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Anaphylaxis was defined at a conference sponsored by the National In-
stitute of Allergy and Infectious Diseases/Food Allergy and Anaphylaxis
Network as ‘‘a severe, potentially fatal, systemic allergic reaction that occurs
suddenly after contact with an allergy-causing substance’’ [1]. It has been de-
scribed as ‘‘a serious allergic reaction that is rapid in onset and may cause
death’’ [1]. The Joint Task Force on Practice Parameters, which represents
the American Academy of Allergy, Asthma and Immunology; the American
College of Allergy, Asthma and Immunology; and the Joint Council of Al-
lergy, Asthma and Immunology, defined anaphylaxis as ‘‘a condition caused
by an IgE-mediated reaction. Anaphylactoid reactions are defined as those
reactions that produce the same clinical picture as anaphylaxis but are not
IgE-mediated’’ [2]. Simons [3] has suggested that anaphylaxis be categorized
as immunologic (IgE or Fc e RI mediated), nonimmunologic, or idiopathic.
Pseudoallergic is synonymous with anaphylactoid.

Incidence of urticaria and angioedema during anaphylaxis

Swelling (urticaria or angioedema) is the most common manifestation of
anaphylaxis. It has been reported that urticaria likely occurs during anaphy-
laxis in about 90% of cases [2,3]. Angioedema appears to be much less fre-
quent than acute urticaria when comparisons are made. For example, in
a series of 91 patients referred for penicillin allergy skin testing, 52 (57%)
patients had experienced urticaria and 36 (40%) patients reported non-urti-
carial maculopapular rash [4]. However, just 12 (13%) patients described
angioedema of the tongue and face [4]. In that series, 16 (18%) patients
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had at least one positive skin test reaction to the major or minor determi-
nant penicillin skin test reagents [4]. From a series of 348 outpatients re-
ferred for skin testing, 60 (17.2%) patients similarly were positive to at
least one major or minor penicillin determinant [5]. While 47 (78.3%) pa-
tients had reported having experienced urticarial lesions, 2 (3.3%) patients
had developed anaphylaxis [5]. No patient had angioedema listed as the pur-
ported allergic reaction. In a series of 112 penicillin-skin-test positive pa-
tients who had experienced 143 immediate allergic reactions to penicillins,
the reactions were listed as anaphylactic shock in 89 (62.2%), urticaria in
32 (22.4%), urticaria and angioedema in 21 (14.7%), and angioedema alone
in 1 (0.7%) [6].

Other studies have found higher prevalence of angioedema during ana-
phylaxis. Angioedema was found in 40% and urticaria in 49.3% of 142
patients presenting to an ER with anaphylaxis [7]. Laryngeal edema
was present in 25% of such patients [7]. In 67 patients referred to an out-
patient service for evaluation of anaphylaxis, 44.8% of patients had expe-
rienced angioedema compared with 58.2% for urticaria. Dyspnea, which
may have included oropharyngeal or laryngeal swelling was noted in
59.7% of patients [8]. In patients with idiopathic anaphylaxis, 335 pa-
tients, ages 5 to 83, were categorized based on whether the acute episode
was generalized (urticaria or angioedema with bronchospasm, hypoten-
sion, syncope, or gastrointestinal symptoms with or without upper airway
obstruction) or angioedema (urticaria or angioedema with upper airway
compromise without other systemic symptoms such as shock) [9]. The pa-
tients were labeled as either IA (idiopathic anaphylaxis)-G (generalized)
or IA-A (angioedema). From the 335 patients, 201 (60%) were classified
as IA-G and 119 (35.5%) were designated as IA-A [9]. In this series,
urticaria or angioedema occurred in all 335 patients, but anaphylaxis,
implying a life-threatening emergency, involved angioedema of the upper
airway in over a third of patients. Indeed, these patients had experienced
laryngeal or pharyngeal edema or ‘‘massive tongue edema’’ [9]. Perhaps,
most persuasively, in this series of 335 patients, upper airway obstruction
occurred in 210 (63%) patients [9].

