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To evaluate the effect of abruptly substituting gadobenate
dimeglumine for gadopentetate dimeglumine on allergic-
like reactions.

The institutional review board approved and waived pa-
tient consent for this HIPAA-compliant retrospective
study. Allergic-like reactions related to gadolinium-based
contrast media were assessed 2 years before and 3.5
years after gadobenate dimeglumine was substituted for
gadopentetate dimeglumine. Reaction rates and severity
were compared by using x? tests, Fisher exact tests, odds
ratios (ORs), and confidence intervals (Cls).

Allergic-like reactions (137 mild, 19 moderate, and six
severe) occurred in 162 (0.15%) of 105607 injections of
gadolinium-based contrast media (gadopentetate dimeglu-
mine, 31540; gadobenate dimeglumine, 66152; other,
7915). Gadobenate dimeglumine was associated with sig-
nificantly more overall (0.19% [123 of 66152] vs 0.08%
[24 of 31540]; OR, 2.4; 95% CI: 1.6, 3.8; P < .0001) and
mild (0.16% [107 of 66152] vs 0.06% [18 of 31540]; OR,
2.8; 95% CI: 1.7, 4.7; P < .0001) allergic-like reactions
than was gadopentetate dimeglumine. The reaction rate
for gadobenate dimeglumine peaked (maximum per quar-
ter, 0.38% [16 of 4262]; minimum per quarter, 0.07%
[three of 4237]) in the 2nd year after it replaced gadopen-
tetate dimeglumine (maximum per quarter, 0.10% [four
of 4122]; minimum per quarter, 0.05% [two of 4222])
and then declined in the 3rd year. The final gadobenate
dimeglumine reaction rate (last 3 quarters, 0.12% [17 of
14387]) did not significantly differ from the original base-
line reaction rate with gadopentetate dimeglumine.

After gadobenate dimeglumine was substituted for gado-
pentetate dimeglumine, a significant transient increase oc-
curred in the frequency of reported allergic-like reactions
that demonstrated a temporal pattern suggestive of the
Weber effect (a transient increase in adverse event re-
porting that tends to peak in the 2nd year after a new
agent or indication is introduced).

©RSNA, 2012
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Ithough gadolinium-based con-
trast media have long been con-
sidered extremely safe, the
relationship described in 2006 between
exposure in patients with severe renal
impairment and the subsequent devel-
opment of nephrogenic systemic fibro-
sis (NSF) has led many to reconsider
their policies toward these media (1-7).
It is now recommended that exposure
to gadolinium-based contrast media be
minimized in patients with severely im-
paired renal function (eg, those with
estimated glomerular filtration rate less
than 30 mL/min/1.73 m? and those with
acute kidney injury) (1). In addition to
implementing risk mitigation policies
on the basis of estimated glomerular
filtration rate, some institutions have
changed the type of gadolinium-based
contrast media they administer on the
basis of estimates of relative NSF risk
by the American College of Radiology
(8), the U.S. Food and Drug Adminis-
tration (FDA) (1), and the European
Society of Urogenital Radiology (9).
Changing gadolinium-based con-
trast media in an attempt to reduce
the incidence of NSF may have unin-
tended consequences. For example,
although allergic-like reactions are an
infrequent complication of intravascu-
lar administration of gadolinium-based
contrast media (10), studies have sug-
gested that in addition to variation in
NSF risk among the different types of
gadolinium-based contrast media, risk
of allergic-like reactions may also vary
(11,12). In particular, two studies have
shown data that suggest gadobenate
dimeglumine (a gadolinium-based con-
trast agent approved by the FDA in

Advance in Knowledge

® Abrupt substitution of gadoben-
ate dimeglumine for gadopen-
tetate dimeglumine resulted in a
significant transient increase
(0.34% [29 of 8505] vs 0.08%
[24 of 31540]; odds ratio, 4.5;
95% confidence interval: 2.6,
7.7; P < .0001) in reporting of
allergic-like reactions in a tempo-
ral pattern suggestive of the
Weber effect.

2004 that has a reportedly lower NSF
risk) may have a higher rate of allergic-
like reactions than does gadopentetate
dimeglumine (a gadolinium-based con-
trast agent approved by the FDA in
1988 that has a reportedly higher NSF
risk) (11,12). As institutions consider
changing the type of gadolinium-based
contrast media they use for their gen-
eral patient population as part of an ap-
proach to reduce NSF risk, the overall
risk of adverse events could increase if
a replacement agent with a higher rate
of allergic-like reactions is used.

Because of a change in a prime ven-
dor contract, our institution abruptly
switched from primarily using gadopen-
tetate dimeglumine to primarily using
gadobenate dimeglumine. This offered
an opportunity to measure the differ-
ences in allergic-like reactions that
might occur with such a change. The
null hypothesis of our study was that
the rate of allergic-like reactions asso-
ciated with gadobenate dimeglumine
would be similar to that associated with
gadopentetate dimeglumine.

