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SUMMARY

Under the auspices of the International Rhinologic Society (IRS) there is an ‘International
Committee on Objective Assessment of the Nasal Airways’. In 1984 Rhinology published the
Committee’s recommendations regarding rhinomanometry (Clement, 1984). During the last
Congresses of the European Rhinologic Society (ERS) a subcommittee within that committee
has discussed nasal provocations and the value of measuring nasal patency, airflow and
airflow resistance to evaluate such provocations. The following is an effort to a consensus of
indications and techniques for nasal provocation and to a critical analysis of methods to
measure the effects. Only the most known methods will be discussed, i.e. acoustic rhinometry,
rhinostereometry, nasal peak airflow and rhinomanometry with its different techniques.

For graded responses after provocations the use of such methods is of clinical value only in
combination with scores from symptoms such as sneezes and secretion, as allergic rhinitis
symptoms consist of obstruction, sneezing, itching and concomitant symptoms of the neigh-
bouring organs. For research all methods can be recommended to be used and their respective
value is depending on the specific scientific purposes.
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INTRODUCTION

Recommendations on and critical analysis of nasal provocations
and methods to measure the effects of such provocations have
been published many times before and some of those papers
will be mentioned below as one of the purposes of this paper is
to give useful references. In 1976 a Finnish group of otorhinola-
ryngologists gave in Rhinology their experience and opinion on
allergen provocations and their rhinomanometric evaluation
(Holopainen et al., 1976). In 1978 Riidiger gave his view on the
importance of rhinomanometry for nasal provocations in aller-
gy diagnosis (1978). Schlenter (1982) was, however, the first to
properly use statistical methods to evaluate rhinomanometric
changes after nasal provocations.

Co-authors and also members of the above subcommittee: P. van Cau-
wenberge, Ghent, Belgium; P. Clement, Brussels, Belgium; W. Doyle,
Pittsburgh, USA; R. Eccles, Cardiff, UK; N. Eiser, London, UK; M.
Hasegawa, Tokyo, Japan; R. Neves-Pinto, Rio de Janeiro, Brazil; B.
Samolinski, Warsaw, Poland; W. Schlenter, Frankfurt a. M., Germany;
M. Schumacher, Tucson, AZ, USA; G. Sulsenti, Bologna, Italy.
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In 1990 the German Society for Allergy and Immunology
Research presented guidelines for nasal provocation in Allergolo-
gy (Bachert et al., 1990). The authors, who were allergologists and
otorhinolaryngologists, gave detailed recommendations concer-
ning indications and contraindications for allergen provocations,
quality and dosages of allergen and histamine solutions, evalu-
ation of symptoms and of rhinomanometric results, etc.

In 1992 a consensus report from a ‘Fireside Conference on
Nasal Provocation Test’, chaired by Schumacher from USA,
was published in Rhinology (Schumacher et al., 1992). Schu-
macher had then since many years used nasal provocation tes-
ting and rhinomanometry (see e.g. Schumacher and Pain, 1979).
In 1994 an ‘International Consensus Report on the Diagnosis
and Management of Rhinitis’ was published as a supplement in
Allergy (Lund et al., 1994). Rather little regarding nasal airway
assessment and nasal provocations was discussed.

In 1995 Acta Oto-Laryngology published ‘Various methods for
testing nasal responses in vivo: a critical review’ by a Swedish
group of otorhinolaryngologists (Andersson et al., 1995). The
authors especially discussed different delivery systems for pro-



vocations and different drugs for testing nasal reactivity. Nasal
responses were mainly dealt with as symptoms, biochemical
mediators and cellular events and less with methods to measure
nasal patency, airflow, and airflow resistance.

In 1997 allergologists representing the European Academy of
Allergy and Clinical Immunology (EAACI) gave their view on
nasal provocations with historical notes, indications and appli-
cations, early and late responses, rhinomanometric evaluations
etc (Melillo et al., 1997). Many textbooks and overviews in
allergology give aspects on nasal provocations and one recent
example is the book New Trends in Allergy (Bachert, 1997).
There are at least five European theses during the last decades
that thoroughly have evaluated nasal provocations and the
assessment of nasal reactivity regarding nasal patency, airflow,
or airflow resistance (Schlenter, 1983; Wihl, 1986; Gerth van
Wijk, 1991; Hallén, 1994; de Graaf-in ‘t Veld and Garrelds,
1995).

