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INTRODUCTION
Perennial allergic rhinitis (PAR) is an inflammatory condition
of the nasal mucosa which results in significant impairment of
the quality of life of sufferers (Juniper, 1998; Leynaert et al.,
2000). Furthermore it is often under-diagnosed and under-
treated. Inadequate management of allergic rhinitis is an
important cause of poor asthma control, sinusitis and sleep dis-
turbance (Craig et al., 1998; Settipane, 1999). 
The disease severity of PAR is often assessed by symptom
scoring. In previous studies we have also utilised domiciliary
peak inspiratory flow rate as an objective measure of treatment
response in seasonal allergic rhinitis (Wilson et al., 2000;
Wilson et al., 2001b; Wilson et al., 2002a). These measures
assess the consequences of nasal airway obstruction rather
than the mucosal inflammation per se. Bronchial challenge
testing can be used as a measure of hyperreactivity and has
been shown to correlate with sputum eosinophils in the lower
airways (Obase et al., 2001). Nasal challenge testing, which also
correlates with nasal eosinophils (Romero and Scadding, 1992),
has been used to examine the nose and the response is often

assessed by determining the degree of nasal obstruction
(Plavec et al., 1994; Malm et al., 2000). 
Nasal obstruction can be measured objectively by rhino-
manometry, acoustic rhinometry and nasal inspiratory flow.
The most commonly used method is rhinomanometry
(Giannico et al., 1996; Kanthawatana et al., 1997; Ferreira and
Carlos, 1998), however acoustic rhinometry has been shown to
be as sensitive to anterior (Scadding et al., 1994) and posterior
rhinomanometry (Austin and Foreman, 1994) during nasal
challenge tests. Indeed some authors prefer acoustic rhinome-
try as they feel it is easier to perform (Roithmann et al., 1975;
Austin and Foreman, 1994; Miyahara et al., 1998). Peak inspi-
ratory flow rate (PIFR) can also be used to assess the response
to stimulus in terms of histamine challenge testing (Plavec et
al., 1994) and Ganslmayer et al. (1999) has shown it to be as
sensitive as acoustic rhinometry in nasal allergen challenge.
However in the study by Ganslmayer et al. (1999), patients
with allergic rhinitis were compared to healthy controls and no
measure of treatment response was made.

Nasal histamine challenge testing is a standard method of assessing upper airway hyperreac-

tivity although there is still debate as to the best measure of response. The aim of the study

was to evaluate peak nasal inspiratory flow rate (PIFR) as an endpoint during histamine

challenge and compare this with rhinomanometry (Rhino) and acoustic rhinometry (AR).

Twenty two patients with perennial allergic rhinitis (PAR) were enrolled into a 2-way ran-

domised crossover study comparing placebo with intra-nasal mometasone furoate (MF)

200mg once daily, with laboratory measurements of PIFR, AR and Rhino being made during

histamine nasal challenge after each 10-14 day treatment period. Patients also recorded their

domiciliary nasal symptoms and PIFR on a daily basis. With nasal challenge testing using

PIFR PC30 there was a significant (p<0.05) difference between MF and placebo but not with

PC30 AR or PC175 Rhino. There was also significant (p<0.05) improvement in terms of

domiciliary total nasal symptom scores but not domiciliary PIFR. In conclusion PIFR after

nasal challenge with histamine is a sensitive test of response to treatment with intra-nasal

corticosteroids in PAR.
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In order to evaluate the different methods of objectively assess-
ing nasal obstruction during a histamine challenge in terms of
assessing the response to treatment we performed a placebo-con-
trolled study with intra-nasal mometasone furoate. We chose
mometasone furoate as it is an example of a highly potent corti-
costeroid (Stellato et al., 1999) which has been shown to inhibit
mucosal inflammation after nasal allergen challenge (Ciprandi et
al., 2001). Furthermore it would not have been valid to use anti-
histamine therapy in our study as this form of medication may
have directly antagonized the effects of intra-nasal histamine and
not given us an indication of the degree of nasal inflammation.

