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Data from '*!I-Hippuran flow studies were processed by an on-line computer system for the func-
tional imaging by which selected regional dynamic functions were visualized in the form of images. This
functional imaging was clinically evaluated for the diagnosis of a variety of renal obstructive diseases.

Following intravenous injection of about 300 pCi of *!I-Hippuran, sequential data of 20 sec. frames
in 64 % 64 matrix form were acquired for 20 min. utilizing a gamma camera (GCA-202) and an on-line
computer system (DAP-5000N). For cach element of the matrix, following parareters which reflect
regional dynamic functions were automatically computed. Namely, (1) Tmax: the time-interval from
injection to maximum count, (2) T 1/2: the time-interval from maximum count to its one half, (3) T
2/3: the time-interval from maximum count to its 2/3, (4) T 1/2(IDS): a half-time of exponentially fitted
initial descending curve. Computed values for each of the four parameters were displayed on CRT as
brightness in a 64 < 64 matrix form and recorded by a polaroid camera. Time-brightness calibration
dots were also added on the images for convenience.

Clinical evaluation was devoted to detectability of intraparenchymal changes by the functional
images in contrast to intrvenous pyelography (IVP) and serial scintiphotos. In 10 cases of normal
kidney, functional images for any of four parameters showed diffuse distribution with brightness re-
presenting less than 4 min. In cases with mild hydronephrosis and pyelonephritis, multifocal segmental
areas with high brightness were usually seen in the region of renal parenchyma, indicating delayed focal
transit. In severe cases, diffuse distribution of extremely delayed transit was often seen. In cases with
mass lesions, focal delay was seen adjacent to radiologically confirmed mass areas.

Out of 32 cases with positive findings on IVP, findings were consistent in 819 on serial scintiphotos,
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63% on Tmax images, 94% on both T 1/2 and T 2/3 images and 1009, on T 1/2(IDS) images. In ad-

dition, out of 33 cases with clinical or pathological diagnosis of obstructive diseases without positive

findings on IVP, abnormal findings were seen in 46%, on serial scintiphotos, 39% on Tmax, 81% on
T 1/2, 79% on T 2/3 and 91% on T 1/2(IDS) images. Out of total 65 cases, positive findings were seen
in 499, on IVP, 63% on serial scintiphotos, 51% on Tmax, 88% on T 1/2, 86% on T 2/3 and 95% on

T 1/2(IDS) images.

It is concluded that our functional imaging is very reliable and sensitive diagnostic technique which

can not only reveal raost of diseased focuses with abnormal IVP findings, but also visualize such mild

diseased focuses which might escape detection on IVP.
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Fig. 1 Schematic presentation of the parameters (Tmax, T1/2, T2/3 and T1/2 (IDS)).
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Table 1 Distribution of the values for each of the parameters over each of the elements of

the matrix in 10 normal cases.

| 23 £ 1 s S sfe ol

Parameters No. of cases 8:::’3 (ggn.-) ((J}fé) Namzanlﬁ;asgt,

Tmax 10 2.23 0.32 14.2 1.60—2.86

T% 10 2.70 0.66 24.3 1.38—4.02
Parenchyma |- D)

e 10 1.93 0.52 26.6 0.90—2.96

'].‘-é— (IDS) 10 2.20 1.34 48.0 0.10—4.32

Toax 10 2.40 0.31 12.9 1.78—3.02

T—é 10 2.63 0.50 18.4 1.63—3.63
Pelvis 5

T4 10 1.80 0.42 23.2 0.96—2.64

T% (IDS) 10 2.20 0.92 42.2 0.36—4.04

¥ BD=y/[X(n;—1)8;*/ Tn;—kJ, where n; is the number of the elements of the matrix, 8; is the esitmate
of the standard deviation for each of the flagged regions for the i-th kidney and k is the number of the

kidneys.
**  Coefficient of variation=S8D x 100/Mean
*k* Mean + 25D
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B X 74 parameter O L hHEE Shn B
PEBUR D IEHAED N4k 77T . SHEBEBIC KT
% Tmax, T1/2, T2/3 3 X 0* T1/2 (IDS) i+
5P5(E (mean) is X O FRH#E(RZE (SD) X Zh

