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Pathogenesis, diagnosis, and treatment of aspirin
intolerance
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Objectives: To provide an overview of aspirin intolerance (AI), to summarize the latest genetic and pathophysiologic findings,
and to discuss the current therapeutic recommendations, including aspirin desensitization.

Data Sources: Using the PubMed database, a systematic search of articles published between 1968 and 2006 was performed
to evaluate the current literature on AI. The bibliographies of selected articles served as a source of additional literature.

Study Selection: Included articles were selected for their relevance to the pathogenesis, diagnosis, and management of AI.
Results: The prevalence of AI is approximately 0.3% to 0.9%, but AI is often overlooked. It can display a wide range of

clinical pictures, such as acute asthma attacks, urticaria, angioedema, chronic rhinitis, myocardial ischemia, and anaphylactic
shock. Regarding the pathogenesis of AI, modifications of eicosanoid metabolism are supposed to underlie AI, including
aspirin-induced asthma and aspirin-induced urticaria. However, the pathogenesis of AI has not yet been clearly elucidated.
Associations of several HLA alleles with subtypes of AI, such as aspirin-induced urticaria and aspirin-induced asthma, and single
nucleotide polymorphisms in genes encoding enzymes involved in arachidonic acid metabolism have been shown.

Conclusions: Because aspirin therapy should be avoided in AI patients, the use of alternative drugs is recommended. Patients
intolerant of alternative drugs and those with therapy-resistant asthma or sinusitis benefit from aspirin desensitization.

Ann Allergy Asthma Immunol. 2007;99:13–21.

INTRODUCTION
In 1897, Felix Hoffmann, a German chemist, succeeded in
formulating a stable form of acetylsalicylic acid (ASA) by
mixing acetic and salicylic acids.1 Since that time, ASA,
named aspirin, has been one of the most widely used drugs.1

Aspirin is commonly used for the treatment of headache,
fever, pain, and musculoskeletal disorders. Its inhibitory ef-
fect on platelet aggregation often makes it the first choice for
the prophylaxis of strokes, myocardial infarction, and throm-
boembolism. In general, aspirin is well tolerated by most
patients, but despite the widespread use of the drug, a variety
of potentially serious adverse effects leading to hospitaliza-
tion exist. In addition to the frequent gastrointestinal adverse
effects, aspirin intolerance (AI) represents a serious but often
underestimated problem.

In 1911, Gilbert2 described a form of asthmatic dyspnea
after the ingestion of aspirin. Eleven years later, Widal and
colleagues3 observed an association between nasal polyposis,
bronchial asthma, and AI. These 3 symptoms were summa-
rized by Samter and Beers in 1968 and have been designated
as the classic “aspirin triad,” also known as “Samter’s triad.”4

As a characteristic clinical feature, affected patients de-
velop an acute asthma attack, which is often accompanied by
rhinorrhea, conjunctival irritation, and flushing of the head
and neck or myocardial ischemia, within 3 hours of aspirin
ingestion.5 In other AI individuals, involvement of the skin in
the form of urticaria or angioedema can be observed.

Since the past century, scientists worldwide have focused
their research on the detailed analysis of AI and its therapeu-
tic control. Recent investigations show overproduction of
cysteinyl leukotrienes (Cys-LTs) linked to an imbalance be-
tween proinflammatory and anti-inflammatory mediators de-
rived from arachidonic acid (AA), which seems to play an
important role in the pathogenesis of AI. A great amount of
research has been undertaken to develop an adequate in vitro
test for AI, but at present, all in vitro tests are considered
additional diagnostic tools. Therefore, the aspirin provocation
test represents the only method available to validate the
diagnosis of AI in a solid manner. The therapeutic options
range from the intake of alternative drugs instead of aspirin to
aspirin desensitization. Herein we discuss recent investiga-
tions on the diagnosis and pathogenesis, genetic background,
and different therapeutic options of AI to advance our under-
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standing of the mechanism and the therapeutic control of AI.
Using the PubMed database, a systematic search of articles
published between 1968 and 2006 was performed to evaluate
the current literature on AI. The bibliographies of selected
articles served as a source of additional literature. Included
articles were selected for their relevance to the pathogenesis,
diagnosis, and management of AI.

PREVALENCE OF AI
The prevalence of AI in the average population is 0.3% to
0.9%.6 To date, no racial differences have been reported.
Many studies show a female predominance,4,7 whereas chil-
dren younger than 10 years are affected less often.8 This
finding might be explained partly by the fact that aspirin is
rarely prescribed, since aspirin is contraindicated in children
younger than 12 years owing to the risk of Reyes syndrome.
Reyes syndrome represents a sudden, profound failure of
mitochondria, which leads to acute encephalopathia and he-
patic dysfunction associated with the use of aspirin.

In most patients, the classic aspirin triad develops between
the ages of 30 and 35 years.9 The coincidence of AI in
patients with asthma, nasal polyps, or nasal chronic rhinitis
has been analyzed in several studies. Accessory AI occurs in
approximately 2% to 23% of asthmatic patients, depending
on the populations studied and the diagnostic methods used to
evaluate AI.5,10 Approximately 14% to 22% of patients with
nasal polyps show an intolerance reaction against aspirin
(Table 1),6 whereas in patients with nonallergic rhinitis only,
the incidence of AI is relatively low (0.7%–1.4%).6

Atopy has been supposed to be a possible risk factor for the
development of AI in some studies because of the higher
prevalence of atopy in patients with intolerance to nonsteroi-
dal anti-inflammatory drugs (NSAIDs) compared with indi-
viduals who tolerate NSAIDs.11 The question of whether
atopy really represents a risk factor for AI has not been
sufficiently answered yet, and the associations shown so far
might also simply be related to the high prevalence of atopic
disorders.7,11,12 Even if there are reports that atopy might
affect the transition from AI to aspirin-induced asthma (AIA),
note that most AIA patients have the intrinsic, nonatopic form
of asthma, which might indicate that atopy represents an
unimportant co-factor in most cases.

