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disease and reduced glomerular filtration rate [24].
Gadolinium has been used in most intravenous MRI 

contrast agents because it is highly paramagnetic, al-
lowing the distinction between normal and abnormal 
tissues in humans. However, “free” gadolinium exhibits 
multiple toxicities (mainly cytotoxicity) due to its insolu-
bility [5]. In order to minimize toxicity, gadolinium is 
chelated to organic ligands, which confer more favorable 
pharmacological and toxicological properties. Most 
GBCMs are distributed primarily in the extracellular 
fluid, exhibit little protein binding, and are excreted 
primarily in the urine via glomerular filtration. Finally, 
GBCMs are classified as linear or macrocyclic, based on 
the molecular structure of the organic ligand, and as 
nonionic or ionic, based on their net charge in solution 
(Table 2) [25].

Gadolinium and nephrotoxicity
Gadolinium-based contrast media (GBCM) are in 

general considered non-nephrotoxic. Nevertheless, 
at doses considerably higher than the approved dose, 
GBCM may be nephrotoxic as demonstrated in patients 
and in experimental settings [26, 27]. Very high doses 
of GBCM have been associated with cases of AKI, but 
there are no controlled clinical studies demonstrating 
a clinically significant nephrotoxic risk at on-label doses 
[26, 28]. Thus, clinicians should consider that on-label 
dosing of intravenous group II or group III GBCM does 
not increase the risk of AKI, and no special precautions 
are indicated for kidney function safety (Table 2). In 
general, only the approved GBCM dose (0.1 mmol/kg) 
should be administered during a single imaging session 
[29]. Moreover, there are no indications that patients 

receiving other nephrotoxic agents are at increased risk 
for AKI after an MRI with GBCM administration and such 
examinations can be performed as scheduled. Finally, 
MRIs with GBCMs can be performed irrespective of the 
timing of additional iodinated contrast CTs without 
increased risk for AKI [30].

Nephrogenic systemic fibrosis (NSF)  
and GBCM Exposure

NSF is a potentially fatal systemic fibrotic condition 
that occurs almost exclusively in patients with AKI or 
severe CKD (eGFR < 30 mL/min/1.73 m2). Skin and sub-
cutaneous abnormalities (e.g., skin thickening, pruritus, 
hyperpigmentation), as well as ocular findings (sclerotic 
plaques) are common, but NSF can also cause visceral 
fibrosis (e.g., lung, esophagus, and heart) [31]. NSF is 
characterized by signs of cutaneous edema and ery-
thema in the extremities that may sometimes progress 
to thickened, woody, and contracted skin. The condition 
has been associated with the use of linear GBCMs in 
patients with advanced CKD and rarely develops (if at 
all) after the use of macrocyclic GBCMs. In recent years, 
the incidence of NSF has decreased or disappeared [29].

The link between GBCM and NSF was first identified 
in 2006 and has since been confirmed in numerous stud-
ies [32, 33]. Patients at greatest risk for NSF include those 
on renal replacement therapy, those with AKI, and those 
in stages 4 or 5 CKD with exposure to group I GBCMs, 
especially if repeated doses of group I GBCMs are ad-
ministered or at higher than recommended doses [30].

The risk of developing NSF differs between the dif-
ferent groups of GBCM (Table 2). Most NSF cases have 
been associated with Group I GBCMs, however, this 

Table 2. Classification of GBCMs related to association with Nephrogenic Systemic Fibrosis.

Substance Structure American College of Radiology Group

Gadodiamide Linearnonionic I

Gadoversetamide Linearnonionic I

Gadopentetatedimeglumine Linearionic I

Gadobenatedimeglumine Linearionic II

Gadoteridol Macrocyclic non ionic II

Gadobutrol Macrocyclic non ionic II

Gadoterateme glumine Macrocyclic ionic II

Gadoterateme glumine Macrocyclic ionic II

Gadoxetatedi sodium Linear ionic III