The purpose of our study was to
evaluate the effect of abruptly substitut-
ing gadobenate dimeglumine for gado-
pentetate dimeglumine on allergic-like
reactions.

Materials and Methods

Before the initiation of this investiga-
tion, approval of the institutional review
board was obtained. The study com-
plied with the Health Insurance Por-
tability and Accountability Act. Patient
informed consent was not required on
the basis of institutional policy and the

Implication for Patient Care

® Changes in an institution’s prime
vendor contract can result in a
significant transient increase in
rates of allergic-like reactions
(0.34% [29 of 8505] vs 0.08%
[24 of 31540]; odds ratio, 4.5;
95% confidence interval: 2.6, 7.7;
P < .0001) that might mimic a
true difference in reaction rates
among different gadolinium-based
contrast media.

retrospective nature of this investiga-
tion. A portion of these data was shared
with Bracco Diagnostics (Princeton,
NJ) as part of phase IV postmarketing
analysis. One author (J.R.D.) received
partial salary support from Bracco
Diagnostics for that effort. The remain-
ing authors had control of all data that
may present a conflict of interest for
that author.

Participants

All 105607 intravenous administrations
of gadolinium-based contrast media
between January 1, 2007, and June
30, 2012, were identified by means of a
query of electronic billing records at the
University of Michigan Health System.
These dates were chosen to reflect a
period 2 years before and 3.5 years
after a change in prime vendor contract
at our institution that resulted in the
substitution of gadobenate dimeglu-
mine for gadopentetate dimeglumine.
A 3.5-year period (instead of a 2-year
period) after this switch was chosen
to account for the Weber effect, which
can be responsible for transient eleva-
tions in the rates of adverse events after
introduction of a new drug or changes
in use of an existing drug (13-15) and
which tends to peak in the 2nd year.
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Examinations that used gadolinium-
based contrast media were grouped by
contrast agent and date (according to
3-month quarter and calendar year).
Some patients underwent more than
one examination involving gadolinium-
based contrast media during the study
period. All adverse event forms for
allergic-like reactions related to gado-
linium-based contrast media completed
by radiologists from January 1, 2007,
to June 30, 2012, were collected and
analyzed (n = 163). One allergic-like
reaction was due to intraarticular ad-
ministration and was excluded from
analysis. This resulted in a total of
162 allergic-like reactions related to
intravenous administration of gadolini-
um-based contrast media during the
study period.

Contrast Media

The following media were used dur-
ing the study period: gadopentetate
dimeglumine (Magnevist; Bayer Health-
care, Wayne, NJ), gadobenate dimeglu-
mine (MultiHance; Bracco Diagnos-
tics), gadoteridol (ProHance; Bracco
Diagnostics), gadoxetate  disodium
(Eovist; Bayer Healthcare), gadofos-
veset trisodium (Ablavar; Lantheus
Medical Imaging, North Billerica,
Mass), and gadodiamide (Omniscan;
GE Healthcare, Princeton, NJ). Most
intravenous gadolinium-based contrast
media were hand injected or power in-
jected at doses of 0.1 mmol per kilo-
gram of body weight, with the following
exceptions. “Double-dose” injections
(0.2 mmol/kg) were administered for
cardiac viability studies and peripheral
magnetic resonance (MR) angiography.
Gadofosveset trisodium was adminis-
tered at a dose of 0.03 mmol/kg, and
gadoxetate disodium was administered
at a dose of 0.05 mmol/kg. (Table 1)
lists the number of administrations for
each gadolinium-based contrast agent
used at our institution during the study
period.

Gadopentetate dimeglumine, which
was approved by the FDA in 1988
(n = 31540 total administrations dur-
ing the study period), was the pri-
mary gadolinium-based contrast agent
used during 2007 and 2008 because

of an institutional prime vendor con-
tract with Bayer Healthcare. This con-
tract changed to Bracco Diagnostics in
the first quarter of 2009. As a result,
gadopentetate dimeglumine was re-
placed with gadobenate dimeglumine,
which was approved by the FDA in
2004. This resulted in a precipitous de-
cline in the number of gadopentetate
dimeglumine-enhanced studies and a
concomitant increase in the number
of gadobenate dimeglumine-enhanced
studies (66152 total administrations
during the study period). Gadodiamide
was used rarely (24 administrations),
and gadoteridol was used infrequently
(5907 administrations) during the study
period at the discretion of the super-
vising radiologist. Gadoteridol was not
available for use until the 4th quarter
of 2008. Gadoxetate disodium, which
was approved by the FDA in 2008, was
used for hepatobiliary imaging (1948
administrations), and gadofosveset tri-
sodium was used for rare MR angio-
graphic purposes (MR venography and
MR arteriography) (36 administrations)
at the discretion of the radiologist pre-
scribing the study protocol. Gadoxetate
disodium was not available for use until
the 1st quarter of 2009, and gadofosve-
set trisodium was not available for use
until the 3rd quarter of 2010.

