The prevalence of aspirin hypersensitivity in patients with
nasal polyposis and contributing factors
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ABSTRACT

Background: Aspirin (acetylsalicylic acid [ASA]) hypersensitivity is frequent in patients with nasal polyps (NPs) and is called aspirin exacerbated
respiratory disease, previously known as Samter’s syndrome. However, studies evaluating the prevalence of ASA hypersensitivity in patients with NPs using
the oral aspirin provocation test (APT) are quite limited. This study was designed to determine the prevalence of ASA hypersensitivity-and factors associated
with ASA hypersensitivity in patients with NPs.

Methods: Sixty-eight patients with NPs with or without asthma were recruited. Extension of NPs was evaluated by endoscopic examination/paranasal CT.
A 2-day, single-blind placebo-controlled APT was used to detect ASA hypersensitivity.

Results: APT was performed in 53 (21 women/ 32 men) patients (mean age, 39.34 + 1.76 years). APT resulted positive in 12 patients (22.6%) of whom
3 (25%) had no history of ASA hypersensitivity. Of the positive APTs, three were isolated rhinitis and nine had classic responses. APT was negative in 41
patients (77.4%) although three (7.3%) had a history of ASA hypersensitivity. History of ASA hypersensitivity and prolonged duration of NPs were associated
with positive APT (p < 0.05). Advanced NP with multiple operations was also correlated with APT positivity but was not statistically significant. Presence
of asthma was associated with age, female gender, NP duration, and ASA hypersensitivity history (p < 0.05), but not with smoking, atopy, NP extension,
and positive APT.

Conclusion: ASA hypersensitivity is quite common in patients with NP. Patients with extensive and long-term NP with multiple polyp operations require
evaluation for the presence of ASA hypersensitivity in terms of chronic management and future risks of the disease.

(Am J Rhinol Allergy 25, 411415, 2011; doi: 10.2500/ajra.2011.25.3660)

Aspirin (acetylsalicylic acid [ASA]) and other nonsteroidal anti-
inflammatory drugs (NSAIDs) are some of the most widely
used drugs because of their analgesic and anti-inflammatory proper-
ties. However, a variety of adverse reactions related to ASA/NSAIDs
consumption have frequently been reported.! Some of these reactions
are called ASA hypersensitivity. The clinical presentations of ASA
hypersensitivity vary from nasal reaction to severe systemic reaction.
The prevalence of ASA hypersensitivity varies according to the study
group and method used for the diagnosis of ASA sensitivity.>
Nasal polyposis is a chronic inflammatory disease of the nose and
sinus mucosa that affects up to 4% of the population even though its
prevalence has been found to be as high as 40% in cadaveric studies.*
Nasal polyps (NPs) are often associated with asthma and other dis-
eases, such as cystic fibrosis and ASA hypersensitivity. The associa-
tion of NPs with ASA hypersensitivity has been a well-recognized
clinical entity for a long time and is a challenging disease for both the
ear-nose-throat (ENT) specialist and the allergist. NP with ASA hy-
persensitivity is associated with more severe disease, thus causing a
significant impairment in the patients’ quality of life. Clinical man-
agement of ASA-sensitive NPs is complicated by refractoriness to
medical and surgical treatment. The presence of ASA hypersensitivity
in these patients has been associated with an increased risk for post-
operative complications and a high recurrence rate of polyps.*- There
is increasing evidence that ASA desensitization should be considered
as an add-on treatment in these patients because this treatment may
reduce nasal symptoms and patients’ requirements for polypectomy
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and/or sinus operations.>” Additionally, ASA hypersensitivity may
be a risk factor for developing asthma in this group of patients.”8
Therefore, an accurate diagnosis of ASA hypersensitivity through
appropriate methods in patients with NPs would clearly be welcome.
Currently, the only way to accurately diagnose ASA hypersensitivity
seems to be through provocative challenge tests with ASA%10 because
no in vitro method has been proven sufficiently sensitive and specific
for use as a provocative challenge test.!-13

Considering these facts collectively, an acceptable diagnose of ASA
hypersensitivity in patients with NPs seems to be important in terms
of chronic management and future risks of the disease. There are
many studies regarding the prevalence of NPs in patients with ASA
hypersensitivity; however, only a limited number of studies are avail-
able evaluating the prevalence of ASA hypersensitivity in patients
with NPs, particularly those using an oral aspirin provocation test
(APT).1+15 Additionally, to the best of our knowledge, there is no
study in medical literature in English that has systematically evalu-
ated the risk factors associated with ASA hypersensitivity in patients
with NPs. Therefore, in this prospective study, we aimed to (1)
evaluate the prevalence of ASA hypersensitivity in patients with NPs
using oral APT and (2) determine the factors associated with positive
oral APT in these patients.

