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In addition to established early-onset (acute hypersensitivity reactions and physiologic reactions) and 
late-onset (nephrogenic systemic fibrosis [NSF]) adverse effects related to GBCA exposure, reports of 
other symptoms, or Symptoms Associated with GBCA Exposure (SAGE), have temporally emerged 
alongside published evidence of long-term gadolinium retention after GBCA administration. Early-onset 
(<24 hours from GBCA exposure) and late-onset (≥24 hours from GBCA exposure) SAGE have been 
reported by several hundred patients without clear linkage to an established or unifying diagnosis. 
Reports of these symptoms have been myriad and nonspecific ranging from “brain-fog” and malaise to 
neurologic (e.g. “spells”) and musculoskeletal (e.g. arthralgias) complaints [1-3]. It is difficult to 
establish a causal relationship between GBCA exposure, gadolinium retention, and SAGE [4]. The FDA 
and other regulatory and professional societies including the ACR, ASNR, and ISMRM have concluded 
there is no compelling causal evidence that directly links tissue gadolinium retention or any other 
GBCA-specific etiology with these early- and late-onset SAGE complaints [5-8]. Further, all legal 
efforts to date to prove this causal relationship have failed, and most single-plaintiff and attempted class 
action litigation have been dismissed or dropped [9-11]. The FDA and GBCA manufacturers have 
initiated several long-term studies of GBCA safety aimed at better understanding undiagnosed SAGE 
complaints to determine if they are causally or coincidentally associated with GBCA exposure [5]. At 
present, no accepted diagnosis exists to link these two entities. 
 
Use of the acronym SAGE is designed to enable researchers and clinical providers to describe symptoms 
temporally associated with exposure to GBCA without prematurely attributing those symptoms to a 
specific disease. It is hoped this proposed nomenclature will better articulate the current state of 
knowledge (i.e., enabling discussion without premature disease attribution) and improve communication 
in related research. 
 
REFERENCES 
 
1. Semelka RC, Ramalho M, AlObaidy M, Ramalho J. Gadolinium in Humans: A Family of Disorders. AJR Am J Roentgenol. 

2016;207(2):229-233. 
2. Semelka RC, Ramalho J, Vakharia A, et al. Gadolinium deposition disease: Initial description of a disease that has been around 

for a while. Magn Reson Imaging. 2016;34(10):1383-1390. 
3. Williams S GH. Gadolinium Toxicity: A Survey of the Chronic Effects of Retained Gadolinium from Contrast MRIs. 2014; 

Available at: https://gdtoxicity.files.wordpress.com/2017/08/lighthouse-symptom-survey-copy-for-docket-fda-2017-n-1957.pdf. 
Accessed January 22, 2021. 

4. McDonald RJ, Levine D, Weinreb J, et al. Gadolinium Retention: A Research Roadmap from the 2018 NIH/ACR/RSNA 
Workshop on Gadolinium Chelates. Radiology. 2018;289(2):517-534. 

5. Food and Drug Administration. Minutes for the UNITED STATES FOOD and DRUG ADMINISTRATION MEDICAL 
IMAGING DRUGS ADVISORY COMMITTEE (MIDAC). 2017; Available at: https://www.fda.gov/media/108935/download. 
Accessed January 22, 2021. 

6. Radiology ACo. ACR–ASNR Position  Statement on the Use of Gadolinium Contrast Agents. 2020; ACR Manual on Contrast 
Media – 2020. Page 78:Available at: https://www.acr.org/-/media/ACR/Files/Clinical-Resources/Contrast_Media.pdf#page=80. 

7. Gulani V, Calamante F, Shellock FG, Kanal E, Reeder SB. Gadolinium deposition in the brain: summary of evidence and 
recommendations. Lancet Neurol. 2017;16(7):564-570. 

8. Radiological Society of North America. RSNA Statement on Gadolinium-Based MR Contrast Agents. 2018; Available at: 
https://www.rsna.org/uploadedfiles/rsna/content/role_based_pages/media/rsna-gadolinium-position-statement.pdf. Accessed 
January 22, 2021. 

9. Hilary Davis, Plaintiff, v. McKesson Corporation, et al., Defendants. No. CV-18-1157-PHX-DGC., (UNITED STATES 
DISTRICT COURT FOR THE DISTRICT OF ARIZONA 2019). 

10. JAY THOMAS v. BRACCO DIAGNOSTICS INC. NO. 3:19-CV-00493., (UNITED STATES DISTRICT COURT WESTERN 
DISTRICT OF LOUISIANA MONROE DIVISION 2020). 

11. Chuck Norris, Plaintiff, v. McKesson Corporation, et al., Defendants. No. 4:18-cv-02762., (UNITED STATES DISTRICT 
COURT FOR THE TEXAS SOUTHERN DISTRICT 2020). 

 

https://gdtoxicity.files.wordpress.com/2017/08/lighthouse-symptom-survey-copy-for-docket-fda-2017-n-1957.pdf
https://www.fda.gov/media/108935/download
https://www.acr.org/-/media/ACR/Files/Clinical-Resources/Contrast_Media.pdf#page=80
https://www.rsna.org/uploadedfiles/rsna/content/role_based_pages/media/rsna-gadolinium-position-statement.pdf