% h2.23+0.3247, 2.70+0.66%7, 1.93£0.52
0, 2.205 1389 W A L fe. — 5 R
TR Th £ 2.40£0.31457, 2.6310.50

77, 1.80%0.4247, 2.2010‘94.5}%:/}}2‘[3Lf;. ey
parameter [Z-2\~T SD % mean T L, ZFHE
B (CV) #keb % & REFR T AR the
Nn14.2%, 24.3%, 26.6%, 48.0% OfEx 15, &
TR TR R ER12.9%, 18.4%, 23.2
%, 42.2% Ol %1, Wiz mean+25D X b IF
WA R D B & FHFE TRk T hEhl. 60
~2.86%, 1.38~4.0243, 0.90~2.964y, 0.10~
4.324y s b, BHFES CIRERCERER]1.78
~3.02%5, 1.63~3.63%", 0.96~2.6445, 0.36~
4,045 & Tso7-.

Table 2 1 3&Bv/ 72k Rp oz h b
parameter @ B D 44F 4 753 2%, Tmax,
T1/2, T2/3 3 X v* T1/2 (IDS) o SEHfE KO #E
IRAEIL T M Fh2.47£0.174), 2.6310.45%,
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Fig. 2 Normal case. Serial scintiphotos and reno-
grams (left) show normal diffuse drainage. FFun-

ctional images (right) show diffuse distribution
of brightness indicating less than four minutes in
any of the parameters.

1.56£0.174 % X 0°2.03%0.40% 404 L, CV
BENENRT.0%, 17.1%, 10.9% 8 X 019.7%
Tdhofz, meant28D Z FHE L35 FFhFh
2.13~2.81, 1.73~3.53, 1.22~1.90% X TF1.23
~2.83& o7,

fEB 1
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Tahble 2.
Para;neters _-‘- No. of cases i (_Krfliaﬁ)
Ctmax | "io | e |
3 | w | em
_T% ___?__ __ m_ I ________ 1.56
(IDS) 10 ‘ 2.03

HoAR 2 e S ERE B838% 7 &

Distribution of the values for each of the parameters over whole kidney in 10 normal cases,

~ SD¥ I Gy Normal range % |
(min) | ) (min) |
0.17 7.0 2.13—2.81 |
0.45 17.1 1.73—3.53 i
0.17 10.9 1.22—1.90 |
0.40 19 7 1.23—92. gq

*  SD=vT{n(x— x)z,f(n—l)j where x is the value for each kldney and X is the mean, and n is the number

of the kidneys.
#k  (Coefficient of variaction==5D x100/Mean

##% Mean -+ 28D
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Fig. 3 Case 1. Chronic pyelonephritis. Intravenous pyelogram shows cavities in papillae of most
of calices (long arrow head) and multi-focal parenchymal atrophy (short arrow head) in left
kidney. No particular abnormality is seen in right kidney.
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T172(1DS)

Fig. 4 Case 1. Chronic pyelonephritis. Serial scintiphotos and renograms (left) show

slightly delayed drainage without focal retention. Functional images (right)
show multifocal areas with delayed transit in renal parenchymal region especially

on T2/3 and T1/2 (IDS) images.
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RIGHT

Fig. 5A, B. Case 2. Hydronephrosis with solitary cyst in right kidney. Intrvenous pyelogram
(A) and renal angiogram (B) of right kidney show hydronephrosis without parenchymal
atrophy. Renal angiogram shows solitary renal cyst (long arrow head).
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Fig. 6 Case 2. Hydronephrosis with solitary cyst in right kidney. Serial scin-

tiphotos and renograms (left) show pelvic retention of right kidney without
other findings. Functional images (right) of Tmax, T2/3 and T1/2 (IDS)
show focal delayed transit in upper pole of right kidney.
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Fig. 7 Case 3. Acute pyelonephritis. Intravenous pyelogram shows no particular abnormality.

