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The Debate Over
Gadolinium MRI
Contrast Toxicity
A discussion
on the safety
of gadoliniumbased contrast
agents
By Dave Fornell

O

ne of the biggest concerns in radiology in
recent years is the safety of gadoliniumbased contrast agents (GBCAs) used
in magnetic resonance imaging (MRI).
Radiologists and patients began to question the safety of
gadolinium a few years ago when a study came out in late
2014 showing the agent is deposited and retained in the
brain.1 This, combined with a small percentage of patients
who claim their health was harmed following gadolinium
exams, has sparked a big debate in radiology over the
safety of these agents.
This issue was raised in several sessions and with
experts Imaging Technology News (ITN) spoke with at
the 2017 Radiological Society of North America (RSNA)
meeting last November.
“There have been reports from patients with side effects
that they attribute to the gadolinium contrast agents, and
that is something that has our attention as radiologists,”
said Max Wintermark, M.D., professor of radiology and
chief of neuroradiology, Stanford Hospital and Clinics.

“I get a number of phone calls from patients each week
who are concerned, so we have the discussion about risk
versus benefits.”
It is known that patients with renal insufficiency cannot
filter the gadolinium from their body, so it is included as a
U.S. Food and Drug Administration (FDA) warning label on
the contrast packaging. But, there has been little evidence
showing patient safety issues in those with normal renal
function. Boxed warnings are also included for known
hypersensitivity relations that can occur, especially in
patients with allergic disorders.
There are numerous patient-created groups on social
media that discuss MRI gadolinium toxicity issues, which
have raised public awareness on the topic of possible
connections with previously unknown gadolinium side
effects. The biggest public relations boost for these patients
came in November 2017 when action movie actor Chuck
Norris filed a lawsuit against a contrast vendor and the
contrast distributor for allegedly poisoning his wife Gena.
She had several contrast MRI exams and the suit alleges
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numerous adverse health effects began after these
exams. Norris is seeking $10 million in damage.2
The suit alleges she contracted what is being
called “gadolinium deposition disease.” It is a term
often used by patients who claim they now have
chronic health problems from their contrast MRI
exams. However, the term is not accepted by many
in the medical community because of the lack of
scientific evidence showing a direct connection with
the contrast agents. The lawsuit described Gena’s
symptoms as burning pain throughout her body,
violent shaking, numbness, tingling, weakness,
cognitive deficits, kidney damage and trouble
breathing. These symptoms are similar to others
often reported in patient social media groups.
“The lawsuit will increase public awareness, along
with all the positive and negative outcomes that
brings along,” said Emanuel Kanal, M.D., director
of MRI services and professor of radiology and
neuroradiology at the University of Pittsburgh
Medical Center, one of the key speakers on this
topic at RSNA. “The negative outcomes are the
potential for hysteria with patients opting out of
contrast exams when they really, strongly need it,
and the potential patient benefit is so massive that
not getting the contrast could truly cause harm to
them.” He said the positive of public awareness is
that it will prompt more questions to be answered
through clinical study to ensure medicine has a
better understanding of these agents. “We need to
be able to respond to our patients when they ask us
questions about the agents we are using,” he said.

