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Small animals are extensively used to study vascular disease and development. 
High-resolution and non-destructive 3D images of the vasculature can be acquired using 
micro-CT with a blood pool contrast agent. Dual energy (DE) imaging is a specialized micro-CT 
technique that allows the separation of the vasculature from a volume image. DE imaging takes 
advantage of the sharp differences in attenuation of x-rays below and above the k-edge of the 
contrast element; the k-edge acts as a unique signature that can be utilized to delineate the 
vasculature. Available preclinical contrast agents are predominantly based on iodine, but the 
k-edge of iodine is too low (33.2 keV), which limits low-energy photon flux. While there are 
commercially available agents that are based on lead and gold, obtaining a sufficient photon 
flux above their k-edges (88 keV and 80.7 keV respectively) requires x-ray tube potentials 
beyond the capabilities of most micro-CT scanners (i.e. 30-90 kVp). It has been demonstrated 
ex vivo that a lanthanide-based contrast agent containing erbium (k-edge of 57.5 keV) can 
optimize the performance of DE micro-CT in a large base of installed scanners (Tse et al. JMI, 
2018).

While lanthanide-based contrast agents are used clinically in MRI, they are composed of small 
molecules (< 1 nm) that exit the blood pool of small animals within seconds. Long circulation 
times can be achieved by using polymer-encapsulated nanoparticles exceeding 10 nm in size. 
We have identified an optimized polymer that can suspend 100 mg/mL of erbium-based 
clusters of nanoparticles (i.e. nanoclusters) that are larger than 10 nm. The contrast agent 
provides over 250 HU of contrast enhancement in the vasculature for at least an hour. The 
agent demonstrated promising in vivo results and was further refined in order to improve 
subject survival rates.

With the goal of enhancing agent biocompatibility, the nanoparticle design was altered from 
nanocluster encapsulation to individually-coated nanoparticles. While the new design requires 
refinement to prolong circulation times, mouse viability improved and the lanthanide 
biodistribution in the injected mice show promising results. Between the two formulations, the 
nanoclusters have been identified as more suitable agents for in vivo DE micro-CT. Preliminary 
results have demonstrated the feasibility of volume decomposition into bone and vasculature 
when the animals were injected with the nanoclusters.

For the first time ever, we developed strategies to synthesize in vivo nanoparticle-based 
contrast agents containing 100 mg/mL of lanthanide. Our formulations can be freeze-dried and 
stored as dry powder, which is a challenging feature to achieve and prolongs the shelf life of 
the contrast agent. The development of a new lanthanide contrast agent has the potential to 
optimize the performance of DE and single energy micro-CT in a large base of installed 
scanners, thereby providing benefit for basic vascular research.


