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mated glomerular filtration rate, eGFR)#EA7AH I /AT, H 43 B AR XS CT-GFR 53 A2 3 AR50 5 9 A% GFR (GFR mea-
surement based on radionuclide examination , R-GFR)#E47 A1 M08 . BT 2 W CT-GFR , 4345 15 52 J5 5190 R0 B S B i
Wlo BRI AL R 9 B SRR E CT-GFR 5 eGFR 2 1‘H3§(r=0.81 ,y=0.94+0.92x ) , A0 55 5 il 1) ' S oL A0 AR A
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Measurement of glomerular filtration rate using multiphasic computed tomography
patients with unilateral renal tumors:a feasibility study

Wang Tingting', Yang Guanyu’, Shao Pengfei’, Lv Qiang’, Tang Lijun"

'Department of Nuclear Medicine, the First Affiliated Hospital of NMU, Nanjing 210029; *Laboratory of Image
Science and Technology , Southeast University , Nanjing 210011 ; Department of Urology , the First Affiliated Hospital
of NMU , Nanjing 210029, China

[Abstract] Objective: To investigate the feasibility of multiphasic computed tomography scanning combined with a homemade
software quantitative measurement of glomerular filtration rate (glomerular filtration rate measurement based on computed tomography ,
CT-GFR). Methods : Fifty-two patients with unilateral renal tumors from February 2017 to July 2017 were included. All of them did not
suffer from acute renal insufficiency. All patients underwent renal CT scans and serum creatinine (serum creatinine, Scr) tests
preoperatively, of which 15 cases underwent additional radionuclide examination. Total CT-GFR and relative CT-GFR , with or without
renal tumors, were calculated by a homemade GFR quantitative software. The correlation between total CT - GFR and estimated
glomerular filtration rate (eGFR) was analyzed by Pearson’ s method. The correlation between relative CT-GFR and relative GFR
measurement based on radionuclide examination (R-GFR) of split kidneys was also analyzed by Pearson’s method. Total CT-GFR and
relative CT-GFR were calculated in early and late renal parenchymal phases respectively with or without renal tumors. Results: Total
CT-GFR in early renal parenchymal phase was highly correlated with eGFR (r=0.81, P < 0.01). Relative CT-GFR in early renal
parenchymal phase was highly correlated with relative R-GFR in the split kidneys (r=0.85, P < 0.01). Conclusion : Split and total GFR
can be measured accurately using multiphasic CT combined with homemade software in patients with unilateral renal tumors.
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5 R 2 o DA 00 e DR A AR T - 6 1 o
A E o B B IR G R A B s A R DT R
Jo AR A B T SR B HE AN RSB DA AR 1S DD BELE I
PR g 2y h B B8 o IR BT
B R AR BTS2 AR 2212 W i B SR AS BRI BR T 15
fiff )2 T, A B — R A B R R 7] e i 5 D) e
FIEEFAEE . CTH A — 2Pl B RS0
HEFB, vl SR AL RS B 0 2 E B . REAERE
% & IR CT B i 49 4 %2 5 B /NER U8 3T % (glomerular
filtration rate measurement based on computed tomog-
raphy , CT-GFR) 51l PR 258 SO 1A% R AR
7E ) GFR (GFR measurement based on radionuclide
examination, R-GFR) BA — & IAHICH: . (B LATERT
FEXSRZ N B IIREIEH (W E R AESR ML) (Bl R
A A 1 B R B IR R R R D
ST ARERARAL T CT B R R OF A
TR —CE i GFR AT, 58 18 170 B I 52 ot 4R
B ARG IR T Bk B 3l E) A kAU
HZhBIER 5L, S8 T R S B AL R A
I8 CT-GFR (3155 . LA CKD-EPI™ 28 U 58 14
JNER U8 15 R (estimated glomerular filtration rate, eG-
FR) KHURPERZ R BAZENE 1Y 73 B AR R-GFR 2
Z:IR, BTEIRSE CT HG SR AR VARG B PG B g A8
# GFR BRI 174k

