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MRI With Ferumoxytol: A Single Center
Experience of Safety Across the Age
Spectrum
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Purpose: To summarize our single-center safety experience with the off-label use of ferumoxytol for magnetic resonance
imaging (MRI) and to compare the effects of ferumoxytol on monitored physiologic indices in patients under anesthesia
with those of gadofosveset trisodium.
Materials and Methods: Consecutive patients who underwent ferumoxytol-enhanced (FE) MRI exams were included.
Adverse events (AEs) were classified according to the Common Terminology Criteria for Adverse Events v4.0. In a subgroup
of patients examined under general anesthesia, recording of blood pressure, heart rate, oxygen saturation, and end-tidal
CO, was performed. A comparable group of 23 patients who underwent gadofosveset-enhanced (GE) MRI under anesthe-
sia with similar monitoring was also analyzed.
Results: In all, 217 unique patients, ages 3 days to 94 years, underwent FE-MRI. No ferumoxytol-related severe, life-
threatening, or fatal AEs occurred acutely or at follow-up. Two patients developed ferumoxytol-related nausea. Between-
group (FE- vs. GE-MRI) comparisons showed no statistical difference in heart rate (P=0.69, 95% confidence interval [Cl]
96-113 bpm), mean arterial blood pressure (MAP) (P=0.74, 95% Cl 44-52 mmHg), oxygen saturation (P =0.76, 95% ClI
94-98%), and end-tidal CO, (P=0.73, 95% Cl 31-37 mmHg). No significant change in MAP (P=0.12, 95% CI 50-58
mmHg) or heart rate (P=0.25, 95% CI 91-105 bpm) was noted between slow infusion of ferumoxytol (n = 113) vs. bolus
injection (n = 104).
Conclusion: In our single-center experience, no serious AEs occurred with the diagnostic use of ferumoxytol across a wide
spectrum of age, renal function, and indications. Because of the limited sample size, firm conclusions cannot be drawn
about the generalizability of our results. Thus, vigilance and monitoring are recommended to mitigate potential rare
adverse reactions.
Level of Evidence: 2
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B ased on data generated by the National Health and Nutri-
tion Examination Survey' and the 2000 US census,” there
are ~1.4 million people who either have Stage 4 kidney dis-
ease or require renal replacement therapy. Both iodinated- and
gadolinium-based contrast agents (GBCAs) have limited utili-
ty in this population and the use of contrast agents typically

requires careful assessment of risks to benefits. In this context,
ferumoxytol (Feraheme, AMAG Pharmaceuticals, Waltham,
MA) has been considered an alternative to GBCAs for
magnetic resonance imaging (MRI) in patients with renal
impairment. Due to its large molecular size and dextran coat,

ferumoxytol has a long intravascular half-life of ~14-15
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hours® and thus provides a wide and stable time window for
specific vascular enhancement. In addition, ferumoxytol has a
high r; relaxivity comparable to gadofosveset (~9 mM ™ 's ™ 'at
3.0T),” the only intravascular GBCA that is approved by the
US FDA (Food and Drug Administration). Because of these
unique properties, ferumoxytol can support a variety of MRI
solutions not possible or practical with available GBCAs and
in patients with renal impairment.

Furthermore, recent concerns relating to the gadolinium
deposition in brain and bone tissues’ have also added a new
dimension of urgency to the quest for alternative agents. Whereas
gadolinium is an accidental constituent of biological systems
when administered, iron is an essential nutrient and once the car-
bohydrate shell of ferumoxytol is degraded, the elemental iron at
its core is incorporated into the hematopoietic pathway. Although
ferumoxytol is currently approved by the FDA for intravenous
(IV) treatment of iron deficiency anemia in the setting of chronic
kidney disease (CKD),® it was originally developed as an MRI
contrast agent more than 20 years ago.””® To date, ferumoxytol

3,89 10-12

has been described in cardiovascular, neuro, inflamma-

1314 and oncologic'>'>™"? imaging applications.

