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Other diagnostic tests include in vitro-specific IgE tests, and 
the current ‘gold’ standard is usually an oral challenge or 
bronchoprovocation test. In the case of aspirin, even though 
it is not believed to be IgE-mediated, a ‘desensitization’ pro-
tocol has been developed and utilized successfully, although 
the mechanism of this desensitization is unclear.  Conclu-

sions:  Diagnostic methods exist to distinguish allergic from 
nonallergic drug hypersensitivity reactions. The best option 
in nonallergic drug hypersensitivity is avoidance. If that is 
not possible, premedication protocols have been devel-
oped, although the success of premedication varies amongst 
drugs and patients.   Copyright © 2012 S. Karger AG, Basel

  Introduction

  Adverse drug reactions can affect up to 25% of outpa-
tients and 10–20% of hospitalized patients  [1–3] . How-
ever, true allergies to drugs constitute only a small por-
tion of adverse drug reactions. Adverse drug reactions 
can be separated into type A, B, C, D and E reactions  [4] . 
Type A reactions are predictable reactions that occur 
based on a known pharmacologic property of a drug, an 
example being the sedative effects of a first generation 
antihistamine like diphenhydramine. Type B reactions 
are unpredictable reactions that are not based on the 
pharmacologic property of the drug, but may instead be 
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  Abstract

   Background:  Nonallergic drug hypersensitivities, also re-
ferred to as pseudoallergic or anaphylactoid reactions, have 
clinical manifestations that are often indistinguishable from 
allergic reactions.  Methods:  We performed a PubMed search 
using the terms ‘drug allergy, drug hypersensitivity, pseudo-
allergies, anaphylaxis and nonallergic drug reactions’ and re-
viewed 511 publications dated between 1970 and 2012. A 
total of 160 papers that were relevant to the most common 
nonallergic drug hypersensitivity reactions were selected 
for discussion.  Results:  Nonallergic drug hypersensitivities 
do not involve either IgE-mediated (type 1) or delayed (type 
4) hypersensitivity. Nonallergic hypersensitivities are com-
monly referred to as pseudoallergic or idiosyncratic reac-
tions. The common nonallergic drug hypersensitivities are 
secondary to chemotherapeutic drugs, radiocontrast agents, 
vancomycin, nonsteroidal anti-inflammatory agents, local 
anesthetic reactions and opiates. Protocols for skin testing of 
radiocontrast, nonsteroidal anti-inflammatory agents, local 
anesthetics and chemotherapeutic agents have been devel-
oped, though most have not been validated or standardized. 
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solely or partially dependent on the patient. Type C reac-
tions are related to the cumulative dose of a medication 
and are dependent on both time and dosage  [4] . Type D 
reactions are time dependent and manifest in a delayed 
fashion after the initiation of the drug  [4] . Type E reac-
tions refer to withdrawal symptoms after discontinuation 
of the drug  [4] . Type B reactions can be further divided 
into intolerances, idiosyncratic drug reactions and im-
munologic drug reactions. Immunologic drug reactions 
are reactions that have a drug-specific immune response 
and may include IgE-mediated or cell-mediated drug al-
lergy. Idiosyncratic reactions do not involve IgE- or cell-
mediated immunologic mechanisms, and the mecha-
nism is usually unclear  [5] . Idiosyncratic drug reactions 
are also referred to as pseudoallergic reactions.

  A consensus statement from the World Allergy Orga-
nization clarified the classification of idiosyncratic reac-
tion and immunologic drug reactions. They defined hy-
persensitivity as objectively reproducible symptoms or 
signs initiated by exposure to a defined stimulus at a dose 
tolerated by normal persons  [6, 7] . Thus, both idiosyn-
cratic reactions (i.e. pseudoallergy) and immunologic 
drug reactions can be classified as drug hypersensitivity. 
If a drug hypersensitivity reaction has a specific immu-
nologic mechanism it is known as a drug allergy. Further-
more, drug allergies can be classified as having an IgE-
mediated mechanism or a non-IgE mechanism ( fig.  1 ). 
Non-IgE mediated drug allergies can be further classified 
as cell-mediated or IgG-mediated ( fig.  1 ). Drug allergy 
can be classified into four different groups based on the 
Gell Coombs classification ( table 1 ). Nonallergic drug hy-
persensitivity reactions have also been termed pseudoal-
lergic or idiosyncratic reactions.  Table 2  provides a com-
parison of allergic and nonallergic drug hypersensitivity 
reactions.

  Similarly to drug allergic reactions, nonallergic drug 
hypersensitivity reactions can present with urticaria, an-
gioedema, or bronchospasm. The same effector cells in-
volved in drug allergy such as basophils and mast cells 
are also involved in nonallergic drug hypersensitivity. 
These effector cells are activated by nonimmune mecha-
nisms, and resulting clinical effects are induced by the 
ionicity of radiocontrast agents or direct stimulation of 
mast cells by vancomycin. Nonallergic drug hypersensi-
tivity reactions can also present similarly to anaphylaxis. 
Anaphylaxis is defined as an acute hypersensitivity reac-
tion that involves two or more organ systems, with or 
without urticaria, or by hypotension with or without oth-
er system involvement  [8] . The diagnosis is supported 
when there is a temporal relationship between a known 

Drug hypersensitivity

Drug allergy Nonallergic drug hypersensitivity
(a.k.a. pseudoallergy, anaphylactoid)

IgE-mediated Non-IgE-mediated

IgG-mediatedCell-mediated

  Fig. 1.  Classification of drug hypersensitivity [5]. 

  Table 1.   Gell and Coombs classification of drug allergy

 Gell and 
Coombs 

 Mechanism  Example 

 Type I  IgE-mediated  Anaphylaxis 
 Urticaria 

 Type II  complement-mediated 
(IgG or IgM) 

 Hemolytic anemia
  Thrombocytopenia 

 Type III  immune complex
  (IgG or IgM) 

 Serum sickness 

 Type IV  delayed hypersensitivity  Contact dermatitis 
 Morbilliform eruptions 
 Stevens-Johnson syndrome 

 
 

  Table 2.   Differences between allergic and nonallergic drug hyper-
sensitivity

 Allergic drug
  hypersensitivity 

 Nonallergic drug 
hypersensitivity 

 Mechanism  IgE- or cell-mediated  Nonimmunologic 

 Prior exposure  Required to drug or
  cross reacting drug 

 Not required 

 Diagnosis  History
  Skin test
  Graded drug challenge
  In vitro diagnostic tests 

 History
  Graded drug
  challenge 

 Cross reactivity  Drug with similar
  structure 

 Drugs with similar 
function (NSAIDs 
and narcotics) 
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trigger and the event. When the mechanism does not in-
volve an immunologic cause it has been referred to as 
anaphylactoid. Though still used in some circles, this is 
an outdated terminology, and the World Allergy Organi-
zation has proposed that reactions without an immuno-
logic mechanism be referred as nonallergic anaphylaxis, 
and that the term anaphylactoid no longer be used  [7] .

  For the purposes of our discussion, the term nonaller-
gic drug hypersensitivity will be used in place of pseudo-
allergy, and nonallergic anaphylaxis will be used in place 
of anaphylactoid. In addition, ‘desensitization’ protocols 
are presented for a variety of agents, but strictly speaking, 
if there is no sensitization, meaning the development of 
an immunologic sensitivity that is sustained over time as 
a result of the development of immunologic memory, 
then the term ‘desensitization’ is not entirely accurate, 

and many of these protocols may in fact be administra-
tion regimens tested under different conditions to deter-
mine whether or not they can be tolerated without ad-
verse side effects (i.e. a drug challenge;  table 3 ).

  Chemotherapeutic Agents

  Chemotherapeutic agents have been implicated in lo-
cal and systemic reactions ( table 4 ). Some of these reac-
tions, such as those resulting from platinum-based com-
pounds, are thought to be classic IgE-mediated drug al-
lergy. However, the mechanisms of drug hypersensitivity 
from other agents are unknown and are believed to be 
‘nonallergic’ in nature.

