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Target audience: Researchers who focus on quantitative DCE-MRI, pharmacokinetic modeling, prostate cancer diagnosis. 

Purpose: Dynamic contrast enhanced MRI (DCE-MRI) is an important tool in the diagnosis of prostate cancer. Correct measurement 
of the arterial input function (AIF) is critical for accurate measurements of [Ktrans] and [Ve] from DCE-MRI. The inter- and intra- 
person variability in AIFs is large, and if not properly accounted for can lead to large errors in pharmacokinetic analysis. The AIF is 
frequently measured directly from an artery. However, direct measurements are subject to large systematic errors at standard doses of 
MRI contrast agents, due to ‘shutter speed’ and T2* effects. These effects are much smaller at lower doses of contrast media. 
Therefore, we compared directly measured AIFs for a low dose (AIFLD =0.015 mmol/kg) and a high (standard) dose (AIFHD =0.085 
mmol/kg) administered 5 mins after the low dose. This allowed assessment of the errors at high doses of contrast media and accurate 
measurement of the true shape of the AIF (AIFLD).  

Methods: Twenty-two patients with prostate cancer underwent 
preoperative MRI scans and prostatectomy. DCE-MRI was 
acquired on a Philips Achieva 3T scanner using an mDixon 
sequence with TR/TE1/TE2 = 4.8/1.69/3.3ms; flip angle=10o, in-
plane resolution:1.25x1.75x3.5mm3; temporal resolution = 8.3 
seconds/scan. Contrast agent (Multihance, Bracco) was injected 
I.V. at a low dose (LD) of 0.015 mmol/kg, and a speed of 0.32–
0.35 mL/s. Images were acquired for 3.5 mins, with 25 dynamic 
scans post contrast. The 2nd DCE-MRI scan was performed 5 
minutes after the completion of 1st DCE-MRI, with 85% of the 
total contrast dose (‘HD’; 0.085 mmol/kg) delivered at a rate of 2.0 
mL/s, with 60 dynamic scans, for 8.3 mins post injection. The 
duration of the two injections was the same, so that the curve 
shapes could be directly compared. The AIF was measured directly 
from the external iliac artery for both injections. Pixels with less 
than 20% enhancement were treated as non-enhanced and filtered 
out of images. Contrast concentration in the artery was calculated 
from signal enhancement [1], TR, flip angle, and contrast agent 
relaxivity, using established methods. Because AIFLD included sharp first-pass and second-pass peaks, an AIF-empirical mathematical 
model (AIF-EMM) was used to fit both passes of the low dose contrast bolus (Figure 1, left).  The low dose AIF-EMM is given by: ࡯ሺ࢚ሻ ൌ ࡭  כ ሺ૚ െ ሻ࢚ࢻିࢋ כ ࢚ࢼିࢋ כ ቀ࢈ ൅ ࢉ כ ࢚ࢽିࢋ ൅ ࢊ כ .ࢗࡱሺ࢚ି࢚૙ሻ૛ቁ  ሾࣂିࢋ ૚ሿ 
where, A is the upper limit of tracer concentration, α is the rate of contrast uptake (mM/s), β is the overall washout rate (mM/s), the 
term  b ൅ c כ eିஓ୲ controls the relationship between the 1st and 2nd passes, d and θ determine the peak and enhancement rate of the 
2nd pass, and t0 is the time of the 2nd pass. A published EMM was used to fit AIFHD (Figure 1, right) [2]. 

Results: Figure 1 compares AIFLD vs. AIFHD of a typical patient. Table 1 shows maximum signal enhancement, maximum contrast 
media concentration, uptake and washout rates determined from the EMM’s for the low and high doses. Directly measured percent 
enhancement and maximum concentration are comparable for the low and high doses. However, when these parameters are 
normalized to the injected dose of contrast agent, the enhancement and max concentration is 6.45 times larger for the small dose than 
the large dose (p<1e-4). The large difference in enhancement and max concentration, as well as in washout rates is due to the fact that 
the first pass peak is completely absent in AIFHD. AIFLD also includes a clearly defined second pass peak of the contrast media bolus 
in 14 out of 22 scans (64%), but this second pass is never seen in AIFHD.  

Discussion and Conclusion: When AIFHD and AIFLD are normalized to the injected dose of contrast, the measured maximum 
enhancement and maximum contrast concentration are over 6.45 times larger for the small dose. The peak of the contrast media bolus 
cannot be detected following the large dose. This is consistent with the ‘shutter speed’ effect [3] and decreased T2* due to high 
plasma concentrations of contrast media. As a result enhancement is ‘compressed’ during the first pass of the contrast agent bolus. 
AIFLD is much sharper than AIFHD and includes a peak due to the second pass of the bolus. Due to the very significant under-estimate 
of arterial enhancement produced by a standard dose of contrast agent, direct arterial measurement of the AIF will produce large 
systematic errors in pharmacokinetic parameters. In addition, AIFHD measured directly from the artery does not accurately represent 
the true shape of the AIF. Other methods, e.g. ‘Reference Tissue Methods’ [4] have potential to produce more accurate AIF’s. AIFLD 
provides an approximate gold standard that can guide development of methods for calculating the AIF. 
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