Lack of Evidence Showing Harm
From Gadolinium

Physicians have largely been reluctant to directly
link gadolinium agents to these maladies, because
there is little clinical evidence showing a direct
correlation. Symptoms can also vary greatly between
patients reporting problems. Gadolinium contrast
agents have been used in hundreds of thousands
of patients over the past couple decades and the
clinical evidence shows it is safe in most patients,
Wintermark said. Until the past few years, it was
not widely known that the gadolinium accumulated
and was retained in tissues, especially the brain.
Wintermark said it was previously thought the agent
was entirely excreted from the body. He said a
couple large-scale studies are underway, but it will
take time to gather data to determine the long-term
effects of gadolinium retention.
“I am not completely convinced gadolinium is not
toxic,” Kanal said. “I don’t know which way to turn
yet. The issue is a lack of data showing toxicity, but
lots of data showing it is safe.”
This lack of evidence showing patient harm was
echoed by other speakers in RSNA sessions.
“We don’t know what the clinical significance is,
which is why we continue to do clinical research
on this,” said Sheela Agarwal, M.D., U.S. medical
affairs, Bayer Healthcare, who spoke during a
Bayer-sponsored lunch at RSNA on the topic of
gadolinium safety. She said there have been about
50 studies that have come out on this subject in the
past few years, but none of them offer a smoking
gun showing gadolinium retention leads to chronic
disease. “It’s very difficult for us as clinicians to call
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FDA-cleared MRI
Contrast Agents
This is a list of the currently available,
FDA-cleared MRI contrast agents. The list
is broken down by linear and macrocyclic
agents. Clinical study data shows
macrocyclic have less gadolinium retention
in the body than linear gadolinium-based
contrast agents.
Linear GBCAs:
• Ablavar (gadofosveset trisodium)
• Eovist (gadoxetate disodium)
• Magnevist (gadopentetate dimeglumine)
• MultiHance (gadobenate dimeglumine)
• Omniscan (gadodiamide)
• OptiMark (gadoversetamide)
Macrocyclic GBCAs:
• Dotarem (gadoterate meglumine)
• Gadavist (gadobutrol)
• ProHance (gadoteridol)

something a disease if we cannot definitely connect
causality,” she explained.

What is the FDA Doing About
Gadolinium Toxicity Concerns?

The FDA agrees that more research is needed and
there is not enough evidence to impose a regulatory
clampdown on gadolinium-based contrast agents
(GBCAs). In September 2017, the FDA’s Medical
Imaging Drugs Advisory Committee (MIDAC)
voted overwhelmingly to recommend new labels
on GBCAs warning of the possibility of gadolinium
retention in the body.3 The labels will further
explain that linear GBCAs carry a greater risk than
macrocyclic agents, and that there is a greater risk
for certain patient populations. In December 2017,
the FDA announced in a drug safety communication
it is requiring these new warnings to be included
on all GBCAs.4 The FDA also called for increased
patient education and requiring gadolinium contrast
vendors to conduct additional animal and clinical
studies to assess the safety of these agents.
The FDA stated there is no clinical evidence that
directly links gadolinium retention to adverse health
effects in patients with normal kidney function,
and the FDA has concluded that the benefit of
all approved GBCAs continues to outweigh any
potential risks.
“The health consequences, if any, are as of yet
entirely unknown, and so far there are no known
consequences of retained gadolinium,” Kanal said.
“It does not mean that there are none, it just
means that we don’t know of any at this stage and
more studies are needed. That appears to be the
conclusions of the FDA and the MIDAC committee so
far.” He said the American College of Radiology (ACR)
and International Society for Magnetic Resonance in
Medicine (ISMRM) reached a similar conclusion.
However, in July 2017, the European Medicines

Agency (EMA) issued a final opinion that
recommended restricting the use of some linear
gadolinium-based contrast agents (GBCAs) and
suspending the marketing authorizations of others,
citing concerns about gadolinium deposition.5
But, the EMA said it supports the continued use
of macrocyclic GBCAs. The EMA stated “there is
currently no evidence that gadolinium deposition in
the brain has caused any harm to patients. However,
the EMA has recommended restrictions for some
intravenous linear agents in order to prevent any risk
that could potentially be associated with gadolinium
brain deposition.”
The EMA recommended suspending the
marketing authorizations of GBCAs Magnevist
(gadopentetate dimeglumine), Omniscan
(gadodiamide) and OptiMark (gadoversetamide).
The group cited the benefit-risk balance is no longer
favorable for certain linear GBCAs. But, the EMA
recognized certain linear GBCAs are still needed
for liver imaging, so retained Primovist (Eovist in
the U.S., gadoxetate disodium) and MultiHance
(gadobenate dimeglumine).
Kanal pointed out ACR came out with a statement
last fall disagreeing with the EMA recommendations.
“From a fixed amount of data, there are very
divergent conclusions being reached on both sides
of the Atlantic,” Kanal explained. “Multiple, further
studies are clearly warranted.”

