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A B S T R A C T

Aspirin-exacerbated respiratory disease is a chronic and treatment-resistant disease, characterized by the pre-
sence of eosinophilic rhinosinusitis, nasal polyposis, bronchial asthma, and nonsteroidal anti-inflammatory
drugs hypersensitivity. Alterations in arachidonic acid metabolism may induce an imbalance between pro-in-
flammatory and anti-inflammatory substances, expressed as an overproduction of cysteinyl leukotrienes and an
underproduction of prostaglandin E2. Although eosinophils play a key role, recent studies have shown the
importance of other cells and molecules in the development of the disease like mast cells, basophils, lympho-
cytes, platelets, neutrophils, macrophages, epithelial respiratory cells, IL-33 and thymic stromal lymphopoietin,
making each of them promissory diagnostic and treatment targets.

In this review, we summarize the most important clinical aspects of the disease, including the current topics
about diagnosis and treatment, like provocation challenges and aspirin desensitization. We also discuss recent
findings in the pathogenesis of the disease, as well as future trends in diagnosis and treatment, including
monoclonal antibodies and a low salicylate diet as a treatment option.

1. Introduction

The aspirin-exacerbated respiratory disease (AERD) was described
for the first time by Widal et al., in 1922. Later, in 1968, Samter and
Beers integrated a clinical syndrome composed of bronchial asthma,
nasal polyposis, and aspirin hypersensitivity, which came to be known
as Samter's triad [1,2]. Nowadays, it is known that the chronic eosi-
nophilic rhinosinusitis is part of the syndrome, and is considered a
fourth hallmark of the disease. Disease exacerbations might be caused
not only by aspirin ingestion, but also by other nonsteroidal anti-in-
flammatory drugs (NSAIDs) [3–6]; although certainly, in some cases,
the disease can begin and progress in the absence of NSAIDs exposure
[7–9].

Characteristically in AERD, the symptoms and signs are produced by
pseudoallergic or non IgE-mediated reactions, and are frequently severe
enough and difficult to treat, to consider the disease as an aggressive,
life threatening, and chronic disorder [6,10–13].

This clinical syndrome has been called in several forms including
Widal syndrome, aspirin triad, asthma triad, Samter syndrome, aspirin-
sensitive rhinosinusitis/asthma syndrome, and aspirin-intolerant
asthma; but currently the terms of Aspirin or NSAID Exacerbated
Respiratory Disease (AERD/NERD) are preferred, to make emphasis on
the upper and lower respiratory tract affection, since asthma is not
always present in all the patients [4,14,15].
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2. Epidemiology

The prevalence of AERD in the general population is about
0.3–2.5% [16–19]. However, the prevalence increases significantly in
the asthmatic population, as has been estimated in 7.15% among adult
asthmatic patients, and 14.89% among those with severe asthma [20].

The onset of symptoms may appear since the teenage years to 40
years of age, with an average age of 30 years [8,9,13,21].

AERD is more often reported in women than in men (57% vs. 43%).
Most patients have a negative family history for AERD; only 1–6% of
patients with the disease have a relative with the same condition
[5,9,13,22]. No racial or ethnic predilection has been established
[23,24].

3. Clinical features

3.1. Onset

AERD may appear most likely in people that have risk factors (fe-
male gender, young adulthood, genetic polymorphisms) who are ex-
posed to determined triggers that lead to airway inflammation. Among
the trigger factors that can drive to the first asthma attack in AERD
patients are viral respiratory tract infections (45%), aspirin/NSAIDs
intake (14%), and allergen or industrial products exposure (14%).
Other factors that might be implicated are diesel exhaust and cigarette
smoke exposure [8,13,24–28]. Nevertheless, in a survey with a Eur-
opean population, the precipitating factor of the first asthma attack
remained unknown in 30% of the study patients [13].

Some reports have shown that atopy and positive skin test to
common aeroallergens are present in 64–66% of AERD patients
[8,9,29,30]. However in other surveys, the presence of atopy is re-
ported only in 30–34% of the study subjects [13,23], being, in this case,
close to the prevalence reported in the general European population,
and clearly lower to the prevalence of atopy in asthmatic population
without AERD [13,25,26].

3.2. Clinical course

The syndrome's clinical features are not usually present at once at
the disease onset, most of the times they develop following a pattern
(Fig. 1) [7]. The first clinical manifestation that usually appears in
patients with AERD is rhinitis, which is referred as nasal congestion,
nasal discharge, anosmia/hyposmia, and sneezing. Patients often de-
scribe having a cold that never goes away [4,8,9,13,31]. The presence
of anosmia/hyposmia is so frequent (89%) and deep, that, in fact, a
normal olfaction discards AERD [27]. The chronic rhinitis progresses to
chronic hyperplastic eosinophilic sinusitis, a finding that can be ob-
served in 99% of patients as hyperdensity in computed tomography
(CT) [8,9].

The first manifestation of asthma appears at an average of 2 years

after the onset of rhinitis, and the aspirin/NSAID intolerance tends to
appear 4 years later [13]. Nevertheless, other studies have demon-
strated that aspirin/NSAIDs hypersensitivity may appear at any time in
the course of the disease [8,9].

Regarding nasal polyps, the moment of diagnosis is variable because
it depends on the use of rhinoscopic examination [9,13,22]; therefore,
this diagnostic procedure must be performed in any patient with sus-
picion of AERD, since nasal polyps, along with chronic rhinosinusitis,
are the most common comorbid conditions associated with the disease
[16].

3.3. Type of manifestations

Clinical manifestation after the administration of NSAIDs among
patients with AERD can be divided in respiratory and non-respiratory
(Table 1) [13,14,16,23,24,32–34]. Such reactions may appear from a
few minutes, until 3 h, after the drug exposure [22,35]. Patients with
severe respiratory reactions develop more frequently non-respiratory
manifestations; however, in general, the intensity of the reactions is
dose-dependent for each drug [4,7].

3.4. Complications

Asthma is categorized as severe in 59.4% of patients and un-
controlled in 18.9%–45.3% [18,36,37]. Chronic rhinosinusitis and
asthma usually are refractory to typical treatment, and tend to get
worse over time, even when avoiding NSAIDs [4,22,24,38–41]. Due to
the chronic inflammatory process, patients with AERD may develop
progressive fibrosis with airway remodeling [38,42]. Furthermore,
approximately 50% of these patients are characterized by dependency
of chronic oral corticosteroid therapy and a reduced lung function
[9,12,23,38,43].

