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PATIENT SAFETY

What Does the Boxed Warning Tell Us? Safe Practice of Using
Ferumoxytol as an MRI Contrast Agent
X C.G. Varallyay, X G.B. Toth, X R. Fu, X J.P. Netto, X J. Firkins, X P. Ambady, and X E.A. Neuwelt

ABSTRACT
BACKGROUND AND PURPOSE: Despite the label change and the FDA’s boxed warning added to the Feraheme (ferumoxytol) label in
March 2015, radiologists have shown increasing interest in using ferumoxytol as an MR imaging contrast agent as a supplement or
alternative to gadolinium. The goals of this study were to provide information regarding ferumoxytol safety as an imaging agent in a single
center and to assess how the Feraheme label change may affect this potential, currently off-label indication.
MATERIALS AND METHODS: This retrospective study evaluated the overall frequency of ferumoxytol-related adverse events when used
for CNS MR imaging. Patients with various CNS pathologies were enrolled in institutional review board–approved imaging studies.
Ferumoxytol was administered as multiple rapid bolus injections. The risk of adverse events was correlated with demographic data/
medical history.
RESULTS: The safety of 671 ferumoxytol-enhanced MR studies in 331 patients was analyzed. No anaphylactic, life-threatening, or fatal
(grade 4 or 5) adverse events were recorded. The overall proportion of ferumoxytol-related grade 1–3 adverse events was 10.6% (8.6%
occurring within 48 hours), including hypertension (2.38%), nausea (1.64%), diarrhea (1.04%), and headache (1.04%). History of 1 or 2 allergies
was associated with an increased risk of adverse events (14.61% versus 7.51% [no history]; P ⫽ .007).
CONCLUSIONS: The frequency of mild ferumoxytol-related adverse events was comparable with literature results, and no serious
adverse event was recorded. Although the recommendations in the boxed warning should be followed, serious adverse events appear to
be rare, and with proper precautions, ferumoxytol may be a valuable MR imaging agent.
ABBREVIATIONS: AE ⫽ adverse event; CTCAE ⫽ Common Terminology Criteria for Adverse Events; HSR ⫽ hypersensitivity reaction

F

erumoxytol, marketed as Feraheme (AMAG Pharmaceuticals,
Waltham, Massachusetts), is an ultra-small iron oxide nanoparticle approved to treat iron deficiency anemia in adults with
chronic kidney disease.1 Because of its superparamagnetic prop-
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erties, ferumoxytol can be used as an MR imaging contrast agent.2
Despite the label change and the FDA’s boxed warning about
possible serious hypersensitivity reactions (HSR) added to the
Feraheme label in March 2015, radiologists have shown increasing interest in using ferumoxytol as an MR imaging contrast agent
because the long plasma half-life and the lack of early leakage
allow imaging of the intravascular space early after injection.3-7
Delayed MR imaging (24 hours after ferumoxytol administration) shows blood-brain barrier defects similar to gadolinium
agents, which makes it a potential alternative if gadolinium-based
contrast agents are contraindicated.8,9 Delayed ferumoxytol imaging can also take advantage of intracellular uptake of the nanoparticles to image inflammation10 or assess the lymph nodes for
tumor staging.11-14
There are limited safety data of ferumoxytol as an MR imaging
contrast agent in the literature. A recent study analyzing 65 cases
of children and young adults from institutional review board–
approved imaging studies concluded that ferumoxytol was well
tolerated as an MR imaging agent.15 Another publication reAJNR Am J Neuroradiol ●:●
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ported a single anaphylactoid reaction in 2000 off-label uses of
ferumoxytol for MR imaging,16 whereas a recently published single-center investigation with 217 patients showed no serious adverse events (AEs) with the diagnostic use of ferumoxytol.17 Our
institution has more than 10 years of experience using ferumoxytol as an MR imaging contrast agent in the CNS in patients with or
without compromised renal function and, as of December 31,
2015, had completed 671 MR imaging studies with ferumoxytol in
8 institutional review board–approved imaging protocols in
which AEs were closely monitored. These are the largest singleinstitution safety data of ferumoxytol used in imaging research
protocols. Detailed demographic information was collected, and
patients were followed-up for 6 weeks after ferumoxytol administration. The goals of this study were to provide information
regarding the safety of ferumoxytol as an MR imaging contrast
agent and to assess how the ferumoxytol label change may affect
this potential, currently off-label indication.