MATERIALS AND METHODS

Patient Selection

All adult patients with a suggestive history of NPs with or without
asthma were screened and included in this prospective study. Be-
cause oral ASA provocations were performed for research purposes
for some patients, approval of the local ethical committee was ob-
tained for this group. The rest of the patients were assured of the
voluntary nature of the study and all gave written informed consent
for oral APT.

Evaluation of NPs

All patients were examined by an ENT specialist at the ENT Clinic.
The duration of NP was based on self-reported data. It was defined as
the period between the first diagnoses of NP by an ENT specialist to
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the time that the patient was seen by an ENT specialist participating
in this study. The diagnosis of NPs was based on the visualization of
bilateral polyps in the nasal cavities by either endoscopic examination
or by a CT scan of the paranasal sinuses. The ENT specialists staged
each patient by nasal endoscopy based on the De Gaudermar staging
system.’® This system scores stage 0, no polyp; stage 1, polyps are
limited at the middle meatus; stage 2, polyps beyond the middle
meatus but not completely obstructing the nasal cavity; and stage 3,
polyps completely obstructing the nasal cavity.

Evaluation of Atopy

Atopy was defined as a positive skin-prick test to at least one of the
aeroallergens. Glycerinated extracts (Stallergenes, Antony, France) of
the following allergenic sources were used in skin-prick tests: Der-
matophagoides pteronyssinus, Dermatophagoides farinae, cockroach, grass,
tree, weed pollens, cat, dog, and Alternaria and Cladosporium antigens.
Positive (histamine, 10 mg/mL) and negative (saline solution) con-
trols were also included. The puncture method with a 1-mm-tip
disposable lancet was used, and a wheal reaction with a mean diam-
eter of 3 mm greater than the negative control was considered a
positive response.

Nonspecific Bronchial Provocation Test

Nonspecific bronchial hyperreactivity (BHR) was evaluated with a
methacholine (M) bronchial provocation test, performed according to
the method described by Cockcroft et al.'” The result was expressed as
PC,, to M (provocative concentration required to produce a 20% fall
in forced expiratory volume in 1 second [FEV,]). The M PC,, was
calculated from the log concentration-response curve by linear inter-
polation of the two last points. A PC,, to M of = 8 mg/mL was
accepted as the cutoff point.1

Oral ASA Provocation Test

The oral ASA provocation test was performed according to Ni-
zankowska ef al.1° with responses classified as negative, upper airway
reaction, classic reaction, and systemic reaction. Upper airway reac-
tion was defined as the presence of rhinorrhea and nasal congestion;
classic reaction as more than a 20% decrease in FEV, associated with
upper airway reaction; and systemic reaction as extra bronchial symp-
toms such as hoarseness, redness of the face and the upper chest,
ocular injection and/or periorbital swelling, nausea, vomiting and
stomach cramps, and hypotension with or without cutaneous /bron-
chial symptoms. A starting dose of 10 mg was followed by 17, 44, 117,
and 312 mg of ASA every 1.5-2 hours until a cumulative dose of 500
mg was reached. The provocation test was considered positive if
the FEV, value decreased by at least 20% from a postsaline baseline
value and/or if strong extra bronchial symptoms occurred. The pro-
vocative dose of ASA, causing a 20% fall in FEV,; (PD,,), was calcu-
lated as the PD,, ASA oral.”

Statistical Analysis

Numeric values were expressed as mean = SEM and categorical/
ordinal values were expressed as 1 (%). Further statistical evaluation
was performed for comparison of patients with NPs and ASA hyper-
sensitivity and patients with NP and without ASA hypersensitivity.
Two group comparisons were performed by independent samples
t-test, chi-square test, Wilcoxon signed-rank test, and Mann-Whitney
U test. A value of p < 0.05 was accepted as statistically significant for
all tests. The Statistical Package for Social Sciences (SPSS) for Win-
dows Version 11.0 (SPSS, Inc., Chicago, IL) was used to analyze the
data.

