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Abstract

Background: Nonsteroidal anti-inflammatory drugs (NSAIDs) are a major cause of drug-induced hypersensitivity, called
“NSAID hypersensitivity”. A confirmative diagnosis is necessary for ensuring drug safety and finding alternative drugs.
No reliable test other than direct challenge is diagnostic. An intravenous (IV) aspirin challenge has rarely been tried.

Objective: To assess the safety and efficacy of the aspirin IV provocation test.

Methods: A retrospective and descriptive study in a hospital. Clinical data were reviewed in patients who had aspirin IV
provocation test with lysine aspirin.

Results: In 71 patients suspected of having NSAID hypersensitivity, aspirin IV provocation test was performed. Most
provocations were performed on the same day. Forty-three (60.6%) showed a positive response to the challenge. The pos-
itive reactions were rescued mostly by antihistamines or glucocorticoids and rarely with bronchodilators and epineph-
rine. Three patients who showed a negative response to the aspirin challenge were shown to have single-NSAID hyper-
sensitivity. For confirmation of NSAID hypersensitivity in these patients, the sensitivity of the IV aspirin provocation
test was 93.5%.

Conclusions: Aspirin IV provocation test with lysine aspirin on the same day is safe and efficacious for diagnosing NSAID

hypersensitivity.
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Introduction

Analgesics are the most widely consumed medicines. Non-
steroidal anti-inflammatory drugs (NSAIDs) are most widely
used analgesics as well as one of the most common causes of
drug-induced hypersensitivity, called “NSAID hypersensitiv-
ity”! Diverse and variable manifestations that range from an
itchy nose to life-threatening anaphylaxis have been reported.
For safety reasons, a confirmative diagnosis should be estab-
lished to provide patients with a list of drugs to be avoided and
to suggest alternatives.?

A reliable in vitro test or predictive marker is still under
investigation for the common clinical condition of NSAID
hypersensitivity.’ Direct provocation with aspirin or with the
NSAIDs of interest is the only decisive diagnostic test. Oral,
bronchial, or nasal routes of aspirin administration for the
provocation have been suggested,** but intravenous (IV) prov-
ocation is rarely attempted.®’

Corresponding author:

Jaechun Lee

Department of Internal Medicine, Jeju National University School of
Medicine, 102 Jejudaehak-ro, Jeju 63243 South Korea

E-mail: doc4u@hanmail.net

In the management of patients with NSAID hypersensitiv-
ity, proper choice of safe analgesics is crucial. Acetaminophen
or a cyclooxygenase-2 (COX-2) selective inhibitor is suggest-
ed, however, the alternative may not always be guaranteed to
be safe because of the risk of cross-reactivity.®

We had been performed aspirin IV provocation tests with
lysine aspirin, retrospectively assessed to determine its safety
and efficacy for the diagnosis of NSAID hypersensitivity.

Methods

We retrospectively reviewed the clinical data of subjects
who had taken the aspirin provocation test using lysine aspirin
from January 2012 to December 2017 in Jeju National Universi-
ty Hospital, Jeju, Korea. (IRB #2013-12-007)
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Subjective

Patients suspected of having NSAID hypersensitivity were
asked to undergo the provocation. The patients were not al-
lowed to take any medicine including bronchodilators, gluco-
corticoids, antihistamines or leukotriene receptor antagonists
for at least 1 week before the test.

Provocation protocol (Figure 1)

The aims of the aspirin IV provocation test were to make
a confirmative diagnosis of NSAID hypersensitivity. At least 1
month after a previous hypersensitivity episode, the patient was
admitted to a day surgery center (DSC) or general ward (GW)
upon a physician’s decision and with the patients informed
consent. In the DSC, the patient is meant to be discharged on
the same day of admission, whereas in the GW, the patient
may stay for at least 1 night. At admission, vital signs were
monitored, and IV saline was connected through a peripheral
venous catheter. Patients were told to report any symptoms or
signs occurring during the provocation test and were closely
observed by a nurse.

[ 71 Patients having suspicious NSAIDs-related symptoms/signs ]
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Figure 1. The scheme of the study flow.

