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et al. [3] have recently reported a higher inci-
dence of adverse events with gadobenate di-
meglumine, including one death. While death 
following injection of gadolinium-based con-
trast agents has been described in only a few 
other reports and postmarketing surveillance 
reviews [4–7], one of our arresting patients 
died immediately after a power injection of 
gadobenate dimeglumine for liver MRI. Re-
cent updates to the gadobenate dimeglumine 
package insert include a more detailed warn-
ing on hypersensitivity reactions and a specif-
ic contraindication in patients with known 
allergic reaction to gadolinium (www.multi-
hanceusa.com/pdf/updated_PIs_decem-
ber212009/v2MHPI8%205×11-11-09.pdf). 
Although NSF has heavily influenced our de-
cision-making regarding use of gadolinium-
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S
ince 2007 we have been routine-
ly screening for renal function 
on all inpatients and outpatients 
with known renal failure, sched-

uling MRI on dialysis patients to immediate-
ly precede a dialysis appointment, using a 
maximum of 0.1 mmol/kg in patients with a 
glomerular filtration rate (GFR) lower than 
30 mL/min, and using primarily ionic gado-
linium-based contrast agents, gadopentetate 
dimeglumine and gadobenate dimeglumine, 
because the latter agent has not been associ-
ated with unconfounded cases of nephrogen-
ic systemic fibrosis (NSF) [1, 2]. Although 
there have been no cases of NSF in our insti-
tution since 2006, we have had three arrests 
related to gadobenate dimeglumine adminis-
tration; one of these patients died. Abujudeh 
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OBJECTIVE. Our objective was to determine the incidence of immediate adverse events 
for gadolinium-based contrast agents.

Materials and METHODS. All gadolinium-based contrast agent adverse events 
reported to radiology quality assurance committees were graded according to American Col-
lege of Radiology criteria and divided by the total number of injections to determine inci-
dence during the past 10 years. For each event, an age- and examination-matched control pa-
tient was identified to compare sex, weight, creatinine, eosinophil count, allergic history and 
gadolinium-based contrast agent dose differences. The U.S. Food and Drug Administration 
(FDA) Adverse Event Reporting System (AERS) database was analyzed to compare local ex-
perience to national trends.

RESULTS. Abdominal MRI had the highest rates of adverse events, 0.013% compared 
with brain (0.0045%, p < 0.001) or spine (0.0034%, p < 0.001). Adverse events were more 
likely in women, with a female to male ratio of 3.3, and in patients with history of prior aller-
gic reactions (p < 0.001). Immediate adverse events rates were 0.2, 0.5, 1.2, and 3.3 per 1,000 
injections for gadodiamide, gadopentetate dimeglumine, gadobenate dimeglumine, and gado
teridol, respectively. Gadobenate dimeglumine had more severe patient reactions, including 
three patients who arrested (defined as the patient becoming unresponsive and the code team 
being called), one of whom died. From 2004 to 2009, the FDA received reports on 40 gado-
linium-based contrast agent U.S. deaths unrelated to nephrogenic systemic fibrosis, with an 
incidence per million doses of 0.15, 0.19, 0.97, 2.7, and 0.7 for gadodiamide, gadoversetimide, 
gadopentetate dimeglumine, gadobenate dimeglumine, and gadoteridol, respectively.

CONCLUSION. This limited retrospective analysis shows that gadolinium-based con-
trast agents are very safe, with only rare reports of death, and raises the possibility that non-
ionic linear gadolinium-based contrast agents and gadopentetate dimeglumine may have few-
er severe immediate adverse events compared with gadobenate dimeglumine.
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based contrast agents, we now realize that im-
mediate reactions to gadolinium-based contrast 
agents are also important. The goals of this 
article are to systematically explore rates of 
adverse events for the gadolinium-based con-
trast agents used at our hospitals during the 
past 10 years and to assess how our local expe-
rience compares to reports made to the U.S. 
Food and Drug Administration (FDA).

