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Abstract

The practice of contrast enhanced magnetic resonance angiography (CEMRA) has changed
significantly in the span of a decade. Concerns regarding gadolinium (Gd)-associated nephrogenic
systemic fibrosis in those with severely impaired renal function spurred developments in low-
dose CEMRA and non-contrast MRA as well as efforts to seek alternative MR contrast agents.
Originally developed for MRI use, ferumoxytol (an ultra-small superparamagnetic iron oxide
nanoparticle), is currently approved by the United States (U.S.) Food and Drug Administration for
the treatment of iron deficiency anemia in adults with renal disease. Since its clinical availability
in 2009, there has been rising interest in the scientific and clinical use of ferumoxytol as an

MR contrast agent. The unique physicochemical and pharmacokinetic properties of ferumoxytol,
including its long intravascular half-life and high rq relaxivity, support a spectrum of MRI
applications beyond the scope of Gd-based contrast agents. Moreover, whereas Gd is not found

in biological systems, iron is essential for normal metabolism, and nutritional iron deficiency
poses major public health challenges worldwide. Once the carbohydrate shell of ferumoxytol is
degraded, the elemental iron at its core is incorporated into the reticuloendothelial system. These
considerations position ferumoxytol as a potential game changer in the field of CEMRA and

MRI. In this paper, we aim to summarize our experience on the cardiovascular applications of
ferumoxytol and provide a brief synopsis of ongoing investigations on ferumoxytol-enhanced MR
applications.
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Introduction

A decade ago, the second most common indication for Gadolinium (Gd) use was contrast
enhanced MR angiography (CEMRA). CT had become unfashionable and the only
remaining outpost for non-contrast MRA was the cranium. To boot, double or triple dose Gd
was the rule and there were no safety concerns in renal impairment. In fact, renal failure was
an /ndication for gadolinium. The landscape changed dramatically when Gd was implicated
in the causation of nephrogenic systemic fibrosis (NSF) (1) and high dose CEMRA was
singled out as the main perpetrator (2). The response of the MR community was swift,
decisive and remarkably effective (3). Within a few years, NSF was virtually eradicated,
providing tacit evidence, if not outright proof, that Gd had been the culprit. Administration
of gadolinium based contrast agents (GBCA) has since ceased to be routine and pre-testing
of renal function has assumed a role not dissimilar to that for X-ray contrast media (4).
Other than in exceptional circumstances, severe renal impairment now contraindicates the
use of GBCA and even milder forms of renal impairment make many clinicians reluctant to
order contrast MRI. The practice of CEMRA has been changed profoundly.

Not surprisingly, there has been a resurgence of interest in non-contrast (NC)

MRA techniques, spurring new developments and innovations (5-12). In parallel, the
pharmaceutical industry and academic practitioners have sought to manage risk while
maintaining functionality with CEMRA. Specific formulations of GBCA have been touted
as safer and more stable than others (13-15) and low dose GBCA protocols have been
established (16-19). Recognizing the likely lower risk with some GBCAs than others, in
September 2010, the United States Food and Drug Administration (FDA) updated their
warning to classify the GBCA based on their relative risk in patients with renal failure and
advising low dose protocols where possible (20).

Today, the field is in flux, with NC-MRA techniques undergoing evaluation and low dose
CEMRA protocols becoming standard. However, in the nine years or so since NSF was first
recognized, the community remains sensitive to NSF and clinical practice has adapted to the
new reality.

Non-gadolinium contrast agents are not widely used for MRI. Of these, the best known

is ferumoxides (Feridex®, Bayer-Schering Pharmaceuticals), a colloidal iron suspension
used for imaging the liver and reticuloendothelial system (RES) (21). Ferumoxides were
administered by slow intravenous infusion and in clinical trials were associated with allergic
or anaphylactic reactions in 0.5% and with back pain in up to 2% of patients (22). Although
ferumoxides are effective agents for imaging the liver and RES, their mode of action is
predominantly shortening of T2 and they are not suitable agents for CEMRA.. Today, they
have been largely superseded by gadoxetate (Eovist®, Bayer Schering Pharm), a hepatocyte
specific GBCA, which also attracts the FDA boxed warning about NSF risk.

Of the iron-based agents, ferumoxytol has generated the most excitement and promise for
cardiovascular imaging and has recently emerged from obscurity as a potential diamond

in the rough. Ferumoxytol (Feraheme®, AMAG Pharmaceuticals, Waltham, MA, U.S.;
Rienso®, Takeda Pharmaceuticals, London, UK) is an iron-based nanoparticle with a mean

Clin Radliol. Author manuscript; available in PMC 2023 May 22.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Finn et al.