Fig. 1. Clinical course of AERD. The syndrome usually de-
velops following a pattern; the first clinical manifestation is
rhinitis, followed by chronic hyperplastic eosinophilic si-
nusitis. Asthma appears at an average of 2 years after the
onset of rhinitis, and the aspirin/NSAID intolerance 4 years
later; however, NSAIDs hypersensitivity may appear at any
time in the course of the disease. Nasal polyps diagnostic
time is variable depending on the use of rhinoscopic ex-
amination. Abbreviations: CRSwNP, chronic rhinosinusitis
with nasal polyps.

Table 1
Respiratory and non-respiratory manifestations after NSAID's intake in AERD patients.

Respiratory
manifestations
(42–88%)

Non-respiratory manifestations (8–20%)

Cutaneous
(10–20%)

Gastrointestinal
(18%)

Other (8–15%)

Nasal discharge and/
or postnasal drip

Flushing Nausea Conjuntivitis

Nasal congestion Pruritus Vomiting Headeche
Hyposmia/anosmia Rash Diarrhea Hypotension
Sinusitis Urticaria Loss of

consciousness
Dyspnea/Cough Angioedema
Wheezing/

Bronchospasm
Laryngospasm
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The nasal polyps have an aggressive course and frequently regrow
in a short period of time after polypectomy [11,23,44–46]. In fact,
several complications have been reported because of the sinonasal
polyps recurrence, like brain invasion, tympanic membrane perfora-
tion, recurrent sinus infection, and facial deformation due to the in-
creased pressure in the bones of the nasal cavity and paranasal sinuses
[23,47,48].

As mentioned before, acute exacerbations are commonly observed
after the aspirin/NSAIDs administration in AERD patients. Some of
these can be so severe that they may require intubation and mechanical
ventilation. In a survey that included asthmatic patients who required
mechanical ventilation, 25% were found to be aspirin intolerant
[4,5,13,22,23,49]. Another complication, death from status asthma-
ticus in patients with AERD may occur during an NSAID-induced
asthma exacerbation, but also during a viral infection, even without
NSAIDs ingestion [14,50].

Although it is uncommon, patients with AERD may develop eosi-
nophilia-associated coronary artery vasospasm; thus patients with
AERD who develop symptoms of ischemic chest pain, should be
screened for eosinophilia, since an early treatment with corticosteroids
can be life-saving [51].

4. Cross reactivity and safety of NSAIDs in AERD

Patients with AERD typically experience cross-reactions to aspirin
and NSAIDs with strong COX-1 inhibitory activity [8,27,29,52]. In a
study of 300 patients with documented AERD in the United States,
aspirin ingestion elicited typical respiratory reactions in 80%, ibuprofen
in 41%, naproxen in 4%, and ketorolac in 1% of the study subjects [9].
Therefore, aspirin and strong COX-1 inhibitors are strongly contra-
indicated for patients with AERD.

On the other hand, acetaminophen is considered a weak COX-1
inhibitor, since low doses (generally below 500mg) are safe for patients
with AERD. However, at higher doses (> 1000mg), acetaminophen can
induce mild asthmatic reactions in 28%–34% of patients with AERD
[8,29,52]. Such percentage may increase in another 6% when the do-
sage of acetaminophen is≥ 1500mg [8,29,53].

Meloxicam and nimesulide are preferably COX-2 inhibitors, and are
usually well tolerated by patients with AERD when given at low doses.
However, they can elicit mild respiratory reactions at higher ther-
apeutic doses [8,29,52,54–57].

The COX-2 selective inhibitors, like valdecoxib and celecoxib, are
generally well tolerated by patients with AERD [29]. Several single and
double-blind placebo-controlled challenge studies have demonstrated
that selective COX-2 inhibitors, given at therapeutic doses, do not cross-
react with ASA or other NSAIDs in patients with AERD [58–64].
However, there have been reports in the literature on symptoms ex-
acerbations after administering COX-2 selective inhibitors in AERD
patients. Therefore, it has been suggested, by some experts, that the first
full dose of a COX-2 inhibitor should be given in a physician's office or
health facility [7,8,65]. Table 2 shows NSAID classification based in
their ability to inhtibit COX-1/COX2 isoenzymes [8,27,29,52].

Cross reactivity and symptoms exacerbations are not limited only to
NSAIDs. In a study with 59 AERD patients, 83% reported respiratory
reactions shortly after the ingestion of alcohol [66]. Interestingly, pa-
tients also reported alcohol tolerance after desensitization with acet-
ylsalicylic acid (ASA) [67]. Even more, other worsening factors have
been described in patients with AERD like the use of toothpaste (27%),
as well as spearmint or peppermint flavored chewing gum, cow's milk
(30%), and a salicylate rich diet [68].

5. Pathogenesis

5.1. Generalities

The exact mechanisms of pathogenesis in AERD are not fully un-
derstood [15,24,69], but genetic and environmental factors participate
in the development of the disease [7,25,70–72]. It is known that al-
terations in arachidonic acid metabolism [6,7,12,40,43] may induce an
imbalance between pro-inflammatory and anti-inflammatory sub-
stances, expressed as an overproduction of cysteinyl leukotrienes
(CysLTs), and an underproduction of prostaglandin E2 (PGE2)
[15,73–80]. A key feature of AERD is the presence of eosinophilic in-
filtrates in the respiratory tract; however, the activity of other cells like
neutrophils, basophils, monocytes, macrophages, mast cells, T-cells,
and platelets has been demonstrated in several studies [6,76,81–89].

5.2. Cysteinyl leukotrienes

CysLTs exert an important pro-inflammatory and pro-fibrotic effect
on the respiratory tract. They induce bronchoconstriction, mucus se-
cretion, eosinophilic inflammation and vascular leak through the in-
teraction with their specific receptors [12,73,80,90]. AERD patients
have an elevated expression of CysLTs receptors (CysLTR1 and
CysLTR2) in mucosal tissue, compared with aspirin tolerant patients
[78,91,92]. Also there is an increased expression of leukotriene C4
synthase (LTC4S), an enzyme that participates in CysLTs production in
AERD [75,76,80,89]. Even more, a disturbance in platelet-leukocyte
interactions may probably contribute to the overproduction of CysLTs
[81,87].

