Background on GBCAs
GBCA stands for Gadolinium-Based Contrast Agent. As the name indicates, Gadolinium (Gd) is the
primary component of the GBCA complex that is injected intravenously during contrast-enhanced
Magnetic Resonance Imaging (MRI) and Magnetic Resonance Angiography (MRA) scans. Note that MRI
and MRA can also be performed without the administration of a contrast agent.
To fully explain Gadolinium-based Contrast Agents would require a substantial amount of scientific
information and we will not attempt to go into that here. Instead, we will provide a general overview of
MRI and GBCAs along with details about the different agents. We will also provide information related
to FDA approvals and subsequent FDA warnings after the connection was made between GBCAs and
NSF (Nephrogenic Systemic Fibrosis), formerly known as NFD (Nephrogenic Fibrosing Dermopathy).

Basic Principles of MRI
Magnetic Resonance Imaging or MRI is a medical procedure that uses strong magnetic fields,
radiofrequency (RF) waves, and a computer to produce cross-sectional images of organs and internal
structures in the body. The magnetic field temporarily realigns atomic particles called protons that are
present in most of the body’s tissues. The applied radio waves cause these protons to produce signals
that are picked up by a receiver within the MR scanner. With the help of a computer, very clear images
of tissues are created as “slices” that can be viewed in any orientation.1 Because the signal detected by
an MRI machine varies depending on the water content and local magnetic properties of a particular
area of the body, different tissues or substances can be distinguished from one another in the study
images.2 Most diseases manifest themselves by an increase in water content, so MRI is a sensitive test
for the detection of disease. However, the exact nature of the pathology can be more difficult to
ascertain.3
MRI provides excellent soft tissue contrast on unenhanced images, and because of that, it was initially
speculated that there would be no need for a contrast agent. In the early 1980s, it became apparent
that contrast enhancement could substantially improve the sensitivity and specificity of scans.4
However, some have indicated that the use of different pulse sequences might allow for a greater
percentage of diagnoses to be made without administration of a contrast agent.5
According to Dr. Robert Brasch, whose lab did some of the experimental imaging with Gadolinium
chelates in the early 1980s, there is virtually an infinite variety of pulse intervals (TR) and echo delay
(TE) times, each TR-TE combination yielding a different intensity value (shade of grey) for the same
tissues. He said it could take hours to gather all the different images from a patient.6 Contrast agents
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help to alleviate that problem by selectively increasing the intensity of pathologic processes and
thereby minimizing the need for additional imaging sequences which saves both time and money.6
Although many people refer to contrast agents as a “dye”, paramagnetic contrast agents are not
observed directly on the images. The enhancement that is seen on the MR images is the result of their
magnetic effects.6

Development of GBCAs
Scientific work related to the use of paramagnetic agents to change MR imaging tissue contrast had
begun by the late 1970s.6 By definition, paramagnetic substances possess a permanent magnetic
moment. These magnetic moments are randomly aligned in the absence of an applied magnetic field
such as occurs during Magnetic Resonance imaging. Paramagnetic metals like Gadolinium shorten the
T1 and T2 relaxation times of surrounding hydrogen nuclei.7 Depending on the concentration of
paramagnetic agents, this relaxation effect causes higher intensity MR signal or contrast
enhancement.6
Gadolinium (Gd3+) has the strongest relaxation rate of all the paramagnetic cations (positively charged
ions) in the atomic table. Its 7 unpaired electrons provide Gadolinium with strong paramagnetic
properties.8 However, the free Gd3+ ion is toxic. Because of that, it must be chelated or bound to a
ligand to form a stable complex before it can be used as a contrast agent.6, 9,10 The chelator protects the
tissues from interactions with Gd3+ ions and enables rapid renal clearance of the Gd3+ ions to minimize
biotransformation or accumulation in the body.11
Biochemical differences among GBCAs are determined by the chemical structure of the chelator. The
chelator can be linear or macrocyclic, and ionic or nonionic.12
In 1984, Hanns-Joachim Weinmann and colleagues published their article titled “Characteristics of
Gadolinium-DTPA Complex: A Potential NMR Contrast Agent” which described the first Gadoliniumbased Contrast Agent.13 Later in 1984, Carr et al reported findings from the first clinical experience in
patients.9 Gd-DTPA, better known as Magnevist, received FDA approval for clinical use in the U.S. in
1988.14