Angioedema in fatal cases of anaphylaxis

The importance of angioedema as a mechanism of death is highlighted
from the few autopsy investigations of fatal anaphylaxis. For example,
laryngeal edema was identified in 15 (37.5%) of 40 cases, but it was
noted that in only 4 cases was the angioedema completely obstructing
the upper airways [10]. Conversely, five of six cases reported in 1964
had pharyngeal, epiglottic, and laryngeal edema whereas the sixth patient
had experienced circulatory collapse without upper airway angioedema
[11]. Causes included injections of penicillin, penicillin with streptomycin,
heterologous sera, bee venom, and an immunotherapy injection [11]. In
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a report of a fatality in a male patient with idiopathic anaphylaxis, he
developed rapid onset of respiratory distress and fecal incontinence. He
self-administered epinephrine. In the emergency department his blood
pressure was 155/70 and pulse was 117 [12]. However, he was cyanotic
and nonresponsive. ‘‘Several attempts at endotracheal intubation were un-
successful due to edema of the hypopharynx’’ [12]. This finding is similar
to the presence of upper respiratory tract edema in 33 (47.8%) of 69 fatal
cases of Hymenoptera anaphylaxis [13]. Upper airway angioedema was
present at autopsy in four (57.1%) of seven cases of food-induced ana-
phylaxis [14]. In a series of 56 deaths from anaphylaxis in which the
death occurred within an hour in 39 cases, pharyngeal/laryngeal edema
was described in 23 (41%) cases [15]. ‘‘Cutaneous erythema/urticaria’’
was noted in just three cases.

Most patients who experience anaphylaxis survive the episode. While
acute urticaria and urticaria with angioedema occur in some 90% of cases
[3], the angioedema may be of the lip or on the face or extremities instead
of the pharynx, larynx, or tongue. However, the findings in fatal cases of
anaphylaxis appear to be quite entirely different. Angioedema of the upper
airway can be the mechanism of death, and urticaria may be infrequent. It
remains unclear why when there is mast cell activation during anaphylaxis,
the shock organ is the upper airway as opposed to the lower airway or vas-
culature. In episodes of nonfatal idiopathic anaphylaxis, urinary histamine
has been found to be elevated acutely in both patients who had experienced
episodes of IA-G or IA-A [16].

IgE-mediated angioedema

Penicillin

Penicillin is degraded (transformed) into the major determinate, peni-
cilloyl-polylysine, and three minor determinants from the selections of peni-
cillin G, sodium benzylpenicilloate, benzylpenicilloyl-n-propylamine,
penicilloate, or penilloate, which can react with albumin or IgG and form
immunogenic haptens. Angioedema can occur alone or as part of penicil-
lin-induced anaphylaxis. Skin testing with the major and three minor deter-
minants can help identify anti-penicillin IgE antibodies or, more often,
exclude their presence. The positive predictive value of a history of penicillin
allergy for being associated with current immunologic sensitization is ap-
proximately 11% to 18% [7,17–19] although the literature ranges from
1% to 76% [20,21]. Thus, on average, for every seven patients with a history
of penicillin allergy, just one patient would be found to be skin test positive
to penicillin determinants. The skin tests assist the allergist-immunologist in
determining the current immunologic status in terms of administration of
penicillin or other beta-lactam antibiotics. The negative predictive value
of skin testing with the major and three minor determinants is from 98%
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to 99% [16,18]. Seventeen percent of patients with a history of penicillin-in-
duced urticaria or angioedema have been reported to be positive on skin
testing with the major determinant, penicilloyl-polylysine and penicillin G
[22]. This finding is from a study where, if a patient had experienced anaphy-
laxis, some 46% of patients were skin test positive compared with 7% for
a history of a maculopapular rash [22].

As of October 2004, the penicilloyl-polylysine commercial product
(Pre-Pen: Holister Stier, Spokane, WA) has not been made available
[23]. Because from 34% to 82% of patients who are skin test positive
during penicillin testing will react to penicilloyl-polylysine alone, the
absence of this test reagent greatly reduces the negative predictive value
of skin testing [23]. If the figure of 60% of penicillin skin test positive
patients being reactive exclusively to the penicilloyl-polylysine is used,
then the predictive value from negative skin tests is reduced from 99%
to about 40%. Thus, the results of negative skin testing for penicillin
has much less value in terms of excluding current penicillin sensitization.
What if one has no penicilloyl-polylysine or minor determinants? Then,
the physician is even less able to determine the immunologic sensitization
at the time of the consultation. Fortunately, from 78% to 89% of
patients with a history of penicillin allergy will be skin test negative to
major and minor determinants, and these patients should tolerate admin-
istration of a beta lactam antibiotic without anaphylaxis. However, one
would not be able to identify and presumably prevent the serious and po-
tentially fatal anaphylactic reaction. Indeed, the previous history of ana-
phylaxis has been associated with as high as 46% skin test reactivity to
penicilloyl-polylysine and penicillin G [22]. Cautious test-dosing can
help avoid or minimize the anaphylactic reaction as compared with bolus
administration [19,23,24]. Challenges should be performed when the indi-
cation is truly essential or very strongly indicated. An example of a test-
dosing procedure is as follows:

1. Amoxicillin is essential or strongly indicated
2. Emergency therapy available
3. Patient exam is stable: vital signs, respiratory status, skin, (spirometry at

baseline and FEV1 is at least 70%)
4. Amoxicillin (125 mg/5 mL) administered every 30 minutes if no signs/

symptoms occur with final observation for 60 to 90 minutes
a. 0.1 mL (2.5 mg)
b. 0.5 mL (12.5 mg)
c. 1.0 mL (25 mg)
d. 3.4 mL (85 mg)
e. 5.0 mL (125 mg)

A template to use during a challenge is shown in Fig. 1. For some pa-
tients, the starting dose would be lower such as with 0.1 mg followed by
1 mg, doses that would be unlikely to activate mast cells.
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Cephalosporins

Cephalosporins share the beta lactam nucleus with penicillins, yet are less
likely to induce anaphylaxis [25]. There is either cross-reactivity with penicil-
lin or independent sensitization such that penicillin-allergic patients react to
cephalosporins with greater frequency than do patients who are not allergic
to penicillin. Specifically, the risk of an immediate reaction with first gener-
ation cephalosporins in penicillin allergic patients has been reported to be
from 5% to 16.5%, whereas for second generation cephalosporins, it is
4% (cefazolin) [23,24]. For the third and fourth generation cephalosporins,
the reaction rate is 1% to 3% [23–25]. If the skin tests to the major and mi-
nor penicillin determinants are negative, cephalosporins can be administered
with a great deal of safety [24,26]. However, in the absence of any skin tests
for penicillin determinants, cephalosporin administration may result in ana-
phylaxis. Thus, the indication for the cephalosporin should be clarified, and
the administration should be performed with care such as in the example in
the previous section and Fig. 1. In a study of 19 penicillin allergic patients, 2
(10.5%) of 19 developed anaphylaxis from cephamandole [27]. Both patients
were skin test positive to penicillin G and first received 20 mg cephamandole
subcutaneously. One patient experienced ‘‘transitory hypotension, dyspho-
nia, generalized pruritus, and upper airway breathing difficulties’’ [25].

Fig. 1. Example of a template for a medication challenge.
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The other patient tolerated the 20 mg cephamandole but next received 500
mg intramuscularly. Circulatory collapse occurred. Therefore, although
most penicillin allergic patients will tolerate a cephalosporin uneventfully,
and would tolerate a beta lactam antibiotic uneventfully as well, the patients
who are skin test positive are at much higher risk of a severe or very severe
anaphylactic reaction. Thus, caution is advised. In the absence of skin-test-
ing reagents, the necessity of the cephalosporin should be verified. If a chal-
lenge is required, then a step-wise approach should be undertaken. The
place of cephalosporin skin tests remains to be established, but experience
from 101 patients is of note [28]. No patient experienced anaphylaxis if
the parent cephalosporin skin test (2 mg/mL) was negative using a challenge
beginning with 0.01, 0.1, and full doses. More data are needed to verify the
results of negative skin testing with the parent cephalosporin.

Non-IgE–mediated angioedema

Sulfonamides

Nearly all reported allergic type reactions to sulfonamides do not men-
tion angioedema as a primary reaction. Some evidence has been provided
for the presence of antisulfamethoxazole IgE antibodies from patients
who had experienced acute urticarial reactions from either sulfamethoxazole
or sulfamethoxazole-trimethoprim [29]. However, because of the complex-
ities of these investigations and the observation that most hypersensitivity
to sulfonamides does not include urticaria, anaphylaxis, or angioedema, sul-
fonamides are presented under non-IgE mediated angioedema. Anaphylaxis
has been reported in patients who have received sulfamethoxazole-trimeth-
oprim [30,31] or trimethoprim [32]. Sulfonamide antibiotics are structurally
different from nonantibiotics (furosemide, acetazolamide, celecoxib, and
sulfonylureas), and the presence of a history of sulfonamide allergy does
not appear to increase the risk of an allergic-type reaction from a non-anti-
biotic sulfonamide [23,30,31,33].

