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actions were observed.  Conclusions:  Symptoms of nasal 
congestion associated with the reduction in nasal volume 
measured by AcR are the most useful parameters for estab-
lishing the diagnosis of AIA using the  L -ASA nasal challenge. 
The method is very well tolerated and can be safely used 
even in patients with severe asthma. 

 Copyright © 2012 S. Karger AG, Basel 

 Introduction 

 Aspirin [acetylsalicylic acid (ASA)]-induced asthma 
(AIA) is a syndrome characterized by the combination of 
asthma, chronic rhinosinusitis with nasal polyposis, and 
intolerance to nonsteroidal anti-inflammatory drugs 
(NSAIDs). In these patients, episodes of bronchospasm 
and nasal obstruction are precipitated by the ingestion of 
NSAIDs  [1] . The prevalence of ASA intolerance varies 
from 3 to 35%, depending on the severity of the disease 
and on whether the diagnosis is based on the clinical his-
tory alone or on confirmatory tests  [2–4] . As specific and 
sensitive in vitro tests are still not available, a definite di-
agnosis of AIA relies on the use of an aspirin challenge. 
Oral challenge with ASA is still considered the ‘gold stan-
dard’, but it can precipitate life-threatening reactions, 
and thus only a limited number of units have acquired 
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 Abstract 

  Background:  The safety and utility of nasal provocation 
tests with lysine-aspirin ( L -ASA) in the diagnosis of aspirin-
intolerant asthma (AIA) have previously been described in a 
short series of patients.  Objectives:  To describe the clinical 
features and safety of an  L -ASA challenge test in patients 
with AIA.  Methods:  We evaluated 72 patients (79% women), 
with a mean  8  SD age of 47.9  8  14.5 years. All patients were 
submitted to an  L -ASA nasal provocation test (29 mg in each 
nostril) under acoustic rhinometry (AcR) control. Symptom 
score (0–3), visual analogical scale and nitric oxide determi-
nations were performed at baseline and at 15, 30, 60 and 90 
min. A decrease in nasal volume of at least 25% was consid-
ered a positive test. Nasal nitric oxide (nNO) and forced expi-
ratory volume in 1 s were measured.  Results:  Nasal conges-
tion and rhinorrhea represented 51 and 32%, respectively, of 
total symptoms. According to AcR data, the  L -ASA challenge 
test was positive in 20% of patients at 15 min, an additional 
36% were positive at 30 min, 18% at 60 min, and the remain-
ing 26% at 90 min. nNO nasal values decreased but did not 
reach statistical significance. No pulmonary or systemic re-
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experience and expertise in its use  [5, 6] . The ASA bron-
chial provocation test is safer than the oral test, but it still 
has a low risk of severe episodes of bronchospasm. Fur-
thermore, neither the oral nor the bronchial test can be 
used in patients with moderate-to-severe bronchial ob-
struction [forced expiratory volume in 1 s (FEV 1 )  ! 70%] 
 [7, 8] . For all these reasons, safer alternative methods to 
oral and bronchial challenge tests are needed to extend 
the use of confirmatory tests for AIA in respiratory and 
allergy units reluctant to implement oral and bronchial 
tests in the diagnosis of NSAID intolerance. The nasal 
challenge test with lysine-ASA ( L -ASA) has demonstrated 
good specificity and sensitivity (94 and 73%, respective-
ly), as well as an excellent security profile  [8, 9] . Most 
studies, however, have been performed for research pur-
poses on a limited number of patients, and the clinical 
findings and tolerability of the test in routine clinical 
practice have scarcely been reported. The aim of this 
study is to describe clinical features and safety aspects of 
positive  L -ASA nasal challenge tests in patients with AIA, 
carried out in the context of normal clinical practice.

  Material and Methods 

 Subjects 
 Seventy-two asthmatic patients with AIA and a positive con-

firmatory  L -ASA nasal test were recruited. Their mean  8  SD age 
was 47.9  8  14.5 years and 79% were women. All subjects refrained 
from using any medication (antihistamines, intranasal cortico-
steroids and montelukast (1 week) or systemic corticosteroids (4 
weeks) prior to and during the study and none of them had re-
cently suffered an asthma exacerbation or a respiratory tract in-
fection within the 4 weeks prior to the challenge  [7] . The baseline 
values of FEV 1  were (87.0  8  11.8%; range: 45–102% of predicted). 
In 22 patients, the FEV 1  was lower than 70% of predicted. Subjects 
gave their informed consent prior to the study, as is customary in 
challenges performed in regular clinical practice.