  Taxanes

  Taxanes are chemotherapeutic agents that include pa-
clitaxel and docetaxel. These agents have been approved 
for treatment for breast, ovarian, and non-small-cell lung 
cancer. Paclitaxel is an alkaloid derived from  Taxus brevi-
folia  and docetaxel is a semisynthetic compound pro-
duced from  Taxus baccata . Common reactions include 
facial flushing (80%), chest discomfort (67%), back pain 
(51%), tachycardia (45%), erythematous rash (36%), hypo-
tension (25%), pruritus/urticaria (20%) and facial swell-
ing (18%)  [9] . Many of the reactions to taxanes can occur 
upon the first administration which suggests a nonaller-
gic drug mechanism  [10] . The reactions can occur during 
or after the infusion of the taxane. The reactions may oc-
cur within minutes to several days of starting the infu-

  Table 3.   Differences between desensitization and challenge

 Drug challenge  Desensitization 

 Indication  Unlikely to be an allergic reaction  Allergic reaction established or likely 

 Situation  To determine if a drug is truly tolerable  To change a drug from being nontolerable to tolerable 

 Number of steps  Fewer  Higher 

 Interval of dosing  May be 10-fold or greater  Usually doubled 

 Time interval between doses  Depends on side effect being monitored  If IgE mediated, usually 30 min 

 Goals  To determine conditions in which drug
  may be tolerable 

 To induce temporary tolerance to medication 

 Immunological effect  No change  Change of host immune status from hypersensitive to 
tolerant 

 
 

  Table 4.   Common chemotherapy infusion reactions

 Cardiovascular  Hypotension, hypertension,
  tachycardia, bradycardia, palpitations, 
chest pain 

 Central nervous system  Dizziness, syncope 

 Dermatologic  Macular rash, urticaria, pruritus,
  angioedema, flushing 

 Endocrine  Fever, rigors, diaphoresis 

 Musculoskeletal  Myalgia, fatigue 

 Respiratory   Dyspnea, cough, bronchospasm,
  stridor, tachypnea, rhinitis, sneezing, 
hypoxemia 
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sion  [10] . The mechanism of the reactions to taxanes may 
be related to the vehicle used to prepare the agent. Pacli-
taxel is prepared with Cremophor-EL which is a com-
pound made with amphiphilic lipid molecules and has 
been shown to cause activation of complement, poten-
tially leading to production of anaphylatoxins  [11] .

  Taxane adverse drug reactions are unpredictable. 
Since IgE is not involved, skin testing has not been a reli-
able predictor for hypersensitivity reactions, though an 
IgE-mediated event related to taxane administration has 
been reported  [12] . The treatment of a taxane drug reac-
tion involves premedication regimens and/or ‘desensiti-
zation’. The use of premedication regimens with steroids 
and antihistamines has been shown to decrease the fre-
quency of taxane adverse reactions from 30%  [13]  to 
2–4%  [14] . One premedication regimen for paclitaxel in-
volves intravenous administration of 20 mg of dexameth-
asone 12 and 6 h before infusion, intravenous adminis-
tration of 50 mg of diphenhydramine 30 min before
infusion, and intravenous administration of 300 mg of 
cimetidine or 50 mg of ranitidine 30 min before infusion 
 [15] . Several studies have shown that giving only one 
course of dexamethasone 30 min before infusion may be 
as effective as two courses  [16, 17] . Yet, a study comparing 
single-dose intravenous dexamethasone with two doses 
of oral dexamethasone premedication showed a higher 
rate of hypersensitivity reactions with the single dose reg-
imen (17.3 vs. 7.5%, respectively)  [18] . ‘Desensitization’ 
protocols for taxanes have been described, the most re-
cent of which was published by Castells et al.  [19] , outlin-
ing a 12-step protocol that took 5.8 h and was successful 
in desensitizing to paclitaxel for all patients who under-
went the protocol.

  L-Asparginase

  L-asparginase is an enzyme derived from either  Esch-
erichia Coli  (Elspar),  Erwinia chrysanthemi  (Kidrolase, 
Erwinase) or  E. Coli  asparginase that is attached to poly-
ethylene glycol (Oncaspar). It is used in the treatment of 
acute lymphoblastic leukemia and has been associated 
with frequent hypersensitivity reactions. The route of ad-
ministration determines the rate of frequency of reaction 
to the drug. Studies using L-asparginase have document-
ed hypersensitivity reactions occurring in 6–43% of cas-
es  [20] . When L-asparginase is given as a single agent the 
reaction rate occurs more frequently (25–43%) than when 
it is given in combination with other chemotherapeutics 
(less than 10%)  [21] . However, hypersensitivity reactions 

with L-asparginase are much lower with subcutaneous or 
intramuscular administration than with intravenous ad-
ministration  [22] . Therefore, the drug is no longer given 
intravenously.

  Reactions typically occur within one to several hours 
of administration of the drug, and manifest as pruritus, 
urticaria, skin rash, bronchospasm and hypotension  [23] . 
However, anaphylactic reactions can occur in less than 
10% of cases  [24] . The mechanism of hypersensitivity re-
actions to L-asparginase has been proposed to be an IgE-
mediated mechanism based on findings of IgE anti-as-
parginase antibodies  [25] . However, others have suggest-
ed a complement-mediated mechanism with IgM and 
IgG antibody complexes  [26] .

  Skin testing with L-asparginase has been previously 
described; however, the protocol is not standardized and 
has been associated with false-positive and false-negative 
reactions  [27] . The recommendation to skin prick test us-
ing 0.1 ml of a 20 IU/ml dilution of the drug before the 
first dose or whenever an interval of 1 week or greater has 
elapsed between doses  [27] . If the skin test is positive then 
the drug should not be given or desensitization to the 
drug should be performed.

  Several options exist to treat hypersensitivity reaction 
to L-asparginase. One option is to switch to a different 
L-asparginase drug preparation. Patients who react to the 
 E. Coli -derived L-asparginase can be switched to the  Er-
winina -derived enzyme with low rates of recurrent reac-
tion  [28] . In addition, the patient can be switched to the 
polyethylene glycol formulation, which when given intra-
muscularly is associated with lower hypersensitivity reac-
tion rates  [27] . The reaction rates to polyethylene glycol 
formulation are much lower compared to the other for-
mulations and it is now being used as a first line prepara-
tion for L-asparginase. If the patient cannot tolerate any 
of the L-asparginase formulations, ‘desensitization’ must 
be performed if the patient is to continue receiving the 
chemotherapy.

  Epipodophylotoxins

  The epipodophylotoxins are antimitotic agents and in-
clude teniposide and etoposide. Teniposide is used to 
treat neurologic and hematologic malignancies while eto-
poside is used to treat testicular cancer and small-cell 
lung cancer. Both these agents are given intravenously 
but etoposide can also be given orally. Hypersensitivity 
reactions to these drugs include dyspnea, hypotension 
and bronchospasm and are usually mild in nature  [29] . 
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The reaction rate for teniposide and etoposide ranges 
from 6 to 41% for hypersensitivity reactions and 0.7 to 
14% for anaphylactic reactions  [30, 31] . Reactions can oc-
cur on the first infusion or during subsequent infusions 
 [27] . Moreover, they can occur minutes to hours after ini-
tiating the infusion  [32] .

  The exact mechanism for the hypersensitivity reac-
tions is unknown. Similar to taxanes, the solvent in which 
the epipodophylotoxins are dissolved may play a role in 
the mechanism of hypersensitivity reactions. Intrave-
nous teniposide is dissolved in Cremophor and intrave-
nous etoposide is dissolved in polysorbate (Tween) 80. It 
is thought the solvent plays a role because oral etoposide 
has not been associated with hypersensitivity reactions 
 [23] . In addition, etoposide phosphate, a water soluble 
prodrug without polysorbate 80, has been shown in sev-
eral cases not to induce reactions in patients with reac-
tions to etoposide dissolved in polysorbate 80  [32, 33] . 
This has been a controversial issue. Nolte et al.  [34]  
showed that basophils from sensitized patients degranu-
lated upon exposure to teniposide but not to Cremophor. 
This suggests that the dissolvent indeed may not play a 
role in hypersensitivity reactions and that the compounds 
themselves are the cause of the reactions.

