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Allergy and Clinical Immunology (EAACI) Drug Allergy Inter-
est Group was adopted.  Results:  Acetylsalicylic acid was the 
drug most often involved in reactions (34%), isolated cuta-
neous symptoms were the most reported (60%), and imme-
diate reactions (58%) were the most common. There was an 
overall female predominance (64%) and 35% of the patients 
were atopic. HS to NSAIDs was confirmed in 21% of the pa-
tients. The most common phenotypes encountered among 
HS patients were NSAID-induced urticaria/angioedema and 
single-NSAID-induced urticaria/angioedema or anaphylaxis. 
Logistic regression analysis showed that gender and atopy 
were not significant risk factors for HS confirmation, but di-
agnosis depended on the number of previous reactions, the 
type of reaction, and the time interval between drug intake 
and reaction.  Conclusion:  Only 21% of suspected HS reac-
tions were confirmed after diagnostic workup. Patients de-
scribing >1 previous reaction and suffering immediate reac-
tions had a higher probability of a positive investigation. 

 © 2017 S. Karger AG, Basel 
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 Abstract 

  Background:  Nonsteroidal anti-inflammatory drugs 
(NSAIDS) are among the most common causes of drug hy-
persensitivity (HS) reactions. The diagnosis is based on a 
careful clinical history, and provocation tests are considered 
the gold standard for diagnosis. Skin tests have some value 
to study reactions to pyrazolones. Laboratory investigations 
are mostly used for research purposes. Different phenotypes 
have been described.  Objective and Methods:  Our aim was 
to describe the most common clinical manifestations of 
NSAID HS in a large population of adult patients, the drugs 
involved, the association with previously described risk fac-
tors, and the outcome of diagnostic procedures. The classi-
fication of reactions proposed by the European Academy of 
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 Introduction 

 Nonsteroidal anti-inflammatory drugs (NSAIDs) are 
an important class of drugs with several therapeutic ap-
plications. From the classical aspirin (acetylsalicylic 
acid), on the market since 1899, to the more recently 
developed selective COX-2 inhibitors, NSAIDs are 
widely used to treat pain and fever and are available as 
over-the-counter drugs in many countries. NSAIDs are 
well-recognized as a cause of adverse drug reactions in 
general  [1] , and are also the second-most reported cause 
of drug hypersensitivity (HS) reactions after betalactam 
antibiotics (BL)  [2] , and even constitute the first cause 
according to certain recent studies  [3–5] . The reported 
NSAID HS prevalence ranges from 0.6 to 2.5% in the 
general population, being higher among females, pa-
tients with chronic urticaria, and asthmatics  [6–11] . At-
opy has also been described as a risk factor for NSAID 
HS  [5, 12, 13] .

  Previous Portuguese population studies on the preva-
lence of drug HS found that 8% of adults and 6% of chil-
dren self-reported allergy to at least one drug, with 
NSAIDs being the second-most suspected  [14, 15] . In a 
recent Portuguese study on drug-induced anaphylaxis, 
NSAIDs were the most frequent culprits  [16] . 

  Different classification of reactions to NSAIDs and 
phenotypes have been described over the last decades 
based on clinical presentation, culprit drugs, onset of re-
actions and preexisting respiratory or cutaneous diseases 
 [11, 17–21] . An updated classification of reactions was 
published in a consensus paper by the European Acade-
my of Allergy and Clinical Immunology (EAACI) in 2013 
 [22] , and we adopted it in this work. This classification 
considers 2 main groups of reactions and refers to 5 dif-
ferent phenotypes ( Table 1 ).

  The clinical workup of patients with NSAID HS and 
their classification requires substantial resources as it re-
lies mostly on a detailed clinical history and on drug prov-
ocation tests (DPTs), considered to be the gold standard 
for diagnosis. Thus, trained personnel and an appropriate 
hospital setting are necessary in order to minimize the 
risks for patients  [23, 24] . 

  Material and Methods 

 Patients with a suggestive clinical history of NSAID HS attend-
ing specialized drug allergy clinics from 5 national participating 
centers were enrolled during 2013. They were sequentially, retro-
spectively, and anonymously included in a standardized online da-
tabase by the attending allergist after the conclusion of diagnostic 

procedures. Patients with isolated gastrointestinal symptoms or 
vague complaints were excluded.