RESULTS

A total of 68 subjects with NPs were enrolled into the study, but 15
patients were excluded due to withholding their consent for oral APT
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Table 1 Demographic characteristics of the patients who
performed oral aspirin provocation test (APT) (n = 53)

Gender (F/M) 21/32

Age, mean * SEM (range), yr 39,34 + 1.76 (15-70)
Atopy, n (%) 19 (35.8%)
Duration of NPs, yr (range) 4.09 = 0.82(0-27)
Newly diagnosed NP /recurrent NP (1) 19/34
Extension of NP, n (%)

Stage I 11 (20.8%)
Stage II 22 (41.5%)
Stage III 20 (37.7%)
No. of polypectomies, 1 (%; range) 0-6
None 30 (56.7%)
1 15 (28.3%)
=2 8 (15.1%)

PC, to M < 8 mg/mL, n (%)
Asthma, n (%)
Positive oral APT, n (%)

NP = nasal polyp; M = methacholine.

24 (45.3%)
19 (35.8%)
12 (22.6%)

or because of their current medical status. The remaining 53 patients
(mean age, 39.34 * 1.76 years) constituted the study population.
Demographic data and clinical presentations of the study group are
given in Table 1. Male gender was prominent in the study group and
35.8% of the patients with NPs had accompanying asthma. Atopy
ratio was 34.8% in the study group and this ratio was not statistically
different from that of the general adult population in Turkey (35.8%
versus 25%; p > 0.05).20 As far as the NP severity was concerned, 11,
22, and 20 patients were classified as stage I, stage II, and stage III
disease, respectively. Only atopic status was found to be related with
extension of NPs because 52.9% of nonatopic patients had stage 3
NPs, whereas 57.9% of atopic patients had stage 2 NPs (p = 0.009).
The presence of BHR to M and a history of ASA hypersensitivity were
not associated with the extension of NPs. Thirty patients had never
experienced polypectomy, but eight patients had been operated on
more than twice. The maximum number of operations for NPs was six
times in a 62-year-old woman with a classic ASA triad including NPs,
asthma, and ASA hypersensitivity; 45.5% of the patients with NPs
resulted in positive bronchial provocation tests to M, with a PC,, to
M = 8 mg/mL. The mean age of patients (43.29 *+ 2.89 versus 36.06 *
2.00; p = 0.04) was significantly higher, duration of NP (6.08 + 1.54
versus 2.44 + 0.67; p = 0.03) was significantly longer, and female
gender was more common (71.4% versus 28.1%; p = 0.002) in patients
with BHR to M when compared with those without BHR to M. Atopic
status, extension of NPs, number of sinus operations, and history of
ASA hypersensitivity were not associated with BHR.

There were 12 patients with a history of ASA/NSAIDs hypersen-
sitivity, but 9 of them resulted in positive oral APT. In contrast, there
were 42 patients without a history of ASA hypersensitivity and 3 of
them resulted in positive oral APT. As a result, ASA hypersensitivity
was confirmed in 12 (22.6%) patients of whom 3 (25%) had no history
of ASA hypersensitivity. The details of the patients diagnosed as
having ASA hypersensitivity via oral APT are shown in Table 2. Of
the patients with positive oral APTs, three reacted with isolated
rhinitis and nine had a classic response, including both asthma and
rhinitis, with a PD,, ASA ranging from 27 to 500 mg. Although three
of the patients had been recently diagnosed as having NPs, the
duration of NP ranged from 1 to 20 years in the remainder of the
patients. The majority (8/12) were suffering from extensive NPs.

Patients were divided into two groups according to their response
to oral APT, i.e., APT~ and APT™, to evaluate the factors associated
with ASA hypersensitivity in NPs (Table 3). There were no differ-
ences between the two groups in terms of gender, age, and atopy ratio
(p > 0.05), but history of ASA hypersensitivity and duration of NPs
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Table 2 Details of patients with positive oral aspirin provocation test