5.3. Prostaglandin E2

Prostaglandin E2 (PGE2) is produced in a large amount during in-
flammation by COX2 coupled with microsomal PGE2 synthase 1
(mPGES-1) [93–95]. This molecule exerts a variety of anti-in-
flammatory effects through the E-prostanoid 2 (EP2) receptor [96,97],
such as inhibition of mast cell degranulation, inhibition of eosinophils
activation, modulation of platelet aggregation, inhibition of 5-

Table 2
COX-1 and/or COX-2 isoenzymes inhibitors.

COX-1 inhibitors COX-2 inhibitors

Strong COX-1 inhibitorsa Weak COX-1
inhibitorsb

Preferably
COX-2
inhibitorsc

Selective
COX-2
inhibitorsd

ASA Meclofenamate Salsalate Celecoxib Meloxicam
Benoxaprofen Metamizole Acetaminophen

(at
doses> 1000mg)

Etoricoxib Nimesulide
Diclofenac Mefenamic acid Lumiracoxib

Diflunisal Nabumetone Parecoxib
Etodolac Naproxen Valdecoxibe

Fenoprofen Naproxen Rofecoxibe

Flurbiprofen Oxaprozin
Ibuprofen Piroxicam
Indomethacin Sulindac
Ketoprofen Tolmetin
Ketorolac

a May inhibit COX-2 at high concentrations.
b No COX-2 inhibition.
c Partially inhibit COX-1 at higher dose.
d No inhibition of COX-1 at the prescribed doses.
e Removed from worldwide market due to safety concerns.
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lipoxygenase (5LO) function (enzyme that catalyzes the transformation
from arachidonic acid to CysLTs). PGE2 also prevents smooth muscle
contraction, vasodilatation, and increased vascular permeability
[12,98–102]. Patients with AERD have diminished levels of PGE2,
COX2, and EP2 receptors in fibroblasts and sinonasal tissue; as well as
low levels of EP2 receptor in neutrophils, mast cells, eosinophils, and T-
cells, compared with aspirin tolerant patients. It has also been described
a possible resistance of granulocytes to PGE2, which in turn would
promote a persistent inflammatory status characteristic of AERD
[76–78,96,103,104].

5.4. Prostaglandin D2

PGD2 is a structural isomer of PGE2. Two enzymes are identified to
produce PGD2 called hematopoietic prostaglandin D synthase (H-
PGDS) and lipocalin-type (L-PGDS). H-PGDS is involved in the pro-
duction of PGD2 in mast cells and other related tissues, particularly at
high levels in persons with AERD, at baseline and (especially) during
reactions; while L-PGDS is mostly expressed in the central nervous
system [105]. PGD2 activates eosinophils, basophils, and lymphoid
helper cells through chemoattractant receptor homologous molecule
expressed on Th2 lymphocytes (CRTH2), and elicits bronchoconstric-
tion at least in part through the interaction with thromboxane prosta-
noid (TP) receptor [12,106]. Urinary PGD2 levels have been found to
correlate with nasal polyp thymic stromal lymphopoietin (TSLP) mRNA
expression in patients with AERD and increase during clinical reactions,
reflecting mast-cell activation [107]. Interestingly, Cahill et al. de-
monstrated that high-dose aspirin reduced levels of PGD2 metabolites
in urine suggesting an important role of PGD2 in AERD [108].

5.5. Cytokine expression

Most studies have shown a cytokine milieu consistent with Th2
immunity; however, recent studies suggest that AERD may represent a
“mixed” Th1/Th2 profile with prominent expression of IFN-ɣ [6,15].
There are data supporting the fact that IFN-ɣ and IL-4, but not IL-5 or
IL-13, are upregulated in AERD polyp tissue and are derived from eo-
sinophils [6,109,110]. Both IL-4 and IFN-ɣ increase the expression of
LTC4S in mast cells and eosinophils progenitors, respectively
[109,111]. Also, IL-4 and IFN-ɣ may increase the expression of
CysLTR1 and CysLTR2 in mononuclear cells and granulocytes
[112,113]. Additionally, IL-4 decreases the expression of COX2 and
mPGES-1 in monocytes [114]. We have recently shown increased levels
of IL-16 and Thymus and Activation-regulated Chemokine (TARC) in
nasal lavages derived from AERD patients [115].

IL-33 and TSLP are cytokines of innate type 2 immune response.
They can promote mast cell activation, contributing to AERD patho-
genesis [107,116]. Among the different mechanisms involved in the
disease, it has been proposed that CysLTs increases the expression of IL-
33 and TSLP from structural cells, which in turn will stimulate the mast
cells to produce PGD2 [86,108,116–118]. The increase in PGD2 will
result in enhancement of the inflammatory process and the symptoms
in AERD, as mentioned before, through the interaction with, CRTH2
and TP receptor [12]. See Fig. 2 for the mechanisms of disease.

5.6. Genetic expression

Different studies have shown that several polymorphisms, human
leukocyte antigen (HLA), single nucleotide polymorphisms (SNPs), and
methylation patterns are associated with the presence of AERD in dif-
ferent populations [25,26,71,72,119,120]. Such association is so con-
sistent that the detections of the genes CNKSR3 and SPTBN2, expressed

in peripheral blood mononuclear cells, could be used as an efficient
method for predicting AERD development in selected patients [121].

6. Diagnosis

The diagnosis of AERD is suspected in patients with chronic rhi-
nosinusitis with nasal polyps (CRSwNP), asthma, and a history of ty-
pical respiratory reactions to NSAIDs; however, it is only confirmed
after a positive provocative challenge with aspirin/NASAIDs [14,16].

Even when a provocative challenge test is no available in most
health facilities, knowing the antecedents combined with a scrupulous
physical examination can be very helpful to achieve a proper diagnosis.
For example, 42% of patients with CRS, nasal polyps, and asthma, even
without former NSAIDs intolerance, will result with a positive oral as-
pirin challenge. This percentage increases to 86% when a prior history
of a single reaction to NSAIDs has been documented, and up to 90% if
two or more reactions to NSAIDs have been reported [14,16,122].

6.1. Provocation challenges

The gold standard for diagnosis of AERD is a provocative aspirin
challenge [17,123]. There are four types of provocation challenges
depending on the route of administration: oral, bronchial inhalation,
nasal inhalation, and intravenous administration [8,17,29,43,124]. Any
of these tests must be performed based on three general indications:
suspicion of AERD based on a history of typical respiratory symptoms
after ingestion of COX-1 inhibitors, suspicion of AERD based on clinical
presentation (e. g. asthma, CRS, and/or nasal polyps) despite the lack of
a clear history of NSAIDs intolerance, and as part of the aspirin de-
sensitization process [52].