1 XMHMTTE

1.1 =%

HTBEMEITFEARE 2017 47 2—7 A G IR K R 5
B b geg B8 5 52 41 (55 33 49, 2 19 451) ) , AR AT B e
CT £ #x A 1M 75 LT {H (serum xreatinine , Scr) Ml
JE o AR 27~84 % Y58 % A Z i E 4T CT
' I AG: 25 17 b BB K UL 3 L 438 1L 7 FE I %2 Ser
FLT 28 Jf i AR (hematocrit, Het) , Ser 76 [l 0.45~
1.37 mg/dL, 44 0.76 mg/dL, Het 1 Fil 0.28~0.50, 3F
11040, Hrp 15 BT PERZ R ARG A, I
oz A s (B ] /N T 3 d HHHIEER AT A OGIR YT . B
A RBE AT E SR E T, AR L 5
R RO B st i
12 Fik
1.2.1 GFR®E

Ser ¥ £ 5 SR [ 2 i BB I o A AL il
B (L RMEARZZZ W A FRAED , Bl Ser AR
A CKD-EPT*/ARAEE H eGFR, eGFR=ax(Scr/b) %
(0.993) ! MRAEPER 5 AF, FPE :a=141,b=0.9, c=

-0.411(Ser < 0.9 mg/dL) 8 ¢=—1.209 (Scr > 0.9 mg/
dL) s Zet  a=144,b=0.7, ¢=-0.329(Scr < 0.7 mg/dL)
¥ c=-1.209(Scr > 0.7 mg/dL) .

52 15 BIRAF R - L =T LR
(”"Tc-diethylenetetramine pentaacetic acid, ”"Tc-DT-
PA)FRIC AU R AGE I E R-GFR, EI5R
5, T A mRUE AL X, AL (Sie-
mens E.CAM, Siemens /> 7] , 78[5 ) I T Gates 15 H
S A AR LS R-GFR 5 PR SO
AHXTE DI RE A AHXT R-GFR, B A3 B R-GFR BRLAE
' R-GFR.

B IE CT F1 4 >R FH XUE CT (Somatom Definition,
Siemens Medical Solutions , Erlangen 23 ], o), B
JERS: AR 1T 0.5 h WS A4 10K 24 500 mL. &' H S
B8 LR 120 KV A LI 200~250 mAs; E HL 64.0%
0.6 mm; B2 1.2; H )2 JE N 0.75 mm; JZ (0] Hi 4
0.5 mm; AR B30f, AT © FH ATE
A1, S Sk | 0 R Ry SRR TS 22 R A 2 em; @3
JURAB 410 - T A 00 R K A 20 G R DK R
B, 2RSS LA S mL/s BT AR FXT L
) (R 27 e , 370 mg 1/mlL, FE[E 55 R FEH-25)M1) 100
mL, B 5 IR ] 933 56 S AR M1 20 mL AR BREER /K
Vo i A R FH A1 B #5725 (Bolus tracking) , U
A R 10 s J5 i Wi Wil P i e e B T 1K
il A BAE A 250 Huo M 3220 ik 4B 3k 250 Hu J
HEIR 6 s R4 B Sk s @R Z sh A5 : )
KA 5 23R 20 s HEAT B T 1K1 19 )2 3h 285 4
il AR 120 KV, A HLIT 40 mAs, [IFR 2 s, 3649 15
K, 2510 mm; @S BT R4 R 2 A5
TR 20 s TFARHEAT 4B S BT B4 . 24
BRI s @52 BT - S B R  S E
840 s AR AT 4 B ST B . S 5
T
122 CT#%GFR

CT-GFR M 5E J& 3 F Patlak J5 2 , 1983 4F Patlak
S5 T ek o ) S 1 A i %
FHT 3 A3 (SR, DA A B I vl 20 R /N il
53 R F AT S 2 5300 55 5 2l ik R SRR S B
PRI AR 3 52— LB il