CLINICAL MANIFESTATIONS OF AI
Several NSAIDs can cross-react with aspirin in aspirin-sen-
sitive patients,6 but the clinical symptoms differ in severity

and frequency depending on the dosage, the anti-cyclooxy-
genase (anti-COX) activity of the NSAIDs used, and the
sensitivity of each individual patient. Clinical manifestations
of AI may affect the skin or the respiratory tract, and they
occur only rarely in combination. Concerning skin disorders,
urticaria with or without angioedema is the most common
drug eruption induced by aspirin.13 Approximately 10% of
patients with AI develop urticaria or angioedema, alone or,
rarely, combined with respiratory inflammation.14 Approxi-
mately 21% to 30% of patients with chronic urticaria (urti-
caria persisting �6 weeks) are affected by intolerance to
aspirin or other NSAIDs.15 Because of this high contingent of
patients with both urticaria and AI, AI should be considered
as a possible cause of urticaria. Another clinical manifesta-
tion of AI, which occurs rarely, is the development of life-
threatening anaphylactic shock with airway obstruction and
the risk of cardiac and respiratory arrest in severe cases.

The bronchospastic type of aspirin sensitivity is frequently
associated with intrinsic asthma and nasal polyps, leading to
the classic triad. The triad follows a specific clinical pattern.6

Sometimes the triad is described as a “quadrate” and includes
rhinosinusitis.10 The disease often starts with rhinitis com-
bined with a viral infection. The rhinitis persists for a long
time, might be refractory to treatment, and might lead to
recurrent sinusitis and nasal polyps. Asthma and AI typically
develop a few months to several years later.5 Some patients
are affected by acute asthma within a few hours of ingestion
of aspirin, but most of them have chronic asthma, which
aggravates after intake of aspirin.14 Twenty percent of pa-
tients with AIA have a mild form of asthma, whereas 30% are
moderate asthmatic patients who can control their disease
with inhaled corticosteroid therapy. Fifty percent of AIA
patients have chronic corticosteroid-dependent asthma.16 Sev-
enty percent of AI patients have nasal polyps,17 which gen-
erally involve not only the nasal cavity but also all paranasal
sinuses bilaterally.18 Because AI remains underdiagnosed
worldwide despite its relatively high incidence, the diagnosis
of AI should be considered in suspected individuals showing
any chronic respiratory disease or recurrent skin diseases,
such as urticaria and angioedema.

PATHOGENESIS OF AI
The pathogenetic mechanism of AI is complex and is not
fully understood. One common hypothesis proposes that AI
results directly from an unspecific, non–IgE-dependent de-
granulation of mast cells and eosinophils as a pseudoallergic
reaction in which, in contrast to allergic reactions, symptoms
already appear after the first intake of the drug. Drugs known
to be cross-reactive are ASA and other NSAIDs, which
preferentially inhibit COX-1,6 whereas some studies showed
that cross-reactivity between aspirin and highly specific
COX-2 inhibitors (eg, celecoxib), known as “coxibs,” does
not occur in individuals with previous pseudoallergic respi-
ratory reactions. For example, meloxicam inhibits COX-2 at
low therapeutic concentrations but also inhibits COX-1 at

Table 1. Incidence of AI in Different Subgroups of Patients

Patient group Incidence of AI, %

Mild asthma 2–1014,63

Severe asthma 2014,63

Nasal polyps 14–2264

Nasal polyps and severe asthma 7865

Chronic rhinitis 0.7–1.466

Chronic urticaria 23–286

Abbreviation: AI, aspirin intolerance.
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increasing concentrations, whereas at higher doses it cross-
reacts poorly or not at all.19

These reactions were associated with an increase in Cys-
LTs and eosinophilic cationic protein, reflecting activation of
eosinophils and an increase in prostaglandin D2 (PGD2),
which mirrors mast cell activation. Studies reporting an in-
crease in histamine and tryptase levels after intake of aspirin
in AI individuals20 without detection of aspirin specific IgE
support the theory of a pseudoallergic reaction as a cause of
AI in most cases.

However, some patients develop an anaphylactic reaction
with acute urticaria and angioedema or even anaphylactic
shock after the second exposition to NSAIDs or aspirin,
although it has been well tolerated during previous applica-
tions. In these cases, the reactions are based on the develop-
ment of drug specific IgE antibodies against aspirin21 or
NSAIDs, which explains the relatively low rate of cross-
reactions to other NSAIDs observable in these patients.22

Focusing on the pathogenesis of respiratory disease in AI,
it is more than likely that AI is linked to abnormalities in AA
metabolism. There are at least 2 ways in which AA can be
metabolized: the lipooxygenase pathway and the COX path-
way (Fig 1A). Under physiologic conditions the metabolites
produced via the COX pathway are prostaglandin E2 (PGE2),
prostacyclin I2, and thromboxanes, whereas under inflamma-
tory conditions the metabolites also include PGD2 and PGF2.
It is known that COX exists in 2 different isoforms: COX-1
is constitutively expressed, and COX-2 is induced under
inflammatory conditions. Arachidonic acid is metabolized via
the lipoxygenase pathway to LTA4 and further hydroxylated
to LTB4 or converted into Cys-LTs such as LTC4, LTD4, and
LTE4 in the presence of LTC4 synthase (LTC4S) (Fig 1A).
Other important products of the lipoxygenase pathway are
hydroperoxyeicosatetraenoic acid and hydroxyeicosatetra-
enoic acid (HETE), a more stable form of hydroperoxyeico-
satetraenoic acid, which play a role in the biosynthesis of
lipoxins, act as anti-inflammatory mediators, and behave as
functional antagonists of the leukotrienes.23