Materials and Methods
Local Adverse Events Rates

During the period from January 1, 2000 to De-
cember 31, 2009, five gadolinium-based contrast 
agents were used: gadopentetate dimeglumine 
(Magnevist, Bayer HealthCare), gadodiamide (Om-
niscan, GE Healthcare), gadoteridol (ProHance, 
Bracco), gadobenate dimeglumine (MultiHance, 
Bracco) and gadoxetate (Eovist, Bayer HealthCare). 
Data on all gadolinium-based contrast agent adverse 
events spontaneously reported by hospital employ-
ees were collected by reviewing all available quality 
assurance (QA) and patient care committee meeting 
minutes and supporting data at our two major teach-
ing hospitals, which have merged into a single fiscal 
entity. In these meeting minutes and the hospitals’ 
electronic adverse events reporting database, each 
adverse event was listed together with the date of oc-
currence, gadolinium-based contrast agent involved, 
and any details felt to be relevant by the person re-
porting the case and supervisor investigating the in-
cident. Each event was graded as mild, moderate, or 
severe, according to the American College of Radi-
ology (ACR) Criteria [8].

This retrospective review of prospectively ac-
quired QA data was undertaken at the request of 
the hospital’s formulary committee and was ex-
empt from institutional review board (IRB) ap-
proval because it was a QA activity. Once a de-
cision to publish this data was made, IRB and 
conflict-of-interest approval for retrospective re-
view of existing prospectively acquired QA data 
was granted. No patient consent was required.

Data on the number of cases performed with 
each contrast agent were obtained from hospital 
purchasing records, review of billing records, and 
by examination of MRI scanner log books. Inci-
dence of adverse events was calculated by divid-
ing the number of reported events by the number 
of administrations for each agent.

To determine if the adverse reactions of the 
patients having gadolinium-based contrast agent 
were significantly different from the average pa-
tient undergoing MRI enhanced with a gadolin-
ium-based contrast agent, a case control study 
was performed. For each patient with an adverse 
event, a control patient was identified by searching 
the hospitals’ picture archiving and communica-

tions system for a patient of the same age under-
going the identical examination on the same day. 
If no same-day control was identified, the search 
was gradually expanded until an age- and exam-
ination-matched control was found close in time 
to the adverse reaction patient examination. For 
all adverse event and control patients, the hospi-
tal medical records were searched for sex; weight; 
inpatient/outpatient status; clinical history, in-
cluding allergic reactions history; number of prior 
gadolinium-based contrast agent-enhanced MRI 
examinations; and number of follow-up examina-
tions. Laboratory data on serum creatinine and eo-
sinophil count were collected, if available, within 
6 months of the gadolinium-based contrast agent 
administration. The significance of differences in 
these data was evaluated with Student’s t test for 
paired data for the continuous variables and chi-
square test for categoric variables.

The distribution of examinations among the pa-
tients with adverse events was compared with the 
distribution of examinations actually performed 
with contrast enhancement based on review of 
scanner logs and billing records.

National Adverse Events Rates
All spontaneous reports of adverse events to the 

FDA are entered into an Adverse Event Reporting 
System (AERS), also known as MedWatch. These 
tables are created each calendar quarter and are 
available for public review (www.fda.gov/cder/aers/
extract.htm) as zipped Summary Reports of Adverse 
Events dating back to 2004.

Analysis of FDA Data
An initial analysis was performed by combin-

ing the four quarters of 2008 into a single set of 
tables and uploading them into a relational data-
base (Access 2007, Microsoft). Exploring the data 
with a variety of queries revealed that reports cor-
responding to adverse reactions to gadolinium-
based contrast agents could be identified with the 
search terms *Gad*, *Gd*, Magnevist, Omniscan, 
Prohance, Multihance, eovist, optimark, MRI, 
DTPA, GE, Bayer, Berlex, Bracco and Mallinck-
rodt. Events where a gadolinium-based contrast 
agent was the “Primary Suspect” for the adverse 
event were coded as ROLE_COD = PS. Outcomes 
were coded as death, hospitalization, life-threat-
ening, disability, congenital anomaly, required in-
tervention to prevent permanent impairment, or 
other. There can be variability in the criteria for 
determining if an event is life-threatening or re-
quires hospitalization or should be reported to the 
FDA. Accordingly, we focused on reports with the 
outcome coded as “death,” because death is free of 
observer bias. Once those optimized search terms 
were established, a final analysis was performed 

by running queries for the entire 6 years of FDA 
data. Duplicates were eliminated by comparing 
event date, age, and sex.

NSF cases have been extensively reported else-
where and were excluded from this analysis. Al-
though there were cases reported from all over the 
world, only U.S. events were included in the analy-
sis. This was necessary because reliable sales data 
used to determine the number of injections of each 
agent were only available for the United States.

