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Additional file 2

The modified dual bolus method

Before the determination of MBF, the correction procedure of the high concentration AIF was

performed. The first step in the correction procedure was baseline correction, which was

performed for all low concentration pre-bolus AIFs, for high concentration AIFs, and for tissue

enhancement curves. We applied the Steward-Hamilton principle,
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where D = mass of the injected tracer, CO = cardiac output and AUC = area under the first pass

concentration curve (i.e. AIF) [A1]. The peak areas of low concentration pre-bolus and high

concentration AIFs were determined by calculating the area under the gamma variate function

fitting [A2, A3]
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where t = time after contrast agent injection, K = scaling factor, AT = time delay between

contrast agent injection and occurrence in the region of interest (ROI), while α and β are fitting

parameters. Because the area under the dye curve is proportional to dye concentration [A4], the

ratio of areas under the dye curves (AUCratio) of low concentration pre-bolus imaging series and

high concentration image series can be written as follows
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where Dlow is contrast agent dose (ml) in the prebolus injection and Dhigh in high concentration

contrast agent injections. COlow and COhigh are cardiac outputs during the prebolus and with the
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injections of high concentrations of contrast agent, respectively. Cardiac output is the product of

stroke volume and heart rate (HR). It is assumed here that the stroke volume remains constant

and thus the determination of cardiac output simplifies into the determination of heart rate.

Therefore, the equation (4) can be written as follows
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If no non-linearity occurs at high concentration AIF, the ratio of areas under the high

concentration AIF and low concentration pre-bolus AIF is equal to AUCratio. As expected,

saturation in all high concentration AIF curves was seen. Because of this, a correction procedure

for the high concentration AIF curves was performed: the AIF curve was manipulated by means

of constrained gamma variate fitting. The high concentration AIF was fitted by imposing

additional constraints: 1) the area of the fitted curve had to equal the area of the pre-bolus fit

curve * AUCratio, i.e. to fulfil the condition presented in equation (4) and 2) the peak width

(FWHM) had to match the FWHM of peak of the unmodified high concentration AIF. In other

words, AUCratio was used in the cost function of the direct numerical fit (fminsearch function in

Matlab) of the AIF to ensure the correct area ratio of the low and high concentration curves. For

this, the AIFs of the low and high concentration contrast agent injections were first directly fitted

with the equation (2) to determine the areas of the measured low and high concentration AIFs

(AUClow and AUChigh). Subsequently the unadjusted fits and the AUCratio were used in the cost

function of a second fit of the high concentration AIF by requiring the above conditions to be

met by
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where Ĉ(t) is the adjusted high concentration AIF peak fit, C(t) is the unadjusted high

concentration fit from previous step, T is the last fitted point of the peak (see Fig. A1) and α, β

and κ are empirical weighting factors, which balance the conditions since they effectively impose

constraints along the same dimension of signal intensity. In practice, adjusted fits with correct

final AUCratio were obtained by setting α, β and κ to approximately α, κ=0.2 and β=1-α.

Furthermore, every high concentration AIF fit was manually confirmed.

By imposing these two factors in the fitting, the method did not affect the location or FWHM of

the AIF. The initial data points before and after the AIF peak were kept unchanged. The

correction procedure is visualised in figure A1.

Details of a similar procedure for manipulation of high concentration AIF are presented in Husso

et al [A5].
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Figure S2.1 First, the arterial input functions (AIF) for low and high concentration series were
determined: The signal intensity vs. time curves from left ventricle cavity (circle) were obtained.
After that, the areas under input curve (AUC) were calculated for both AIF curves. The ratio of
areas under AIF curves (AUCratio, equation 4) was calculated using heart rates and concentrations
of contrast agent injections. Then, the original high concentration AIF was raised until the ratio
under low and high concentration AIFs was equal to AUCratio.
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