n, Age (yr)/Sex  Duration of  Extension of = Polypectomy  PC,,to M <8  Asthma Diagnosis History of ASA PD,, ASA
NP (yr) NP (stage) (no.) mg/mL Hypersensitivity (mg)
1. 29/M ND B,2 0 - - NSAID NR
2. 42/M 20 B,3 5 + + NSAID 140
3. 58/M ND B,3 0 - - - NR
4. 62/F 20 B,3 6 + + ASA, NSAID, M 27
5. 56/M 12 B,2 3 - - ASA 500
6. 33/F 13 B,3 2 + + ASA, NSAID, M 500
7. 43/F 2 B,3 0 + + NSAID, P 43
8. 33/M 8 B,2 1 - - = 185
9. 16/M ND B,2 0 - - - NR
10. 45/F 7 B,3 1 + + ASA, NSAID, 180
11. 30/M 1 B,3 1 - - ASA 44
12. 30/F 1 B,3 1 + + NSAID 98

APT = aspirin provocation test; NP = nasal polyp; ND = newly diagnosed; B = bilateral; ASA = acetylsalicylic acid; NSAIDs = nonsteroidal
anti-inflammatory drugs; M = metamizol; PD,, ASA = the provocative dose of ASA, causing a 20% fall in FEV; (PD,,); NR = nasal response, FEV; =

forced expiratory volume in 1 s.

Table 3 Comparison of patients according to oral aspirin provocation test (APT) results

Characteristics APT™ n =41 APT* n =12 p Value

Gender (F/M) 16/25 5/7 1
Age, mean *= SEM, yr (range) 19.34 + 1.96 (17-70) 39.08 = 4.14 (15-62) 0.89
Atopy, 1 (%) 16(39%) 3 (25%) 0.5
Newly diagnosed NP/recurrent NP 16/25 3/9 0.37
Duration of NP, mean = SEM, yrs (range) 3.24 + 0.82 (0-27) 9.33 = 2.49 Classical response 0.009
Extension of NP, 1 (%)

Stage 1 11 (26.8%)

Stage 11 18 (43.9%) 4 (33.3%) *

Stage III 12 (29.3%) 8 (66.7%)
No. of operation, 1 (%; range) 0-3 0-6

None 26 (63.4%) 4 (33.3%)

1 11 (26.8%) 4 (33.3%) *

>2 4 (9.8%) 4 (33.3%)
PCy, to M < 8 mg/mL, n (%) 18 (43.9%) 6 (50%) 0.7
Asthma, n (%) 13 (31.7%) 6 (50%) 0.24
History of ASA hypersensitivity 3(7.3%) 9 (75%) 0.000

*Data were not sifficient for chi-square analysis.

ASA = acetylsalicylic acid; FEV, = forced expiratory volume in 1 s; NP = nasal polyp; M = methacholine; PC20 = provocation concentration required to

produce a 20% fall in FEV,.

were found to be associated with a positive response to oral APT (p <
0.05). History of multiple polypectomies and an extension of NPs
were also correlated with oral APT, but these results did not attain
statistical significance. Although there were a number of patients with
all stages of NPs in the APT™ group, patients with positive APT had
only stages 2-3 of NPs. A total of 19 patients with NPs were diag-
nosed as having asthma associated with age (p = 0.02), female gender
(p = 0.009), duration of NPs (p = 0.029), and a history of ASA
hypersensitivity (p < 0.011).

DISCUSSION

Reaction to ASA is quite rare in the healthy population (0.3-0.9%);
however, the prevalence of ASA hypersensitivity changes in a group
of clinical conditions including NPs, asthma, and chronic urticaria.
ASA hypersensitivity has been reported in 8-26% of patients with
NPs, 10-20% of adult patients with asthma, and 23-28% of patients
with chronic urticaria.?'-2* Accordingly, the prevalence of ASA hy-
persensitivity was found to be 22.6% by applying APT in our patients
with NPs.