Page 3

diameter of 30 nm and is a member of the class of ultra-small, superparamagnetic iron oxide
(USPIO) particles, originally designed as an intravascular contrast agent for MRI. Its iron
oxide core is embedded in a dextran coat, which diminishes immunogenicity and retards
phagocytosis and the release of elemental iron from the core. As a result, ferumoxytol

has a long intravascular half-life of about 15 hours and is taken up only slowly by the
macrophages of the RES. Importantly, ferumoxytol has a high R1 relaxivity (r1 ~ 15
mM~1s1 at 1.5T) such that it can be used for bright blood imaging. Ferumoxytol-enhanced
MRA was first described in 1997 by Anzai et al (23) and later in a clinical pilot study

by Prince et al (24). An initial clinical comparison with gadopentetate dimeglumine for
CEMRA by Li et al in 2005 (25) suggested near equivalence for both agents and the
company did not seek an imaging indication. Instead, ferumoxytol underwent clinical trials
as a rapid injection agent for treatment of iron deficiency anemia in adults with chronic
kidney disease and was approved by the U.S. FDA in 2009 as Feraheme®. Little further was
reported in the literature about ferumoxytol for CEMRA until the papers by Sigovan et al.

in 2012 (26) and Bashir et al. in 2013 (27), addressing the use of ferumoxytol in patients
with severe renal disease. In 2015, the first reports of ferumoxytol for CEMRA in children
were published by Nayak et al (28), Han et al (29) and Ruangwattanapaisarn et al (30). All
of these recent studies reported outstanding results with no serious adverse events (SAE) and
few if any minor adverse events (AE).

Within the past three years, several groups have explored the use of ferumoxytol for
cardiovascular MRI (25, 31-33). Recent works (28-30) highlighted its use for vascular and
cardiac imaging in the pediatric population. In this paper, we explore some of the potential
clinical applications of ferumoxytol in adults and children, pointing out differences and
similarities between its use and that of the gadolinium based agents. We will draw largely
from our own experience as well as from that of the limited number of centers, which

have used the agent for broad or specific indications. All of the patient studies described

in this paper were performed with written informed consent from the patients or their legal
guardians and with the approval of our institutional review board (IRB).

Pharmacokinetics and technique

At this point, it may be useful to review some of the relevant properties of ferumoxytol (48),
within the context of the more traditional GBCAs. Ferumoxytol shares several attributes
found within the class of GBCA, but it possesses a combination of properties, which may
support a new paradigm for vascular imaging. First, because of its size, ferumoxytol is
impermeable to vascular capillaries and is not filtered by the kidneys. It therefore remains

in the blood until phagocytized by the macrophages of the reticuloendothelial system (RES).
However, unlike the ferumoxides, which are cleared from the blood by the RES within
minutes, ferumoxytol is taken up slowly and has a blood half-life of about 15 hours (48).

In the context of a diagnostic imaging study, this guarantees a constant blood concentration
once the steady state distribution is achieved. For practical purposes, this steady state
distribution will be established within 2-3 minutes of injection in everybody. Second,
ferumoxytol has an rl relaxivity of 15 mM~1 s1 at 1.5T (48). This value is similar to that of
gadofosveset (Ablavar®, Lantheus Medical Imaging) which, among the GBCA group, most
closely resembles ferumoxytol in terms of potency and vascular residence time. However,

Clin Radliol. Author manuscript; available in PMC 2023 May 22.
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whereas ferumoxytol is a pure intravascular agent, gadofosveset binds reversibly to serum
albumin, such that at any time upwards of 20% is present in the blood as free Gd-DTPA.

The unbound moiety diffuses into the interstitial space with a half-life of about 30 minutes
and is filtered by the kidneys, which are the route of elimination. For this reason, the blood
concentration of gadofosveset starts to decline once its steady state distribution is achieved,
albeit at a slower rate than the pure extracellular GBCAs. Third, ferumoxytol has a strong T2
relaxivity (89 mM~1s71 at 1.5T). Therefore, with appropriate pulse sequences, fully reliable
black blood imaging becomes trivial. These properties of ferumoxytol can be exploited

to increase the simplicity, reliability and versatility of vascular imaging. Sample technical
parameters for FEMRA are outlined in Table 1.

