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Talk Outline

1. GBCA and Gadolinium Retention Background

2. Macrocyclic vs. Linear GBCAs

3. Are Gadolinium Deposits Toxic?
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5. Why Not Just Use Macrocyclic GBCAs?



GBCA Safety

• Over 450 million GBCA doses 

administered worldwide!

• Adverse effects can be severe, 

and even life altering/ending.

• We have an obligation to mold 

our practice patterns to the 

safety profile of these agents 

and to take steps to minimize 

harm to patients.

GBCA Enhanced Scans/Year: 40 million

Cumulative  doses: 450 million

Side Effect Frequency Cases / year

Mild Rxn 0.1% 40,000

Mod. Rxn 0.01% 4,000

Severe Rxn 0.001% 400

NSF 0.00001%* 4-40 *
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T1 Hyperintensity and Gd Retention
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Intracranial Gadolinium Retention
PRELIMINARY MR EVIDENCE



Intracranial GBCA Retention
STUDY DESIGN / METHODS

1) Underwent 4+ Gd-enhanced or 1+ unenhanced brain MRIs

2) Had appropriate pre-contrast T1W sequences 

3) Underwent autopsy with antemortem consent

1) Demographics

2) Comorbidities

3) Labs at time of MRI

TISSUE ANALYSISEMR SEARCH

STUDY INCLUSION/EXCLUSION CRITERIA

ICP-Mass Spectrometry Transmission Electron Microscopy Light Microscopy

Contrast Exposed Group: N = 13

Non-contrast Group: N = 10

eGFR, Alk Phos, AST, Bilirubin



Intracranial Gadolinium Retention
CONFIRMATORY ICP-MS EVIDENCE

McDonald et al, Radiology 2015



Intracranial Gadolinium Retention
CONFIRMATORY TEM EVIDENCE
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Intracranial Gadolinium Retention
HOW WIDESPREAD IS THIS PHENOMENON?

• Gd retention was observed in patients exposed to linear and macrocylic

GBCAs. 

• Gd appears to be retained in nearly every tissue!
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Macrocyclic vs. Linear GBCAs
CHEMICAL JUSTIFICATION
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• Gadolinium tissue concentration is not entirely class-dependent

• Gadavist levels are much higher than ProHance, and within 2-4 –fold of linear agents.

• Similar pattern of differentiation is seen in other organs, at higher [Gd].

McDonald et al, in press, Radiology 2017

PRECLINICAL MODEL OF GD DEPOSITION

Macrocyclic vs. Linear GBCAs



ICP-MS RESULTS – BRAIN

Wks after inj.

Group Control HP-DO3A BT-DO3A DOTA EOB-DTPA BOPTA DTPA DTPA-BMA

ProHance Gadavist Dotarem Eovist MultiHance Magnevist Omniscan

Control HP-DO3A BT-DO3A DOTA

ProHance Gadavist Dotarem
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Gadolinium Retention
EMA AND FDA RECOMMENDATIONS

Findings EMA FDA 

Standard for drug suspension Precautionary principle Evidence of harm

Current standing Linear GBCAs banned* No current ban

Request for ongoing research No Yes

Involved in ongoing research No Yes



QUESTION: Is Gadolinium Toxic?

YES



QUESTION: Are Gadolinium Deposits Toxic?

?



Are Gd Deposits Toxic?

Mechanisms Study Species/cells Reference

Nephrotoxicity (reduced glomerular filtration rate) In vitro Renal tubular cells Heinrich et al. 2007 

Nephrotoxicity (acute tubular necrosis) In vivo Pigs Elmstahl et al. 2006

Hematoxicity (reduced WBC count) Case report Human Akgun et al. 2006

Hepatotoxicity (vacuolar degeneration, disorganized hepatic cords) In vivo Mice Chen et al 2015

Pancreatitis Case report Human Blasco-Perrin et al. 2013

Neurotoxicity (myoclonus, ataxia, tremor, neuronal death, and hemorrhage) In vivo Rats Ray et al. 1996

Neurotoxicity (encephalopathy) Case report Human Hui and Mullins 2009

NSF & OTHER MECHANISMS



• Multiple studies have found no histologic changes in brain tissues of patients 

exposed to GBCAs (McDonald et al, 2015, McDonald et al, 2017, Fingerhut 

et al, 2018).

HISTOLOGY RESULTS

Are Gd Deposits Toxic?

McDonald et al, Radiology 2017

• Numerous preclinical studies 

have also not found 

histologic changes due to 

GBCA administration. 



Are Gd Deposits Clinically Significant?

• The Single Most Important Question

• Real World Data: Over 450 million doses of IV GBCAs have 

been administered over the past 30 years (Linear > 

Macrocyclic) WITHOUT widespread reports of neurotoxicity. 

However, scientific proof is needed!

• How Do We Go About Testing This?

1. Preclinical Models

2. Retrospective Human Data

3. Prospective Human Data



Krack, P., et al. "Trends in Neurosciences 33(10): 474-484

Dentate Nucleus
• Coordination (planning and 

initiation) of limb movement

Basal Ganglia
• learning and memory

• coordination of movement; filtering out undesired movements; 

posture and balance

• implicated in anxiety and mood disorders

WHAT SYMPTOMS TO EXAMINE?