  A slow infusion rate and premedication with antihis-
tamine has been shown to prevent reactions upon rechal-
lenge with the epipodophylotoxins. This protocol was 
demonstrated to be successful in 78% of cases  [35] . More-
over, several published cases have shown that patients 
with reactions to etoposide can be safely treated with eto-
poside phosphate  [32, 33] . In a case report reported by 
Collier et al.  [33] , 6 patients with hypersensitivity reac-
tions to etoposide tolerated etoposide phosphate infu-
sion. Only 1 out of the 6 patients required premedication 
prior to etoposide phosphate.

  Radiocontrast Agents

  Radiocontrast agents can be separated by virtue of 
their physical characteristics of osmolality, ionization in 
solution and chemical structure  [36] . Based on these 
characteristics, these agents can be separated into four 
different groups: ionic monomers, nonionic monomers, 
ionic dimers, and nonionic dimers  [36] . Hypersensitivity 
reactions to contrast media can be divided into immedi-
ate (occurring within 1 h of contrast administration) and 
delayed reactions (occurring over 1 h after contrast ad-
ministration)  [37] .

  Common clinical manifestations of immediate reac-
tions include pruritus, urticaria, angioedema, abdominal 
pain, bronchospasm, laryngeal edema and hypotension 
 [22] . Nonimmediate reactions commonly involve pruri-
tus and exanthems (macular or maculopapular eruption) 
that are mild and self-limiting  [38] . However, severe life-
threatening reactions have been reported, including Ste-
vens-Johnson syndrome, toxic epidermal necrolysis or 
‘anaphylactic’ shock. The prevalence of these severe ad-
verse reactions ranges from 0.03 to 0.16%  [39] .

  The prevalence of immediate type reactions is 3.8–
12.7% in patients with high-osmolar, ionic contrast me-
dia versus 0.7–3.1% in patients receiving low-osmolar 
non-ionic contrast media  [22, 40–42] . In addition, the 
prevalence rate of severe immediate reactions is between 
0.1 and 0.4% for ionic contrast media and between 0.02 
and 0.04% for nonionic contrast media  [22, 40–42] . Even 
though the rate of reactions for nonionic compounds is 
less than the rate for ionic compounds, the death rate is 
the same between the two agents with an occurrence of
1 in 100,000 examinations  [43] . For nonimmediate reac-
tions the range of prevalence rates has been wide (be-
tween 0.5 and 23%), in part because of the difficulty in 
determining if a reaction that occurs hours or days after 
contrast media can be attributed to the radiocontrast  [37] . 
While these reaction rates are low, when one considers 
that there are 60 million doses of iodinated contrast used 
worldwide each year, it can still be a significant problem.

  Several important risk factors have been determined 
for the development of an immediate reaction to contrast 
media. These include a previous history of an immediate 
reaction to a contrast agent, a history of asthma and his-
tory of atopic diseases (allergic rhinitis, atopic dermatitis 
or food allergies)  [22] . Certain medications such as beta-
blockers or nonsteroidal anti-inflammatory drugs may 
increase the risk, but no consensus has been reached on 
this  [44] . Seafood allergy is not a risk factor for contrast 
hypersensitivity reaction even though a recent survey in-
dicated that this is a common misperception  [45] . This 
misconception was created from an association between 
contrast agents containing iodine and the high iodine 
content in seafood. However, tropomyosin is the main al-
lergen found in shellfish  [46] , and is structurally different 
from iodine in the contrast agent. Moreover, most reac-
tions to contrast media are non-IgE mediated and un-
likely to be a result of cross sensitization between the io-
dine in shellfish and contrast media  [45] . While there has 
been an association between patients with seafood aller-
gy and contrast reaction  [47] , the likely explanation can 
be attributed to the fact that seafood allergy is a common 
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cause of food allergy and atopic patients have a higher risk 
for contrast reaction.

  The mechanisms behind the immediate reactions to 
contrast media are not entirely clear. Several mechanisms 
may be involved. The osmolality of the contrast media 
may be a trigger for direct histamine release from mast 
cells. Alternatively, certain characteristics of the chemi-
cal structure of the contrast agents may also stimulate 
direct histamine release  [48, 49] . It is also possible that 
complement activation  [50, 51]  may play a role. This also 
does not answer the question as to why osmolality and 
chemical structure does not lead to reactions in all indi-
viduals receiving radiocontrast media  [52] . Case reports 
have suggested a role for an IgE-mediated mechanism 
 [53, 54] . This may be the mechanism in a small number 
of cases but cannot explain all of the cases. Nonimmedi-
ate hypersensitivity reactions with the involvement of T 
cells may present another mechanism of action  [48, 49, 
55] . The evidence for this comes from skin biopsies per-
formed in patients with delayed reactions to contrast me-
dia which showed infiltration of CD4+ and CD8+ lym-
phocytes  [49] . Further evidence of a T cell-mediated pro-
cess comes from patch testing and delayed intradermal 
testing  [55] . Several studies have shown that patients with 
delayed hypersensitivity reactions had positive reactions 
to both delayed intradermal testing and patch testing to 
the contrast media  [37, 52, 56] . Lastly, positive lympho-
cytes activation tests to contrast agents have been dem-
onstrated, although the number of patients in the study 
was very small  [49] .

  For immediate contrast reactions, if there are clinical 
manifestations of anaphylaxis then a serum tryptase 
should be checked within 3 h of the reaction. Serum 
tryptase is a marker of mast cell activation and a serum 
tryptase will be elevated in any IgE-mediated drug al-
lergy if checked within 3 h of the reaction. If radiocon-
trast hypersensitivity reactions do not involve an IgE-me-
diated mechanism, then it would follow that skin testing 
is of limited value. However, there are several recent stud-
ies which suggest that skin testing with contrast media 
may be able to identify patients with immediate or de-
layed contrast hypersensitivity reactions  [57–59] . In a Eu-
ropean multicenter study, 122 patients with a history of 
immediate reactions to contrast were tested with skin 
prick (1:   1 dilution of contrast agent) and intradermal skin 
tests (1:   10 dilution of contrast agent) within 2–6 months 
of their reaction  [57] . Either skin prick or intradermal 
skin tests eliciting a positive reaction occurred in 50% of 
patients with immediate hypersensitivity reactions to 
contrast media. In 28 cases, the offending contrast agent 

was known, and of these, skin test to the agent was posi-
tive in 86% of cases, indicating the presence of an IgE-
mediated event. This was further supported by the obser-
vation that 96% of controls had negative reactions to the 
skin tests.

  Another recent study evaluated 26 patients with im-
mediate hypersensitivity reactions to contrast agents. In-
tradermal skin tests were performed at several dilutions 
to the contrast agent implicated by the patient’s history 
 [58] . Positive intradermal skin tests were found in 19 pa-
tients (74%) and 7 patients reacted to the agent at an un-
diluted strength. The patients were tested to ten different 
contrast media agents. There was little cross-reactivity to 
other contrast agents with only 7% of patients testing pos-
itive to another commercial cross-reacting contrast agent. 
However, false positive and false negatives could have oc-
curred in these studies. A study evaluated 29 patients 
who had a history of contrast media reaction over the last 
9 years. The patients were skin tested and rechallenged 
with contrast agent. The results showed a negative predic-
tive value of 96.6% and none of the reactions in skin test-
negative patients was severe  [60] .

  Prevention of reactions to radiocontrast media in-
volves the use of a different contrast agent or use of a pre-
medication protocol. If a patient reacts to the contrast 
agent then another agent must be used  [37] . Ionic high 
osmolar agents are associated with higher reaction rates 
compared with nonionic low osmolar agents  [40–42] . 
Therefore if the patient developed a reaction to an ionic 
high-osmolar agent then they should be switched to a 
nonionic lower osmolar agent  [61] . In addition, patients 
who develop reactions to nonionic lower osmolar agents 
should be switched to a nonionic isomolar agent  [61] . A 
list and categorization of radiocontrast agents is shown in 
 table  5 . Based on the American College of Radiology 
guidelines, it is recommended that patients with a history 
of contrast reactions receive premedication prophylaxis 

  Table 5.  C lassification of radiocontrast agents

 Ionic  Nonionic
  (low osmolality) 

 Nonionic
  (isoosmolal) 

 Diatrizoate  Iohexol  Iodixanol 

 Iothalamate  Iopamidol 

 Ioxaglate  Ioversol 
 Iopromide 
 Ioxilan 
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 [61] . There is published evidence showing a reduction in 
reaction rates with the use of a premedication protocol 
from 17 to 60% down to 9%  [62–64] . A premedication 
protocol is shown in  table 6   [62–64] . These studies have 
shown a decrease in immediate hypersensitivity reac-
tions to contrast agents. To date there is no evidence doc-
umenting prevention of delayed hypersensitivity reac-
tions to contrast agents using pharmacologic prevention.