MATERIALS AND METHODS
Patients

Twenty-two patients with PAR, according to current criteria
(Lund, 1994), (14 females), mean (SE) age 30.4 (2.0) years were
recruited into the study. All patients had normal spirometry
(mean FEV1 100 (1.8) % predicted), 13 patients were skin prick
positive to grass, 20 to house dust mite, 13 to cat and 9 to dog.
Four patients were taking intra-nasal corticosteroids
(beclomethasone, fluticasone, budesonide and triamcinolone)
but no patients were taking oral anti-histamines prior to enrol-
ment into the study. Two subjects were taking as required
inhaled bronchodilators but no subjects were taking inhaled
corticosteroids. No subject had received oral corticosteroids or
antibiotics for 6 months prior to the study. All subjects were
non-smokers and had normal full blood count, biochemical
profile and urinalysis. Approval for the study was obtained
from the Tayside Medical Ethics Committee and all patients
gave their written informed consent.

Methods

The study was performed as a single (investigator) blind, place-
bo controlled, crossover study. All treatment was withdrawn
including intra-nasal steroids, nasal decongestants and anti-his-
tamines, from the beginning of the study. Patients were ran-
domised to receive the following for 10-14 days: A) 200µg
intranasal aqueous mometasone furoate (as Nasonex,
Schering-Plough, Herts, UK as 2 squirts of 50mg in each nos-
tril) at 0800 hrs or B) Placebo nasal spray (2 squirts up each
nostril) at 0800 hrs. 
The nasal sprays were masked and sealed in envelopes by a
pharmacist along with instruction sheets at the beginning of
the trial. All treatments were dispensed by a third party. Each
subject received a simple tick chart as an aide to compliance.
Patients attended the laboratory after each treatment period.
All measurements at the study visit were conducted at the
same time of day for each patient. 

Measurements

Nasal Histamine Challenge:
Patients had baseline measurements of nasal peak inspiratory
flow rate, acoustic rhinometry and rhinomanometry. The
above measurements were repeated 2 minutes after receiving a

placebo nasal spray. Histamine was then administered via a
nasal spray in doubling concentrations from 0.25mg/ml to
8mg/ml with the measurements repeated 2 minutes after each
dose. The study was terminated on the request of the patient if
the symptoms were severe or the physician if the patient had
an unrecordable peak inspiratory flow rate or acoustic rhinom-
etry value. Patients were then offered topical xylometazoline
(Otrivine, Norvartis Consumer Health, West Sussex, UK) and
observed until their symptoms of nasal blockage subsided.

Nasal Peak Inspiratory flow rate

Nasal inspiratory flow rate was measured using an In-check™
flow meter (Clement Clarke International Ltd, Harlow, UK).
After blowing their nose, patients inspired forcefully from
residual volume to total lung capacity with their mouth closed.
All measurements were made while in the sitting position with
a good seal around a purpose built facemask. The mean of 3
consecutive readings was recorded. 

Rhinomanometry

Patients had measurements of nasal resistance by posterior rhi-
nomanometry using a NR6 rhinomanometer (GM Instruments,
Ashgrove, Kilwinning, UK) with on-line computerised integra-
tion of total nasal flow and pressure change in a subgroup of 13
patients. Total nasal flow was measured with patients breathing
tidal volumes through a facemask with their mouths closed.
Nasal pressure was measured by placing a pressure probe in the
patients’ mouth with their soft palate open to represent posteri-
or nasal pressure changes. Flow rates were calculated at a nasal
pressure of 150 Pa (Naito and Iwata, 1997). The pressure trans-
ducer and flow meter were calibrated weekly.

Acoustic rhinometry

Acoustic rhinometry was measured using an AI Executive
acoustic rhinometer (GM Instruments, Ashgrove, Kilwinning,
UK). A probe was inserted 0.5cm into each nostril such that a
seal was obtained without distorting the nasal architecture.
Patients were asked to hold their breath during the procedure
and a probe-stand was used in order to ensure correct position-
ing of the probe (Wilson et al., 2001a). Measurements were
made of the minimum cross sectional area (MCA) at the nasal
valve (approximately 2 cm from nasal orifice).

Diary card data

Nasal Peak Flow:
Nasal inspiratory flow rate was measured using an In-check™
flow meter (Clement Clarke International Ltd, Harlow, UK) as
described above. Measurements were made at the same time
each day at 0800hrs throughout the study and patients record-
ed the highest of three readings. 

Symptoms

Patients recorded their perennial allergic rhinitis symptoms on
a daily basis under nasal symptoms as “runny nose”, “blocked/-
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stuffy nose”, “itchy nose”, and “sneezing”. All symptoms were
documented according to a four-point scale with zero indicating
no symptoms and three indicating severe symptoms. 