Overview of Clinical Applications for Ferumoxytol enhanced MRA (FEMRA).

The majority of publications on FEMRA focus on patients with renal failure (Table 2),
where GBCA s are relatively contraindicated. The paper by Sigovan et al (26) addressed the
patency of dialysis fistulae and paved the way for the more widespread use of ferumoxytol
for imaging renal transplants (27) and pelvic veins (43). These authors also speculated
appropriately on the broader potential of ferumoxytol as a vascular imaging agent.

From July 2013 to March 2015, we performed first pass and steady state FEMRA in children
who needed vascular mapping for venous access, organ transplant workup or to assess the
status of renal transplants. In due course, we expanded the target population to include adults
with renal failure and children with congenital heart disease. Our default field strength for
CEMRA and FEMRA is 3.0T and we routinely use anesthesia with controlled ventilation

for children under 6 years of age and for older children who are unable to cooperate for any
reason. Based on earlier published results at 1.5T (25), we initially used a dose of 4 mg/kg
for first pass and steady state FEMRA, but settled on 2 mg/kg for first pass, supplemented

to a total dose of 4 mg/kg for steady state FEMRA at 3.0T. This became our standard
protocol for children and adults. However, since the FDA black box warning in March 2015,
cautioning against bolus injection of ferumoxytol, we have replaced our first pass FEMRA
protocols with steady state FEMRA only. We now administer dilute ferumoxytol by slow
intravenous infusion over 10 minutes, with continuous monitoring of blood pressure and
heart rate. In our experience, for most clinical applications in the chest, abdomen and pelvis,
first pass imaging is dispensable. As illustrated below, detailed vascular imaging can be
performed with ferumoxytol in the steady state, and in many cases the process of image
acquisition is greatly simplified whereas image post-processing assumes a more central role.

Aortic imaging
For most applications, the aorta and its major branches can be imaged reliably with
ferumoxytol either on first pass (Fig 1 A,C) or in steady state. For detection of atheromatous
narrowing, tortuosity or aneurysm, there seems little disadvantage to performing only steady
state imaging (Fig 1 B,D,E). A dearth of clinical data exist on the use of ferumoxytol
in acute or chronic dissection, but it seems intuitive that information about the sequence
of filling of true and false lumens, such as is available from a time-resolved acquisition,
would be desirable. However, although first pass imaging can highlight differential rates

Clin Radliol. Author manuscript; available in PMC 2023 May 22.
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of enhancement in true and false lumens (Fig 2A,B), the overall anatomy may be fully
represented in the steady state images (Fig 2C). Because of the high signal gradient between
lumen and wall, image segmentation of the vascular space into its components is a simpler
task with ferumoxytol than with the extracellular agents. Also, whereas confusion between
slow flow and mural or intraluminal thrombus can plague conventional black blood imaging
techniques, with ferumoxytol this becomes a moot point (Fig 3). On spin echo techniques
such as HASTE, with even a modest TE (on the order of 30 ms), the signal from blood
decays without the need for magnetization preparation pulses. The implications of this effect
are significant both for immediate clinical practice and for future work on plagque imaging.

Transcatheter Aortic Valve Replacement (TAVR).

Patients being considered for TAVR are typically elderly with a high prevalence of renal
impairment. Further, deterioration in renal function complicating the TAVR procedure is
one of the major determinants of post procedural morbidity and mortality (49-53). Whereas
CTA is widely regarded as the current standard for pre-procedural mapping of arterial access
anatomy prior to TAVR, cumulative doses of iodinated contrast prior to and during the
procedure can predispose to contrast nephropathy (54, 55). For this reason, our cardiologists
have chosen ferumoxytol MRI over CTA for arterial access mapping in TAVR candidates
with renal impairment. We have used ferumoxytol equally successfully with first pass (Fig
1A,C) and steady state imaging (Fig 1B, D, E and Fig 4A) to image the access vessels from
the groin to the aortic annulus. Further, the steady state distribution of ferumoxytol supports
high quality spoiled gradient echo cine imaging, even at 3.0T, and these can be used to
supplement dynamic information about transvalvar pressure gradients, planimetered areas,
coronary ostia and leaflet motility (Fig 4B).