  Two hundred and twenty-seven patients aged 18–79 years 
(mean age 47 ± 14 years), 64% of whom were female, were evalu-
ated. Their personal history of atopy, asthma/rhinitis, chronic ur-
ticaria, and reported HS to other drugs other than NSAIDs were 
recorded ( Table 2 ). For the definition of anaphylaxis, we adopted 
the criteria issued by the second Symposium on the Definition and 
Management of Anaphylaxis  [25] . For grading anaphylactic reac-
tions, we used the criteria proposed by the EAACI  [26] .

  Atopy was defined as a positive skin prick test result to at least 
1 of the usually tested aeroallergens or a positive test to the inhalant, 
Phadiatop ®  (ImmunoCAP ® , Thermo Fisher, Uppsala, Sweden). 

  The clinical characteristics of the first reaction were registered. 
Reactions were also classified as immediate and nonimmediate ac-
cording to the time that elapsed from the last drug intake (i.e. oc-
curring <1 h or >1 h after drug administration).   

  Skin tests (STs) with pyrazolones were performed according to 
international guidelines with a nondiluted solution for the prick 
test and 0.1 mg/mL as a maximum nonirritating concentration for 
the intradermal test  [27] . 

  A single-blind, placebo-controlled oral challenge was the com-
mon practice. DPTs were performed at least 4 weeks after the most 
recent adverse reaction in the hospital setting by experienced per-
sonnel with available emergency equipment. Patients did not have 
cutaneous or respiratory symptoms or uncontrolled illnesses at the 
time of the DPTs. During the procedure, symptoms or signs, vital 
parameters, and forced expiratory volume in 1 s (FEV 1 ) or peak 

 Table 1.  Classification of HS to NSAIDs

Nonimmunologically mediated (cross-reactive) HS reactions to 
NSAIDs

NERD
NECD
NIUA

Immunologically mediated (non-cross-reactive) HS reactions to 
NSAIDs

SNIUAA
SNIDR (24 – 48 h after drug administration)

 Adapted from Kowalski et al. [22].

 Table 2.  Characterization of the population

Total number of patients 227
Age

Mean ± SD
Range

47 ± 14 years
18 – 79 years

Males/females 82 (36%)/145 (64%)
Previous diagnosis of asthma/rhinitis 97 (43%)
Previous diagnosis of chronic urticaria 20 (9%)
Atopy 80 (35%)
HS to drugs other than NSAIDs 69 (30%)
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expiratory flow were assessed (in the case of previous respiratory 
disease or a reaction). NSAIDs were administered at 1-h intervals 
until the usual daily dose was achieved or symptoms appeared. The 
test was considered positive if the patient developed objective cu-
taneous and/or respiratory symptoms or FEV 1 /peak expiratory 
flow decreased at least 20% from its initial value. Contraindica-
tions to DTPs based on a previous EAACI consensus paper were 
respected  [22–24] . A written informed consent was signed by pa-
tients before performing an ST or a DPT, according to each cen-
ter’s usual local practice. 

  Statistical Analysis 
 Categorical variables are presented as frequencies and percent-

ages, and continuous variables as means and standard deviations. 
The independent  t  test was used to evaluate continuous variables 
and the χ 2  test or the Fisher exact test for qualitative variables. A 
stepwise binary logistic regression analysis was used to test the 
considered predictors of NSAID HS among patients with conclu-
sive results. Potential confounding factors were adjusted. Reported 
 p  values are 2-tailed, with  p  < 0.05 indicating statistical signifi-
cance. All statistical tests were performed using SPSS v22.0.

  Results 

 From the 227 patients included, 80 (35%) were atopic, 
97 (43%) had a previous diagnosis of asthma and/or rhi-
nitis, 20 (9%) had chronic urticaria, and HS reactions 
were attributed to other drugs in 30%, mostly BL (14%) 
( Table 2 ).

  The age range of patients at the first described reaction 
was 1–73 years (mean age 35 ± 17 years). Seventy patients 
(31%) reported 1 previous reaction, 62 (27%) reported 2 
reactions, 67 (30%) reported  ≥ 3 reactions and 28 did not 
recall the exact number of reactions.

  In 78 cases (34%), acetylsalicylic acid (acetylsalicylic 
acid in 62 and lysine acetylsalicylate in 16) was the sus-
pected drug involved in the first reaction. Propionic acid 
derivatives followed with 63 cases (28%), i.e. ibuprofen 

(56), naproxen (4), ketoprofen (2), and desketoprofen 
(1). Acetic acid and indol derivatives were implicated in 
23 cases (10%), i.e. diclofenac (22), and aceclofenac (1), 
and paracetamol was suspected to be involved in 20 cases 
(9%) ( Table 3 ). 