  Study Design 
 Nasal response was evaluated objectively by acoustic rhinom-

etry (AcR) and nasal nitric oxide (nNO) and subjectively by a total 
nasal symptom score (TNSS) and a visual analogical scale (VAS). 
Nasal congestion, nasal itching, sneezing, and rhinorrhea were 
evaluated using a Likert scale [from absent (0) to severe (3) (TNSS)] 
and from 0 to 10 in VAS. Nasal response was measured at 30 min 
after diluent and at 15, 30, 60 and 90 min after  L -ASA challenge 
( table 1 ).

  Nasal Challenge 
 The nasal challenge test with  L -ASA (Aspisol � ; Bayer, Ger-

many; 900 mg of  L -ASA equivalent to 500 mg of ASA) was per-
formed according to the method described previously  [8, 10] . 
Briefly, all subjects were challenged with  L -ASA diluent (0.9% 
NaCl) prior to  L -ASA to rule out any unspecific nasal reactivity. 

Then, 29 mg of  L -ASA solution (equivalent to 16 mg of ASA) was 
applied to each inferior turbinate with an Eppendorf pipette. A 
challenge was considered positive when nasal volume at 12 cm 
(Vol 0–12 ) decreased by at least 25% as compared with post-NaCl 
challenge volume. Lung function was assessed by maximal forced 
flow spirometry, performed in all patients before and after the 
nasal challenge.

  Acoustic Rhinometry 
 Nasal volumes were measured by AcR (Acoustic rhinometer 

SER 2000 RhinoMetrics, Lynge, Denmark). All AcR measure-
ments were repeated 3 times and then averaged to ensure the re-
producibility of the results. All measurements were performed in 
both the right and left nasal cavities. Nasal volume was evaluated 
using a standardized method between the nasal inlet and the 12th 
centimeter (Vol 0–12 )  [11] . We also evaluated volumes between the 
2nd and 5th centimeters (Vol 2–5 ) because the main changes in the 
nasal mucosa occur in this segment, due to its great vasculariza-
tion  [12, 13] .

  Nitric Oxide Measurements 
 nNO measurements were performed by chemiluminescence 

(SIR, System N6008 NO tracer, Madrid, Spain) following a stan-
dardized method; they were repeated 3 times and then averaged 
in order to ensure the reproducibility of the results  [14] .

  Statistics 
 The statistical analysis was performed using SPSS 16.0 (SPSS 

Inc., Chicago, Ill., USA) for descriptive statistics: The Wilcoxon 
signed-rank test and the Mann-Whitney U test were used to com-
pare related and unrelated variables, respectively.

  The correlation between measurements of nasal volumes 
within 0 and 12 cm and those within 2 and 5 cm was evaluated by 
measuring the  � -coefficient. 

 Results 

 According to a previous study, a decrease in nasal vol-
ume (Vol 0–12 ) greater than 25% is the criterion that allows 
an  L -ASA challenge to be considered positive (11). This 

Table 1.  L-ASA nasal challenge schedule

Likert
scale

Symptoms
VAS

Acoustic
rhinometry

nNO Pulmonary 
functions test

Baseline ! ! ! ! !

Diluent
30 min ! ! ! !

L-ASA
15 min ! ! ! !

30 min ! ! ! !

60 min ! ! ! !

90 min ! ! ! ! !
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decrease was detected in 20% of the patients at 15 min, an 
additional 36% were positive at 30 min, 18% at 60 min, 
and the remaining 26% at 90 min ( fig. 1 ). All in all, most 
patients (74%) showed a decrease in nasal volume greater 
than 25% at 60 min, matching with the greatest decrease 
in volume.

  Although evaluation of the nasal volume from the tip 
of the nostril and 12 cm back (Vol 0–12 ) is commonly used 
to assess changes in nasal patency, it has been suggested 
that the measurement of nasal volume within 2 and 5 cm 
(Vol 2–5 ), which is more reproducible, could improve the 
ability of the method to detect mucosal changes after an 
 L -ASA challenge  [12, 13] . As expected, the decreases in 
nasal volumes measured with the two methods change in 
parallel. We found that the results with the two methods 
were highly concordant ( �  0.72).