Several hypotheses concerning the pathogenetic mecha-
nism of AA metabolism exist (Fig 1B), but all of them fail to
explain why aspirin does not cause an intolerance reaction in
every individual. It has been proposed as early as 1975 that
the inhibition of COX by drugs such as aspirin leads to
asthma attacks after the intake of NSAIDs.24 One of the
hypotheses describes inhibition of COX-1, which shunts the
metabolism away from the production of protective prosta-
noids toward the lipoxygenase pathway and the production of
Cys-LTs.25 Another hypothesis claims that the structure of
COX-2 is changed by aspirin. This change might result in the
generation of products of the lipoxygenase pathway.25 There
are also hypotheses proposing abnormal regulation of the
lipoxygenase pathway as a reason for the development of
asthma attacks in patients with AI. It has been assumed that
an aspirin-induced accumulation of 15-HETE in patients with
AIA results in a diminished biosynthesis of lipoxins, which
act as anti-inflammatory derivatives of AA and might play a

protective role against the Cys-LT–generated inflammation.
This could be another reason for the increased activity of
Cys-LTs observable in patients with AIA.

An elevated level of Cys-LT already during baseline rep-
resents a common feature of all pathways; it is further ele-
vated after aspirin challenge and can be measured in urine,
sputum, and peripheral blood25 and in the exhaled breath of
individuals with AIA. An association of the increment in
Cys-LT with a decrease in prostaglandin E2 (PGE2) has been
supposed that can inhibit aspirin-induced phenomena such as
bronchoconstriction, elevated urinary LTE4 concentrations,
and the release of Cys-LT from peripheral blood leukocytes.26

However, the validity and sensitivity of urinary LTE4 as a
readout variable are believed to be pure because of low
quantity. After aspirin challenge, the aspirin-induced COX
inhibition leads secondarily to decreased release of PGE2 and
in this way to an increase in Cys-LT release. Overexpression
of the terminal enzyme for Cys-LT synthesis, LTC4S, has
been observed in bronchial biopsy samples from patients with
AIA. In this context, overexpression of LTC4S has also been
observed in the nasal airways of AI patients.27

The Cys-LTs become operative only by binding 2 known
G protein–coupled receptors: Cys-LT type I receptor (Cys-
LTR1) and Cys-LT type II receptor (Cys-LTR2). The Cys-
LTR1 can be blocked with Cys-LTR antagonists such as
montelukast, zafirlukast, and pranlukast, whereas Cys-LTR2
is resistant to most Cys-LTR antagonists. Both receptor types
are expressed by cells involved in allergic inflammation, such
as eosinophils, basophils, mast cells, monocytes, and macro-
phages. In this context, it has been shown that patients af-
fected by aspirin-induced rhinosinusitis display increased ex-
pression of the Cys-LTR1 on inflammatory leukocytes in
nasal biopsies. Other features, such as alterations in eico-
sanoids, do not predominate only in AIA but have been
shown also in patients with aspirin-induced urticaria (AIU).28

GENETIC BACKGROUND OF AI
Research focused on the genetic background of AI. Recently
the results of the latest genetic research have been summa-
rized to identify genetic markers for asthma and urticaria
induced by aspirin.29 In these studies, the AIU and the AIA
genotype in a Korean cohort differed in the frequency of
specific HLA alleles. HLA-DPB1 0301 has been shown to be
associated with the AIA phenotype (this association was
previously reported in a Polish population30), whereas HLA-
DRB1 1302 or HLA-DQB1 0609 has been shown to be
associated with AIU.29 In addition, an association of single
nucleotide polymorphisms (SNPs) in genes encoding key
enzymes involved in AA metabolism with AIA and AIU has
been described. As an example, an SNP in the gene region
encoding LTC4S has been shown to be associated with AIA
in a Polish population.31 However, the association could not
be replicated in other populations, including Japanese, Amer-
ican, and Korean cohorts.32–34 Recently this polymorphism in
the LTCS4 gene has been shown to be associated with AIU.35

VOLUME 99, JULY, 2007 15



Figure 1. A, Overview of the arachidonic acid metabolic pathway. Via the cyclooxygenase (COX) pathway, prostanoids (prostaglandins, prostacyclins, and
thromboxanes) result, whereas the lipoxygenase pathway produces leukotrienes. B, Summary of the pathogenetic mechanisms of arachidonic acid metabolism.
Aspirin inhibits the COX pathway and diverts arachidonic acid metabolites to the lipoxygenase pathway (shunt from production of protective prostanoids toward
the lipoxygenase pathway and the production of inflammatory cysteinyl leukotrienes [Cys-LTs]). By inhibition of COX-1, the production of the anti-
inflammatory prostaglandin E2 (PGE2) decreases. Low levels of PGE2 lead to increased synthesis of inflammatory Cys-LTs. The inhibition of COX-2 might lead
to a structural change in the enzyme, which results in the generation of products of the lipoxygenase pathway. ASA indicates acetylsalicylic acid; NSAIDs,
nonsteroidal anti-inflammatory drugs.
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Furthermore, several SNPs in leukotriene-related genes
(5-lipoxygenase gene, 5-lipoxygenase–activating protein
gene, and COX 2 gene) differ significantly in their genotypic
frequency in AIU and AIA patients in the Korean popula-
tion.29 In 2005, genetic associations between SNPs in genes
encoding Cys-LTRs and the development of AIA have been
observed. Four SNPs in the gene encoding Cys-LTR2 on
chromosome 13q14.2 to 21.1 and 3 in the gene region en-
coding Cys-LTR1 have been considered as a genetic marker
for AIA,36 whereas an FCER1A promoter polymorphism has
been shown to be associated with the development of AIU.29

Further studies are required to create new diagnostic markers
and therapeutic options for AI based on genetic information.