  The efficacy of a pretreatment protocol is not universal 
and there have been case reports of patients who devel-
oped repeated reactions despite use of a pretreatment 
protocol  [65, 66] . In addition, in a review of the literature 
on premedication protocols  [67] , it was found that the 
usefulness of a premedication regimen is doubtful as a 
large number of patients had to be treated in order to pre-
vent one reaction. However, if the patient does have a re-
action even after premedication, the reaction will usually 
be of the same severity as the original reaction. A study 
performed by Davenport et al.  [68]  reviewed repeated re-
actions to low osmolarity contrast. 81% of repeated reac-
tions were of a severity that was similar to the original 
reaction and only 8% had a reaction that was more severe 
than the original reaction. From these observations, it ap-
pears to be relatively unlikely that a reaction to contrast 
media will become more severe with subsequent reac-
tions.

  Vancomycin

  Vancomycin can cause two types of adverse drug reac-
tions: red man syndrome and anaphylaxis  [69] . Red man 
syndrome is a drug hypersensitivity reaction to vanco-
mycin that can occur in 5 to 14% of adults  [70] . It typi-
cally occurs when vancomycin is administered parenter-
ally, but there have been case reports of red man syn-
drome occurring when vancomycin is administered 
orally  [71–73] . The syndrome usually involves symptoms 
of pruritus, flushing and an erythematous rash that in-
volves the upper body and neck  [74] . Hypotension, chest 
pain and muscle cramping have also been reported with 

this syndrome  [75, 76] . The symptoms usually occur 
within several minutes after infusing vancomycin, but 
delayed reactions can occur at the end of a 90–120 min 
infusion  [70] .

  Red man syndrome is a nonallergic drug hypersensi-
tivity reaction and is thought to involve direct stimula-
tion of mast cells by vancomycin without involvement of 
IgE. In rats vancomycin has been shown to directly de-
granulate mast cells  [77, 78] . Several studies have shown 
an increase in serum histamine levels associated with red 
man syndrome  [79, 80] . The reaction is related to the rate 
in which vancomycin is infused. Usually infusions of less 
than 1 h are associated with reactions and slower infu-
sions have been shown to be less likely to induce a similar 
adverse reaction. In a randomized double blind trial in-
volving 10 adult males, vancomycin was administered ei-
ther as a 2- or 1-hour infusion  [81] . With the 1-hour infu-
sion, 8 out of 10 patients developed red man syndrome 
reactions. Only 3 out of 10 patients developed red man 
syndrome with the 2-hour infusion. Therefore, it is rec-
ommended that patients receive vancomycin infusion 
over at least 1 h to prevent red man syndrome  [82] .

  The concomitant use of certain medications that cause 
nonspecific histamine release from mast cells may pre-
cipitate red man syndrome in patients receiving vanco-
mycin infusion. These include opiods, radiocontrast 
agents and muscle relaxants  [83] . Avoiding concomitant 
narcotics in patients receiving infusion of vancomycin 
has been shown to prevent the recurrence of red man syn-
drome  [83] .

  Premedication with diphenhydramine has been 
shown to prevent red man syndrome. Wallace et al.  [84]  
administered 1 g of vancomycin over 1 h to 17 patients 
pretreated with placebo and 16 patients pretreated with 
50 mg of intravenous diphenhydramine 1 h before the 
infusion. In the placebo-treated group, 47% of patients 
developed red man syndrome, while in the diphenhydra-
mine group none of the patients developed the reaction. 
Therefore, pretreatment with diphenhydramine prior to 
vancomycin can be a recommended approach in prevent-
ing red man syndrome.

  If clinical features of red man syndrome appear, then 
the vancomycin infusion must be stopped immediately 
and treatment with diphenhydramine should be institut-
ed. If the patient is hypotensive, intravenous fluids should 
be administered. The red man syndrome reaction must 
be distinguished from anaphylaxis. Symptoms of dys-
pnea, wheezing, stridor or hives would suggest anaphy-
laxis and intramuscular epinephrine should be adminis-
tered promptly  [85] .

  Table 6.   A pretreatment protocol for radiocontrast media-related 
allergy [62–64] 

 Radiocontrast media pretreatment protocol 

 Prednisone 50 mg given 13, 7 and 1 h before procedure 
 Diphenhydramine 50 mg IV given 1 h before procedure 
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  Nonsteroidal Anti-Inflammatory Drug 
Hypersensitivity Reactions
  Nonsteroidal anti-inflammatory drugs (NSAIDs) are 

some of the most common over the counter drugs used. 
NSAIDs inhibit cyclooxygenases (COX) which are in-
volved in the conversion of arachidonic acid into pros-
taglandins and thromboxanes. Two types of COX can 
be found in the body. COX-1 is constitutively expressed 
in all cells in the body, but COX-2 is inducible by cyto-
kine stimulation, and is expressed only in inflammatory 
cells. NSAIDs such as aspirin will block both COX-1 and 
COX-2 whereas selective COX-2 inhibitors such as cele-
coxib blocks only COX-2. This is why COX-2 inhibitors 
are not associated with the gastric side effects as seen 
with the COX-1 inhibitors. A list of the different NSAIDs 
and the forms of COX that they inhibit is shown in  ta-
ble 7 .

  Hypersensitivity reactions to NSAIDs were first de-
scribed by Widal et al.  [86]  in their paper on the associa-
tion of asthma, aspirin sensitivity and nasal polyps and 
this has been referred to as Samter’s triad. Since then, 
multiple types of reactions to NSAIDs have been de-
scribed. These NSAID reactions can be categorized into 
nonallergic or allergic reactions. They include NSAID-
induced rhinitis/asthma (also known as Aspirin Exacer-
bated Respiratory Disease), NSAID-exacerbated urticar-

ia/angioedema in patients with underlying chronic
idiopathic urticaria, multiple drug-induced urticaria/an-
gioedema without underlying disease and single drug-
induced anaphylaxis  [87] .  Table 8  illustrates the charac-
teristics of the common NSAID reactions.

  Aspirin-Exacerbated Respiratory Disease

  Aspirin-exacerbated respiratory disease (AERD) is 
characterized by nasal polyposis, asthma, chronic rhino-
sinusitis and sensitivity to aspirin  [88] . The term signifies 
that the disease progresses whether or not aspirin is in-
gested but aspirin can exacerbate the clinical manifesta-
tions  [88] . The disease is an acquired disorder with onset 
of symptoms between the 2nd and 5th decades of life, 
with an average age of onset of 34 years seen in one study 
 [89] . It progresses over the years and usually initially 
manifests as nasal congestion, with patients commonly 
reporting having an upper respiratory infection that nev-
er resolves  [90] . Subsequently, they will develop chronic 
rhinosinusitis with nasal polyposis  [90] . The asthma 
component may have been present since childhood, or 
may appear within several years after onset of chronic 
rhinosinusitis with polyposis  [91] . The sinusitis is severe 
and patients may have repeated polypectomies if the 
AERD is left untreated  [92–94] . After ingestion of aspirin 
or other NSAIDs, nasal congestion, rhinorrhea, perior-
bital edema, conjunctival injection, shortness of breath 
and wheezing may develop within 30–120 min  [88] . The 
provoking dose of aspirin or NSAID can vary significant-
ly from 10 up to 600 mg  [92] .

