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Abstract: Gadolinium-based contrast agents (GBCAs) are considered to be safe, although 
sometimes patients report a hypersensitivity reaction when undergoing magnetic resonance 
imaging (MRI). The mechanisms of these reactions and of the sensitization to GBCAs are 
still largely unknown. We describe four cases of patients who experienced immediate adverse 
reactions to GBCAs with a demonstrated cutaneous hypersensitivity suggesting an IgE- 
mediated mechanism. 
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Introduction
Gadolinium-based contrast agents (GBCAs) have been used for magnetic resonance 
imaging (MRI) since the 1980s, when the first GBCA, gadopentetate dimeglumine, 
became available for clinical use. Since then, GBCAs have been used annually in 
approximately 30 million procedures, with more than 300 million procedures 
performed to date worldwide.1 The GBCAs are classified on the basis of their 
molecular structure and their net charge into linear ionic (gadopentetate dimeglu-
mine, gadobenate dimeglumine, gadoxetate disodium and gadofoveset trisodium), 
linear non-ionic (gadodiamide and gadoversetamide), macrocyclic ionic (gadoterate 
meglumine) and macrocyclic non-ionic (gadobutrol and gadoteridol). Despite their 
widespread global use, the overall rate of patients who experienced immediate 
hypersensitivity reactions (HR) was 9.2 per 10,000 administrations.2 Risk factors 
for GBCAs hypersensitivity include history of allergies and asthma, a previous 
reaction to a GBCA, female gender, repeated exposure to GBCAs and systemic 
mastocytosis.3 The clinical manifestations of GBCAs hypersensitivity are extre-
mely variable, from skin symptoms to fatal anaphylaxis; however, urticaria is the 
most common clinical presentation, occurring in 91% of hypersensitivity reactions.4 

The mechanism of HRs to GBCAs may be immunological, either IgE- or non IgE- 
mediated. Other immunological mechanisms may be due to the following path-
ways: (1) direct membrane effect on mast cells and/or basophils; (2) complement 
activation by IgG antigen complexes; (3) bradykinin generation.3

In the literature there are few reports on IgE-mediated reactions and no conclu-
sions on cross-reactivity can yet be drawn.

Case Series
We report four cases of GBCAs hypersensitivity documented by positive immedi-
ate-type skin test results (Table 1). All presented patients were female with 
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ages ranging between 44 and 59 years who contacted our 
institutes for an allergological evaluation from 
September 2018 to January 2020. Two patients had 
a history of allergy comorbidity (allergic rhinitis and 
adverse reaction to other drugs) but none had an asthma 
diagnosis. In three of our cases the involved agent was 
gadobenate dimeglumine, in case 1 the reaction was 
caused by gadoteridol. In all cases, the hypersensitivity 
reactions had an acute presentation, appearing within the 
first hour after administration, characterized by cutaneous 
(urticaria, angioedema, pruritus) or respiratory (dyspnea, 
dry cough) symptoms; the symptoms had anaphylactic 
features in only one case. In one case, the adverse reaction 
occurred after repeated exposure to GBCAs. Skin tests 
were performed on the volar forearm in accordance with 
EAACI recommendations5 and a diameter greater than 
3 mm was considered a positive response for an immediate 
reading at 15 minutes. The intradermal test (IDT) was 
regarded as positive if the size of the initial wheal had 
increased by at least 3 mm in diameter and was surrounded 
by erythema after 20 minutes. Histamine and saline solu-
tion were used, respectively, as positive and negative con-
trols. For each presented patient, firstly, we performed 

a skin prick test (SPT) with undiluted GBCAs, and, if 
negative, IDT using a dilution of 1:10.5 Within 3 months 
from the reactions, all patients were tested with the culprit 
agent and with alternative molecules to assess cross- 
reactivity and to provide a safe alternative molecule.5 In 
three cases, we found positive skin test reactions to both 
linear and macrocyclic GBCAs. In case 1 (Figure 1), we 
also performed a basophils activation test (BAT) with 
a negative result and the basal serum tryptase level was 
normal at 4 weeks after the reaction, excluding a systemic 
mastocytosis disease. In three cases, we found a skin reac-
tion cross-reactivity between linear and macrocyclic 
GBCAs.

Discussion
This case series report showed an immediate reaction to 
GBCAs documented by skin tests. The exact pathophysiolo-
gic mechanism of GBCAs hypersensitivity is largely 
unknown. Some hypotheses support the involvement of acti-
vation of mast or basophils cells or a direct histamine 
release.6,7 However, the positivity of ID tests gives a strong 
argument for IgE-mediated reactions. Indirect evidence for 
a serum IgE pathogenic role was provided by our research 
group through a Prausnitz-Kustner test.8 As Jung et al. pre-
viously indicated,4 in our experience, gadobenate dimeglu-
mine was the more frequent agent implicated in the 
hypersensitivity reactions. Differently, in a retrospective ana-
lysis of patients investigated by Mankouri et al.9 gadoteric 
acid was the most frequently GBCA reported by patients as 
the cause of a reaction, followed by gadobenic acid. Two of 
the three patients who had a reaction with a linear GBCA 
showed a cross-reactivity also for a macrocyclic agent having 
the same net charge. Cross-reactivity in skin tests has 
recently been demonstrated in one third of allergic 
patients.9 However, some previous reports showed no cross- 
reactivity between GBCAs10,11 while others showed cross- 
reactivity between gadobutrol and gadoteridol12 and between 
gadobutrol and several both linear and macrocyclic 
agents.9,13 These findings cannot allow us to draw any con-
clusion on cross-reactivity and further studies are needed to 
clarify this mechanism. In our experience, only the case 2 
showed the reaction after repeated exposures to GBCAs, 
while the other cases presented symptoms during their first 
exposure. Reaction after first exposure to a drug has already 
been described by Hasdenteufel et al.14 and could be due to 
work exposure (in metallurgical plants, magnet manufac-
turers, fluorescent lamps, or television sets), to exposure to 
GBCAs in drinking water15 or to particular characteristics of 

Figure 1 Case 1 gadoteridol IDT result with main size of wheal of 9 mm and flare 
of 4 cm starting from 2 mm after GBCA injection (histamine wheal of 4 mm and 
negative control wheal of 1 mm).
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these drugs. Based on high reported negative predictive 
value,9,14 in previous reactors skin testing seems to be 
a useful tool in selection of a safe product for their future 
MRIs. For these reasons, although none of our patients have 
undergone further MRIs, we advised them to use negative 
skin test for GBCAs for the future. Our findings support the 
importance of accurate allergy assessment, principally skin 
tests, to document the drug’s involvement. Indeed, in the case 
of a reaction to a GBCA, the recognition of allergic features 
as well as performing skin testing are important to determine 
the immunological etiology of the reaction and to find a safe 
alternative.
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