  Nasal congestion and rhinorrhea, evaluated by the 
Likert scale and VAS, were the most important symp-
toms, with nasal congestion being the most relevant when 
nasal challenge reached the level of positivity (p  !  0.05). 
No differences between nasal congestion and rhinorrhea 
scores were observed at any time except at 60 min, when 
nasal congestion was the most important symptom (p  !  
0.05), matching up with the greatest decrease in volume. 
Itching and sneezing were the least relevant symptoms
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  Fig. 1.  Volume decrease (%) in Vol 2–5  and Vol  0–12 . Differences in 
volume decrease in Vol 2–5  between diluent at 30, 60 and 90 min 
( a  p  !  0.05). Differences in volume decrease in Vol 0–12  between 
diluent at 30, 60 and 90 min ( b  p  !  0.05). 

  Fig. 2.   a   L -ASA nasal challenge symptom 
score (Likert scale).  Differences between 
nasal congestion and sneezing ( a  p  !  0.001) 
and itching ( a  p  !  0.001) at any time and 
rhinorrhea at 60 and 90 min ( a  p  !  0.05) are 
statistically significant. Differences be-
tween rhinorrhea and sneezing and itch-
ing are statistically significant ( b  p  !  0.05). 
 b  Symptoms (Likert scale) when nasal 
challenge is positive. Differences between 
congestion values (Likert scale) and itch-
ing, rhinorrhea and sneezing are statisti-
cally significant ( a   p  !  0.05) when nasal 
challenge is positive. Differences between 
rhinorrhea (Likert scale) and itching and 
sneezing ( b  p  !  0.05) are statistically sig-
nificant. Differences between itching val-
ues (Likert scale) and sneezing  are statisti-
cally significant ( c  p  !  0.05). 
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(p  !  0.05 vs. rhinorrhea or congestion) ( fig. 2 a, b). When 
the weight of each symptom was balanced with respect to 
the total composite symptoms score, nasal congestion ac-
counted for 51% of symptoms, followed by rhinorrhea 
(32%), nasal itching (12%) and sneezing (5%).

  nNO levels decreased progressively (with no statistical 
significance compared with diluent levels) and the lowest 
level was observed at 60 min, matching up with the great-
est decrease in nasal volume and severity of symptoms 
(essentially nasal congestion).

   L -ASA challenge did not elicit any respiratory or sys-
temic reaction (urticaria, facial flush, angioedema). There 
were no differences between baseline FEV 1  values (87.0 
 8  11.8; range: 45–102%) and those obtained at the end of 
the test (86.8  8  11.8; range: 47–108%).

  Discussion 

 The main findings of our study are: (1) nasal conges-
tion and rhinorrhea are the most relevant symptoms; (2) 
the test takes less than 2 h to confirm the suspected diag-
nosis of AIA; (3)  L -ASA challenge can be performed in all 
patients, even those suffering from severe nasal obstruc-
tion due to the presence of nasal polyposis, and (4)  L -ASA 
challenge is very safe and can be used in patients with 
moderate-to-severe bronchial obstruction.

  Nasal congestion and rhinorrhea are the most impor-
tant and severe symptoms reported following  L -ASA na-
sal challenge in AIA patients, representing 51 and 32%, 
respectively, of total symptoms. In contrast, nasal itching 
(12%) and sneezing (5%) have a very limited impact on the 
evaluation of the nasal response to  L -ASA in AIA. These 
findings concur with those previously reported by other 
authors  [8, 10] . Although the assessment of itching and 
sneezing has been included in various studies and guide-
lines  [7, 9, 10, 15] , their contribution to the confirmation 
of aspirin intolerance is almost irrelevant.

  Nasal challenge positive criteria were detected within 
90 min after  L -ASA intranasal instillation These data 
are consistent with those of other authors  [8, 15–17] , 
who found positive responses within 10 and 110 min 
(mostly around 60 min) that lasted at least 1 h on aver-
age. Nasal dynamics in response to  L -ASA present dif-
ferential characteristics, with a slower evolution and 
 delayed start and end compared with nasal allergen 
challenges  [18] . Although guidelines  [7]  recommend 
evaluating the nasal response every 10 min, our results 
suggest that measurements recorded at intervals of 30 
min could be sufficient to establish the diagnosis of as-

pirin intolerance without any risk of losing positive pa-
tients.

