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“Pull linear MRI contrast from 
market, European group says”

auntminnieeurope.com

March 10th 2017
In a stunning development the 

Pharmacovigilance Risk Assessment 
Committee (PRAC) of the European Medicines 

Agency (EMA) have recommended that four 
gadolinium based contrast agents be pulled off 

the market.   The agents are:-
Multihance
Omniscan 
Magnevist
Optimark
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What is Gadolinium?

Rare earth metal, naturally occurring in 
certain ores. 

Heavy metal - Lanthanide series 
Symbol Gd - Atomic Number 64.

Paramagnetic Property – due to presence of 7 
unpaired electrons.

Gadolinium clinical use in MRI

• 1984 Gadolinium found to provide 
enhancement of relaxation rate.

• 1988 Gadolinium Agents introduced into 
clinical practice.

• As of 2016 an estimated 200-350 million + 
doses have been administered worldwide.

Gadolinium’s properties
Gadolinium acts as an MRI contrast agent by altering 
the relaxation rate of nearby hydrogen protons.

Free Gd3+ ions are toxic in biologic systems, probably 
because their ionic radius is very nearly equal to that of 
divalent Ca2+ ions, and they can compete with Ca2+ in all 
cellular pathways that require Ca2+ for proper function.

Therefore to use Gd in MRI it is chelated to a ligand in 
gadolinium based contrast agents (GBCAs).

FDA Approved Gadolinium Contrast Agents

Linear Agents

Gadobenate – Multihance
Gadodiamide – Omniscan

Gadopentetate – Magnevist
Gadoversetamide – Optimark

Gadoxetate – Eovist
Gadotosveset – Ablavar

Macrocyclic Agents

Gadobutrol – Gadavist
Gadoterate – Dotarem
Gadoteridol - Prohance

Immediate Hypersensitivity to GBCAs:

Less than 0.1%, increasing with the number of 
exposures.

30% in those with PH hypersensitivity reaction.

(Jung et al. Radiology 2012; 264(2):414-422)



6/04/2017

3

2006
Nephrogenic Systemic Fibrosis

Gadolinium - a specific trigger for the 
development of nephrogenic fibrosing 
dermopathy and nephrogenic systemic fibrosis

(Grobner et al. Nephrol Dial Transplant 2006;21:1104-1108)

Nephrogenic Systemic Fibrosis
NSF

• Widespread and life threatening process 
predominantly involving skin and 
subcutaneous tissues.

• May progress rapidly with severe joint 
contractures.

• Critical factors in its genesis are severe renal 
failure and IV administration of gadolinium, 
especially linear agents.

Pathology of NSF
• Retained gadolinium is released by de-

chelation.
• “Free Gadolinium” binds with native 

anions and is deposited in tissue, 
stimulating a fibrotic reaction.

• Awareness has resulted in this condition 
being “eliminated” since 2009.

(Idee JM et al. Crit RevToxicol 2014; 44:895-913)

Questions and Answers in Magnetic Resonance 
Imaging

• Allen D. Elster
• Mosby–Year Book Inc. 1994

Gadolinium Excretion

• Plasma half-life 1.6 hours.
• With a half life this short 99.99% should be 

eliminated in 24hours.
• But only  91% is excreted in 24hours.
• Therefore about 10% of the dose is 

“sequestered” and presumed to be excreted 
more slowly.

(Weinmann et al Physiol Chem Phys Med NMR 1984;16:167,1984)

Gadolinium retention in bone
Studies on excised femoral heads of patients 

undergoing hip replacement:
Gadolinium was found in the hip bones of 

patients with normal renal function.
(Gibby et al. Invest Radiol 2004;39:138-142.)

Anomalous high levels of Gd in bone up to 8 
years after administration of chelated Gd.

(Darrah et al. Metallomics 2009; 6:479-488.)
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1988 to 2014---- 26 years elapsed----
Many patient doses administered. 