Different Structural Types of GBCAs
Currently, there are 9 GBCAs approved by the U.S. Food and Drug Administration (Table 1). There are 7
extracellular (ECF) agents and 2 specialty agents (Ablavar and Eovist). We will focus on the 7 ECF
agents: Magnevist, Omniscan, OptiMARK, MultiHance, ProHance, Gadavist, and Dotarem.
An intravenously administered ECF rapidly equilibrates in the intravascular and interstitial (space
between cells) fluid compartments; these are referred to collectively as the extracellular
compartment.15 Tissues with leaky capillaries and large interstitial spaces (e.g., malignant tumors,
inflammation, etc.) enhance in the arterial phase and nearly all tissues enhance to some degree in the
equilibrium phase. Exceptions are brain and testicular tissues due to their impermeable capillaries to
the extracellular agents. When this “blood-tissue barrier” is intact, there is no interstitial space
distribution.12 (See Background on Gadolinium for more information.)
GBCAs are unique among pharmaceuticals, being water proton relaxation catalysts whose effectiveness
is characterized by a rate constant known as relaxivity.16 The agents can be divided into different
structural types (linear, macrocyclic, ionic, nonionic) based on the chemistry of the chelating ligands
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whose primary purpose is to protect the body from dissociation of the relatively toxic Gd3+ ion from the
ligand.16
The most important thermodynamic criterion is the selectivity of the ligand for Gd3+ over other
endogenous metal ions, particularly zinc (Zn2+). Ligands that have similar thermodynamic stability
constants for Zn2+ and Gd3+ form complexes which are very toxic, due to Gd3+ release as a result of
transmetallation of the complex in vivo with Zn2+.11
The chelating ligands are either linear or macrocyclic. Linear chelates are flexible open chains which do
not offer a strong binding to Gd3+. In contrast, the macrocyclic chelates offer strong binding to Gd3+ by
virtue of being preorganized rigid rings of almost optimal size to “cage” the Gadolinium ion.17 That
results in more stable complexes which are less likely to dissociate.18,19 GBCAs can also be nonionic
(electrically neutral with no net charge) or ionic (charged).18, 20
Linear GBCAs – Omniscan and OptiMARK are both linear nonionic agents and they have the lowest
stability constants.19,20 This low stability is believed to be related to the higher prevalence of NSF cases
associated with these GBCAs.21
Magnevist and MultiHance are linear ionic agents. Based on in vitro Zn2+ transmetallation data,
Omniscan has lower stability and MultiHance has higher stability compared with Magnevist.22 However,
based on higher-level, human ex vivo data, there is essentially no difference in the amounts of Gd3+
released among the ionic linear agents MultiHance and Magnevist when measured in native human
serum at 37°C.19,23
Macrocyclic GBCAs – Dotarem is a macrocyclic ionic GBCA. ProHance and Gadavist are macrocyclic
nonionic agents. ProHance and Dotarem have the highest combined thermodynamic and kinetic
stability, reflecting the greater energy and time required to remove the Gadolinium ion from the ring
structure in which it is held.20
The stability of the GBCA seems to be an important factor in the pathogenesis of NSF fibrosis. GBCAs of
low stability are likely to undergo transmetallation and release free Gd ions that deposit in tissue and
attract circulating fibrocytes to initiate the process of fibrosis.17
While macrocyclic GBCAs have been found to be more stable than the linear agents, they are not risk
free. Animal studies have reported detection of Gadolinium from macrocyclic agents in bone and other
tissues.15,24,25,26 A recent paper by Tweedle, Kanal, and Muller noted that Pietsch and colleagues used a
sensitive in vivo animal model to derive elimination time-courses for Gadolinium in the skin of rats; 364
days later, a small amount of Gadolinium was still present in the skin of rats administered a macrocyclic
agent.19 And most important, there are now cases of NSF associated with macrocyclic agents as
well.27,28