  Jenkins et al.  [95]  performed a meta-analysis in 2004 
and extracted data from 21 papers (15 in adults and 6 in 
children) that provided information on the prevalence of 
AERD. The study population in most of these studies in-
cluded asthmatics followed as outpatients. The overall 
prevalence was much higher when oral provocation was 
done than when history alone was used to determine as-
pirin sensitivity. The prevalence among asthmatics was 
much higher in adults than in children (21 vs. 5% by oral 
provocation testing and 2.7 vs. 2% by history). In another 
study, AERD was estimated to be present in 4.3–11% of 
adult asthmatics  [96] , but in 34% of asthmatics who also 
have nasal polyposis and chronic rhinosinusitis  [90] . In a 
study of 300 patients in the USA, the female to male ratio 
was found to be 3:   2  [89] . There is no predilection for 
AERD based on race, ethnicity or family history  [89] . The 
asthma in AERD is usually more severe, requires higher 
doses of inhaled corticosteroids and is more frequently 

  Table 7.   Classes of NSAIDs

COX-1 and COX-2 
inhibitors

Inhibitors of 
COX-2 at low 
doses but COX-1 
at higher doses

Selective
COX-2
inhibitors

Weak COX-1 or 
COX-2 inhibitors

 Ibuprofen  Nimesulide  Celecoxib  Salsalate 
 Naproxen  Meloxicam  Rofecoxib  Acetaminophen 
 Naproxen sodium  Valdecoxib 
 Indomethacin  Etoricoxib 
 Diclofenac  Parecoxib 
 Sulindac  Lumiracoxib 
 Piroxicam 
 Ketoprofen 
 Ketorolac 
 Nabumetone 
 Fenoprofen 
 Oxaprozin 
 Flurbiprofen 
 Mecolfenate 
 Tolmetin 
 Mefenamic acid 
 Diflunisal 
 Etodolac 
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associated with near fatal asthma when compared with 
non-AERD asthmatics  [97–99] .

  All NSAIDs that are COX-1 inhibitors (including as-
pirin) will cause exacerbations in patients with AERD. A 
list of NSAIDs and their classification are shown in  ta-
ble 6 . Paracetamol and salsalate are weak COX-1 inhibi-
tors and can be tolerated in patients with AERD up to a 
certain dose. With regard to paracetamol, most patients 
with AERD can tolerate up to 650 mg with no reaction, 
but 28% develop mild asthmatic reactions when ingesting 
1,000 mg  [90] . Salsalate can be tolerated up to a dose of 
2,000 mg per day, but doses above this may cause mild 
respiratory reactions in 10% of AERD patients  [98] . 
NSAIDs that are COX-2 inhibitors at lower doses, but 
which have partial COX-1 inhibition at higher doses in-
clude meloxicam and nimesulide. These agents can usu-
ally be given safely to patients with AERD, but rarely have 
been associated with mild reactions. COX-2 inhibitors 
can be safely given to AERD patients based on several tri-
als in which patients with AERD were challenged with 
COX-2 inhibitors  [100–103] . However, there have been 
case reports of AERD patients reacting to COX-2 inhibi-
tors  [104, 105] . The mechanism of COX-2-related AERD 
is unknown and it may be prudent in patients with known 
AERD to perform an oral provocation test with the COX-
2 under close observation before recommending its use 
 [106] . Currently, celecoxib is the only COX-2 inhibitor 
available in the USA.

  The pathogenesis of AERD stems from the effect of 
COX-1 inhibitors on the eicosanoid lipid mediator path-
way. This pathway is involved in the production of leu-
kotrienes and prostaglandins from arachidonic acid. 

Phospholipids found in the cell membrane are converted 
to arachidonic acid through several steps involving hy-
drolysis of fatty acids. From there arachidonic acid can 
be shunted down either the cyclooxygenase pathway to 
produce prostaglandins or down the cysteinyl leukotri-
ene pathway to produce the leukotrienes. The cyclooxy-
genase pathway is catalyzed by the enzymes COX-1 and 
COX-2. Both COX-1 and COX-2 are involved in the con-
version of arachidonic acid to the prostaglandins PGD 2 , 
PGF 2 , PGI 2  and PGE 2 . Of the prostaglandins, PGE 2  has 
been the most extensively studied in the pathogenesis of 
AERD. The effects of PGE 2  depend on which receptor it 
binds to. Within the lung, binding of PGE 2  to the EP2 
receptor causes smooth muscle relaxation and inhibits 
methacholine-induced bronchoconstriction  [107] . More-
over, PGE 2  is involved in decreasing activated mast cell 
release of cysteinyl leukotrienes (which causes broncho-
constriction and recruitment of inflammatory cells) 
 [108] . Pretreating AERD patients with inhaled PGE 2  will 
prevent aspirin-induced bronchoconstriction  [109] . 
Thus, PGE 2  plays a pivotal role in reducing inflamma-
tion in the lung and the associated bronchoconstrictive 
effects.

  In AERD patients, peripheral blood cells at baseline 
produce less PGE 2  compared to healthy controls  [110] . In 
addition, there is decreased expression of the EP2 recep-
tor in inflammatory cells in the nasal mucosa of AERD 
patients with chronic rhinosinusitis  [111] . Moreover, epi-
thelial cells from nasal polyps that are removed from 
AERD patients produce less PGE 2  at baseline compared 
with non-AERD asthmatic controls  [112] . Thus, at base-
line AERD patients already produce decreased levels of 

  Table 8.   Different categories of NSAID hypersensitivity reactions

 NSAID reaction  Clinical manifestations  NSAID
  intolerant 

 Pathologic
  mechanism 

 Treatment 

 Aspirin-exacerbated
  respiratory disease 

 Rhinosinusitis
  Nasal polyposis
  Asthma 

 All COX-1
  inhibitors 

 COX-1
  inhibition 

 Avoid COX-1 inhibitors
  ASA ‘desensitization’ 

 NSAID-exacerbated
  urticaria/angioedema 

 Chronic urticaria with exacerbation 
of urticaria or angioedema with
ingestion of NSAID 

 All COX-1
  inhibitors 

 COX-1
  inhibition 

 Avoid COX-1 inhibitors
  Recommend COX-2 inhibitors if 
oral challenge negative 

 Multiple NSAID-
  induced urticaria/
  angioedema 

 Urticaria/angioedema induced by 
NSAIDs with no underlying chronic 
skin disorder 

 All COX-1
  inhibitors 

 COX-1
  inhibition 

 Avoid COX-1 inhibitors
  Recommend COX-2 inhibitors if 
oral challenge negative 

 Single NSAID-
  induced reaction 

 Urticaria/angioedema/anaphylaxis 
induced by single NSAID 

 Specific COX-1
  inhibitor reacted to 

 IgE-mediated  Avoid specific COX-1 reacted to 
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PGE 2 , and this effect is amplified upon administration of 
COX-1 inhibitors, leading to a proinflammatory state 
within the lungs and sinuses.

  In the lipoxygenase pathway, arachidonic acid can 
also be converted to leukotrienes through the enzyme 
5-lipoxygenase and leukotriene C4 synthase. The cyste-
inyl leukotrienes, LTC 4 , LTD 4  and LTE 4  are known to 
cause bronchoconstriction, vasodilation and mucous 
secretion  [113] . At baseline, AERD patients have higher 
levels of leukotrienes in bronchoalveolar lavage fluid 
compared with asthmatic controls  [114] . In addition,
increased levels of LTE 4  have been found in the urine
of patients with AERD at baseline and after aspirin 
challenge  [115] . Bronchial biopsies from AERD patients 
have also been shown to have elevated levels of leuko-
triene C4 synthase  [116] . Leukotrienes bind to the cys-
teinyl leukotriene receptors cysLT 1  and cysLT 2 . Most of 
the proinflammatory actions in the lung and upper air-
way are mediated through the cysLT 1  receptor  [117] . 
Sousa et al.  [118]  showed that among patients with 
chronic rhinosinusitis with nasal polyposis, those with 
the full AERD syndrome had more nasal inflammatory 
leukocytes expressing the cysteinyl leukotriene recep-
tors compared with non-AERD patients (i.e. non-aspi-

rin-sensitive patients). Since PGE 2  impairs synthesis of 
leukotrienes, the reduction in PGE 2  levels induced by 
COX-1 inhibitors leads to an increase in leuko triene lev-
els. Thus not only do AERD patients have increased lev-
els and production of leukotrienes, they also have high-
er expression of receptors for these leukotrienes, and 
this leads to an even greater proinflammatory state in 
the lungs and sinuses.