DIAGNOSIS OF AI
Although a lot of research has been performed on the im-
provement of the diagnostic methods applicable to the diag-
nosis of AI, no specific in vitro test that can be used exclu-
sively for the diagnosis of AI or replace the provocation tests
exists at present.37 There are 3 types of provocation tests
differing in the method of administration of aspirin.

Aspirin may be applied orally, inhalative, and nasally.5 The
most frequent method for confirming AI is oral aspirin chal-
lenge. It is considered the gold standard for respiratory and
cutaneous reactions suspected to be caused by aspirin. Com-
parison of oral and bronchial provocation tests, which are
accomplished with lysine ASA (Lys-ASA), showed similar
specificity of both tests and higher sensitivity of the oral
provocation test.37 However, note that Lys-ASA is not avail-
able in the United States at present.

Another way to diagnose AIA with lower risk than using
oral or bronchial provocation is nasal provocation, also con-
ducted with Lys-ASA or, as reported recently, with ketorolac
tromethamine (Toradol; Roche Laboratories, Nutley, NJ),
which is, in contrast to Lys-ASA, available in the United
States. Because of the poor absorption of Lys-ASA adminis-
tered directly into the nasal mucosa, the risk of serious
adverse reactions is much lower than with oral or bronchial
provocations.38 As a general feature, aspirin provocation tests
should be placebo controlled owing to the variability of
bronchial responsiveness. As a putative readout criterion for
the reactivity during provocation tests, urinary LTE4 excre-
tion has been shown to correlate with the severity of respi-
ratory responses.39 In addition, the mean baseline excretion of
LTE4 is 3- to 5-fold elevated in patients with AIA compared
with controls.5 The limitation of this additional diagnostic
tool is a high rate of false-positive test results in asthmatic
patients.5 An alternative diagnostic in vitro test that might be
helpful for the diagnosis of AI is the basophil activation test
(BAT) or a combined test evaluating basophil activation and
determining the release of sulfidoleukotrienes by basophils
after challenge with aspirin or NSAIDs.40 The BAT has been
clinically validated for several IgE-mediated reactions,
whereas the diagnostic value of the flow cytometric analysis
of in vitro activated basophils for the diagnosis of ASA and
NSAID intolerance is not completely clarified.41 A study

published in 2004 that evaluated the flow cytometric deter-
mination of basophil activation induced by aspirin and other
NSAIDs showed a sensitivity varying for different NSAIDs
from 15% for metamizol to 55% for naproxen, whereas
specificity generally exceeded 90%.42 Therefore, the BAT is
not considered a reliable standard method for the diagnosis of
NSAID intolerance.43

Another characteristic feature that might serve as an addi-
tional readout is an imbalance of PGE2, other prostaglandins
(such as PGD2), and peptido-leukotrienes (pLTs) (such as
LTC4, LTD4, and LTE4) in AI individuals. Peripheral blood
mononuclear cells of AI patients showed a significantly
higher release of pLT and a significantly lower release of
PGE2 than those of controls.44 It has been demonstrated that
ASA could trigger the generation of 15-HETE from periph-
eral blood leukocytes in AIA patients in vitro.45 Although the
mechanisms underlying this phenomenon are unknown, mea-
surement of ASA-induced 15-HETE to identify ASA-intol-
erant individuals has been shown to be of high diagnostic
value46 and might serve as a diagnostic test to identify ASA-
intolerant asthmatic patients after sufficient validation in the
future.

Only in a few single cases, in vitro tests currently available
might be helpful as additional diagnostic tools for the detec-
tion of AI in suspected individuals so that the only method to
confirm the diagnosis of AI remains the aspirin challenge test
(Fig 2). Note that a great portion of patients with asthma/
sinusitis and nasal polyps or urticaria do not have AI, al-
though their symptoms resemble AI.47 Therefore, it is a
challenge to identify the subgroup of patients truly at risk for
AI and related exacerbations with the help of the methods
available at this time.

PREVENTION AND TREATMENT OF AI
Patients with AIA or chronic urticaria aggravated after
NSAID or aspirin ingestion should be educated concerning
the possibility of cross-reactions between aspirin and COX-
1–inhibiting NSAIDs.22 In addition, those patients should be
informed about analgetics, which are well tolerated in general
because they do not or only weakly inhibit the COX-1 cas-
cade. In AI children with mild pain or fever, acetaminophen
is considered to be the alternative drug of choice.48 Acetamin-
ophen differs from other NSAIDs and ASA by its pharma-
cologic method of action. Acetaminophen inhibits the 2 pros-
taglandin H2 synthase (PGHS) enzymes at the PGHS
peroxidative active site, whereas most NSAIDs and ASA
inhibit the PGHS at the level of the PGHS COX active site.
This explains, in part, why acetaminophen, in contrast to
NSAIDs, cannot prevent inflammation or platelet thrombo-
sis.49 However, at doses higher than 1,000 mg, acetamino-
phen can trigger bronchospastic reactions.50

