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the GFR change under stimulate conditions. The k»*pnys value in cortical region obtained in
the present study was 3.64 = 2.15 ml/min/g under the normal condition and showed similar
value to literature normal of 4 to 5 ml/min/g [22]. In comparison to MiddlekaufT et al [23-25],
they applied the ROI base analysis, showing similar RBF values around 4 ml/min/g. These
findings also supports to apply the k2*Pphys as RBF. The different values in RBF between the
present results and the previous ones [3-5] might be due to the difference of approach.

The present computation for RBF applied BFM, which has two main advantages over
the nonlinear NLF. One is the ability to produce a voxel-by-voxel quantitative parametric map,
and the other is faster computing speed. In fact, the parametric images were obtained within
reasonable time, i.e., two min and half with image size of 128 x 128 pixels with 35 slices and
22 frames, It could be further reduced by applying a threshold to omit pixel with lower values.
For a clinical stand point, voxel-by-voxel analysis is preferred to ROI-based analysis because
the operator can independently define ROIs to improve reproducibility, and faster
computations are important for analyzing enormous datasets.

Kinetic parameters estimated by the NLF agreed well with those estimated by the
BFM as shown in Fig 2. The disagreement in some rate constant values between the voxel-
based (BFM) and ROI based computation methods might be due to composite structure
between cortical region and surroundings or image noise. Although superior to the NLF in
terms of computing speed and ability to generate parametric maps, the BFM shares the same
source of errors as the NLF because they use the same model and assumption. Delay and
dispersion in input function, motion of a patient during a study [26-28], and flow
heterogeneity [29], are sources of error for parameters estimated by both the NLF and BFM.
Selection of specific range of k; and the number of basis function can affect accuracy and
precision of estimated parameters in neuroreceptor studies [30, 31]. However, the lower and

upper limit on that range was 0 and 15 ml/min/g in the present computation with H,"0 and
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this limit would be enough for the present computation. In practice, selection of wider range
and/or large number of discrete values of basis function is slow and inefficient against
required accuracy and precision.

The present simulation study showed that if ¥ is neglected or fixed, not only the
absolute rate constants, i.e. RBF value is overestimated, but estimated changes in RBF
between two physiological states could be over- or underestimated. These findings suggest
that V5 should be included to obtain either absolute or relative value of RBF. For p, the
present simulation revealed that the error sensitivity in RBF on that value was significant. The
present experimental data showed that the values of p for whole and cortical regions were
0.35 and 0.42 ml/g, respectively. If the value was fixed to 0.4 ml/g, a 40 % overestimation in
RBF for regions with p of 0.35 occurred, thus, regional difference of p introduces error in
quantitative RBF values. Also AIC analysis showed that introducing those extra parameters of
pand V, did not increase the AIC value against others. These findings suggest that both p and
Va need to be estimated simultaneously with quantitative RBF, especially when changes on
different conditions are assessed.

The knowledge of RBF is mostly needed in determining the severity of renovascular
disease. Though the degree of renal arterial stenosis is easily diagnosed, its actual effect on
RBF remains difficult to quantify. In clinical work, estimates of GFR have not shown very
good accuracy to a possible interventional treatment. Also, there is no good clinical method to
easily measure single kidney or regional RBF, We can obtain the effective renal plasma flow
(ERPF) by infusing p-aminohippuric acid and measuring their urine and plasma
concentrations, but this method only gives the total ERPF for both kidneys. Alternative is
magnetic resonance (MR) based method, which is problematic in patients with chronic kidney
disease, because the contrast agent gadolinium is contraindicated in these subjects [32]. The

present PET-related methodology may provide quantitative regional RBF, and be clinically
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applicable in conditions such as chronic allograft nephropathy and acute kidney insufficiency.
The procedure — as presented here — still implies a small degree of invasiveness because of
blood sampling. However, many non-invasive methods for estimating input functions have
been proposed [3-5, 23-25, 33, 34], and their implementation will allow to examine RBF in a

fully non-invasive fashion, particularly for clinical purposes.

In conclusion, although some issues remain to be investigated, this study shows the

feasibility of measurement of RBF using PET with H,"0.
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Table 1: Baseline characteristics of the present six subjects

mean + SD
Age i 585
P-Kreatinine umol/| 85+ 10
eGFR ml/min 78 +4
Weight kg 82.8+45
BMI 26.6+2.2
BP systolic mmHg 136 £11
BP diastolic mmHg 82+4
HR min™ 575
fP-Chol mmol/l 53x1.0
fP-HDL mmol/l 1.5+04
fP-Tg mmol/l 1.2x04
fP-LDL mmol/l 3.2+0.8
B-Hb g/ 144 + 12
fP-gluk mmol/l 54+04

eGFR: estimated glomerular filtration rate according to MDRD study equation
BMI: body mass index

BP: blood pressure

HR: heart rate

fP-Chol: fasting plasma total cholesterol

fP-HDL: fasting plasma high density cholesterol

fP-LDL: fasting plasm low density cholesterol

fP-Tg: fasting plasma triglyserides

B-Hb: blood haemoglobin

fP-gluk: fasting plasma glucose
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Table 2: AIC values for the models.