  The percentages of diagnostic confirmation for the 5 
most frequent NSAIDs involved in the first reaction are 
shown in  Figure 1 . The clinical manifestations in the first 
episode included urticaria/angioedema in 136 cases 
(60%), and systemic reaction/anaphylaxis in 52 patients 
(23%) including 12 grade 3 anaphylactic reactions. Iso-
lated respiratory symptoms occurred in 10 patients (4%), 
cutaneous and respiratory symptoms were described by 
26 patients (11%), and 3 patients could not exactly recall 
their symptoms. 

  Most of the reactions, 132 (58%), developed up to 1 h 
after drug intake, and 87 reactions (38%) occurred later 
than 1 h after intake (in 11%, >24 h from last intake). In 
the remaining cases, the patients did not recall the exact 
timing of the reaction. 

 Table 3.  NSAIDs assumed to be the cause for the initial adverse 
reaction

n %

Acetylsalicylic acid 78 34
Propionic acid derivatives 63 28
Acetic acid and indol derivatives 23 10
Paracetamol 20 9
Pyrazolones 17 7
Nimesulide 16 7
Oxicams 4 2
Selective COX-2 inhibitors 2 1
Not recalled by the patient 4 2
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  Fig. 1.  Percentage of positive diagnostic in-
vestigations for the 5 most frequently sus-
pected NSAID pharmacological groups. 
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  STs with the suspected pyrazolones were performed in 
10/17 patients for whom these drugs were the assumed 
culprits. STs were positive in 8 patients, who were then 
subjected to a DPT with an alternative NSAID. The re-
maining 2 patients, with a negative ST, were subjected to 
a DPT with the suspected drug, which was negative. One 
patient had a DPT with no previous ST, and this was pos-
itive. Six patients, who already had a known tolerance to 
alternative NSAIDs, did not undergo ST or a DPT, and 
were classified as nonconclusive.

  Twenty-two subjects (9.7%), including the 6 referred 
from the pyrazolone group, had contraindications or re-

fused the DPT, as they already had a known alternative 
drug. In this group of patients, the workup was consid-
ered nonconclusive as HS could not be confirmed or 
ruled out. The remaining 205 patients were subjected to 
DPTs with the culprit or with an alternative drug.

  DPTs with the culprit drug were performed on 95 pa-
tients and were negative in 63 (66%), i.e. ruling out the HS 
diagnosis, and positive in 32 (34%), i.e. confirming the 
diagnosis. One patient from the pyrazolone group under-
went DPT with a suspect drug with no previous ST, with 
a positive result, thus confirming the diagnosis.

  In these patients, nimesulide led to a positive DPT in 
8 patients, acetylsalicylic acid in 7, paracetamol in 6, pro-
pionic acid derivatives in 4 (ibuprofen in 3), and meloxi-
cam was involved in 3 positive provocations ( Table 4 ).

  DPTs with an alternative drug were performed in 110 
patients and were positive in 8 (7%), i.e. confirming 
NSAID HS (5 with nimesulide and 3 with meloxicam), 
and negative in 102 (93%) ( Table 4 ).

  None of the 40 patients with a positive DPT experi-
enced anaphylaxis, and their reactions were mild and 
controlled by symptomatic treatment. Reactions repro-
duced previously described ones in 63% of the patients. 
There was a fair agreement between the initial clinical 
manifestations of HS and the DPT-induced reactions 
with the Cohen κ coefficient of 0.27 ( p  < 0.001)  [28] . 

  NSAID HS was confirmed in 48 patients, in 8 by a
positive ST with pyrazolones and in 40 by a DTP, and was 
ruled out in 63 patients. Concerning the reaction onset, 
diagnosis was confirmed by DPT in 32 (24%) of the 132 
subjects with a history of previous immediate reactions 
and in 8 (9%) of the 87 who reported nonimmediate reac-
tions ( p  < 0.001). 

  Among patients with confirmed NSAID HS, all the 
different clinical phenotypes proposed by the EAACI 
Drug Allergy Interest Group classification could be 
found. The most frequent phenotypes were NSAID-in-
duced urticaria/angioedema (NIUA) in 24 (50%) patients 
and single-NSAID-induced urticaria/angioedema or 
anaphylaxis (SNIUAA) in 16 (33%) patients. Four pa-
tients (8%) were classified as NSAID-exacerbated respira-
tory disease (NERD), 3 (6%) as NSAID-exacerbated cu-
taneous disease (NECD), and 1 as a single-NSAID-in-
duced delayed HS reaction (SNIDR).