Furthermore, AI patients are allowed to take alternative
drugs, such as choline magnesium trisalicylate, chloroquine,
and propoxyphene,51 because these drugs do not inhibit COX
at all or have only weak anti–COX-1 and anti–COX-2 activ-
ity. Considering the selective COX-2 inhibitors, recent stud-
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ies showed that celecoxib, the only COX-2 inhibitor available
in the United States, and rofecoxib show the highest tolera-
bility,53 whereas nimesulide and meloxicam could induce
mild bronchial obstruction. Although the COX-2 inhibitors
seem to be safe alternative drugs, the reported increased risk
of serious cardiovascular events has to be considered. There-
fore, warnings for several COX-2 inhibitors have been re-
leased in many countries during the past 2 years so that in
every individual case the risk-benefit ratio has to be weighed
up.

In patients with anaphylaxis induced by NSAIDs or aspi-
rin, the primary mechanisms are most likely related to drug
specific IgE-mediated mechanisms. In such patients chal-
lenges with alternative NSAIDs under the survey of a phy-
sician are accomplished even if cross-reactions to other
NSAIDs are extremely unlikely.22

Nasal polypectomy and sinus surgery are useful invasive
methods to treat AI aggravated by chronic sinusitis. Improve-

ment of asthmatic symptoms after endoscopic sinus surgery
in the first years has also been shown,54 and it is a generally
accepted method to perform aspirin desensitization after sur-
gical treatment of AI.

THE VALUE OF ASPIRIN DESENSITIZATION
It is possible to desensitize AI patients by means of repeated
application of aspirin. The first desensitization was reported
in 1922.3 Desensitization is a valuable therapeutic option in
patients with chronic pain disorders or in patients taking
aspirin to prevent vascular diseases. Nowadays alternative
drugs are available for pain and for cardiovascular and throm-
boembolic diseases. However, the alternative drugs are not
always well tolerated, and in some cases the effectiveness of
aspirin monotherapy or combination therapy with aspirin and
other platelet inhibitors is superior to therapy with an alter-
native platelet inhibitor alone. Therefore, in patients with
NSAID intolerance and concomitant coronary artery disease

Figure 2. Flowchart of the diagnostic pathway. After detailed anamnesis (Was aspirin ingested by the patient? Was it the first ingestion or was the drug
tolerated during previous applications? How long did it take between the ingestion of aspirin and the occurrence of symptoms? Which symptoms did the patient
report about? What was the duration and what was the severity of the symptoms?), a physical examination focusing on the aspirin triad with nasal polyposis and
bronchial asthma should be performed. In patients with clinical aspects, aspirin intolerance (AI) should be confirmed by means of aspirin provocation challenge
(oral, nasal, or inhalative). Individuals with positive test results should be educated concerning drug intolerance. Aspirin desensitization represents a therapeutic
option in a subgroup of AI patients. In individuals with negative test results, further diagnostic measures should be administered. AIA indicates aspirin-induced
asthma; ASA, acetylsalicylic acid; BAT, basophil activation test; CAST, cellular allergen stimulation test; CT, computed tomography; and MRI, magnetic
resonance imaging.
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(CAD), ASA desensitization should be considered as an
additional therapeutic option with good clinical efficacy, a
low risk profile, and high cost-effectiveness.19 However, data
about the safety and efficacy of desensitization therapy in
patients with ASA intolerance and concomitant CAD are
limited to small studies in which ASA desensitization was
accomplished without impairment of coronary disease. In
patients with unstable CAD, coronary intervention and spe-
cial medical management should be conducted before the
onset of desensitization. In patients with stable CAD, desen-
sitization can be started without former medical or operative
therapy in most cases unless the patients have chronic urti-
caria/angioedema or anaphylaxis.19 To date, there are no data
about the value of desensitization in patients with CAD and
anaphylactic reactions induced by NSAIDs,55 whereas in pa-
tients with CAD and chronic urticaria/angioedema induced
by NSAIDs, a lack of efficacy has been observed.22 In addi-
tion, desensitization is performed in AI patients with therapy-
resistant rhinosinusitis and recurrent nasal polyps, which can-
not be controlled with polypectomy or sinus surgery,22

patients affected by AIA requiring long-term high-dose sys-
temic corticosteroids to control their disease, and patients
whose asthma or rhinosinusitis is not optimally treated with
inhaled glucocorticosteroids or drugs interfering with the
leukotriene pathway. To date, different investigators4,5,9 re-
ported successful aspirin desensitization by oral application
of aspirin, whereas endonasal desensitization with Lys-ASA,
which is not available in the United States, has been demon-
strated to represent a valid alternative, especially in patients
with therapy-resistant nasal polyposis.56

In most cases oral administration is used for desensitiza-
tion. Within 2 or 3 days the administered dose of aspirin is
increased until 650 mg of aspirin is tolerated without any
adverse effects.51,52 With an intake of 650 mg 2 times daily,
the highest clinical efficacy has been achieved. A few studies
suggest that lower doses, such as 100 mg/d orally, as main-
tenance might also be effective. In these studies, high effec-
tiveness regarding the recurrence rate of nasal polyps has
been observed and has been significantly reduced with daily
administration of only 100 mg of aspirin after successful
build up performed under controlled conditions in a hospi-
tal.57 However, desensitization protocols with lower doses
than 650 mg of aspirin are not yet used as standard therapy
because sufficient data are still missing.