Allergic-like Reactions

Radiologists (residents, fellows, or at-
tending physicians) respond to every
possible allergic-like reaction identified
by a Department of Radiology technol-
ogist or nurse, evaluate and manage
each possible reaction, and complete
written documentation of the event.
The written documentation during the
study period included a standardized
adverse event form that identified the
type, dose, and route of the contrast
material; the presence of corticoste-
roid prophylaxis; patient vital signs,
symptoms, and signs; physician as-
sessment; and treatment (including
administration of medications, Intra-
venous fluids, or oxygen, as well as
disposition). A copy of each form was
stapled to the paper requisition so that
it was available to the radiologist at the
time the study findings were dictated.

A copy of the form was also hand deliv-
ered to the quality assurance manager
(a registered nurse) for internal mon-
itoring. This written documentation
was always completed by the respond-
ing physician. Radiology nurses were
also instructed to update each patient’s
“allergy” history in the electronic med-
ical record.

In addition to collecting the data
on the reaction forms, the patient’s
electronic medical record was queried
to record the following for each aller-
gic-like reaction: patient age and sex;
type, dose, and route of the gadolinium-
based contrast agent; history of allergy
to gadolinium-based contrast media or
other allergens; reaction severity (mild,
moderate, or severe); manifestations;
treatment characteristics (medications
administered, emergency department
transfer, inpatient hospital admission,
outcome); and presence of corticoste-
roid prophylaxis. Allergic-like reactions
occurring despite corticosteroid pro-
phylaxis were termed “breakthrough
reactions,” a term adopted by Freed et
al in 2001 (16) and by others (17,18).

Allergic-like reactions were classified
as mild, moderate, or severe according
to previously published guidelines (10).
Mild allergic-like reactions were char-
acterized by one or more of the fol-
lowing: hives, pruritus, localized facial
edema, nasal congestion, sneezing, and
“scratchy throat.” Moderate allergic-
like reactions were characterized by
one or more of the following: diffuse er-
ythema, dyspnea, wheezing, stridor, or
emergency department transfer. Severe
allergic-like reactions were character-
ized by one or more of the following: se-
vere laryngeal edema, cardiopulmonary
collapse, anaphylactoid shock, or hospi-
tal admission.

Physiologic reactions (eg, vasovagal
reactions, nausea, vomiting) and con-
trast medium extravasations were not
analyzed because they are not allergic-
like reactions.

Power Calculation

A noninferiority power calculation was
performed to determine the number
of patients that would be needed to
claim that the rates of severe reactions
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Table 1

Numbers and Characteristics of Allergic-like Reactions Resulting from Intravenous Administration of Various Gadolinium-based Contrast Media from January 1, 2007,

to June 30, 2012
GBCM Injections

Characteristics of Allergic-like Reactions*

No. of Allergic-like Reactions

Other Allergies
10/24 (42)

GBCM Allergy
0/24

Breakthrough Reaction

7/24 (29)

Epinephrine

Inpatient Admit

0/24

ED Transfer

Severe
0

Moderate

Mild

All Reactions

No. of Injections

31540

GBCM

2/24 (8.3)

6(0.02) 4/24 (16)

8 (0.06)

24 (0.08)

Gadopentetate

dimeglumine
Gadobenate dimeglumine 66152

Gadoteridol

55/123 (45)

5112 (42)
1/2 (50)

8/123 (6.5)
2112 (17)
0/2

0/
NA

18/123 (15)

7/123 (5.7)
112 (8.3)

1/2 (50)

01

NA

5/123 (4.1)

0/12
0/2

8/123 (6.5)
112 (8.3)
1/2 (50)

01

NA

5(0.008)
1(0.02)

0

11(0.02)

107 (0.16)

123 (0.19)

3/12 (25)

0/2

1(0.02)
1(0.05)

0(0.17)
1(0.05)
128

12 (0.20)

5907

2(0.10)
128

1948

Gadoxetate disodium

1/1 (100)

NA

0/

NA

01

0
NA

36
24

105607

Gadofosveset trisodium

Gadodiamide
All GBCM

72/162 (44)

10/162 (6.2)

28/162 (17)

11/162 (6.8)

19(0.02) 6(0.006) 14/162(8.6) 5/162(3.1)

137 (0.13)

162 (0.15)

