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STUDY ON RENAL TRANSPLANTATION
IX. EXPERIMENTAL STUDY ON KIDNEY PRESERVATION WITH
PERFLUOROCHEMICAL EMULSION AT LOW TEMPERATURE

Yukiyasu MATSUZAKI
From the Department of Urology, Nagasaki University, School of Medicine
( Director : Prof. Y. Saito, M.D.)

The unilateral kidney of mongrel dog was removed and flushed out with modified Collins C,
solution, and then preserved by pulsatile perfusion machine (MOX-100) at low temperature of 4-6°C.,
During the perfusion, systolic pressure was controlled below 60 mmHg. After a 48-hr or 72-hr pre-
servation, the kidney was autotransplanted to the iliac fossa of the same dog. The perfusate consisted
of cryoprecipitated plasma (CPP) of the dogs supplemented with or without 5 W[V 9%, perfluorochemical
emulsion (FC-43). At an early stage, our CPP formed fibrin mass easily, thus being very unstable.
But silicagel treatment of the CPP improved stability.

Twenty six kidneys were perfused for preservation, but perfusion of 7 kidneys was stopped by de-
creased perfusion flow and increased perfusion pressure. Eight kidneys were lost due to technical failure of
transplantation or infection after autotransplantation; 11 kidneys were used as planned. The 48-hr
preservation group contained 2 cases of FC (+) and 2 cases of FC (—). Each group had one survival
case. The 72-hr preservation group contained 6 cases of FC (+), and one case of FC (—). Three cases
survived in the FC (4-) group and one case survivied in the FC (—) group. Survival cases maintained
enough perfusion flow which was above 0.3 ml/min. g. kidney. Weight gains of the preserved kidneys
during 72-hr preservation were 13419% in FC (4) and 21 +17% in FC (—) group, but had no
relation to preservation condition. Concentration of lactic acid dehydrogenase (LDH) which was
released from damaged cells into the perfusate increased with prolongation of perfusing time, but
without relation to preservation condition. Histological examination of autotransplanted kidney
revealed a milder change in the FC (4) than FC (—) group.

Thus, it is clear that the viability of the kidney during perfusion at a low temperature can be esti-

mated by perfusion flow (ml/min. g. kidney): Good preservation needs sufficient perfusion flow.

Key words: Renal transplantation, Hypothermic perfusion
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THELEZ LRE. WoIF 5, ERRETE, B
e viability O¥EHRE LTDX ¥ &F DiFHEN
Boh, XE BEOBHE BIVEEYREOET
b, LORRHREOTEMNDS D, MUFEETIX
IR S EEFE RS ThH B perfluorochemical (FC-43)
emulsion #FWT, BoBER I OEREREFSE
BEyBIicoTEYD, BEIREBBOBTERELE
o viability HEORELHRET 5 BT, AE
DERERRERS JCARBEERE St o .

RBMHELUFE

EREWE LT 12~28kg D HERAY Blie.
thiamiral BIRFBY T, BB —UTLRHEHEL
1o, BHB% washout U, 48Bf)% 717288 EHERE
B\, BE washout L7, E—RKOAEEE
TC REBOBEHSIR: KBHER Zh Ehys
L, REIENRcYELT, HEBEEYS kot
B 1 BHE B B 2R L.

WRIRE 30% 85 19844

) #EA L. BN 60/min EET 4~6°C, &
JEIX 60 mmHg ¥z /v XS RH L. R
¥ DERE{Lix membrane oxygenator ™~ 95% Og, 3
% CO, DEAH A% 320 ml/min AL TH Ik
»7= (Fig. 1.

Wz 1 * @ Cryoprecipitated plasma % base
w FC % 5w/vy b X5 BmmlLicK% A
\+7= (Table 1). Cryoprecipitated plasma o {F5k
L Belzer LOFERIELLS?. ERROBREE
250 % 7 ¥ v C 290~340 mOsm/L i 5# L
fo. ERKEITH 500ml &L

HUs X ORETE  BERY, BHE, washout
%, ERSCIE L. ERTERE L RER ER
B IE L. B OEBERE AR50, &
BSRO BEW © sampling R Tpolc.  WHEER
®, MiEs v7 7= vEREROCHIEL, £F0FE