American Journal of Rhinology & Allergy

ASA hypersensitivity is an over- or underdiagnosed phenomena.
This was also the case in the current study because 25% of the patients
with a history of ASA hypersensitivity resulted in negative APT. In
contrast, 7% of patients without a history of ASA hypersensitivity
resulted in positive APT. In a study with 50 aspirin exacerbated
respiratory disease (AERD) who gave a prior history of aspirin- or
NSAID-associated respiratory reactions, 16% did not react to aspirin
during oral APT.?> Once developed, ASA hypersensitivity remains
throughout life although a sporadic disappearance of hypersensitivity
has been reported.?° Both overdiagnosis and underdiagnosis of AERD
are problems. This issue has been further supported by a recent
review in which the prevalence of ASA-sensitive asthma was re-
ported to be 21% in adults when determined by APT; this was
contrary to the prevalence of 3-5% reported by verbal history.?” The
reasons for underreporting ASA hypersensitivity may include the
deliberate evasion of ASA reporting by patients aware of the risk of
adverse reactions or lack of recognition by patients with mild ASA-
induced reactions because of their delayed onset of reaction. A mul-
ticenter study showed that 15% of asthmatic patients were unaware of
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ASA hypersensitivity before challenging with ASA.28 All these data
clearly indicate that ASA hypersensitivity needs to be confirmed by
provocation testing. We could not find a study particularly designed
to determine ASA hypersensitivity by oral APT in patients with NPs
in the English literature. Only one study evaluated the prevalence of
subclinical ASA hypersensitivity by inhaled lysine ASA in subjects
with NPs and found that in the absence of clinical history, only a
small proportion of patients (9.3%) are likely to be sensitive to ASA.15
In our trial, 3 (25%) of 12 patients who reacted to APT had no history
of ASA hypersensitivity, and 2 patients with a history of ASA hyper-
sensitivity did not respond to oral APT.

Data concerning the reaction pattern to oral APT of patients with
NPs is very limited. Eichel et al. showed that 15% of patients with NPs
have a bronchospastic type of ASA hypersensitivity and this preva-
lence increases to 60% of patients with a frequent recurrence of NPs
after surgery.* In our 12 ASA hypersensitive patients, 3 with NPs,
without asthma (25%), reacted with isolated rhinitis and another 3
patients with NPs, without asthma (25%), showed a classic response,
including both asthma and rhinitis to oral APT. Although the number
of patients is a little too limited to make a strong comment on that
issue, patients with NPs, in the absence of AERD, can also show
bronchial response to oral APT as well as isolated rhinitis.

It has repeatedly been reported that patients with NPs and ASA
hypersensitivity have more severe sinonasal disease and a signifi-
cantly higher need for revision surgery than ASA-tolerant pa-
tients.62%30 In keeping with this finding, our patients with ASA hy-
persensitivity were also more severe in terms of extension of NPs and
had undergone a higher number of sinus surgeries. ASA desensitiza-
tion is an option for these patients. Long-term studies have shown the
efficacy of ASA desensitization in reducing nasal symptoms, the
recurrence of sinusitis, and NP formation.7.24.26

To the best of our knowledge, the factors associated with ASA
hypersensitivity in patients with NPs have not been systematically
evaluated to date. Although the numbers of patients with ASA hy-
persensitivity is limited in our trial, a history of ASA hypersensitivity
and prolonged durations of NPs appeared to be risk factors associ-
ated with ASA hypersensitivity. Although they did not attain the
level of statistical significance, an advanced stage of NPs and a history
of multiple operations were also correlated with a positive APT
response, supporting the findings of Eichel et al.1* On the other hand,
there was no difference in the age, gender, asthma prevalence, and
atopy ratio of our NP patients with or without ASA hypersensitivity,
a finding that concurs with previous reports.?32 Although a number
of clinical studies have challenged the role of allergy as a causative
factor in NPs, positive skin-prick test results were no more common
in patients with NPs than they were in the general adult population
in Turkey. This indicates that the presence of atopy is coincidental
rather than causative, a finding that also supports our data.?!3334

The association between NPs and lower airway disease, such as
asthma and asymptomatic nonspecific BHR, has been the subject of
several studies. The frequency of asthma in patients with NPs ranges
from 7 to 70%.3>% A complete clinical picture of the ASA triad,
including ASA hypersensitivity and asthma, was found in as many as
20% of cases with NPs.?#3! One-half of the patients with NPs in our
trial had a complete ASA triad. Nonspecific BHR and changes of
pulmonary function parameters have been documented in patients
with NPs.3¢