  The diagnosis of AERD requires an oral aspirin chal-
lenge. This is so because in a study performed on 50 asth-
matic patients with chronic rhinosinusitis and nasal pol-
yposis with a history of an asthma attack after ingestion 
of an NSAID, 8 of the patients (16%) did not react upon 
oral aspirin challenge  [119] . The ingestion of the NSAID 
and its temporal proximity to the asthma attack may have 
been coincidental, which illustrates the dangers of relying 
on history alone  [90] . Dursun et al.  [120]  studied 243 pa-
tients who underwent oral aspirin challenges and deter-
mined that predictors for positive challenges included age 
younger than 40, a poor sense of smell and 2 or more se-
vere reactions associated with ingestion of NSAIDs. An 
aspirin challenge will confirm or rule out AERD in pa-
tients who have these risk factors. It is important to make 
the diagnosis because ‘desensitization’ to oral aspirin has 
been found to be successful in decreasing disease severity 
 [121] . A protocol for oral aspirin challenge is shown in 
 table 9  and treatment for oral aspirin challenge can be 
found in  table 10 .

  In patients with AERD, it is imperative that their un-
derlying asthma be under good control. They should be 
managed as any persistent asthmatic, with the use of con-
troller medications such as inhaled corticosteroids, long-

  Table 9.   Protocol for oral aspirin challenge for diagnosis of AERD 
[121, 122] 

 Time  Day 1  Day 2  Day 3 

8 a.m.  Placebo  20.25 mg  162.5 mg 
 11 a.m.  Placebo 40.5 mg 325 mg 

2 p.m.  Placebo 81 mg  

 Measure FEV1 7 days before oral aspirin challenge. FEV1 
should be greater than 70% predicted and greater than 1.5 liters. 
Measure FEV1 every hour for 3 h. There must be less than 10% 
variability.

  Start intravenous line with heparin lock. 
  Use a pill cutter and a 81-mg aspirin tablet to obtain aspirin 

doses. Doses can be increased every 3 h or 90 min if the patient is 
not exhibiting any reaction. 

  FEV1 and clinical assessment should be performed at least ev-
ery 1–1.5 h or with any symptoms. 

  Reactions usually occur with one of the early doses (usually 81 
mg). When the reaction occurs treat with one of the medications 
found in table 10. This dose is known as the provoking dose. Low-
er respiratory tract reaction is defined as a 15% decrease in FEV1 
from baseline. 

  Wait at least 3 h and for symptoms to completely resolve. Once 
this has occurred, repeat the provoking dose and if it is tolerated, 
dose escalation can continue. 

 
 

  Table 10.   Treatment of oral aspirin challenge reactions [121, 122] 

 Reaction  Treatment 

 Pulmonary  Albuterol inhaler with spacer or nebulizer: inhale 
5 breaths every 5 min until comfortable 

 Laryngeal  Racemic epinephrine nebulized treatment: 5
inhalations  

 Nasal  Oral antihistamines and/or nasal decongestants 

 Ocular  Topical antihistamine 

 Urticaria/
  angioedema 

 Intravenous diphenhydramine 

 Hypotension  Epinephrine intramuscularly. Follow anaphylaxis
practice parameter [85] 
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acting bronchodilators, cysteinyl leukotriene receptor 
antagonists or 5-lipoxygenase inhibitors. Compliance 
with their medication regimen is an important factor 
 [122] .

  Prior to an aspirin challenge, good asthma control 
should be achieved. Spirometry should be checked 1 week 
prior to oral aspirin challenge and the forced expiratory 
volume in 1 s (FEV 1 ) should be greater than 70% and 
greater than 1.5 liters  [122] . Medications that should be 
discontinued 24 h before challenge include antihista-
mines (it may mask upper respiratory symptoms during 
the challenge) and short-acting inhaled beta agonists or 
anticholinergics (these may lead to a false-positive reac-
tion once the effect has worn off)  [121] . If a patient is not 
on a cysteinyl leukotriene receptor antagonist they should 
be started on it 1 week prior to oral aspirin challenge 
 [122] . Cysteinyl leukotriene receptor antagonists have 
been shown to decrease the lower airway response in pa-
tients undergoing an oral aspirin challenge, although 
there is an increase in the upper airway reactions  [123, 
124] . For the purposes of the challenge, cysteinyl leuko-
triene receptor antagonists thereby shift the oral aspirin 
challenge reaction from the lower airways to the upper 
airways, and increase the safety of the procedure  [122] . 
Cysteinyl leukotriene receptor antagonists are not be-
lieved to influence the test. Indeed, negative responses to 
oral aspirin challenges was similar in patients treated 
with cysteinyl leukotriene receptor antagonists versus 
those that were not treated  [123] .

  If a positive response is elicited during oral aspirin 
challenge, then the procedure will proceed to aspirin ‘de-
sensitization’. This is effectively a continuation of the oral 
aspirin challenge but the goal is to eliminate the clinical 
response to aspirin. If symptoms occur during ‘desensi-
tization’, the patient should be treated with appropriate 
medications (i.e. beta agonists for pulmonary symptoms, 
oral or intravenous antihistamines for nasal symptoms, 
topical antihistamines for ocular reactions, racemic epi-
nephrine nebulizer for laryngeal symptoms or injectable 
epinephrine for anaphylaxis) until the symptoms have 
stabilized  [121] . Once the symptoms have resolved then 
the eliciting dose should be repeated again and if there is 
no reaction then the dose should be escalated up to 325 
mg.  Tables 9  and  10  show an example of an aspirin ‘de-
sensitization’ protocol. Once this dose has been reached 
without exacerbation of symptoms, the patient should be 
maintained on 650 mg twice a day. The dose can be ta-
pered to 325 mg twice a day after the 1st month if symp-
toms are absent  [121] . In patients with AERD, aspirin ‘de-
sensitization’ and daily aspirin use can improve asthma 

symptoms, reduce the formation of nasal polyps and si-
nus infections, reduce the need for oral corticosteroids 
and sinus surgeries and improve asthma scores after 1 
year of follow-up  [125, 126] .

  NSAID-Exacerbated Urticaria/Angioedema

  Patients with chronic idiopathic urticaria can have an 
exacerbation of their urticaria or angioedema upon in-
gestion of an NSAID. This can occur in up to 30% of pa-
tients with chronic urticaria. Typically symptoms of ur-
ticaria or angioedema can present within several minutes 
up to several hours after ingestion of an NSAID. The ur-
ticaria usually resolves after several hours. The underly-
ing mechanism for acute exacerbations of urticaria/an-
gioedema is believed to be similar to the mechanism of 
AERD, with inhibition of COX-1 enzyme as a key mech-
anism. Mastalerz et al.  [127]  demonstrated that patients 
with chronic urticaria with exacerbation of urticaria or 
angioedema upon ingestion of aspirin had higher levels 
of baseline urinary LTE4 and an increase in levels after 
ingestion of aspirin, when compared with patients with 
chronic urticaria who had no exacerbation after inges-
tion of aspirin. The authors suggested that chronic urti-
caria with aspirin sensitivity is characterized by the eico-
sanoid alterations similar to AERD patients  [127] . An-
other study showed that patients with sensitivity to 
COX-1 inhibitors generally tolerated COX-2 inhibitors 
with rare adverse effects  [128] . On the other hand, a sep-
arate study did show a 7% reaction rate to rofecoxib (an-
gioedema) and valdecoxib (urticaria) in patients with as-
pirin-induced urticaria  [129] . Therefore, the authors sug-
gested that oral provocation tests in a controlled setting 
with COX-2 inhibitors should be performed before pre-
scribing these agents to patients with chronic urticaria 
and exacerbations with NSAIDs  [129] .

  Performing a thorough history and clinical examina-
tion is important but not universally diagnostic. In some 
instances the history may not be clear or the patient may 
not remember correctly the association between the in-
gestion of an NSAID and worsening of their urticaria. 
The gold standard for diagnosis is an oral provocation 
test  [130] .  Table 11  illustrates an oral aspirin challenge 
protocol used for the diagnosis of NSAID-induced urti-
caria or angioedema. If the diagnosis is confirmed by 
oral challenge, then the patient should avoid COX-1 in-
hibitors. As noted above, COX-2 inhibitors can gener-
ally be safely tolerated, though there are rare instances 
of cross reactivity. As in the case with AERD, it is rec-
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ommended that the first dose of a COX-2 inhibitor be 
given in an observed setting to monitor for adverse reac-
tions  [129] .