tion,

In March 2015, however, based on 79 postmarketing
adverse event case reports following the therapeutic use of fer-
umoxytol, the FDA issued a Black Box warning highlighting
the risk of rare but potentially fatal hypersensitivity reactions.
The FDA statement had immediate and widespread repercus-
sions in the scientific and clinical community, generating fear
and uncertainty about the safety of ferumoxytol as a diagnos-
tic imaging agent. Because of the increasing recognition of
potential benefit available to large populations of patients
through the appropriate use of ferumoxytol as a contrast
agent, it is incumbent on the scientific community to explore
fully the real risks and benefits associated with such use and to
maximize the overall benefit-to-risk ratio. To date, data on the
safety of ferumoxytol as an off-label MRI contrast agent are
accumulating steadily, but remain limited. In this report we
summarize our single-center safety experience on the diagnos-
tic use of ferumoxytol across the entire age spectrum and com-
pare its effect on objective physiological parameters to that of
an FDA-approved intravascular contrast agent, gadofosveset
trisodium (Ablavar, Lantheus Medical Imaging, N. Billerica,
MA) in patients imaged under anesthesia.

Materials and Methods

This is a retrospective analysis of a prospective study that was
approved by our Institutional Review Board and is compliant with
the Health Insurance and Portability and Accountability Act
(HIPAA). All patients or their legal representative(s) provided written
informed consent for participation in one of two specific studies and
for inclusion in our institutional research database. We evaluated safe-
ty data obtained from our database of ferumoxytol-enhanced MRI
(FE-MRI) exams performed between June 2013 and March 2016.
Briefly, study data were collected and managed using REDCap?’
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electronic data capture tools hosted at our institution. REDCap
(Research Electronic Data Capture) is a secure, web-based application
designed to support data capture for research studies by providing 1)
an intuitive user interface for validated data entry; 2) audit trails for
tracking data manipulation and export procedures; 3) automated
export procedures for data downloads to common statistical
packages; and 4) procedures for importing data from external sources.
Preliminary phenotypic data fields currently include general demo-
graphics, clinical indication, laboratory data, imaging sequence type,
contrast type and administration, hemodynamic measurements, and
limited outcome parameters. Data summarized in the current study
consists of internal, single-center data from the authors’ institution.
Clinical eligibility criteria for FE-MRI included patients of all
ages, gender, ethnicity, and renal function without a history of allergic
reaction to iron agents or laboratory work concerning iron disorders.
Those with routine clinical contraindications for MRI (metallic foreign
objects, deep brain stimulators, shrapnel, aneurysm clips, cochlear
implants, dental implants) were not eligible. Those with implanted car-
diac devices were included; device and institutional-specific safety proto-
cols were followed according to previously published work.>' All
consecutive FE-MRI exams logged in our database were included. To
compare the effects of ferumoxytol on objective measures of blood pres-
sure, heart rate, oxygen saturation, and end-tidal CO; to those of gado-
fosveset, we identified an age- and gender-matched group of patients
who had undergone gadofosveset enhanced (GE) and FE cardiovascular
MRI exams and whose detailed physiologic documentation were avail-
able for review. Gadofosveset was chosen as a comparator because, as an
FDA-approved GBCA, it has the longest intravascular half-life and its

relaxivity properties most closely resemble those of ferumoxytol.

Adverse Events (AEs)

AEs and their severity were defined according to the Common
Terminology Criteria for Adverse Events v4.0 (CTCAE) developed
by the National Cancer Institute®®: AEs are “any unfavorable and
unintended signs, symptoms, or disease temporally associated” with
the administration of ferumoxytol or gadofosveset. Note that this
definition does not require that the AE be causally related to the
agent, only to its temporal administration. An attending physician
assessed the patient’s baseline condition and was present throughout
the MRI exams. AEs were graded as: mild (grade 1), moderate (grade
2), severe (grade 3), life-threatening (grade 4), or fatal (grade 5)
(Table 1A). The causal relationship of AEs to ferumoxytol adminis-
tration was also rated by the attending physician as definitely, proba-
bly, possibly, or unrelated (Table 1B) and confirmed by consensus
discussion with referring physicians. All patients were observed for at
least 30 minutes following ferumoxytol or gadofosveset injection. All
MRI scans were performed in facilities where resuscitation equip-
ment was readily available and with close proximity to an emergency
room or acute care facility. Two investigators retrospectively reviewed
the electronic medical charts for follow-up information.