Market Share Data
Data on the market share of each agent were 

available from Intercontinental Marketing Services 
(IMS). These data are based on reports provided 
directly by companies in the form of liters of gado-
linium-based contrast agents sold each year. These 
data were converted into doses administered by di-
viding the total volume sold for each agent by 17 mL, 
our estimate of average dose, which accounts for 
both standard and high-dose administrations. We 
also asked each manufacturer the number of doses 
administered in the United States and worldwide in 
each year from 2004 to 2009, and these data, when 
provided, were consistent with IMS data. Finally, 
these data were shared with Bayer HealthCare, 
Bracco, GE Healthcare, and Mallinckrodt, with a 
request to correct any errors. The statistical signifi-
cance of differences in the rate of death between 
macrocyclic and linear chelates, between ionic and 
nonionic linear chelates, and between each of the 
gadolinium-based contrast agents was compared 
using Fisher’s exact test.

Results
Data on adverse events were available dat-

ing back to 2004 in one hospital and dating 
back to 2000 for the other hospital. During 
these periods there were a total of 158,796 
gadolinium-based contrast agent enhanced 
examinations using gadodiamide (n = 55,703), 
gadopentetate dimeglumine (n = 66,157), 
gadoteridol (n = 3,371), gadobenate dimeglu-
mine (n = 33,114) and gadoxetate (n = 451). 
Hospital QA records detailed 140 events re-
lated to gadolinium-based contrast agents, 
including 46 infiltrations (3 per 10,000 injec-
tions) and 94 gadolinium-based contrast 
agent acute adverse reactions (5.9 per 10,000 
injections) graded as mild = 74, moderate = 
16, and severe = 4, according to ACR crite-
ria. The rate of severe reactions was about 1 
in 40,000 injections.

The types of MRI examinations for the 
patients who had adverse reactions are 
shown in Table 1 compared with the distri-
bution of all examinations performed with 
gadolinium-based contrast agent enhance-
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ment. Abdomen examinations had more than 
double the overall rate of reactions (13 vs 5.9 
reactions per 10,000 examinations), a figure 
significantly higher than the rate of gadolin-
ium-based contrast agent adverse reactions 
for brain and spine MRI (p < 0.001). Gado-
linium-based contrast agent reactions with ab-
dominal MRI included 26 outpatients and two 
inpatients. A trend toward a higher rate of ad-
verse events with breast and extremity MRI 
examinations was not statistically significant.

Compared with age- and examination-
matched control patients, there were signif-
icantly more women who experienced ad-
verse events (Table 2). The female-to-male 
ratio for adverse events was 3.3, compared 
with 1.1 for control patients (p < 0.001). Pa-
tients who experienced adverse events also 
had a higher incidence of prior reactions to 
gadolinium (p = 0.007) and more prior al-

lergic events, with 38 of 94 patients having 
a history of allergy to something, compared 
with 16 of 94 patients for the control group 
(p < 0.001). No differences between adverse 
event and control patients were found in 
weight, serum creatinine, eosinophil count, 
ratio of inpatients to outpatients, or mean 
gadolinium-based contrast agent dose.

All three arrests occurred immediately after 
gadobenate dimeglumine injection. The case 
ending in death was a 59-year-old male outpa-
tient with cirrhosis who was on the liver trans-
plant waiting list. He had a remote history of 
gastrointestinal bleeding and was undergoing 
liver MRI for tumor surveillance. A hepatolo-
gist’s note 2 weeks before this MRI described 
the cirrhosis as “well-compensated.” Imme-
diately after power injection of 20 mL gado-
benate dimeglumine, the patient was noted to 
be red, dyspneic, and unable to cooperate with 

breath-holding. He then became unresponsive 
and could not be revived by the code team. The 
second arrest was a 65-year-old male outpa-
tient with meningioma. Immediately after in-
jection of 18 mL gadobenate dimeglumine, the 
patient was initially itchy and shaking, and then 
became unresponsive. The study was aborted, 
and a code was called. The code team arrest 
note described wide complex tachycardia (120 
beats per minute), hypotension (60/30 mm 
Hg), and dyspnea (30 breaths per minute). The 
patient was intubated and responded to intra-
venous dopamine, normal saline, D50, calci-
um chloride, and lidocaine. After transferring 
to the emergency department and later to the 
coronary care unit, the patient stabilized, was 
extubated, and was discharged home 2 days 
later. The third arrest was a 60-year-old male 
inpatient undergoing pelvic MRI after incom-
plete resection of a bladder tumor. During in-
jection of gadobenate dimeglumine, the patient 
squeezed the emergency panic ball and was 
immediately removed from the scanner, abort-
ing the study. Initially, the patient complained 
of a metallic taste and then became unrespon-
sive with tachycardia (150 beats per minute), 
hypotension (70/40 mm Hg), and cyanosis (O2 
saturation = 70%). The code team successful-
ly revived the patient with epinephrine, IV flu-
ids, diphenhydramine, solumedrol, and oxy-
gen. The patient was transferred to the surgical 
ICU, where he was stabilized, and ultimately 
underwent bladder resection, with discharge 
home 3 weeks later.

