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STUDY ON RENAL TRANSPLANTATION

VI EXPERIMENTAL STUDY ON KIDNEY PRESERVATION BY PERFUSION
WITH PERFLUOROCHEMICAL EMULSION AT ROOM TEMPERATURE

Tateo Horr
From the Department of Urology, Nagasaki University School of Medicine
(Chairman: Prof. A. Kondo, M. D.)

The functional and histological examination of the kidney were investigated after preservation
by perfusion with perfluorochemical (FC-43) emulsion at room temperature.

The isolated dog kidney was washed out with physiological saline and perfused with following
perfusate for 3—12 hours. The solution A contains 2.5 w/v % FC-43 in Ringer lactate solution, B
contains 2.5 w/v 9% FC-43 in Collins’ Cj solution and C is Collins’ Cj solution without FC. Nonpul-
satile perfusion was carried out under the condition of 95 mmHg pressure and flowrate of 4-20 mi/
min. Oxygen was continuously bubbled during perfusion.

After completion of perfusion the kidney was connected to the external shunt prepared in femoral
vessels of the same dog, and the extracorporeal circulation was opened. Urinary output was observed
after perfusion of 3—4 hours in 2 out of 3 of A group, 6 out of 7 of B group and only 1 out of 4 of C
group. The kidney function after extracorporeal recirculation in the B group was as follows. Creati-
nine clearance 2.0 ml/min, PAH clearance 11.0 ml/min after 2-4 hours and creatinine clearance 0.7
ml/min, PAH clearance 3.7 ml/min after 5-7 hours perfusion.

Histological examination of the perfused kidney in A and C group revealed remarkable dilatation
of glomerular capillaries and tubules and interstitial edema. On the contrary only little histological
change was found in kidneys of group B.

Autotransplantation of the kidneys in B group was performed after preservation for 2-6 hours

by perfusion at room temperature. Three out of 6 kidneys after perfusion for 2 hours and 1 out of

5 kidneys after perfusion for 3 hours respectively maintained those functions.
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V. CODTEDH ORI 5 BREOLANEL L
BATCNS. UTehi- THEXFHEEBEOBELNS
EHPTH-T, BRER, ZOHEEWRZHELTS

T3, §ETRRCTERBZREST 21201,
BOMRS 2T REICIEIE 2 5L UT, KREER
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F B E R

FFEUDICEHER % 1772 5 12D O perfluoro-
tributylamine (FC-43) emulsion BREFHEE 1L OWT
WLz

1. 75 &

& 8-22kg DHBR AR, 2 T4~ (25
mglkg) FREYF, - BEEMIC 1 fIOB (FE 3058)
7 HIHL, BEIRC v=a—Vv—varif, HEBEK
T, ~oy L 2500w/, HEER S v 4 4 500 mg/l B
AT, # 300ml 2ERAT, =|ET (15~25°C)
iz, 120 cm HO @L‘T:_'C’ waschout %2477z -7z,

Fig. 1 9T & 3 EREE 2 AV CER T, 120cm
H,O QFEICT %Nl R 17750, MR 2 HE L
1. By, FC-43 LK%, Ringer lactate TAR
L, 125W/V %, 5WIV %, 2.5 W|V % © 3 Hfi%
PEBEUTC. BSRICIE, ~o%y s 2500 ufl, HHERS
o4y 500mg/l BERINUIC. BEFE2 ~ 4 EREERIT
TEHEEBIc W THRE LTz,

, 03 95%
—Jriiter CO, 5%
e
Pressurev 1 Magnretic T
meter Sfi?rer Perfusion
pump
Gambro’s chamber O

Fitter

Thermo mefer

Fig. 1. Perfusion circuit.

2. & R

2.5WIV % FC BEHECE, i B ok
TH-otzhs, DOWV %, 125W/V 9% FC 3 T
i, TEEECS D D REICERESES L, 285
Wi, LS RATREE 205 1T BN AT
i3, 125 WV % FC BT, $HEOTMME

25 19804

RIRL, FHE SEITEL T (Fig. 2-a),
2k, 2.5W[V % FC #ERErcE, LEZEL
PEMTH -1 (Fig. 2-b).