Sulfonamide therapy in patients with HIV/AIDS is associated with
a greatly increased incidence of allergic-type reactions such as morbilliform
rashes [23,34,35]. The administration of sulfamethoxazole-trimethoprim for
Pneumocysitis carinii pneumonia prophylaxis and treatment is used despite
highly effective antiretroviral therapy. The incidence of morbilliform rash,
cytopenias, or renal or hepatic impairment ranges from 44% to 100%
and typically has its onset after a week of treatment [34]. A number of po-
tential mechanisms for allergic and idiosyncratic reactions to sulfonamides
have been suggested including (1) haptenation of cell surface proteins by
hydroxylamine and nitroso (oxidative) metabolites of sulfamethoxazole,
(2) generation of Th1 cytokines, (3) necrotic as opposed to apoptotic cell
death pathways in which necrosis causes T-cell activation and apoptosis
does not, (4) reduced levels of the antioxidant, glutathione, leading to
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insufficient detoxification of the nitroso metabolites, and (5) slow acetyla-
tion of caffeine phenotype, which results in increased presence of the oxida-
tive metabolites [23,34]. Alternatively, the prophylactic administration of
N-acetylcysteine, which increases glutathione intracellularly, has not been
shown to reduce the incidence of adverse reactions in patients [36,37]. De-
spite prophylactic administration of N-acetylcysteine, in the hopes of detox-
ifying the reactive metabolites, 20 of 96 patients receiving trimethoprim/
sulfamethoxazole (80 mg/400 mg twice daily) with N-acetylcysteine (3 g
twice daily) had to discontinue the antibiotics within 2 months compared
with 25 of 102 patients just receiving sulfamethoxazole/trimethoprim [36].
The median time to discontinuation of the antibiotics was 13 and 14 days,
and the rashes lasted about 5 days [36].

Test-dosing protocols have been suggested [24]. A history of Stevens-
Johnson syndrome or toxic epidermal necrolysis is considered a contraindica-
tion to test dosing. In some cases, a report of cytopenia (or Stevens-Johnson
syndrome) from a sulfonamidemay have been erroneous, and a test-challenge
may be indicated. Frequent evaluation and laboratory testing would be indi-
cated to monitor the patient if there are no alternative treatments available.
If a patient requires sulfamethoxazole/trimethoprim and has a history of ana-
phylaxis or massive angioedema attributable to sulfamethoxazole/trimetho-
prim, any challenge would have to be attempted after verification of the
essential indication for the antibiotics. Verbal consent would be needed.
The challenge would be conducted in a supervised setting with emergency
therapy available as shown in Fig. 1. If there is a medical urgency, one ap-
proach would be to administer trimethoprim/sulfamethoxazole at 0.8, 7.2,
40, 80, 400, 680 mg (sulfamethoxazole) every 20 to 30 minutes [24]. Alterna-
tively, a 4-day test-challenge would begin with 0.01 of the dose on day 1, 0.10
of the dose on day 2, 0.33 of the dose on day 3, and a full dose on day 4 [24].
Slower challenges may be indicated for some patients.

Aspirin and nonsteroidal anti-inflammatory drugs

Aspirin and non-steroidal anti-inflammatory drugs (NSAIDs) can induce
acute severe bronchoconstriction (asthma), severe oropharyngeal or laryn-
geal angioedema, urticaria, shock, or acute nasal congestion and rhinorrhea.
In a large study of patients referred for drug hypersensitivity and in which
provocation challenges were performed to confirm or refute the diagnosis,
94 (47.2%) of 199 patients had a positive aspirin challenge [38]. NSAID
challenges were positive in 44 (27.3%) of 161 patients [38]. Exact details
of the prior or provocation-challenge reactions were not provided, but chal-
lenges consisted of aspirin at 1, 10, 20, 50, 100, 200 and 500 mg. Aspirin and
NSAIDs may cause acute urticaria/angioedema in 21% to 33% of patients
with chronic idiopathic urticaria [24,39,40]. Other patients will have acute
urticaria/angiodema or anaphylaxis attributable to a single NSAID for ex-
ample [39,41]. Convincing proof of IgE antibodies participating in such
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reactions has yet to be shown. Patients who experience acute urticaria or an-
gioedema from aspirin or NSAIDs develop reactions within 3 (or possibly 4)
hours in nearly all cases. Aspirin and nonselective NSAIDs inhibit cyclo-
oxygenase-1 (and cyclooxygenase-2) enzymes which is the characteristic of
the medications that induce these immediate reactions. Medications that
are tolerated include cyclooxygenase-2 inhibitors (celecoxib, refecoxib, val-
decoxib), and drugs that are very weak inhibitors of cyclooxygenase-1
such as acetaminophen (paracetamol), salsalate, and trisalicylate. Patients
who have experienced acute urticaria or angioedema from cyclooxyge-
nase-1 inhibitors can tolerate cyclooxygenase-2 inhibitors in almost all cases
[23,24,41]. These patients can receive the first dose of the cyclooxygenase-2
either unsupervised or if there is significant anxiety, in the office. The full
dose can be administered.