INDICATIONS AND TECHNIQUES FOR NASAL PROVOCATION
Our recommendation is to use the word ‘provocation’ instead of
‘challenge’ as the former word links up with words as Provoca-
tione, Provokation, provocatie a.o. in other languages.

Recommended indications

1. Allergen provocations. In many occasions nasal provoca-
tion tests give more information than history and skin prick
tests. Allergen provocation is particularly recommended:

1.  When discrepancies between history of allergic rhinitis
and tests or between tests are present. If a positive
nasal allergen provocation has been found in an asth-
ma patient, the bronchial allergen provocation is not
necessary (Clement et al., 1981). Argument against this
is that very few well-documented studies are available.
For diagnosis of occupational allergic rhinitis.

3. Before immunotherapy for allergic rhinitis. Although
it is still not very common to use nasal provocation
before starting immunotherapy, the subcommittee
considers it is important that a laborious long-lasting
therapy is justified by a proper diagnosis. This holds
true particularly in case of perennial allergic rhinitis. In
seasonal allergic rhinitis a nasal provocation is seldom
required. Nasal provocation to monitor an immuno-
therapy effect is even more uncommon, which makes
a recommendation somewhat difficult.

4. For research.

II. Lysine-aspirin
Nasal provocation is recommended as a substitute for
oral provocation at suspicious ASA (NSAID) intoler-
ance (Milewski et al., 1998). Whenever such a nasal
provocation test is negative, an oral one is still required.
III. To test non-specific hyperreactivity
Nasal provocation tests with non-specific stimuli such
as histamine, methacholine, cold dry air, etc are not
relevant for individual diagnosis. In research at a group
level these tests can be used. The inclusion of symp-
tom scores, and scores for the number of sneezes and
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amount of secretion will discriminate somewhat
better. However, non-allergic patients with mainly
nasal blockage will not be captured by these tests.

Recommended techniques for both clinical routine and research
General
® Solution should have room temperature before appli-
cation.
® Control solutions should be sprayed first and reactions
thereto monitored.
® Deep inspiration should be performed before spraying
in order to avoid deposition in the lower airways.
® Meter-dose pump sprays or disks can be used with a
reproducible delivery of allergen.
® One or both nostrils may be challenged.1
Allergens
® Dilutions from freeze-dried stock solutions should be
used where available.
® Standardised allergen extracts and units are recom-
mended.
Non-specific stimulation with solutions
® To avoid non-specific stimulation with solutions, these
should be isotonic and buffered to a pH close to 7.
Assessment of the nasal response
® [t is recommended that symptom scores are combined
with objective measurements (counting sneezes or
attacks of sneezes, measuring volume or weight of
nasal secretion, and results of changes of nasal paten-
cy, airflow, or airflow resistance).

1Regarding spraying in only one or both nostrils the subcom-
mittee members differ in their opinion. Most of the members
prefer spraying in both nostrils to avoid the influence of
changing of the nasal cycle when monitoring the effects by
nasal patency, airflow, or airflow resistance methods. If nasal
provocation is performed in one nostril only, the other side
should be measured also to recognise nasal cycling effects.

METHODS TO EVALUATE NASAL PATENCY, AIRFLOW, AND
AIRFLOW RESISTANCE

The recordings of all the above-mentioned methods are depen-
ding on changes of the thickness of the nasal mucosa. Changes
of the thickness are in turn depending on changes of the blood
volume and on changes of transcapillary fluid changes i.e.
increasing or decreasing oedema. Changes in blood volume are
mainly parallel to changes in the tone of the capacitance vessels
(mainly sinusoids)(Malm, 1974).

Acoustic rhinometry

Acoustic rhinometry, like rhinostereometry below, measures
nasal patency; i.e. the degree of openness of the nose or parts of
the nose.

The Aarhus mode has a coefficient of variation (c.v.) of 2% in
repeated measurements of normal human subjects without
nasal provocations (Hilberg et al., 1989). The c.v. in provocation
protocols is not known, however. For decongested cavities
measured at weekly intervals the Aarhus mode was found to
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have a c.v. of 4% (Grymer et al., 1991). Lenders and Pirsig with
their Ulm mode presented illustratively how the nasal patency
is decreased gradually after challenges with increasing doses of
allergen in a patient with nasal allergy (1990). The c.v. for aller-
gen challenges is not given; repeatedly after a decongestant it
was less than 6%.