3.0 F

120 em H,O D3I L 2 BRETOEBH T, iR
WD FC-43 i, 25W/V % p34Th .

£ B 1

DECBOEREFC LT FCA43 OERB L L
TOREZEZHH T, BRT CABOERREE
BrRfiisn, FC ORI COWTHEBME LIz

1.5 & , v

FHEREAUHET, #EHRALVEZIHL,
washout 2f3720°, Fig. | OEmEREIERL, B
T (15~25°C) iz, 120cm H,O @F (# 95 mmHg)
CTHEERNER 217~ 12, BRI, Table 1R
3BT EL. FC B, 25W/V % &L,
Z5RI & UT A Bli2, Ringer lactate %, BB,
Collins’ Cs W2z, CEIREE LT FC 25
F 700 Colling’ Gy JE 2Tz,

ERWOFEER, 500ml & U, 3RMC LIic#R
WRAHE LIz HBd, ERMHELD O 95%, CO:
5% OERAS A%, 100mljmin OEECHRL TER
W REHEL U T, BRI BEIRD BEIEE A
L, BESEIHERE L VBRRANBEZEEUL.

2~12 WV g washout 2filevy, BERMK
250 FC HAOHBEISEEL LU Tzkic, H—RDE
BIRICEEI LIz v v o bR L, BNERET
77z (Fig. 3) ROBHPBEELIHIC, B
UT, svrF=rs 7oA (Cer), PAH 5y
75 A (Cpan) OHEZIFIL -1,

ZOBRBTOMBES 2B L, BHSENHRE2{T
-7 FBAERE, washout fis k ERBICER
ErHAELI

2. & =

(1)  EmRWRE

AR IR, SPEEBELNX ST, B
Wik % 0.5~0.6 mljmin/g-kidney FEC #IRL, %
DT E L1z, BREOREE & ICREIER
ErRoU, 1EBMEL#KEE, #EHR=E, 02~03
ml/min/g-kidney E7gh, CHNHSHEHRK TR & TH5
Uiz,

(2) HEFRHORFEH

HERE B ICHERRCRE L D IREBHO RV L
1z, 2ORE, RENE{EHNLO»S 23.5mlh @

LOEThH-7. REAR, ER2EGEE T,
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Fig. 2. Histological findings of kidneys.

a. After perfusion for 2 hrs. with 12.5 w/v 9 FC-43 in Ringer lactate.

b. After perfusion for 2 hrs. with 2.5w/v 9, FC-43 in Ringer lactate.

Table 1. Composition of the perfusates.

Group Perfusate No. of cases

A 2.5 w/v % FC-43 13
in Ringer lactate solution

B 25w/v% FC-43

in Collins’ C3 solution u
C Collins’ C3 solution 4
(H) ThHo1oh, ZOHREFEINIUIZ. KOWLMT

BRI L FRERIE, #RKEZIIFRUTH-12. &
JTRIC FC AR @G 2R T A6 4 & - 12h3, 2

NS BZIMAE R L Ta 2 iRy 3, #
FRIT W TSR BRIAR D IEREL Vi - 12,

(3) HERROZL

#EEE {17, washout 12t 269, #EFHRTFIZ X
V6 OERNAS D, Myt X b BHk
DT AMENT D - 1.

(4) WP ORI D 77 257 1

FC jfifs B B T3, 1~ 3R F O BB IR 9y
143, 416 ~ 372 mmHg, BRI, 205 ~ 212
mmHg 7= BRI A5y B 5%, 211~ 160 mmHg
THhbh, kb BFEME e HAT 5L, 4.06 ~
2.07 plymin/g, kidney Td) -, t- (Table 2).

(5) My O IRFE

HEVERS I AME RS 5 1T - T, IR IH% O KRt
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kidney

Fig. 3. Extracorporeal circulation.

Table 2. Oxygen consumption of perfused
kidney with 2.5wjv % FC-43
Collins’ C; solution at 25°C.