Hemodynamic and Respiratory Monitoring

For those examined under general anesthesia, cardiovascular anesthesiol-
ogists performed continuous monitoring of vital signs including
extremity pulse oximetry waveforms and ventilatory parameters.*?
Hemodynamic and respiratory parameters including heart rate, blood

pressure (noninvasive and/or direct arterial), pulse oximetry, and
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TABLE 1. Classification of Adverse Events and Their Relationship to Ferumoxytol Administration

A. Classification of Adverse Events (AE)*
Severity
Mild (grade 1)

Definition

Experience resulting in transient or mild discomfort; no limitation in activity; no medical
intervention or therapy required. The patient may be aware of the sign or symptom but
tolerates it reasonably well.

Moderate (grade 2) Experience resulting i in mild to moderate limitation in age-appropriate instrumental activity

of daily living (ADLs)" noninvasive or minimal medical intervention/therapy required.

Experience resulting in marked limitation in age-appropriate self-care ADLs" but not
life-threatening, medical intervention/therapy required, hospitalizations or prolongation
of hospitalizations possible.

Severe (grade 3)

Experience resulting in risk of death due to the adverse experience as it occurred; urgent
intervention required.

Life-threatening (grade 4)

Fatal (grade 5) Experience resulting in death related to AE, persistent or significant disability/incapacity,

and congenital anomaly/birth defect.
B. Relationship of AE to Ferumoxytol Administration

Classification Definition

Previously known toxicity of agent; or an event that follows a reasonable temporal
sequence from administration of the drug; that follows a known or expected response
pattern to the suspected drug; that is confirmed by stopping or reducing the dosage of the
drug; and that is not explained by any other reasonable hypothesis.

Definitely

Probably An event that follows a reasonable temporal sequence from administration of the drug; that

follows a known or expected response pattern to the suspected drug; that is confirmed by

Possibly

Unrelated

self, using the toilet, taking medications, and not bedridden.

stopping or reducing the dosage of the drug; and that is unlikely to be explained by the

own characteristics of the subject’s clinical state or by other interventions.

An event that follows a reasonable temporal sequence from administration of the drug;
that follows a known or expected response pattern to that suspected drug; but that could
readily have been produced by a number of other factors.

An event that can be determined with certainty to have no relationship to the study drug.

“Based on the Common Terminology Criteria for Adverse Events (CTCAE) v4.0 developed by the National Cancer Institute(22).
Adverse events (AE) are defined as any unfavorable and unintended signs, symptoms, or discase temporally associated’ with the
admlmstratlon of ferumoxytol regardless of the causal relatlonshlp

PActivities of daily living (ADLs). Definitions are as defined in CTCAE v4.0: Instrumental ADLs refer to preparing meals, shopping
for groceries or clothes, using the telephone, managing money, etc. Self-care ADLs refer to bathing, dressing and undressing, feeding

end-tidal CO, were recorded in the electronic medical record and
encompassed a 30-minute time window following ferumoxytol or gado-
fosveset administration. Although the stability of physiologic parameters
and the absence or presence of AEs were documented in the electronic
medical records for all patients in our study, detailed data on the specif-
ics of physiological parameters (heart rate, blood pressure, pulse oxime-
try) were entered into the imaging database only for those patients who
underwent imaging under anesthesia. Our hemodynamic and respirato-
ry monitoring and recording procedures were independent of whether

ferumoxytol was administered as a bolus or slow infusion.