The tests can be performed in an outpatient or inpatient setting; the
patient should be in stable clinical condition, and with FEV1 of at least
60% of the predicted value [17,34,52,125]. Emergency resuscitative
equipment should be readily available for the risk of severe reactions,
and the challenges have to be carried out under the direct supervision
of a physician and skilled personnel [34,52,125]. Some asthma con-
trolling drugs, like antihistamines and short-acting inhaled β agonists or
anticholinergics, are discontinued 24 h before challenge; however, to
prevent airways hyperreactivity, patients must be instructed to con-
tinue their prescriptions with oral corticosteroids (≤10mg per day of
prednisolone), topical corticosteroids, leukotriene modifying drugs, and
long-acting bronchodilators [52].

The oral challenge is the most commonly performed, because it si-
mulates the natural exposure and only a spirometer is required
[24,43,52]. This test should not be performed in patients with a history
of severe reactions to NSAIDs; neither in patients with serious and
uncontrolled illness like heart, digestive tract, liver, and/or kidney
disease. The aspirin challenge should be avoided also in those who have
suffered a respiratory tract infection within four weeks prior to the
challenge, in pregnancy, and in those under treatment with β-receptor
blockers [125]. The test is considered positive if FEV1 declines 20% or
more from the baseline value. After the aspirin challenge, the devel-
opment of unequivocal symptoms like nasal congestion, rhinorrhea,
ocular injection, and/or periorbital swelling can also be considered as a
positive result, even if the patient does not present bronchospasm or the
previously mentioned FEV1 decline [34,43,52,125]. If the FEV1 does
not decrease ≥20%, and/or symptoms do not appear 3 h after the
325mg dose, the challenge is considered negative. The limitations of
this route are the risk of severe reactions, time-consuming (two or three
days), and the requirement of highly-trained personnel
[17,52,126,127]. Table 3 shows a representative protocol of the Oral
Aspirin provocation challenge [7,17,126].
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The oral provocation test can be replaced with bronchial or nasal
aspirin challenges [34,125]. The bronchial challenge is performed with
lysine-aspirin, which is supplied to the study subject using a nebulizer
[125]. This test is safer, faster, and takes less time to perform (<4 h)
than the oral challenge [22,52]; but it requires special equipment and
can be used only in patients with bronchial reactions [34]. A positive
reaction is considered if FEV1 decreases 20% or more from the baseline
value, or in those patients who develop strong extrabronchial symp-
toms. As previously mentioned in the oral challenge, a negative

reaction is considered when the maximum cumulative dose of lysine-
aspirin is reached without the presence of adverse symptoms [52,125].

The nasal route also uses lysine-aspirin, but this can be replaced by a
ketorolac-solution [34,52]. Nasal challenge is considered in patients
that were unsuitable to undergo oral or bronchial challenges, since it
can be used in patients with unstable or severe asthma, because it rarely
produces systemic reactions, therefore, it can be performed in out-
patients settings [22,34,52,125,128]. However, this test requires spe-
cial equipment (rhinomanometer) and must be avoided in patients with

Fig. 2. Mechanisms of pathogenesis in AERD. Alterations in
arachidonic acid metabolism may induce an imbalance between
pro-inflammatory and anti-inflammatory substances, with an
over production of CysLTs, IL-33/TSLP and PGD2, leading to the
classical disease exacerbations, after Aspirin/NSAIDs adminis-
tration. Abbreviations: AERD, aspirin exacerbated respiratory
disease; COX-1 and -2, cyclooxygenases-1 and -2; EP2R, E-pros-
tanoid 2 receptor; CRTH2, chemoattractant receptor homologous
molecule expressed by Th2 lymphocytes; CysLTs, cysteinyl leu-
kotrienes; CysLTR1 and 2, cysteinyl leukotrienes receptor 1 and
2; 5LO, 5-lipoxygenase; FLAP, 5-lipoxygenase activating protein;
LTC4S, Leukotriene C4 synthase; mPGES1, microsomal PGE2
synthase 1; PA2, phospholipase A2; PGE2, prostaglandin E2;
PGD2, prostaglandin D2; TPR, T prostanoid receptor; TSLP,
thymic stromal lymphopoietin.
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nasal obstruction or turbulent nasal flow [34]. According to that, any
pathology of the nasal cavity, such as septum perforation or massive
nasal polyposis, is a contraindication to this procedure [125]. A positive
response is defined as the appearance of nasal symptoms such as rhi-
norrhea, nasal congestion or sneezing, as well as a 25% drop of the total
nasal flow compared to a baseline value measured by acoustic rhino-
metry; or a 40% bilateral decrease of inspiratory nasal flow compared
to a baseline value, assessed with rhinomanometry or a peak nasal in-
spiratory flowmeter [52,125].

A survey reported that 14%–16% of patients with a positive history
for AERD had a negative oral challenge [122]. This result does not
exclude AERD because it may reflect either development of silent de-
sensitization (likely induced by the concurrent use of leukotriene
modifying drugs and subthreshold aspirin dosing), or blocking effects of
other medications used to control chronic inflammatory diseases. In
these particular cases, the patients could have a well-controlled un-
derlying disease over a long period of time [14,34,129].

The sensitivity and specificity of the different routes vary in the

literature (Table 4) [34,125,130–132]. In general, the oral challenge is
considered to have the best performance and predictive value, so a
negative response to nasal or bronchial provocation test should be
followed by oral aspirin challenge if clinical suspicion remains
[22,52,125,128].

6.2. Other diagnostic methods

CRS and nasal polyps can be identified by CT, x-ray, rhinoscopy, or
nasal endoscopy [7,34]. Since AERD is not an IgE-mediated reaction,
skin prick test using NSAIDs are useless [133].

There are several tests that could act as tools to detect abnormalities
in inflammatory pathways and gene expression. These tests can be
performed with biological materials, like blood, urine, sputum, or ex-
haled air [34]. However, they still require more validation and have
less sensitivity and specificity when compared with the provocation
challenges [8,34,124]. Some of these promissory assays are shown in
Table 5.