Perfusion time

bohr 3 hrs

Pa O, {mmHg) 416 372
Pv 02 {(mmHg) 205 212
{a-vIDO, (mmHg) 211 160

Ca-vO, (ml/dl) 0.92 0.69
RPF (ml/ming) 0.5 0.3

0, consamp. ( I/min/g}  4.60 2.07

WA AHETITDH B8, TehiciZ 12T § RIRH
PEDA DO Ho1c (Fig 4). 3~ 4T, M
R 21775 - 1RO R R X (IRE 2 L
THbE, AT, 35I%2FIc¥EE7.5£2.5ml/h
DORGEHSH b, BETIR, 7HI 6FIic P 1694
125 ml/h ORFEH 2 Rz, C BTk, 4416 1 Flic
1.4 ml/h ORFGEH %2 RI2 @ X5 h>- 12 (Table 3).

(6) BRI % EMRR I & BHEOBR

2 ~ 4 BEREEERCIE, 8 HIH T Hllic ey 2314114
ml/h OERFEH % A, Cer 2.041.6 ml/min, Cpan
11.045.0ml/min & BBEES B REINTOE,
5~ TH BRI T, 11§ 7 Flic P 4.7 mlh
ORWEH & 75 b, BHEEEY, Cer 0.7L£1.0 ml/min.
Cpan 3.742.5ml/min DL Tz, 8 ~ 12 g5
BT, REVBAOL, BHEEEL 35 IETLTY

40
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Fig. 4. Relationship between urinary
output after recirculation of
blood and perfusion time.

1z (Table 4).
(7) AR R
ZFEBUTANLY OBEBR SN2, A, C B
T, SMRIRGBMME OHIRPTIR Y BHCED Lz
oxtL, BETE, LEE(LVBELERPEZD -
1z (Fig. 5, Table 5).
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Table 3. Urinary output after perfusion
for 3~4 hrs.
No. of urinary .
Group excretion Urin vol,
(ml/ hr)
A 2/ 3 7.5k 2.5
B 6 / 7 16.7 x12.5
c 1/ 4 14
3. f&

25W/|V % FC-43 2IRINU T EFmic & 2 o
T, ZNEETSVERBICL 2HRL D b, BE
BB, BH#BE IREFTH -7z, FC HFOMPKE U

131

Tk, Ringer lactate kb § Collins JHEDFHS, B
B, BHIRE AEAREINELTHS. HERI~¢
HETREREIR A REIN TV A, 20/,
KRB L & b ICETS 2 BEABA LN

E B 2

¥z FC-43 Ji Colling’ Cs EHK ZANT, K
BO=E TEREE 2172 - TR EREBEER 21T
0T, BEBEROTREEARE L.

1. 75

MERANZAV, —E2 HHL, BEEZ WE
#%, Collins Jgiz, ~/¢9 1 5000u/l, B 7w 14 >~
500 mg/l ZFEMUIH, % 300ml 2T, ERT
¢ washout U:#%, Fig. | OEREERZAWT, E
BT (15~25°C) © &N R % e -1z, BRE
DR L 0 BREDENMTE - T Table 6 TR

Table 4. Renal function and perfusion time in the B group.

Perfusion No,of urinary Urine vol. Cer Cpad
time excretion (mi/h) (ml /min) (ml /min )
2—4 hr 1/ 8 231114 20 T 1.6 110 E£5.0
5-7 6/ 11 4.7+ 538 0.7 £ 1.1 3.7 2.5
8§12 1/ 2 35 0.2 2.7
Table 5. Histological changes of the perfused kidney.
Group A B C
diameter of < 150 <150< < 150u¢
glommerulus o 3 9 2 9 10 2 o0 2

% capillary -+ 4 — 4+ # - 4+ +H

“E’ dilatation i 4 6 8 10 3 0 1 3

]

@

%®| no, of > 4 H > W - W
erythroeyte. 5 5 4 5 2 0 0 3 1
dilatation — + H# - + H+ — + +H
of cortical

4 3 4 16 3 2 1 3 0

o tubule

2| ditatation  — + H#H — + H — + #

T | of meduiar 5 2 15 6 ¢ 2 2 o
tubule

- — + t — + H =+

ZEZ| edema 9 1 1 11 2 0 4 @ 0
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Fig. 5. Histological finding of kidney after perfusion for 3 hrs.
with 2.5w/v 9, FC-43 in Collins’ C,.