One severe reaction to gadoteridol was a 
near arrest in a 9-year-old boy, an outpatient 
who was having a brain MRI with anesthe-
siologist-monitored sedation to follow up on 
white matter changes versus diffuse tumor in-
cidentally discovered on a prior MRI after a 
fall from the jungle gym. Immediately upon 
injection of 10 mL gadoteridol, the sedated 
boy became combative, with urticaria, wheez-
ing, and desaturation (oxygen saturation in the 
80s) occurring. MRI was terminated, and the 
patient was immediately transferred to the pe-
diatric anesthesia care unit across the hallway, 
where he responded to epinephrine, albuterol, 
diphenhydramine, and decadron. After stabi-
lizing and recovering from anesthesia, the pa-
tient was discharged home.

One patient had transient bradycardia and 
loss of P waves after bolus injection of gado-
pentetate dimeglumine and saline flush via 
a central line directly into the right atrium. 
This can be a normal physiologic response 
and has been described in animals [9]. No 
treatment was required.

TABLE 1:  Rate of GBCA Adverse Events by Type of MRI Examinationa

Type of GBCA-Enhanced Examination No. of Exams No. of Reactions Reactions/10,000 Exams

Brain 72,756 33 4.5

Orbit/face/neck 3940 3 7.6

Spine 23,656 8 3.4

Cardiac 7328 4 5.5

Breast 4304 4 9.3

Abdomen 20,992 28 13b

Pelvis 7328 4 5.5

Extremity 4492 4 8.9

MR angiography 14,000 6 4.3

Total 158,796 94 5.9

Note— GBCA = gadolinium-based contrast agent.
aWhen more than one type of study was performed with a single injection of GBCA, the study  was only counted 
once based on the primary reason for the study.

bStatistically significantly higher rate of reactions compared with brain at the p < 0.001.

TABLE 2:  Comparison of Adverse Event Patients with Age- and  
Examination-Matched Controls

Adverse Event Patients (n = 94) Controls (n = 94) p 

Sex (f/m) 72/22 = 3.3 49/45 = 1.1 < 0.001 (w/Yates correction)

Weight (lbs) 157 ± 37 163 ± 42 0.6

Creatinine (mg/dL) 0.89 ± 0.31 0.97 ± 0.05 0.4

Mean Gd dose (mL) 17.0 ± 7.8 18.4 ± 9.3 0.24

Asthma 8 2 0.1

Prior Gd exposure 51 48 0.8

Prior Gd reaction 8 0 0.007 (Fisher’s exact)

Prior allergic event 38 16 < 0.001

Inpatient 6 8 0.8

Steroid pretreatment 4 0 0.1

Notes—Gd = gadolinium, f = female, m = male.
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In two cases there were notes attributing 
reactions to gadopentetate dimeglumine that 
contradicted other notes indicating use of oth-
er agents. Examination of hospital purchasing 
data helped determine that the notes attribut-
ing these reactions to gadopentetate dimeglu-
mine were erroneous, because gadopentetate 
dimeglumine had not been available at the 
hospital at the time those examinations had 
taken place. In addition, the notes had been 
written by internists (not radiologists) who 
were unlikely to be familiar with the type of 
gadolinium-based contrast agents used in ra-
diology. These observations suggest that er-
rors by nonradiology personnel involving 
the type of gadolinium-based contrast agents 
used are more likely to result in erroneous at-
tribution of reactions to gadopentetate dime-
glumine than to other agents and are consis-
tent with other reports in the literature [10].

