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ABSTRACT

The use of contrast agents in magnetic resonance imaging (MRI) plays a pivotal role in enhancing diagnostic accuracy,
allowing for more nuanced and detailed visualization of anatomical structures and pathologies. However, in patients with a
documented history of hypersensitivity reactions to contrast agents, their administration poses significant risks, ranging from
mild dermatological reactions to severe anaphylactic episodes. The clinical challenge lies in balancing the need to improve
imaging quality with the priority of ensuring patient safety, especially in populations at higher risk for allergic responses. This
study rigorously assesses the efficacy of prophylactic strategies aimed at mitigating allergic reactions, specifically comparing
the safety profiles of macrocyclic and linear contrast agents—the two predominant types used in MRI. A comprehensive review
of established clinical guidelines is conducted, along with a critical analysis of current scientific literature, focusing on studies
that report the incidence of adverse reactions and the effectiveness of pharmacological prophylaxis. Particular emphasis is
placed on macrocyclic agents, which, due to their superior chemical stability, present a reduced risk of free gadolinium ion
release, thus lowering the likelihood of adverse reactions. The article also highlights the importance of thorough pre-procedu-
ral assessments and vigilant post-procedural monitoring, outlining best practices for managing patients at elevated risk for
allergic complications. The findings from this investigation indicate that the implementation of a well-structured prophylactic
regimen, combined with the selection of contrast agents with better safety profiles, can significantly reduce the risk of adverse
reactions. Notably, macrocyclic contrast agents, such as gadoterate meglumine, have demonstrated a considerably safer profile
compared to their linear counterparts. This study offers practical recommendations for radiologists and interdisciplinary
teams, aiming to optimize patient safety and enhance the effectiveness of MRI procedures in individuals at risk for allergic
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reactions.

INTRODUCTION

The administration of gadolinium-based contrast
agents is a widely accepted and integral practice in
magnetic resonance imaging (MRI), as these agents
greatly enhance the clarity and detail of both ana-
tomical structures and pathological abnormalities.
However, their use in patients with a history of aller-
gic reactions introduces the potential risk of adverse
events, which can range from mild dermatological
manifestations to severe anaphylactic episodes. Con-
sequently, meticulous management of such patients
is paramount to ensure their safety throughout the
imaging process.In accordance with the guidelines
set forth by the Italian Society of Medical and In-
terventional Radiology (SIRM)[1], it is critical to
implement preventative strategies, such as the ad-
ministration of allergic prophylaxis, and to choose
contrast agents with the most favorable safety profile
in order to minimize the likelihood of complications.
SIRM emphasizes the importance of conducting a
comprehensive assessment of the patient's medical
history, particularly regarding any previous allergic
reactions, before proceeding with the use of contrast
agents[1].

METHODS

In this study, we performed a comprehensive syste-
matic review of the existing literature to evaluate the
safety profile of contrast agents in patients with a
known history of allergic reactions. Our analysis en-
compassed clinical guidelines, including those issued
by the Italian Society of Medical and Interventional
Radiology (SIRM), as well as key research articles
published in prominent scientific journals. These
included Radiology (“Safety of Gadolinium-Enhan-
ced MRI: A Review of Toxicity and Precautions”
by Behzadi and Glover, 2017)[2], American Journal
of Roentgenology (“Incidence of Immediate Gado-
linitum Contrast Media Reactions” by Prince and
Zhang, 2007)[3], and Journal of Allergy and Clinical
Immunology (“Risk Stratification and Management
of Patients With Previous Allergic-Like Reactions to
Gadolinium-Based Contrast Agents” by Park et al.,
2008)[4]. Furthermore, we gathered data concerning
the efficacy of allergic prophylaxis and analyzed the
incidence of adverse reactions, particularly focusing
on the comparative safety between macrocyclic and
linear contrast agents. Our findings aim to contri-
bute to the ongoing dialogue on optimizing patient
safety in contrast-enhanced MRI procedures.

www.jahc.it

1

IVNINO[ TVIDIIA0 r

%
=
Z
%]
=

>
g
>
Z
@]
£
v
o
i
=
—
ad
@)
>
=
fo

40 TYNINO[

m
7))
CJI;
<

“Safety of Contrast
Agents in Magnetic Reso-
nance Imaging for Allergic]
Patients: Evaluation and
Therapeutic Choices”

JAHC Essay 2024

Received: 2023-09-06
Revised: 2024-10-04
Accepted: 2024-10-31
Published: 2024-11-04

Copyright: © 2024 by the]
authors.  Submitted  for
possible open access publi-|
cation under the terms an
conditions of the Creative]
[Commons Attribution|
(CC BY) license (https://}
creativecommons.org/|
licenses/by/4.0/).



mailto:tsrm22%40gmail.com?subject=

ESSAY

84
=
<
o
oo
5
=
=
=
A
[Sa]
)
Z
=
A
<

=~
=
1%
=
[~
7
2
=
z
o
=
<

JOURNAL OF

JAHC!