During the test, any occurrence of symptoms or signs such
as itching, rhinorrhea, shortness of breath, wheezing, abdomi-
nal pain, chest discomfort, dizziness, fainting, hives, angioede-
ma, hypotension, or anaphylaxis was considered as a positive
reaction. If a patient displayed any symptom or sign, the test
was halted, and the patient was managed according to the
symptoms or signs.

Lysine-acetylsalicylic acid (L-aspirin, Arthalgyl injection,
II-Yang Pharm, Gyeonggi, Korea) was given IV as a bolus at
30 min intervals; the equivalent amounts of aspirin were 9 mg,
22.5 mg, 45 mg, 90 mg, 225 mg, and 450 mg. The cumulative
dose of aspirin was 841.5 mg. As an oral aspirin provocation,
aspirin 500 mg was given orally, and the patient was observed
for 2 h. For patients who responded negatively, the total time
of the entire test was about 7 h (Table 1).

Table 1. The actual protocol of the provocation test.

Lysine-aspirin

Aspirin
Bolus IV Cumulative dose
9 mg 9 mg 500 mg orally
22.5mg 31.5mg *2 hinterval
45 mg 76.5 mg
90 mg 166.5 mg
225 mg 391.5 mg
450 mg 841.5 mg

*30 min interval

Definition of anaphylaxis

Anaphylaxis is defined as an acute onset of symptoms
involving two or more systems within minutes or hours as
described in the literature.” The involvement is of the skin or
mucosal surface, respiratory compromise, hypotension, or per-
sistent gastrointestinal symptoms. Accordingly, generalized
hives and angioedema (skin/mucosal involvement only) was
not considered to be anaphylactic, whereas angioedema with
shortness of breath and chest discomfort (skin/mucosal and
respiratory involvement) was considered to be anaphylactic.

Results

The provocation test was performed in 71 patients (67.6%
women) whose mean age was 42 * 17 years (range 15-83). For-
ty-eight (67.6%) underwent the provocation test in the DSC.
The records of previous adverse reactions of these patients
showed that 34 patients (47.9%) had experienced anaphylax-
is. The skin/mucosal system (70.4%) was commonly involved,
followed by the respiratory (32.4%), cardiovascular (32.4%),
nervous (4.2%), and gastrointestinal (2.8%) systems. Prescrip-
tions to counter the adverse reactions were provided and re-
viewed completely for 53 patients (74.6%). Only 12 patients
(16.9%) had experienced a reaction to a single drug (NSAID),

Table 2. Demographics of 71 enrolled subjects.

Age, year-old 42 +17 (15-83)

Sex, women 48 (67.6%)
History of adverse reaction

Anaphylaxis 34 (47.9%)
Skin/mucosal system 50 (70.4%)
Gastrointestinal system 2 (2.8%)
Cardiovascular system 23 (32.4%)
Respiratory system 23 (32.4%)
Nervous system 3 (4.2%)
Prescription with adverse reaction provided 53 (74.6%)

Medication with a single component 12 (16.9%)

Data are presented as mean + SD (range) or no. of patients (%).
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and the others had reacted to multiple drugs or could not pro-
vide information about their prescriptions (Table 2).

Among the 71 patients who had the aspirin IV provoca-
tion test, 43 patients (60.6%, 65.1% women, mean age 36 + 14
years) tested positive. In the positives, the reaction occurred
at a mean cumulative dose of aspirin of 159.2 mg (+£200.0
mg, range 31.5-841.5 mg) (Figure 2). Twenty-nine were test-
ed in the DSC, and 28 were discharged on the same day. A
40-year-old woman exhibited shortness of breath at a cumula-
tive dose of aspirin of 391.5 mg. Her symptom was not com-
pletely reversed within hours, and she was moved to the GW
to stay for another day. The following drugs were used to re-
verse the reaction: IV antihistamines in 38 patients (88.4%),
IV glucocorticoids in 27 (62.8%), salbutamol inhalation in 4
(9.3%), intramuscular epinephrine in 2 (4.7%), IV metoclopr-
amide in 1 (2.3%), and oxygen supplementation in 1 (2.3%).
Two patients (4.7%) needed no medication.