Note.—Allergic-like reaction rates were calculated according to the total number of injections for each gadolinium-based contrast medium. Rates of allergic-like reaction characteristics are calculated according to the total number of allergic-like
reactions for each agent. The allergic-like reaction characteristics are not mutually exclusive. “Reactions” refers to allergic-like reactions. “ED transfer” refers to a transfer to the emergency department initiated as a direct result of the allergic-like
reaction. “Inpatient admit” refers to an inpatient admission initiated as a direct result of the allergic-like reaction. “Epinephrine” refers to epinephrine administered as part of the management of the allergic-like reaction. “Breakthrough reaction”

refers to allergic-like reaction occurring despite the presence of corticosteroid prophylaxis. “GBCM allergy” refers to allergic-like reaction occurring in a patient with a history of gadolinium-based contrast medium allergic-like reaction. “Other

allergies” refers to allergic-like reaction occurring in a patient with a history of allergy to another substance. ED

* Data are numbers of reactions, with percentages in parentheses.

not applicable.

gadolinium-based contrast medium, NA =

emergency department, GBCM =

between two gadolinium-based contrast
media were similar. The following as-
sumptions were used: «, .05; power,
80%; prevalence of severe reactions
in reference population, 0.01%; and
noninferiority margin, 0.01%. This
yielded a needed sample size of
123 639 administrations of gadolinium-
based contrast media for each arm,
indicating that a total of 247278 total
administrations would be needed for
appropriate statistical power to claim
that two gadolinium-based contrast
agents were noninferior with respect
to their incidence of severe allergic-like
reactions.

Statistical Analysis

Continuous variables (eg, patient age,
rates of allergic-like reactions) were
summarized by using means and ranges.
Categoric data (eg, patient sex, char-
acteristics and treatment of allergic-like
reactions, patient history of allergy) are
presented as counts and percentages.
Rates and characteristics of allergic-
like reactions were compared between
the different gadolinium-based con-
trast media (minimum total number
of administrations, 1000) by using a x*
or Fisher exact test (with odds ratios
[ORs] and 95% confidence intervals
[Cls]), as appropriate. We performed
X2 tests with ORs and 95% Cls to com-
pare the rates of allergic-like reactions
with gadolinium-based contrast media
between sexes and among different age
groups (pediatric [<18 years of age],
adult [18-65 years of age|, and elderly
[>65 years of age|). The pediatric
age range was chosen on the basis of
commonly accepted age limits for this
group. The age threshold differenti-
ating adult from elderly patients was
arbitrary. A P value of .05 or less was
considered to represent a significant
difference for all hypothesis tests. The
preceding procedures were performed
with statistical software (SAS, version
9.2; SAS Institute, Cary, NC).

There were 162 allergic-like reactions
(137 mild [12 with “scratchy throat”; 80
with hives or pruritus; 14 with localized
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Table 2

Allergic-like Reaction Rates for Different Gadolinium-based Contrast Media for a Variety of Age Group and Sex Combinations

Gadopentetate Gadobenate Gadoxetate Gadofosveset
Sex and Age Group Dimeglumine Dimeglumine Gadoteridol Disodium Trisodium Gadodiamide All Contrast Media
Female patients
<18y 0/2585 0.06 (3/4623) 0.34 (1/297) (0/6 0 0 0.05 (4/7513)
18-65y 0.14 (17/11725) 0.32 (80/24 886) 0.36 (9/2515) 0.33 (2/609) 8.3 (1/12) 0/15 0.27 (109/39762)
>65y 0/2920 0.11 (7/6658) (0/499) 0/164 0/5 0/3 0.07 (7/10249)
All ages 0.10 (17/17 230) 0.25 (90/36 167) 0.30 (10/3311) 0.26 (2/779) 5.6 (1/18) 0/19 0.21 (120/57 524)
Male patients
<18y 0.07 (2/2876) 0.04 (2/4925) 0/385 0/6 NA (0/0) 0/ 0.05 (4/8193)
1865y 0.06 (5/8782) 0.12 (23/18588) 0.12 (2/1643) 0/847 0/12 0/2 0.10 (30/29874)
>65y (0/2647) 0.12 (8/6440) 0/441 0/289 0/6 0/2 0.08 (8/9825)
All ages 0.05 (7/14305) 0.11(33/29953) 0.08 (2/2469) 0/1142 0/18 0/5 0.09 (42/47892)
Both sexes
<18y 0.04 (2/5461) 0.05 (5/9548) 0.15 (1/682) 0/12 NA (0/1) 0/2 0.05 (8/15706)
1865y 0.11 (22/20507) 0.24 (103/43474) 0.26 (11/4158) 0.14 (2/1456) 4.2 (1/24) 017 0.20 (139/69 636)
>65y 0/5567 0.11 (15/13098) 0/940 0/453 0/11 0/5 0.07 (15/20074)
Unknown age and 0/5 (0/32) 0127 0/27 NA (0/0) NA (0/0) 0/191
sex
All ages and sexes 0.08 (24/31540) 0.19 (123/66 152) 0.20 (12/5907) 0.10 (2/1948) 2.8 (1/36) 0/24 0.15 (162/105607)