When aspirin or a cyclooxygenase-1 inhibitor is indicated and the patient
has had a previous episode of acute urticaria or angioedema from either as-
pirin or a cyclooxygenase-1 inhibitor, alternative agents should be tried.
However, often, the patient’s disease (rheumatoid or osteoarthritis) has
not responded to acetaminophen for example. With documentation that a
cyclooxygenase-1 inhibitor is indicated, the patient can undergo a test-
challenge with aspirin or ibuprofen (Table 1). These challenges can be
performed in the office. If a patient has aspirin-exacerbated respiratory dis-
ease, it is important that the challenge be performed when the respiratory
status is stable and the FEV1 is at least 70%. Use of Fig. 1 is advised. If
the patient has experienced a single episode of ibuprofen-induced angioe-
dema and if aspirin is indicated for coronary artery disease, a challenge could
be performed with an initial target dose of 81 mg. It is possible that the pa-
tient has had a single episode of angioedema or anaphylaxis from another
NSAID and could tolerate ibuprofen. Nevertheless, a challenge is advisable,
in case the patient has class reactivity to cyclooxygenase-1 inhibitors. It is the
author’s opinion that the intial doses in Table 1 (aspirin 1 mg and ibuprofen
10 mg) serve as placebos. Thus, if within 5 minutes, there are symptoms or
signs such as acute wheezing dyspnea, stridorous sounds, lightheadedness,
or extreme anxiety, without associated evidence of airway obstruction or

Table 1

Examples of test-challenges with aspirin and ibuprofena

Aspirin (dilute 81 mg tablet in water) Ibuprofen (100 mg/5mL)

Target dose ¼ 81 mg Target dose ¼ 200 mg

1 mg 10 mg (0.5 mL)

10 mg 20 mg (1.0 mL)

30 mg 40 mg (2.0 mL)

41 mg 80 mg (4.0 mL)

50 mg (2.5 mL)

a The indication should be clearly documented. The patient should be observed for evidence

of urticaria, angioedema, or respiratory distress. Challenges can be performed every 30 minutes

in the absence of evidence of hypersensitivity.
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hypotension, the patient most likely will be experiencing a panic attack and
not an anaphylactoid episode. Epinephrine would not be indicated. Contin-
ued test-challenges would not be performed on that day because of the high
level of anxiety. When the indication is very strong, an even faster paced
challenge protocol has been described for patients with a history of aspirin
or NSAID-induced urticaria or angioedema [42]. Patients were pretreated
with an antihistamine (10 patients) and received a challenge as follows 0.1
mg, 0.3 mg, 1.0 mg, 3.0 mg, 10 mg, 30 mg, 40 mg, 81 mg, 162 mg, 325 mg
[42]. Aspirin was administered every 10 to 30 minutes. Nine of 11 patients
were able to receive aspirin without reaction [42].

Celecoxib and cyclooxygenase-2 inhibitors

The cyclooxygenase-2 inhibitors are remarkably well tolerated in patients
who have aspirin-exacerbated respiratory disease (aspirin-induced asthma
and aspirin triad) [24,39,41]. They also are an appropriate alternative for pa-
tients who have experienced aspirin or nonselective NSAID-induced urticaria
or angioedema [23,41]. Very infrequent reports of anaphylaxis with urticaria
and facial and tongue angioedema have been reported from cyclooxygenase-2
inhibitors [43]. The patient described initially had ingested a 200-mg celecoxib
tablet; a repeat challenge resulted in anaphylactic shock again with a cumula-
tive dose of 36mg [43]. The patient subsequently tolerated rofecoxib. Thus, al-
though rare, anaphylactic episodes can occur and physicians and their office
staff should review their emergency preparedness periodically.