  The performance of oral and bronchial tests usually 
requires many hours of observation, significantly in-
creasing the cost and inconvenience of the study. In con-
trast, the short time needed to perform the  L -ASA nasal 
challenge test represents a major improvement in the 
cost/benefit of the diagnostic procedure while signifi-
cantly reducing the inconvenience usually caused to pa-
tients by oral and bronchial tests.

  AcR is a safe, easy and reliable technique with demon-
strated accuracy in the evaluation of the volume of nasal 
cavities in several diseases, even in those with reduced 
nasal volumes, such as chronic rhinosinusitis with nasal 
polyposis  [19–24] . Patients with AIA present an increased 
prevalence of chronic rhinosinusitis/nasal polyposis  [10, 
25]  and some techniques, such as rhinomanometry and 
nasal inspiratory peak flow (NIPF), are difficult to per-
form due to the low flow rates generated in patients with 
severe nasal obstruction. Several authors have reported 
that rhinomanometry/NIPF failed to evaluate  L -ASA 
challenge response in up to 20% of selected patients  [10, 
17, 26] . AcR does not have this limitation, and all patients 
in our study could be evaluated, including those with 
massive nasal polyps. Our observations suggest that AcR 
is more convenient than other techniques for measuring 
changes in nasal flow, such as rhinomanometry/NIPF, in 
the assessment of the nasal response to  L -ASA in the di-
agnosis of AIA  [8, 15, 16, 27] . However, a number of fac-
tors can lead to measurement variations when AcR is 
used. The presence of pathological spaces such perfora-
tion of the nasal septum leads to abnormal recordings. 
AcR is also more expensive than such techniques as rhi-
nomanometry and PNIF.

  The cut-off criterion for a positive  L -ASA challenge 
controlled by AcR was defined by Casadevall et al.  [8] 
as a decrease in nasal volume of between 0 and 12 cm 
(Vol 0–12 ) greater than 25%. Nasal volume of between 2 
and 5 cm (Vol 2–5 ) contains the most vascularized area, 
and therefore mucosal changes induced by inflammatory 
responses might be detected more accurately by evaluat-
ing this area  [12, 13] . In our study, however, the  L -ASA 
nasal challenge test assessed by both Vol 0–12  and Vol 2–5  
showed similar results. Kupczyk et al.  [16]  used Vol 2–5  
evaluation in nasal challenge with  L -ASA, and concluded 
that AcR has limited sensitivity in detecting mucosal 
changes, but they used a low  L -ASA dose (15 vs. 29 mg in 
our study), which could explain the low rate of positive 
challenges in patients with AIA confirmed by oral chal-
lenge.
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  nNO values progressively decreased in concordance 
with the reduction in nasal volume and the increase in 
symptom score. nNO is assumed to be continuously pro-
duced by the ciliated cells of the paranasal sinuses and 
nasal mucosa, and to diffuse through the ostiomeatal 
complex to the nasal cavity  [28] . Patients with a positive 
nasal challenge are thought, however, to have an inflamed 
nasal mucosa and, thus, high nNO levels  [29, 30] . These 
apparently controversial results are explained by the 
blockade of the ostiomeatal complex, and the consequent 
inability of newly generated NO to reach the nasal cavity 
 [31] . This phenomenon has been described in several in-
flammatory nasosinusal diseases, such as chronic rhino-
sinusitis, with or without nasal polyps  [24, 32] .

  In our study, no systemic reactions were noticed and 
FEV 1  which was recorded before and after the nasal chal-
lenge test, did not show any significant difference. Our 
results contrast with those of Pawlowicz et al.  [33] , who 
observed a significant fall in FEV 1  in all the patients they 
evaluated. Most authors have reported only a few mild 
reactions, however, thus demonstrating the high safety 
profile of the nasal challenge test with  L -ASA  [7, 8, 10, 16, 
34] .

  In conclusion, nasal congestion is the most important 
clinical feature present in positive nasal challenge with 
 L -ASA in AIA patients. AcR is a safe, rapid and reliable 
tool in the evaluation of nasal obstruction. For all these 
reasons, we consider nasal challenge with  L -ASA, objec-
tively assessed by AcR, a very useful diagnostic tool in 
AIA patients. 

 References 

  1 Settipane GA: Asthma, aspirin intolerance 
and nasal polyps. N Engl Reg Allergy Proc 
1986;   7:   32–37. 

  2 Kasper L, Sladek K, Duplaga M, Bochenek G, 
Liebhart J GU, Galadysz U, et al: Prevalence 
of asthma with aspirin hypersensitivity in 
the adult population of Poland. Allergy 2003;  
 58:   1064–1066. 