B B E CT MR B A FWE R 19 CT-GFR il
Bk, BRI AT OPE 525 H 34
H 5 QA B Bl e UL B S SR R R B e
JER A IE e AN AR AT T3l g (51 1) s B E3)
Jok 5] 5% BE il 26 (time density curve, TDC) A2 1%, 7F
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B TTOKF A S BKN E BCS A AR DL B AR A ARSI CT-GFR.
ROL; ¥t A gl AE S IK TDC (&1 2) s @FEEFh 1.3 it F 0k

s A\ B R EE A Het, 304 F ST 4d e R
B (fL 2 AR SN ) 1943 1 CT-GFR, 2R J5 i A
FZ1f X (body surface area, BSA)#E1TAR1L , 43145 H

B, Mio

X SPSS 23.0 Al MedCalc15.8 4t it 2% 4% {4
(MedCalc Software , Mariakerke , [t | B5) ) &b BHEG 4
£ 2 B8 PR 4 Kolmogorov Smirnov FRFE AN A B6 3447

ABRAE 1 SARAC A SE BT R 5 B TSI B IE W S PR BRI 114 VB TR R E0 S5 C LD« SO B 2 O R o B I 2 A ) A o

E1

5,35% , A5 ERHEmE

Figure 1 35-year-old man with right renal clear cell carcinoma
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Figure 2 Sofeware automatically generates aoutic attenu-

ation curve

B IER A FRAREAH CHE R H Pearson A 2¢ 22 5055
B o AR 3 (] — 350PE: K % 3 ] 22 S P40
B>k H Bland-Altman & . B S2 A £8CE 6015 FITBR

AN IR 5 CT-GFR F 22 54 0 A 2R FH C X ¢ 46
5. P<0.05WESAGIH¥E L.

2 # R

37 ik S GFR /A b4
52 {5 5 JieboRg A 2 S o R e B 4
928 F1% S EE CT-GFR .eGFR . R-GFR %{f 3%
1, B S R T30 CT-GFR U & TR
i,
2.2 CT-GFR %5 eGFR #8 % P & — Bobk Yoz

ANVR AR B S o R i e A B R S CT-
GFR 5 eGFR AH MY 5 TBRAME M CT-GFR 5
eGFR AH I 3 B S ] CT-GFR 5 eGFR A XMk
TSR (32 2) o S A g
¥ CT-GFR 5 eGFR {5 FEAACE (r=0.81,=0.94+0.92x)

2.1

x1 3MAEUTEGFRERILE

Table 1 Results of statistical of GFR by three methods (¥ +5,n=52)
B 12 T
GFRUNEE Tk AHfi 2 X {H FAXHE (%) 7 %A AHXHE (%) 2 NHE
[ml/(min-1.73 m*) ] CREZEE)  [mU/(min-1.73m*) ] (@5F/6%)  [ml/(min-1.73 m*) ]

CT-GFR(w) SR LA 46.02 = 8.59 51.02 £2.73 44.26 + 8.38 48.98 +2.73 90.28 + 16.20

S2 o I 37.69 +7.93 51.36 +2.87 35.79 +7.78 48.64 +2.87 73.47 + 15.07
CT-GFR(wo) S fLit] 42.01 £ 8.49 48.67 +2.65 4426 + 8.38 51.33 £2.65 86.27 £ 16.17

SIS G 3423 +7.74 48.80 +2.68 3591 +7.86 51.20 +2.68 70.15 + 15.08
R-GFR 51.75 £ 11.26 48.72 + 3.86 54.75 £ 13.53 51.28 +3.86 106.47 +23.67
eGFR 96.65 + 14.23

CT-GFR(w) : 2T CTHE /R S 2 (L5 E MR ) 5 CT-GFR (wo) : 2T CTHE A B /NERIE 5 R (BRI BRANE BIEE ) s R-GFR 2 T
SRS R ARV B0/ NERIE 1T 2 e GFR - 32T CKD-EPLH A4 B/ Nk %
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%2 CT-GFR5eGFRILE
Table 2 Results of statistical comparison between CT -

GFR and eGFR (n=52)
eGFR
GFR il £ 5% CT-GFR e Pl
CT-GFR(w) S ] 0.81 <0.001
ST 0.74 <0.001
CT-GFR(wo) S 4] 0.80 <0.001
ST 0.74 0.00