L-aspirin (mg)

841.5

Omin 30min 60min 90min 120 min 150 min
N (total 43) 0 7 19 12 2 3
% 0 16.3 44.2 279 4.7 7.0
—@— Bolus IV —— Cumulative dose

Figure 2. The provocative and cumulative doses of lysine as-
pirin in 43 patients with positive intravenous aspirin provo-
cation test.

Among the 28 patients who were negative in the provoca-
tion (71.4% women, mean age 51 + 17 years), no one reacted
to the consecutive oral challenge with 500 mg of aspirin. The
other culprits were successfully proven later in 10 patients.
(3 patients with NSAID hypersensitivity, 2 with acetamino-
phen hypersensitivity, 2 with beta-lactam drug hypersensitivity,
1 with chlorphenesin carbamate hypersensitivity, and 2 idio-
pathic angioedema patients). Two patients were diagnosed as
acetaminophen positive and IV aspirin negative, and three
patients were diagnosed with “single” NSAID hypersensitivity.

A 58-year-old man had previously experienced anaphy-
laxis only with zaltoprofen. An oral provocation test with zal-
toprofen was not performed for safety reasons. A 55-year-old
woman had previously experienced repeated anaphylaxis with

medicines including diclofenac or aceclofenac. Anaphylaxis
was reproduced during an intradermal test with diclofenac. A
36-year-old woman had previously experienced anaphylaxis
only with ibuprofen. She reacted positively to a skin prick test
with ibuprofen. The last two patients might be considered to
have NSAID hypersensitivity with an immunological mecha-
nism.

For diagnosing NSAID hypersensitivity, the sensitivi-
ty of the aspirin provocation test with lysine aspirin might be
93.5%, and the specificity 100%; this included no false positives
and 3 false negative cases with single-NSAID hypersensitivi-
ty, who did not react to the consecutive aspirin oral challenge
(Table 3).

Table 3. Safety and efficacy of aspirin intravenous provoca-
tion test

Safety Efficacy

1. Same-day challenge and
discharge with positive reaction
in 28/29 (96.6%) patients

2. Positive reactions rescued
mostly with antihistamines and/
or glucocorticoids

3. Necessity of bronchodilator in
4 patients (4.7%), epinephrine
in 2 (4.7%), and supplemental
oxygen in 1 (2.3%)

Sensitivity 93.5% and Specificity
100% for the diagnosis of NSAID
hypersensitivity

cf. 89% and 93%, respectively in
aspirin oral provocation test'®

NSAID, Nonsteroidal anti-inflammatory drug.

Discussion

Adverse drug reactions to NSAIDs are the most prevalent
type of drug reaction, mainly because of the wide consump-
tion of these drugs. The mechanism responsible for NSAID
hypersensitivity was not clearly understood, but the well-
known cross-reactivity between various NSAIDs is consistent
with the shared inhibition of cyclooxygenase-1. In a scanty
portion of people with NSAID hypersensitivity, the mecha-
nism is immunologically related, as shown by the lack of cross
-reactivity with different NSAIDs or positive skin testing with
NSAIDs.! A wide range of genetic and epigenetic explana-
tions have been proposed, but these are seldom applied to the
diagnosis and prediction of his common clinical condition.?

The oral provocation test with aspirin was first introduced
in the mid-1970s," and is now considered to be the gold stan-
dard for a confirmative diagnosis.! Despite the lack of a stan-
dard protocol, the suggested cumulative aspirin dose is accept-
ed as 1000 mg, starting at a dose of 1/10 or less and increasing
at intervals of 1.5 to 2 h.!! The total time for the test depends
on the intervals used in the challenge. Because of the risk of
a severe reaction, the total time of some protocols can be 1 or
more days.*

As a multi-systemic challenge, an oral aspirin challenge is
the most sensitive method for a confirmative diagnosis. Diverse
multi-systemic symptoms and signs are expected. By contrast,
local aspirin provocation may be confined in local symptoms
and signs as a positive reaction. Therefore, respiratory chal-
lenge through the nasal/bronchial route is not recommended
in the diagnosis of NSAID-exacerbated urticarial/angioedema.’
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Despite the lower sensitivity than in oral provocation, nasal/
bronchial aspirin provocation with lysine aspirin may be cho-
sen for its relative safety.*

The IV route is the easiest means of prompt drug delivery
at a given time. For the prejudice of occurring severe adverse
reaction, the IV aspirin provocation test has not been used
often in clinical practice. A multi-systemic challenge as well as
prompt reaction are expected to have a high sensitivity with a
shorter duration of provocation. The safety and efficacy of this
convenient method has not been assessed.

