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PURPOSE: Accurate aortic input function (AIF) measurement is essential for quantitative DCE-MRI and is usually estimated by averaging the signal in an aortic ROI 
of the data. The accuracy of AIF estimation is usually limited by the temporal resolution and temporal footprint (blurring) of the data acquisition. A temporal resolution 
of 9s or less is needed for AIF in order to avoid large errors in tracer kinetic analysis1. We 
present a method for extracting high temporal resolution AIFs (HTR-AIF) with minimal 
temporal blurring from DCE-MRI data and show its use in dynamic MR Urography (MRU).  
METHODS: Dynamic MRU data was collected using a navigator triggered 3D DCE-MRI 
method called DISCO2. DISCO splits k-space into a fully sampled central region (  region) 
and 3 subsampled outer regions (  regions for 1. .3). The  region is acquired in one 
respiratory cycle and each  region is split over 3 cycles (i.e. , , ) with ~800ms of k-
space data acquired in each cycle (Fig 1). For each cycle where the  region is acquired,  are 
estimated using nearest-neighbor view sharing (VS). For our HTR-AIF estimation, images are 
reconstructed using k-space data acquired within one respiratory cycle.  
The basic idea is that intensities of individual k-space regions vary linearly with arterial signal. 
Fig. 2 outlines the HTR-AIF method. First, k-space samples acquired in one respiratory cycle 
are grouped together (Fig. 2a). Then, with zero-filling, images are reconstructed for each group 
(Fig. 2b). The percent signal change, with respect to the pre-contrast phase, is calculated using 
an aortic ROI (Fig. 2c). Since the images from B regions lack the central k-space, they have 
lower energy and this lowers the estimated AIF values for the time points that correspond to B 
regions. Normalizing the signal change curve by the tail for each specific group corrects this 
problem. The final HTR-AIF estimate is obtained by applying smoothing and scaling to the 
normalized signal change curve (Fig. 2d). The scaling factor is computed from the tail end of 
the VS-AIF curve generated from the lower temporal resolution VS DCE-MRI images, as the 
tail end of the AIF is unaffected by the lower temporal resolution or view sharing.  
EXPERIMENTS: This new method was tested on pediatric subjects evaluated for renal 
function on a GE 3T scanner using a 32-channel torso array. DISCO sequence parameters:  = 
central 10% k-space, 3  regions, 12° flip angle, ± 167 kHz bandwidth, TR=3.9ms, matrix 
208x162, FOV 28-28 cm, slice thickness 2.6 mm, 34 slices and 2.5x1 parallel imaging 
acceleration. Generated AIFs were used for a 3-compartment analysis3 to make glomerular 
filtration rate (GFR) estimates. In order to validate the estimated AIF, a digital phantom was 
created by interpolating the full view shared DCE-MRI dataset at 3s temporal resolution. The 
aorta of this interpolated dataset was masked and modulated by a simulated AIF. Then the 
phantom was resampled in the frequency domain using the DISCO sampling scheme. This new 
resampled dataset was analyzed using both the HTR-AIF and VS-AIF methods. Our rationale 
is that the VS-AIF method will fail to capture the peak enhancement of the simulated AIF and 
the HTR-AIF method will yield a better estimate due to its lower temporal blurring.  
RESULTS/DISCUSSION: View shared DCE-MRI images and analysis results from a 17-
year-old pediatric subject are shown in Fig. 3, Fig. 4 and Table 1. HTR-AIF has 3s true 
temporal resolution. Traditional VS-AIF has 12s temporal resolution and 33s temporal 
footprint due to view sharing. Both curves agree in the mid-region but differ near the main 
peak. The differences in the height of the main peak also affect the results of compartmental 
model analysis (Table 1). Estimated total GFR is 37.2 ml/min using VS-AIF and 74.1 ml/min 
using HTR-AIF where the creatinine-based GFR estimate is 65 ml/min for this subject. In 
digital phantom simulations, the VS-AIF method underestimates peak height by 20%, versus 
6% using the HTR-AIF method (Fig. 5). We believe that the temporal blurring is 
responsible for the deviation of the VS-AIF from the actual AIF.  
CONCLUSION: We have presented a new method for estimating AIF from 
DCE-MRI datasets that achieves a 4x higher temporal resolution than the AIF 
estimated from the view shared images. Feasibility of this new method was 
demonstrated in pediatric subjects and the results were validated using a high 
spatiotemporal resolution digital phantom. Though shown here for MR 
urography, the method may be used in oncologic applications as well. 
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Fig. 1. k-space samples for 
one temporal phase ( ) in 
DCE-MRI dataset are split 
into 4 temporal phases 
( , , , ) for HTR-
AIF analysis. Samples of 
each temporal phase are 
acquired in a single 
respiratory cycle. 

Fig. 3. View shared DCE-MRI images of a 17-year-old MR Urography subject.  
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Fig. 4. AIF analysis results of patient data.  

Fig. 2. HTR-AIF analysis process (shown on a digital phantom): 
(a) k-space samples that are acquired in a respiratory cycle are 
grouped together (colored box) (b) Reconstructed high temporal 
resolution dataset from each group (c) Percent signal change 
using HTR-AIF method (red) vs. the actual AIF of the phantom 
data (black) (d) Signal change from each group is normalized 
and scaled at the tail end of the curve (blue circle in 2c). Scaling 
in a real dataset is performed using VS-AIF curves as reference. 

Table 1. Clinical MRU Results (BSA corrected) 
AIF 

Method 
GFR (ml/min/1.73m2) 

Left  Right  Total 
VS-AIF 17.7 19.5 37.2 

HTR-AIF 33.7 40.4 74.1 
* Creatinine-based GFR = 65 ml/min/1.73m2. 

Fig. 5. Digital phantom simulation results.
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