Table 1. Composition of the perfusate

SERFTETRRRE S X ORI D perfluoroche- Cryoprecipitated Plasma 400mg
mical (FC-43) emulsion (BIF FC &Ws3) Hino :"C'I43 Emulsion 100mé
nsulin 40U
B X - T, 480HIRAFE FC (+) #2464, Procaine HOI 200mg
48RFHIRAE FC (=) B4 6, 7285HR%EF FC (+) MgSO0, 0.24g
FRI56l, 72ReRRAE FC (=) 50 ThH 5. Decadron 4mg
washout ¥ 4°C ® modified Collins Cs ¥ (Gol- ABPC 100mg
lins MR : 3 My ¥z, heparin % 5,000
U/L HinL A% 20(—)?%(%) 1 %{%Lp 100 cmH,0O Fo-43 5 W/V%
AL ™ r remi Nat 110~145mEq/I
DETE I Kt 4,0~16mEq/!
EIT MOX-100 BB ERERE (Waters 21 Osmolality 290~340mOsm/|
Perfusion System “MoX 100
. Bubble
kidney
Flow Meter Trap
20T I
— Venous Reservoir e—

Temperature
®Pressure T

Membrane
Chamber
Heat
Gas -Membrane Ex
— Oxygenator
B*%0;
5%CO0, Arterial
Reservoir Pulsatile &q

—

—

Fig. 1.
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Table 2. Result of the experiment
Perfusion Stopped Failed trans- Contralateral Survived
number perfusion plantation nephrectomy number
FC 2 0 0 2 1
48hr (jH
FC(—=) 4 2 0 2 1
FC 15 4 5 6 3
72hr &) -
FC(—) 5 1 3 1 1
Total 26 7 8 11 6
s FC(+) ~—— survived
4 FC(—) ===~ failed
4
r¥ming 8hr mifiing 72hr g 72hr
10 e o 10 FC (= 10 FC(+)
\\
\\
N
\ -
a ~-e
of A o8
! . - ——-o . _
t N b S
4 A A RN,
03 SN2 03] Y
|
p—————— LI T — 1 T T an
€12 2% 48hr 6 24 48 72hr 6 2% 48 72h

perfusion time

perfusion time perfusion time

Fig. 2. Perfusion flow

hic. BEBOEBERZERL, HfFENREY
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1. SEBRBUSE

BE6E DB DUET A B 2 Te o Fois, RFEC BN
EXERL, MENBEAER -T2 760, B
ZRPCRE L. BESHROMEYS DK, Al
Ry, RoBH ORI & T L T BHE % ©
TT&Elehoteb o, T2RHIRFRC 8 BIb -7
REBIVEE Loy, 48EHEE T FC (+),
FCG (=) BLbr 28 1 619>, 72 RRIRE TIX
FC (+) B 6 Bl 34, FC (—) BuX 16IF 1 6)
Thwo7z (Table 2).

2. ENE
FEOERERT Lkl -o%, BHEOBERY
e | SRR CUTHE & 1) 2 RN R
L. 48REMIRAF T3 4 414 % 0.3 ml/min.g. LIk
DESMR I, TR T FC (+) o
TR D BEVLOe, URFHYEX THLE
RETTB 00Dl 8RHRE FC (+) o4k -
EOOAWEA 0.3 ml/ming. Thotedd, Fofh

DEFFIITNT, BEKT ETHRENET T,
0.5 ml/min.g. A Fizfgichi (Fig. 2).

3. BIER

BIE (mmHg) %3#& (ml/min.g.) CTEL, ¥
WO E UCEM L. 48KRIEE FC (—) B0
EEIBCEIELY R L, MmoLBEERD
EHL LR LTt (Fig. 3).

4. BEEWMK

268D FER T FHE 2l g 220 68g, iy 38¢
Thote. BERBMMEY washout © X350,
BRI L5b 0L, KR X hEH L.
washout & X 2mMK (%) =

(washout HOBER—-BRHEOBER) x 100/ 5
HEOBER

e X 58K (%) =

GEMBOBER —washout HOBER) X100,/
HEOBER
washout 1 X % BEEHNEKIT 0~40 % OFEIFER H
D, F8E 8% Thote. W X 5BEEHINEK
3, R, FC oRFECBIRRL, —16%h 542
%DEWETH 7. 12BHEED FC (+) # (n=
11) MEHIBL19%K L, FC (=) B (n=4) T
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— Survived

——-- failed
mmHg /ml /min.g. mgﬁm 'min. 'mé/min.g.
/ / 48 hr /mn. o 72hr rnrvl-lg/ Vming 72 hr  FC(+4)
4 FC(+) FC(—)

00 + FC (=) $00

612 % 48hr I EEE 48 72hr s % 48

T2hr

perfusion time perfusion time perfusion time

Fig. 3. Perfusion resistance

Table 3. Relationship between weight gain and perfusion condition and survival

Preservation F Weight gain ~ Weight gain Perfusion

time by washout by perfusion condition Survival
(%) (%)
36 -2 good 0
Fo(+) 35 15 good
48hr 2 - —
24 13 good
FC(—) 2 _ ol
24 14 good 0
28 — —
24 — —
13 -2 good
3 4 poor
25 —16 poor
33 — —
3 poor
FC(+) 29 6 fair
36 -7 fair
33 — —_
72hr 26 33 poor
25 16 good 0
n 14 fair
0 13 good 0
40 42 good 0
22 0 good
49 42 good
FC(=) 27 24 fair
27 18 good 0
35 — —

perfusion condition good:0.3ml/min. g<
fair: 0.1<, <0.3ml/min. g
poor: <0.1mi/min. g
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FC(—) ~—— survived FC(+)
-~—-- failed

