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Gadolinium

• Gadolinium is a heavy metal of the lanthanide group with a molecular 
weight of 157 Daltons and known paramagnetic properties.

• Free Gadolinium ion is highly toxic in humans (Gd3+) as it competes 
with Ca2+ in all biological processes because of similar ionic radius. 

• This competition can lead to an inhibition of calcium channels, with 
inhibition of nerve impulse transmission and blockage of  all Ca2+ 
dependent enzymes such as de-hydrogenases, kinases, and ATPases. 
This inhibition may affect mitochondrial function and impair cellular 
survival.



Gadolinium based contrast agents (GBCA)

• GBCA is categorized depending 
upon the structure of chelate 
carrier (linear versus 
macrocyclic) and on their charge 
(ionic versus non-ionic).

• Macrocyclic and ionic carriers 
bind more strongly to Gd3+ with 
less toxicity.

• All GBCA are excreted through 
kidneys except gadobenate and 
gadoxetate have dual excretion 
(renal and hepatobiliary)



Transmetallation



Gadolinium and CKD



Long term poor outcomes of GBCA

•Nephrogenic systemic fibrosis (NSF).
• Gadolinium deposition disease.

• Nephrotoxicity by GBCA.



Nephrogenic systemic fibrosis (NSF)

• At 2007, the Food and Drug Administration (FDA) issued a “black-box 
warning” for patients with severe kidney insufficiency using GBCA of group 
I. From that time the incidence of NSF become very low 0-0.07%.

• It is devastating condition characterized by extensive thickening and 
hardening of the skin with histopathologic features of haphazardly 
arranged dermal collagen bundles and abundant fibroblasts.



Nephrogenic systemic fibrosis (NSF)

• Usually symmetrical, develop on the limbs and trunk, and begin as a 
papule that transitions to erythematous plaques with a peau d’orange
appearance.

• Contractures over joints are common.

• Systemic involvement in heart, lung, muscles, CNS, GIT, Kidneys may occur.









Gadolinium deposition disease

• There is brain deposition mainly in dentate nucleus and globus 
pallidus in patients with multiple GBCA exposures especially with 
linear compounds.

• There is also bone deposition of GBCA especially linear compounds.

• Gadolinium-associated plaques are skin plaques, but who did not 
have classic NSF findings, after GBCA exposure.



Gadolinium and nephrotoxicity



Mechanism of Gadolinium nephrotoxicity



Presentations of Gadolinium nephrotoxicity

• Subclinical cases of AKI are more common. 

• Manifest cases occur with risk factors (severe kidney impairment, 
diabetes, high dose of GBCM, or use of linear GBCM) 

• Biomarkers of Tubular injury as NAG,KIM1, NGAL, IL18, insulin-like 
growth factor binding protein 7 (IGFBP7), and Tissue inhibitor of 
metalloprotease-2 (TIMP2).



Long term poor outcomes of GBCA

• Nephrogenic systemic fibrosis (NSF).

• Gadolinium deposition disease.

• Nephrotoxicity by GBCA.



Risk Factors for NSF

• Patient-related factors • GBCA related factors



Patient-related factors 

• CKD stage 4,5.

• Acute kidney injury.

• A proinflammatory state in a patient with impaired renal function.

• Renal immaturity in fetuses, neonates, and infants, and consequently 
pregnant women (because of the risk to the fetus)



GBCA related factors

• Higher doses above standard doses

• Multiple administrations, especially 
within a short time.

• Type of GBCA (structure of the 
organic chelating ligand (linear or 
macrocytic) and net charge (ionic or 
non-ionic)and hence, stability).

• Mode of excretion of GBCA, all have 
renal excretion except gadobenate
and gadoxetate which have both 
renal and hepatobiliary.



The pooled incidence 
of NSF was 0 of 4931 
(0%; upper bound of 
95% CI, 0.07%)



Conclusions from this meta-analysis

• The risk of NSF from group II GBCA administration in patients with 
stage 4 or 5 CKD is likely less than 0.07%. 

• The harms of withholding group II GBCA for indicated examinations 
may outweigh the risk of NSF in this population.



Lauenstein T et al. Invest Radiol 2015;50: 416–422



• Eighty five patients with CKD stage 4 and 5 were followed up for 2 
years after performing MRI using gadoxetate disodium (group III)

• No patient  developed symptoms conclusive of NSF within the 2-
year follow-up. 

Lauenstein T et al. Invest Radiol 2015;50: 416–422



Dose relationship to NSF risk



Dose relationship to NSF risk



Dose relationship to NSF risk



Other risk factors for NSF



Pro-inflammatory events as risk factors for NSF

Proinflammatory events include all processes in which the body has 
sustained major tissue injury such as 

• Vascular surgery, transplantation surgery, or other major surgery.

• Sepsis, pneumonia, osteomyelitis, or other major infection.

• Arterial or venous thrombosis causing ischemia and organ or limb damage.

In all these states, the body is attempting an intense healing response 
following activated major inflammatory pathways. This can explain onset 
of NSF.



Pro-inflammatory events as risk factors for NSF

Sadowski E et al. Radiology 2007; 243 (1):148-157



• The gadolinium chelates have 
MW that range from  500 to 
1000 Da. As they are hydrophylic
and do not bind to plasma 
proteins therefore, they are 
excellent candidates for removal 
through hemodialysis.

• The gadolinium removal with 
peritoneal dialysis are much less 
effective than hemodialysis.

Rodby R. Seminars in Dialysis 2008; 21(2):145–9



• Canadian Association of Radiologists (CAR) recommends that in 
patients Grade 5D, HD should continue after receiving GBCA and 
should be performed the same day as GBCA administration, ideally 
within 2 to 3 hours of MRI. 

• There is insufficient evidence to support initiation of dialysis in grade 4 
or 5, change from PD to HD, or altering dialysis prescription to reduce 
the risk of NSF.

Schieda N et al. Canadian Journal of Kidney Health and Disease 2018;5:1-17





Recommendations for GBCA Use in CKD 
stage 4, 5

• Correction of risk factors; adequate hydration status, correction of 
acidosis, and the treatment of hyperphosphatemia should be 
undertaken.

• Macrocyclic ionic compounds (group II) is advised.

• Standard dose not higher dose is recommended.

• Multiple doses with spacing at least one week apart between 2 
doses is advised.

• In CKD stage 5D, HD session should be performed the same day as 
GBCA administration, ideally within 2 to 3 hours of MRI.



Thank You
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