Year 2024 - Essay

REsuLrs

1. Allergic Prophylaxis

Allergic prophylaxis is an essential preventive strate-
gy for patients with a history of adverse reactions to
contrast agents. Studies such as the one by Behzadi
and Glover (2017) [5] have shown that the admini-
stration of corticosteroids and antihistamines before
the procedure significantly reduces the incidence of
severe adverse reactions, such as anaphylaxis. SIRM
recommends initiating prophylaxis 12-24 hours be-
fore the administration of the contrast agent, using
prednisone and diphenhydramine, with the addition
of ranitidine for comprehensive coverage [1].
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3. Choice of Contrast Agent: Specific Molecules

The choice of contrast agent is crucial to minimizing
the risk of adverse reactions in patients with a hi-
story of allergies. Macrocyclic contrast agents, such
as gadoterate meglumine and gadobutrol, are prefe-
rable due to their higher chemical stability and lower
release of free gadolinium, a critical factor associated
with adverse reactions. Studies like those by Prince
and Zhang [6] have shown that the incidence of ad-
verse reactions with macrocyclic contrast agents is
significantly lower compared to linear contrast agen-
ts [7]. Specifically, gadoterate meglumine, thanks to
its stable chemical structure, has shown an incidence
of adverse reactions of 0.02%, while linear contrast

Table 1 summarizes the recommended doses and administration times for allergic prophylaxis.

This prophylactic strategy is based on evidence in-
dicating that the combination of corticosteroids and
antihistamines can reduce the incidence of severe al-
lergic reactions from approximately 0.1% to less than
0.01%, underscoring the importance of prophylaxis
in high-risk patients[6].

2. Incidence of Adverse Reactions

The incidence of adverse reactions to contrast agents
is relatively low but can vary significantly depending
on the type of agent used and the patient’s clinical
history. A study conducted by Wang et al. (2008) [7]
highlighted that allergic reactions to gadolinium-ba-
sed contrast agents occur in 0.07% - 0.3% of cases,
with most reactions classified as mild. However, ma-
crocyclic contrast agents, such as gadoterate meglu-
mine, have been shown to have a significantly lower
incidence of adverse reactions compared to linear
contrast agents [7]. The following chart (Figure 1)
illustrates the incidence of adverse reactions across
different contrast agents, highlighting the greater sa-
fety of macrocyclic agents compared to linear ones.

agents have reported incidences exceeding 0.1%.
These data are particularly relevant for patients with
a history of adverse reactions, as they suggest that
the use of macrocyclic contrast agents may signifi-
cantly reduce the risk of complications [6].

4. Clinical Management and Recommendations
The management of patients with a history of con-
trast agent allergies requires a multidisciplinary and
well-planned approach to minimize risks and ensure
patient safety during MRI. Below are the key steps
in clinical management, based on best practices and
current guidelines:

1. Detailed Allergy Assessment

A thorough allergy assessment is a crucial compo-
nent in managing these patients. This evaluation in-
cludes a comprehensive review of the patient’s clini-
cal history, with particular attention to any previous
reactions to contrast agents and other substances.
Allergists may perform specific skin tests, such as

Figure 1, which illustrates the incidence of adverse reactions for different MRI contrast agents. As shown, macrocyclic agents
like gadoterate meglumine have a lower incidence of adverse reactions compared to linear agents, supporting their use in pa-

tients with a higher risk of allergic reactions.
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gadolinium sensitivity tests, to identify potential al-
lergens and determine the patient’s risk level. This
process allows for the customization of prophylaxis
and preventive measures based on the patient’s indi-
vidual risk profile. Studies like that of Park et al. [4]
have demonstrated that a detailed allergy assessment
can significantly reduce the risk of adverse reactions
in patients with a history of allergies.

2. Selection of Macrocyclic Contrast Agents

The choice of contrast agent is critical to minimizing
the risk of allergic reactions. Macrocyclic contrast
agents, such as gadoterate meglumine and gadobu-
trol, are preferable to linear contrast agents due to
their higher chemical stability. This stability reduces
the risk of free gadolinium release, which is associa-
ted with a higher risk of adverse reactions. A stu-
dy conducted by Prince et al. [7] demonstrated that
the incidence of adverse reactions with macrocyclic
contrast agents is significantly lower than with linear
contrast agents, making them the first-line choice
for high-risk patients.

3. Careful Clinical Monitoring During and After
Contrast Administration

Clinical monitoring is essential for the safe mana-
gement of patients during and after contrast agent
administration. This monitoring includes continuo-
us observation of vital signs and any symptoms of
allergic reactions. It is advisable for patients to re-
main under observation for at least 30-60 minutes
after contrast administration, as adverse reactions
can occur with a delay. According to SIRM guide-
lines, the presence of a medical team trained in the
management of allergic emergencies is crucial for
timely intervention in case of severe reactions, such
as anaphylaxis. The team’s preparation includes the
availability of emergency medications such as epine-
phrine, corticosteroids, and antihistamines, as well
as advanced life support equipment.