Comparison of Local Adverse Event Rates
Reaction rates for each gadolinium-based 

contrast agent are listed in Table 3. Gadoteridol 
had the highest rate of adverse events reported 

by our hospital personnel, 3.3 per 1,000 injec-
tions. However, like gadodiamide and gadopen-
tetate dimeglumine, gadoteridol had no arrests 
or deaths. Gadobenate dimeglumine had the 
highest rate of arrests involving activation of the 
code team, ~1 in 10,000 injections, which was 
significantly higher than the zero rate for gado-
diamide and gadopentetate dimeglumine (p < 
0.0001). Overall, ionic linear gadolinium-based 
contrast agents had a significantly higher rate of 
adverse events compared with nonionic linear 
gadolinium-based contrast agents (p < 0.0001).

FDA AERS Database
From 2004 to 2009 there were a total of 40 

deaths reported to the FDA attributed to gado-
linium-based contrast agents (excluding NSF) 
and occurring in the United States (Table 4). 
Overall the death rate from adverse reactions to 
gadolinium-based contrast agents reported to 
the FDA was less than 1 in a million (40 
deaths/51 million gadolinium-based contrast 
agent administrations). The limited informa-
tion about these deaths in the MedWatch data-
base coded in Preferred Terms suggested that 

they were mostly, if not all, allergic, anaphylax-
is, anaphylactoid, hypersensitivity-type reac-
tions. The patients’ age at the time of these gad-
olinium-based contrast agent deaths ranged 
from 9 months to 89 years (mean, 60 years). In-
terestingly, the male:female ratio was 27:10 for 
the 37 deaths for which sex was reported. After 
correcting for market share, the rate of death re-
ported for gadobenate dimeglumine was 18 
times higher than that reported for gadodi-
amide (p < 0.0001). The death rate from ad-
verse events for ionic linear agents was seven 
times higher than the rate of death from nonion-
ic linear agents (p < 0.0001), which mirrors the 
well-known experience with iodinated contrast 
media [11]. The number of injections of gadot-
eridol, the only macrocyclic agent available 
in the United States, was too small to make sta-
tistically meaningful comparisons, but a trend 
toward four times as many deaths as those asso-
ciated with nonionic linear agents was noted.

Discussion
Safety of gadolinium-based contrast agents 

has been of increased interest since discovery 

TABLE 4: A dverse Events in U.S. Reported to Food and Drug Administration from 2004 to 2009 
(Excluding Nephrogenic Systemic Fibrosis)

Type of Chelate GBCA Name Doses in Millions

Excluding NSF (i.e., anaphylaxis)

Eventsa Eventsa/Million Deaths Deaths/Million

Nonionic linear
Gadodiamide 13.5 63 4.7 2 0.15

Gadoversetamide 5.4 45 8.3 1 0.19

Ionic linear

Gadopentetate dimeglumine 26 1616 62 25 0.97

Gadoxetate — 14 — 0 —

Gadobenate 3.4 1097 322 9 2.7

Macrocyclic Gadoteridol 2.8 139 49 2 0.70

Unspecified Unspecified 75 1

Total 51 3049 60 40 0.9
aIncludes events with outcomes coded as death, life-threatening, disability, hospitalized, congenital, intervention required, and other. GBCA = gadolinium-based contrast 
agent. Dash (—) indicates not available.

