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OBJECTIVE. The purpose of our study was to determine the frequency and severity of acute al-
lergic-like reactions to IV-administered gadolinium-containing contrast media in children and adults.

MATERIALS AND METHODS. Pediatric (younger than 19 years) and adult depart-
ment of radiology contrast material reaction forms involving patients who experienced acute
allergic-like reactions to gadolinium-containing contrast media from January 1, 2001, through
December 31, 2006, were retrospectively evaluated for the specific types of acute allergic-like
reactions, reaction management, and patient outcomes. Relevant patient medical information,
including documentation of prior gadolinium- or iodine-containing contrast material reaction,
premedication before acute allergic-like reaction to IV gadolinium-containing contrast mate-
rial, previous allergic reactions to substances other than contrast media, and history of asthma,
was obtained by reviewing electronic medical records.

RESULTS. Seventy-eight thousand three hundred fifty-three (65,009 adult and 13,344 pedi-
atric) IV administrations of gadolinium-containing contrast material were performed during the
study period. Acute allergic-like reactions were documented after 54 injections (reaction fre-
quency, 0.07%). Forty-eight reactions involved adult patients (adult reaction frequency, 0.07%),
and six reactions occurred in pediatric patients (pediatric reaction frequency, 0.04%). Forty (74%)
acute allergic-like reactions were mild, 10 (19%) were moderate, and four (7%) were severe. No
gadolinium-containing contrast material-related death occurred during the study period. Twenty-
six (50%) of 52 patients had one or more presumed risk factors for contrast material reaction.

CONCLUSION. Adult and pediatric acute allergic-like reactions to I'V-administered
gadolinium-containing contrast media are rare. Most of these reactions are mild; however,

moderate and severe reactions that require immediate management do occur.

he use of contrast-enhanced MRI

has increased over the past decade

as a variety of new applications

have been described and put into

clinical practice. Consequently, the number of
annual pediatric and adult administrations of
gadolinium-containing contrast agents has also
increased considerably (65% from 2001 to
2006 at our institution). Although the IV ad-
ministration of gadolinium-containing contrast
media has been approved in some form for
nearly two decades, it is essential that we con-
tinuously reevaluate the safety of these agents.
For many years, gadolinium-containing
contrast materials have been considered quite
safe, with minimal associated risk. This posi-
tion may be changing somewhat, however,
with the recent recognition of an association
between gadolinium-containing contrast agents
and nephrogenic systemic fibrosis (NSF)
[1-3]. Allergic-like reactions are another risk,

albeit rare, attributed to IV-administered gad-
olinium-containing contrast materials [4—15].
The risk of allergic-like reaction to gadolin-
ium-containing contrast agents has long
been thought to be quite low, particularly
when compared with iodinated contrast
agents. Review of the literature reveals few
recent large prospective or retrospective
studies evaluating the frequency and severity
of allergic-like contrast reactions to cur-
rently used gadolinium-containing contrast
agents [13—15]. This is particularly true for
the pediatric patient population.

The purpose of this study was to determine
the frequency and severity of acute allergic-like
reactions to I'V-administered gadolinium-con-
taining contrast media in children and adults. In
addition, we sought to determine the frequency
with which patients who reacted possessed cer-
tain presumed risk factors for allergic-like con-
trast material reaction.
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TABLE I: Institutional Classification of Severity and Manifestations of Acute
Allergic-Like Reactions to Contrast Media

Side Effect? Mild® Moderate® Severed
Nausea Pruritus Dyspnea Severe respiratory distress
Vomiting Rash Bronchospasm Unresponsiveness
Altered taste | Urticaria Mild laryngeal edema Convulsions
Perspiration Cough Symptomatic tachycardia | Arrhythmia

Warmth Nasal stuffiness
Flushing Sneezing
Anxiety Mild eye swelling, mild

facial swelling

Symptomatic bradycardia
Hypotension
Hypertension

Cardiopulmonary arrest
Progressive angioedema

Note—Patients who presented with multiple reaction manifestations are classified according to most severe

sign or symptom. Adapted from [16].