What is Known About
Gadolinium Deposition

There are two classes of GBCAs based on their
chemical shape — linear and macrocyclic agents.
Agarwal said there are four studies6,7,8,9 that have
shown linear agents have more retention in the
brain than macrocyclic agents. However, recent
studies have also shown all agents, including
macrocyclic, leave gadolinium behind in the brain
to some level. While deposition in the brain has
been the main reason for concern in recent years,
she said in animal studies, there was 100 times
more gadolinium retained in skin and bones than
there was in the brain.
“We have known for decades that there is residual
amounts of these agents left behind in the human
body, and the level varies from agent to agent,”
Kanal said. “But, for whatever reason, when Dr.
Kanda in December 2013 showed there was a
change in the magnetization behavior in parts of the
brain,1 and then the literature went on to find it was
related to the presence of gadolinium, that caused a
substantial amount of reaction and concern.”
To decrease the toxicity of gadolinium, Kanal
said it is put together with another chaperone or
ligand molecule. He explained this chelation of the
gadolinium molecule massively increases the safety
index and allows it to be used as a contrast agent to
humans. However, for the gadolinium that is retained
in the body, Kanal said there is a theory that as
long as the agent remains in a chelated, imprisoned
format, it is safe.
“But, if the gadolinium were to pop off that ligand
molecule, it might lead on to diseases such as
nephrogenic systemic fibrosis (NSF),” he explained.
“Now some people are wondering if the same thing
applies for the brain. But, the brain is different and
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it does not heal damage through fibrosis, the brain
heals by gliosis. So, we are not even sure in having
gadolinium in what form is it going to be dangerous,
if at all. We don’t really understand that right now.
There is a tremendous amount of pressure to say
when it separates it becomes a problem and leads to
NSF.” He said this fact might be true, but you cannot
automatically assume that when the gadolinium
separates from the chelated molecule that it leads to
other problems.
“Today, there is still a massive amount that we still
don’t know. But, just because we don’t see any harm
does not mean that there isn’t any, and just because it
disassociates, does not mean it does any harm in that
organ,” Kanal explained. When gadolinium separates,
he said it might go to phosphate or carbonate, and
gadolinium phosphate may precipitate out to the
basal ganglia in the brain. “But, calcium, another
metal that we know, precipitates out in the brain
and it is a normal finding,” he said. Even if there is
precipitation of gadolinium in some form in the brain,
the question is it inert or is it actually harmful. “We
have no way of knowing, at this stage it is just too
early to tell. But, there is such concern that we are
finding the industry, in my opinion, has substantial
difficulty separating knowledge from opinion and
from hype,” Kanal said. “I think everyone would agree
that it would be better if we did not have any residual
gadolinium left in the body.”
He said there is a tendency to group all
macrocyclic agents and linear agents together
and say these agents all act the same. But, recent
studies have shown agents, even in the same class,
do not all behave the same, so they should not be
lumped together.

What Radiologists Can Do Right Now
About Gadolinium

Kanal said the new public awareness will force
radiologists to begin personally approving all contrast
doses before exams to ensure they are justified,
weighing the risk benefit for each patient. He said
radiologists should not be relying on referring
physicians who order exams and do not know the
differences between these agents and who really do
not understand the potential safety issues.
“These are pharmaceutical agents, and these
are our patients,” Kanal said. “We are not just a
‘doctor’s doctor,’ these are literally and legally our
patients and as a radiologist I will be held legally
responsible for every decision I make about my
patient. Every decision I make, whether through
commission or omission, it is my decision. If I allow
a drug to be given because a referring physician
ordered it, that too is my legal responsibility, and if
there is harm, liability.”
The University of Pittsburgh has a process where
radiologists need to review all orders requesting
contrast exams for final approval before a patient is
scanned. Kanal does emergency radiology and about
a fifth of the orders requesting contrast are cancelled
because the contrast, or the MRI, are not needed.
“[At Stanford] we review every single MRI exam,
we review the indication for the exam, past medical
history, and we review the previous imaging,”
Wintermark said. “After that, we protocol each
study and try to decide what is best for the patient.
Whenever we use these contrast agents, we want
to make sure there is a clear benefit for the patient.
Like anything we use in medicine, there is always
a benefit, but there is also potential for risks and as

radiologists we need to decide with the patients what
is best for them.”

