
tirizine or placebo treatment.

Nasal symptoms, nasal endoscopy, skin prick test, acoustic
rhinometry, PNIF, nNO, and olfactometry (BAST-24) were per-
formed and evaluated in all PER patients. Patients were allowed
to use nasal saline washes during a 4-week washout period for oral
and intranasal steroids, a 2-week period for antileukotrienes, and
7 days for antihistamines. The Ethics Committee of our institu-
tion approved the study, and signed informed consent was ob-
tained from all patients.

Outcome Assessment

Allergy Study

Skin prick tests were performed using commercial extracts
against the main airborne allergens present in our geographic
area.

Nasal Endoscopy

Mucopurulent discharge from the middle meatus, edema/mu-
cosal obstruction primarily in the middle meatus, and nasal pol-
yps were evaluated for exclusion criteria.

Nasal Symptoms

Loss of the sense of smell and the global rhinitis score (GRS)
were assessed using a visual analog scale (VAS; 0-10 cm). In ad-
dition, nasal congestion, rhinorrhea, nasal and eye itching, sneez-
ing, and the Total 4 Symptoms Score (T4SS; sneezing, rhinorrhea,
nasaland ocular pruritus) were assessed using a Likert scale (0-3).
All symptoms were assessed at baseline and after 7 and 30 days of
treatment.
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Table 1. Demographic data on PER patients with SRH

All Placebo Levocetiri-
patients zine, 5 mg
Patients, n (%) 27 (100) 13 (48.1) 14 (51.9)
Mean age £ SEM, years 31.9%2 326%x28 31.1%x29
Females, n (%) 13 (48.1) 6(46.2) 7 (50)
PER severity
Mild, n (%) 4(14.8) 3(23.0) 1(7.1)
Moderate/severe, n (%) 23(85.2) 10(77.0) 13(92.9)

Olfactory Function

Olfactometry was assessed at baseline and after 7 and 30 days
of treatment by means of the BAST-24 [21] using 20 odors for the
olfactory nerve. The smell test was performed in a quiet, noise-
isolated, well-ventilated room with controlled humidity (40-70%)
and temperature (21-23°C). All of the odorants were located in
hermetic glass jars. The explorer and the patients did not wear
perfumes, lotions, or creams on the day of the examination. The
odorant jar had to stay at 1 cm from the nose and there was no
contact between the explorer’s finger and the patient’s face.

Nasal Function

Nasal airflow was monitored (at baseline, 7 and 30 days) by
peak nasal inspiratory flow (PNIF). The test was repeated 3 times
and the best result was reported. Using acoustic rhinometry, the
nasal volume from 0 to 6 cm (Vy_g) and the minimum cross-sec-
tional area (MCA), assessed at baseline and after 7 and 30 days of
treatment, were measured from each nasal cavity within the dis-
tance of 6 cm from the nostrils. The test was repeated 3 times, and
the mean of MCA and volume (V(_g) of the nasal cavities were
calculated [22].

Nasal Inflammation

nNO was used as a noninvasive marker of upper airway in-
flammation [23]. nNO was assessed at baseline and after 7 and 30
days of treatment. A nasal sample was obtained from one nostril
using a negative pressure pump with a flow rate of 3 liters/min.
Patients were instructed to blow up their cheeks to elevate the
mouth pressure in order to lift up the palate and isolate the nasal
cavity from the rest of respiratory system. nNO was measured
when the levels reached plateau values.

Quality of Life

The RQLQ is a disease-specific, validated, and reproducible
instrument for evaluating QoL on the basis of how symptoms
and treatments affect each patient’s physical, social, and emo-
tional well-being. It includes 28 items distributed in 7 domains.
Allitems are scored ranging from 0 (no impairment) to 6 (major
impairment). The RQLQ was assessed at baseline and after 7
and 30 days of treatment. A reduction in score of 0.5 or greater
was considered clinically important [24]. The differences be-
tween baseline and 7 days (A,_7) and 30 days (Aq_3) were cal-
culated for all of the measurements between levocetirizine and
placebo.
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Statistical Analysis

The statistical analysis was performed using SPSS for Win-
dows (SPSS 11.0; Chicago, I11., USA). All analyses were performed
using two-tailed tests with significance at the p < 0.05 level, and
dataare presented as means *+ SEM. Descriptive analysis was car-
ried out for the demographic characteristics, and a comparative
analysis between groups was performed using the x? test. Com-
parative intergroup and intragroup analyses were performed us-
ing nonparametric tests: Wilcoxon and Mann-Whitney tests were
used for paired and unpaired samples, respectively.