= 48hr s 48 hr

[+]

LDH e 72hr LDH 72hr

u/mt u/ml
/.‘\ /"
1500 - S~e- 15001
e — O

10004

5004

16 2 48 72hr
perfusion time

1000

5004

16 2 48 72hr
perfusion time

Fig 4. LDH level of perusate

~-~-failed
48 hr ——survived 72 hr
& FC(+) ° FC(+)
cr Cr
g s FC(—) il *FC(—)
201 204
10 10
54 54
3 3
1 1
P13 7 11 30days "1 3 7 11 20days

Fig. 5. Creatinine level of dog serum after renal autotransplantation

212179 Th o tohd, p<0.05 THEZITn
o, VENCIRABY X OVE L BB RN & OBIfRIL e
Mwote (Table 3).
5. Em%+o LDH

EWiRT o LDH {HiLRRNC ERERC B - 7.
72 RERMR R TRE > LDH fix B{E 220 U/L 75
& 1,670 U/L Thote (Fig. 4). 43% L LDH
fE & DRI Atz FC (+) BoFM FC (=)
FEX D ETHEIIAE D » 7S, FEBGAY I HERBIC I3 3E M
o,
6. ME7v7+=vil

BHEBEEOHEL L CNAIBRE ME 7 v 7 5

NEDOHER & e, 8RR E O EEFITIL FC(+)
B 115, &iE 2.6 mg/dl £C, FC (=) Fo 1
BlngE 5.3 mg/dl ¥ TThZh ERL, D#ETEK
L. 72RREHRE LB TR, FC (+) B 161
it 4 B Bic 12.8ml/dl ¥ CEH LA, 6HE
i 7.5 mg/dl WL, flio 28l EhEFh 6.3
mg/dl, 3.8 mg/dl ¥FEEc LCFRELE. FC (=)
BEOAEFZE LR L RS 5.4mg/dl $TEREL, Ll
BT RGN B S AR A 5
Biszdéiel, mEs vy =vET L, RBE
fEw CIET L (Fig. 5).

7. HEBEFNRE
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Table 4. Histological changes of the perfused kidney
48hr 72hr
FC(+) FG(—) FC(4) FC(—)
survival + - + - + 4+ - = +
diameter of 115 150 130 130 130 130 150 130 130
] glomerulus (x)
2 capilary L N
E diatation - - *
© increase in _ _
matrix -+ +£ -+
o ilatation - 4+ - 4+ - - + + +
8 atrophy U _
~  degeneration - + - o+ = = — —
o g edema - + - = - - 4+ - —
‘“,_E)g fibrosis - ¥ o+ 4+ = = = = -

Fig. 6. Histological observation of autotransplanted kidney of
survived dog, preserved 72 hr, with FC(+) perfusate.
Morphology of tubules is well maintained. HE (100x)

BB LIPS O, FFEBEFIIIEROBM
BORIRG, RE, MEOLOBEL BZRLL
(Table 4). AFEFOFOMBMAEIIBEL, LR
E, FMEOMBIRRichTuie. EEFHIC I
T FC (+) BOLr Byt (Fig. 6). 4
PITIIRME, BMEOLPERIL D bilios - 7.

% z

1 FBRFERCOWT

BREFDOREXHET 2L L TCOBMAELER
IRRIEN S\ . T OFERBMEFEM &5 BFA
b alewic, REFREVER THLEFIEShi 8
AMVBZDSB. Lrl, BBMHOMEDO—IRELT
BTl oTWB0T, REFIAERCEML THBIES
¥, TRIC X o TEMPRTEN OGN KDEER
BnHY, FAMCHOBREORMIEC 2o

5. Lo, b+ OBFBHEOE, BHEEFIR
Bohiwe &, MEBEHE BZ7d o0& FUHEK
T, AERE BT IAIREEY | BB LE
THIC X > TRMERMEEIE - T3 REBC
BEDCH ORI G2, EENOK>TV5 0%
WO ENTEBELEMI L. LL, HERBHEESR
EME Y, LTS LTRIA3BE, bE v
RORHUBELFEST S L, damage ¥ FH7-BiH
B2 DEREME RTINS D, ToORLERL
e huEis Higus.