Note.—Data are percentages, with numerators/denominators in parentheses. Numerators are the numbers of allergic-like reactions, and denominators are the numbers of intravenous administrations

of gadolinium-based contrast media. NA = not applicable.

erythema; 19 with localized facial swell-
ing; five with sneezing, congestion, or
watery eyes; and seven with self-limited
transient dyspnea that resolved with-
out medication], 19 moderate [16 with
moderate dyspnea, two with diffuse
erythema, and one with transient la-
ryngospasm], and six severe [two with
laryngospasm, two with severe dys-
pnea, one with angioedema, and one
with anaphylactic shock, all resulting
in inpatient hospitalization and/or
emergency department admission])
associated with 105607 injections of
gadolinium-based contrast media, for
an overall rate of allergic-like reactions
of 0.15% (Table 1). There were 42 al-
lergic-like reactions in 40 male patients
(mean age, 46 years; range, 11-75
years) and 120 allergic-like reactions
in 114 female patients (mean age, 43
years; range, 7-90 years). Table 2 sum-
marizes the number of allergic-like
reactions and number of administra-
tions of each gadolinium-based con-
trast agent by age and sex during the
study period. Although female patients
(0.21% [120 of 57524]) were signif-
icantly more likely than male patients

(0.09% [42 of 47892]) to experience
an allergic-like reaction (OR, 2.4; 95%
Cl: 1.7, 3.4; P < .0001), there was
no significant difference in the sever-
ity of allergic-like reactions (P = .74)
between male patients (mild in 35,
moderate in six, severe in one) and fe-
male patients (mild in 102, moderate
in 13, severe in five). Pediatric patients
(0.05% [eight of 15706]; P < .0001)
and patients older than 635 years of age
(0.07% [15 of 20074]; P = .0002) had
a significantly lower rate of allergic-like
reactions associated with gadolinium-
based contrast media than did pa-
tients aged 18-65 years (0.20% [139
of 69636]). The rates of allergic-like
reactions to gadolinium-based contrast
media for pediatric patients and those
older than 65 years did not significantly
differ (P = .50).

The number and severity of aller-
gic-like reactions that occurred with
respect to each gadolinium-based con-
trast agent are listed in Table 1. Com-
parisons of the overall rates of allergic-
like reactions for the gadolinium-based
contrast media in this study are sum-
marized in Table 3 (minimum total

number of administrations per agent,
1000). Gadobenate dimeglumine was
associated with significantly more over-
all (0.19% [123 of 66152] vs 0.08%
[24 of 31540]; OR, 2.4 [95% CI, 1.6,
3.8]; P < .0001) and mild (0.16% [107
of 66152] vs 0.06% [18 of 31540]; OR,
2.8 [95% (I, 1.7, 4.7]; P < .0001) al-
lergic-like reactions than gadopentetate
dimeglumine. However, the frequencies
of moderate (11 of 66152 [0.02%] vs
six of 31540 [0.02%], respectively)
and severe (five of 66152 [0.008%]
vs 0 of 31540 [0.0%], respectively)
allergic-like reactions for these two
gadolinium-based contrast media were
not significantly different. Three of the
five severe reactions to gadobenate
dimeglumine occurred in patients who
were premedicated with corticosteroids
(two for a history of prior reaction to
gadolinium-based contrast media [now
a listed contraindication to gadoben-
ate dimeglumine exposure (19)] and
one for a history of reactions to other
drugs).

Table 4 compares biquarterly rates
of allergic-like reactions to gadobenate
dimeglumine to the overall reaction rate
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Table 3

x? Statistics Comparing Overall Allergic-like Reaction Rates among the Various Intravenous Gadolinium-based Contrast Media

Administered during the Study

Contrast Medium Reaction Rate (%)

Gadopentetate Dimeglumine

OR for Gadobenate Dimeglumine

OR for Gadoteridol P Value for Gadoxetate Disodium

Gadopentetate dimeglumine  0.08 (24/31540)

Gadobenate dimeglumine 0.19 123/66 152)
Gadoteridol 0.20 (12/5907)
Gadoxetate disodium 0.10 (2/1948)

Not applicable

2.4 (1.6, 3.8) [<.0001]
Not applicable

2.7 (1.3,5.3)[.008] .68
[.89] .56
Not applicable .55
Not applicable

Note.—The minimum total number of administrations per agent was 1000. Data in parentheses are 95% Cls, and data in square brackets are Pvalues.

associated with gadopentetate dimeglu-
mine. This, along with Figures 1 and 2,
demonstrates a significant (P < .0001)
peak in reaction rates approximately
2 years after gadobenate dimeglumine
replaced gadopentetate dimeglumine
at our institution. The final gadobenate
dimeglumine reaction rate (last 3 quar-
ters, 0.12% [17 of 14387]) was not
significantly different from the original
baseline reaction rate to gadopentetate
dimeglumine (0.08% [24 of 31540];
OR, 1.6; 95% CI: 0.8, 2.9; P = .22).

