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Management of hypersensitivity reactions to iodinated contrast

media

All iodinated contrast media (CM) are known to cause both immediate ( < 1 h)
and nonimmediate (> 1 h) hypersensitivity reactions. Although for most
immediate reactions an allergic hypersensitivity cannot be demonstrated, recent
studies indicate that the severe immediate reactions may be IgE-mediated, while
most of the nonimmediate exanthematous skin reactions, appear to be T-cell
mediated. Patients who experience such hypersensitivity reactions are therefore
advised to undergo an allergologic evaluation. Several investigators have found
skin testing to be useful in confirming a CM allergy, especially in patients with
nonimmediate skin eruptions. If a patient with confirmed allergy to a CM needs
a new CM exposure, a skin test negative CM should be chosen and premedi-
cation may be tried. However, none of these precautional measures is a guar-
antee against a repeat reaction. More research focusing on pathomechanisms,
diagnostic testing and premedication is therefore clearly needed in order to
prevent CM-induced hypersensitivity reactions in the future.
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Introduction

The adverse events seen after contrast media (CM)
administration may be divided into three different types:
(1) allergic and nonallergic hypersensitivity reactions as
defined by the European Academy of Allergy and Clinical
Immunology (1), (ii) toxic reactions (2) and (iii) events
unrelated to CM exposure (Fig. 1). Hypersensitivity
reactions are either immediate reactions, which occur
within 1 h after CM administration, or nonimmediate
reactions, which become apparent more than 1 h after
CM exposure (3). About 70% of the immediate symp-
toms are reported to start within the first 5 min of CM
administration (4).

This paper summarizes current state of the art regard-
ing pathomechanisms, diagnosis and prevention of
CM-induced hypersensitivity reactions and outlines open
fields for further research in this area.

Prevalence of contrast medium reactions

Three large observational studies conducted in the mid-
1980s indicated that mild adverse reactions of the
immediate type occur in 3.8-12.7% of patients receiving
intravenous injections of high-osmolar, ionic CM and in
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0.7-3.1% of patients receiving low-osmolar nonionic CM
(4-6). Severe immediate reactions have been reported to
occur with a frequency of 0.1-0.4% for ionic CM and
with a frequency of 0.02-0.04% for nonionic CM (4-7).
Although the adverse reactions observed with the noni-
onic CM are usually less severe than the reactions induced
by the ionic CM, the death rates for the two types of
products are not significantly different. The mortality rate
has been estimated to be in the range of 1 in 100 000
examinations (7). Severe and fatal reactions represent a
serious problem in regard to the more than 70 million
applications of CM per year worldwide (8).

The frequency of nonimmediate adverse reactions was
recently reviewed by Webb et al. (9). In the 10 studies
cited in this paper, the frequency ranged from 0.5 to 23%.
This large variation may be due to the difficulty in
verifying whether symptoms occurring hours or days
after CM exposure are in fact caused by the CM. When
radiological examinations with use of CM were compared
with examinations without CM, most nonimmediate
symptoms except skin reactions were found to be
unrelated to the CM administration (10, 11). Thus,
various types of exanthema seem to account for the
majority of the CM-induced nonimmediate hypersensi-
tivity reactions. Such eruptions have been reported to
affect some 1-3% of CM-exposed patients (3, 11-13).

Adverse event

Pharmacological toxicity ‘

’ Hypersensitivity ‘

Unrelated event

RN

Immediate reaction

Nonimmediate reaction

<1h 1 h-7 days
Pharmacological Nonallergic or T-cell-mediated
effect IgE-mediated?
A A
Organ toxicity Allergic symptoms Exanthematous skin Unspecific symptoms

eruption

Figure 1. Classification of adverse events after contrast medium administration.

151



Brockow et al.

Table 1. Symptoms of immediate and nonimmediate hypersensitivity reactions to
iodinated contrast media

Immediate reactions Nonimmediate reactions

Pruritus Pruritus

Urticaria Urticaria

Angioedema Angioedema

Flush Exanthema (macular, maculopapular
Nausea, diarrohea, craming eruption)

Rhinitis (sneezing, rhinorrhea)

Hoarseness, cough

Dyspnea (bronchospasm,
laryngeal edema)

Hypotension, tachycardia,
arrhythmia

Cardiovascular shock

Cardiac arrest

Respiratory arrest

Erythema multiforme minor
Fixed drug eruption
Stevens—Johnson syndrome
Toxic epidermal necrolysis
Graft-vs-host reaction
Vasculitis

Clinical symptoms

Clinical symptoms of hypersensitivity reactions to CM
are listed in Table 1. Pruritus and mild urticaria are the
commonest immediate manifestations, occurring in up to
70% of affected patients (4). More severe reactions
involve the respiratory and cardiovascular systems, and
most fatal hypersensitivity reactions to CM are immedi-
ate anaphylactic reactions (4—7).