MATERIALS AND METHODS
Ferumoxytol Administration
This retrospective, single-center study analyzed the safety data of
671 ferumoxytol injections in 331 patients between June 2004 and
December 2015. The average age of the patients was 51.08 years
(SD, ⫾16.82 years), and the female-male ratio was 1:1.33. All
patients signed informed consent and were enrolled in 1 of the 8
institutional review board–approved ferumoxytol imaging protocols (On-line Table 1).
In all cases, ferumoxytol was given during MR imaging by
using 1 or multiple IV bolus injections (1:1 or 1:2 diluted ferumoxytol, 3 mL/s flow rate, with 20-mL saline flush at the same
flow rate). In most studies, the first 1 mg/kg (or 75 mg) was used
for dynamic perfusion imaging, with the remaining dose administered in 1 or 2 subsequent bolus injections. The full 4 –7 mg/kg
or 510 mg was never given as a single injection. Subsequent to the
label changes and boxed warning, infusion parameters were modified in all protocols, as Fig 1 indicates. Patients were evaluated for
AEs after each ferumoxytol injection. Blood pressure, pulse, and oxygen saturation were recorded before and after each injection. Patients were observed for at least 30 minutes after the completion of
ferumoxytol administration. A research nurse or physician was always present during ferumoxytol administration, the postcontrast
MR imaging acquisition, and the following observation period.

FIG 1. Rate of ferumoxytol administration; for iron replacement (A), the
prior label allowed bolus injection of 510 mg of ferumoxytol not faster
than 17 seconds (equivalent to 30 mg/s Fe). The current label recommends slow infusion of diluted ferumoxytol over 15 minutes. For imaging,
which is still an off-label indication, we used to administer ferumoxytol in
2 or 3 rapid bolus injections. Panel B shows ferumoxytol administration of
protocol #1562, in which a full vial of 510 mg was given. As a response to
the boxed warning, only the initial 75 mg is injected as before (3 mL/s of
1:1 diluted ferumoxytol, equivalent to 45 mg/s Fe), and dynamic perfusion
data are acquired. The other ongoing protocols have been adjusted accordingly; only the ﬁrst 1 mg/kg being injected as a bolus.

corded. On-line Table 2 shows the potential AEs with ferumoxytol classified to CTCAE and FDA categories. Note that CTCAE
grade 3 (severe) AEs may or may not be serious based on FDA
classification.18-20 Serious AEs are associated with specific outcomes (eg, life-threatening or hospitalization). In contrast, a “severe nosebleed” may not qualify as being categorized as serious.

Statistical Methods
Descriptive statistics were used to summarize patient demographics and clinical characteristics. AEs with an attribute of 3, 4, or 5
were characterized, including at least 1 AE in an infusion, early AE
(occurring within 48 hours of ferumoxytol administration), and
AE by event type by using proportions. Association between at
least 1 AE in an infusion and patient characteristics was assessed
by using a logistic generalized estimating equation model while
taking into account the correlation of multiple infusions within a
patient. The statistical package SAS 9.4 (SAS Institute, Cary,
North Carolina) was used.

Recording Adverse Events

RESULTS

Data on AEs were recorded according to Common Terminology
Criteria for Adverse Events v3.0 or v4.0 (CTCAE),18,19 including
the description of the toxicity event, toxicity category, toxicity
grade, time of occurrence after ferumoxytol injection, and toxicity attribute. Attribute describes the likelihood that the AE was
caused by ferumoxytol based on clinical judgment and has 5 categories: 1, unrelated; 2, unlikely; 3, possible; 4, probably; and 5,
definite. We only included AEs that occurred within 6 weeks (42
days) of each ferumoxytol injection. Patients were contacted by
phone by a research nurse or completed a clinic visit 6 weeks after
administration of ferumoxytol to assess for any AEs. Patient characteristics such as age, race, sex, existence of allergies, steroid use,
pathology, and administered ferumoxytol dose were also re-

Among the 671 ferumoxytol infusions, grade 1, 2, or 3 AEs occurred in 71 infusions (10.6%) recorded within 6 weeks. Most AEs
occurred within 48 hours after ferumoxytol infusion (in 58 cases
[8.6% of the infusions]). There were no life-threatening or fatal
(grade 4 or 5) AEs. The most frequent mild and moderate AEs
were hypertension (2.38%), nausea (1.64%), diarrhea (1.04%),
and headache (1.04%) (Fig 2). Only 2 grade 3 AEs were recorded
(0.30%). One patient had a rapid rash on his trunk, both upper
extremities, and thighs after the imaging. He received IV dexamethasone, and after several hours of observation, all symptoms
disappeared with no further treatment needed. Another patient,
who developed red sclera with burning/tingling sensation after an
otherwise uneventful ferumoxytol MR imaging, returned for a
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second study visit 6 months later. Immediately after the initial 1
mg/kg ferumoxytol administration, he reported severe nausea
and moderate degree of shortness of breath along with lower back
pain. The patient was removed from the scanner, and no further
ferumoxytol was given. He was treated with albuterol and diphenhydramine, and the symptoms completely subsided after 2 hours.
In the logistic generalized estimating equation model, patients
with 1 or 2 pre-existing allergies were more likely to have at least 1
AE after ferumoxytol infusion compared with patients without
any pre-existing allergy (14.6% versus 7.5%; P ⫽ .007). No other
patient characteristics showed significant association with the occurrence of AE (Table 1).