Kanda et al. Radiology:2014;270:834-841

High signal intensity in the dentate nucleus and 
globus pallidus on unenhanced T1- weighted 
MR images: relationship with increasing 
cumulative dose of gadolinium-based contrast 
material.

Gadolinium accumulation in CNS
Kanda et al Radiol 2014; 270:834-841

Houdun H Pediatr Radiol 2016; 46:1590-1598

Kanda et al reported an observation. 
Subsequently, other research has 
confirmed this observation is due to 
gadolinium.

There have been no reliable reports of 
specific neurologic deficit in relation to 
the observation of cerebral 
accumulation of Gadolinium.

FDA position
Safety Announcement  (27 Jul 2015)
“The U.S. Food and Drug Administration (FDA) is 
investigating the risk of brain deposits following repeated 
use of (GBCAs) in MRI...........

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.”

Publications on gadolinium
• Up to 2014 - sporadic publications, 

increasing in 2015.

• 2016 - At least 30 major articles published. 
Many basic science papers as well as clinical 
papers. December issue of MRI journal 
completely devoted to gadolinium.

• 2017--- wait and see.
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So, It’s hit the fan then.

Gadolinium in Humans: A family of Disorders 

Semelka et al. AJR 2016;207:229-233

“Gadolinium Storage Condition”
“Gadolinium Deposition Disease”

Gadolinium Storage Condition

Histologically proven presence of Gadolinium in 
tissue.

Gd has been found in brain and bone at autopsy of 
patients with normal renal function.
(McDonald et al Radiology 2015;275:772-82
Kanda et al Radiology 2015;276:228-32)

Gd has been found in skin biopsy of patient with normal 
renal function who had 61 contrast MRIs over 11 years 
and had severe joint contractures of unknown etiology.
(Roberts Invest Radiol 2016;51(5):280-289) 

Gadolinium Deposition Disease

• Symptomatic Deposition of Gadolinium in 
individuals with normal or near normal renal 
function.

• Persistent symptoms arising hours to months 
or even years after administration of 
gadolinium.

• Symptoms are similar to those described in 
NSF.

What are these symptoms?
• Subcutaneous skin thickening “glove and 

stocking” distribution.
• Skin Plaques (Gathings et al JAMA Dermatol

2015;151(3):316-319)

• Painful tendons and ligaments
• Excruciating peripheral pain. Torso may be 

affected.
• Clouded mentation (“brain fog”).
Burke Magn Reson Imaging 2016;34(8):1078-80

“The extent of overlap  between patients with 
gadolinium deposition disease and subjects who have 
shown gadolinium storage condition in the brain is not 
known; further research is needed.”
(Semelka et al. AJR 2016;207:229-233)

Recent discussion focussing on brain deposition in a 
podcast Mar 2017 from Radiological Society North 
America .  Clinical significance of brain deposits 
unknown.

However, there are patients out there complaining of 
symptoms, including neurological symptoms.
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Sharon Williams
“The Lighthouse Project”

• Initial letter to Commissioner U.S. Food and Drug 
Administration 2012 with follow-up in 2016. Scientific 
discussion, supported by 187 references. 

• www.GadoliniumToxicity.com
• Not promulgating pseudo-science but scientifically 

looking for answers for a group of people who believe 
they suffered symptoms after GBCA administration.

• Publication of scientific papers on website, with full 
recognition of their limitations.

“ The Lighthouse Project” 
publications

2013 Self reported Toxicity: A survey of 
patients with chronic symptoms.

2017 Gadolinium Retention from contrast 
MRIs in 70 cases with normal renal function –
24-hour urine test results.

Moshe Rogosnitzky

Comprehensive literature review of the toxic 
effects of Gd. (Biometals 2016;29(3):365-376)

Petition on change.org, Jan 2017, asking FDA 
and WHO to warn physicians and patients 
about risks of Gd, restrict its use to where 
benefit outweighs risk, and promote further 
research,  development of alternatives, and 
development of effective treatment to 
eliminate Gd from body.