Concerning the risks of desensitization, cutaneous reac-
tions51 and gastrointestinal symptoms, observable in approx-
imately 20% of patients treated with aspirin,58 have to be
mentioned. Furthermore, after successful desensitization, as-
pirin therapy must be continued for an indefinite time to
prevent possible resensitization. By discontinuing aspirin use
for some days, patients can develop acute pseudoallergic
reactions, such as life-threatening asthma attacks, after reex-
posure.51

The pathophysiologic mechanisms of desensitization re-
main obscure. Different studies observed a change in the
balance of inflammatory mediators after desensitization.

Most likely, desensitization in patients with non–IgE-medi-
ated AI reactions (that means reactions related to COX-1
inhibition) and IgE-mediated AI reactions differ. In patients
with IgE-mediated AI reactions mechanisms similar to de-
sensitization with penicillin are assumed, in which repeated
exposure to NSAIDs leads to saturation of anti-NSAID IgE
antibody binding sites on mast cells and basophils. In patients
with reactions related to COX-1 inhibition, ASA desensitiza-
tion leads to decreased leukotriene production, down-regula-
tion of Cyst-LT receptors, and decreased histamine and
tryptase release acutely within 3 hours of exposition.59

The relevance of diagnostic tools to monitor and verify the
effect of desensitization has been evaluated, and a balance
between PGE2 and pLTs and the correlation of these variables
with clinical symptoms or changes in thromboxane levels has
been observed.56,60 A reduction in urinary LTE4 excretion
after 2 weeks and LTB4 synthesis in peripheral monocytes
after desensitization has been shown in another study.61 Ele-
vated numbers of nasal inflammatory leukocytes expressing
the Cys-LTR1 parallel to the increase in Cys-LT production
in aspirin-sensitive patients and down-regulation of Cys-
LTR1 expression after desensitization to aspirin indicate Cys-
LTR1 expression as another putative readout variable.62

CONCLUSIONS
Aspirin is an effective drug used for the treatment of a wide
spectrum of diseases. A range of 0.3% to 0.9% of the popu-
lation has hypersensitivity to aspirin and other inhibitors of
COX-1, such as NSAIDs.6 Up to 20% of all asthma patients
have AI mirrored by exacerbation of their respiratory disease
after aspirin ingestion. In individuals with suspected AI,
diagnosis can be confirmed exclusively by means of provo-
cation tests.37 Concerning the underlying pathogenetic mech-
anisms of AI, different hypotheses exist, but most of them
focus on abnormal AA metabolism. Analysis of the genetic
background of this heterogeneous disease might open new
diagnostic and therapeutic options. Patients with AI have to
avoid aspirin and other cross-reacting COX-1 inhibitors and
should change to alternative drugs available. To prevent
recurring sinusitis episodes and recurrent nasal polyps and to
reduce concomitant asthma attacks, aspirin desensitization
might be an alternative therapeutic option in a subgroup of AI
patients.

REFERENCES
1. Elwood PC. Aspirin: past, present and future. Clin Med. 2001;

1:132–137.
2. Gilbert GB. Unusual idiosyncrasy to aspirin. JAMA. 1911;56:

1262–1263.
3. Widal MF, Abrami P, Lenmoyez J. Anaphylaxie et idiosyn-

crasie. Presse Med. 1922;30:189–192.
4. Samter M, Beers RF Jr. Intolerance to aspirin: clinical studies

and consideration of its pathogenesis. Ann Intern Med. 1968;
68:975–983.

5. Szczeklik A, Stevenson DD. Aspirin-induced asthma: advances
in pathogenesis, diagnosis, and management. J Allergy Clin
Immunol. 2003;111:913–921.

VOLUME 99, JULY, 2007 19



6. Settipane GA. Aspirin sensitivity and allergy. Biomed Pharma-
cother. 1988;42:493–498.

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

8. Kidon MI, Kang LW, Chin CW, et al. Early presentation with
angioedema and urticaria in cross-reactive hypersensitivity to
nonsteroidal antiinflammatory drugs among young, Asian,
atopic children. Pediatrics. 2005;116:e675–e680.

9. Nettis E, Colanardi MC, Ferrannini A, Tursi A. Update on
sensitivity to nonsteroidal antiinflammatory drugs. Curr Drug
Targets Immune Endocr Metabol Disord. 2001;1:233–240.

10. Stevenson DD, Mathison DA. Aspirin sensitivity in asthmatics:
when may this drug be safe? Postgrad Med. 1985;78:111–119.

11. Sanchez-Borges M, Capriles-Hulett A. Atopy is a risk factor for
non-steroidal anti-inflammatory drug sensitivity. Ann Allergy
Asthma Immunol. 2000;84:101–106.

12. Karakaya G, Demir AU, Kalyoncu AF. From analgesic intoler-
ance to analgesic induced asthma: are there some determinants?
Allergol Immunopathol (Madr). 2000;28:229–237.

13. Cutaneous reactions to analgesic-antipyretics and nonsteroidal
anti-inflammatory drugs: analysis of reports to the spontaneous
reporting system of the Gruppo Italiano Studi Epidemiologici in
Dermatologia. Dermatology. 1993;186:164–169.

14. Zeitz HJ. Bronchial asthma, nasal polyps, and aspirin
sensitivity: Samter’s syndrome. Clin Chest Med. 1988;9:
567–576.

15. Erbagci Z. Multiple NSAID intolerance in chronic idiopathic
urticaria is correlated with delayed, pronounced and prolonged
autoreactivity. J Dermatol. 2004;31:376–382.

16. Pfaar O, Klimek L. Aspirin desensitization in aspirin
intolerance: update on current standards and recent improve-
ments. Curr Opin Allergy Clin Immunol. 2006;6:161–166.