Need for a Gadolinium Dose Tracking,
Patient Registry

One way to track the safety of gadolinium agents
in a scientific format would be through the creation
of a patient registry. Patient data, the contrast dose,
type of agent used, MRI system, protocols used and
patient history could be included in registry data so
as patients say they are experiencing health concerns
or potential adverse reactions, this can be tracked in a
large population to identify similarities.
This is already done with many types of implantable
devices, in some cases where the FDA mandated such
a post-market surveillance and medical societies host
and administer the registry data collection as a third
party. “I think it will be likely that a patient registry will
be created in the near future,” Kanal said.
However, a big issue facing radiology is that
most departments currently do not record contrast
dosages or even what specific agent was used. “It
is very difficult to find out from the EMR how many
administrations of gadolinium contrast there were or
the doses used,” Agarwal said.
“In the past, radiology as a speciality has been
an abysmal failure in recording accurately how
much we gave or even what agent we gave,” Kanal
said. However, he expects with the current concern
over gadolinium, there will be a rapid and massive
movement toward treating contrast agents much
more like the prescription drugs they are. This includes
recording the doses, what agent did the patient have
last time, agent being used for the current exam, what
rate was it administered and what route.
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Wintermark also said there is a need for contrast
dose tracking, but it can be difficult to track when
imaging is performed at different locations over
the course of several years. “It is important that
we gather this information and put it together and
hopefully in the end, we can get to the bottom of it
and understand exactly what is going on and we
can hopefully prevent it in the future,” he explained.
“We need to collect that information, but for that
information to be helpful, it needs to be collected
in a rigorous fashion, because we don’t know if the
symptoms being reported are from one entity or
multiple entities. That is where the quality of the data
collection is very important to help sort things out.”
Radiology information systems (RIS) and picture
archiving and communication systems (PACS)
often have no interface with contrast injectors to
automatically transfer information into the patient
record, so the contrast data needs to be manually
transferred into the system, according to Joanne
Hoener, RT(R)(MR)(CT)(CIIP), who now works as a
clinical marketing specialist at Bayer and presented
at an RSNA lunch session on gadolinium safety.

The main reason is that the majority of clinical data
on these agents show they are safe.
“I don’t think it is necessary or warranted,” Kanal
said. “I have been told from two medical malpractice
attorneys that we cannot acquire informed consent if
all I am telling a patient is that there are no known risks,
but who knows what might happen in the future — that
is not informed consent. The new trials will help decide
if informed consent will be indicated in the future.”
Some practices are looking into informed consent
documentation, but others do not want to do this
because of fears it may open the door to litigation,
Agarwal said.

Replacing Gadolinium Agents

Some MRI vendors have touted new technologies
like black blood imaging, or new protocols that
can reduce or eliminate the need for MRI contrast.
However, Wintermark said some types of exams still
require the use of gadolinium in order to answer the
clinical questions the MRI is supposed to answer.
“Currently there are a number of things you can
only do with gadolinium contrast agents. When
exploiting the fact that the
contrast is filling up the vessels
to highlight them, there are
Gadolinium contrast agents have been used
other techniques that can be
in hundreds of thousands of patients over
used. But when looking at the
blush of contrast in tumors,
the past couple decades and the clinical
that is something you cannot
evidence shows it is safe in most patients.
do using other techniques with
the same level of sensitivity and
specificity,” Wintermark stressed.
“When you do a manual process, you will get
“There is ongoing research to find alternatives, but
discordance,” she said. For MRI contrast, Hoener
currently there is no good alternative for all the things
said what needs to be recorded is dose rate,
that the gadolinium can help with.” itn
strength, time/date, agent delivered and device to
deliver contrast. She said this information should be
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Should Radiology Departments
Require Informed Consent Forms for
Gadolinium Exams?

Patients who say they were harmed by gadolinium
agents often argue they were never given any sort of
informed consent documents to sign warning them
of gadolinium’s potential hazards. Experts speaking at
RSNA 2017 said this might be easier said than done.
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