Table 6. Composition of the perfusate and perfusion pressure.

perfusion
rou pressure Perfusate
9P coses (mmHgq)
A 4 95 3 w/v % FC-43

modified Collins’ Cy solution 1000 ml

B 8 60

Procain Hcl

Heparin

5000 u
500 mg

3 w/v % FC-43
moditied Collins Cy solution 1000 ml

Heparin 5000 u
Procain Hcl 500 mgq
C 13 60 Amino acid 50q
Vitamin 10 ml
Decadron 4 mgq
Insulin 40 u
AB-PC 500 mgqg

IR I 7z ABE (44) 12, BW/V % FC i
modified Collins ¥ 95mmHg, B & (8 {)) (1,
3W/V 9, FC jn modified Collins %, 60 mmHg,
C#E (13) 13, 3W/V % FC fji modified Collins
Wi, 78, RECE UM, FARD L, AL
29 v, ABPC v tciic, 60mmHg ¢, %
nzhlim #1778 -1z,

1~ 6 n§ldEnisz, washout Zfizein, CRIER 2 )i
— R IRI IS sk D BER L, RS 7
S 4 U PR | N S & R T RN O P X i ][
Wiy ereatinine A4l L, 7 ~ 10 {1112, Cer,
Cean 25 U728, MWYEWET L TREEVIC OV TR
e

2. k5 R

(1) BB

A BHE, 1~15 mRdEimi e R L 728, IR
ODI»T, EHI4HETTIHECLI.. BRI, 1~3
R e RoRi L, 8 b 5 i, DROBEN KD
Hii 2 brohs, 2 RO IMAY creatinine {fi1%, 5.9+
7.3mg/d.l T, 2Fl¢ AHETITHC L 2. CHT
1, 2 WA T 6 filrh 3 filiz, 3 WERINENE T S il
Loz Bt UL 6 IRRY#ER 2 i, K
WA BD AL - T,

(2)  BhihOESGE

iy creatinine fgi, BRI 3 ~ 5 1THIZ Ik aifii
Lh, Zhes FBRT 28I - 1. AEfAE O
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Table 7. Function of transplanted kidney after 10 days.

Perfusion Urine vol. Urine osm. Cer CpAH
time (ml/h) (mOsm/ 1) (ml/min)  (ml/min)
2 hr 3364114 541+108 54 +48 302 + 154
3 47.0 488 44 16.4

iif creatinine fEDHEE 7 ~ 10 [ ORISR mg/dl Ta b, 3T, 8.9, 7.8 mg/dl TH -
DOffii, 2w Tz ZE N, 81425, 6.3+£3.0 T00OEE IR ERODS, ERPERRSIRE OO, IS TR
[#% L Tz (Fig. 6).

!
,’+ o—o 2hrs perfusion PRI OB REGEEIZ, Cer, Cpan b3, 2 M@
,'l e— 3hrs perfusion T, 54-+4.9ml/min, 30.2+12.4 ml/min T, 3 sk
WTiE, 44, 164ml/min Thh, RFELIZIE LIV
Table 8. Histological changes of
= 1104 ' autotransplanted kidneys.
2
o0
E group A B G
2 _ =Ed ~a i -t
=
I _‘3 dilatation of 3 9 4
B > glomerulus
S £
capillary
% dilatation 652
% dilatation 2 3 2
5 degeneration 2 5 2
¢ 1 2 3 45 6 7 8 9 10 puy Efibroms 72 4
Fig. 6. Serum creatinine level after g edema I
autotransplantation of preserved i
kidney. No. of case

Fig. 7. Histological finding of transplanted kidney.
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25, EAHEIIEIRESfETH 3 & Ebhic (Table 7).

(3) HMEFERIFTR

Table 8 DX 5z, A, BEHL, Ko EOH
K, REREDEK, RME LEOEWDSERD - 1205,
CHTR, ZN50O D BET H-oiz (Table 8,
Fig. 7).