Are Gd Deposits Clinically Significant?



Open Field Arena Y-maze Novel Object Recognition

Social Anxiety TestLadder Rung Task

USING A PRECLINICAL RAT MODEL TO STUDY THE EFFECT OF GD ON  

LOCOMOTOR, COGNITIVE/MEMORY, MOOD & BALANCE/COORDINATION FUNCTION

Mayo Clinic Rodent Behavioral Core Facility

Study Groups

Group Agent
Dose 

(mmol/kg)

1 Saline -

2 Gadopentetate 2.5

3 Gadodiamide 2.5

4 Gadoversetamide 2.5

5 Gadobenate 2.5

6 Gadoteridol 2.5

7 Gadobutrol 2.5

8 Gadoterate 2.5

9 Gadoxetate 2.5

10 Gadodiamide 0.6

11 Gadoterate 0.6

ICP-Mass Spectrometry

Transmission Electron Microscopy 

Light Microscopy

Tissue Analysis

Are Gd Deposits Clinically Significant?



• No differences between GBCA-exposed and control rats 

were observed for any behavioral test. 

Are Gd Deposits Clinically Significant?

USING A PRECLINICAL RAT MODEL TO STUDY THE EFFECT OF GD ON  

LOCOMOTOR, COGNITIVE/MEMORY, MOOD & BALANCE/COORDINATION FUNCTION



NEGATIVE FINDINGS

Findings GBCA Species Condition Reference

No increased risk of Parkinsonism diagnosis Multiple Human No specific Welk et al. 2016

No change in neurologic test results, no 
increased risk of developing mild cognitive 

impairment

Gadodiamide Human No specific McDonald et al. 2016

No signs of cerebellar toxicity Gadoterate Human No specific Perrotta et al. 2017

No correlation between T1 hyperintensity 
and worse clinical outcomes

Multiple Human MS Cocozza et al. 2019

No neurological and 
neurocognitive/psychological 
abnormalities 

Gadodiamide Human Crohn’s Mallio et al. 2019

No association with MS severity Gadodiamide Human MS Zivadinov et al. 2019

No neurological/neuropsychological 
impairment in the DN and GP

Multiple Human GBM Vymazal et al. 2019

Are Gd Deposits Clinically Significant?



POTENTIALLY POSITIVE FINDINGS

Findings GBCA Species Condition Reference

Increased T1 signal in dentate nucleus in 

exposed patients correlated with lower 
verbal fluency scores

Multiple Human MS Forslin et al. 2017

In utero GBCA exposure was associated 
with increased risk of various skin 
conditions, stillbirth, and neonatal death

Multiple Human Pregnancy Ray et al. 2016

Are Gd Deposits Clinically Significant?



Semelka RC, et al AJR 2016;207:229-233

GADOLINIUM DEPOSITION DISEASE

Are Gd Deposits Clinically Significant?

• Studies encompassing 139 patients. 

• Constellation of symptoms, including neuropathic pain, 
fatigue, joint stiffness, headache, cognition changes.



Semelka RC, et al AJR 2016;207:229-233

GADOLINIUM DEPOSITION DISEASE

Are Gd Deposits Clinically Significant?

• No control group, no way to confirm causality. 

• No correlation between reported symptoms and Gd levels. 
• Lots of missing data. 



THE FDA DOES NOT FIND SUFFICIENT 

CAUSAL EVIDENCE FOR GDD

Semelka RC, et al AJR 2016;207:229-233

GADOLINIUM DEPOSITION DISEASE

Are Gd Deposits Clinically Significant?



GD RETENTION LAWSUITS

Are Gd Deposits Clinically Significant?



Should we change clinical practice?

• GBCAs provide crucial, life-saving medical information. 

• Weight the clinical benefit GBCAs may provide against the 

unknown risks of Gd retention. 

• Consider multiple factors when choosing a GBCA: diagnostic 

efficacy, relaxivity, rate of adverse reactions, and amount of 

Gd deposited. 



Why Not Just Use Macrocyclic GBCAs? 

• No direct evidence yet that Gd retention causes harm in 

patients. 

• However, higher amounts of Gd are retained following linear 

vs. macrocylic GBCAs.

• Gd has documented toxicity.

• Why not just switch to macrocylics to be safe?
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Why Not Just Use Macrocyclic GBCAs? 



OTHER GBCA SAFETY CONSIDERATIONS

• Meta-analysis of 716,978 GBCA administrations.

• GBCA with highest Gd retention had lowest rate of acute reactions.

Behzadi et al, Radiology 2018

Why Not Just Use Macrocyclic GBCAs? 



OTHER GBCA SAFETY CONSIDERATIONS

• Mayo Clinic data shows a similar pattern of acute reaction rates.

• Are we replacing an unknown risk with a known one?

McDonald et al, Radiology 2019

Why Not Just Use Macrocyclic GBCAs? 



Gadolinium Retention
SUMMARY

1. All GBCAs cause Gd deposition in the brain and other organs.

• Macrocyclic agents deposit less.

• Deposition is not entirely class dependent.

2. There is no strong evidence of neurotoxicity or clinical effects associated 

with Gd retention.

3. A risk-benefit assessment should be performed when deciding to use 

GBCAs and choosing a particular GBCA. 
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