Arterial input function reconstruction for DCE-MRI of the liver using pre-bolus acquisition with low dose gadolinium contrast
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Target audience: Radiologists and physicists/scientists interested in perfusion quantification.

Introduction: Changes in liver perfusion and flow quantified with DCE-MRI have been observed in advanced liver fibrosis and
cirrhosis. Quantification of liver perfusion modeled parameters depends on the determination of the contrast agent concentration in the
blood plasma (the so called arterial input function, AIF), which is typically challenging because of several possible artifacts, for
example signal saturation. In this study we assessed the quality of the reconstructed AIF using a pre-bolus injection of low dose
gadolinium contrast and we compared it with the measured AIF after the injection of the main gadolinium bolus during DCE-MRI of
the liver.

Methods: In this prospective IRB approved study, 23 DCE-
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Flow diagram showing the reconstructed and measured AIF using first low
dose gadolinium injection before main bolus.

Pre-bolus AIF | Main bolus AIF p independently pre-bolus and main bolus AIF curves
Peak (mmol) 7.69 + 4.56 345+ 153 < 0.001 qualitatively (for peak and width). Quantitative AIF curve
Time to Peak (s) 868 27 10.14 = 5.11 0.07 features including peak concentration, time to peak (TTP),
Upslope (mmol/s) 0.96 + 0.6 0.42 +0.22 < 0.001 upslope, area under the time activity curve of gadolinium
AUC60 (mM.s) 99.04 +26.91 727 +21.2 < 0.001 contrast at 60 s (AUC60) and the full width at half
FWHM (s) 8.98 +2.67 12.21 +6.01 <0.001 maximum (FWHM) were calculated and compared
Mean values + SD for parameters of the pre-bolus and main bolus AIFs between pre-bolus and main bolus data.

Results: Pre-bolus curve quality was significantly better than main bolus AIF curves (in 19/23 for observer 1, and 20/23 for observer
2). AUC60, peak concentration and upslope of pre-bolus AIF were significantly higher and FWHM was significantly lower than those
of main bolus (Table). In the 3 patients that underwent test-retest studies, all parameters showed better reproducibility using pre-bolus
AIF (CV 9.5-42.5% for pre-bolus AIF and 26.2-67.7% for main bolus AIF).

Discussion: The differences observed in the computed AIF parameters are likely due to signal saturation and/or temporal resolution
effects. The high temporal resolution used during the pre-bolus injection preserves the signal intensity peak, while the high spatial
resolution used after the main bolus might misrepresent the AIF due to temporal undersampling. A pharmacokinetic model is currently
being evaluated using the different AIFs to evaluate which AIF provides more meaningful hepatic physiological parameters.

Conclusion: Estimation of pre-bolus AIF using high temporal resolution
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