7. Treatment

Once the diagnosis of AERD is made, the possibilities of treatment
encompass non-pharmacological treatment, drug therapies, surgical
interventions, aspirin desensitization, and monoclonal antibodies
[6,7,69].

7.1. Non-pharmacological treatment

This form of treatment consists mainly in patient education and
counseling to strictly avoid COX-1 inhibitors, with the identification of
well-tolerated alternative drugs for the management of other co-
morbidities [7,16]. However, COX-1 inhibitors avoidance is difficult to
maintain because they are frequently used for the treatment of several
diseases. Even more, it is important to notice that most patients will
develop progressive airway and sinus disease, even if they elude the use
of NSAIDs [7].

The diet can be considered as another non-pharmacological treat-
ment. A low salicylic acid diet has been explored as a therapeutic in-
tervention in these patients. In some studies, the elimination in the diet
for 6–12 weeks of food containing salicylates like fruits, vegetables,
herbs, spices, almonds, and several oils improved the nasal symptoms
and nasal endoscopy findings of individuals with AERD [69,147–149].
Table 6 shows a list of food containing high, intermediate, and low
levels of salicylic acid; in general, food with high and even intermediate
salicylates level should be avoided in highly sensitive patients
[150,151]. Besides, the effect of high omega-3 and low omega-6 fatty
acids in the diet is being evaluated [152], based on the assumption that
an increase in dietary omega-3 fatty acids may lead to a rise in meta-
bolic products of eicosapentaenoic acid, which exert less inflammatory
biologic activity than those obtained from the metabolism of omega-6
fatty acids [69,153].

7.2. Pharmacological treatment

Intranasal saline irrigation. Rinsing the nasal cavities with saline so-
lution and saline nasal sprays has demonstrated to be helpful as ad-
junctive treatment for CRS. This simple procedure reduces nasal or
sinus drainage, removes secretions, and washes away allergens and ir-
ritants; improving the response to topical corticosteroids, the reason
why the nasal saline irrigation is recommended immediately prior to
the administration of other medications [7]. The physiological saline
solution is better than the hypertonic saline solution on mucociliary

Table 3
Oral Aspirin provocation challenge.

Indications Contraindications

-Suspicion of AERD based on a history
of respiratory symptoms after
ingestion of NSAID

-Patients with a history of severe reactions to
NSAIDs

-Suspicion of AERD based on clinical
presentation (e. g. asthma, CRS,
and/or nasal polyps) despite the
lack of a clear history of NSAIDs
intolerance

-Patients with serious and uncontrolled
illness like heart, digestive tract, liver, and/
or kidney disease or pregnancy

-As part of the aspirin desensitization
process

-Patients with respiratory tract infections
within four weeks prior to the challenge

Before challenge:
✓
The patient must stop β-blockers and ACE inhibitors
✓
Placebo challenge can be conducted a week before challenge or if the patient's
baseline FEV1 is the same as a previous best value and the patient has not required
his or her albuterol in the past week, then placebo challenge can be skipped
✓
FEV1 should be at least 1.5 L and>60% of predicted value

Protocol:
Time Day 1 Day 2
0 h 20–40mg† 100–160mg
3 h 40–60mg 160–325mg
6 h 60–100mg 325 mg*
-Measure FEV1 every hour and wait 3 h between doses

-Posible outcomes or reactions:
I. Naso-ocular alone
II. Naso-ocular and a 15% or > decline in FEV1
III. Lower respiratory reaction only (FEV1 declines by>20%)
IV. Laryngospasm with or without I, II, III
V. Systemic reaction: hives, flush, gastric pain, hypotension

*If no reaction occurs within 3 h after 325 mg dose, consider it a negative challenge

ACE, Angiotensin-converting-enzyme; FEV1, forced expiratory volume in 1 s.

Table 4
Sensitivity and specificity of the different routes for aspirin provocation challenge.

Sensitivity Specificity

Oral challenge 80%–89% 93%
Bronchial challenge 77%–90% 93%
Nasal challenge 38%–88% 84%–96%
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clearance and nasal patency. The saline irrigation provides greater
benefits than saline nasal sprays, in terms of severity and frequency of
the symptoms and quality of life improvement; besides, nasal irrigation
is a most efficient method for delivery [154].

Intranasal corticosteroids. These medications must be considered as a
first-line therapy in patients with AERD [7]. They are widely used as
maintenance treatment for patients with CRSwNP, because they have
shown to be highly effective in reducing nasal and sinus inflammation,
as well as the size and formation of new polyps, and the intensity of
rhinitis symptoms. Also, intranasal corticosteroids can prevent the re-
lapse and regrowth of nasal polyps after surgery [7,16,154,155].

Leukotriene modifiers drugs (LMD). Leukotriene receptor antagonists,
like montelukast, zafirlukast, pranlukast, and 5LO inhibitors, as zi-
leuton, have shown to be effective in the management of patients with
AERD because overproduction of CysLTs is a key feature in the patho-
genesis of the disease [6,156,157]. Both, montelukast and zileuton,
have shown a decrease in asthma symptoms, a reduced frequency in the

use of bronchodilators, improvement of pulmonary function evaluated
through FEV1, and an increase in quality of life [158,159]. Leukotriene
receptor antagonists are more frequently used than 5LO inhibitors,
because they are less expensive and have fewer side effects [6].

Oral corticosteroids. If symptoms persist despite the therapies men-
tioned above, oral corticosteroids may be considered to reduce overall
mucosal edema and nasal polyp tissue [7]. In most cases, this alter-
native results in significant symptoms improvement, and its maximum
effect is reached in 2–3 weeks after the treatment was initiated, al-
though the response varies widely among patients [7,160]. The pre-
scription of oral corticosteroids requires careful consideration because
of the potentially devastating adverse effects associated with their use,
so they should not be used as first-line therapy [160]. If the patients do
not have a clinical benefit with the use of oral corticosteroids, as for
example, a significant reduction in polyps size or improvement of an-
osmia, sinus surgery should be considered [7].

Inhaled corticosteroids with bronchodilator therapy. Asthma

Table 5
Promissory AERD diagnostic test and biomarkers.