Recognition of work of Sharon Williams by several 
researchers – Kanal, Semelka, Burke.

…their concerns warrant being taken seriously and should invoke 
serious, formal and prospective study 
(Kanal Magn Reson Imaging 2016; 34:1341-1345)

We believe that radiologists and clinicians must be attentive to the 
development of NSF-like disease in patients with normal renal 
function and not dismiss patients with severe symptoms after GBCA 
administration.”
(Semelka et al AJR 2016; 207(2); 229-233) 

“At the very least, this study highlights the need to further investigate 
the subject of patients with normal renal function who complain of 
severe long-lasting symptomatology.”
(Burke Magn Reson Imaging 2016;34(8):1078-80)

Environmental issues relating to Gadolinium
Anthropogenic Gadolinium

• High levels in San Francisco Bay 
(Hatje et al Environ Sci Technol.2016,50,4159-4165)

• High levels in the Han River, Seoul 
(Hyeongseok Song et al Chemosphere 2017;127: 155-165)

• …sewage treatment processes in waste water 
treatment plants fail to remove the vast majority of 
the medically administered gadolinium excreted in 
urine.

(Kanal Magn Reson Imaging 2016; 34:1341-1345)
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Why use gadolinium in Breast MRI?

In symptomatic women, GBCA MRI allows 
detection of lesions which would otherwise go 
undiagnosed.  

BUT – Screening breast MRI is a unique situation 
- the only instance in radiological practice where 
contrast MRI is used repeatedly in screening 
people who are well. 

MRI high risk screening

• Many patients could have of the order of 20+ 
contrast enhanced MR scans for the purpose 
of breast screening alone.

• Under Medicare an additional scan is covered 
by  rebate during the annual scan cycle.

Letter to the RANZCR April 2016
Response July 2016

As per the college guidelines for consent, 
the extent of discussion will vary with the 
patient’s circumstances and concerns.
One should certainly be ready to address 
questions arising from media coverage of 
gadolinium retention.
------controversial statement-------

Should we be concerned?

Yes!

What should we do?
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Are the macrocyclic agents safe?

• They do appear to be more stable and to result 
in less retention than linear agents. 

• Animal studies suggest less Gd in brain of rats 
with macrocyclic GBCAs, but not zero.

• Increased T1 brain signal in patients with MS 
given a macrocyclic agent. 

(Stojanov et al Eur Radiol 2016 26:807-815 )

• Findings have come under criticism by Prof V 
Runge. Remains controversial.

Are we placing ourselves at risk if we

withhold contrast enhanced breast MRI 

from High Risk Women?

I do not know if I should continue 
to refer patients for screening 

Breast MRI.

Not every woman with high risk will develop 
breast cancer.

• Screening remains controversial.
• Clear guidelines for patient management, with 

regards MRI screening, are not available at 
present and there appears to be a reluctance 
both locally and internationally to address this 
difficult issue.

• As a result, both patients and their doctors are 
vulnerable. 

Screening high risk women with Breast MRI ------
What do we do?

• Use Macrocyclic Agents
• Better informed patient consent.
• Greater awareness of Gadolinium 

storage/disease effects.

Hope for
• Improvements in unenhanced MRI 
• Better treatments for Gadolinium removal

Summary
• Gadolinium is still widely used.
• Part of every administered dose is retained.
• Some patients will develop symptoms and the likelihood 

of this increases with increasing exposure.
• We do not know which patients will develop symptoms, 

or when this might occur.
• We do not even know what symptoms they may develop, 

so we may not recognize them as related. 
• Patients who complain of symptoms must not be 

summarily dismissed, but rather their symptoms should 
be recorded and followed up.
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“All screening programmes do harm; 
some do good as well, and, of these, 

some do more good than harm at 
reasonable cost.”

The End------
for now

‘I sometimes think that God,
in creating man,

somewhat overestimated his
ability.’

Oscar Wilde