H—8 R (& 3).,
2.3 CT-GFR X5 R-GFR 48 % P & — B ik

B 2 3L 43 B AR CT-GFR 5 AHXT R-GFR A
KA T e 91 5 65 5 e 43 ' AN CT-GFR S5 4H
X} R-GFR AHOCHE & T BRSNS I 73 5 AH X CT-GFR
L R-GFR A (23) . B R B B &
B W83 A X CT-GFR 5 AH X% R-GFR 15 B AH ¢ (r=
0.850,y=18.24+0.62x ) H—FPE R1F(E 4),

A

140.00
% r=0.81,y=0.94+0.92x °
S 120.00-
Mr
pas)
E 100.00-
=
¥
42 80.00
&
N
@ 60.00-
5 40.00-
40.00 60.00 80.00 100.00 120.00 140.00
eGFR
B
50
ffﬁ 40
BE 5] ° +1.96 SD
=9 ] E 285
i )
m_t S 20 o e
&iﬂg 10 - o - 26900 00200 Mean
TE o] g oo 7
E = g ° 7 % °
3 =10 o > —1.96 SD
-20 4 -14.4

40 60 SIO 1(I)0 1I20 léIlO 180
Mean of eGFR and ' 52 Bt 4143 2 5 fiivid &8 CT-GFR
A EIIBRSLEAE CT-GFR (w) 5 eGFR B BEAR G B B 920
R CT-GFR (w) 5 eGFR —EfE R4, S22 UK CT-GFR(w) 5
eGFR 2539400 7.1 mL/(min- 1.73 m?) , Fi & B LACE — S0 L F
FRAEY 95% CI Kj—14.4~28.5 mL/(min-1.73 m?)
E3 BLREFEHEE CT-GFR(w)5eGFRAEXMR—5
Figure 3 Correlation and concordance between the total
CT - GFR with tumor in early renal parenchy-
mal phase and eGFR

&3 #'5#xt CT-GFR 5%t R-GFR LL &
Table 3 Results of statistical comparison between relative
CT-GFR and relative R-GFR of split kidney

(n=15)
| WA TP AT

ST U 1T
A4 CT-GFR E P CT-GFR E P

SEFT CT-GFR(w) 0.85 <0.001 CT-GFR(w) 0.85 <0.001
B CT-GFR(wo) 0.63  0.01 CT-GFR(wo) 0.63  0.01
LB CT-GFR(w) 0.75 <0.001 CT-GFR(w) 0.75 <0.001
Wl CT-GFR(wo) 0.59 0.02 CT-GFR(wo) 0.59 0.02

AHXS CT-GFR (w) : 5T CT 543 BN B /NBR ke 5 (L 5
JifgR ) 5 A CT-GFR (wo) « 5T CT 43 B M /R ik % (4%
PEBEANES I ) 5 FHXS R-GFR : F T HAZ 28 ASIE 1303 B A T
B/ NEknET AR

A
r=0.850,y=18.24+0.62x
=z 52.50 4 °
91 )
)
O Q, ©
= 50.00 - . e
o o9
.D—‘<‘ o o
= 47504 %
w 4
B
prang
=R
o 45.001
H-g OO
{;K [e]
dp 42.50 4
T T T T T
40.00 45.00 50.00 55.00  60.00
R AT R-GFR
B 6
i ] +1.96 SD
Koz 4 44
oz °
= 2 o
= O ] o . . Me:
= = o ean
g2 07 e 03
= o '
T = o
5 o
o = 1 ° e -1.96 SD
=L oo -4
] ] -3.8
_6_
T T T T T T T T T
40 42 44 46 48 50 52 54 56
B ARXS R-GFR FIEF 92 5

ELI] B AR CT-GFR -2 {8 (w)

Ax B S BRI ER E AR CT-GFR (w) S5 HI%T R-GFR S22 B A G 5
B 5 S5 L] 88 AR CT-GFR (w) S5 A% R-GFR — 0 R, 902k
L AN CT-GFR (w) 5 A0 R-GFR 22 (H35%1 0.3 mL/(min -
1.73 m?) , 1 % R 2 A3 — Btk b T BRAELAY 95% C1°4-3.8~4.4 mL/
(min-1.73 m*),
B4 BILREPEHBEHEI CT-GFR(w) 53t R-GFR