  Multiple NSAID-Induced Urticaria/Angioedema

  This type of reaction occurs in individuals who do not 
have chronic urticaria or angioedema, except when they 
ingest a COX-1 inhibitor. The angioedema primarily in-
volves the facial area, and patients present with lip, 
tongue or periorbital swelling. These patients will react 
to any COX-1 inhibitors but rarely react to COX-2 in-
hibitors  [131, 132] . Even though these patients do not ini-
tially have chronic urticaria, this may develop subse-
quently. In a study of patients with multiple NSAID-in-
duced urticaria, 45 out of 121 patients (37%) developed 
chronic urticaria on follow-up 1–10 years later  [133] . The 
diagnosis of this condition is based on history, as there is 
no validated oral provocation challenge protocol. Man-
agement involves avoidance of all COX-1 inhibitors. Up 
to 80% of patients can tolerate paracetamol  [92] . In addi-
tion, these patients can tolerate COX-2 inhibitors and 
these agents may be considered for pain management 
 [131, 132] .

  Single NSAID-Induced Reactions

  These patients develop urticaria, angioedema or ana-
phylaxis from a single NSAID. The prevalence of these 
reactions ranges from 0.1 to 3.6% of patients who take 
NSAIDs  [134] . As in the case of multiple NSAID-induced 
urticaria/angioedema patients, 30% of single NSAID-in-
duced urticaria are likely to develop subsequent chronic 
urticaria  [133] . It has been noted that single NSAID reac-
tors have a higher prevalence of atopy. In a study of 50 
patients with NSAID hypersensitivity, 87% had positive 

skin prick test to aeroallergens  [135] . The authors also 
found that single NSAID reactors had higher skin test re-
activity compared with the multiple NSAID reactors 
 [135] .

  The most commonly implicated NSAIDs in single-
NSAID reactions are diclofenac, naproxen and ibuprofen. 
There is no cross reaction with other COX-1 or COX-2 
inhibitors. Thus, the mechanism of action is unlikely to 
be via the arachidonic acid pathway. Instead, these pa-
tients may be experiencing a true IgE-mediated reaction. 
This has been difficult to substantiate using skin prick or 
specific-IgE in vitro tests. However, in a study involving 
patients with symptoms suggestive of IgE-mediated ana-
phylaxis to a class of NSAIDs known as pyrazolones (e.g. 
phenylbutazone, oxyphenbutazone), either positive skin 
testing or serum specific-IgE measured using a novel 
ELISA was found in 51 of 53 patients (96%)  [136] . How-
ever, the skin test results for pyrazolone hypersensitivity 
did not translate to other classes of NSAIDs. In a case re-
port involving 12 patients with a history of selective hy-
persensitivity to diclofenac, skin prick and intradermal 
testing with diclofenac was performed. Ten patients had 
negative skin testing. Therefore, skin testing cannot be 
recommended in patients with selective NSAID hyper-
sensitivity reactions.

  Oral provocation challenge should not be performed 
in patients with severe anaphylactic reactions. However, 
it may be performed using another NSAID to rule out 
cross reactivity, and to prevent unnecessary exclusion of 
medications. ‘Desensitization’ protocols have not been 
developed for use in single NSAID-induced reactions be-
cause of the possibility of using an alternative NSAID.

  Local Anesthetics

  Local anesthetic (LA) reactions are commonly report-
ed by patients undergoing dental procedures. However, 
the majority of these reactions are not true allergic reac-
tions but rather psychosomatic, vasovagal or toxic in ori-
gin  [137] . LAs contain an aromatic ring, an amine group 
and an intermediate chain linkage. LAs can be divided 
into two groups based on the intermediate chain linkage: 
the ester agents and the amide agents  [138] .  Table  12  
shows the categorization of the different LA agents.

  Reactions to LAs may be either allergic or nonallergic. 
Allergic reactions to LAs may be either IgE-mediated 
(type I) allergic or non-IgE-mediated (type IV) allergic 
reactions. IgE-mediated reactions present with urticaria, 
pruritus, angioedema, bronchospasm and hypotension 

  Table 11.   Oral aspirin challenge for diagnosis of NSAID-induced 
urticaria/angioedema [96] 

 Day 1  Day 2  Day 3  Day 4 

 Placebo  ASA 100 mg   ASA 325 mg  ASA 650 mg 
 Placebo  ASA 200 mg  

 At d ay 1 and day 2, aspirin is administered every 2 h with skin 
scores assessed every 2 h. 
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within seconds to minutes after the administration of an 
LA. Non-IgE-mediated type IV reactions present with 
delayed erythema, swelling, vesiculation, eczema and 
dermatitis at the site of administration. Typically, type IV 
reactions occur within 72 h after the administration. Al-
lergic reactions to LAs are very rare. This is illustrated in 
a study by Gall et al.  [139]  in which 177 patients with a 
reported history of an adverse reaction to LA were evalu-
ated. All the patients were skin prick tested to the LA, fol-
lowed by intracutaneous testing and challenge with the 
suspected LA and its preservative  [139] . All patients had 
negative prick and intracutaneous tests. A total of three 
reactions occurred with the LA challenge. Two were 
deemed to be an immediate reaction and the third was a 
delayed reaction. The authors concluded that allergic re-
actions to LA are rare events, confirming the findings of 
other studies  [139] . In general the overall incidence of al-
lergic reactions to local anesthetics is estimated to be less 
that 1%  [137] .

  The majority of reactions to LA are thought to be
secondary to nonallergic mechanisms  [140] . Anxiety re-
actions may appear similar to anaphylaxis with palpi-
tations, dyspnea, lightheadedness and tachycardia.
However, unlike anaphylaxis, patients will describe pe-
ripheral or perioral paresthesias. In addition, the blood 
pressure will usually be elevated, contrary to that seen in 
anaphylaxis. Patients may also develop vasovagal reac-
tions with syncope, but unlike those with anaphylaxis, 
these patients will have bradycardia and pallor as op-
posed to tachycardia and flushing as seen in anaphylaxis. 
The presentation of hives or pruritus may be suggestive 
of an allergic anaphylactic reaction.

  Dentists and physicians commonly administer epi-
nephrine with LA in order to cause vasoconstriction of 
local blood vessels and decrease the rate at which local 
anesthetics are systemically absorbed. However, a small 
amount of epinephrine could be systemically absorbed 
and cause symptoms of palpitations, tachycardia, hyper-
tension and cardiac arrhythmias  [141] . A study conduct-
ed in 14 men who were injected with lidocaine and epi-
nephrine showed significant increases in plasma epi-
nephrine concentration  [142] . In addition, these patients 
had a slight increase in heart rate but no significant 
change in mean arterial pressure  [142] . Thus epinephrine 
did not appear to cause a significant hemodynamic re-
sponse but may affect certain susceptible individuals by 
inducing symptoms that may be confused with anaphy-
laxis  [140] .

  Allergists will encounter patients referred from den-
tists or surgeons for evaluation of an adverse reaction to 

a LA. A thorough history should be performed, and at-
tention should be paid to the clinical signs and symptoms 
experienced by the patient, the onset of these symptoms 
in relation to administration of the LA, the particular LA 
used, whether or not epinephrine was administered, and 
objective records from the referring physician to corrob-
orate the history. If the history cannot clearly discrimi-
nate between an allergic or nonallergic reaction, further 
testing should be performed. If the history suggests an 
immediate reaction, skin prick and intradermal testing 
along with graded drug challenge is the next step. It has 
been suggested that if an anaphylactic reaction occurred, 
then the skin testing should usually be performed with 
an LA agent from a different class  [143] . For example, if 
an ester LA caused the reaction then testing to the LA 
from the amide class should be performed and vice versa. 
However, with the limited availability of ester LA in some 
countries this may be difficult and it would be reasonable 
to perform skin testing with a different LA agent in the 
same class.

  If the history does not suggest an anaphylactic reac-
tion, the same agent in question should be used for testing 
and challenge  [139] . In addition, communication with the 
referring physician or dentist should be made in order to 
determine which LA reagents they commonly use and 
stock, as this will affect the choice of which LA reagents 
to test for tolerability. When none of this information is 
available, lidocaine can be used for testing as it is fre-
quently used and rarely associated with adverse reactions 
 [143] .