Diagnostic test Sensitivity (%) Specificity (%) Source

-Basophil Activation Test (BAT) 16.7–80 34–100 [34,134,135]
-Detection of 15-HETE from nasal polyp epithelial cells, and peripheral blood leukocytes 63–82 50–83 [34,136,137]
-Cysteinyl-leukotriene Release Test (CAST) from peripheral blood leukocytes 25 92 [34,138]
-Fractional exhaled nitric oxide (FeNO), after aspirin ingestion 90 100 [139]
-Detection of urinary LTE4 in high levels 55–81 79–82 [34,140]
-Sputum detection after aspirin challenge of increased levels of PGD2, LTD4, LTE4, and diminished levels of PGE2 and

LTB4
N/A N/A [141]

-Measurement of eosinophil levels in blood, sputum, and nasal mucus N/A N/A [124]
-Eicosanoid profile in Exhaled Breath Condensates (EBC) N/A N/A [142]
-Increased levels ECP, GM-CSF, and MCP-1 in sinonasal tissue N/A N/A [143]
-Increased level of serum sphingosine1-phosphate (S1P), and urinary sphingosine N/A N/A [144]
-Increased levels of IL-16, TARC, and periostin in nasal lavages N/A N/A [115]
-Specific IgE against S. aureus enterotoxins, in nasal polyp tissue N/A N/A [145,146]
-Microarray analysis to identify genetic expression of cytokines, and detection of genes associated with the presence or

development of AERD (rs3128965, CNKSR3 and SPTBN2)
N/A N/A [34,119,121,143]

N/A, not available; 15-HETE, 15-Hydroxyeicosatetraenoic Acid; ECP, eosinophil cationic protein; GM-CSF, granulocyte-macrophage colony-stimulating factor; MCP-1, and monocyte
chemoattractant protein 1; TARC, thymus and activation-regulated cytokine.

Table 6
Food levels of salicylic acid.

Food levels of salicylic acida

High Intermediate or variable Low

Vegetables Alfalfa, broccoli, chicory, peas, radish, romaine
lettuce, tomatoes (dried)

Artichoke, beetroot broccoli (cooked), brussels sprouts,
butterhead lettuce, cauliflower, chard, cherry tomato
(fresh), chili pepper, cucumber, eggplant, garlic, ginger root,
mushrooms, olives, onion, pepper, pickled cucumbers,
potatoes, pumpkin, romain lettuce, spinach, tomatoes,
Zucchini

Asparagus (Green), beetroot,
beans, cabbage, carrot, celery,
iceberg lettuce, lentils, soybeans

Fruits Apple (dried), Avocado, blueberry, boysenberry,
cranberry, currant, guava, lingonberry, loganberry,
peach (dried), pineapple, raisins, raspberries,
strawberry (dried)

Apple (fresh), apricot, blackberry, cherry, fig (dried), grapes,
kiwi, lemon, mandarin, mango, nectarine, orange, passion
fruit, peach, pear, pomegranate, watermelon

Lime, pawpaw, banana, fig,
grapefruit, pear (canned)

Herbs, spices and
codimentsb

Allspice, bay leaf, cinnamon, cloves, cumin.
Fenugreek, garlic powder, ginger, mint, mustard,
oregano, paprika, rosemary, tamarind, thyme, vanilla

Basil, hummus, honey, mint vinegar, peppermint, tabasco
sauce, Worcestershire sauce

Cocoa powder, coriander,
dextrose, parsley, saffron, salt, soy
sauce

Drinks Apple juice, cranberry juice, orange juice, pineapple
juice, root beer

Beer, coca cola, coffee, tea, wine Rum, tequila, vodka, whisky

Cereals Maize Barley, oats, rice, rye, wheat
Seeds Almonds, macadamia nuts, peanuts, pine nuts,

pistachio nuts
Coconuts, hazelnuts, pecan nuts, sesame seed, sunflower
seed, walnuts

Cashew nuts

Other meals Sobrassada Meat (beef, lamb, pork), poultry,
fish, eggs, dairy products

a Salicylate levels in food may present a considerable variation depending on the origin, growing conditions, processing, and/or storage.
b Some foods like spices and condiments, contain high levels of salicylate per 100mg; however, as they are usually consumed in small amounts, their clinical effects may be low or

negligible, depending on every individual sensitivity.
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management in AERD must include inhaled corticosteroids with or
without short-acting and long-acting β2-agonists, and/or other ther-
apeutic strategies, based on current asthma management guidelines.
These inhaled drugs remain as important options to decrease disease
activity, and reduce the need for systemic corticosteroids in patients
with AERD [7].

Other considerations. It is important to consider that patients with
AERD often have other comorbidities, which may contribute to upper
and lower airway inflammation, for example, allergic rhinitis, under-
lying infectious sinusitis, and gastroesophageal reflux disease. These
and other comorbidities should be properly treated to achieve a max-
imum control of the disease [7]. Table 7 summarizes the mechanism of
action and clinical efficacy of medications currently used for the
treatment of AERD.

7.3. Surgery

Sinus surgery to treat CRSwNP should be considered when medical
treatment fails [16]. The goals of surgery are the improvement of nasal
obstructive symptoms with reduced rhinorrhea and postnasal dis-
charge; the achievement of a stable and sustained improvement of
smell; and finally, a better control of bronchial asthma [168]. The
surgical procedures most frequently used are polypectomy, endoscopic
sinus surgery, and ethmoidectomy [7]. Nowadays, endoscopic sinus
surgery is the preferred method, because of its proven safety and lower
morbidity [168–170]. The surgical goals of nasalization are the eradi-
cation of the ethmoidal mucosa and the creation of a cavity as wide as
possible to facilitate subsequent cleaning and proper dissemination of
topical nasal steroids [168]. In AERD patients, CRSwNP exhibits a
tendency to recur after surgery, up to 10-fold higher than that reported
in patients with other forms of CRSwNP [16,171].

It is important to note that surgery does not affect the underlying
inflammatory component of the disease and, therefore, medical treat-
ment is still necessary after surgery [7]. This is the reason why aspirin
desensitization is frequently used as a follow-up treatment after sur-
gery, because it decreases the likelihood that AERD patients will require
an additional surgical intervention in the following 2 years [7,172].

7.4. Aspirin desensitization

Aspirin desensitization treatment is an option to decrease disease

activity [164]. Multiple studies have shown several benefits, like im-
provement in the quality of life, improvement in nasal and asthma
symptoms scores, as well as in the sense of smell. This treatment can
also reduce the frequency of polyp formation, the episodes of sinusitis,
and the need of systemic corticosteroids [7,164–166]. Aspirin de-
sensitization is effective in reducing important markers of disease ac-
tivity in AERD patients [165,166].