Venographic Imaging

Ferumoxytol enhances the entire blood pool in a stable and specific way and this is

a powerful attribute for a venographic imaging agent. Children and adults with organ

failure may require venous imaging for line placement, pre- or post-transplant evaluation

or suspected thrombosis. The frequent occurrence of renal impairment in these patients
complicates the use of iodinated contrast and GBCAS, and unpredictable flow patterns can
pose a challenge for non-contrast MRA. Furthermore, even though CT can generate superb
spatial resolution with ever increasing speed, the quality of venous imaging is fundamentally
determined by the contrast enhancement status of the blood pool. In steady state, CT
contrast agents become greatly diluted and image quality suffers. With ferumoxytol, once
distributed in the blood pool, little change occurs for several hours, either from redistribution
or elimination. Venous imaging becomes as simple as injection and steady state acquisition,
with breath holding as required. Also, in the steady state, multiple overlapping stations can
be acquired in separate breath holds and composed into a single large field of view image,
without concerns about differential regional vascular enhancement. Figure 5 illustrates these
points in a striking example of CT venography and ferumoxytol venography in the same
patient. Moreover, because bolus timing is not an issue, if breathing motion artifact occurs
when imaging the chest or abdomen, the acquisition can be repeated as needed and imaging
parameters adjusted as required.

Clin Radliol. Author manuscript; available in PMC 2023 May 22.
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Congenital heart disease

Children with complex congenital heart disease (CHD) present a unique challenge for MRI
and some of the more intriguing applications of ferumoxytol may be in this group. MRI
has long been recognized as a powerful modality both in children and adults with CHD
and 1.5T has long remained the favored field strength for cardiac MRI. Our experience
and that of others suggests that ferumoxytol may shift the focus towards 3.0T for patients
with CHD. In most specialized centers, cardiac MRI in patients younger than 6 years is
performed under anesthesia with controlled ventilation (56). Under these circumstances,
strategies for physiological motion correction can be very successful and data acquisition
windows which span several minutes can generate both highly temporally and highly
spatially resolved images. In the past, researchers have generated 4D bSSFP (balanced
steady state free precession) images, or ‘3D cine’ of the beating heart (57-59) without the
need for contrast enhancement. However, image quality with bSSFP cine at 3.0T has been
unreliable due to off-resonance artifact and RF non-uniformity and this has impeded the
more widespread adoption of 3.0T for cardiac MRI. With ferumoxytol in the steady state,
the short and stable T1 of the blood can be exploited by the use of high bandwidth 3D,
spoiled gradient echo techniques which, when compared to bSSFP, are practically immune
to off-resonance artifact and RF non-uniformity. Also, with physiologic mation correction,
multiple 3D phases with isotropic spatial resolution can be acquired over the cardiac cycle.
Recently, our group implemented such a technique, called MUSIC (Multiphase Steady state
Imaging with Contrast), during the steady state distribution phase of ferumoxytol in children
(29), while Cheng et al have applied a similar approach to 4D flow imaging (60).

In patients whose cardiac and respiratory rhythms are regular over several minutes,
physiological motion correction strategies have proved highly effective. Ferumoxytol
provides a stable blood pool signal resistant to saturation, such that very short repetition
times and echo times can be used to minimize acquisition time and optimize image

quality. In our experience, the efficiency of ventilator gating ranges from 45% to

65%, without specific maneuvers to modify the respiratory waveform. 4D data with
sub-millimeter resolution are typically acquired in 7-10 minutes during uninterrupted
mechanical ventilation. Fig 6 shows MUSIC images in a 19-month-old male with stridor
due to a double aortic arch. Complete evaluation of cardiac and vascular anatomy was
provided by a single 8-minute 4D acquisition during continuous ventilation. Further, because
the data are spatially isotropic and time-resolved, they can be reformatted into 2D cine slices
of arbitrary orientation and thickness and can serve as surrogates for conventional 2D breath
held cine. Accelerated and improved extensions of MUSIC are under development in our
laboratory, including compressed sensing (61) and self-gated (62) versions. Further work
remains to be done to validate the techniques against conventional clinical MRI standards.

The approach of acquiring non-breath-held, high-resolution 4D datasets stands to define a
new paradigm, potentially replacing the current practice of repeated breath, multi-slice cine
and 3D angiography. If validated, the 4D approach may greatly simplify and accelerate

the process of image acquisition and make moot the requirement for a specialized CHD
physician to be present guiding the scan. The emphasis then shifts from prospective image

Clin Radliol. Author manuscript; available in PMC 2023 May 22.
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acquisition to post-acquisition image processing and reformatting, generating potentially
limitless imaging planes for interrogation at any time in the future.