The most frequent CM-induced nonimmediate reac-
tion is maculopapular rash, observed in more than 50%
of nonimmediate reactors (12). Other frequently occur-
ring nonimmediate reactions include erythema, urticaria,
angioedema, macular exanthema or scaling skin eruption
(12-15). The nonimmediate skin reactions are usually
mild to moderate in severity and transient and self-
limiting. However, cases of severe skin reactions, such
as Stevens—Johnson syndrome (SJS), toxic epidermal
necrolysis (TEN) and cutaneous vasculitis have been
reported (14). Nonimmediate reactions with more imme-
diate-type symptoms such as angioedema of the face
combined with hypotension and/or dyspnea have been
described occasionally (16, 17) and in a few patients, a
biphasic reaction has been observed (18, 19). However, in
general, no relationship between the occurrence of
immediate and nonimmediate reactions has been found
(12, 20, 21).

Risk factors

The most significant risk factor for an immediate
hypersensitivity reaction is a previous immediate reac-
tion. Previous reactors have a 21-60% risk of a repeat
reaction when re-exposed to the same or a similar ionic
CM (4, 22-24). When patients with a previous reaction to
an ionic CM are subsequently given a nonionic CM, an
up to 10-fold reduction in the incidence of severe repeat
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reactions has been reported (24). No data are presently
available regarding the frequency of repeat reactions to
nonionic CM in patients with previous reaction to a
nonionic CM.

Other risk factors for more severe immediate reactions
are severe allergy, bronchial asthma, cardiac disease and
treatment with beta-blockers (4, 22, 25-27).

Reported predisposing factors for nonimmediate
skin reactions are a previous CM-induced adverse reac-
tion, interleukin-2 treatment, serum creatinine level
>2.0 mg/dl and a history of drug and contact allergy
(12, 20, 21, 28).

Other potential factors that may influence the severity
of a CM reaction include mastocytosis, viral infection at
time of CM exposure and autoimmune diseases, such as
systemic lupus erythematosus (29, 30).

Pathophysiology

Immediate hypersensitivity reactions to CM are at least in
part associated with histamine release from basophils and
mast cells (31). Histamine release may be due to (i) a
direct membrane effect related to the osmolarity of the
CM solution or the chemical structure of the CM
molecule, (ii) an activation of the complement system or
(ii1) an IgE-mediated mechanism. Evidence for an
IgE-mediated reaction has mainly been found in the rare
cases of severe reaction (31-41).

Most of the CM-induced nonimmediate skin eruptions
appear to be T-cell mediated allergic reactions as shown
by (i) the frequently reported positive patch tests (PT) and
delayed intradermal tests (IDT) to the culprit CM in
previous reactors (18, 42-58), (ii) the presence of dermal
infiltrates of T cells in affected skin and positive skin test
sites (4249, 54, 56, 58-60), (iii) the reappearance of the
eruption after provocation testing (45-47), and (iv) the
ability of CM to stimulate proliferation of peripheral
T cells from patients with CM-induced skin eruptions
(53, Pichler et al. unpublished data).

Clinical diagnosis
History and clinical evaluation

The ENDA questionnaire may be useful in obtaining the
most important information regarding the patient’s
history and clinical manifestations of the adverse reaction
(61). One important piece of information is the interval
between CM administration and the onset of symptoms,
required in order to classify the reaction as either
immediate ( £ 1 h) or nonimmediate (> 1 h). The severity
of the reaction should also be documented. For assessing
the severity of immediate hypersensitivity reactions, the
scoring system of Ring and Messmer (Table 2) has
proved helpful (62). The severity of nonimmediate skin
reactions may be graded as mild when no treatment is
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Table 2. Severity of immediate hypersensitivity reactions to iodinated contrast media (62)