The use of LMD as pretreatment enhances the safety of oral aspirin
challenge followed by aspirin desensitization in patients with AERD, by
significantly decreasing the degree of asthmatic responses [173]. It has
been suggested that the administration of LMD should be started at
least one week prior to the oral challenge [7]. In a study with 420
patients with suspicion of AERD, who underwent oral aspirin challenge
and desensitization, 9% of them suffered a large FEV1 decrease
(> 30%), and 20% presented a moderate FEV1 decrease (21%–30%).
The risk factors associated with such an important reduction in the
respiratory capacity were the lack of LMD use, a baseline FEV1 of less
than 80% of the predicted value, and previous asthma-related emer-
gency department visits [127]. In the same survey, 75% of patients
reacted to aspirin with a low provocative dose of either 45 or 60mg
[127].

The rate of adverse side effects from aspirin therapy ranges between
8 and 23%, depending on the study and the dose of aspirin used [7].
During the desensitization process, the most important complications
are severe asthma attacks. A research group reported that only two
patients had to be moved to the intensive care unit (ICU) because of
severe asthma attacks, from over 800 patients that underwent aspirin
desensitization. Despite the small proportion of patients requiring the
ICU, its availability is strongly recommended when the desensitization
protocol is performed [37].

Desensitization protocols. Several aspirin desensitization protocols
have been described in the literature [7]. The Aspirin Desensitization
Joint Task Force recommends a protocol that starts with an oral aspirin
challenge, giving 20.25mg of aspirin by mouth followed by 40.5, 81,
162.5 and 325mg at 90min intervals. They suggest to measure the
FEV1 and to perform a clinical evaluation, at least every 90min. When
the provoking dose is tolerated, dose escalation may continue. A per-
sistent decrease in FEV1 ≥15%, with or without other associated
symptoms, lasting longer than 3 h despite therapy, is an indication to
discontinue the desensitization process for the day. The second day of
the desensitization process can be initiated by repeating the last

Table 7
Medications currently used for the treatment of AERD.

Medication Mechanism of action Clinical efficacy Reference

Intranasal corticosteroids (budesonide,
fluticasone, mometasone, triamcinolone,
beclomethasone, flunisolide, ciclesonide)

Phospholipase A2 inhibition in the
arachidonic acid pathway

Reduce nasal and sinus inflammation, as well as the size and
formation of new polyps. Also, they can prevent the relapse
and regrowth of nasal polyps after surgery

[16,40,155,161]

Leukotriene modifiers drugs (montelukast,
zafirlukast, pranlukast)

Blockade of CysLTR1 Decrease asthma symptoms, reduce the use of bronchodilators,
improve pulmonary function evaluated through FEV1, and
increase the quality of life

[6,157,158]

Zileuton Impairs leukotriene production by 5LO
inhibition

Decreases asthma symptoms, reduces the use of
bronchodilators, improves pulmonary function evaluated
through FEV1, and increases the quality of life

[6,157,159]

Oral corticosteroids Phospholipase A2 inhibition in the
arachidonic acid pathway

Reduce overall mucosal edema and nasal polyp tissue,
resulting in significant symptoms improvement, The response
varies widely among patients

[7,160,162]

Inhaled corticosteroids with bronchodilator
therapy (short-acting and long-acting β2-
agonists)

Corticosteroids: Phospholipase A2
inhibition in the arachidonic acid
pathway
β2-agonists: induce bronchial smooth
muscle relaxation

These drugs are used for the asthma management. Decrease
disease activity, and reduce the need for systemic
corticosteroids

[7,160]

Aspirin (used within a desensitization protocol) Impairs prostaglandins production by
COX-1 inhibition (may inhibit COX-1 at
high concentrations)

Improves the quality of life, nasal and asthma symptoms
scores, as well as the sense of smell. Reduces the frequency of
polyp formation, the episodes of sinusitis, and the need of
systemic corticosteroids

[163–167]

CysLTR1, cysteinyl leukotrienes receptor 1; 5LO, 5-lipoxygenase.
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tolerated dose. The desensitization procedure can be continued as in-
dicated herein, until the goal of tolerating 325mg of aspirin is reached.
Most individuals will take 2 days to complete the desensitization pro-
cedure [174]. The optimal maintenance dose of aspirin is unknown, but
the best symptom control has been with 650mg twice a day, with a
response rate of 69% [7,164,166,175]. Therefore, aspirin is typically
given at 650mg twice daily after initial desensitization for the first
month, but if the patient achieves improvement, the maintenance dose
can be tapered down to 325mg twice daily. The desensitized state can
be maintained with as little as 81mg for patients who only need car-
diovascular disease prophylaxis [174,175]. However, in a survey, most
patients with AERD referred return of nasal congestion and other
symptoms, when their daily aspirin dose was diminished to less than
325mg twice daily [175]. If a brief interruption in aspirin therapy
occurs, less than 48 h, aspirin may be restarted at the maintenance dose.
If the interruption is greater than 48 h, the recommendation is to repeat
the desensitization protocol [17,164].

The aspirin desensitization treatment is an effective add-on therapy,
with a responding rate of 87% in patients with AERD [164]. Table 8
shows the main indications and contraindications for the aspirin de-
sensitization treatment, as well as a proposed protocol based on re-
commendations of several researchers, and The Aspirin Desensitization
Joint Task Force [7,17,69,126,167,174,176].

Silent desensitization. White et al. described a series of patients with a
high suspicion of AERD, but with a negative aspirin challenge. After a
second challenge with a higher dose of aspirin and without pretreat-
ment with LMDs, antihistamines, and oral corticosteroids for at least 1
week, these patients subsequently proved to have AERD. Therefore, the
authors suggest that even when silent desensitization is an uncommon
event, clinicians performing aspirin desensitization should understand
that this can occur and they must consider a second confirmatory as-
pirin challenge in some patients [7,129].

7.5. Monoclonal antibodies

As in other diseases, monoclonal antibodies represent a potential
and promising therapy in AERD; some are in development or have been
approved for several related clinical conditions [6].