Safety profile

Summary

Interest in the diagnostic use of ferumoxytol was growing rapidly until March 2015, when
the U.S. FDA issued a Black Box Warning highlighting post-marketing surveillance reports
of SAE in 79 adult CKD patients who received ferumoxytol injection for treatment of iron
deficient anemia and of whom 18 died. Within this time frame, more approximately 1.2
million vials of Feraheme® were sold (personal communication from the manufacturer in
September 2015). In three pre-marketing clinical trials of Feraheme®, which encompassed
1,164 patients (34-36), the aggregate rate of anaphylaxis was approximately 0.2% and

this is the rate specified in the package insert. The largest post-marketing clinical trial for
therapeutic use of Feraheme® (37) encompassed 8,666 patients with CKD and noted a SAE
rate of 0.2% (18/8,666) and an anaphylaxis rate of 0.02% (2/8,666). In Europe, ferumoxytol
was approved by the European Commission in June of 2012 as Rienso® following positive
opinions by the European Medicines Agency (38). However, as a request from Takeda
Pharmaceuticals, Rienso® was withdrawn from European markets in July 2015 (39).

Within the past decade, there have been a number of studies describing the diagnostic use of
ferumoxytol for both adults and children (25, 27, 28, 30, 32, 40-47) with approximately 300
patients and no SAE was reported. Whereas details of the circumstances surrounding the 79
SAE referenced in the FDA warning are not yet widely available, limited data reviewed

by the authors suggest that most cases were confounded by multiple co-morbidities.
Nonetheless, although at the time of writing we are unaware of any cases of anaphylaxis
surrounding the diagnostic use of ferumoxytol, pending more extensive safety data and
analysis, ferumoxytol should be considered for diagnostic use only when there is a strong
clinical indication with a prospect of direct benefit to the patient and with appropriate
physiological monitoring.

Within the past three years, there have been rapid advances and challenging delays in the
application of ferumoxytol for MRI of the cardiovascular system. Among scientists and
clinicians who have used ferumoxytol, there is widespread enthusiasm and consensus about
its performance and potential. However, at the time of this writing, the main obstacles to
further development center around safety concerns relating to the risk of severe allergic
reactions following intravenous injection. Whereas the published safety data from clinical
trials are highly encouraging and suggest a low incidence of anaphylactoid type occurrences,
recent statements from the FDA have put the imaging community on alert and more
extensive clinical trials addressing the safety and effectiveness of ferumoxytol as an MRI
contrast agent are warranted and will be eagerly anticipated.
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Figurel (A-E).

A 90 year old male patient with renal failure undergoing vascular evaluation for
transcatheter aortic valve replacement (TAVR). First pass imaging with ferumoxytol
(A,C) on thin maximum intensity projection (MIP) (A) and volume rendered (VR) (C)
reconstructions show similar bright and uniform arterial enhancement as on steady state
images (B,D,E), where arteries and veins show equal signal intensity. In E, the systemic
veins have been made more transparent. Note extensive irregularity and tortuosity in the
aorto-iliac vessels. This study was acquired at 3.0T.
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Figure2 (A-C).

A 53 year old female with chronic, treated type A dissection and an endovascular thoracic
aortic stent had ferumoxytol imaging because of severe renal impairment. Thin MIP images
in A show the vascular enhancement status on first pass (left), two minutes post injection
(middle) and one hour post injection. Differential enhancement of true and false (arrows)
lumens is obvious on first pass, with uniform and stable enhancement of both lumens once
the steady state is established. Volume rendered images of the first pass (B) and steady state
(C) distribution phases show substantially similar anatomic information. Note the outline of
the endovascular stent struts in the thoracic aorta. This study was acquired at 3.0T.
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Figure 3.
A 64 year old female with a pacemaker and renal impairment undergoing evaluation

for TAVR placement. Pre-contrast black blood HASTE images (top row) show extensive
intravascular signal due to slow flow, despite double inversion pulses. Post-ferumoxytol
HASTE images (bottom row) with exactly the same parameters show complete suppression
of the intravascular and intracardiac blood signal. This study was acquired at 1.5T.
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Figure4 (A,B).