Allergic-like reactions to gadoben-
ate dimeglumine and gadopentetate
dimeglumine demonstrated no signifi-
cant difference in the rates of epineph-
rine use (seven of 123 [4.1%] vs two of
24 8.3%]; P = .64), frequency of trans-
fer to the emergency department (eight
of 123 [6.5%] vs four of 24 [16%]; P =
.11), frequency of inpatient admission
(five of 123 [4.1%] vs O of 24 [0%]; P
=.59), breakthrough reaction rates (18
of 123 [15%] vs seven of 24 [29%], P
=.13), or rates of allergy to other sub-
stances (55 of 123 [45%] vs 10 of 24
[42%]; P = .96). However, despite the
large number of gadobenate dimeglu-
mine and gadopentetate dimeglumine
administrations in this study, the study
is underpowered to detect differ-
ences in the rates of these uncommon
associations.

Gadoteridol was associated with a
significantly greater number of overall
(OR, 2.7; 95% CI: 1.3, 5.3; P = .008)
and mild (OR, 3.0; 95% CI: 1.4, 6.4;
P = .008) allergic-like reactions when
compared with gadopentetate dimeglu-
mine. Additional associations and tem-
poral patterns were difficult to analyze
because of the relatively low number of

Table 4

x2 Statistics Comparing Biquarterly Allergic-like Reaction Rates for Gadobenate
Dimeglumine with the Aggregate Rate of Allergic-like Reactions for Gadopentetate

Dimeglumine

Time Period Reaction Rate with Gadobenate Dimeglumine (%) OR* P Value
Q4 2008-Q1 2009 0.10 (7/6836) 1.3(0.6,3.1) .65
Q2 2009-Q3 2009 0.11 (10/8732) 1.5(0.7,3.1) .38
Q4 2009-Q1 2010 0.24 (20/8459) 3.1(1.7,5.6) .0002
02 2010-Q3 2010 0.34 (29/8505) 45(2.6,7.7) <.0001
Q4 2010-Q1 2011 0.26 (22/8425) 3.4(1.9,6.1) <.0001
02 2011-Q3 2011 0.17 (15/8941) 2.2(1.2,4.2) .02
Q4 2011-Q2 2012 0.12 (17/14387) 1.6 (0.8,2.9) 22

Note.—The minimum number of total administrations of gadobenate dimeglumine was 1000. The aggregate rate of allergic-like
reaction with gadopentetate dimeglumine was 0.08% (24 of 31540). The final coupling includes a total of 3 quarters (to
incorporate the final uneven quarter of data). The temporal trend in the reaction rates supports the influence of the Weber effect.

Q = quarter.
* Data in parentheses are 95% Cls.

gadoteridol administrations (n = 5907).
Gadofosveset trisodium (n = 36) and
gadodiamide (n = 24) were adminis-
tered too infrequently to permit reason-
able statistical analysis of their rates of
allergic-like reaction.

Figure 1 demonstrates the aggre-
gate rate of allergic-like reactions asso-
ciated with gadolinium-based contrast
media according to quarter year, as
well as the number of injections of each
agent over the same period. Figure 2
demonstrates the rate of allergic-like
reactions according to 3-month quarter
for gadobenate dimeglumine and gado-
pentetate dimeglumine. The increase in
the number of allergic-like reactions be-
ginning in 2009 corresponds temporally
to the replacement of gadopentetate
dimeglumine with gadobenate dimeglu-
mine as our primary gadolinium-based
contrast medium. The reaction rate
for gadobenate dimeglumine peaked

(maximum rate per quarter, 0.38%
[16 of 4262]; minimum rate per quar-
ter, 0.07% |[three of 4237]) in the 3rd
quarter of the 2nd year after it replaced
gadopentetate dimeglumine (maximum
rate per quarter, 0.10% [four of 4122];
minimum rate per quarter, 0.05% [two
of 4222]), and then declined in the 3rd
year of use.

No patients died of allergic-like
reactions related to the administration
of gadolinium-based contrast media at
our institution during the study period.

