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Opinion statement

Purpose of review The aim of this document is to review the epidemiology, diagnosis, and
treatment of immediate and anaphylactic reactions to gadolinium-based contrast agents
(GBCA) most commonly used in magnetic resonance imaging (MRI).
Recent findings The frequency of adverse reactions to GBCA ranges from 0.04 to 2.2%. Most
reactions are mild (47%–95%) and the frequency of anaphylactic shock is 0.004%–0.01%.
Mortality due to anaphylaxis induced by GBCAs has been 0.0019%.
Allergic reactions are more frequent in patients with a previous reaction, in females, using
macrocycle estructure GBCA and with hepatic, abdominal, and thoracic examinations.
Determination of tryptase in the acute phase, and allergy study could confirm the culprit
drug and assess the use of an alternative GBCA.
Allergic reactions, including anaphylaxis, can be resolved with appropriate training, early
identification, and suitable equipment, especially in radiology departments.
Summary Anaphylaxis to GBCA is extremely rare. A history of previous reactions to GBCA is
the main risk factor for a new reaction. In patients who have previously experienced a
reaction, it is recommended to perform an allergological study to establish or rule out
allergy to GBCAs and to assess the use of an alternative GBCA if necessary.
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Introduction

Use of gadolinium-based contrast agents in clinical
practice
Gadolinium-based contrast agents (GBCAs) are
widely used in clinical practice. Some authors esti-
mate that they have been administered to more than

100 million patients throughout the world [1, 2•].
The safety of these agents has been thoroughly
assessed during the last 10–20 years in powerful,
mainly retrospective, observational studies covering
thousands of administrations of GBCA.

Incidence of immediate reactions to GBCA

The frequency of adverse reactions to GBCA ranges from 0.04% to as much
as 2.2% [1, 3, 4, 5••]. The true prevalence is probably close to 0.1% [2•].
In other words, the incidence of adverse reactions to GBCAs is low (1 per
10,000–40,000 injections) [1]. Other authors report the prevalence to be 1
per 1000 injections [2•, 3]. Therefore, the prevalence of adverse reactions
to GBCAs is 10 times lower than that of adverse reactions to iodinated
contrast agents [6].

The prevalence of adverse reactions in children is lower than in the general
population [7••, 8, 9•]. Dillman et al. [10] reported an incidence of 1. Eight
reactions per 1000 injections in a large pediatric cohort. Davenport et al. [11]
reported 0.5 reactions per 1000 injections, and Forbes-Amrhein et al. [9•] found a
frequency of 0.06%.

These differences between studies have several explanations. First, more
large-scale studies have been performed with older products than with
younger products, for which samples are small. Second, differences in
the methodology used to collect data, even for the same agent, could
result in contradictory results. Third, some studies include data on very
few products. Finally, some studies report the overall number of adverse
reactions, including physiological and allergic reactions, whereas others
report only allergic reactions [5••].

Several studies report differences in the frequency of reactions to
GBCAs, although these differences are not statistically significant [3]. Nev-
ertheless, based on data from 105 magnetic resonance imaging (MRI)
facilities and 800,000 administrations of GBCA, Murphy et al. [12] report-
ed gadodiamide (a nonionic linear agent) to be substantially safer than
gadopentetate dimeglumine (ionic linear GBCA) and gadoteridol (macro-
cyclic GBCA). This observation is consistent with the fact that nonionic
iodinated contrast agents are associated with lower adverse events and
mortality rates than ionic agents [8, 13]. Three additional studies report
higher frequencies of immediate hypersensitivity reactions for gadobenate
dimeglumine than for gadopentetate dimeglumine [5, 14, 15].

Severe reactions are rare (1%–10%), although in most cases the prevalence
is higher than 5% [2•, 5, 6, 7••, 9•, 10, 13, 14, 16•, 17•, 18, 19]. Most reactions
are mild (47%–95%), and in almost all studies mild reactions accounted for
75% of all reactions [2•, 5••, 6, 7••, 8, 9•, 10, 13, 14, 16•, 17•, 18–20].

The reported frequency of anaphylactic shock is 0.004%–0.01% [5••,
7••]. Mortality due to anaphylaxis induced by GBCAs has been reported to
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be 0.0019%, and the death rate reported to the U.S. Food and Drug
Administration is 0.00008% (40 deaths in 51 million injections of MRI
contrast media from 2004 to 2009) [5••, 8].

Classification of contrast media used in MRI

The different types of contrast agents used in MRI can be classified according to
the following [21]:
1. Molecule morphology

& Linear
& Cyclic

2. Magnetic susceptibility

& Paramagnetic
& Ferromagnetic
& Superparamagnetic

3. Target tissue

& Extracellular nonspecific
& Specific tissue

4. Physicochemical characteristics

& Ionic vs nonionic
& Iso-osmolar
The contrast media most commonly used in MRI are based on gadolinium

(GBCA), which is a paramagnetic substance [22]. All contrast media whose base
is gadolinium contain a chelating agent with linear or cyclic morphology that
limits toxicity in the body [18, 23].