@Includes physiologic responses to contrast agents that are not considered allergic or allergic-like events.
bRequires no medical intervention with exception of possible antihistamine administration for cutaneous

reaction.

CRequires immediate medical treatment or transfer to emergency department if an outpatient.
dLife-threatening, potentially fatal event typically requiring hospitalization if an outpatient.

Materials and Methods

Institutional review board approval was ob-
tained before the initiation of this HIPAA-compli-
ant investigation. The requirement for participant
informed consent was waived because of the retro-
spective nature of the study.

Our department policy is that all pediatric and
adult patients having allergic-like reactions to con-
trast media, whether gadolinium- or iodine-con-
taining, must be evaluated in person by a radiolo-
gist. After patient assessment and management of
the contrast reaction, the treating physician is re-
quired to document the details of the event by com-
pleting a standardized departmental contrast mate-
rial reaction form. This method of handling
allergic-like reactions was established well before
January 1, 2001, and has not significantly changed.

All contrast material reaction forms completed
on adult and pediatric (younger than 19 years) pa-
tients who experienced acute allergic-like reactions
to gadolinium-containing contrast agents between
January 1, 2001, and December 31, 2006, were ex-
amined retrospectively. Forms were evaluated for
the specific acute allergic-like reaction manifesta-
tion, the contrast agent administered, any medical
treatment initiated, and whether the patient (if an
outpatient) was discharged, transferred to the emer-
gency department, or admitted to the hospital. An
allergic-like reaction was considered acute if its
symptoms began before the patient left the depart-
ment of radiology. Delayed allergic-like reactions,
chemotoxic reactions (e.g., NSF), and contrast
material extravasations were excluded from this
investigation.

Each patient’s acute allergic-like reaction was
then categorized as mild, moderate, or severe on the
basis of a departmental reaction classification sys-
tem adapted from the American College of Radiol-
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ogy (ACR) “Categories of Reactions” [16] (Table 1).
According to this classification, mild reactions were
self-limited events, exhibited no significant progres-
sion, and required no medical treatment (except
administration of an antihistamine for cutaneous
manifestations). Moderate reactions necessitated
medical management (other than or in addition to an-
tihistamine administration) or eventual outpatient
transfer to the emergency department. Severe reac-
tions were life-threatening events (typically requir-
ing hospital admission of an outpatient or emergency
department patient). If a patient experienced more
than a single contrast reaction manifestation, the re-
action was categorized on the basis of the most med-
ically significant sign or symptom. Adverse events to
contrast material administration, such as nausea,
vomiting, altered taste, perspiration, warmth, flush-
ing, and anxiety, are considered physiologic side-
effects according to departmental policy. Such ad-
verse events are not thought to be allergic-like in
cause, do not typically require medical management,
and do not necessitate mandatory documentation.
For each documented reaction during the study
period, our institutional comprehensive electronic
medical record system was accessed for additional
pertinent patient medical history. Specifically, the
electronic medical records were searched for evi-
dence of previous contrast material (iodine- or
gadolinium-containing) allergic-like reaction, doc-
umentation of premedication (corticosteroid and/or
antihistamine) administered before the patient re-
ceived gadolinium-containing contrast material,
prior allergic reaction to substances other than con-
trast media, and history of asthma. In addition, in-
formation was gathered pertaining to any further re-
action management occurring after the patient left
the department of radiology (e.g., in the emergency
department or as a hospital inpatient) and to estab-

lish each patient’s final disposition (e.g., Was the
patient discharged from our institution in their
baseline state of health? Did the patient suffer acute
allergic-like reaction-related permanent disability?
Did the patient die?).

The total number of pediatric and adult IV injec-
tions of gadolinium-containing contrast materials
and the sex distribution of recipients were deter-
mined for the study period by querying the Radiol-
ogy Information System (RIS). The frequencies of
pediatric and adult acute allergic-like reactions at our
institution were then compared. The relative risk be-
tween the pediatric and adult rates was calculated.
Confidence intervals were determined using the nor-
mal approximation to the binomial distribution.