TABLE 3:  Rate of Adverse Events by Type of Gadolinium Chelatea

GBCA No. of Injections

Mild 
Adverse 

Event
Moderate 

Adverse Event
Severe 

Adverse Event All Eventsa Events per 1,000 Injectionsa Arrest, Death

Gadoteridol  3371 8 2 1 11 3.3 0

Gadobenateb 33,114 31 7 3 41 1.2d  3c

Gadopentetatef 66,157 26 6 0 32 0.5 0

Gadodiamide 55,703 8 1 0 9 0.2 0

Total 158,796 73e 16 4 93e 0.6 3
aExcluding infiltrations; each patient is counted once, regardless of the number of symptoms.
bAlso known as gadobenate dimeglumine.
cSignificantly higher than gadodiamide and gadopentetate dimeglumine with p < 0.05.
d Significantly higher than gadodiamide and gadopentetate dimeglumine with p < 0.001.
e Excluding one gadoxetate adverse event.
f Also known as gadopentetate dimeglumine.
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of its association with NSF. Although NSF 
has been virtually eliminated by preven-
tive measures, immediate, allergic-type hy-
persensitivity reactions remain a real, albeit 
rare, gadolinium-based contrast agent safety 
issue. Data from our hospitals showing a rate 
of serious reactions of about 1 in 40,000 in-
jections are similar to the rate of 1 in 10,000 
reported by Murphy et al. [6], who were pri-
marily using a linear ionic gadolinium-based 
contrast agent [6] and 1 in 20,000 reported 
by Dillman et al. [12] from the same institu-
tion. Dillman et al. also noted a trend toward 
more reactions in women, as well as greater 
risk in patients with histories of allergic reac-
tion. Our rate of AEs with gadobenate dime-
glumine is similar to a retrospective multi-
center analysis of 38,568 doses that resulted 
in 11 serious reactions [13] and also to a pro-
spective study in which 23,553 doses caused 
22 reactions serious enough to require treat-
ment (including eight hospital or ICU ad-
missions) [14]. A review of 79 gadobenate 
dimeglumine clinical trials, which included 
comparisons with other gadolinium-based 
contrast agents but did not show differenc-
es in adverse event rates, involved only 3,942 
administrations, considerably fewer than the 
158,796 patients in this study [15]. The over-
all rate of gadolinium-based contrast agent 
deaths reported to the FDA Medwatch data
base is less than 1 in a million (40 deaths in 
51 million administrations), similar to the 
risk of death from a chest radiograph, drink-
ing one half liter of wine, smoking 1.4 ciga-
rettes (tobaccodocuments.org/lor/03732381-
2387.html), or traveling 86 miles by car 
(www-nrd.nhtsa.dot.gov/Pubs/811291.PDF). 
Thus, gadolinium-based contrast agents can 
continue to be considered very safe, with 
death following gadolinium-based contrast 
agent administration being extremely rare.

The data from our hospitals and from the 
FDA suggest the possibility of a lower ad-
verse event rate for nonionic gadolinium-
based contrast agents compared with ion-
ic linear or macrocyclic gadolinium-based 
contrast agents. Although these retrospec-
tively reviewed data based on the vagaries 
of employee reporting cannot be considered 
proof, the higher adverse event rates for ion-
ic agents compared with nonionic contrast 
agents is consistent with the well-established 
experience of iodinated contrast agents [11], 
including a prior review of data reported to 
the FDA [16]. Higher adverse events rates 
for macrocyclic and ionic gadolinium-based 
contrast agents were also observed by Mur-

phy et al. [17] in a survey of 105 MRI facili-
ties that encompassed nearly 800,000 gado-
linium-based contrast agent administrations. 
The higher rates may be partly due to the in-
herently lower osmolarity of nonionic agents, 
which reduces osmo-toxicity, one of the causes 
of mast cell degranulation [18, 19].

Because the total number of hypersensitiv-
ity reaction deaths (~7 per year in the Unit-
ed States for all gadolinium-based contrast 
agents) far exceeds the number of deaths 
caused by NSF (near zero now that NSF has 
been nearly eliminated), allergic reaction risk 
should be considered in maximizing contrast 
agent safety. For patients with a GFR lower 
than 30 mL/min or for patients who are on di-
alysis, it may make sense to choose a gadolin-
ium-based contrast agent primarily to avoid 
NSF. Macrocyclic agents, as well as gadofos-
veset trisodium, gadoxetate disodium, or ga-
dobenate dimeglumine, may be good choices 
for these patients, because the theoretic ben-
efits of higher stability and higher relaxiv-
ity may create diagnostic images with lower 
doses, as well as partial hepatobiliary excre-
tion. However, if the GFR is higher than 30 
mL/min, then the choice of gadolinium-based 
contrast agents should consider hypersensitiv-
ity reaction risks with greater weight than risk 
of NSF. In the outpatient setting, where NSF is 
rare [20], and code teams are not conveniently 
available, allergic reaction risk should be con-
sidered with greater weight. Extra care should 
be taken with patients who have a history of 
allergic reactions, especially if the allergy is 
to gadolinium or benzyl alcohol, in which case 
gadobenate dimeglumine is contraindicat-
ed. Patients undergoing abdominal MRI may 
also be considered at higher risk of immediate 
adverse reaction to gadolinium-based contrast 
agents, although our higher rate of reactions 
in abdominal MRI may have been related to 
greater use of gadobenate dimeglumine in 
these patients compared with its use in oth-
er types of examinations. Although women 
had a higher rate of acute adverse events over-
all, FDA data suggest that men have a higher 
death rate from acute adverse events.