The most frequently used contrast agents are summarized in Fig. 1.
Ionic complexes with a cyclic structure have proven to be the most stable

and, therefore, the least likely to release ionic gadolinium into the body, while
the least stable are nonionic linear agents [22].

Fig. 1. GBCA Classification in MRI.
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Manganese chelates are used specifically as hepatobiliary contrast media,
and iron contrasts are used when it is necessary to shorten the T2 signal. Oral
contrasts are rarely used due to their high cost [24•].

Pathophysiology

In some studies, a positive prick test result suggests an IgE-mediated
mechanism as the cause of immediate reactions to GBCAs [25•]. However,
in other cases, the high osmolality of the chemical structure of GBCAs,
direct complement activation, and bradykinin formation can result in mast
cell and basophil degranulation, with release of histamine and other
mediators. All of these mechanisms may cause adverse reactions [8, 13].

Risk factors associated with immediate reactions to GBCA

Up to 50% of patients who receive GBCAs have risk factors, that is,
conditions that increase the frequency of immediate adverse reactions
[10, 14, 17•]. These risk factors are very similar to those associated with
iodinated contrast agents [14].

The main risk factor is a previous reaction to a GBCA. Up to 30% of
patients who experience an adverse reaction have previously experienced a
reaction [14].

Repeated exposure to GBCAs [26, 27] and a history of severe previous
reaction (up to 20% of patients) [5••] are significant risk factors (up to
eightfold greater) for a severe adverse reaction [7••, 19, 27]. However,
cases of anaphylaxis without previous exposure have been reported [2•].

GBCAs with a macrocyclic structure carry a higher risk of adverse reactions
(16 per 10,000 doses) than those with a linear ionic estructure (8.5 per 10,000
doses) or a linear nonionic structure (1.5 per 10,000 doses) [28••]. These
differences may imply increased binding capacity to certain proteins.

A study of 194,400 injections revealed significant differences between
GBCAs. The drugs that most frequently induced adverse reactions were
gadofosveset, gadoxetate, gadobenate, and gadopentetate [5••], although
only patients who had received gadobenate dimeglumine experienced
anaphylactic shock. In a recent meta-analysis, the order from greater to
lesser frequency of allergic reactions was similar, with the greatest frequen-
cy recorded for gadofosveset, followed by gadoxetate, gadobenate,
gadoteridol, gadobutrol, gadopentetate, and gadodiamine. The rate of
severe reactions was greater with gadoxetate, gadofosfoveset, and
gadobenate than with gadopentate [28••]. In another study [29],
gadobenate was associated with infrequent but more severe reactions that
were not prevented with premedication.

Studies based on a large number of injections (9 20,000) revealed that no
patients died [3, 29].

No significant relationships were found between age and frequency or
severity of the reactions.

Adverse reactions have been shown to be more frequent in females than
in males (71.6% vs 28.4%) (risk ratio 1.7) [2•, 5••, 8, 14, 17•, 18], and
severe adverse reactions are also more frequent in females (3/5) and in
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outpatients. However, sex did not affect the level of severity of the reac-
tions in some studies [5••], although data reported by Jung et al. [26]
suggested that severe adverse events are more likely to be fatal in male
patients.

Adverse reactions are more frequently associated with hepatic, abdominal,
and thoracic examinations (0.17%, 0.16%, and 0.15%, respectively) than with
cerebral and spinal procedures. The lowest rate of adverse reactions (0.14%)
was recorded in examinations of the limbs [5••].

A history of asthma, rhinitis, and food or drug allergy is a more
controversial risk factor, owing to the inclusion in a broad group of
illnesses with varying pathogenesis, epidemiology, and natural history
[14]. In patients with a history of asthma and drug allergies, the risk of
an adverse event increases 1.5 to 1.9 times [8]. Allergic disease or atopy is
found in 40% of patients with severe reactions [5••], although in well-
controlled asthmatic patients, the risk is not increased [1]. Severe derma-
titis, urticaria, and anaphlylactic reactions to drugs and foods increase the
risk of severe adverse reactions [13].

The severity of the reaction can be affected by preexisting conditions such as
multiple myeloma (due to the interaction between light chains and GBCAs),
mastocytosis, autoimmune disease, viral infections, treatment with IL-2, and
serum creatinine 9 2 mg/mL [8].

Power injection has been considered a potential risk factor [13], andmanual
injection requires a member of hospital staff to be near the patient in order to
identify and treat reactions early. Aran et al. [5••] found that a power injection
was administered in 50% of patients who experienced adverse reactions and in
80% of those who experienced a severe adverse reaction.