FDA Approvals and Warnings
In 1988, the FDA approved Magnevist,29 the first commercially available Gadolinium-based Contrast
Agent. In 1992, ProHance30 was approved, followed by Omniscan31 in 1993, OptiMARK32 in 1999,
MultiHance33 in 2004, Gadavist34 in 2011, and Dotarem35 in 2013. In addition to these 7 extracellular
(ECF) agents, the blood-pool agent Ablavar36 and the liver imaging agent Eovist37 were both approved in
2008. The links provided in the footnotes will take you to the product labeling for each agent as of
September 2014.
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Besides its trade name, each agent is known by different generic names as well. For instance, you will
see Magnevist referred to as Gd-DTPA and gadopentetate dimeglumine. Table 1 shows the names
associated with each FDA approved Gadolinium-based Contrast Agent as well as the agent’s structure
and approval date.
Table 1. FDA Approved Gadolinium-based Contrast Agents
Trade Name

Chemical Names

Structure

Type

Approved

Magnevist

Gd-DTPA
(gadopentetate dimeglumine)

Linear ionic

Extracellular

1988

Omniscan

Gd-DTPA-BMA
(gadodiamide)

Linear nonionic

Extracellular

1993

OptiMARK

Gd-DTPA-BMA
(gadoversetamide)

Linear nonionic

Extracellular

1999

MultiHance

Gd-BOPTA
(gadobenate dimeglumine)

Linear ionic

Extracellular

2004

Eovist/Primovist

Gd-EOB-DTPA
(gadoxetate disodium)

Linear ionic

Liver

2008

Ablavar/Vasovist

(gadofosveset trisodium)

Linear ionic

Blood-pool

2008

ProHance

Gd-HP-DO3A
(gadoteridol)

Macrocyclic nonionic

Extracellular

1992

Gadavist

Gd-BT-DO3A
(gadobutrol)

Macrocyclic nonionic

Extracellular

2011

Dotarem

Gd-DOTA
(gadoterate meglumine)

Macrocyclic ionic

Extracellular

2013

From 1988 when Magnevist was first approved until 2006 when the connection between NSF and
Gadolinium-based Contrast Agents was first made, the medical community and the FDA believed that
GBCAs did not pose any exceptional risk to patients. However, in 2006, everything began to change.
Although it wasn’t known at the time, the first evidence of a problem with GBCAs began to appear in
1997 when dialysis patients presented clinically with skin changes and joint contractures that could not
be explained. It was later determined that the problem went far beyond the patients’ skin; it affected
internal organs and tissues as well. Researchers went to work trying to find the cause of NSF. In 2006,
doctors in Europe first confirmed the link to Gadolinium-based Contrast Agents.38,39 (See Background on
NSF for details.)
On June 8, 2006, the FDA issued a Public Health Advisory about Gadolinium-containing Contrast Agents
for Magnetic Imaging (MRI).40 That same day the FDA issued an alert to healthcare professionals that
was updated 12/2006 and 5/23/2007.41 Updates to the Public Health Advisory were issued on
12/22/2006 and 5/23/2007.42
In its first Public Health Advisory, the FDA said that reports had identified a possible link between
NSF/NFD in patients with kidney failure and exposure to Gadolinium-containing contrast agents used at
high doses for a procedure called Magnetic Resonance Angiography (MRA). At that time none of the
GBCAs had been FDA approved for MRA. The agents were being used “off-label” for the procedure
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that is often performed with doses up to three times higher than the approved dose for MRI. (The
blood-pool agent Ablavar received FDA approval for MRA in December of 2008.)
By the time the next Public Health Advisory was issued on 12/22/2006, the FDA said that NSF/NFD
might occur in patients with “moderate to end-stage kidney disease” after they have had an MRI or
MRA with a Gadolinium-based Contrast Agent.
On May 23, 2007, the FDA announced that it had asked manufacturers to include a new boxed warning
on the product labeling of all Gadolinium-based Contrast Agents.43 The requested warning was to state
that “patients with severe kidney insufficiency who receive gadolinium-based agents are at risk for
developing a debilitating, and a potentially fatal disease known as nephrogenic systemic fibrosis (NSF).”
In addition, it would state that “patients just before or just after liver transplantation, or those with
chronic liver disease, are also at risk for developing NSF if they are experiencing kidney insufficiency of
any severity.”
In that same news release, the FDA noted that NSF had developed following single and multiple
administrations of the GBCAs, and when a specific agent was identified in the reports, Omniscan was
the most commonly reported agent, followed by Magnevist and OptiMARK.
On December 8, 2009, a Joint Meeting of the Cardiovascular and Renal Drugs and Drug Safety and Risk
Management Advisory Committee met to review Gadolinium-Based Contrast Agents and Nephrogenic
Systemic Fibrosis.44 Presentations were made by the FDA, GBCA manufacturers, and guest speakers.45
Dr. Shawn Cowper’s slide presentation, Nephrogenic Systemic Fibrosis – History, Diagnosis and The
Registry,46 contained photos and other information that is included in “Nephrogenic systemic fibrosis:
Clinicopathological definition and workup recommendations” by Girardi et al.47 Dr. Cowper is a
dermatopathologist, an expert on NSF, and he maintains the NSF Registry.48
On September 9, 2010, the FDA issued a second news release to announce that new warnings were
required on the use of Gadolinium-based Contrast Agents and enhanced screening was recommended
to detect kidney dysfunction.49 Three of the GBCAs – Magnevist, Omniscan, and OptiMARK – will be
described as “inappropriate for use among patients with acute kidney injury or chronic severe kidney
disease”. All GBCA labels will emphasize the need to screen patients to detect these types of kidney
dysfunction before administration.
The “boxed warning” is very important; however, patients are not given a copy of the product labeling
so it is unlikely that any patient will ever see the warning before he or she signs the consent form prior
to their contrast-enhanced MRI or MRA.