Contrast Infusion and Image Acquisition

Technical details for FE-MRI have been previously described.***4
Images were acquired at both 1.5T (z=19) and 3.0T (z=198).
Each stock 17-mL ferumoxytol vial containing 510 mg elemental
iron (30 mg Fe/mL) and was diluted 8-10X based on the patient’s
size. While the adult therapeutic dose calls for two 510-mg

806

injections given 3-8 days apart, the dose for diagnostic purposes is
generally 4 mg/kg (~280 mg for an average adult). Prior to March
2015, we administered ferumoxytol as an IV bolus up to 2 mg/kg
for first-pass imaging and steady-state images were subsequently
acquired (at a total dose of 4mg Felkg). Following the FDA’s
warning of rare hypersensitivity reactions and recommendation for
slow IV infusion, we administered dilute ferumoxytol only as a
slow infusion over 10 minutes and only steady-state imaging was
performed. For gadofosveset enhanced MRI (GE-MRI), gadofosve-
set trisodium was administered at 0.06 mmol/kg as a single bolus
and technical details have also been previously described.?

Statistics

Statistical analyses were performed using MedCalc 12.0.1.0 (Maria-
kerke, Belgium). Data were tested for normality using the D’Agostino-
Pearson test and are reported as mean = standard deviation or median
and interquartile range (IQR). Categorical data are reported as absolute
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FIGURE 1: Clinical indications of FE-MRI exams (n=217 unique
exams). CHD, congenital heart disease; TAVR, transcatheter
aortic valve replacement.

CKD on dialysis who underwent FE-MRI without anesthe-
sia to exclude the presence of a thrombus at the tip of the
dialysis catheter. The patient was on opioid medications for
chronic pain and was in mild distress prior to the MRI
exam. Within several minutes of ferumoxytol injection, he
felt nauseated, but did not vomit. Vital signs were stable.
He was able to complete the study without requiring treat-
ment. His nausea was felt definitely related to ferumoxytol
injection, possibly with potentiation by opiates. Two other
mild AEs were noted (one case of nausea and vomiting and
one case with hypoglycemic symptoms), but these were felt
to be secondary to the patients’ comorbidities and unrelated
to ferumoxytol administration. Tryptase levels (marker of
mast cell release) were not obtained. On review of medical
records at follow-up, there were 10 deaths, all of which
were secondary to progression of underlying disease and

unrelated to ferumoxytol injection.

Hemodynamic and Respiratory Parameters

Distribution and transient temporal variations of physiologic
indices for patients undergoing FE-MRI and GE-MRI
under general anesthesia are presented in Fig. 3. Across the
entire FE-MRI cohort, there were no statistically significant
changes in the physiological parameters between preinjection
and up to 30 minutes postinjection (2= 0.12, 95% confi-
dence interval [CI] 93-106 bpm for heart rate, 2= 0.92,
95% CI 49-57 for mean arterial blood pressure, 2= 0.68,
95% CI 95-98 mmHg for oxygen saturation, and 2= 0.86,
95% CI 32-35 mmHg for end-tidal CO,). Between-group
(FE-MRI vs. GE-MRI) variations among age- and gender-
matched groups also showed no statistical difference in heart
rate (P=0.69, 95% CI 96-113 bpm), mean arterial blood
pressure  (P=0.74, 95% CI 44-52 mmHg), oxygen
saturation (P=0.76, 95% CI 94-98%), and end-tidal CO,
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(P=0.73, 95% CI 31-37 mmHg).

hemodynamic parameters between those who received bolus

Comparison of

injections vs. slow infusions of ferumoxytol also showed no
significant difference in mean arterial blood pressure
(P=0.12, 95% CI 50-58 mmHg) or heart rate (»=0.25,
95% CI=91-105 bpm).

Discussion

The results of our study showed no severe, life-threatening,
or fatal AEs caused by 237 ferumoxytol injections in 217
unique patients across a wide range of ages, renal function,
and clinical indications. Based on defined criteria set forth
in CTCAE v4.0, there were two mild AEs, which were
related or possibly related to ferumoxytol injection. No AEs
occurred in any patients examined under anesthesia in either
the FE-MRI group or the GE-MRI group. Between-group
(FE-MRI vs. GE-MRI) and within-group variations in heart
rate, blood pressure, pulse oximetry, and end-tidal CO,
were not statistically different. Blood pressure and heart rate
changes between those receiving bolus ferumoxytol injec-
tions vs. slow infusions were also not statistically significant.