Adverse reactions can occur despite premedication with corticosteroids and
antihistamines. Premedication is only recommended for patients with a previ-
ous history of moderate or severe adverse reactions [13, 15].

Clinical manifestations

The clinical manifestations of an allergic-like reaction to a GBCA are similar to
those of a reaction to iodinated contrast media. However, clinical manifesta-
tions are uncommon and less severe and vary in frequency from 0.004 to 0.7%
[14, 30].

Allergic-like reactions are classified as mild, moderate, and severe. Mild
allergic reactions such as urticaria/pruritus, limited cutaneous edema, lim-
ited itchy throat, nasal congestion, sneezing, conjunctivitis, and rhinorrhea
are self-limiting. Moderate reactions require medical management. These
include urticaria/pruritus, erythema with stable vital signs, facial edema
without dyspnea, throat tightness or hoarseness without dyspnea, wheez-
ing/bronchospasm, and mild or no hypoxia. Severe reactions are consid-
ered life-threatening and require immediate medical attention. These in-
clude diffuse edema, facial edema with dyspnea, diffuse erythema with
hypotension, laryngeal edema with stridor and/or hypoxia, wheezing/
bronchospasm, significant hypoxia, and anaphylactic shock (hypotension
with tachycardia) [6, 31]. Urticaria is the most common clinical manifes-
tation of allergic reactions to GBCAs (50%–90%).
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Severe life-threatening anaphylactic reactions are extremely rare (0.001% to
0.01%) [17•, 32]. Most anaphylactic reactions to contrast media occur imme-
diately after the injection (30 min–1 h) [17•].

Anaphylactic reactions to GBCAs

The cases of severe anaphylaxis induced by GBCAs presented below highlight
the severity of some reactions:

One severe reaction was documented in a 50-year-old woman who had
previously received GBCAs without reactions [14]. The patient experienced an
allergic-like reaction in which iodinated agents and other drugs were identified
as potential risk factors. The reactionmanifested as dyspnea and swelling 8 min
after injection, and the patient remained in the intensive care unit until she was
discharged, without sequelae.

A 64-year-old woman with previous cardiovascular disease but no history of
atopy, asthma, or drug allergy experienced fatal anaphylaxis 2 min after her first
exposure to gadobenate [18]. The reaction manifested as hypotension, loss of
consciousness, bradycardia, and oxygen desaturation. Despite therapy with
epinephrine, hydrocortisone, dexchlorpheniramine, and resuscitation, the pa-
tient developed a bleeding diathesis and eventually died. Serum tryptase was
elevated (63 ng/mL), thus confirming the diagnosis.

Kounis syndrome induced by GBCAs [33] has been reported in a 78-year-
old patient with hypertension and no previous history of heart disease or
allergy. Immediately after injection of gadopentetate dimeglumine, the patient
began to experience chest pain with ST elevation, dyspnea, decreased level of
consciousness, and bradycardia. Examination of the coronary arteries con-
firmed no critical stenosis. In another case of Kounis syndrome attributed to
GBCAs, the patient had previous drug allergies [34].

Cardiac arrest has been reported after gadobenate dimeglumine injection
[35]. The patient was a 76-year-old woman with no previous history of allergy
who had tolerated GBCAs on other occasions. She had a history of hyperten-
sion, cardiovascular disease, and hypothyroidism. Immediately after injection
of contrast agent, she experienced respiratory distress and two episodes of
cardiac arrest that resolved after resuscitation. The main complications after
the episode were anuria, polyneuropathy, and ischemic colitis. The highest
tryptase level after the reaction was 73 μg/L, thus confirming the diagnosis of
anaphylactic reaction.

Acute abdominal pain is an unusual presentation of an anaphylactic
reaction [23]. A 48-year-old woman presented with sudden and intense
abdominal pain followed by hypotension immediately after injection of a
GBCA. The reaction took the form of pruritus and generalized
maculopapular rash and resolved with epinephrine, methylprednisolone,
diphenhydramine, and famotidine. The patient reported an imprecise
allergic reaction to iodinated contrast medium 15 years before.

Prince et al. [36] reported the case of another fatal reaction caused by power
injection of a GBCA, in which the cause was the absence of early recognition
and treatment (medical staff were not present in the room).

In a recent case, a 42-year-old woman experienced cardiac arrest after receiv-
ing gadobutrol. Resuscitation was performed for 1 h, and the patient was
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transferred to another hospital, where she experienced fatal neurological dam-
age. Her tryptase level was 200 μg/L [37].

Diagnosis

During an acute systemic reaction, it is always useful to measure serum tryptase
in order to confirm anaphylaxis and make a comparison with a previous basal
measure or a level taken at least more than 25 h after the reaction [18, 35, 37].