—_S]Ee_c_t_ 3-Parameters p-fixed Va-fixed (0.15) Va-ignored
1 484. £ 20 519. 28, 499,15 494, £ 15.
2 474. 0. 486. + 14. 474. 29 477.+8
3 525.+12 523.+83 527.+10 527.+7.
4 483.£14. 497. = 21. 501. +12 506. £ 13.
5 497. £ 18. 502.+ 19, 508. £ 32. 499, £13,
6 496. £ 11. 507. £ 14, 500.+9 497.+9.

3-Parameters: Three parameters of K; and k, V' were computed, p-fixed: K; and V, was
computed with fixing k; so as to p=K,/k, =0.35 ml/g, V a-fixed: K; and k; were computed with

fixing V4 at 0.15 ml/g, Va-ignored: K; and k; were computed without taking into account V.




Table 3: Values of K, k2+pynys and V4 (n=6) in whole and cortical region calculated by the

present method for baseline and enalapril administrated conditions.

K (mV/min/g) ka*Pghys (ml/min/g) " P (ml/ml) GFR (mlf’r_riin/g)

" Whole region
Baseline 1.09 £ 0.33 3.11 £1.48 0.15+0.09 035+27
Enalapril 1.03+0.44 255£1.29 0.16 £0.14

Cortical region
Baseline 1.57 + 0.60* 3.64=2.15* 0.18£0.12*

Enalapril 1.42 + 0.39* 3.55+ 1.64* 0.25£0.14*

No significant difference was found between baseline and stimulated conditions. * Difference
was significant between whole and cortical regions. # kidney weight of 300 g and cortex ratio

of 70 % were assumed.
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Figure Captions:
Fig. 1: Schematic diagram of the presnet computation procedure by the basis function method

(BFM).

Fig. 2: Relationships of the regional ROI values of (A) K, (B) k2 and (C) RBV by ROI based
non-linear fitting method and pixel based BFM. The regression lines were, Kjppy = 0.93
Kinr -0.11 ml/min/g (r = 0.80, P< 0.001), kzgem = 0.96 kznir -0.13 ml/min/g (r = 0.77, P<
0.001) and Vapmu = 0.92 Vanir -0.00 mi/ml (r = 0.97, P< 0.001), for K,, k2 and Va,

respectively.

Fig 3: Fitted curves to measured tissue TAC (plot) by the different computation methods. 3-
Parameters: Three parameters of K, k; and ¥, were computed, p-fixed: K, and V5 were
computed with fixing p(=Ky/ k) at 0.35 ml/g, Va-fixed: K; and k, were computed with fixing

Va at 0.15 ml/g, Va-ignored: K; and k; were computed without taking into account V.

Fig. 4: Representative parametric images of K; (right) and k2+pynys (left) for one subject under

the baseline condition. Coronal (upper) and transverse (lower) views are shown.

Fig. 5: Error propagation from the error in input delay time (a) and dispersion time constant
(b) to K; and k; (two lines were identical). Positive and negative values of error indicate over-

and under-correction of delay time and dispersion time, respectively.

Fig. 6: Error propagation from the partition coefficient (p ml/g) to K; and k. When the true p
was varied between 0.6 and 0.8 ml/g, the size of error in RBF was simulated assuming p=0.7

ml/g.
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Fig. 7: (a) Error propagation from the arterial blood volume (¥4 ml/ml) to K; and k, (two lines
were identical). When the true V4 changed from 0.0 to 0.4 ml/ml, the size of error in the K;
and k; calculated, assuming ¥ =0.0 ml/ml, was simulated. (b) Error propagation from the
change of arterial blood volume from 0.14 ml/ml (AV,) to the change in K and k> from the

initial condition (AK; and Ak» ml/min/g) (two lines were identical).
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Figure 1

The kinetic model for H,'°0 in kidney: Eq (1)

¥

Read arterial input function

¥

Precalculate the basis functions (Eq (2))
(k,: 1500 discrete values between 0 ~ 15 ml/min/g)
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Read pixel C(f) from image
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Take one basis function

Repeat for all image pixels

Repeat for all
* basis functions

Estimate © and ¥, for this basis
function using Eq (3) and
standard linear least squares

¥

Determine by direct search the
basis function that minimizes s?
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