  The characteristics of the patients for whom an HS di-
agnosis was either confirmed or excluded are presented 
in  Table 5 . There was a significant difference between the 
2 groups concerning reaction onset ( p  < 0.001), clinical 
manifestations on first reaction ( p  < 0.001), and the num-
ber of previous reactions ( p  < 0.01). No significant differ-

 Table 4.  Positive DPTs with the culprit drug (n = 32) and with an 
alternative drug (n = 8)

Culprit Alternative

Nimesulide n = 8 25.0% n = 5 62.5%
Acetylsalicylic acid n = 7 22.0%
Paracetamol n = 6 19.0%
Propionic acid derivatives n = 4 12.5%
Oxicams n = 3 9.0% n = 3 37.5%
Others n = 4 12.5%

 Table 5.  Characteristics of patients with NSAID HS confirmed or 
excluded 

HS No HS p value

Total number of patients 48 (21) 63 (28)
Age, years 46 ± 12 45 ± 15 0.75
Sex

Male 18 (16.4) 20 (18.2) 0.57
Female 30 (27.3) 42 (38.2)

Type of reaction
Urticaria/angioedema 25 (22.7) 53 (48.2)
Anaphylaxis 18 (16.4) 3 (2.7) <0.001
Urticaria/angioedema and

respiratory symptoms 4 (3.6) 3 (2.7)
Respiratory symptoms 1 (0.9) 3 (2.7)

Time to the reaction
Immediate (≤1 h) 40 (36.7) 18 (16.5) <0.001
Nonimmediate (>1 h) 8 (7.3) 43 (39.4)

Number of episodes 2.4 ± 1.2 1.7 ± 1.0 <0.01
Atopy

Yes 14 (12.6) 21 (18.9) 0.64
No 34 (30.6) 42 (37.8)

Reactions to other drugs classes
Antibiotics 9 (23.1) 20 (51.3) 0.70
Others 4 (10.3) 6 (15.4)

Values are expressed as n (%) or mean ± SD.
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ences between groups were found considering gender, 
age, atopy, or self-reported reactions to other drugs.

  A stepwise binary logistic analysis was performed, in-
volving only those patients with conclusive results, in or-
der to predict NSAID HS. Age, gender, reaction onset, 
clinical presentation on first reaction, number of previous 
reactions, atopy, asthma/rhinitis or chronic urticaria, and 
reactions to other drugs were tested as predictors. Poten-
tial confounding factors were adjusted. Multivariate anal-
ysis revealed that patients with immediate reactions have 
a higher risk of NSAID HS than those with nonimmediate 
reactions (OR 11.87; 95% CI 3.07–45.84). Patients with 
 ≥ 2 previous reactions also have a higher risk of NSAID 
HS (OR 11.76; 95% CI 2.2–62.5). In contrast, patients 
with only cutaneous manifestations have a lower risk of 
having confirmed NSAID HS (OR 0.04; 95% CI 0.002–
0.797) ( Table 6 ).

  When comparing the patients with NIUA ( n  = 24) and 
SNIUAA ( n  = 16), the 2 more frequent phenotypes in our 
sample, there were no significant differences concerning 
the presence of atopy.

  Discussion 

 We present a series of 227 adult patients with a sugges-
tive history of NSAID HS. As described by other authors, 
there was an overall female predominance  [3, 18, 19, 29, 
30] ; this has also been reported with other drugs, but 
when considering NSAIDs, it can be related to higher 
NSAID consumption among women  [31–33] .

  About one-third of the patients in our population were 
atopic, similar to the proportion of atopic patients re-
ferred to in other studies  [34, 35] . 

  In this series, acetylsalicylic acid was the most suspect-
ed NSAID (34%) involved, as reported by other authors, 
i.e. Sánchez-Borges et al.  [13]  (40%), Caimmi et al.  [20] 
 (39%), and Nissen et al.  [30]  (40%) .  However, some stud-

ies indicate that, nowadays, acetylsalicylic acid is not the 
most common drug involved in HS, and they refer to pro-
pionic acid derivatives, i.e. ibuprofen  [3]  and metamizole 
 [35]  (which rank as 2nd and 5th in our study), as the most 
common culprits. Almost one-third (30%) of the patients 
had already had >3 reactions before the assessment, lead-
ing us to think that more effort has to be made to increase 
the awareness of the problem of NSAID HS. In our sam-
ple, in confirmation of previous studies, immediate reac-
tions were the more frequent and urticaria/angioedema 
was the most common presentation  [3, 29, 30] .

  In agreement with other published results  [34, 36] , ST 
with pyrazolones proved to be a useful diagnostic tool, 
confirming the diagnosis in 8/10 patients tested, although 
the DPT remains the gold standard for the diagnosis of 
NSAID HS. 