Compared to other IV iron supplements, ferumoxytol
was developed to have lower free-iron release,”” decreased
immunologic allergic reaction, and improved safety pro-
file.>>?° The safety of ferumoxytol as a therapeutic agent
was assessed in three randomized, open-label, controlled,
premarketing clinical trials (7 = 1726).%” Overall, the gener-
al consensus was that true hypersensitivity reactions associat-
ed with newer IV iron products are rare and that the
therapeutic benefits outweigh the risks.*®

However, based on 79 AEs during the postmarketing
surveillance period, the FDA issued a Black Box warning
regarding the rare, but potential for fatal hypersensitivity

30%

n=52
(24%)
(17%)
(13%)

15% +
n=23
(11%)
10% =17 0 -
(8%) n=12
(6%)
| .

0%
Infants. Children  Adolescents Young adults Middle-aged Older adults
adults

25%
n=47
(22%)

20% 1
n=37

n=29

Percent of unique patient exams

Neonates

Age category

FIGURE 2: Age spectrum of unique patients (n=217, 91 pedi-
atric, 126 adults) who had FE-MRI. Patients of a wide age
range including those with immature (pediatrics) or impaired
renal function (elderly) underwent FE-MRI. Age definitions:
Neonates <1 month; Infants >1 month to <2 years; Children
>2 years to <12 years; Adolescents >12 years to <16 years;
Young adults >16 years to <39 years; Middle-aged adults >39
years to <65 years; Older adults >65 years.

Volume 45, No. 3



Nguyen et al.: Ferumoxytol-Enhanced MRI: A Safety Analysis

160 |—
150 |—
140 f—
130 -
120 f—
10 f— o
‘g -
g 100
g 8 o = T T
2 o
I L —_
o o
£ oo cg) C%) Q%)
s L
L o
5 |
60—
50 p—
40f—
ol 1l wls
20—
b = I I I I 1 I I I 1
Pre-inj Post-inj 30 min Pre-inj Post-inj 30 min Pre-inj Post-inj 30 min
a post-inj post-inj post-inj
L J L J L J
Heart rate Mean arterial blood pressure Pulse oximetry
160 }—
150 [ — Ferumoxytol
B — Gadofosveset
140 p—
130 |-
120 =
10—
= L
g wol- -
5 [ @ H % -
= 90—
] o o
P o © o ey 8
] o o 0 o o
k] - o o 5
= - o
e} -
60 f=—
50 p—
40—
0=
20 p=—
L 1 L 1 1 1 I L 1 |
Pre-inj Post-inj 30 min Pre-inj Post-inj 30 min Pre-inj Post-inj 30 min
post-inj post-inj post-inj
b L ) L J L )
Heart rate Mean arterial blood pressure Pulse oximetry

FIGURE 3: Distribution of physiologic indices in patients who had FE-MRI exams and GE-MRI exams. Data reflect values immedi-
ately preinjection (pre-inj), immediately postinjection (post-inj), and 30-minute postinjection of ferumoxytol or gadofosveset.
Whiskers represent data within the lower and upper 1.5 IQR. The bottom and top of the box represent the first and third quartile,
while the band within the box represents the median. A: The HR (bpm), mean arterial blood pressure (MAP, mmHg), and pulse
oximetry (%) distribution of all patients (n=94, ages 3 days to 86 years, 36% female) undergoing FE-MRI. Variations in HR
(P=0.12, 95% CI 93-106 bpm), MAP (P=0.92, 95% CI 49-57 mmHg), and pulse oximetry (P =0.68, 95% Cl 95-98%) were not
statistically significant. B: The HR, MAP, and pulse oximetry distribution between a comparable group of patients undergoing
FE-MRI (n =23, ages 3 days to 13 years, 43% female) and GE-MRI (n =23, ages 2 days to 12.6 years, 43% female) under general
anesthesia. Between-group variations were not statistically significant (HR [P=0.69, 95% Cl 96-113 bpm], MAP [P=0.74, 95% ClI
44-52 mmHg], pulse oximetry [P =0.76, 95% Cl 94-98%]). All patients were examined under general anesthesia. bpm, beats per
minute; HR, heart rate; MAP, mean arterial blood pressure.