Omalizumab. This is a humanized recombinant monoclonal antibody
that blocks the binding of IgE to its high affinity receptor (FCɛRI) [177].
The mechanism by which omalizumab is effective in AERD is unclear,
since the disease is not IgE-mediated [69,178], but it has been shown to
reduce the biomarkers of disease activity [179]. Some authors report
the effectiveness of omalizumab to improve the quality of life, the
symptoms and lung function in patients with AERD [177,179,180]. In a
study performed in Japan in 2016 and a survey performed in USA in
2015 in patients with AERD, 52% and 57%, respectively, showed or
referred improvement after the treatment with omalizumab. On the
other side, there is a report on eight patients treated with omalizumab
and had a positive oral aspirin challenge; suggesting that omalizumab
does not block aspirin reactions in patients with AERD [68,69]. The use
of omalizumab in AERD requires further studies to identify its me-
chanism of action and determine its efficacy and cost-effectiveness in
that population [69].

Other monoclonal antibodies, now in development for others dis-
eases, could be especially effective in AERD [7]; mepolizumab, re-
slizumab, benralizumab, and dupilumab are good examples.

Mepolizumab, reslizumab, and benralizumab. These are anti-IL-5
monoclonal antibody approved for severe eosinophilic asthma. Studies
have shown that they can decrease the nasal polyps size [6,7,181].

Dupilumab. Is an IL-4α receptor antagonist that blocks IL-4 and IL-13
signaling. In clinical trials, it has shown benefits in patients with
moderate to severe eosinophilic asthma, decreasing the number of ex-
acerbations, improving their lung function, as well as the nasal symp-
toms, and reducing the levels of Th2-associated inflammatory markers
[69,182]. However, until now, it has not been studied specifically for
AERD [69].

Other agents in development for asthma that could have clinical
utility in AERD, include the anti-IL-13 monoclonal antibodies, lebriki-
zumab, tralokinumab, and GSK679586; as well as the anti-IL-17 bro-
dalumab and ixekizumab, which are under investigation for psoriasis
and psoriatic arthritis [7].

7.6. Allergen immunotherapy

This therapy has not been formally investigated specifically for
AERD. Therefore, it is not recommended as a standard treatment [69].
However, since many patients with AERD have atopy as a comorbid
condition, the immunotherapy can be prescribed to those who experi-
ence obvious periodic or perennial allergic signs and symptoms
[69,183]. However, in a survey of patients with AERD, who were under
allergen immunotherapy, 62% did not find it effective, 30% found it
somewhat effective, and only 8% found it extremely effective [68,69].

7.7. Other therapies under research

Several drugs may show, in the future, promising results in the
treatment of AERD. Current trials are investigating platelet-targeted
therapies, including a P2Y12 receptor antagonist, which inhibits pla-
telet activation and aggregation, decreases pulmonary inflammation,
and reduces the severity of aspirin reactions during aspirin challenge.
There is also under investigation a thromboxane receptor antagonist
(ifetroban), which can block the signal that induces bronchoconstric-
tion [69]. PGD2 acts through CRTH2 activating and recruiting effector
cells on respiratory tissues in AERD; currently, several CRTH2 antago-
nists are in development for asthma and allergic diseases, and may be
suitable for AERD patients [69,184]. Table 9 summarizes several drugs
under investigation in controlled clinical trials, for the treatment of
AERD and/or related pathologies.

Table 8
Aspirin desensitization treatment.

Candidates for aspirin desensitization Contraindications for aspirin desensitization

-Poorly controlled symptoms despite
standard therapies

-Pregnancy

-Recurrent sinus disease with polyp
regrowth after resection

-Unstable asthma

-Frequent use of systemic
corticosteroids

-Gastrointestinal ulcers

-Indication for aspirin or NSAIDs to
treat comorbid diseases

-Bleeding disorders

Protocol:
Time Day 1 Day 2
0 h 20.25mg 81mg
1.5–3 h 40.5 mg 162.5 mg
3 to 6 h 81mg 325mg‡
-Measure vital signs every hour during desensitization, then as needed
-Obtain baseline FEV1 by spirometry; precalculate a 20% reduction in FEV1 by

multiplying FEV1 in liters by 0.8
-Obtain spirometry (FEV1) before each aspirin dose, every hour, and as needed; if

severe shortness of breath or if FEV1 decreases by> 20%, give nebulized albuterol
and notify physician

-If systolic BP is < 90mm Hg, give epinephrine 1:1000 0.3mL intramuscular and
notify physician

-Rhinorrhea, nasal congestion, flushing: check FEV1 and BP; if rhinorrhea is
accompanied by a decrease in FEV1 by 20% or if systolic BP is < 90mm Hg, treat
as above and notify physician: for rhinorrhea, nasal congestion or flushing alone,
give diphenhydramine 50mg IV and notify physician

Discharge idications:
-Two aspirins 325mg by mouth, b.i.d.
-Consider a proton pump inhibitor or H2 blocker for gastric lining protection

FEV1, forced expiratory volume in 1 s.

J.C. Rodríguez-Jiménez et al. Respiratory Medicine 135 (2018) 62–75

70



8. Conclusions

Despite recent advances in the knowledge of the disease, AERD
remains as a chronic and severe disease with refractory symptoms. The
presence of pansinusitis, with sinonasal polyps, asthma, and intolerance
to NSAIDs/salicylate rich food should suggest the diagnosis of AERD.
Due to the severity of the symptoms, a prompt diagnosis is important to
improve the patient's quality of life, and avoid, at least in part, com-
plications like pulmonary fibrosis, hospitalizations due to ASA/NSAIDs
ingestion, or even death.

The complexity of the disease is reflected in the interaction of sev-
eral cells (eosinophils, mast cells, basophils, lymphocytes, platelets,
neutrophils, macrophages, epithelial cells), and molecules, which re-
sults in an imbalance between pro-inflammatory and anti-inflammatory
substances, expressed as an overproduction of CysLTs and an under-
production of PGE2.

Every cellular, molecular or genetic alteration found to be part of
the pathogenesis of the disease is a potential diagnosis or treatment
target. Although not specifically designed for the treatment of AERD,
given their mechanism of action, drugs like omalizumab, anti-IL-5
monoclonal antibodies (mepolizumab, reslizumab, benralizumab), IL-
4α receptor antagonist (dupilumab), anti-TSLP, thromboxane receptor
antagonist (ifetroban), and PGD2 (CRTH2) antagonists are promissory
therapeutic options. As a non-expensive therapeutic option, the low
salicylate diet should be considered at least, in highly sensitive patients.

There is still much to be known about AERD, further research is
strongly advised to improve the diagnostic tools and therapeutic op-
tions to help patients overcome the burden of the disease.
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