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How GBCAs Work
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How GBCAs Work

• GBCAs change the relaxivity properties of water molecules near 
contrast molecules.


• Greater separation, over time, between water and other signal.
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Chelate Structures & Bonds



2022 Dubai Advanced MRI Safety Seminar GBCAs

Chelate Structures & Bonds

We Don’t Inject Gadolinium…

• Raw Gadolinium is a heavy metal & highly toxic

• We pair the Gd ion with another molecule to make it biologically inert

• Different chelates / ligands give the GBCA different attributes

• Relaxivity

• Stability



2022 Dubai Advanced MRI Safety Seminar GBCAs

Bonds
Chelate Structures & Bonds

• Ionic

• Non-Ionic



2022 Dubai Advanced MRI Safety Seminar GBCAs

Structure
Chelate Structures & Bonds

• Linear

• Macrocyclic
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Stability
Chelate Structures & Bonds

Linear - Ionic Macrocyclic - Ionic

Linear - Non-Ionic Macrocyclic - Non-Ionic
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New US FDA-Approved Agents September, 2022
Chelate Structures & Bonds! MRI Sponsored by Fujifilm Healthcare Americas

" # $ % & '
Guerbet gets FDA approval for Elucirem lower-dose MRI contrast
By Brian Casey, AuntMinnie.com staff writer

September 22, 2022 -- Contrast agent developer Guerbet has received approval from the U.S.
Food and Drug Administration (FDA) for Elucirem (gadopiclenol), a new MRI contrast agent the
company is developing in collaboration with Bracco.

Elucirem is a high-relaxivity macrocyclic gadolinium-based contrast agent (GBCA) that was
developed with the goal of allowing radiology practices to use half the gadolinium dose of existing
GBCAs. The product is designed to address ongoing concerns about gadolinium exposure in
patients and has been designed with two sites for water molecule exchange to increase relaxivity
and contrast, according to Guerbet.

Indications for the agent include detection and visualization of lesions with abnormal vascularity in
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Guerbet gets FDA approval for Elucirem lower-dose MRI contrast https://www.auntminnie.com/index.aspx?sec=sup&sub=mri&pag=dis&...
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New US FDA-Approved Agents September, 2022
Chelate Structures & Bonds
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What Do GBCAs Do?
Chelate Structures & Bonds

It increases visual contrast.

… computers can detect contrast at lower levels than the human eye, 
so does our future suggest AI-enhanced contrast displays with 
markedly lower doses?
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NSF, Toxicity, Retention
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Nephrogenic Systemic Fibrosis
NSF, Toxicity, Retention

In 2005 - 2006 we ‘discovered’ Nephrogenic Systemic Fibrosis.

A syndrome of symptoms linked to patients who had received GBCAs.

Symptoms included painful hardening of skin and organs.

Was originally believed to only occur in patients with very poor renal 
function.                Though we have a small number of NSF cases without clear 
evidence of poor renal function.
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Nephrogenic Systemic Fibrosis
NSF, Toxicity, Retention

In 2007 the US FDA started grouping agents based on NSF association

Group 1


Magnevist

Omniscan

Optimark

Group 2


Gadovist

Multihance

Prohance

Dotarem / Clarisan

Group 3


Ablavar 

Eovist / Primavist

Elucerim / Vueway

(L-I)

(L-NI)

(L-NI)

(M-NI)

(L-I)

(M-NI)

             (M-I)

            (M-NI)

(L-I)

(L-I)
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Sub-NSF Toxicity
NSF, Toxicity, Retention
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Sub-NSF Toxicity
NSF, Toxicity, Retention

• In 2016 Semelka et al describe ‘Gadolinium Deposition Disease’

https://mriquestions.com/uploads/3/4/5/7/34572113/gd_emelka_jrmi.pdf
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Sub-NSF Toxicity
NSF, Toxicity, Retention

• GDD / Gadolinium Toxicity is not formally recognized as a disease.
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Benign GBCA Retention
NSF, Toxicity, Retention

We used to think all GBCA was excreted.

It’s not.


Some GBCA from every agent may be retained, indefinitely…

producing enhancement in regions where it collects.
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Benign GBCA Retention
NSF, Toxicity, Retention

https://www.acr.org/-/media/ACR/Files/Clinical-Resources/Contrast_Media.pdf
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Benign GBCA Retention
NSF, Toxicity, Retention

Since small quantities of GBCA will remain / reside in patients, stability 
of the the agent is of significant importance.

Stability of Gadolinium-Based Magnetic Resonance Imaging Contrast 
Agents in Human Serum at 37°C

Frenzel et al

https://journals.lww.com/investigativeradiology/Abstract/2008/12000/
Stability_of_Gadolinium_Based_Magnetic_Resonance.1.aspx
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Renal Function Testing
NSF, Toxicity, Retention

https://www.acr.org/-/media/ACR/Files/Clinical-Resources/Contrast_Media.pdf
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Renal Function Testing
NSF, Toxicity, Retention

https://www.acr.org/-/media/ACR/Files/Clinical-Resources/Contrast_Media.pdf
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Renal Function Testing
NSF, Toxicity, Retention

https://www.guerbet.com/en-us/products-solutions/contrast-agents/dotarem-gadoterate-meglumine-injection
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GBCAs In Pregnant / Pediatric Populations
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Pregnant Patients
GBCAs In Pregnant / Pediatric Populations

• Gadolinium Based Contrast Agents cross the placenta

• Once fetal kidneys are functional, GBCA will deposit in amniotic fluid
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Pregnant Patients
GBCAs In Pregnant / Pediatric Populations

Association Between MRI Exposure During Pregnancy and Fetal and Childhood Outcomes

Ray et al

https://jamanetwork.com/journals/jama/article-abstract/2547756
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Pregnant Patients
GBCAs In Pregnant / Pediatric Populations

Association Between MRI Exposure During Pregnancy and Fetal and Childhood Outcomes

Ray et al

https://jamanetwork.com/journals/jama/article-abstract/2547756
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Pregnant Patients
GBCAs In Pregnant / Pediatric Populations

https://www.acr.org/-/media/ACR/Files/Clinical-Resources/Contrast_Media.pdf



2022 Dubai Advanced MRI Safety Seminar GBCAs

Breastfeeding Patients
GBCAs In Pregnant / Pediatric Populations

https://www.acr.org/-/media/ACR/Files/Clinical-Resources/Contrast_Media.pdf
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Breastfeeding Patients
GBCAs In Pregnant / Pediatric Populations

https://www.acr.org/-/media/ACR/Files/Clinical-Resources/Contrast_Media.pdf
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Pediatric Patients
GBCAs In Pregnant / Pediatric Populations

• The ACR & US FDA offer no specific guidance on GBCAs in pediatric 
populations.


• They defer to GBCA Manufacturer IFU
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Anthropogenic Gadolinium Exposure
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Anthropogenic Gadolinium Exposure

https://reader.elsevier.com/reader/sd/pii/S0043135420305030
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Anthropogenic Gadolinium Exposure

https://reader.elsevier.com/reader/sd/pii/S0043135420305030
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Q&A
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Thank You
Tobias Gilk, MRSO, MRSE 

TGilk@GilkRadiologyConsultants.com 
@tobiasgilk 
www.facebook.com/groups/MRIsafety 