An 87 year old male with aortic stenosis, sinus bradycardia and renal transplant undergoing
evaluation for TAVR placement. Volume rendered images in the steady state distribution of

ferumoxytol (A) display the entire aorto-iliac anatomy as well as the patent renal transplant
artery and vein in the pelvis. Gated, spoiled gradient echo cine images show the aortic valve
leaflets and the relationship of the left coronary artery ostium to the annulus (B).
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Figure5.
A 46 year old female with end stage renal failure and liver disease with extensive venous

thrombosis. Undergoing evaluation for organ transplantation. Volume rendered acquisition
with steady state ferumoxytol (left and right frames) show detailed vascular anatomy of the
thorax, abdomen and pelvis, including a hugely dilated left gonadal vein and pelvic varices.
A CT venogram (middle frame) performed shortly prior to MRI suffers from contrast
dilution with poorer vascular definition. Note the left sided venous catheter extending
proximally through the occluded IVC. The MRI study was acquired at 3.0T.
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Length: 3,436 mm

\.

Figure 6.
A 19 month old male with stridor and no prior history of congenital heart disease. Volume

rendered reconstruction from a single frame of a 4-D MUSIC acquisition (6A) from the
anterior (left frame) and superior (right frame) perspective show a complete vascular ring
due to a double arch, with normal cardiac chamber anatomy.

Labels: RA right atrium; RV right ventricle; LV left ventricle, Ao ascending aorta; DAo
descending aorta; LCCA left common carotid artery; RCCA right common carotid artery.
Dynamic evaluation of the 4D MUSIC data confirmed compression of the trachea,
summarized in 6B. This study was acquired at 3.0T.
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Table 1:
Technical Parameters
First-pass FE-MRA MUSIC Self-gated MUSIC
Flip angle [degree] 20 20
Bandwidth [Hz/pixel] 610 800
TE/TR[mg] 1.0/2.7 1.1/3.0
Field of view [mm] 500x300%150 500%300%150
Resolution [mm] 1.0-1.2 0.8-1.0
Cardiac phase number - 6-9 9-18
Temporal Resolution [ms] - 90-60 60-30
Accelerated acquisition (GRAPPA anc? )Ffartial Fourier) (Compresgél Sensing)
Scan Time[g] 22-30s 7-9 min 4-6 min
Respiratory motion compensation Breath-held Airway pressure Self-gated
Cardiac motion compensation None ECG Self-gated
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Table 2.

Cardiovascular clinical studies using ferumoxytol as an MRI contrast agent

Author Year N Agerange Clinical indications
Hope MD et al (63) 2015 102 70.7 + 10.5 years AAA, TAA, PE, aortic dissections, aneurysms, AVF, coronaries,
carotids, LE vasculature
Cheng JY et al (60) 2015 23 6.3(0to22.1)years Congenital heart disease
Corwin MT et al (64) 2015 15 Mean 56.9 years Renal transplant vascular patency
Walker JP et al (32) 2015 10 68 + 4 years Peripheral arterial disease

Ruangwattanapaisarn N et al (30) 2014 23

Han F et al (29)
Nayak AB et al (28)

Florian A et al (65)
Bashir MR et al (43)
Bashir MR et al (27)
Yilmaz A et al (66)
Alam SR et al (44)
Sigovan M et al (26)
Li W et al (25)

2014 8
2014 10
2014 17
2014 17
2013 16
2012 14
2012 16
2012 10
2005 11

3 days — 18 years
3 days — 5 years
4-18 years

56 + 9 years
62.8 = 14.9 years
54 (36-73) years
51 (45-54) years
55 (48-65) years
64 (59-82) years
64 (19-86) years

Congenital heart disease
Congenital heart disease

CKD on hemodialysis — kidney transplant, biliary/liver dysfunction,
vascular access

Myocardial infarct imaging (STEMI)
Abdominal pelvic and LE venography

Renal transplant vascular patency
Myocardial infarct characterization (STEMI)
Myocardial inflammation (STEMI)
Hemodialysis fistulas

Vascular — carotids, thoracic and abdominal aorta, peripheral arteries

AAA abdominal aortic aneurysms, AVF arteriovenous fistulas, CKD chronic kidney disease, L E lower extremity, STEM| ST-elevation myocardial
infarction, TAA thoraco-abdominal aneurysms,

Clin Radliol. Author manuscript; available in PMC 2023 May 22.



	Abstract
	Introduction
	Pharmacokinetics and technique

	Overview of Clinical Applications for Ferumoxytol enhanced MRA (FEMRA).
	Aortic imaging
	Transcatheter Aortic Valve Replacement (TAVR).
	Venographic Imaging
	Congenital heart disease

	Safety profile
	Summary

	References
	Figure1 A-E
	Figure 2 (A-C)
	Figure 3
	Figure 4 (A,B)
	Figure 5
	Figure 6
	Table 1:
	Table 2.