Three gadolinium-containing contrast materi-
als were used in both pediatric and adult patients
at our institution during the time of the investiga-
tion. Gadopentetate dimeglumine (Magnevist,
Bayer HealthCare), a linear ionic gadolinium
chelate, constituted more than 90% of gadolin-
ium-containing contrast media administrations
during the study period (as determined by depart-
ment of radiology purchasing records). Gado-
benate dimeglumine (MultiHance, Bracco Diag-
nostics), also a linear ionic gadolinium chelate,
constituted fewer than 10% of gadolinium-con-
taining contrast material administrations and was
used only for specific examinations, including
MRI of the liver, enhanced MR angiography of
the body (chest, abdomen, pelvis, and extremi-
ties), enhanced MR angiography of the neck, en-
hanced MR venography of the brain, and perfu-
sion MRI of the brain. Gadodiamide (Omniscan,
GE Healthcare), a linear nonionic gadolinium
chelate, was used in fewer than 0.1% of injections
during the study period. The exact number of ad-
ministrations of each agent is unknown. Gadolin-
ium-containing contrast agents were typically
given at a dose of 0.1 mmol/kg at our institution.
Rarely, higher double doses (0.2 mmol/kg) were
used for applications such as MR angiography
and cardiac MR infarct and viability studies.

Results

There were 78,353 IV administrations of
gadolinium-containing contrast material per-
formed between January 1, 2001, and Decem-
ber 31, 2006, in the department of radiology
at our institution, 65,009 in adult patients and
13,344 in children (Fig. 1). Fifty-four percent
of injections were given to female patients
and 46% to male patients.

Fifty-four acute allergic-like reactions
were recorded during the study period, for a
frequency of 0.07%. The pediatric frequency
of acute allergic-like reactions was 0.04%
(six reactions for 13,344 contrast material
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Fig. 1—IV gadolinium-containing contrast media administrations in pediatric (gray
bars) and adult (black bars) patients per year from January 1, 2001, through

December 31, 2006.

administrations), and the adult frequency
was 0.07% (48 reactions for 65,009 contrast
material administrations) (Fig. 2). A single
adult patient experienced three acute aller-
gic-like reactions during the study period.
Consequently, 52 separate patients experi-
enced acute allergic-like reactions.

Thirty-five reactions involved female pa-
tients and 19 involved male patients. The
mean age of patients who experienced acute
allergic-like reactions was 43 years (range, 7
months—74 years). The mean age of adult pa-
tients who experienced acute allergic-like
reactions was 47 years (range, 22-74 years),
and the mean age of pediatric patients was 9
years (range, 7 months—15 years). Most re-
actions occurred in the outpatient setting
(49/54 reactions, 91%). A single reaction
(2%) involved an emergency department pa-
tient, whereas four reactions involved hospi-
tal inpatients (7%). Outpatients account for
approximately 84% of MRI examinations
performed at our institution annually.

Twenty-six (48%) acute allergic-like reac-
tions followed the administration of gadopen-
tetate dimeglumine, and four (7%) followed
the administration of gadobenate dimeglu-
mine. The injected gadolinium-containing
contrast agent was not documented in 24
(44%) instances; however, it is likely, on the
basis of purchasing records from the study pe-
riod, that most of these reactions involved
gadopentetate dimeglumine.

Forty (74%) of the documented acute aller-
gic-like reactions were classified as mild, 10
(19%) as moderate, and four (7%) as severe
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(Tables 2—4). No gadolinium-containing con-
trast material-related death occurred during
the study period.

A single patient experienced more than one
acute allergic-like reaction to gadolinium-
containing contrast media during the study
period. This adult male patient experienced
urticaria on three occasions after the injection
of gadolinium-containing contrast material
during an 8-month period. As a result of the
initial allergic-like reaction, the patient was
premedicated with both corticosteroid and
antihistamine before the two subsequent ex-
aminations. This patient had what has been
termed a “breakthrough reaction” on the last
two occasions because he experienced acute
allergic-like reactions to contrast media de-
spite appropriate premedication [17]. Seven
additional patients in this study also experi-
enced breakthrough reactions.