Where things stand today
After the implementation of the FDA’s screening and use guidelines for GBCAs, there have been far
fewer new cases of NSF reported. However, we do not believe that all patients adversely affected by
retained Gadolinium have been accounted for.
Since late 2012, we have been in contact with the FDA regarding our concerns about Gadolinium
Toxicity caused by retained Gadolinium in patients with normal kidney function (meaning an eGFR>60).
As of October 2014, the FDA has not issued any Public Health Advisory or warning regarding the use of
GBCAs since 2010.
As you can see on the other pages of the Background Section, there are many reasons to think that all
patients exposed to Gadolinium-based Contrast Agents are at risk of retaining at least some
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Gadolinium regardless of their level of renal function at the time of their contrast-enhanced MRI or
MRA. The published literature supports that statement with findings of Gadolinium in both study
animals and humans with normal kidney function. (See the Background pages on NSF, Gadolinium, and
Risk Factors for details.)
Our Self-Study of Retained Gadolinium and our Symptom Survey Report and Retention Study Update
provide compelling evidence of Gadolinium retention in patients with no history of kidney disease. We
believe our findings warrant further professional investigation into Gadolinium retention from GBCAs in
all patient populations, including those with normal kidney function.

Update on FDA Actions since 2014
On July 27, 2015, the FDA issued its first Safety Announcement involving gadolinium retention in
patients with normal renal function, specifically gadolinium retention in the brain. According to the
Safety Announcement, “After being administered, GBCAs are mostly eliminated from the body through
the kidneys. However, trace amounts of gadolinium may stay in the body long-term”. It also says, “It is
unknown whether these gadolinium deposits are harmful or can lead to adverse health effects”. The
statement indicated that the FDA, including its National Center for Toxicological Research (NCTR), will
study this possible safety risk further.
While not calling for any changes to product labeling or use restrictions of any particular agents, at that
time, the FDA said, “To reduce the potential for gadolinium accumulation, health care professionals
should consider limiting GBCA use to clinical circumstances in which the additional information provided
by the contrast is necessary. Health care professionals are also urged to reassess the necessity of
repetitive GBCA MRIs in established treatment protocols.”
The FDA 7-27-2015 Safety Announcement can be accessed here:
http://www.fda.gov/Drugs/DrugSafety/ucm455386.htm

If you have unexplained symptoms that you believe were caused by retained Gadolinium from a
contrast MRI or MRA, please report it to the FDA by filing a MedWatch Adverse Event Report. Call 1800-FDA-1088 or report via the FDA website at
http://www.fda.gov/Safety/MedWatch/HowToReport/default.htm
It is important that Adverse Event Reports related to Gadolinium-Based Contrast Agents are filed with
the FDA or the full scope of Gadolinium-related health problems may never be brought to light.
Patients outside the U.S. should report to their country’s equivalent governing agency.
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