Gadolinium-based contrast media are
widely used in MR imaging examina-
tions and have an excellent safety profile
overall (20,21). However, gadolinium-
based contrast media are not identical
in chemical structure, and some agents
may be associated with different adverse
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Figure 1:  Graph shows numbers of intravenous administrations of gadolinium-based contrast media (GBCM) according to 3-month quarter with respect to the

aggregate allergic-like reaction rate for all contrast media.
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Figure 2:  Graph shows rates of allergic-like reactions for gadopentetate dimeglumine and gadobenate dimeglumine according to 3-month quarter (minimum

number of administrations per quarter, 500).

event rates with respect to both NSF
(1,8) and possibly allergic-like reactions
(11,12). To determine the most suitable
gadolinium-based contrast media for
any specific patient, the diagnostic prop-
erties and benefits should be weighed
against each unique risk profile. For ex-
ample, if an agent is considered to be as-
sociated with a higher risk for the devel-
opment of NSF but has a lower risk for
allergic-like reactions, that agent may be
preferable in a patient population at low

risk for NSF (and vice versa). Because
several major organizations (including
the American College of Radiology, the
FDA, and the European Society of Uro-
genital Radiology) have recently issued
recommendations regarding the relative
NSF risk among different gadolinium-
based contrast media, we sought to com-
pare the rate and severity of allergic-like
reactions to gadobenate dimeglumine
(an agent with a reportedly lower risk
for NSF) after it replaced gadopentetate

dimeglumine (an agent with a reportedly
higher risk for NSF) at our institution.
The rates of allergic-like reaction
with gadolinium-based contrast me-
dia reported in this study are similar
to those of other published studies
(10-12,22-24). All the gadolinium-
based contrast media used in our study
had good safety profiles, and no pa-
tient deaths were definitively attrib-
uted to these agents at our institution
during the study period. Our results
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demonstrate that there were sig-
nificantly more aggregate and mild
allergic-like reactions for gadoben-
ate dimeglumine (P < .0001 and P <
.0001 for both) and gadoteridol (P =
.008 and P = .008 for both) than for
gadopentetate dimeglumine. The differ-
ence in reaction rates between gado-
benate dimeglumine and gadopentetate
dimeglumine was related primarily to a
peak in the incidence of reported aller-
gic-like reactions that occurred in the
2nd year after gadobenate dimeglumine
replaced gadopentetate dimeglumine
at our institution. This peak reaction
rate was significantly different from the
baseline rate of gadopentetate dimeglu-
mine (0.34% [29 of 8503] vs 0.08% [24
of 31540]; OR, 4.5; 95% CI: 2.6, 7.7;
P < .0001). The reaction rate for gado-
benate dimeglumine declined sharply in
the 3rd year after the substitution, and
by the last 3 documented quarters, the
reaction rate was no longer significantly
different from the baseline reaction
rate of gadopentetate dimeglumine
(0.12% [17 of 14387] vs 0.08% [24 of
31540]; OR, 1.6; 95% CI: 0.8, 2.9; P =
.22). The rates of moderate and severe
allergic-like reactions for each of these
gadolinium-based contrast media were
not significantly different, but unfortu-
nately our study was underpowered to
determine whether this is a meaningful
finding (123639 administrations would
be needed per arm to confirm noninfe-
riority for severe reactions, according
to our power calculation).

We detected a significant difference
(P < .0001) in allergic-like reaction
rates by sex, with female patients hav-
ing an aggregate rate of allergic-like
reactions associated with gadolinium-
based contrast media of 0.21% (120
of 57524), compared with 0.09% (42
of 47892) in male patients. This find-
ing has been reported previously (10).
There were similar numbers of mod-
erate and severe reactions between
male and female patients, although
the number of such reactions was low.
The rates of allergic-like reactions to
gadolinium-based contrast media in our
pediatric and elderly populations were
less than that of the remaining adult
population, with an aggregate pediatric

rate of allergic-like reactions associated
with gadolinium-based contrast media
of 0.05% (eight of 15706), compared
with 0.20% (139 of 69636) for pa-
tients aged 18-65 years and 0.07% (15
of 20074) for patients older than 635
years. The rate of allergic-like reactions
in children in our study is similar to
data on pediatric use of gadolinium-
based contrast media published in 2007
(0.04% [six of 13344]) (10).

Our findings, which show a signifi-
cant difference in allergic-like reaction
rates between gadobenate dimeglumine
and gadopentetate dimeglumine, ap-
pear to conflict with those of a previ-
ously published study by Shellock et al
(21). Those authors reported that the
adverse event rates of gadopentetate
dimeglumine and gadobenate dimeglu-
mine were similar (7.0% [33 of 472] vs
9.1% [51 of 561], respectively). How-
ever, differences between the two stud-
ies may help explain this. First, their
study was underpowered and analyzed
results from only 1033 administrations
of gadolinium-based contrast media,
whereas our study is approximately
100-fold greater. It is possible that be-
cause of the known very low rates of
allergic-like reactions with gadolinium-
based contrast media in general, differ-
ences among unique gadolinium-based
contrast media could be obscured in
a smaller patient population. Second,
Shellock et al combined all adverse
events into one category, whereas our
study focused solely on allergic-like
reactions. Finally, the study by Shellock
et al used a randomized design in which
patients received one or the other
gadolinium-based contrast medium
in parallel. Our study investigated the
effects of abruptly substituting gado-
benate dimeglumine for gadopentetate
dimeglumine at a single institution. Our
study design is subject to the influence
of the Weber effect, whereas the study
of Shellock et al might not be.