reactions. To date, “anaphylactic” reactions”’ have been at older, high-molecular weight iron dextran formulations,*°
the forefront of these safety concerns. Although an immune- an IgE-mediated pathway for new IV iron products has not
mediated anaphylaxis mechanism has been demonstrated for  been elucidated.?’ While all IV iron products are associated
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with hypersensitivity reactions, the risk of serious AEs (ana-
phylaxis) is rare.”®** The FDA’s boxed warning in March
2015 reiterated a serious hypersensitivity risk of 0.2%
(3/1726) in those with kidney disease and a risk of 2.6%
(16/1014) in those without kidney disease.”” A pooled anal-

33-37

ysis of postmarketing safety trials related to therapeutic

use of ferumoxytol support an aggregate hypersensitivity risk
of 0.03% (3/9820), with a range of 0.02-1.3% (2/8666 to
1/80, respectively)®>® of serious AEs. In two recent obser-
vational, head-to-head studies comparing outcomes and AEs
relating to the therapeutic use of IV iron formulations
including ferumoxytol,”*?® no increased cardiovascular mor-
tality was identified in dialysis-dependent patients receiving
ferumoxytol (7= 3752, mean age 65 [IQR 54-75 years],
HR 0.99; 95% CI 0.83-1.19).>® The anaphylaxis rate for
ferumoxytol was 0.03% (28/82117).>* Although low, these
rates are higher than the reported rate of anaphylaxis for all
GBCAs (0.002%%° to 0.008%. Regarding gadofosveset
use in children and young adults, however, the risk of severe
AEs has been reported as 0.28% (2 of 711 injections) post-
marketing,*’ which is comparable to the serious hypersensi-
tivity risk of ferumoxytol in patients with impaired renal
function as cited by the FDA.

The second concern raised for ferumoxytol is hypoten-
sion, which was reported in the March 2015 FDA communi-
cation as having a risk of 1.7%.%” The mechanism may be
related to release of labile free iron,” potentially leading to
hypotension and cardiorespiratory compromise.”” Free iron is
known to be reactive and effects have been observed with oth-
er IV iron formulations.”** As a result, the FDA has recom-
mended dilution and slow administration. In our study,
fluctuations in blood pressure and heart rate were not statisti-
cally significant in between-group (FE-MRI vs. GE-MRI) or
within-group comparisons. When we compared the variations
in blood pressure and heart rate between those receiving bolus
vs. slow infusions, we also did not find a statistically significant
difference. Whereas it is possible that our more moderate
diagnostic bolus infusion rates impose a lower labile iron chal-
lenge than the therapy infusion rate, our sample size is insuffi-
cient to draw any conclusion about mechanism. In our study,
at all levels of blood pressure and heart rate fluctuations, blood
oxygen saturation and the extremity perfusion waveforms
remained completely stable, suggesting that peripheral perfu-
sion, and therefore whole body perfusion, was unaffected.

Other hypersensitivity reactions such as pruritus, rash,
urticaria, back pain, chest pain, nausea, and vomiting have
also been postulated to be related to free iron release.*?
These manifestations are felt to be nonimmunologic reac-
tions either due to free iron or mediated by complement
activation and mast cell release,45 but can be misinterpreted
as anaphylaxis and result in the inappropriate escalation of
care. In our study, the two cases of nausea were self-limiting

and required no therapy. Those who use ferumoxytol as a
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therapeutic agent have advocated for a period of “watchful
waiting” when mild reactions do occur.*® While premedica-
tion with diphenhydramine and H1 blockers have previous-
ly been used in the context of hypersensitivity reactions, it
has recently been suggested that their effect may in fact be
deleterious. Further, the sedative component can confound
the patient’s mental status and potentiate hemodynamic
fluctuations such as tachycardia and hypotension.*’