Results

Allergy Study

All patients diagnosed with PER and SRH had a posi-
tive skin prick test to house dust mites (100%). Other al-
lergen positivities were present against animal dander
(30.7%) and pollens (27%).

Demographic Data

A total of 27 patients (13 women, mean age 31.9 £ 2
years) were enrolled into this study from January 2005 to
February 2007. Most of them (23 patients, 85.2%) were
classified as having moderate/severe PER, while only 4
patients (14.8%) were classified as having mild PER. The
study population was randomized into two groups: the
group treated with levocetirizine 5 mg consisted of 14 pa-
tients (7 women, mean age 31.1 £ 2.9 years) and the pla-
cebo group consisted of 13 patients (6 women, mean age
32.6 * 2.8 years). The two groups were homogeneous in
terms of their demographic characteristics as summa-
rized in table 1.

Nasal Symptoms

Compared to placebo, treatment with levocetirizine
induced significant (p <0.05) improvement in nasal itch-
ing (at 7 days) and sneezing (at 30 days) (table 2), and on
T4SS (at 7 days) (fig. 1a) and the GRS (at 7 and 30 days)
(fig. 1b).

Olfactory Function

Significant improvement in loss of smell by VAS was
observed with levocetirizine (7.2 * 4.3; p < 0.05) com-
pared to placebo (-9.4 £ 6.2) after 7 days but not 30 days
(fig. 2). Although patients treated with levocetirizine
scored better on smell detection, identification, and
forced choice by BAST-24 than those treated with placebo
after 7 days, the differences did not reach statistical sig-
nificance (table 3). However, smell identification by
BAST-24 and loss of smell by VAS after 30 days were
strongly correlated (r = 0.72; p < 0.05).

Guilemany et al.
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Fig. 1. Effect of levocetirizine 5 mg on nasal symptoms in PER patients. Improvement of the T4SS at 7 days (a) and the GRS after 7 and
30 days (b). p < 0.05, compared to placebo (Mann-Whitney test).

Table 2. Effect of levocetirizine and placebo on nasal symptoms

in PER patients
Symptoms Time Placebo Levocetirizine
5mg
Nasal congestion B 25%0.1 24%0.2
Ao 7 -04x£0.2 -0.5%£0.3
Ag_30 -0.8+0.3 -0.8+0.4
Rhinorrhea B 21%0.2 25%0.2
Aoy -0.7x0.2 -1%0.2
Ag_30 -1.1+0.3 -1.1+0.3
Nasal itching B 1.9%0.3 24%0.2
Aoy 0.2%0.2 -0.9£0.2%
Ag_30 -0.6x0.3 -1.2%+0.2
Eye itching B 1.6%0.3 1.1£0.3
Ay 7 -0.7x0.2 -0.5+0.2
Ag_30 -1£04 -0.5x0.1
Sneezing B 1.5%0.2 25%0.2
Ao ~0.3+0.2 ~1%0.2
Ag_30 -04x0.3 -1.4%+0.3%

B = Baseline; A = symptom differential (between baseline and

7 or 30 days).

¥ p < 0.05, compared to placebo (Mann-Whitney test).

Nasal Function

After 7 days, there was an improvement, although

without statistical significance, in nasal patency moni-
tored by either PNIF or acoustic rhinometry (MCA, vol-
ume 0-6) in patients treated with levocetirizine 5 mg
compared to placebo (table 4).

The CIRANO Study

Nasal Nitric Oxide

In PER patients, at baseline, the nNO values were
higher (1,467.5 £ 235 ppb) than the normal values [23].
The nNO values decreased after 7 days of treatment with
levocetirizine (-494 * 188) compared to placebo (155 *
284 ppb; p < 0.05) (fig. 3). Similar results were obtained
after 30 days but without reaching statistical significance.
After 7 days, nNO levels were correlated (r = 0.66; p <
0.05) with smell identification by BAST-24.