A very recent study reported that the presence of NPs in patients
with allergic rhinitis appeared as an independent risk factor for
BHR %7 The significance of asymptomatic BHR associated with NPs is
unknown but it may represent an indication of potential asthma.
Patients with NPs were followed over a 4-year period to evaluate the
long-term evolution of nonspecific BHR/pulmonary function, and
the study indicated that steroid-nonresponsive NPs treated by nasal
surgery are associated with progressive FEV, decline and the appear-
ance of airflow obstruction even though BHR did not significantly
change over this period.® In our study, there were 24 patients (45.3%)
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with a PC,, to M < 8 mg/mL. Among them, six patients had ASA
hypersensitivity and a clinical diagnosis of asthma. Thirteen of the
remaining 18 patients had asthma without ASA hypersensitivity, and
5 patients had asymptomatic BHR. In our trial, ASA hypersensitivity
did not appear as a risk factor for the development of asthma in
patients with NPs. However, considering the nonresponsive nature to
steroids and frequent surgical requirement of ASA-sensitive NPs,
further long-term follow-up studies with a higher numbers of pa-
tients with ASA hypersensitivity are clearly needed. In conclusion,
taking into account the less favorable long-term outcomes of NPs
with ASA hypersensitivity and the potential role of ASA desensitiza-
tion as an alternative treatment in preventing the recurrence of NPs,
the presence of ASA hypersensitivity should be considered to im-
prove chronic management and raise awareness of future risks.

REFERENCES

1. Simon RA. Adverse respiratory reactions to aspirin and nonsteroidal
anti-inflammatory drugs. Curr Allergy Asthma Rep 4:17-24, 2004.

2. Stevenson DD. Adverse reactions to nonsteroidal anti-inflammatory
drugs. Immunol Allergy Clin North Am 18:759-798, 1998.

3. Szczeklik A. Mechanism of aspirin-induced asthma. Allergy 52:613—
619, 1997.

4. Newton JR, and Ah-See KW. A review of nasal polyposis. Ther Clin
Risk Man 4:507-512, 2008

5. Batra PS, Kern RC, Tripathi A, and Conley DB. Outcome analysis of
endoscopic sinus surgery in patients with nasal polyps and asthma.
Laryngoscope 113:1703-1706, 2003.

6. Katotomichelakis M, Riga M, Davris S, et al. Allergic rhinitis and
aspirin-exacerbated respiratory disease as predictors of the olfactory
outcome after endoscopic sinus surgery. Am ] Rhinol Allergy 23:348—-
353, 2009.

7. Szczeklik A, and Stevenson DD. Aspirin-induced asthma: Advances
in pathogenesis, diagnoses, and management. ] Allergy Clin Immu-
nol 111:913-917, 2003.

8. Hedman J, Kaprio J, Poussa T, and Nieminen MM. Prevalence of
asthma, aspirin intolerance, nasal polyposis and chronic obstructive
pulmonary disease in a population-based study. Int J Epidemiol
28:717-722, 1999.

9. Melillo G, Balzano G, Bianco S, et al. Oral and inhalation provocation
tests for the diagnosis of aspirin-induced asthma. Allergy 56:899-911,
2001.

10. Bochenec G, Nizankowska E, and Szczeklik A. Testing for aspirin
sensitivity. Allergy 57:562-565, 2002.

11. Sanz ML, Gamboa PM, and de Weck AL. A new combined test with
flow-cytometric basophil activation and determination of sulfidoleu-
kotrienes is useful for in vitro diagnosis of hypersensitivity to aspirin
and other anti-inflammatory drugs. Int Arch Allergy Immunol 136:
58-72, 2005.

12. Bavbek S, Dursun B, Birben E, et al. Cellular Allergen Stimulation
Test (CAST) with ASA-lysine is not a useful test to discriminate
between asthmatic patients with and without ASA sensitivity. Int
Arch Allergy Immunol 149:58-64, 2009.

13. Bavbek S, ikinciogullarl A, Dursun AB, et al. Upregulation of CD63
or CD203c¢ alone or combination is not sensitive in the diagnosis of
NSAID intolerance. Int Arch Allergy Immunol 150:261-270, 2009.

14. Eichel BS. Revision sphenoethmoidectomy. Laryngoscope 95:300—
304, 1985.

15. Killen JW, Wilson JA, and Gibson GJ. Subclinical aspirin sensitivity
with nasal polyposis. Clin Otolaryngol 28:539-544, 2003.

16. De Gaudemar I, Contencin P, Van de Abbeele, et al. Is nasal polyposis
in cystic fibrosis a direct manifestation of genetic mutation or a
complication of chronic infection? Rhinology 34:194-197, 1996.