A very careful study of the reproducibility of acoustic rhinometric
measurements is published from Philip Cole’s group in Toronto
(Roithmann et al., 1995). The authors studied the variability for
measurements minute-to-minute, hour-to-hour, day-to-day, and
week-to-week and found the total minimal cross-sectional area to
have a c.v. from 5-17% and the total nasal volume from 4-9%.
They published no results from nasal provocations, however.
Sipild et al. (1996) gave figures for intra-individual variations from
8-32% with a mean of about 15% for one and the same nostril.
Neither did they perform nasal provocations. Austin and Fore-
man performed provocations of noses with histamine and bra-
dykinin and found acoustic rhinometry to be more sensitive
than posterior rhinomanometry (1994). Pirild also found acous-
tic rhinometry to be more sensitive than rhinomanometry to
monitor nasal provocations (1998). Acoustic rhinometry, how-
ever, has limitations and pitfalls. Guidelines and recommenda-
tions to overcome technical difficulties have been given by Hil-
berg and the committee on standardisation of acoustic
rhinometry (unpublished data, 1999).

The value of acoustic rhinometry to evaluate nasal responses after
provocation in routine clinical work is not established yet; it is a
promising method, which probably still can be improved.

Rhinostereometry

Rhinostereometry is in principle a very simple way of recording
changes of the thickness of the nasal mucosa (Juto and Lund-
berg, 1982). The equipment consists of a surgical microscope
placed on a micrometer table. The test subject is fixed exactly to
the measuring apparatus by an individually made plastic splint
adapted to the teeth. As the microscope has a small depth of
focus, changes of the position of the mucosal surface on the
medial side of the inferior concha can be registered along a mil-
limetre scale. The method has an accuracy of 0.2 mm. The reac-
tivity of the nasal mucosa has been studied after provocation
with saline and increasing doses of histamine pipetted on the
inferior concha. The method has e.g. been used in studies of
non-allergic hyperreactivity (Hallén, 1994).

Rhinostereometry is a time-consuming method due to the need to
have the test subject exactly fixed to the measuring apparatus. It
seems useful for comparisons between well-defined groups of sub-
Jects and patients and between the same subjects or patients at
different occasions.

Nasal peak airflow

The inspiratory flow meter is more suitable than the expiratory
one because it avoids contamination with secretions. When stu-
dying nasal provocations with allergens or other substances it
has been argued that with the inspiratory meter the mucosal
surfaces will be sucked to each other and thus prevent measure-
ments. Wihl and Malm (1988) found, however, in twelve aller-

gic patients provoked with two types of allergens each at eight
occasions, that only in 2% a total occlusion occurred. They also
found significant correlations between results from both peak
flow methods and active anterior rhinomanometry before and
after decongestion. Holmstrém et al. (1990) in a study from UK
did similar comparisons between inspiratory flow rate and nasal
airway resistance (NAR) in allergic patients before and after
allergen provocations and they also found a correlation between
the results from the two methods (p< 0.01). Wihl (1987) could
demonstrate the efficacy of a three-year tree pollen immuno-
therapy in patients with allergic rhinitis by testing the nasal reac-
tivity with provocations once a year using different methods and
symptoms among them nasal peak flow. The reactivity meas-
ured with the peak flow method decreased significantly
between the four occasions the 31 patients were tested. He
advocated, however, a total nasal provocation score to be used,
also including scores for sneezes and secretion.

Peak inspiratory nasal flow and peak expiratory nasal flow (rate),
especially the former, can be recommended for long-time control of
pharmacologic or immunologic treatment of different types of
rhinitis. For detecting nasal changes after provocations they are
less accurate than active anterior rhinomanometry according to all
publications found.

Rhinomanometry

Until now rhinomanometry is the best-evaluated and standard-
ised technique.