  3 Jenkins C, Costello J, Hodge L: Systematic 
review of prevalence of aspirin induced asth-
ma and its implications for clinical practice. 
BMJ 2004;   328:   434. 

  4 Castillo JA, Picado C: Prevalence of aspirin 
intolerance in asthmatics treated in a hospi-
tal. Respiration 1986;   50:   153–157. 

  5 Picado C, Castillo JA, Montserrat JM, Agus-
ti-Vidal A: Aspirin-intolerance as a precipi-
tating factor of life-threatening attacks of 
asthma requiring mechanical ventilation. 
Eur Resp J 1989;   2:   127–129. 

  6 Quiralte J, Blanco C, Castillo R, Delgado J, 
Carrillo T: Intolerance to nonsteroidal anti-
inflammatory drugs: results of controlled 
drug challenges in 98 patients. J Allergy Clin 
Immunol 1996;   98:   678–685. 

  7 Nizankowska-Mogilnicka E, Bochenek G, 
Mastalerz L, Swierczyńska M, Picado C, 
Scadding G, et al: EAACI/GA2LEN guide-
line: aspirin provocation tests for diagnosis 
of aspirin hypersensitivity. Allergy 2007;   62:  
 1111–1118. 

  8 Casadevall J, Ventura PJ, Mullol J, Picado C: 
Intranasal challenge with aspirin in the di-
agnosis of aspirin intolerant asthma: evalua-
tion of nasal response by acoustic rhinome-
try. Thorax 2000;   55:   921–924. 

  9 Kowalski ML, Grzegorczyk J, Wojciechow-
ska B, Poniatowska M: Intranasal challenge 
with aspirin induces cell influx and activa-
tion of eosinophils and mast cells in nasal se-
cretions of ASA-sensitive patients. Clin Exp 
Allergy 1996;   26:   807–814. 

 10 Milewski M, Mastalerz L, Nizankowska E, 
Szczeklik A: Nasal provocation test with ly-
sine-aspirin for diagnosis of aspirin-sensi-
tive asthma. J Allergy Clin Immunol 1998;  
 101:   581–586. 

 11 Uzzaman A, Metcalfe DD, Komarow HD: 
Acoustic rhinometry in the practice of aller-
gy. Ann Allergy Asthma Immunol 2006;   97:  
 745–752. 

 12 Clement PA, Gordts F: Consensus report on 
acoustic rhinometry and rhinomanometry. 
Rhinology 2005:   43:   169–179. 

 13 Hilberg O, Pedersen OF: Acoustic rhinome-
try: recommendations for technical specifi-
cations and standard operating procedures. 
Rhinol Suppl 2000;   16:   3–17; Erratum in: Rhi-
nology 2001;   39:   119. 

 14 ATS/ERS: American Thoracic Society; Euro-
pean Respiratory Society. ATS/ERS recom-
mendations for standardized procedures for 
the online and offline measurement of ex-
haled lower respiratory nitric oxide and na-
sal nitric oxide, 2005. Am J Respir Crit Care 
Med 2005;   171:   912–930. 

 15 Fuentes-Beltrán A, Montes-Vizuet R, Valen-
cia-Maqueda E, Negrete-García MC, Gar-
cía-Cruz M de L, Teran LM: Chemokine 
CC-ligand 5 production and eosinophil ac-
tivation into the upper airways of aspirin-
sensitive patients. Clin Exp Allergy 2009;   39:  
 491–499. 

 16 Kupczyk M, Kupryś-Lipińska I, Bocheńska-
Marciniak M, Kuna P: Acoustic rhinometry 
in the evaluation of intranasal aspirin chal-
lenge (in Polish). Pneumonol Alergol Polska 
2010;   78:   103–111. 

 17 Lee DKC, Haggart K, Robb FM, Lipworth BJ: 
Montelukast protects against nasal lysine-as-
pirin challenge in patients with aspirin-in-
duced asthma. Eur Respir J 2004;   24:   226–230. 

 18 Prat J, Mullol J, Ramis I, Roselló-Catafau J, 
Xaubet A, Nerin I, Gelpi E, Picado C: Release 
of chemical mediators and inflammatory 
cell influx during early allergic reaction in 
the nose: effect of furosemide. J Allergy Clin 
Immunol 1992;   92:   248–254. 