IVP i 650326 (49.2%) < REHTR % B (50.8%) wik, IVP i SETHT R GED 5
Ateh, 05 BLI6HNTILFRE OWH I Rishotz, chb IVP OffRic X2 ThHl b
L, collecting system DOZFEA s B, 11HIC NR&R - oWT, SRS Y v F 77 4R8I
3. collecting system @ADL Y, L5 FOfE functional image -CTHEMNETIREGE O SEAT
WERA T TC IVP i hic. D33 RO S B =R, O EOE SRR

Table 3. Comparison among IVP, serial and functional images in the sensitivity to detect parenchymal
changes in 65 cases with renal obstructive diseases. The number and the percentage of the cases with
abnormal findings in serial and functional images were shown for each of the groups of various IVP

findings.
VP Abnormal* | Abnormal Functional Images™*
[ S—— — - d_ —TNo_of | ?er;al.‘ — S 1. : “__T_j_ - . ] ,IDIS,)_
I Cases | % T B B 2
Abnormal Parenchymal Atrophy | 16 14 (87.5)**; 10 ((;9 5) I 16 ¢ 1000 | 16 € 100) | 16 € 100)
Deformities in | : i _ I N : |
Collecting System | 11 | 9 (81.8) 7 (63.6) | 11 (1000 [ 11 (100> | 11 C100) |
Masses | 5 | 3(60.0) | 3(60.00| 3(60.0)| 3(60.0)| 5 (100
Total ' 32 |26 (81.3) | 20 (62. 5) l 30 (93.8) | 30 (9? 9) 32 C 100 |
(S —— - B . i IR
Normal | 33 |15 (45.5) 13 (139,-1) | 27 (81 2) ' 26 (78. 8) 30 (90.9)
Total | 65 | 41 (63. D 13 (: 50. 7| 57 81.7) | 56 (86. )) | 62 %5.4)

*  Images depnctlng enher d1ﬂ'u5(, or focal mtrapar(mchymal retention of '*'I- H1ppuran Pelwlc retention is
not included.
#*  Percentage is shown in parenthesis.
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Fig. 8 Case 3. Acute pyelonephritis. Serial scintiphotos and renograms (left)

show slight left pelvic retention.

Functional images (right) of T1/2, T2/3

and T1/2 (IDS) show multifocal segmental areas with delayed transit in

parenchymal region.
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Table 4. Comparison among IVP, serial and functional images in Ilcases with hydronephrosis.
The number of the cases with severe diffuse delay on serial and functional images (more than
10 min.) was shown for each of the groups of IVP findings.

IVP Serial Functional Images !

Findings 2:; eosf Images Tmax | T “%' ! T %‘ ‘ T %( IDS) I

Diffuse Parenchymal Atrophy 2 1 2 .' 2 ‘ 2 ‘ 2 |

| Without Parenchymal Atrophy 9 0 1 : 7 ‘ 2 ‘ 2 !
WE > v 77 4 CI50] (45.5%) WRFEMA% z =

Wy, functional image o Tmax L 336713
il (39.6%), T1/2 Tk 276 (81.2%), T2/3T
132661 (78.8%) % XUt T1/2 (IDS) Ti% 306

(90.9%) WRHERT RAmRdic. Keat65HIDF%E
MR EA, IVP Tk 3261 (49.2%) @ BEY
iDL, EREE Y v F 77 4 TR
(63,7%'), functional image @ Tmax TIL33{
(50.7%), Tl2ci3576 (87.7%), T2[3Ti356
Bl (86.2%) 3 X0t Tl/2 (IDS) Tix62 (95.4
%) CEARNRETRYR DI,
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fEOFD B iehot 9 Bl I\ T, REREIYE >
vF 75 AOHRMET I, TRTEEXD OB
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functional image % 2 flics\T, T1/2, T2/3
B IO T2 (IDS) 104l ko diffuse 7efEf
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A d multifocal [ ZHEEA VD H iz,
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W o L LT, £ onfigtki R
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Fig. 9 Functional images without data-filtering and eflfect of data-filtering on

regional renograms.
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