3./ &

2.5W/JV 9% FC-43 % & ip modified Collins #Kic,
PR, FhHRer, EXIL AR rEMA
TR EANT, BR2ERTIC—ERHERE BFS
Biti%iT/g -1z, 2 BRvENE 6 B 35U, 3 RefAEH
50k 1 Flpseg Uizhs, 6 BEf#ERE, BB LEdh
Siz. BEETRBHES, 7~10 5 HOBRBEIRITS
V% BRI BRI R Ih, BRSBTS -
tzo HEX DB, =R T IREERRERBEICL
HWHETRETD 5.

Z =

BRIV TRER P ABOERRERTE, EHE”
DERBRRE, X5 THEEY IIHEEREOTA 2T
5T &Iz, ZOBRBTETERZS S OWEHET
b, 4H CRIKRRERE & {RRERRFESERIT
B, —ECIBET L DB HRTFARE S Sh
NQAY:N

¥ TORERE, VTN REFOHBDORH %2
RGNS A FEPFEL SN LItk - TIRRE
W5 L EWBEDRETH -T2 & LA TRABBE
OB/, BEUIBRZERT 5 &5 RIESHE
50T, bULBALLOHTHETERTCRET AL
BT xhiul, FERICERTH 3. Telender 52T LN
i, 37°C ¢, Mk ICHERKCE S 2 v 2Alz
WRAWT, HEERL FITT, eV vBITee®
PRELUEERL, TREMBATH-C LU T
%. BET TR MUREBOBIPETT 52 O T]REL
HEINAITOLZEOBELI FRERZBHEL T
5. LT ATRMERZEERK T, sludge X
OOz BRI OMEFRISATRETH 2. T4
BT, EREY 13~ 15 BECES L, SR
DERE T, +SEOBEPHBINSNC LM
HEmIN5. COMRED 1 D& LT, BREERAT
& % perfluorochemical emulsion (FC) %% &
PEALLNS.

FC 3D 1.7 OBWRERZHROBAET, B
KETH BT, HALAICHALL T H 5. BBRIEMEE
i, 1313 40 vol % ik, CO; 13 100~150 vol % B
BThAH. ZDmT FC-43, perfluorotributylamine

(CGiFq)s N &, #{LFIE LT, pluronic F 68 % i
L, FC 0E®IZ, 0.07p we— s 285, &AL
25020 LIFTH Y. FNBRELAZWE LD
LEDVTHERINTN A,

Berkowitz (1971) £,7 %, perfluorochemical emul-
sion Th3p FX 80 0 7% BRZzANT, BETIK
1HE I TEPERRTL, BEREL L CB#EE
U T creatinine 2&7& LT, Ccr, Na BN, K&
ZPHEUIFER, WEANCILNTRETh - o &G
LT,

EFZINTH, B (1975) 513, FC43 2H
W, KEER, 10W/V % FC ICCTERE TR 9 BE
FCHENERRE L, T ha Y PR (P/O L,
Mg++-ATPase JEit), MR 45k OF BERTA R
RIEHOREL D, ERIOBEPTDTBEILINT
D, viability BE {EEIN TV AAMREMED H 5 &
BELTVA.

FC AFZ2HEATAERE ST, ARUBEYET
b, KEIODAREOBRERPEZENTES. ¥
VHERETO B SIKL B E, 25WV % 14
kK, SWIV 9% = 1.53{%, 10W/|V 9% 7 1.86 ¢
WBARTNB D,

KA (1978) 5104, (&g e — 7 — R FRHN
IIRRBRERERTE, SERRERL ), FC RE
i, 10W)V % BESTHAELTNWE. EEZEOE
EXNEHER T, 125W/V % 5508 5.0W/V %
FC i3, 2RHEBE CHIRVAIEEL 2 Y, 25 WV
% FC ¥R & U TRV

EHDERT, ERMOBRMEREZHELTA
L, 3.0 pljmin/g-kidney &7z b, Levy 50DHIEL
7z 20°C sy 5 BBk B EHY 12 pljmin/g-kidney
KRB ERBL TR EEZEALNS. L LEDHE
BT ABRE, KEoSEAREETO Na Bl
HHIN, —EHSy BHESERe FRsNS & WE
INTEHY, B2 HRETH HRE, EBET,
12 pljminfg. kidney X b $ L BETH THEETDH
3 EEbNA.