The Weber effect is a known phe-
nomenon in the epidemiology literature
(13-15) in which the number of spon-
taneously reported adverse events for a
drug tends to peak around the 2nd year
after its introduction. Although not all
drugs exhibit a classic Weber effect, it

is known to often occur (14). For ex-
ample, Hartnell et al (14) demonstrated
the classic Weber effect with fluvox-
amine (a selective serotonin reuptake
inhibitor), but not with fluoxetine,
paroxetine, or sertraline (medications
of the same class). In their study, the
adverse event rates for fluoxetine, par-
oxetine, and sertraline instead peaked
1-2 years after each new indication
was released for each respective drug.
They suggested that approval of new in-
dications might also result in transient
increases in adverse event reporting in
a pattern similar to the classic Weber
effect. Another study by Hartnell and
Wilson (25) investigating the Weber ef-
fect in the United States with respect
to nonsteroidal antiinflammatory drugs
showed that it occurred with all five
drugs included in their report, with
peak incidences of adverse events oc-
curring in the 2nd year after each drug
was introduced. A study by Wallenstein
and Fife (15) showed that three of five
nonsteroidal antiinflammatory drugs
they studied followed a temporal pat-
tern consistent with the Weber effect,
whereas two of five did not.

The influence of the Weber effect
suggests that the increase in adverse
events associated with gadobenate
dimeglumine in our study could be at-
tributed to epidemiologic reporting bias
and may not reflect a true difference in
adverse events based on the pharmaco-
logic structure of the contrast medium.
The peak in adverse event reporting is
predicted by the Weber effect to occur
within the 2nd year after introduction of
a new drug or 2 years after a new indi-
cation is provided for a preexisting drug
(13-15,25). In our study, gadobenate
dimeglumine was abruptly substituted
for gadopentetate dimeglumine, and
we observed a peak incidence of aller-
gic-like reactions for this agent approx-
imately 2 years later. During the 3rd
year, the rate of allergic-like reactions
declined sharply, as would be predicted
by the Weber effect.

The reported rates of death for the
dominant gadolinium-based contrast
agent evaluated in this study (based
on FDA data from 2004 to 2009) is
0.97 (gadopentetate dimeglumine),
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0.7 (gadoteridol), and 2.7 (gadoben-
ate dimeglumine) per million adminis-
trations, suggesting that there may be
a difference in serious adverse events
that was not detected in this study (11).
However, it is important to note that
the FDA approved gadobenate dimeglu-
mine only in 2004, whereas gadopen-
tetate dimeglumine was FDA approved
in 1988. This difference in release dates
may have affected FDA reporting data
for gadobenate dimeglumine during this
period because of the influence of the
Weber effect. In our study, five severe
reactions were related to gadobenate
dimeglumine, and none were related to
gadopentetate dimeglumine (not signifi-
cantly different). Two of the five severe
reactions to gadobenate dimeglumine
occurred in patients with a history of
reaction to gadolinium-based contrast
media, which is now a listed contra-
indication to gadobenate dimeglumine
exposure (19); both patients were pre-
medicated before the study.

This study had several limitations.
First, this was a retrospective study
and relied on completed adverse event
forms. Although our adverse event re-
porting system was rigorous and has
been in place for more than a decade,
it is subject to the possibility of data
loss that could result in an underreport-
ing of the total number of allergic-like
reactions for any given gadolinium-based
contrast media. However, this same bias
was probably transmitted across all gad-
olinium-based contrast agents and is not
expected to affect our comparison statis-
tics. In addition, the method of recording
adverse events was constant throughout
the study dates, which should minimize
the possibility of longitudinal system-
atic error. Second, although 105607
injections of gadolinium-based contrast
media were administered during the
study, it was underpowered to confirm
noninferiority among different gadolin-
ium-based contrast media with respect
to severe reactions, which are very un-
common. For such an analysis, at least
123639 administrations of gadolinium-
based contrast media would be needed
in each arm.

In conclusion, abrupt substitution of
gadobenate dimeglumine for gadopen-

tetate dimeglumine resulted in a signif-
icant increase in reporting of allergic-
like reactions that exhibited a temporal
pattern suggestive of the Weber effect.
This pattern can mimic true differences
in reaction rates between gadolinium-
based contrast media.
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