  If the reaction is delayed, or if the history is consistent 
with a type IV-mediated reaction, then patch testing to 
the LA should be performed. Patch testing with the 
T.R.U.E. test panel includes a test for ‘caine mix’, a com-
bination of esters and amide LA that consists of benzo-

  Table 12.   Categories of local anesthetic agents

 Ester agents  Amide agents 

 Benzocaine  Bupivacaine 
 Procaine  Lidocaine 
 Tetracaine  Mepivacaine 
 Proparacaine  Articaine 
 Cocaine  Levobupivacaine 
 Chloroprocaine  Dibucaine 

 Etidocaine 
 Prilocaine 
 Ropivacaine 
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caine, tetracaine and dibucaine. However, any other LAs 
can be patch tested for as well.

  To evaluate for immediate-type allergic reactions 
skin prick testing should be done with an undiluted 
form of the LA along with positive and negative controls 
(histamine and saline, respectively). Preferably, the LA 
should not contain epinephrine as it can mask the wheal 
and flare response leading to false negatives with skin 
testing  [144, 145] . Also, the test reagent should not con-
tain parabens as it has been implicated in allergic-like 
reactions and can lead to false-positive skin tests  [146, 
147] . However, parabens are common components in 
multidose vials and paraben-free LA preparations may 
be difficult to find  [148] . Moreover, the effect of para-
bens in causing allergic reactions or false-positive skin 
tests may not be a common confounding cause  [149] . 
Testing with paraben-containing preparations can be 
used if available  [150] . However, any positive skin test 

with paraben-containing preparations should be con-
firmed with paraben-free LA to eliminate the possibil-
ity of a false-positive test.

  If the skin prick test is negative then one should pro-
ceed to intradermal testing with 0.02 ml of a 1:   100 dilu-
tion of the drug, along with both negative and positive 
controls  [140] . Use of 1:   10 dilutions for intradermal test-
ing have also been recommended by clinical guidelines 
 [151] . If the intradermal test is negative, a graded drug 
challenge with the LA should be performed. Several dif-
ferent graded drug challenge schemes for LA are avail-
able in the literature  [152] . A common graded drug chal-
lenge is the following: successive injections of 0.1 ml of
1:   100 dilution, 1:   10 dilution and full strength solutions 
injected subcutaneously or intracutaneously adminis-
tered in 15-min intervals. If the patient does not react to 
the final dose, then 0.5–1 ml of the LA is injected subcu-
taneously.

  Because of the unlikelihood of an IgE-mediated reac-
tion, other protocols have proposed a more expedited 
graded LA challenge. These have also been proven to be 
safe. A sample of these protocols is shown in  table 13 . The 
patient should be observed in a clinical setting by physi-
cians trained in recognizing and treating anaphylaxis. If 
the history suggests an anxiety- or vasovagal-related re-
action, administration of a single blinded placebo injec-
tion may be warranted prior to undergoing the graded LA 
drug challenge. If the patient reacts to the LA then an-
other LA should be selected and repeat skin testing and 
graded drug challenge performed to confirm a negative 
reaction. Once a particular LA has been cleared by the 
above methodologies, then it can be recommended as safe 
to use for future injections.

  Opiates

  Opiates such as morphine, meperidine and codeine 
have been known to cause symptoms of pruritus, urti-
caria and hypotension. These effects have been shown to 
be secondary to direct histamine release from mast cells 
 [153] . In a study by Grossman  [153] , rat mast cells were 
incubated with morphine, meperidine and pethidine. 
Morphine and meperidine caused a rapid histamine re-
lease but pethidine resulted in a slower histamine release 
 [153] . Histamine release was partially reduced when nal-
oxone (an opioid antagonist) was coadministered with 
codeine and meperidine  [153] . The author concluded that 
meperidine and codeine had a similar mechanism of ac-
tion that was different from pethidine  [153] .

  Table 13.   A comparison of different local anesthetic graded drug 
challenges reported in the literature

 Authors  Protocol 

 Macy
et al.
  [160] 

 Inject subcutaneously 1 ml of saline 
 Observe for 20 min 
 Inject subcutaneously 1 ml of undiluted LA agent and 
observe for 20 min 

 deShazo 
and
Nelson 
[152] 

 Inject subcutaneously 0.5 ml of saline if suspect
reaction is psychosomatic and then observe for 15 min 
 Inject subcutaneously 0.1 ml of 1:100 dilution of LA 
 Observe for 15 min 
 Inject subcutaneously 0.1 ml 1:10 dilution of LA 
 Observe for 15 min 
 Inject subcutaneously 0.1 ml full-strength LA 
 Observe for 15 min 
 Inject subcutaneously 0.5 or 1 ml of full-strength LA 
 Observe for 1 h 
 Inject subcutaneously 0.5 ml of saline if suspect
reaction is psychosomatic and then observe for 20 min 
 Inject subcutaneously 0.1 ml of full-strength LA 
 Observe for 20 min 

 Schatz
and Fung 
[143] 

 Inject 0.5 ml subcutaneously of full-strength LA 
 Observe for 20 min 
 Inject 1 ml subcutaneously of full-strength LA 
 Observe for 1 h 

 S ymptoms considered to be a positive reaction include: posi-
tive wheal and flare reaction at site of undiluted LA administra-
tion, acute onset pruritic rash distant from the site, 15% decrease 
in FEV1 of pulmonary function test during the post-test observa-
tion period [154]. 
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  Skin testing with narcotics has been known to cause 
positive wheal and flare responses. One study demon-
strated that 39 out of 56 subjects had positive wheal re-
sponses to codeine  [154] . Intradermal skin testing with 
narcotics has also been shown to elicit positive wheal and 
flare responses  [155] . A study was done by Nasser  [156]  to 
determine whether opiate-sensitive patients had a differ-
ent response to opiate skin test compared with non-opi-
ate-sensitive control subjects. There was no difference in 
the skin prick tests between the two groups and the au-
thors concluded that skin prick testing is not useful in 
diagnosis of opiate sensitivity  [156] . A single case report 
describes a patient developing IgE-mediated anaphylaxis 
several minutes after receiving papaveretum, a mixture 
of several different opioids including morphine, codeine, 
narcotine and papaverine  [157] . The authors were able to 
detect IgE antibodies to morphine and codeine in the se-
rum of the subject and showed positive intradermal skin 
test to morphine and papaveretum  [157] . In general, opi-
ate-induced reactions are not life threatening. Moreover, 
if a patient develops reactions to narcotics they can be 
switched to non-opioid pain relief medications. Pretreat-
ment with antihistamines can be considered to prevent 
opiate reactions. In a placebo-controlled trial Juneja et al. 
 [158]  demonstrated that 50 mg of intramuscular diphen-
hydramine improved pruritus in patients who had re-
ceived epidural morphine for cesarean sections. It has 
been recommended in the USA practice parameters for 
drug allergy that nonallergic opiate reactions be attenu-
ated with preadministration of antihistamines  [159] .

  Conclusion

  There are several drugs that have been implicated as 
causing nonallergic adverse drug reactions and great 
strides have been made in elucidating the mechanisms. 
The identification of clinical situations in which such re-
actions exist and the management of such reactions have 
been described for some agents. Distinguishing allergic 
from nonallergic drug reactions occasionally presents a 
challenge to the clinician. Taking a thorough history and 
physical examination is critically important, but addi-
tional testing such as skin testing and graded drug chal-
lenge will help to rule out or rule in an allergic etiology. 
‘Desensitization’ protocols have been described for many 
drugs and it is unfortunate that this term has been loose-
ly used even when the mechanism of the hypersensitivity 
is unknown, and may likely be nonallergic in nature. If 
the reaction is nonimmunologic then there is in truth no 
sensitization, and therefore there can be no ‘desensitiza-
tion’. In many of these cases the procedure may actually 
be a challenge done under different conditions that may 
or may not include factors such as slowing of the rate of 
infusion, use of an alternate form of the medication and 
premedication regimens. Desensitization implies a mod-
ulation of immunologic conditions in the host, rather 
than simply identifying external conditions that allow a 
drug to be administered safely and without adverse ef-
fects.
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