17. Szczeklik A, Nizankowska E. Clinical features and diagnosis of
aspirin induced asthma. Thorax. 2000;55(suppl 2):S42–S44.

18. Picado C, Mullol J. The nose in aspirin-sensitive asthma. In:
Szczeklik A, Gryglewski RJ, Vane J, eds. Eicosanois, Aspirin and
Asthma. New York, NY: Informa Healthcare; 1998:493–505.

19. Gollapudi RR, Teirstein PS, Stevenson DD, Simon RA. Aspirin
sensitivity: implications for patients with coronary artery dis-
ease. JAMA. 2004;292:3017–3023.

20. Bosso JV, Schwartz LB, Stevenson DD. Tryptase and histamine
release during aspirin-induced respiratory reactions. J Allergy
Clin Immunol. 1991;88:830–837.

21. Blanca M, Perez E, Garcia JJ, et al. Angioedema and IgE
antibodies to aspirin: a case report. Ann Allergy. 1989;62:
295–298.

22. Simon RA. Prevention and treatment of reactions to NSAIDs.
Clin Rev Allergy Immunol. 2003;24:189–198.

23. Chavis C, Vachier I, Godard P, Bousquet J, Chanez P. Lipoxins
and other arachidonate derived mediators in bronchial asthma.
Thorax. 2000;55(suppl 2):S38–S41.

24. Szczeklik A, Gryglewski RJ, Czerniawska-Mysik G. Relation-
ship of inhibition of prostaglandin biosynthesis by analgesics to
asthma attacks in aspirin-sensitive patients. BMJ. 1975;1:
67–69.

25. Hamad AM, Sutcliffe AM, Knox AJ. Aspirin-induced asthma:
clinical aspects, pathogenesis and management. Drugs. 2004;
64:2417–2432.

26. Celik G, Bavbek S, Misirligil Z, Melli M. Release of cysteinyl

leukotrienes with aspirin stimulation and the effect of prosta-
glandin E(2) on this release from peripheral blood leucocytes in
aspirin-induced asthmatic patients. Clin Exp Allergy. 2001;31:
1615–1622.

27. Adamjee J, Suh YJ, Park HS, et al. Expression of 5-lipoxygen-
ase and cyclooxygenase pathway enzymes in nasal polyps of
patients with aspirin-intolerant asthma. J Pathol. 2006;209:
392–399.

28. Mastalerz L, Setkowicz M, Sanak M, Szczeklik A. Hypersen-
sitivity to aspirin: common eicosanoid alterations in urticaria
and asthma. J Allergy Clin Immunol. 2004;113:771–775.

29. Kim SH, Park HS. Genetic markers for differentiating aspirin-
hypersensitivity. Yonsei Med J. 2006;47:15–21.

30. Dekker JW, Nizankowska E, Schmitz-Schumann M, et al. As-
pirin-induced asthma and HLA-DRB1 and HLA-DPB1 geno-
types. Clin Exp Allergy. 1997;27:574–577.

31. Sanak M, Pierzchalska M, Bazan-Socha S, Szczeklik A. En-
hanced expression of the leukotriene C(4) synthase due to
overactive transcription of an allelic variant associated with
aspirin-intolerant asthma. Am J Respir Cell Mol Biol. 2000;23:
290–296.

32. Choi JH, Kim SH, Bae JS, et al. Lack of an association between
a newly identified promoter polymorphism (-1702G � A) of the
leukotriene C4 synthase gene and aspirin-intolerant asthma in a
Korean population. Tohoku J Exp Med. 2006;208:49–56.

33. Kawagishi Y, Mita H, Taniguchi M, et al. Leukotriene C4

synthase promoter polymorphism in Japanese patients with as-
pirin-induced asthma. J Allergy Clin Immunol. 2002;109:
936–942.

34. Van SR, Stevenson DD, Baldasaro M, et al. 5� flanking region
polymorphism of the gene encoding leukotriene C4 synthase
does not correlate with the aspirin-intolerant asthma phenotype
in the United States. J Allergy Clin Immunol. 2000;106:72–76.

35. Mastalerz L, Setkowicz M, Sanak M, Rybarczyk H, Szczeklik A.
Familial aggregation of aspirin-induced urticaria and leukotriene C
synthase allelic variant. Br J Dermatol. 2006;154:256–260.

36. Park JS, Chang HS, Park CS, et al. Association analysis of
cysteinyl-leukotriene receptor 2 (CYSLTR2) polymorphisms
with aspirin intolerance in asthmatics. Pharmacogenet Genom-
ics. 2005;15:483–492.

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

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

39. Daffern PJ, Muilenburg D, Hugli TE, Stevenson DD. Associa-
tion of urinary leukotriene E4 excretion during aspirin chal-
lenges with severity of respiratory responses. J Allergy Clin
Immunol. 1999;104:559–564.

40. Rudolf M, Milavec-Puretic V, Lipozencic J, Malenica B. Clin-
ical usefulness of cellular antigen stimulation test in detection of
aspirin allergy. Acta Dermatovenerol Croat. 2005;13:93–96.

41. Ebo DG, Sainte-Laudy J, Bridts CH, et al. Flow-assisted allergy
diagnosis: current applications and future perspectives. Allergy.
2006;61:1028–1039.

42. Gamboa P, Sanz ML, Caballero MR, et al. The flow-cytometric
determination of basophil activation induced by aspirin and
other non-steroidal anti-inflammatory drugs (NSAIDs) is useful

20 ANNALS OF ALLERGY, ASTHMA & IMMUNOLOGY



for in vitro diagnosis of the NSAID hypersensitivity syndrome.
Clin Exp Allergy. 2004;34:1448–1457.