Twenty-six (50%) of 52 individual pa-
tients who experienced acute allergic-like re-
actions to gadolinium-containing contrast
media had one or more identifiable presumed
risk factors for contrast reaction. Six patients
(12%) had a history of previous allergic-like
reaction to gadolinium-containing contrast
material, three (6%) had experienced prior
allergic-like reactions to iodinated contrast
media, and two (4%) had a history of asthma.
Twenty patients (38%) had documented prior
allergic reactions to substances other than
gadolinium- or iodine-containing contrast me-
dia. Ten patients (19%) had more than one
risk factor, and 26 patients (50%) had no
identifiable risk factor.

Fig. 2—Acute allergic-like reactions to IV gadolinium-containing contrast media in
pediatric (gray bars) and adult (black bars) patients per year from January 1, 2001,
through December 31, 2006.

Discussion

The 0.07% frequency of acute allergic-like
reactions to gadolinium-containing contrast
media obtained in this study is similar to that
described in the few other large studies in the
literature on the subject. Murphy et al. [13]
described a 0.1% frequency of allergic-like
reaction to gadolinium-containing contrast
media involving 21,000 patients over an al-
most 5-year period. Gadopentetate dimeglu-
mine accounted for 98% of contrast material
injections in that study. A retrospective sur-
vey involving 53 institutions determined that
241 allergic-like reactions occurred after
825,535 injections of gadolinium-containing
contrast media (687,255 gadopentetate dime-
glumine doses, 64,005 gadoteridol doses, and
74,275 gadodiamide doses), for a reaction
frequency of 0.03% [14]. It is likely that the
rate of allergic-like reaction established in
that study is an underestimate of the actual
rate based on the inherent design of the inves-
tigation. A more recent study showed 19 al-
lergic-like events involving 9,528 patients, for
a slightly higher reaction frequency of 0.2%
[15]. Patients in that study experienced aller-
gic-like reactions after the administration of
gadoterate meglumine, gadodiamide, or ga-
dopentetate dimeglumine.

The frequency of acute allergic-like reac-
tion to gadolinium-containing contrast media
observed in our study is less than that typi-
cally observed for iodinated contrast media in
adults. In an investigation of IV-administered
nonionic iopromide (Ultravist, Bayer Health-
Care) in adult patients, Mortel€ et al. [18] de-
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TABLE 2: Manifestations of Mild Acute Allergic-Like Reaction to
Gadolinium-Containing Contrast Media (n = 40)

Manifestation No. of Reactions
Urticaria (hives) 232
Mild throat symptoms (e.g., itching, tightening) requiring no treatment 42
Rash (away from injection site) 3b
Mild difficulty breathing requiring no treatment 3
Sneezing and nasal congestion (mucosal edema) 3
Mild perioral or periorbital edema 22
Mild facial edema and urticaria 2

3Including a single pediatric patient.
bIncluding two pediatric patients.

TABLE 3: Manifestations of Moderate Acute Allergic-Like Reaction to
Gadolinium-Containing Contrast Media (n = 10)

Manifestation

Management

Difficulty breathing, urticaria?
Difficulty breathing, throat symptoms, rash?

Difficulty breathing, chest pain®
Difficulty breathing, facial angioedema, urticaria®

Difficulty breathing, facial angioedema, hypotension®

Difficulty swallowing, bronchospasm®

Facial angioedema, rash?

Throat symptoms, facial angioedema, urticaria®

Throat symptoms, rash, urticaria®

Throat symptoms, nasal congestion®

Diphenhydramine, transfer to emergency
department

Diphenhydramine, epinephrine, transfer to
emergency department

Transfer to emergency department
Transfer to emergency department

Diphenhydramine, epinephrine, transfer to
emergency department

Epinephrine, inhaled albuterol

Diphenhydramine, transfer to emergency
department

Epinephrine, transfer to emergency department

Diphenhydramine, methylprednisolone, transfer
to emergency department

Transfer to emergency department

Note—All patients in table are adults. Those transferred to emergency department were all subsequently

discharged without being admitted to hospital.