KER—H M

Figure 4 Correlation and concordance between the rela-
tive CT-GFR with tumor of split kidney of tun-
mor -bearing in early renal parenchymal phase

and relative R-GFR
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24 Hib B RS , BRI S BT AT R HDLhRE 114 S B

2 £ S AR M B A 43 S e vy I S T R B
AN IR S CT-GFR —80hE R AP (B15) o B S i
0 BB A0 RS CT-GFR 5 5k 1 B b J CT-
GFRACXT (K556, P < 0.05, ARSI CT B4
A 500 5K B 3R B (dose length product, DLP)™
(1 206.86+79.71)mGy - em, 7l /2 sh A 474 ] DLP
[ 7E 2 34 mGy - em, [i] 2 S A4 4 B A7 %01 =
12490.51 mSv,

i 15 A
s °

L 10 +1.96 SD
% ¢ 88
: 5

T ()]

5 E,_: 0 o o R Mean
r © 047 LI %0 0.4
= T -y o O o ° .
1 B ® % o ©

< J _5 i o °
ﬁ 1.96 SD
e -10 4 -8.1
2
.ﬁm _15 _I T T T T T

40 60 80 100 120 140

PSR CT-GFR1RLELE CT-GFR2 4411

2SR T M & A= 43 i Ak ST i CT-GFR — 301k AT, SEZRAR
FPAT I CT-GFR 25 (HI9H0CH 0.4 mL(min-1.73 m*) ,2 LA
F—5hE 1 FBRIEAY 95% C14-8.1~8.8 mL(min-1.73 m*)

B5 2{rEElEEMTNE CT-GFR —HMHELILE
Figure 5 Comparison the concordance of CT-GFR mea-

surement by two experienced radiologists
3% i

FURT T ARIBRAT & 167 Joy FRAE 1 Ao g o —
AR , FLFE ARG R P DI BR AR B AL TR
ARRIAR A =i PP DI RE , X AR AR O 2 ik
FEHAEE TS IR LW T3 GFR 5977 1%
R WU PR R AR A T A U R S
3k EEA A ARRRIE. eGFR HATALE )
AE, ORI FIIREMR B o MURMERR BAREA
A TS , i TC RS iR B I S R R
H LA EPIR 5 i B DA B MR A B A 5 15
Xt IRERI R o AT AFAGBOR B BTSSRk T
BT CTHI GFR YA ATHE o CT RS AR b
SRR AL 2 B A A, AT UGB PR
MR BB EAS B R TR A A5 R W B
B LS DIRE , BRI Me A T . AT
T Patlak P SVEORAL T CT B REFEIH 7 456 A
Wt CT-GFR & BT R, 7E3RAT 1 JIEAR 9]~ 5
SRR B SEE TR R R A S CT-GFR 1Y
AN RE o ARTT W R o kA 7 5 75 X /N ek

WK I 7 B8 CT-GFR., R SR AE R A 5%
B g s AR S T R A DGR B R A LAk
TR, A RS HERT IR S U AT 5T R
H Bland-Altman 5387 A7 5245 Ll B A= 43550 4 7.
I #2 CT-GFR — 2t R, P U I8 iE U84 2 % N i
SEFGEMANK, R e AT

REFEWFSE CT 1158 GFR £k H L2 sh S,
PR3 — N J2 T, % B SR s A G igeg iR
A CT-GFRYEMPE R AR . A5 T Patlak
PSR A B, B T R — 2w
£ GFRAYIENL . CT-GFR A iR M 3 B e T
FEKTDC L. T3k TDC HELe Mk, &2
FIBETH 5 BE R P22 IR AR e g i R e R
SRR FEAR B Z , Tk TDC #GE B, %E 1 CT-GFR
R . BREAEDFSE Hh , BUE I R T L sh ik
) RS B AR 4 A A (R R B i =
Pk TDC . ARG Rl £ S ik TDC S W] REAER
FE I K AN S R RN — 4L [FZ sh A, R
FITDC Hh BERFE 228 [ 2 (R LT A, 28 s S B
SEHITDC, Ak [ 2 sh A 5 4l 0 1 s 2 7)o,
I B S — 2 M 40 mAs, ML BG4I
i, R 2SS4 DLPAGE M 3%, ALt st
S A AN [ A ) B A3 X CT-GFR RS B i 5 , A
TSI 3R S o P A R A