 19 Hilberg O, Jackson AC, Swift DL PO: Acous-
tic rhinometry: evaluation of nasal cavity ge-
ometry by acoustic reflection. J Appl Physiol 
1989;   1:   295–303. 

 20 Numminen J, Dastidar P, Heinonen T, Kar-
huketo T, Rautiainen M: Reliability of acous-
tic rhinometry. Respir Med 2003;   97:   421–
427. 

 21 Gilain L, Coste A, Ricolfi F, Dahan E, Mar-
liac D, Peynegre R, et al: Nasal cavity geom-
etry measured by acoustic rhinometry and 
computed Tomography. Arch Otolaryngol 
Head Neck 1997;   123:   401–405. 

 22 Tarhan E, Coskun M, Cakmak O, Celik H, 
Cankurtaran M: Acoustic rhinometry in hu-
mans: accuracy of nasal passage area esti-
mates, and ability to quantify paranasal si-
nus volume and ostium size. J Appl Physiol 
2005;   99:   616–623. 

 23 Terheyden H, Maune S, Mertens J, Hilberg 
O: Acoustic rhinometry: validation by three-
dimensionally reconstructed computer to-
mographic scans. J Appl Physiol 2000;   89:  
 1013–1021. 

 24 Muñoz-Cano R, Salvador R, Valero A, 
Berenguer J, Alobid I, Bartra J, et al: Accu-
racy of acoustic rhinometry versus comput-
ed tomography in the evaluation of nasal 
cavity in patients with nasal polyposis. Rhi-
nology 2010;   48:   224–227. 

 25 Szczeklik A, Nizankowska E, Duplaga M: 
Natural history of aspirin-induced asthma. 
AIANE Investigators. European Network on 
Aspirin-Induced Asthma. Eur Respir J 2000;  
 16:   432–436. 



 Muñoz-Cano   /Bartra   /Sanchez-Lopez   /
Picado   /Bissinger   /Valero    

 Int Arch Allergy Immunol 2013;160:307–312 312

 26 Lee DKC, Haggart K, Lipworth BJ: Repro-
ducibility of response to nasal lysine-aspirin 
challenge in patients with aspirin-induced 
asthma. Ann Allergy Asthma Immunol 
2004;   93:   185–188. 

 27 Micheletto C, Tognella S, Visconti M, Trev-
isan F, Dal Negro RW: Changes in urinary 
LTE 4  and nasal functions following nasal 
provocation test with ASA in ASA-tolerant 
and -intolerant asthmatics. Respir Med 
2006;   100:   2144–2150. 

 28 Kirihene RKDRA, Rees G, Wormald P-J: 
The influence of the size of the maxillary si-
nus ostium on the nasal and sinus nitric ox-
ide levels. Am J Rhinol 2002;   16:   261–264. 

 29 Rolla G, Di Emanuele A, Dutto L, Marsico P, 
Nebiolo F, Corradi F, et al: Effect of inhala-
tion aspirin challenge on exhaled nitric ox-
ide in patients with aspirin-inducible asth-
ma. Allergy 2004;   59:   827–832. 

 30 Kupczyk M, Kurmanowska Z, Kupryś-
Lipińska I, Bocheńska-Marciniak M, Kuna 
P: Mediators of inflammation in nasal lavage 
from aspirin intolerant patients after aspirin 
challenge. Respir Med 2010;   104:   1404–1409. 

 31 Ragab SM, Lund VJ, Saleh HA, Scadding G: 
Nasal nitric oxide in objective evaluation of 
chronic rhinosinusitis therapy. Allergy 
2006;   61:   717–724. 

 32 Colantonio D, Brouillette L, Parikh A, Scad-
ding GK: Paradoxical low nasal nitric oxide 
in nasal polyposis. Clin Exp Allergy 2002;   32:  
 698–701. 

 33 Pawlowicz A, Williams WR, Davies BH: In-
halation and nasal challenge in the diagnosis 
of aspirin-induced asthma. Allergy 1991;   46:  
 405–409. 

 34 Alonso-Llamazares A, Martinez-Cócera C, 
Domínguez-Ortega J, Robledo-Echarren T, 
Cimarra-Alvarez M, Mesa del Castillo M: 
Nasal provocation test (NPT) with aspirin: a 
sensitive and safe method to diagnose aspi-
rin-induced asthma (AIA). Allergy 2002;   57:  
 632–635. 

  