FIG 2. Frequency of AEs potentially related to ferumoxytol. Events
that occurred in at least 2 cases are displayed. Note that multiple AEs
(symptoms, abnormal lab values) may be associated with a single injection according to the CTCAE recording guidelines.

DISCUSSION
Contrast materials are frequently used in imaging and provide
valuable information, often changing the course of treatment.
Contrast agents are known to be generally safe, with minimal risk
of HSR.21 Our results showed that overall ferumoxytol-related AE
occurred in 10.6% of infusions, most of them occurring within 48
hours (8.6%), in concordance with 10%–14.6% of AE published in
the literature based on 3 randomized trials for iron replacement.22-24
Based on our data, the frequency of AE with Feraheme is equivalent
to ionic iodinated contrast media, approximately 15 times higher
than gadolinium MR contrast agents, and 4 times higher than nonionic iodinated contrast agents,25,26 which is summarized in Table 2.
Severe reactions, based on literature data, occur 6 –7 times more often with ferumoxytol compared with gadolinium or currently used
nonionic iodinated agents.
At our institution, we have not recorded any serious AEs with
ferumoxytol. However, we acknowledge that our sample size may
not be adequate to record this rare event. It is worth mentioning
that our patient population may differ from populations reported
in prior studies because most of our patients had brain tumors; it
has been shown that patients with tumor can be anergic27-29 and
are often on corticosteroids, which may cause immunosuppression and, in theory, help prevent HSR.30 Our results, however, did
Table 2: Frequency of adverse events using various contrast
media from the literature and our data
Adverse
Severe
Contrast Media
Events
Adverse Events
0.8%
0.03%
Gadolinium25
12.66%
0.22%
Iodinated (ionic)26
3.13%
0.04%
Iodinated (nonionic)26
Ferumoxytol (Feraheme label)
3.7%
0.2%
Ferumoxytol (our data)
10.6%
0%

Table 1: Patient characteristics
Characteristics
Age
⬍70 yrs
⬎70 yrs
Race
White
Non-white
Gender
Female
Male
Number of existing allergies
0
1 or 2
⬎2 allergies
Ferumoxytol dose
ⱕ2 mg/kg
2–4 mg/kg
⬎4 mg/kg
Steroid use
None
On decadron
Pathology
Non-tumor
Tumor

Infusions, No.

Infusions With At
Least 1 Event

% of Infusions With
At Least 1 Event

Odds Ratio

634
37

67
4

10.6
10.8

Reference
1.06 (0.37, 3.02)

.91

645
26

68
3

10.5
11.5

Reference
1.10 (0.35, 3.50)

.87

272
399

33
38

12.1
9.5

Reference
0.79 (0.47, 1.33)

.38

P Valuea

.026b
333
268
70

25
39
7

7.5
14.6
10

Reference
2.13 (1.23, 3.70)
1.35 (0.58, 3.17)

121
303
247

8
34
29

6.6
11.2
11.7

Reference
1.77 (0.69, 4.54)
1.86 (0.75, 4.58)

461
183

44
25

9.5
13.7

Reference
1.56 (0.92, 2.67)

.13

54
617

5
66

9.3
10.7

Reference
1.20 (0.47, 3.04)