AW FE KB, eGFR 54005 g B 40 B s I '
SR RV CT-GFR AH G408 T 00, 2B A1
X} R-GFR 5 5Z AT CT-GFR ARSI T 1
W, SO ANE A B S B CT-GFR RS i P
T B S i B CT-GFR, 3X 55 Hackstein 2 (19 A
FELE IR —E, AT AT EEFR) I T bR R S B i
HE55 5 CT-GFR [EJA1 5, & 05 B S2 iR CT-
GFR AP & TR, HL'E 520 5 CT-GFR 4%
(B = TR, S ARWE Y — 8, AR SCA =X
P&t R R R AT BEANF « B 5, Patlak PSR & CT
-GFR 3 F = A, 7EXF 52 61 BHR /A i &
BRES 4395 ) 7 B S R M I A X H A e A RN,
AR & S A R AT EE , WS e 5 CT-
GFRAEAMEAL T R4, ok, R BIRU RS H R
SERFXT LT 58 A T B AT AN NS = REN,
2 AL [R) Jo AR AR R LA e — 5 P 1
SR A A SE BRI H AR B A YR R
T B ) B N R A A B X R 4150 2 )
J X R 2 AR B /N R T A0 04 D e I R SR A )
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J N AT B B 2l CT-GFR (B3 2, J 2 sy
it B[] S5 255 () 44 A B B o, vk
2R VEBUKSES S SsB R0 CT-GFR 46X 5 T i
1o AHBF R 2S )6 2 1 GFR B S M ANV & A 7
115 CT-GFR, Gates 5115 R-GFR [FIFEAE7E B 0] 5T
[P, X6 PRI 45 ol it PRl T 3850 58 ) 2 Tl B4 R,
FHCT & it GFRIAT i — PR R, b in = F R
e

Hakimi %" WF 52 A0 B I ARV E GFR 2
A5 B T BE A b 37 TR0 PR R 22—, X R R R
I GFR AR 1% 52 2 W ASU AR i v 28 R rp O 4
IR it , 8 I D R 3, OB IEAL
Je FRE R B I RE X TR YT O Uk B A
PR o ARBFGER FHBCT ¢ 4655 70 B 6 75 B g CT
-GFR FIERANE B )5 CT-GFR BUEAFAES ¢ 22
5, HABE A0 B R A X CT-GFR S5 A% R-GFR
AH DL T B BR AN MRS 5 AH X CT-GFR, T6ig
WS R e I L BT LAASIF S A R B B A
A5 B IR I CT-GFR 1R R AR BT PEAR 40 B T RE 1
HIRPRo

RS — R BRI, 158 CT Z BB I 4L
I (14 SR B X I W A2 | B R 3 v VAR S 4 T
PG AT S8 5 T R IR I, -0 i i 3 g T
T3 R — 2 A RIS 5 B R
Sl ECE WEPT IR TR CT-GFR 8 . Hak, A
WS X G 300 B g F8 3 XA 2 B D BEA
Gl foff B[] J 25 () T I8 34 ) HGAth B 95 & CT -
GFR & & KGR 5 i — 2009 . A AR5
YA SI BT A REAS i B LA B GE T F R E R AT
A B A ARSI BIBE T , A SR ke pi 5t ol 1 249
KEEA R, I EA7 906 191 B2 B Bt 17 , 9F— 243 M Ve
JAVIBRAT G CT-GFR B #4284k, E WA CT a2
W7E GFR PR AT 4 SRS ik o

ZF A AT A0 CT B 7 245
A B FEWFEE i CT-GFR B Al AR 3154 5 i
o HRE GFR 2L T —F T AT A AR, T« —uh 27
TOAPE AL 20 B B B (B SR A B g ) TE 38
MY ResE G S B AR A T B A A

B, Xt RSN TR T7 3 e B 1 U VA
AEZNRFE L.
(&% 30k ]
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