Most hypersensitivity reactions resolve 
spontaneously with no permanent effects. 
The chance of a reaction progressing to death 
is at least partially related to the skill of the 
individual monitoring for contrast reactions. 
Discriminating anaphylaxis from minor vas-
ovagal events, panic attacks, and other tran-
sient responses requires constant vigilance of 
the MRI team. Another important factor may 
be the use of power injection, which contrib-

uted to the outpatient death at our institu-
tion. Hand injection forces the nurse, tech-
nologist, or physician to be standing next to 
the patient during injection, thereby increas-
ing the opportunity for early recognition of 
the signs of a potentially fatal reaction. Early 
recognition can facilitate early intervention, 
which is critical to stop the accelerating cas-
cade of events occurring in anaphylaxis. In 
our fatal case with power injection of 20 mL 
gadobenate dimeglumine for liver MRI, nei-
ther the technologist nor the nurse was in the 
scanner room. The patient’s evolving con-
trast reaction was not recognized until af-
ter many failed attempts at breath-holding, 
which had been successful prior to the gado-
benate dimeglumine injection.

Some patients are believed to be at high-
er risk of hypersensitivity reactions due to 
asthma, multiple allergies, multiple prior ex-
posures to gadolinium-based contrast agents 
(which may cause sensitization), or a histo-
ry of reaction to a gadolinium-based contrast 
agent or iodinated contrast. For any patient 
with a history of prior reaction to a gadolin-
ium-based contrast agent, every effort should 
be made to identify the specific gadolinium-
based contrast agent so that a different gado-
linium-based contrast agent can be used if it is 
required again. It has even been proposed that 
skin prick tests in such patients might iden-
tify those gadolinium-based contrast agents 
that are best tolerated [21–24], although note 
that gadobenate dimeglumine is specifically 
contraindicated in these patients according to 
the package insert (www.multihanceusa.com/
pdf/updated_PIs_december212009/v2MH-
PI8%205 × 11-11-09.pdf). Patients who are 
hyperallergenic or allergic to iodinated con-
trast agents may also be at increased risk of 
hypersensitivity reaction to gadolinium-based 
contrast agents. Finally, patients with tenu-
ous health who may not survive anaphylactic 
shock could also be considered for a gadolin-
ium-based contrast agent with a low adverse 
event rate.

There are several limitations to this study. 
The FDA AERS database may not consis-
tently capture gadolinium-based contrast 
agent adverse events, although the reporting 
of all such events is the policy at our hos-
pitals. However, by focusing on deaths and 
looking at the AERS database covering the 
entire U.S. population, any such biases may 
average out. If deaths were not reported to 
the FDA, however, the death rate from hy-
persensitivity reactions would be greater than 
indicated in these results. Another potential 
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bias is that new contrast agents, such as ga-
dobenate dimeglumine (FDA-approved in 
2004), may have greater reporting of adverse 
events due to the Weber effect [25]. This bias 
may be offset by the bias related to the time 
interval between adverse events and report-
ing to the FDA, a situation that would tend 
to cause gadolinium-based contrast agents in 
use before 2004 to have many more reported 
events in 2004. Yet another bias for any new 
agent is that there will be few patients who 
received the agent more than once, a situation 
that will reduce the number of reactions re-
quiring sensitization unless there are alterna-
tive sensitization pathways. Yet another bias 
is that gadobenate dimeglumine has been 
used at lower doses than the other agents.

An additional limitation to our study is that 
delayed reactions were not included in this anal-
ysis. NSF is an example of a delayed reaction. 
We are not aware of any cases of NSF devel-
oping since we changed our protocol to using 
primarily ionic linear agents (gadopentetate di-
meglumine and gadobenate dimeglumine) at 
no more than 0.1 mmol/kg, or macrocyclic gad-
olinium-based contrast agents for doses great-
er than 0.1 mmol/kg. We are aware of at least 
one case of a delayed hypersensitivity reaction 
(not included in this study) in an MRI QA test-
ing volunteer subject. The volunteer was ini-
tially symptom-free after receiving 20 mL ga-
dobenate dimeglumine but developed hives 1 
hour after returning to work. These resolved 
spontaneously without sequelae, but the event 
raises the issue of what is actually happening in 
patients after they leave the MRI facility.

Although gadolinium-based contrast agents 
are extremely safe, death from hypersensitiv-
ity reactions and debilitating fibrosis are pos-
sible. These can be minimized by the skill and 
vigilance of the radiologist and MRI team.
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