17.  Cockroft DW, and Hargreave FE. Airway hyperresponsiveness: Def-
inition, measurement and clinical relevance. In Asthma: Its Pathology
and Treatment. Kaliner MA, Barnes P, and Persson CGA (Eds). New
York, NY: Marcel Dekker, Inc., 51-64, 1991.

18. Power C, Screenan S, Hurson B, et al. Distribution of immunocom-
petent cells in the bronchial wall of clinically healthy subjects show-
ing bronchial hyperresponsiveness. Thorax 48:1125-1138, 1993.

19. Nizankowska E, Bestynska-Krypel A, Cmiel A, and Szczeklik A. Oral
and bronchial provocation tests with aspirin for diagnosis of aspirin-
induced asthma. Eur Respir J 15:863-869, 2000.

November-December 2011, Vol. 25, No. 6



20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Celik G, Mungan D, Bavbek S, et al. The prevalence of allergic
diseases and atopy in Ankara, Turkey: A two-step population-based
epidemiological study. ] Asthma 36:281-290, 1999.

Magnan A, Romanet S, and Vervloet D. Rhinitis, nasosinusal polyp-
osis and asthma: Clinical aspects. Eur Respir Mon 18:101-104, 2001.
Settipane GA. Aspirin and allergic disease: A review. Am ] Med
74:102-109, 1983.

Moloney JR. Nasal polyps, nasal polypectomy, asthma, and aspirin
sensitivity. ] Laryngol Otol 91:837-846, 1977.

Szczeklik A, Nizankowska E, Sanak M, and Swierczynska M. Aspi-
rin-induced rhinitis and asthma. Curr Opin Allegy Clin Immunol
1:27-33, 2001.

Pleskow WW, Stevenson DD, Mathison DA, et al. Aspirin sensitive
rhinosinusitis/asthma: Spectrum of adverse reactions to aspirin. J
Allergy Clin Immunol 71:574-579, 1982.

Szczeklik A, Sanak M, Nizankowska E, and Kielbasa B. Aspirin
intolerance and the cyclooxygenase-lekotriene pathways. Curr Opin
Allegy Clin Immunol 10:51-56, 2003.

Jenkins C, Costello J, and Hodge L. Systematic review of prevalence
of aspirin induced asthma and its implications for clinical practice.
BM]J 328:434, 2004.

Szczeklik A, Nizankowska E, and Duplaga M. on behalf of the
AIANE Investigators. Natural history of aspirin-induced asthma. Eur
Respir ] 16:432-436, 2000.

Awad OG, Lee JH, Fasano MB, and Graham SM. Sinonasal outcomes
after endoscopic sinus surgery in asthmatic patients with nasal pol-

American Journal of Rhinology & Allergy

30.

31

32.

33.

34.

35.

36.

37.

38.

yps: A difference between aspirin-tolerant and aspirin-induced
asthma? Laryngoscope 118:1282-1286, 2008.

Robinson JL, Griest S, James KE, and Smith TL. Impact of aspirin
intolerance on outcomes of sinus surgery. Laryngoscope 117:825-830,
2007.

Schiavino D, Nucera E, Milani A, et al. The aspirin disease. Thorax
55(suppl 2):566-569, 2000.

Pawankar R. Nasal polyposis: An update. Curr Opin Allergy Clin
Immunol 3:1-6, 2003.

Bateman N, Fahy C, and Woolford TJ. Nasal polyps: Still more
question than answers. ] Laryngol Otol 117:1-9,:2003.

Mygind N, Dahl R, and Bachert C. Nasal polyposis, eosinophil
dominated inflammation and allergy. Thorax 55(suppl 2):579-S83,
2000.

Larsen K. The clinical relationship of nasal polyposis to asthma.
Allergy Asthma Proc 17:243-249, 1996.

Lamblin C, Tillie-Leblond I, Darras ], et al. Sequential evaluation of
pulmonary function and bronchial hyperresponsiveness in patients
with nasal polyps. Am | Respir Crit Care 155:99-103, 1997.

Ahn Y, An SY, Won TB, et al. Nasal polyps: An independent risk
factor for bronchial hyperresponsiveness in patients with allergic
rhinitis. Am-J Rhinol Allergy 24:359-363, 2010.

Lamblin C, Brichet A, Perez T, et al: Long term follow up pulmonary
function in patients with nasal polyps. Am ] Respir Crit Care 161:
406-413, 2000. O

415