Once the reaction has resolved, the patient will have to undergo further
diagnostic tests to confirm the allergy. Alternative agents can then be
considered.

Clinical history
Data on the reaction are very important. It is essential to record the GBCA
administered, the interval between administration of the GBCA and the onset of
symptoms, clinical features, and the treatment required to control the reaction.

Skin tests
For immediate reactions, skin tests should be performed within 2–
6 months after the reaction; the number of positive skin test results after
this period will be lower. Prick and intradermal tests should be per-
formed in immediate reactions [17•]. Clinical guidelines on skin testing
with iodinated contrast media are clearer than those on GBCAs. Never-
theless, current recommendations are in favor of undiluted GBCAs for
skin prick tests and dilutions of 1:1000–1:10 for intradermal tests. Undi-
luted GBCAs may prove irritant in intradermal testing and yield false-
positive results [2•].

In vitro methods
The basophil activation test and leukocyte histamine release test are used in
acute hypersensitivity reactions [38–40].

There is in vitro evidence that some preparations of MRI contrast media are
able to inducemast cell degranulation in vitro, although there is no information
on the underlying differences in the mechanisms of susceptibility to a putative
direct mast cell effect [41].

Drug provocation tests
The drug provocation test (DPT) is considered the gold standard for the diag-
nosis of drug hypersensitivity reactions.

In the case of severe reactions, an alternative GBCA can be tried to verify
tolerance. If the test result is positive with the culprit agent, an alternative GBCA
should be sought [35–42].

The DPT is performed by administering increasing doses of the GBCA at 45–
60-min intervals.

Alternatives/cross-reactivity
Cross-reactivity between gadolinium chelates remains unclear [38, 43, 44];
however, there does not seem to be cross-reactivity between macrocyclic and
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linear substances. One case report suggested cross-reactivity between macrocy-
clic compounds [45]. Therefore, in the case of an immediate reaction confirmed
by a positive skin test result with the culprit GBCA, a DPT should be performed
using a GBCA that gave a negative skin test result.

Treatment

Acute hypersensitivity reactions, including anaphylaxis, should be treated as
soon as possible. Radiology departments should have appropriate medications
and equipment, as well as staff trained in the management of anaphylaxis.

If symptoms appear, the GBCA infusion should be interrupted. Mild reac-
tions (limited cutaneous urticaria/erythema, itchy throat, and sneezing)may be
self-limiting and require no treatment, although patients should be monitored
for up to 1 hour after administration [46]. Some authors propose that mild
reactions should be treated with anti-H1 blockers.

Moderate reactions (diffuse cutaneous urticaria/erythema, facial edema
or throat tightness without dyspnea, or bronchospasm/wheezing without
hypoxia) and severe reactions (with signs of cardiovascular compromise,
such as hypoxia, hypotension, and tachycardia) must be treated immedi-
ately, according to international guidelines [47]. Bronchospasm should be
treated with oxygen and an inhaled β2-agonist. Anaphylactic reactions
require treatment with epinephrine.

The most common premedication protocol used is 50 mg of prednisone
administered orally 13, 7, and 1 h before the examination and 5 mg of intra-
venous diphenhydramine 1 h before the examination.

Power et al. [14] reported the frequency of allergic-like reaction to be
36.4% despite premedication on a per-patient basis; Jung et al. [26]
reported that 36% of premedicated patients experienced an allergic reac-
tion and that 25% of patients without premedication experienced a reac-
tion with a subsequent administration of a GBCA. Some studies show that
premedication can reduce the frequency of mild reactions but not moder-
ate or severe reactions.

If the reaction is mild or moderate, it may be reasonable to carry out
subsequent procedures with a different GBCA. The decision to administer an
alternative agent is facilitated by skin testing and DPT.

Conclusions

The incidence of adverse reactions to GBCAs, especially allergic reactions, is very
low. Nevertheless, severe adverse reactions such as anaphylaxis do occur and
may be fatal.

A history of previous reactions to GBCA or to iodinated contrast agents is the
main risk factor for a new reaction to a GBCA, although in 30% of patients, the
reaction can appear at the first exposure to the GBCA.

Identification of potential risk factors and previous health problems and
recognition of the initial symptoms of a reaction can minimize harm for the
patient. Allergic reactions can be resolved with appropriate training, early
identification, and suitable equipment.

Determination of tryptase is recommended to confirm an allergic reaction.
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Nonionic GBCAs may reduce the frequency of allergic reactions and should,
therefore, be recommended in patients at risk.

In patients who have previously experienced a reaction, it is recommended
to perform an allergological study to establish or rule out allergy to GBCAs and
to assess the use of an alternative GBCA if necessary.
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