Symptoms
Grade Skin Abdomen Respiratory tract Circulation
| Pruritus
Flush
Urticaria
Angioedema
Il Pruritus Nausea Rhinorrhea Tachycardia (A>20/min)
Flush (not obligatory) Cramping Hoarseness
Urticaria Dyspnea Hypotension (A>20 mmHg syst.)
Angioedema Arrhythmia
I Pruritus Vomiting Laryngeal edema Shock
Flush (not obligatory) Defecation Bronchospasm
Urticaria Diarrhea Cyanosis
Angioedema
IV Pruritus Vomiting Respiratory arrest Circulatory arrest
Flush (not obligatory) Defecation
Urticaria Diarrhea
Angioedema

required, moderate when the patient responds readily to
appropriate treatment and no hospitalization is needed,
or severe when the reaction requires treatment in hospital,
is life-threatening or results in death.

Diagnosis of immediate hypersensitivity reactions

During or immediately after the reaction

Plasma histamine and tryptase. Elevated serum levels of
histamine and tryptase have been found in some but not
all patients with severe or fatal immediate reactions but
not in those with milder symptoms (31, 32, 34, 41, 63).
The usefulness of these markers for diagnostic purposes
remains to be established.

Plasma histamine concentration is known to peak
within 5-10 min after onset of symptoms, and for
patients with reactions of lower severity grade, histamine
may return to baseline level in <1 h (31). Consequently,
blood samples for histamine analysis should be drawn as
soon as possible after the reaction. For tryptase, blood
sampling 1-2 h after onset of symptoms has been
recommended (64). To enable comparison with baseline
levels, new blood samples should be collected 1-2 days
after the reaction.

After recovery

Skin tests. Skin prick tests (SPT) and IDT have been
performed for many years in the diagnosis of immediate
hypersensitivity reactions to CM, but positive tests have
only rarely been reported and only in patients with severe
reactions (31, 34-38, 40, 41).

Most investigators have performed skin testing with
undiluted CM for SPT and with CM diluted 1/1000 to

1/10 for IDT. Only two groups of investigators have
reported results from intradermal testing of negative
controls (36, 37). Both groups found no positive IDT to
CM diluted 1/100 when tested in 20 and 25 healthy
controls, respectively. Hence, there is a need to establish
whether more concentrated CM solutions remain
nonirritative. Also the sensitivity of these tests in detect-
ing an occasional IgE-mediated reaction remains to be
determined.

Specific IgE antibodies. Three groups of investigators
have reported the presence of CM-specific IgE antibodies
in the serum of patients with immediate reaction (31-33,
39). The reported frequency of positive test results varies
widely. While a Japanese group detected CM-specific IgE
to ioxaglate in 47% of immediate reactors (32), a French
group found CM-specific IgE to either ioxaglate or
ioxithalamate only in the 2-3% of reactors with severe
symptoms (395).

No commercial assay is available for routine measure-
ment of serum levels of CM-specific IgE antibodies, and
the value of the test in diagnosis of severe immediate
reactions remains to be established.

Basophil activation. Dose-dependent, direct histamine
release was demonstrated when human peripheral blood
leukocytes were incubated for 30-60 min at 37°C in
presence of rather high concentrations of CM
(20400 mM) (65-68). Leukocytes from atopic individu-
als were reported to release more histamine upon CM
exposure than leukocytes from nonatopics (67). The CM-
induced in vitro histamine release was also reported to be
significantly higher for previous CM reactors as com-
pared with patients without previous reaction or healthy
volunteers (68).
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The role of the histamine release test and other in vitro
basophil activation tests in the allergy diagnosis of
reactions to CM is not yet defined.

Provocation test/pretesting procedure. In the 1970s, a
0.5-1 ml test dose of undiluted CM was often given
intravenously 2—5 min before the radiological procedure
in an attempt to avoid severe reactions to the subsequent
full dose of CM. However, such pretesting may elicit
severe reactions and gives a false sense of security (69-71).

A different protocol using graded challenge testing of
patients with a history of immediate reactions to CM has
been reported by Yocum et al. (23). They administered
0,1 ml test doses of 10-fold dilutions at 15-min intervals
starting with 1/10 000 up to undiluted CM, followed by
1 and 5 ml of the undiluted CM before performing
the examination. Positive reactions of mild to moderate
severity were seen in 22% of patients with a definite
history of immediate hypersensitivity reaction to CM. In
half of the pretest-positive patients, the full dose of CM
was subsequently given with or without premedication,
and these patients reacted significantly more frequently as
compared with pretest-negative patients with or without
premedication. Although this procedure appears to be
effective in identifying high-risk patients, it is unsuited for
routine use because of the time consuming nature of the
protocol.