Acetaminophen

Extremely rare reports of acetaminophen hypersensitivity have been pub-
lished [44,45]. However, acetaminophen is an appropriate alternative for as-
pirin or a nonselective NSAIDs for patients with aspirin or NSAID-induced
urticaria or angioedema (or aspirin-exacerbated respiratory disease).

Physical urticaria

Exercise-induced anaphylaxis, a physical urticaria, is often accompanied
by angioedema as well as urticaria. Exercise-induced anaphylaxis can be
food-dependent and also may be associated with concurrent exposure to ex-
ercise and NSAIDs. Cold urticaria is another physical urticaria that is often
accompanied by angioedema.

Immunomodulators

There are many immunomodulators, and their indications are growing.
Cytokines, anti-cytokines, monoclonal antibodies, and immunosuppressive
medications have provided new approaches to treatment. Adverse reactions
may be profound such as the ‘‘cytokine storm’’ from an anti-CD28 antibody
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that was designed to increase the numbers of T cells and activate CD4þ
CD25þ T reg cells [46]. The concentrations of tumor necrosis factor alpha
(TNFa), interferon gamma (IFN-g), interleukin (IL)-2, IL-4, IL-6, and IL-10
increased by over 2000 times in association with fever, flushing, diarrhea,
hypotension, bilateral pulmonary infiltrates, and respiratory failure [46].Ater-
natively, omalizumab, the anti-IgE antibody that is indicated for persistent
asthma, has been associated with four immediate type reactions from more
than 20,000 patients who have been treated [47]. Reactions occurred from
75 to 120 minutes after subcutaneous injection, and all patients received epi-
nephrine. Twoof the 4 patients experienced anaphylactoid reactions including
one patientwith throat and tongue swelling [47]. Examples of selected anaphy-
lactic/pseudoallergic, adverse, or other immunologic reactions from immuno-
modulators are presented in Table 2. While there may be first-dose reactions
such as the toxic ‘‘cytokine storm’’ from the ‘‘superagonist’’ anti-CD28 anti-
body, often there is a reaction after several uneventful administrations. This
pattern suggests immunologic sensitization or idiosyncrasy.

Diagnostic contrast agents

Radiographic contrast material

Anaphylactoid reactions secondary to radiographic contrast media in-
clude angioedema, which is classified as mild laryngeal edema (moderate
reaction) or severe laryngeal edema (severe reaction) [53]. Radiographic

Table 2

Examples of immunologic, anaphylactic/pseudoallergic and other reactions

to immunomodulators

Therapeutic agent Reaction

Anti-CD28 antibody Acute respiratory failure, pulmonary infiltrates, shock;

nearly fatal ‘‘cytokine storm’’

Omalizumab Anaphylaxis (75–120 minutes after subcutaneous injection)

in about 1 of 5000 patients

Natalizumab Anaphylaxis; progressive multifocal leukoencephalopathy

Infliximab, adalimumab,

etanercept

Reversible SLE; anti-ds DNA antibodies

Interferon a Acute urticaria, angioedema; anti-thyroid antibodies; SLE,

diabetes mellitus, vasculitis

Rituximab, alemtuzumab Acute urticaria, hypotension, dypspnea, rigors

Sirolimus Angioedema; bronchiolitis obliterans organizing

pneumonia; lymphocytic alveolitis

Cyclosporine Anaphylaxis/pseudoallergic reactions

Mycophenolate Anaphylaxis/pseudoallergic reactions

Thalidomide Stevens-Johnson syndrome, toxic epidermal necrolysis,

various rashes

Abbreviation: SLE, systemic lupus erythematosis.