.71

.007c
.49
.40b
.23
.18

a

P values are obtained from the logistic generalized estimating equation model.
Overall P value for the number of existing allergies or ferumoxytol dose.
c
Statistically signiﬁcant.
b
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not show any risk reduction in patients with long-term corticosteroid use, nor in those with tumor pathology. The benefit of
premedication before IV iron products remains controversial in
the literature and is generally not advised.31
Although the 2 grade 3 reactions were possibly HSR-related,
most of the AEs recorded in this study are likely unrelated to HSR.
Hypertension, recorded most frequently after ferumoxytol injection, may be anxiety-related, which normalized without intervention by the time the patient left the MR imaging suite. No ferumoxytol-related blood pressure drop has been detected. Our
study found a significant association between 1 or 2 existing allergies and the frequency of mild AEs. The exact mechanism of iron
HSR is still unclear. Bioactive, labile iron, which is present in all IV
iron products, may be an important causative factor. Complement activation-related pseudoallergy, triggered by iron nanoparticles, is probably a more frequent mechanism in acute
reactions to current IV formulations than is an immunologic IgEmediated response.32
The boxed warning of Feraheme is intended to mitigate the
risk and potential morbidity of HSR, thus enhancing patient
safety. Recommendations are to observe patients up to 30 minutes after injection and monitor heart rate and blood pressure at
baseline and after (each) ferumoxytol administration, which was
re-emphasized in this warning and which we strictly adhere to in
our imaging protocols. Rapid bolus injection (previously up to 30
mg/s) was eliminated from the package insert, and infusion of the
diluted ferumoxytol over 15 minutes became the recommendation. Although there are currently no data using ferumoxytol to
support that slow infusion is indeed safer than bolus injection,
slow infusion is recommended with other iron products32 and it
also allows observation of the patient during ferumoxytol administration and termination of the infusion if HSR occurs.
For MR imaging, to best comply with FDA recommendations,
rapid bolus should be avoided. Our imaging protocols have eliminated rapid injection, and only the first 1 mg/kg is given as a bolus
to gain clinically valuable dynamic imaging data. The lack of contrast agent leakage has been demonstrated as a benefit compared
with low molecular weight agents, though the latter ones may be
corrected with mathematical algorithms.33 For most imaging applications, such as high-resolution steady-state blood volume
mapping, steady-state angiography, and visualization of delayed
ferumoxytol enhancement/inflammation, no bolus injection is
necessary; therefore, high flow rate injection may be completely avoided.
The new prescribing information as of March 2015 provides
additional information regarding the potential for more severe
HSR in elderly patients with multiple or serious comorbidities
and increased risk of HSR to Feraheme in patients with a history
of multiple drug allergies. This information may be useful when
considering risk and benefit.
A detailed analysis and guideline have been published by an
international group to minimize the risk and severity of IV iron
supplement–related AEs. There is emphasis on observation,
prompt recognition of symptoms, and severity-related interventions by well-trained medical and nursing staff.32 On-line Table 3
summarizes our recommendations in managing hypersensitivity
related to IV iron, when used as an MR contrast agent.
4
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Contrast agent safety is a relevant clinical issue. HSR is just one
of the contrast agent–related AEs; in gadolinium-based agents,
the incidence of nephrogenic systemic fibrosis has been minimized since the guidelines and boxed warning. Given the emerging safety record of macrocyclic contrast agents in patients with
renal failure, remaining contraindications are rare and limited
essentially to a history of rare severe allergic reaction to gadolinium-based agents. Gadolinium deposition in the nervous
system is a recent finding, which occurs even in patients with
normal renal function, and its clinical impact is still unknown.34 Although no serious AE with ferumoxytol was observed in 671 administrations at our institution, it is important
to understand the potential risks and be prepared in case a
severe reaction occurs. Having trained staff and appropriate
medications available would be considered good medical practice in any facility using any imaging contrast agent.
The limitations of ferumoxytol imaging include potential iron
overload in patients with iron metabolism disorders. The maximum administered dose (510 mg) is equivalent with 2 units of
blood, which is unlikely to cause acute or chronic toxicity in patients with normal iron metabolism.15 Ferumoxytol is taken up by
the liver, spleen, and bone marrow, which may cause signal
change on the MR imaging for months. In the CNS, contrast
enhancement may be detectable a few days after administration.
Adding another contrast agent (ie, if used in addition to gadolinium-based contrast agents) may increase the costs, in addition to
MR imaging time, if additional imaging is used. Our research
protocols included up to 3 consecutive days of scanning, and MR
imaging times were long: between 60 –90 minutes on days when
contrast agent was given and 30 – 45 minutes to image late ferumoxytol enhancement. In clinical practice, however, more focused imaging is applied to answer the clinical question. Highresolution blood volume maps may be obtained with only an
additional 5 minute scan time.5 Steady-state angiography requires
only a few minutes of scan time, whereas late enhancement/imaging inflammation/lymph node imaging requires a separate MR
imaging scanning session, which is likely the length of a noncontrast MR imaging study. Multiphase contrast administration was
used to test the optimal doses for various applications, but in
clinical use, a single infusion of the most appropriate dose is sufficient. Applications, such as visualizing the micro- and macrovasculature and visualizing inflammation, hold promise, but future trials have to prove their impact on improving clinical
diagnosis and clinical management.
Limitations of this study include the variable patient characteristics and ferumoxytol doses. Although our sample size of 671
was the highest reported in a single center, this number is still too
low to evaluate the frequency of rare, but serious HSR.

CONCLUSIONS
The safety of 671 well-documented cases of using ferumoxytol as
an MR imaging agent was reported in this study. The overall occurrence of AEs is in agreement with prior ferumoxytol safety
studies, and no serious AE was observed. Although the AE is more
frequent compared with gadolinium, and there may be increased
costs, emerging new MR imaging applications may justify the use
of ferumoxytol as an MR imaging contrast agent. The recommen-

dations in the boxed warning should be followed to further improve the safety of imaging with ferumoxytol.
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