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The incidence of an adverse reaction with iodine-based agents is 5%. One of the 
more serious of these reactions that is pertinent to patients receiving fluoroscopy-
guided procedures, is anaphylaxis, which may even occur without previous 
exposure to the agent (Beckett). Since gadolinium is radiopaque, it is a commonly 
used alternative in the setting of known anaphylaxis to iodine-based contrast 
agents (Saleh, Nadolski, Ose). The conspicuity of gadolinium, however, is less than 
that of iodinated agents, necessitating additional radiation exposure in some 
situations (Maus). Contributing to this, is the fact that voltage for fluoroscopy 
suites have automatic settings for iodine or barium, but not gadolinium.  
 
At our institution, gadolinium is used as an alternative for verifying needle 
placement for arthrograms and fluoroscopic-guided joint injections, in those 
patients with known allergy to iodine-based contrast agents. Traditionally, 
gadolinium had been used as an imaging agent for angiography in patients with 
iodine allergy or renal impairment. Based on a literature search, the most 
commonly used voltages were between 100-120 keV, based on the k-edge of 
gadolinium and the voltage needed to penetrate soft tissues. The k-edge refers to 
the photon energy at which there is a dramatic increase in the amount of 
photoelectric absorption for a given substance. Increasing the photoelectric 
absorption increases a substance’s attenuation, and therefore, it’s radiopacity. 
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OPACITY OF GADOLINUM-BASED VERSUS IODINE-BASED CONTRAST 
AGENTS WITH VARYING VOLTAGES 

Results shows that the gadolinium-based contrast agent used at our 
institution is most radiopaque with a voltage of 68 keV. While this was 
not the expected outcome based on the k-edge of gadolinium, it is 
beneficial knowledge, as this is the standard voltage setting for iodine 
present in fluoroscopy rooms. Therefore, based on this study, using the 
iodine settings should achieve greatest visibility.  
 
The reason why this phenomena occurred, however, is unclear. 
Literature published on the use of gadolinium as an alternative to 
iodine-based contrast agents was done when the primarily used form of 
gadolinium agents had a linear structure. Due to increased knowledge 
about safety and side effects, the most commonly used gadolinium 
agents now are macrocyclic. This alteration in molecular structure may 
have lead to an change in the k-edge of these agents, resulting in 
attenuations not predicted by research done on the linear agents.   

Fluoroscopy images of gadolinium-based contrast agent (left syringe in each image) 
and iodine-based contrast agent (right syringe in each image) at 109 keV (left image) 

and 121 (right image), with Hounsfield measurements.  

Adjusting the voltage of the fluoroscopy gantry to be ideal for the k-edge of 
gadolinium will increase the visibility, and therefore the effectiveness, of 
gadolinium as a radiologic contrast agent.  

METHODS 

Multiple fluoroscopy images of the gadolinium-based  and iodine-based contrast 
agents used at our institution were obtained, with varying voltages. The voltages 
selected were based on the k-edges of gadolinium and iodine. The voltage used to 
target the k-edge of iodine was 68 keV. The voltages used to target the k-edge of 
gadolinium were 102, 109, and 121 keV. Amplitude was kept constant at 2 mAs for 
all images. The attenuation of these images were then measured using a PACS 
viewing station, and compared by t test.  

RESULTS 

The attenuation of gadolinium-based (indicated by gadolinium) and iodine-based 
(indicated by iodine) contrast agents measured in Hounsfield units is displayed on 
the following tables.   

102 keV 

Gadolinum Iodine 

227 718 

228 711 

229 712 

230 693 

68 keV 

Gadolinum Iodine 

664 1923 

666 1877 

664 1894 

665 1847 

109 keV 

Gadolinum Iodine 

278 1152 

274 1571 

243 1178 

238 1137 

121 keV 

Gadolinum Iodine 

204 1222 

206 1250 

173 1208 

178 1211 

The average attenuation of the gadolinium-based contrast agent at 68 keV was 
664.75 Hounsfield units (HU),  228.5 HU at 102 keV, 258.25 HU at 109 keV, and 
190.25 HU for 121 keV. Using comparison by t test, this difference was only 
significant for the measurements obtained at 68 keV.   
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