To date, two published studies””*® have specifically
evaluated the safety of FE-MRI in children and young
adults. One study”” reported a transient 6-10 mmHg fluc-
tuation in blood pressure for a cohort of 86 subjects (age 1
day to 34 years). No AEs were reported. The second study™®
was performed under an FDA-approved investigational new
drug (IND) protocol. Vital signs and laboratory data in 68
patients, ages 5 to 25 years, were assessed and no significant
changes in vital signs or relevant laboratory values occurred.
There were four mild AEs (two cases of transient hypoten-
sion, one case of nausea, one case of erythema and warmth
at the injection site), which were all self-limited. In all stud-
ies that have specifically assessed the safety of ferumoxytol
as an MRI contrast agent to date, no severe, life-
threatening, or fatal AEs have been reported. Further, while
transient variations in blood pressure have been observed in
both FE-MRI and GE-MRI groups in our study, definitive
conclusions are challenging, particularly when there is wide
variability in blood pressure for both adults®>® and chil-
dren.”">* Regardless, standard procedures should be in place
to manage complications should they arise.

Compared to prior safety reports of ferumoxytol as an
MRI contrast agent, our work was performed in a larger patient
cohort of all ages, renal function, and wider range of clinical
indications. We also provide a comparison using a current
FDA-approved intravascular MRI contrast agent (gadofosveset
trisodium). While not conducted under an FDA-approved
IND protocol, our findings are consistent with and expand on
already published experiences’”*® with ferumoxytol. More
important, the safety experience reported in this study reflects
postmarketing safety findings in a clinical population. Since
completing this analysis, we have obtained an FDA-approved
IND protocol to use ferumoxytol as an MRI contrast agent in
children with congenital heart disease (IND# 129441; Clinical-
Trials.gov identifier NCT02752191).

While the American College of Radiology, the Canadi-
an Association of Radiologists, and the European Medicine
Agency caution the use of GBCAs in the setting of acute
renal failure and/or an eGFR <30 ml/min/1.73m’ it is
instructive to note, however, that 79% (55/70 survey
respondents) of pediatric imaging specialists (radiologists
and cardiologists) in an international survey currently use
GBCAs in neonates, a population where the physiologic
eGFR is impaired (26 ml/min/1.73m?) due to immature
renal function.”® While the standard of care may vary from
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one institution to another and occasionally deviate from
guidelines, the risk-to-benefit ratio is always considered in
daily clinical practice. In this context, where other agents or
tests may be suboptimal in the setting of renal dysfunction
or immature renal function, the risk-to-benefit ratio of feru-
moxytol as an MRI contrast agent should also be weighed.

Our study has several limitations. First, selection bias
relating to the retrospective nature of the study design, the
clinical patient population, and follow-up duration limit the
overall generalizability of the study. Because the study was
not designed as a randomized clinical trial, patients referred
for ferumoxytol MRI frequently had complex medical con-
ditions, were acutely sick, and had limited alternative car-
diovascular imaging options. While there is frequent and
regular contact between imaging investigators and referring
physicians, specific follow-up timepoints were not prospec-
tively determined, which may have been an additional
source of bias. Second, because of the low frequency of seri-
ous hypersensitivity reactions, our study is not sufficiently
powered to reach definitive conclusions regarding the rate of
adverse reactions associated with diagnostic use of ferumoxy-
tol or to detect differences in the AE rates between ferumox-
ytol and conventional GBCA. Our report should be viewed
as a single-center interim safety experience of ferumoxytol as
an off-label MRI contrast agent in a spectrum of patients
with varying age and clinical indications.

In conclusion, based on our experience, the diagnostic
off-label use of ferumoxytol for MRI is well-tolerated with
few AEs. Given ferumoxytol’s dual potential as a therapeutic
drug and an MRI contrast agent, prospective and systematic
investigations will be helpful to better define the mecha-
nisms involved in the mediation of AEs and the diagnostic
effectiveness of FE-MRI. A multicenter safety registry and
related clinical research trials are needed to help maximize
the benefit and mitigate risks associated with the use of
ferumoxytol as an MRI contrast agent.
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