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Study on Glomerular Filtration Rate comparison according

to renal depth measurement of kidney donors
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#™Tc-DTPA renal scinti graphy serves as a key indicator to measure a kidney donor's Glomerular Filtration Rate

(GFR) and determine the possibility of kidney transplant. The Gates method utilized to measure GFR considers
3 variables of renal depth, injection dose, and net kidney counts. In this research, we seek to compare changes
in kidney donors' GFR according to renal depth measurement methods of the 3 variables.

We investigated 32 kidney donors who had visited the hospital from October, 2013 to March, 2014 and received
abdominal CT and *"Tc-DTPA GFR examination. With the cross-section image of the CT and the lateral image
from a gamma camera, we measured the renal depth and compared with renal depth calculation equations-
Tonnesen, Taylor, and Itoh methods. Renal depth-specific GFR was calculated by using Xeleris Ver. 2.1220 of
GE. Then the results were compared with MDRD (Modification of Diet Renal Disease) GFRs based on serum

creatinine level.

The renal depths measured based on the CT and gamma camera images showed high correlation. Tonessen
equation gave the lowest GFR value while the value calculated by using the renal depth of CT image was the
highest with a 16.62% gap. MDRD GFR showed no statistically significant difference among values calculated
through Taylor, Itoh, CT and gamma camera renal depth application (P>0.05), but exhibited a statistically
significant change in the value based on Tonnesen equation (P<0.05).

This research has found that, in GFR evaluation in kidney donors by utilizing %mTe-DTPA, Tonnesen
equation-based Gates method underestimated the value than the MDRD GFR. Therefore, if a MDRD GFR value
shows a huge difference from the actual examination value, using an image-based renal depth measurement,
instead of Tonnesen equation applied to Gates method, is expected to give an accurate GFR value to kidney
donors.
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Fig. 1. Left and right two kidney phantoms of the form of a plane
were made based on a normal adult kidney.
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Fig. 2. It has devised in completion of acrylic phantom and outlet
and inlet.

A7) 71 g 2] ARE-E]= Tonnesen {7442 25012 54
T A 2ol & o] 85t Zlo|H o= ZelollA S73H A1 2
o] & o] 8-37] wiiLol| AFetflolx] Y B 5k XA
AR = 2ol 7t Qo] Best A RS 7|8l ]+= o
t}.” Taylor, Itoh %5 o] o] 21Q¥a}o] 52| A1tz Ao} gho] oF

2F$jof| A BESE A4S} thE2(Computed Tomography,
CT)Z oA 4% 2lo] & S 5ho] ALA| o k& S7 <l
o]-8-51517] wZof ot Heter 943t A o= A A QL
ok SR, o= A|%, 7], vrolof] whE W42 Qlato] A%
Zo|E oA B = JiRIAE S551]= dEth

2 Aol M= e AFE S8l A o] sto] whE AL
TA| AE0] RS obE AL Al FoAE iAo = o
o X &-& £3)] =3 MDRD (Modification of Diet in Renal
Disease)3-2]o]| &5t AFLA] o 21} Gates HlHH ]| Tonnesen,
Taylor, Itoh -5-0] W7 Alof| A AL 417 21015 2-8-3F AR
Al o ik&S Ax7E Az ete] ST 55 CT 97442
ol ASTE A ZolE 283 AEA| o2&t v aLsto]

TR Bt

=1
=

AL B

o
1. THE(Phantom) &+

1)
/,ﬂ J =l (Kidney phantom) 2] A|2H2 A} A 2l
2 Aehgl o, Broael @

z2 Al&kst ME]'- oF=1 3 (Ar Crth)—J A=
cmOl 2 A E A5 W FHE=8cmo 2, 3

49



&oj&ty | H18 M2 2014

| — B B

Fig. 3. A: Modeling of the dynamic kidney phantom system: The
arrows represent the flow of radioactive isotopes. B: Bolus.
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Fig. 4. The modeling of the dynamic kidney phantom system. (A
: red arrow(kidney), yellow arrow (bolus), blue arrow (bladder), B:
Dynamic kidney phantom system).
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Fig. 5. Acquired images were analyzed in Xeleris Functional
Imaging Workstation.,

Cr - BKGy C, - BKG,
e HXR e WX
Uptake =
Injection Dose
GFR = 9.8127 X (Lt uptake% + Rt uptake%) — 6.82519

Fig. 6. Quantitative analysis of the Gates GFR values were
calculated by the method.
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Fig. 7. INFINIA gamma camera (General Electric Healthcare,
Wisconsin, M, USA).

Fig. 8. Patient position is supine and raise both arms above the
head.
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MDRD GFR
= 186 X Serum Creatinine 1154 X Age0-203 X [0.742 if Female]

Fig. 9. Hitachi 7600—210 (Hitachi, Tokyo, Japan).

Fig. 10. CT scan depicts lines from the skin to anterior (A) and
posterior (B) renal surfaces at the level of the renal hilum.

Fig. 11. A region of interest (ROI) was drawn kidney and depicts lines from the skin to anterior (A) and posterior (B) renal surfaces.
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Table 1. The renal depths (mean=S.D, cm) measured from lateral, CT and estimated from Tonnesen, Taylor and Itoh equation

*Mean+SD 95% CI p-valueT
oT Rt. kidney 6.97+0.89 6.66-7.28
Lt. kidney 6.70+0.84 6.40-6.99
Rt. kidney 5.74+0.55 5.55-5.93 0.000
Tonnesen
Lt. kidney 5.70+0.54 5.51-5.89 0.000
Rt. kidney 6.78+0.64 6.56-7.00 0.246
Taylor )
Lt. kidney 6.37+0.70 6.13-6.62 0.002
Tioh Rt. kidney 6.91+0.52 6.73-7.09 0.837
)
Lt. kidney 6.73+£0.55 6.54-6.92 0.501
Rt. kidney 6.95+0.86 6.65-7.25 0.667
Lateral
Lt. kidney 6.71+£0.82 6.43-7.00 0.822

*: Calculated kidney depth (cm)
T : Analyzed by Wilcoxon's signed-ranks test
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Fig. 12. Tendency of GFR according to kidney phantom depth.
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Table 2. Comparison of GFR mean value in 32 donors based on MDRD

Mean+SD 95% CI p-value*
MDRD 114.25+19.32 107.56-120.95
Tonnesen 99.42+15.69 93.98-104.86 0
Taylor 114.63+16.85 108.79-120.46 0.911
Itoh 119.14+18.44 112.76-125.53 0.254
Lateral 119.21+17.30 113.21-125.20 0.061
CT 119.24+16.93 113.38-125.11 0.076
*: Analyzed by Wilcoxon's signed-ranks test
Table 3. Comparison of GFR, regression lines, correlation coefficient and mean value
Mean+SD 95% CI Regression equation *r p=F
CT 119.24+16.93 113.38-125.11
Tonnesen 99.42+15.69 93.98-104.86 y=0.7579x+10.234 0.771" 0.000
Taylor 114.63+16.85 108.79-120.46 y=0.7417x+26.179 0.692" 0.032
Itoh 119.14+18.44 112.76-125.53 y=0.8753x+14.768 0.761" 0.948
Lateral 119.21+17.30 113.21-125.20 y=1.0101x-1.2419 0.978" 0.948
MDRD 114.25+£19.32 107.56-120.95 y=0.6499x+36.760 0.522" 0.076

*: Spearman'srankcorrelationcoefficient
T:p<0.01 (regarding correlation coefficient)

F : Analyzed by Wilcoxon's signed-ranks test
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