Quality of Life

After 7 days, the evolution of QoL showed an improve-
ment with levocetirizine 5 mg compared to placebo (p =
0.06) in eye symptoms and emotional function (table 5).
After 30 days, the improvement of activities on the RQLQ
was correlated with the improvement of the loss of smell
by VAS (r = 0.66; p < 0.05). Improvement in the RQLQ
was also correlated with improvement of smell identifica-
tion by BAST-24 (r = 0.78; p < 0.01).

Safety Evaluations

Both groups had similar safety profiles. No relevant
adverse events due to the treatment were reported during
the study.

Discussion
This study is the first to describe the improvement in

the sense of smell in patients with PER after levocetirizine
treatment compared to placebo. The major findings of
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Fig. 2. Effect of levocetirizine 5 mg on the loss of smell in PER
patients. Improvement of smell by VAS after 7 and 30 days. p <
0.05, compared to placebo (Mann-Whitney test).

Table 3. Effect of levocetirizine compared to placebo on the sense
of smell by BAST-24 in PER patients

Fig. 3. Effect of levocetirizine 5 mg on nasal inflammation in PER
patients. Improvement of nNO levels (ppb) after 7 and 30 days.
p <0.05, compared to placebo (Mann-Whitney test).

Table 4. Effect of levocetirizine compared to placebo on nasal
function in PER patients

BAST-24 Time Placebo Levocetirizine  Nasal patency test Time Placebo Levocetirizine
5mg 5mg
Detection B 97.3%x1.9 99.2%x0.7 PNIF, I/min B 89.7%t11.4 87.8*x12.6
Aoy +0.9+0.6 +0.4+0.4 Ay,  +114%57 +20+11.1
Ag_z0 +1%0.6 +0.5+0.4 Apsp +226+10.1 +204*1238
Identification B 37%5.6 43.1%5 Acoustic rhinometry
Ay_y +1.3*x54 +11.2%5.2 MCA, cm? B 1.2x04 0.7%0.1
Ao 30 +7.5%7 +3.6%3.1 Ay,  -0.13%0.14 +0.43%04
Forced choice B 67.3+£49 67.7+5.2 Agzp  -0.31%£0.27  -0.01%0.02
Aoy +6.4*6 +1.7+2.2 Volume 0-6,cm® B 11.9+1 11.8*+2.1
Ag_s +11.5+4.2 +2.7%3.6 Ao, 06*13  +1.68%23
Az +153+11  +1.08%1

B = Baseline; A = smell differential (between baseline and 7 or
30 days).
p < 0.05, compared to placebo (Mann-Whitney test).

the present study in PER patients were: (1) levocetirizine
improves the loss of smell by VAS, but not by BAST-24,
after 7 days of treatment; (2) levocetirizine improves na-
sal itching, sneezing, and the GRS score after 7 and 30
days of treatment; (3) levocetirizine improves nasal in-
flammation (nNO) after 7 days of treatment; (4) levoce-
tirizine improves QoL in PER at 7 days, and (5) the im-
provement of smell by levocetirizine correlated with the
decrease in nasal inflammation but not with the im-
provement of nasal obstruction.

188 Int Arch Allergy Immunol 2012;158:184-190

B = Baseline; A = smell differential (between baseline and 7 or
30 days); MCA = minimum cross-sectional area.
p < 0.05, compared to placebo (Mann-Whitney test).

These results support the hypothesis that levocetiri-
zine, in addition to nasal symptoms and QoL, is also able
to improve temporarily the loss of smell in PER patients,
with assessment of the sense of smell by VAS being more
sensitive to changes than subjective olfactometry (BAST-
24).

Few studies have previously reported smell disorders
in patients with SAR [3-9] and PAR [8, 9] linked to in-
flammation and not to nasal obstruction. Using ARIA
criteria, we demonstrated in a previous study that PER

Guilemany et al.



Table 5. Effect of levocetirizine compared to placebo on QoL in
PER patients

RQLQ domains Time Placebo Levocetirizine
5mg
Activity limitations B 43+04 47%03
Aoy 05+04  -1.6%+04
Ay 30 -1.2%0.6 -2%0.6
Sleep problems B 28+04 3+0.3
Aoy -0.16£0.3 -1x0.3
Ag_30 -1.1x£0.3 -1.7£0.3
General symptoms B 28+04 3+0.3
Ao ~0.12+03  -09%03
Aoy -036%03 -1+0.3
Practical problems B 42105 38104
Ao s ~0.36%0.2 ~1+04
Aoy -136%05 -125+06
Nasal symptoms B 3704 41%03
Aoy ~03%0.4 ~1+04
Ao 30 ~09%0.5 -145+05
Eye symptoms B 22%0.5 1.8%0.5
Ao -03+03  -1.8+0.7"
Ag_3 04+04  -1.9%07
Emotional function B 24+04 22%03
Aoy ~01+03  -0.65+0.2"
Ag_3 ~02+03 ~1+04
Total B 32%03 32%0.2
Ao s 03402  -0.9%0.2
Ao_30 -08+03  -13%04