@Reaction for which exact gadolinium-containing contrast agent is unknown.

bReaction to gadopentetate dimeglumine.
“Reaction to gadobenate dimeglumine.

TABLE 4: Manifestations of Severe Acute Allergic-Like Reaction to
Gadolinium-Containing Contrast Media (n = 4)

Manifestation

Management

Laryngeal edema, urticaria, sneezing, nasal congestion?

Difficulty breathing, hypoxia?

Difficulty breathing, hypoxia?®
Difficulty breathing, facial angioedema, urticaria®®

Diphenhydramine, epinephrine, hospital
admission via emergency department

Diphenhydramine, epinephrine,
methylprednisolone (hospital inpatient at time
of examination)

Hospital admission via emergency department

Diphenhydramine, epinephrine,
methylprednisolone, hospital admission via
emergency department

@Reaction for which exact gadolinium-containing contrast agent is unknown.

bPediatric patient.

scribed an adverse event rate of 0.7% (of
which approximately 90% were allergic-like)
in 29,508 patients. A lower frequency of reac-
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tion for nonionic iodinated contrast media
was shown by Cochran et al. [19] during a 9-
year period in which this group observed an

adverse event rate of 0.23% (of which approx-
imately 90% were allergic-like). Although
the frequency of acute allergic-like reactions
to iodinated contrast media is lower in the study
by Cochran et al. than that described by Mortelé
et al., both rates are substantially higher than
those observed in our study of gadolinium-
containing contrast agents.

In the pediatric population, the risk of allergic-
like reaction to IV gadolinium-containing
contrast media also appears to be less than
that previously observed for iodinated con-
trast agents. In 1975, a large study by Gooding
et al. [20] involving 12,419 IV administra-
tions of ionic contrast material described a
0.4% frequency of allergic-like reactions in
children undergoing excretory urography. In a
recent series, Dillman et al. [21] observed a
pediatric incidence of acute allergic-like reaction
to low-osmolality nonionic iodinated contrast
media of 0.18%. Both rates are higher than
the 0.04% frequency of reaction noted for
pediatric patients in our study.

The pediatric frequency of acute allergic-
like reaction to gadolinium-containing contrast
media was 0.04% during our study period, and
the adult rate was 0.07% (similar to the com-
bined pediatric and adult rates). Thus, the adult
frequency of contrast reactions is nearly two
times that of the pediatric population, with a
relative risk of reaction in adults compared
with children of 1.53 (95% CI, 0.66-3.56). Al-
though this difference in frequencies of reac-
tion is not statistically significant, these results
mirror an age-related trend observed in previ-
ous studies that evaluated the risk of allergic-
like reaction to iodine-containing contrast me-
dia. The studies by Dillman et al. [21] and
Katayama et al. [22], when stratified by age,
both showed that pediatric patients have a de-
creased risk of contrast reaction when com-
pared with adult patients after the [V adminis-
tration of iodine-containing contrast media.
The factors responsible for this difference in
rates of reaction between pediatric and adult
patients are uncertain.

Most acute allergic-like reactions to gado-
linium-containing contrast media in our study
were mild. This is not dissimilar to results
presented in other studies that evaluated both
gadolinium-containing and iodinated contrast
material allergic-like reactions [13-15, 18,
19, 21, 22]. In our investigation, 40 (74%) of
the 54 documented acute allergic-like reac-
tions were mild. Most of these mild events
were self-limited isolated cutaneous reactions
(65%, or 26/40 mild allergic-like reactions)
such as urticaria or rash. Five of six pediatric

AJR:189, December 2007
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acute allergic-like reactions were mild, but a
sixth reaction was severe.