Skin Prick Testing

Patients withheld anti-histamine medication for four days prior
to skin prick testing. This was performed following a standard
protocol (Bencard testing solutions, Welwyn Garden City, UK)
using extracts including house dust mite, cat, dog, grass, tree
and weed pollen in addition to a negative control. Results were
read after 10 minutes, a positive reaction being defined as a
minimum weal diameter of 3-5mm with erythema

Statistical analysis

Log-dose response curves were produced for each measure-
ment. Provocation concentrations producing a pre-determined
percentage change from base-line values were determined by
interpolation of the curve. The required percentage changes
were a 30% fall for nasal inspiratory flow rate, a 20% reduction
in the acoustic rhinometry values of in nasal volume or mini-
mal cross sectional area, and a 75% increase in nasal airways
resistance. For diary card data the sum of nasal symptoms
(Nasal symptoms) were used for analysis. 

The effect of treatment response was assessed by comparing
measurements after placebo and after mometasone furoate by
a paired Student’s T-test (p<0.05, two tailed). Nasal challenge
data were analysed geometrically. A statistical analysis was per-
formed using Microsoft Excel 97 (Microsoft, Seatle, USA).

RESULTS
There was significant improvement in total nasal symptoms
(2.1 (0.3) vs. 2.9 (0.3)) with mometasone furoate compared to
placebo. Domiciliary peak nasal inspiratory flow rate was
greater with mometasone furoate (124.2 (7.4) l/min) than
placebo (120.6 (9.0) l/min) but this was not statistically signifi-
cant.

There was no significant difference between the provocative
concentration required to cause a 20% reduction in the mini-
mal cross sectional area acoustic for either the right or left nos-
tril, or a 75% increase in nasal airways resistance for mometa-
sone furoate compared to placebo. However there was a signif-
icant (p<0.05) difference between the concentration of hista-
mine required to cause a 30% fall in peak inspiratory flow rate
with mometasone compared to placebo (Figure 1).

DISCUSSION
We have shown that short-term treatment with intra-nasal cor-
ticosteroid exhibited significant effects in perennial allergic
rhinitis, which was evident for domiciliary nasal symptoms but
not PIFR. In terms of the nasal histamine challenge test we
found a significant difference between corticosteroid and
placebo when PIFR was used as the measure of nasal obstruc-

tion but not when rhinomanometry or acoustic rhinometry
were used. We have previously shown domiciliary peak nasal
inspiratory flow rate to be more sensitive than laboratory mea-
sures of nasal obstruction (rhinomanometry or acoustic rhi-
nometry)(Wilson et al., 2001b) and to correlate better with
patients domiciliary symptoms(Wilson et al., 2001c). However
in the present study these three measures were compared in
the same setting, i.e. the response to histamine during a labo-
ratory nasal challenge.

We elected to evaluate PIFR response to histamine challenge
as this is a simple responsive test. Acoustic rhinometry and
rhinomanometry, which are performed at tidal breathing, are
regarded as sensitive measures of nasal obstruction (Fisher,
1997; Lund, 1998). Indeed the current guidelines on nasal chal-
lenge testing suggest that acoustic rhinometry is preferred to
nasal inspiratory flow as an outcome measure during the test
(Malm et al., 2000). However PIFR is measured in a manner
which examines the system under dynamic stress rather than
at baseline conditions i.e. maximal inspiratory flow rather than
at tidal breathing. 

Ganslmayer et al. (1999) have previously shown the sensitivity
of PIFR as an outcome measure during allergen challenge.
Despite being more variable in normal volunteers, PIFR was
as sensitive as AR during challenge testing as all patients with
allergic rhinitis had a positive test and both correlated well to
the patients’ symptoms. However that study did not evaluate
response to treatment. Mastalerz et al. (1997) have used domi-
ciliary peak inspiratory flow and lysine-aspirin nasal challenge

Figure 1. Geometric mean (SEM) provocative concentration of hista-

mine (plotted on a log 2 scale to denote doubling dilution) required to

cause a 20% fall in Minimal Cross Sectional nasal area with acoustic

rhinometry (Acoustic Rhinometry), 75% increase in nasal airways resis-

tance (Rhino) and a 30% fall in peak nasal inspiratory flow rate (PNIFR)

for mometasone furoate (MF: solid bars) and placebo (P: open bars).