B = Baseline; A = differential quality of life (between baseline
and 7 or 30 days).
T p =0.06, compared to placebo (Mann-Whitney test).

induces a moderate loss of smell [14]. However, patients
with PER and SRH were mainly linked to moderate-se-
vere disease. Thus, a simple question about the patient’s
sense of smell may be a reasonable guide in defining the
severity of PER.

Levocetirizine is a potent H-receptor antagonist with
proven efficacy in both SAR and PAR, as well as in PER.
In the XPERT [16-18] study, a 6-month, double-blind,
placebo-controlled multicenter trial of 551 patients with
PER who received levocetirizine (5 mg/day) or placebo,
levocetirizine significantly improved nasal and ocular
symptoms from the first week, while nasal congestion
only improved after 5 weeks of treatment. Our study also
showed that levocetirizine significantly improved nasal
itching, sneezing, the total symptoms score, and the GRS
by VAS. As in the XPERT study, our data did not show an

The CIRANO Study

improvement in nasal congestion after 1 month of treat-
ment with levocetirizine.

A recent study (ACCEPT-2) [25] demonstrated that
desloratadine was effective in reducing the total symp-
tom burden and individual symptom scores associated
with PER, with a safety profile similar to that of placebo,
as has been shown before for IAR (ACCEPT-1) [26]. Im-
provements were also noted in various measures of QoL
(RQLQ) and school/work productivity. In opposition to
our data, the ACCEPT-2 study showed an improvement
in nasal congestion after 29 days of treatment with deslo-
ratadine. In PER patients, rupatadine and cetirizine were
also significantly more effective than placebo on nasal
symptoms at 4 and 8 weeks, but only rupatadine showed
significant differences with placebo on nasal symptoms
at 12 weeks [27]. A significant relief of nasal obstruction
was not observed for any of the active treatments when
compared to placebo.

In our study, levocetirizine improved the loss of smell
by VAS but not by BAST-24. In spite of the sample size, it
is clear that loss of smell by VAS is more sensitive than the
BAST-24 in detecting an improvement in the sense of
smell.

The pathogenesis of olfactory dysfunction in AR is not
tully understood. Patients with AR have shown a close
correlation between the loss of smell and inflammatory
markers such as eosinophilic cationic protein (ECP) [5]
and blood eosinophils [12]. In fact, treatment with intra-
nasal steroids improves the loss of smell in AR patients
[15]. A previous study [14] suggested that the loss of smell
in PER patients may have a mixed etiology in which two
main factors may be responsible, nasal obstruction and
nasal inflammation. In the present study, the olfactory
improvement after levocetirizine seems to be more re-
lated to anti-inflammatory changes measured by nNO
than to nasal patency changes. The small number of pa-
tients in this pilot study could be the reason for the lack
of significance in nasal patency. However, there were
strong correlations between the improvement of smell
identification by BAST-24 and the improvement of loss of
smell by VAS, QoL by RQLQ, and nasal inflammation by
nNO. In PER patients, this is the first study to demon-
strate the anti-inflammatory effect of levocetirizine in
nasal inflammation measured by a noninvasive tech-
nique (nNO). No permeability changes measured by
PNIF and acoustic rhinometry were observed in the
group of levocetirizine compared to placebo.

In the XPERT study [17], treatment with levocetirizine
significantly improved the RQLQ overall score from
week 1 to 6 months, compared to placebo. Analyses of the
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RQLQ individual domain scores showed that activities,
practical problems, nasal symptoms, and eye symptoms
were the most impaired. In our study we did not find this
improvement in the RQLQ overall score after levocetiri-

zine treatment and we only found an improvement in eye
symptoms and emotional function after 1 month with
levocetirizine treatment.
In conclusion, the CIRANO study shows that levoce-

tirizine is effective against PER symptoms including the
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