Additionally, accurate documentation of any adverse
reactions during or after the procedure is critical for
future patient monitoring and for adjusting manage-
ment strategies in any subsequent procedures.

DiscussioN

The data analysis indicates that implementing a
preventive approach, such as allergy prophylaxis, in
conjunction with the meticulous selection of con-
trast agents, can substantially mitigate the risk of
adverse reactions in patients with known allergies.
While allergy prophylaxis does not entirely elimi-
nate the possibility of allergic responses, it provi-
des a significant safeguard against severe reactions,
as corroborated by Behzadi and Glover’s study [5].
Furthermore, the preference for macrocyclic con-
trast agents, such as gadoterate meglumine, is stron-
gly supported by numerous studies that underscore
their superior safety profile when compared to linear
agents [7,8].
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Equally important is the need for vigilant monito-
ring of patients during and after the administration
of contrast agents. Clinical surveillance should in-
clude continuous monitoring of vital signs and any
emerging symptoms indicative of allergic reactions.
As outlined in the SIRM guidelines, it is recommen-
ded that patients remain under observation for a
minimum of 30 to 60 minutes post-administration,
as delayed-onset adverse reactions may still occur
(SIRM, 2021).

The management of patients with allergies to con-
trast agents in magnetic resonance imaging (MRI)
presents a significant clinical challenge that demands
a multidisciplinary and well-structured approach.
The findings of this study emphasize the critical
importance of employing a variety of integrated
strategies to minimize the risk of adverse reactions,
enhance patient safety, and ensure the success of dia-
gnostic procedures.

Allergy prophylaxis forms a cornerstone of this
approach, emerging as one of the most effective
methods to mitigate the risk of severe adverse re-
actions, including anaphylaxis, in patients with a
known history of contrast agent allergies. Admini-
stering corticosteroids and antihistamines 12-24
hours prior to the contrast agent’s introduction has
been demonstrated to substantially lower the inci-
dence of severe reactions. The combination of pred-
nisone, diphenhydramine, and ranitidine represents
a widely accepted standard, supported by clinical
studies and established guidelines [1,5].

The efficacy of allergy prophylaxis hinges not only
on the choice of medications but also on the timing
and appropriate dosage. Properly timed administra-
tion of prophylaxis can reduce the incidence of seve-
re reactions to less than 0.01%, thereby significantly
improving patient safety during MRI procedures.
Nevertheless, it is essential to recognize that whi-
le prophylaxis considerably reduces risk, it does not
entirely eliminate it, underscoring the importance of
additional complementary strategies. The selection
of contrast agents is another crucial factor in mini-
mizing the risk of adverse reactions, particularly in
high-risk patients. Macrocyclic contrast agents, such
as gadoterate meglumine and gadobutrol, are prefer-
red due to their superior chemical stability, which
minimizes the release of free gadolinium—a factor
closely associated with an increased risk of adverse
reactions. Numerous studies have shown that these
agents are linked to a significantly lower incidence
of allergic reactions when compared to linear con-
trast agents, making them the optimal choice for pa-
tients with a history of allergies [9,10]. The use of
macrocyclic agents not only enhances patient safety
but also alleviates anxiety for both the patient and
the clinical team, given the substantially reduced risk
of severe reactions. As such, this selection should
be regarded as best practice in managing patients
with a documented history of adverse reactions to
contrast agents.
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A central component in managing these patients is
conducting a detailed allergy assessment prior to the
procedure. This evaluation involves a thorough re-
view of the patient’s medical history, identification of
specific allergens, and, if necessary, the performance
of skin tests to assess the level of risk. This approach
allows for the tailoring of prophylactic strategies and
the safe planning of the procedure, thereby minimi-
zing the likelihood of severe reactions.

Close clinical monitoring during and after the ad-
ministration of the contrast agent is essential for
the prompt management of any adverse reactions.
Continuous monitoring of vital signs, along with
immediate access to medications and tools for ad-
dressing allergic emergencies, is critical to effectively
prevent and manage complications. SIRM guidelines
recommend vigilant observation for at least 30 to 60
minutes post-administration of the contrast agent, as
certain reactions may have a delayed onset.

In conclusion, the evidence gathered from this stu-
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dy highlights the imperative for ongoing training
and frequent updates for medical and paramedical
personnel involved in administering contrast agents.
The adoption of standardized protocols for allergy
prophylaxis, the careful selection of contrast agents,
and diligent clinical monitoring should be promoted
as routine practice in all imaging centers.

The management of patients allergic to contrast
agents in MRI cannot be effectively addressed throu-
gh a single strategy. The combination of allergy
prophylaxis, judicious selection of contrast agents,
comprehensive pre-procedural assessments, and ri-
gorous clinical monitoring represents a holistic set
of strategies that, when properly implemented, can
significantly mitigate the risk of adverse reactions
and improve clinical outcomes. The recommenda-
tions outlined in this study offer practical guidance
for clinicians, contributing to a safer and more effi-
cient management process, ultimately enhancing the
overall quality of care.
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