Active anterior rhinomanometry was the rhinomanometric tech-
nique among others that was recommended by the above-men-
tioned Committee (Clement, 1984) and with two ways of pre-
senting the nasal airway resistance (NAR); at a transnasal
pressure of 150 Pa in a Cartesian co-ordinate system, or at a cir-
cle with a radius of 200 Pa on the abscissa and 200 ccm/sec on
the ordinates in a polar co-ordinate system, or with both ways at
the same time. The polar system (Broms et al., 1982) is used
mainly in Scandinavian countries. It has the advantage that also
airway resistances or flows not reaching a pressure of 150 Pa can
be statistically compared with those reaching higher pressures.
Also the above-mentioned German Society (1990) recommen-
ded active anterior rhinomanometry and for evaluation of rhi-
nomanometric responses after nasal provocations a simple way;
changes in percent of values obtained after application of solu-
tions without allergen. By that different ways of obtaining the
absolute figures of NAR or airflow does not matter. By conven-
tion both the Committee of ERS and the German Society spe-
cify NAR as transnasal pressure divided by airflow, which isn’t
the true value for a resistance with partly turbulent airflow.
There is, however, no need of changing that convention in this
context. The German Society recommended application of the
allergen unilaterally. The drawback with active anterior rhino-
manometry is then that the nasal cycle may affect the results. It
is possible that that drawback is of minor importance when, as
the German Society recommended, the application is done in
the most open side. A similar way of performing the provoca-
tions was used by Wihl and Malm, who sprayed the allergen
solutions with a de Vilbis nebulisator into the right nasal cavity



(1985). They studied ten patients with allergic rhinitis to grass
pollen and found that active anterior rhinomanometry was
clearly less sensitive than the patients own judgement of an
allergic reaction. According to Schlenter a NAR increase of 60%
or more above baseline (saline provocation) or a flow decrease
of 40% or more is a sign of a positive nasal provocation (1982).
He based his opinion on studies on over 700 patients and con-
trol subjects. Milewski et al. from Cracow in Poland recently
presented a paper (1997) on nasal provocation with lysine-aspir-
in for diagnosis of aspirin-sensitive asthma. They used active
anterior rhinomanometry, instilled the solutions in both nasal
cavities and considered a nasal flow decrease of more than 40%
in at least one side as compared with the post-saline baseline
value as a positive reaction. The decrease in nasal airflow should
also last for at least two consecutive measurements 10 minutes
apart and it had to be accompanied by clinical symptoms persis-
ting at least 30 minutes to be counted as a positive reaction.

As a measure of the reproducibility of NAR measurements in
duplicate Holmstrom and Kumlien found the SD of the differ-
ence to be 3.8 before and 2.7 after decongestion (1988). In a sim-
ilar study by Jessen et al. about twice those figures was obtained
(1996). None of those studies dealt with provocations, however.
In a recent Finnish study variations in NAR after nasal provo-
cations with allergen have been very carefully evaluated (Pirild
et al., 1997). Provocations were done bilaterally. The authors
found that a 100% increase in NAR was significant at the risk
level of 5-10% for the observation time of 30-60 min. for an aller-
gic reaction. They recommended other parameters to be used in
addition, such as the amount of secretion. These intentions
were followed up in a later paper (Pirild, 1998), in which he
presented studies on acoustic rhinometry, rhinomanometry and
nasal secretion after nasal provocations. He found that an opti-
mal threshold for a positive provocation was a secretion amount
of 100 mg, a 15% decrease in the minimal cross-sectional area
and a 50% increase in NAR for the observation period of 30
minutes and correspondingly 210 mg, 30% and 100% for 60 min-
utes. Allergen provocation was done in one nostril and diluent
in the other in this latter study.

Active posterior rhinomanometry was used by Taylor and Shival-
kar when they studied the effects of intranasal allergen provoca-
tions bilaterally with graded doses in 65 skin prick positive
patients (1971). There was no correlation between skin prick
sizes and NAR. Schumacher and Pain found no correlation
between the threshold doses of allergens for positive provoca-
tions and the size of skin-test responses in a similar study (1979).
Active posterior rhinomanometry was also the technique used
by McLean et al., when they in the seventies challenged healthy
subjects and patients intranasally with substances such as hista-
mine, isoprenaline, and methacholine (e.g. 1977). Those authors
and others (Guercio et al., 1979) found no differences in NAR
between controls and allergic patients challenged outside the
seasons with phosphate-buffered saline (PBS). After PBS aero-
solised into each nostril McLean et al., found an increase of the
mean NAR in 102 subjects of 22.5% (SD 24.5%) compared to val-
ues without spraying (1976). Pelikan used posterior rhinomano-
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metry when he as one of the first investigators demonstrated a
late phase reaction after allergen provocation (1978).