Mita et al.® attempted IV provocation with lysine aspi-
rin in 7 patients with allegedly aspirin-intolerant asthma. At
a cumulative IV aspirin dose of as little as 25-75 mg, all ex-
hibited a 20% decrease in lung function. The authors applied
this protocol in another 12 patients with aspirin-intolerant
asthma.'? In a patient with NSAID-exacerbated chronic urti-
caria, the IV challenge with lysine aspirin provoked extensive
hives during the desensitization process.”

In this study, we used the IV provocation test with lysine
aspirin in 71 patients suspected of having NSAID hypersen-
sitivity. In the 43 positive patients, the mean provocative dose
of aspirin was < 200 mg, although there was a wide range. The
decision of the positivity mainly depended on the patients’ re-
port with any occurrence of symptoms and signs. If a patient
exhibited obscure or ambiguous symptoms or signs, the pro-
tocol proceeded cautiously to the next step to have objective
validity. No patient died, and some severe reactions were med-
ically reversed with ease. Up to half of the patients included
in this study had previously experienced anaphylaxis, as not-
ed in the medical record. Kim et al.® administered an oral as-
pirin provocation test with a cumulative dose of aspirin up
to 900 mg in 180 patients, including 31 with a history of ana-
phylaxis. The challenge-related anaphylaxis was not described
for the 131 positive patients. The safety of the test was objec-
tively ensured by the use of reverse or rescue medications.
In our investigation, antihistamines and systemic glucocor-
ticoids were frequently necessary for patients with a positive
reaction, but epinephrine was needed by only 2 patients. Al-
though a history of anaphylaxis is a contraindication for an
oral aspirin challenge,’ we cautiously propose that an IV aspirin
challenge might be applicable.

IV aspirin provocation might be more efficacious over as-
pirin oral challenge in the diagnosis of NSAID hypersensi-
tivity. Mita et al.*"? reproduced bronchospasm in all aspirin-
intolerant asthmatics, and the sensitivity reached 100%. Ni-
zankowska et al.”? reported that the sensitivity and the speci-
ficity of oral challenge with 500mg of cumulative aspirin were
89% and 93%, respectively, with 20% fall of FEV1 and ex-
tra-bronchial symptoms together. No patient reacted to 500
mg in the oral aspirin challenge in this study. Once classified
with aspirin exacerbated respiratory disease, some patient may
declare itching in the mouth, runny nose, or swollen eyelids
prior to the respiratory distress when exposed to NSAIDs. In
spite of including heterogeneous phenotypes in the reactions
and considering diverse reactions as a positive, for exclud-
ing NSAID hypersensitivity, our protocol reached the high-
est specificity, except for rare immune-related cases of single-
NSAID hypersensitivity.

APJAI

Hypersensitivity to a single NSAID is an extremely rare
condition that has been described only in case reports. Differ-
ent from the more common condition of cross-reactivity, the
mechanism for single-NSAID hypersensitivity may involve an
IgE-mediated immunological reaction.! In patients with this
rare type of hypersensitivity, a skin prick or intradermal test
with the affected NSAID before the IV aspirin provocation test
would be diagnostic.

Once NSAID hypersensitivity is strongly suspected or
documented by provocation, the next challenge is to select al-
ternative analgesics for the patient. Acetaminophen and/or
COX-2-selective inhibitors are commonly recommended. In
a large-scale study of oral challenge-proven aspirin-hypersen-
sitive patients in Korea, acetaminophen and celecoxib were
tested orally and caused positive tests in 25% and 10% of pa-
tients, respectively.®

In conclusion, The IV aspirin provocation test with ly-
sine aspirin appears to be safe and eflicacious for diagnosing
NSAID hypersensitivity. A larger-scale trial should be under-
taken to confirm these results.
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