  Diagnosis was confirmed in 21% of the patients, ruled 
out in 28%, and considered nonconclusive in 51% (where 
DPT with the culprit drug was not performed and the clin-
ical history alone was considered unreliable). The confir-
mation rate that we found is similar to that described by 
other authors, i.e. Nissen et al.  [30]  (26%) and Viola et al. 
 [34]  (22%), but higher rates have been described when 
more selected populations are analyzed  [29, 37] .

  We found, as did other authors  [29, 37] , that the num-
ber of previous reactions is a risk factor for diagnostic 
confirmation. However, some studies show that a clinical 
history can be misleading even if based on several previ-
ous suspected HS episodes or previous anaphylaxis  [30, 
34, 38] . Weak COX-1 inhibitors, like paracetamol, me-
loxicam, and nimesulide, usually considered safe alterna-
tives, were frequently involved in the positive DPTs (i.e. 
in 63%). Therefore, like other researchers, we recom-
mend a DPT to provide an assurance of tolerance before 
prescribing these drugs for patients with suspected 
NSAID HS  [13, 19, 39, 40] .

  In this work, urticaria/angioedema was the most com-
mon manifestation in patients with confirmed NSAID 
HS (in 52%), as previously described in the literature  [3, 
12, 13, 41, 42] . Similar to the results reported by Nissen et 
al.  [30] , who had a good degree of agreement when com-
paring the symptoms of the primary reaction with those 
induced by the DTP (67% of the cases had full agreement 
and 23% had partial agreement), we found a fair agree-
ment between the initial clinical manifestation and the 
DPT-induced reactions.

  Of the cases finally confirmed as HS, based on previous 
reactions, previous medical history, and the DPT results, 
we found NIUA in 24 patients, SNIUAA in 16, NERD in 
4, NECD in 3, and an NSAID-induced delayed HS reac-

 Table 6.  Predictors of an NSAID HS diagnosis according to a step-
wise logistic regression analysis

Independent variables tested OR 95% CI p value

Type of reaction (immediate) 11.87 3.07 – 45.84 <0.001
Manifestations (only cutaneous) 0.04 0.002 – 0.797 <0.05
Number of reactions (≥2) 11.76 2.20 – 62.5 <0.05

 Type of reaction: immediate or nonimmediate. Manifestations: 
only cutaneous or others. Number of previous reactions: ≥2 or 1.
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tion (NIDHR) in only 1. The predominance of NIUA and 
SNIUAA phenotypes has also been reported by other 
working groups  [34, 35, 41, 42] . However, this is different 
from the findings of Nissen et al.  [30] , who described 
NECD as the most frequent, followed by NERD and
SNIUAA. As a consequence of the classification itself, the 
prevalence of the different phenotypes can depend on the 
prevalence of previous medical conditions in the studied 
population.

  Research has shown that up to 40% of NSAID HS reac-
tions are selective  [12, 13, 20, 34, 35, 41] , and our results 
are in line with this findings.

  There is still controversy about the importance of clin-
ical history data and their predictive value. Our results, 
like those of other studies  [29, 34, 37] , showed that pa-
tients with a previous immediate reaction and those who 
report  ≥ 2 previous reactions have a greater chance of 
having their diagnosis confirmed. 

  On the other hand, we could not corroborate reports 
from other authors concerning the influence of gender or 
atopy as a risk factor  [2, 13, 23, 24, 28–30, 34, 41] . Our 
data are, however, similar to some other published results 
 [34, 37, 43] . Discrepancies may be due to the characteris-
tics of the populations analyzed, e.g. underlying diseases, 
or could be linked to the low number of patients with a 
final confirmed HS, so larger studies would be useful to 
better clarify this point.

  Conclusion 

 In this multicenter study, we analyzed a sample of 227 
patients evaluated for suspicion of NSAID HS. There was 
an overall female predominance. Acetylsalicylic acid was 
the drug most often involved in the reactions, and iso-
lated immediate cutaneous symptoms were the most 
common. STs and DPTs enabled an HS diagnosis in 21% 
of the patients, and ruled it out in 28%. NIUA and SNIUA 
were the most frequent phenotypes encountered among 
patients with a confirmed diagnosis. The logistic regres-
sion analysis showed that gender and atopy were not sig-
nificant risk factors for HS confirmation. The probability 
of a final HS diagnosis depended on the number of previ-
ous reactions, the clinical manifestations, and the time 
interval between drug intake and reaction.
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