Shelton et al. found a c.v. for normal subjects of 14.0 and for
patients with allergic rhinitis of 19.0 (1990). Those values were
higher than the comparable ones for anterior rhinomanometry
(normals 11.0 and rhinitics 18.0). Posterior rhinomanometry has
the advantage of measuring the total nasal resistance, without
need for calculations. However, using posterior rhinomanomet-
ry about 20% of patients can not, according to a general opinion
among experts in the field, be measured due to closure of the
catheter in the mouth or due to a positioning of the soft palate
that prevents a connection between the mouth and the nose.
Many experts also have the experience that with proper training
that percentage can be markedly reduced.

Passive anterior rhinomanometry (PAR) was presented by
Clement et al. in 1981 and was recommended by them as the
most easy and suitable technique for measuring nasal resistance
after nasal provocations.

They have thereafter published a number of studies with PAR
both regarding specific and unspecific hyperreactivity (e.g. 1985)
and when comparing PAR with other rhinomanometric
methods (Gordt et al., 1989). There is also a study using PAR on
the influence of the nasal cycle during nasal provocation in
patients and normal test subjects (Wang and Clement, 1995).
Also Corrado et al., have used PAR and they found a c.v. of 38%
in repeated measurements of the resting NAR with individual
fluctuations in repeated histamine provocations (1987). PAR is
also the method used by Gerth van Wijk in his thesis ‘Nasal
Hyperreactivity’ in 1991. Some of his final conclusions are: ‘The
measurements of NAR in histamine challenges does not dif-
ferentiate between patients and healthy subjects.

With respect to the reproducibility of a nasal histamine provo-
cation the use of reflex-mediated symptoms such as sneezing
and secretion is advocated in the assessment of nasal responses.
The use of NAR measurements yields a lower reproducibility.
Although nasal provocations with non-specific stimuli may dis-
tinguish patient groups and healthy subject groups, the diag-
nostic value of these tests to determine nasal hyperreactivity is
limited in the individual patient, because of the overlap in thres-
hold concentration between the patients and healthy subjects.’

Other less common methods

With a head-out body pletysmograph NAR can be obtained just
as well as with the above-mentioned rhinomanometric
methods, with the advantage that the nose is free for inspection
and available for observation and e.g. for electromyographic
recording (Niinima et al., 1979).

Philip Cole’s group in Toronto has presented a large number of
studies with that method, however, none was found with aller-
gen provocations.

With oscillometry nasal airway resistance can be calculated from
the total resistance of the upper and lower airways. With that
method Berdel et al. have measured nasal resistance during pro-
vocation with allergens (1981). A valuable review dealing main-
ly with less used methods to evaluate nasal patency and airflow
was published in Facial Plastic Surgery (Eccles, 1990).
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Nasal airway resistance, or nasal airflow at a certain pressure, has
so far not convincingly been found to be able to select individual
rhinitis patients from normal subjects with histamine or methacho-
line provocations intranasally even if all the precautions, such as
rest before the measurements, as recommended by the Committee
in 1984, are fulfilled. For graded responses after allergen provo-
cations, NAR may be of clinical value only in combination with
scorings from sneezes and fluid secretion.

Wihl (1986) and Gerth van Wijk (1991) in their respective theses,
as well as Hasegawa et al. already in 1976, a group from Pittsburgh
(Doyle et al., 1995) and recently Pirild from Finland (1998), advo-
cate a combined scoring for allergen and histamine challenges in
the nose and the subcommittee shares that opinion. Regarding
‘positive’ cut-off levels for NAR values and also for values of the
other methods mentioned above, it is important to emphasise that
such levels are highly dependent of the method, the thickness of the
mucosa before the provocations, and if the provocation is one- or
twosided.

Symptom scores

In addition to the objective measurements of nasal patency and
airflow a variety of methods to assess the response to allergen or
non-specific stimuli are available. These methods comprise
measuring nasal secretion, counting sneezes, assessment of
severity of symptoms and VAS (visual analogue scores). The
composite symptom score of Lebel (1988) has been validated in
terms of responsiveness to treatment, correlation with daily
nasal symptoms and discrimination between patients and heal-
thy subjects (de Graaf-in ‘t Veld, 1995).
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