EEE, Mo FHEROHK, H1ERIK BT
25W/|V 95 FC-43 %&ip Collins C3 W% FLTE
OBRETRE 2115 - 12FE, WRekLT, &
HREOREVPRIFTH H, MBERICSELBDn
CERWERBLI. 2UT, BRI~ 4BEETORE
BEEFTHY, ZN2BX 5 EREICEILT 5 &8
MU Tz,

BRMORESDS, ERROBRERLL X RS
FEEIRIFARTD » oD HR, MFRHERE O RS
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13, BMEDS Na 125 mEq/l, K 25 mEq/l & [i§ic
He, {E Na, & K Eir-> Tz, i, B
DOBDERME XN TN o120, Z2OBEI X
{BRESNTE D MFRHER & B eRELRD
lEELLNS. BiRGREE MREHEEOREE
ICHBEIRED S -7z,

BERELVICINE, RTEBHBT ISt ve big
TMHEE LI HEO 1B (51.2416g) M0 D Bif
BE13, Csrs 6.8ml/min, Cpan 12.4ml/min Th -
fzE U5, MREHAEOERER, 20ENERE
HICh A2ROEREL DEL{ELL>TW3. bh
bno ERBO K BEED S, 18 (s
30.2g) 24 bh, 2~4EfCIZ, Cer 2.0 mljmin, Cpan
11.0mljmin & 228 h B BEEINTNEY, 5~7
FrEErECig, Cer 0.7 ml/min, Cpay 3.7 mljmin »
ZIRCES LT 5.

DUVNT R 2 HBRTINT SWIV % FCGA43 &
Collins Gy J{ic, 72/, 43, FhHbol,
A2 Y LisE R BUTRERK 2T, EiE 60
mmHg CERTERRFEL2TZ-12%, BROBR
BEREARAT. FORE, SBNICOERRTEE
WBBGEEVTETH 5 C LB L.

PLESRID BIGER REEB T, FC-43 OBEE
Z BWIV % PIRIC BT A0 03 TEEh-T2c
T, BT EOMERBIC LT LIE BETER
V. CREERT AI2DIICE, REVEEEDUTY
T 10°C fi1ick % EMH 5 E Bbis. 2590
I, RO BUNED RE % T A 10D OB,
FCAB W L » THRFITEIETH T EMSTE A, 36T
HERRICOEE, 7B, BEEREDOT AV K
BRATABENSH S S, I 6ICHERE, BEREE,
HENER L E OERZFORBEIEGHOTE & 2 5
9.

-

¥ & ®

BREOHN TREERATH % erfluorochemical
emulsion 0 FC-43 %Jf 1 T HETF (15~25C) 12
RBOEEZAERER2T/2-72. FC BER, TH
EBFERLD 25W/V % BIRE UTHW.

FCH-Ringer lactate #, FC4-Collins 8, Collins
HEROSHERY, 2hEhn 3 ~ 4 i, 0
WEMELT, REHRSIPTRERLRLTAS L,
FC+Collins #ip38: § B {, 2 ¥ ¢ FC+Ringer,
lactate #, Collins BEMMBEDIETH - 1.

FC+Collins' BECImABE & OB HIE L1
L5, Cer. Gpam 12, Z2NFN2 ~4EMERT

12, 2.0£1.6ml/min, 11.0-£5.0 ml/min, 5~ 7 F5FE
R, 0.741.0ml/min, 3.742.5ml/min Tdh -
1.

3W/V. 9% FC-43 %4 Collins Gy ¥z, 73/
B, vy, FARor, 42 Y v RRUTIER
W2AWT, #ERE 60 mmHg ¢ BEAERERE»
o718, ARBEBERTE-12L L5, 2REHE
WC, 6@If3E, 3 RREER T Fid 1 BlickER
Az

BARADCHIY, CHEENDCEYECRBEED-
e BHLEREREBC L S RBOBERL, ERIHAED
refioe BB RAM, WHEEERO CHREE D - 1oBR—H
L (EE:AF-EER W B#EoBrET 5.

AL OEFE, FI3E, PUREABIEES B X UHE66
A H AR RS B L U661 H ARSI S BAIC R
F L. HBAPIRO—IE, WRSIEE AR
WHe (—8B) OBEEERZT .
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