Asterisk denotes significant (p<0.05) difference between treatments.

23056_wilson  19-02-2003  14:22  Pagina 18



19 Wilson et al.

to assess treatment response to fluticasone. They showed ben-
eficial effects in terms of domiciliary peak inspiratory flow and
nasal challenge when assessed by acoustic rhinometry.

Unlike upper airway challenge testing, where there is a stan-
dard cut-off for change in response i.e. 20% fall in FEV1, there
does not seem to be a standard for nasal challenge testing. In
this study we employed the following threshold values which
we have previously used as these were associated with signifi-
cant symptoms: a 30% fall in peak inspiratory flow, a 20% fall
in acoustic rhinometry, and a 75% increase in nasal airway
resistance with rhinomanometry. The use of 30% fall in peak
inspiratory flow is in keeping with that used by Plavec et al.
(1994) also with histamine nasal challenge testing which had
been shown to be significant in a pilot study. 

We have previously performed a study which evaluated the
response of 2 weeks of intra-nasal mometasone furoate in
terms of domiciliary PIFR and symptoms scores (Wilson et al.,
2001b). In that study there was a significant improvement peak
inspiratory flow and total nasal symptoms. This is in contrast
to our present study, as there was no significant improvement
with domiciliary PIFR. The previous investigation was also a
placebo-controlled study and enrolled 22 patients with SAR. It
may be that there is a quicker treatment response with SAR
when compared to PAR, as patients are less likely to have the
same degree of chronic late phase mucosal inflammation.

PIFR is a relatively straightforward test to perform although it
is effort dependent. We have shown that when it is used as a
outcome measure during nasal challenge testing, it is more
sensitive than other measures as a significant difference in
PC30 was detected with mometasone that was in keeping with
the domiciliary symptom response. This would greatly simplify
the nasal challenge procedure. Further studies are now
required to evaluate the use of this procedure further with
other provocation stimuli such as AMP and mannitol.
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ANNOUNCEMENT

20th Congress of The European Rhinologic Society (ERS)
23rd International Symposium on Infection and Allergy of the Nose (ISIAN)

June 18 – 23, 2004 
Istanbul, Turkey 

The European Rhinologic Society and ISIAN Meeting (International Society of Otorhinolaryngologic Allergy & Immunology) will
be hosted in Istanbul, the only city in the world that stretches onto two continents. American Rhinologic Society (ARS), ISBAAR
(International Symposium on Basic Approach to Allergic Rhinitis), ISOAI (International Society for Otorhinolaryngological
Allergy and Immunology), and European Facial and Plastic Surgery Society will be the supporting societies. They will actively par-
ticipate in this meeting. Also European Rhinologic Society will celebrate their 40th year in this congress.

The scientific program will consist of keynote addresses, invited symposia and lectures, plenary sessions, debates, round tables,
panel discussions, fire side discussions, instructional courses, workshops, cadaver dissection courses on all the areas of Rhinology,
Otorhinolaryngologic Allergy & Immunology including innovative controversial developments to guarantee a satisfactory meeting.

Besides the unforgettable social events in the city that never sleeps, pre and post congress tours all over Turkey, daily scheduled city
tours and night tours in Istanbul will be offered to the congress delegates and their accompanying persons. This will give more
opportunity to friends and friendships that have been developed through the warm atmosphere of past ERS and ISIAN meetings.

We have no doubt the Turkish hospitality and the charm of Istanbul will make the difference between an ordinary congress
and a truly memorable experience. We hope the congress will establish closer social and professional links to all our friends
and colleagues from all over the world. 

We are looking forward to welcome you in Istanbul, in June 2004.

Let’s meet in Istanbul, the city where the East meets the West.

For further information: Web site: http://www.rhinology2004.org

Scientific Secretariat Congress Secretariat
Professor M. Onerci interium organization
Hacettepe  University Siraselviler Str. 
Faculty of Medicine Hrisovergi Apt. No:48/8
Department of Otolaryngology- Taksim – ISTANBUL 
Head and Neck Surgery TURKEY
Sıhhiye - ANKARA Tel.: +90 212 292 88 08
TURKEY Fax : +90 212 292 88 07
Tel.: +90 312 466 37 57 E-Mail: info@rhinology2004.org
Fax : +90 312 468 62 68
E-Mail: monerci@rhinology2004.org
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