Diagnosis of nonimmediate hypersensitivity reactions

During or immediately after the reaction

Hematology and clinical chemistry. In patients with
CM-induced nonimmediate skin eruptions, other organs
may be involved (49). Thus, during the acute phase of
more severe reactions, laboratory tests such as liver and
renal function tests as well as differential blood cell counts
to look for eosinophilia should be considered. No data
are presently available regarding the frequency of labor-
atory test abnormalities in these patients.

In addition to the above routine laboratory tests, tests
for the presence of lymphocyte activation markers
(e.g. CD25, CD69, HLA-DR by flow cytometry or sol-
uble CD25 by enzyme immunoassay) may be conducted
to search for the participation of activated T cells in
these reactions. Such tests must be regarded as research
tools.

Skin biopsy. Histological examination of biopsy samples
from nonimmediate skin eruptions has occasionally been
conducted. In cases of fixed drug eruption (FDE), the
affected skin showed lymphocyte infiltration of the dermis
and epidermis, epidermal spongiosis and necrosis, as well
as hydropic degeneration of the basal layer (42, 43, 59).
Other reported findings were neutrophilic abscess within
the stratum corneum and pronounced eosinophilic
degeneration. In a case of SJS, a severe lymphohistiocytic
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infiltrate throughout the dermis and focal epidermal
necrosis with blister formation were observed (60), while
in a case of acute vasculitis the biopsy showed leukocy-
toclasia and a peripheral infiltrate of neutrophils around
vessels (72). Maculopapular skin eruptions present with
perivascular infiltration of lymphocytes in the dermis,
sometimes accompanied with intraepidermal spongiosis
and dermal infiltrates of eosinophils and/or histiocytes
(44, 46-49).

Histological examination of skin biopsies can be of
value in the pathophysiological evaluation of the reac-
tion. But unfortunately, biopsy findings in exanthema-
tous drug eruptions have few typical features
(e.g. cosinophilia), which can aid in the differentiation
of a drug eruption from other skin eruptions. Thus, a skin
biopsy sample can be taken, but the results have to be
interpreted together with other clinical information.

After recovery

Skin tests. Positive PT to undiluted CM after 1-4 days
have been described in patients with macular or macu-
lopapular exanthema, FDE, erythema multiforme,
urticaria-like eruption and TEN (18, 42-44, 46, 47,
50-55, 57, 58). Although PT appear to be specific, based
on the reported negative test results in 30 healthy controls
(49, 53), there is presently no data on the sensitivity of
this test.

Several investigators have reported positive delayed
IDT to undiluted or diluted CM in patients with
nonimmediate skin reactions (18, 4345, 49, 52-54, 56,
57). Erythematous plaques become apparent at the test
sites after a period of 1-3 days. Often patients had
positive tests to several CM (18, 48, 49, 52-54, 57).
Delayed IDT is reported to be more sensitive than PT,
but also IDT may sometimes be falsely negative as
indicated in a recent case series (57).

SPT with undiluted CM have in few cases resulted in
erythematous palpable plaques after 1-3 days (45, 47),
but this test is much less sensitive than both PT and IDT
(53, 57).

In summary, PT with undiluted CM on the back with
readings after 2 and 3-4 days, and IDT with diluted CM
and late readings after 1-3 days appear to be specific and
useful in allergy diagnosis of nonimmediate skin reactions
to CM. Both PT and IDT should be read after 1 week, if
previously negative (73). For safety reasons, SPT with
undiluted CM and reading after 15-20 min should be
conducted before performing IDT.

The optimal CM concentration for use in IDT remains
to be established, and the sensitivity of both PT and IDT
has to be investigated.

Lymphocyte transformation test. Although LTT has
occasionally been used in diagnosis of nonimmediate
hypersensitivity (53), this test cannot be recommended for
routine use at present.



Provocation test. Provocation testing to confirm a non-
immediate CM allergy has only been described in three
case reports (45-47). Testing with progressive increase of
the injected CM dose over several days may be useful to
confirm a negative skin test result before the patient is
exposed to the full dose of CM (57, 59). However, because
of the potential risk involved it remains a research
procedure.