43. Erdmann SM, Ventocilla S, Moll-Slodowy S, Sauer I, Merk HF.
Basophil activation tests in the diagnosis of drug reactions [in
German]. Hautarzt. 2005;56:38–43.

44. Schmid M, Gode U, Schafer D, Wigand ME. Arachidonic acid
metabolism in nasal tissue and peripheral blood cells in aspirin
intolerant asthmatics. Acta Otolaryngol. 1999;119:277–280.

45. Kowalski ML, Ptasinska A, Bienkiewicz B, Pawliczak R, Du-
buske L. Differential effects of aspirin and misoprostol on
15-hydroxyeicosatetraenoic acid generation by leukocytes from
aspirin-sensitive asthmatic patients. J Allergy Clin Immunol.
2003;112:505–512.

46. Kowalski ML, Ptasinska A, Jedrzejczak M, et al. Aspirin-
triggered 15-HETE generation in peripheral blood leukocytes is
a specific and sensitive Aspirin-Sensitive Patients Identification
Test (ASPITest). Allergy. 2005;60:1139–1145.

47. Solensky R. Drug allergy: desensitization and treatment of
reaction to antibiotics and aspirin. In: Lockey P, ed. Allergens
and Allergen Immunotherapy. 3rd ed. New York, NY: Marcel
Dekker; 2004:585–606.

48. Porto Arceo JA. Special features of NSAID intolerance in
children [in Spanish]. Allergol Immunopathol (Madr). 2003;31:
109–125.

49. Aronoff DM, Oates JA, Boutaud O. New insights into the
mechanism of action of acetaminophen: its clinical pharmaco-
logic characteristics reflect its inhibition of the two prostaglan-
din H2 synthases. Clin Pharmacol Ther. 2006;79:9–19.

50. Settipane RA, Stevenson DD. Cross sensitivity with acetamin-
ophen in aspirin-sensitive subjects with asthma. J Allergy Clin
Immunol. 1989;84:26–33.

51. Babu KS, Salvi SS. Aspirin and asthma. Chest. 2000;118:
1470–1476.

52. Macy E, Bernstein JA, Castells M, et al. Aspirin challenge and
desensitization for aspirin-exacerbated respiratory diseases: a
practice paper. Ann Allergy Asthma Immunol. 2007;98:
172–174.

53. Celik G, Pasaoglu G, Bavbek S, et al. Tolerability of selective
cyclooxygenase inhibitor, celecoxib, in patients with analgesic
intolerance. J Asthma. 2005;42:127–131.

54. Loehrl TA, Ferre RM, Toohill RJ, Smith TL. Long-term asthma
outcomes after endoscopic sinus surgery in aspirin triad pa-
tients. Am J Otolaryngol. 2006;27:154–160.

55. Ramanuja S, Breall JA, Kalaria VG. Approach to “aspirin allergy”

in cardiovascular patients. Circulation. 2004;110:e1–e4.
56. Patriarca G, Schiavino D, Nucera E, Papa G, Schinco G, Fais G.

Prevention of relapse in nasal polyposis. Lancet. 1991;337:
1488.

57. Gosepath J, Schafer D, Mann WJ. Aspirin sensitivity: long term
follow-up after up to 3 years of adaptive desensitization using a
maintenance dose of 100 mg of aspirin a day [in German].
Laryngorhinootologie. 2002;81:732–738.

58. Sweet JM, Stevenson DD, Simon RA, Mathison DA. Long-
term effects of aspirin desensitization–treatment for aspirin-
sensitive rhinosinusitis-asthma. J Allergy Clin Immunol. 1990;
85:59 – 65.

59. Namazy JA, Simon RA. Sensitivity to nonsteroidal anti-
inflammatory drugs. Ann Allergy Asthma Immunol. 2002;89:
542–550.

60. Juergens UR, Christiansen SC, Stevenson DD, Zuraw BL. Ar-
achidonic acid metabolism in monocytes of aspirin-sensitive
asthmatic patients before and after oral aspirin challenge. J
Allergy Clin Immunol. 1992;90:636–645.

61. Juergens UR, Christiansen SC, Stevenson DD, Zuraw BL. In-
hibition of monocyte leukotriene B4 production after aspirin
desensitization. J Allergy Clin Immunol. 1995;96:148–156.

62. Sousa AR, Parikh A, Scadding G, Corrigan CJ, Lee TH. Leu-
kotriene-receptor expression on nasal mucosal inflammatory
cells in aspirin-sensitive rhinosinusitis. N Engl J Med. 2002;
347:1493–1499.

63. Falliers CJ. Aspirin and subtypes of asthma: risk factor analysis.
J Allergy Clin Immunol. 1973;52:141–147.

64. Faich GA. Adverse-drug-reaction monitoring. N Engl J Med.
1986;314:1589–1592.

65. Settipane GA. Aspirin and allergic diseases: a review. Am J
Med. 1983;74:102–109.

66. Settipane GA, Chafee FH, Klein DE. Aspirin intolerance, II: a
prospective study in an atopic and normal population. J Allergy
Clin Immunol. 1974;53:200–204.

Requests for reprints should be addressed to:
Natalija Novak, MD
Department of Dermatology
University of Bonn
Sigmund-Freud-Str. 25
53105 Bonn, Germany
E-mail: Natalija.Novak@ukb.uni-bonn.de

VOLUME 99, JULY, 2007 21