Data from references [23,46–52].
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contrast materials are typically tri-iodinated benzene ring compounds that
are clear; thus they should not be referred to as dyes. High osmolality
contrast media have osmolality from approximately 500 to 1400
mOsm/kg H2O. Lower osmolality contrast media may have osmolality
as low as 290 to 322 mOsm/kg H2O. Lower osmolality contrast media
may be nonionic or ionic. Anaphylactoid (pseudoallergic) reactions occur
almost immediately to 30 minutes after intravenous administration of
contrast material [53–55]. Life-threatening reactions, many of which
involve cardiovascular collapse, occur within the first 20 minutes after
injection of contrast media [53]. There continues to be an inadequate un-
derstanding of the pathogenesis of the anaphylactoid (pseudoallergic) re-
actions; there is no doubt that histamine is detected as a marker of mast
cell mediator release. Various discussions of the potential pathogenic
mechanisms are available [53,55]. Severe life-threatening reactions to con-
trast media are reduced when lower osmolality contrast materials are
used compared with higher osmolality agents (0.04% versus 0.22%)
[56]. Nevertheless, fatalities occur with about the same frequency (0.8
to 0.9/100,000 infusions) [57,58].

Pretreatment regimens have been published with associated low rates of
repeated pseudoallergic reactions in patients who have experienced prior
pseudoallergic reactions [54]. The recommended pretreatment regimen is
as follows:

1. Document the essential or very strong indication for the procedure
2. Use a lower osmolality contrast medium
3. Have emergency therapy available
4. Pretreat with Prednisone 50 mg at �13 hours, �7 hours and �1 hour

before the procedure
Diphenhydramine 50 mg at �1 hour (can be oral or intravenous)
Albuterol 4 mg at �1 hour orally is optional

With such pretreatment, only 0.5% of patients had repeated reactions.
[54] There has been concern as to whether pretreatment should be recom-
mended for patients who have had previous pseudoallergic reactions [59].
The argument appears to be based on the absence of controlled, random-
ized, placebo-controlled trials. Nevertheless, based on historical rates of re-
actions, pretreatment should be administered. Indeed, using high osmolality
contrast media in patients who previously had experienced pseudoallergic
reactions, the reaction rate was reduced from 17% to 60% to less than
10% with pretreatment [60]. The administration of lower osmolality con-
trast media to such patients reduced the repeated reaction rate to 4.0% to
5.5% and with pretreatment and use of lower osmolality contrast media,
the repeat reaction rate was reduced to 0.5% [54,60].

Fatalities may occur albeit very rarely [61,62]. Thus, physicians perform-
ing such studies do need to review their emergency preparedness periodi-
cally. Pseudoallergic reactions can occur from orally administered contrast
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media and induce life-threatening upper airway edema [63]. Fortunately,
such reactions are extremely rare.

Gadolinium

Magnetic resonance contrast media uses gadolinium-based chelates. In-
frequent severe pseudoallergic reactions occur [64]. In a series of 9528 mag-
netic resonance imaging infusions, 45 (0.48%) patients experienced some
adverse reaction. There was 1 case of anaphylactic shock (1:9528) and 15
cases of rash or urticaria. Patients who report a previous pseudoallergic re-
action to gadolinium chelates appear to be at greater risk of repeated reac-
tions [64,65]. Pretreatment of such patients and use of different gadolinium
chelates are advised for essential procedures. Nevertheless, additional data
are needed to confirm the efficacy of this approach.

Fluorescein

Fluorescein sodium dye is injected intravenously and can cause hypoten-
sive shock with elevation of serum tryptase [66]. Because patients may have
diabetes mellitus and coronary artery disease, an episode of shock may cre-
ate a life-threatening emergency. It is not clear that any pretreatment will be
successful for such patients, but this author recommends the radiographic
contrast material pretreatment for such patients. The procedures should
be performed only if necessary with emergency therapy available.

Summary

Anaphylactic and anaphylactoid (pseudoallergic) reactions can be ex-
pected to occur with greater frequency as the number of immunomodulators
are employed. The immune system will become sensitized to these new ther-
apeutic agents or there may be first-dose reactions depending on the patho-
genetic mechanism involved. Physicians should review their office or
procedure room emergency preparedness protocols and medications. The
lack of penicillin major and minor determinants for penicillin testing has
made management of penicillin and cephalosporin allergic patients more
complicated. In the absence of skin-testing materials, test-challenges will
be necessary and performed with less comfort because of not knowing the
current level of immunologic sensitization to penicillin. The indication for
readministration of any incriminated medication/therapeutic agent should
be reviewed. Often, there are not suitable alternatives. Various approaches
have been presented to permit safer readministration of essential medica-
tions or diagnostic agents to prevent episodes of anaphylaxis or upper air-
way angioedema.
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