Overall, 10 acute allergic-like reactions
were moderate in severity and four were se-
vere. Consequently, 26% of reactions required
either medical management, transfer to the
emergency department, or hospital admission.
Itis essential that institutions and individual ra-
diologists who perform contrast-enhanced
MRI examinations be prepared to appropri-
ately manage such acute reactions. Acute aller-
gic-like reactions to gadolinium-containing
contrast agents are typically treated in a manner
identical to that for treating similar reactions after
the administration of iodinated contrast material
[16]. Although no gadolinium-containing con-
trast material-related death occurred during
the study period, such occurrences have been
described [23].

Twenty-four (52%) of 46 adult patients
who experienced acute allergic-like reactions
had one or more apparent risk factors for allergic-
like contrast reaction, such as a history of pre-
vious allergic-like reaction to either gadolinium-
or iodine-containing contrast media, a prior
allergic reaction to a substance other than con-
trast media, or documented asthma. Twenty-
two percent of adults who experienced an
acute allergic-like reaction had more than one
risk factor. In comparison, two (33%) of six
pediatric patients had an identifiable risk fac-
tor, including a patient with a history of prior
allergic-like reaction to gadolinium-contain-
ing contrast media and a patient with a history
of prior allergic reaction to a substance other
than contrast medium. No pediatric patient
had more than a single risk factor. Four (67%)
of six pediatric and 22 (48%) of 46 adult pa-
tients had none of the described presumed
risk factors.

Interestingly, in our study we found that fe-
male patients experienced 63% of adult and
83% of pediatric acute allergic-like reactions.
When combining both the pediatric and adult
rates, 65% of reactions involved female pa-
tients, whereas only 35% of reactions involved
males. Although this sex difference is not sta-
tistically significant (the relative risk of reaction
in women compared with men is 1.57 [95% CI,
0.90-2.74]), it may be a real finding. It is likely
that this difference would be significant in a
slightly larger patient population. The cause of
such a difference between sexes is uncertain.

Both gadopentetate dimeglumine and
gadobenate dimeglumine are linear (open-
chain) ionic gadolinium chelates. No cyclic or
nonionic gadolinium-containing contrast agents
were included in this study (only a minimal
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number of doses of gadodiamide were admin-
istered at our institution during the study pe-
riod). Some evidence suggests that cyclic
chelates are generally more stable com-
pounds than linear chelates. This difference in
stability has been implicated by some as play-
ing an important role in the pathogenesis of
NSF. However, no definitive evidence in the
literature suggests that this difference in
structure between various gadolinium-con-
taining contrast agents affects the observed
rates of allergic-like reactions [24].

Our study has a few limitations. First, it is
possible that certain allergic-like reactions in-
cluded in this study were not directly related to
the IV administration of gadolinium-contain-
ing contrast material. Although this is thought
to be unlikely, if such an event occurred, it
would artificially increase the frequency of re-
action established in the study. Second, our re-
sults depend on the completion of a contrast
material reaction form. If an acute allergic-like
reaction was not documented (or if a contrast
material reaction form was completed but
lost), such a reaction would not be included in
our investigation. Such occurrences would
falsely lower the frequency of reaction calcu-
lated in this study. Third, when attempting to
assess apparent risk factors for acute allergic-
like reaction to gadolinium-containing contrast
media, the prevalence of certain conditions, in-
cluding history of asthma, history of allergic-
like reaction to contrast media, and history of
allergic reaction to substances other than con-
trast media, is not known over our entire pedi-
atric or adult patient populations. Finally, the
offending gadolinium-containing contrast agent
was not documented for 44% of the reactions
included in this study.

In conclusion, acute allergic-like reactions
related to I'V-administered gadolinium-con-
taining contrast media in both children and
adults are rare. They occur less frequently
than do reactions to I'V-administered iodi-
nated contrast media. Most of these acute al-
lergic-like reactions to gadolinium-contain-
ing contrast media are mild; however,
moderate and severe reactions do occur. Al-
though reactions were more frequent in adult
than in pediatric and in female than in male
patients, these differences were not statisti-
cally significant. Potential factors that may
increase an individual’s risk of an acute aller-
gic-like reaction include a history of previous
allergic-like reaction to IV-administered con-
trast medium (either gadolinium- or iodine-
containing) and prior allergic reaction to a
substance other than contrast media.
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