Prophylaxis
Prevention of immediate reactions

Contrast medium selection. In patients with risk factors
such as bronchial asthma or previous CM-induced
immediate adverse reaction, radiologists have routinely
administered low-osmolar CM because of their lower
incidence of total reactions (74, 75). If a patient with a
previous immediate hypersensitivity reaction to a CM
needs a new CM exposure, the CM that caused the
reaction should not be readministered. New exposure to
CM should be avoided in patients with previous severe
CM-induced immediate reaction.

So far, only three case reports have described the
successful use of skin tests or in vitro basophil activation
test for selection of a safe, alternative CM in patients with
previous immediate reaction (34-36). Results from larger
multi-center studies are needed in order to clarify the
usefulness of these tests as routine tools.

Premedication. 1t has been common practice to use
premedication with corticosteroids either alone or in
combination with Hl-antihistamines and/or H2-antihis-
tamines in patients with a history of moderate or severe
immediate reaction to CM (74, 75). In the recent
guidelines from European Society of Urogenital Radi-
ology on prevention of generalized contrast medium
reactions, prednisolone (30 mg) or methylprednisolone
(32 mg) orally 12 and 2 h before contrast medium
exposure was recommended in high risk patients (74).
However, severe CM-induced anaphylactic reactions
have occurred in previous reactors despite such pro-
phylactic use of corticosteroids (76-79). Therefore, the
exact role of premedication needs to be further
established.

Prevention of nonimmediate reactions

Contrast medium selection. Patients with previous
CM-induced nonimmediate skin eruptions are at risk
for developing new eruptions if re-exposure to the same
CM takes place (43, 47, 48, 50, 53, 55, 58). Consequently,
another CM product should be chosen if re-exposure is
required. Because of frequent cross-reactivity between
different CM, change of CM is no guarantee against a
repeat reaction.

Hypersensitivity reactions to contrast media

Several investigators have used PT and delayed IDT to
confirm an allergic reaction to the culprit CM in this
group of patients. However, it remains to be established if
skin testing is also a suitable tool for selection of an
alternative CM that can subsequently be safely used. At
present the administration of skin test negative CM in
previous reactors should be done with caution as reac-
tions have been observed after administration of skin test
negative CM (57).

Premedication. In the recent guidelines from the Contrast
Media Safety Committee of the European Society of
Urogenital Radiology, it is stated that patients with
previous serious nonimmediate adverse reactions can be
given oral steroid prophylaxis if new CM exposure is
required (9). However, no studies have so far been
conducted to establish the optimum pretreatment regi-
ment. Repeated nonimmediate reactions, including a case
of TEN, have been reported despite corticosteroid
premedication (16, 48, 50, 53, 55, 58, 80).

A different pretreatment protocol was recently des-
cribed by Romano et al. (53). They reported the success-
ful use of intramuscular 6-methyl-prednisolone (40 mg
daily) and oral cyclosporine (100 mg twice daily) 1 week
before and 2 weeks after each of four angiograms in a
patient with two previous episodes of maculopapular
reaction after CM administration, the last despite steroid
premedication.

Further investigations are needed in order to establish
a practical and effective pretreatment protocol for
prevention of new reactions in patients with previous
nonimmediate skin reactions to CM.

Conclusion

There has been remarkable progress in the understanding
of the pathophysiology of CM-induced hypersensitivity
reactions in the last decade. Current evidence indicates
that both severe immediate reactions and nonimmediate
skin eruptions may be allergic reactions, involving

Table 3. Future research agenda for hypersensitivity reactions to contrast media
(CM)

Search for new risk factors

Optimalization of skin test conditions

Determination of sensitivity and specificity of standardized skin tests in the
diagnosis of CM allergy

Establishment of the value of skin tests for the selection of an alternative, safe
CM for use in previous reactors

Development and/or validation of in vitro diagnostic tests, such as CM-specific
IgE antibody test, basophil and lymphocyte activation tests and lymphocyte
transformation tests

Elucidation of the pathomechanism of non-Igk-mediated immediate hypersensitivity
reactions

Establishment of the role of premedication in prevention of severe CM reactions
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CM-reactive IgE and T cells, respectively. Skin testing has
been used to confirm a CM allergy in patients with such
reactions. However, the specificity and sensitivity of these

tests remain to be established. In vitro tests to search for
CM-specific IgE or T cells are currently under investiga-

tion and must be regarded as research tools at present. In
patients with previous severe reactions current premedi-
cation procedures appear to reduce symptoms but may
not prevent repeat reactions. In conclusion, further

research in the area of CM-induced hypersensitivity
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