2 EREZOWT

HEVWIL Belzer 58 PfEFEAC X 5 Cryopre-
cipitated plasma (AT CPP LUE3) %y 7=,
ROMun o CPP 2fET 2B, plasma o ¥F:g
CRIHMEAELCD, FURFEC 253, friy
Z ki fibrin mass #AETE LD EE Uk oip
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n, CPP o A&t ML 7. £ Z T Toledo-
Pereyra 5® OJFEECHE LTl fibrinogen D7
YU HFANEE R I\, fibrin mass (14 U<
Trote. EBHIVY I FAMBEE I TEHE LR
WERACEREL, BELRCRichic. MioERT
BRATRR & BRI, EREoAC & 8?5
SletEZBRS.

3 HERE~O FC HImconT

IER B OBKC, BEERETHD FC?
BWINT B LWERDL D BT\, BEORS &
IATHA. Levyl® i X 5 &, 8°C LIFOER T
HERFD 5 BLUTOBREE L1, ThhrbEx
huE 4~6°C DEBRI B\ C, BFREREREREKIC
mnT s LER WL Bbhs. R A CLRE
LN FC &ML\ EREE AT 5 HiE oK
BEERERFCHR LT, X bk, Southard 51
X, ERERREFOEBKRMRIIMRo v =Y
7 ORI EHR FIFT L RN T 5. w5 Ross
5121330 R M D Mo - e B D EIREF OBE, B
T AREEIR DEA L, 24HRIFIC RITF B
BEREEL VS, ERREFCR TR T NEHBRK
Blx, R IBPIRTHRNIS5THS.

LaL, EFREr FC 2EINT2EH &L T,
Berkowitz 513100 \5 L 51 FC % 0.1 YT
DHKTELTE SR, BRTFHEANBRCRVHR
Zhibl, BoRFREYRIFTHLEVLIZEN
hFbhs. b FC RMOERL, ERKTC,
AIEBDH 0% BEML bt b, fFEB IO
AFED R AYEM THB CPP AL TH RS
FEENTEB LN ETHS.

4 'Bo viability O¥IEIC DT

BIFhEcx BT A, Bo viability ¥
EBTHCEREERIETHE. WHRALBLBE
LT, BOHEBIZE, LT BEELBS
Tl TELRWYD. EREO B a0l
b X - CIEPER L Inotc b, MR SEIERL
B X - TMENPEAET Db EL bR BEY. *Z
T, EOBREOHENELRIE, EBENTEDL, K
N A RBARHENERETH B, KERT
X, EREFEO BRI I 5 E%R 60 mmHg LI
T L1219, 4~6°C DER T, HWEENTT
ERE B LMBEORALA S Y, NEERLS
¥ b, MEAKED injury 0 RTINS D,
FBERRBOEL ko BT, XLIERMGTHE
MLTH, LoX 5 MEAMKD injury 2L
DHRTHB. T, MEOWERL, —WEETTRL

MRS L5 LB E D, FHEOER T, R
iz e S THEIMETFERCH v, HRIEED
A RBEIMETT %4 DI34EENBORT,
AR LTI ntz. B EHRE TR ERK TR ©
WEN 0.3 ml/min.g. i EEENBLNT
Mot MEVBKETTRC L, HB—EOV
SV EBRB T EH, REBOAET & o THELNE
THY, BREREIEL LBEE, BEIMRIThS D
CERFERTHZEVDBETHD. HEIREITNCED
NBEBERTHY, DTedrFr#RT»RELOH
B9, 2ok, £3EEOMBINLART, viability 0f
TRER I D 5 Bh\Tens kst Ui,

a, EFERC o\WT

HERABUL R R O L B DEH L,
ERNIEREY 3L AL 60mmHg EHFE L7
@, EHRE L PR OBIRE ot BIEET K
o THBNZE RN 54, BEOED INEREY
— BT, BEEC X > TESHETRET, B
BHAE, BREAET S E T EEL bR
b. BEEHIMCDOWT

R OIER & & bic, MilREOLEEL Fh,
MIAALT B EE2 DN B DD, BERORMNY
e L, BEEEMER I EIEC, Bk
BB L OERE L oL R, viability 0¥z
OREE LTITRHEY £z bt

c. WmRWF D LDH 12o\T

W > LDH % fiffas b o @hiEgiRes LC#
L F5I8, W L LT CPP 2 lLvWCT\wWaie
», PdrLERKFCS LDH Eds b, 0
BEbEHESHT, ¥ LDH SO ELY LS L
Db, FEHNHERY A5 0ENHS. LDH ME#:
MNERM T E GO,  BSERS TERE © BE)
500ml ThotcledbE#Ez bhs. LDH EHE
M BRS 525, & I HD D24 o - Fh33Em
T, THXBRHOBORMIm I K X B AEEED
DEEXBNG., BRIREIRE T, YREFRED
BEWEBbLhAHC, LDHEMEISMEVE F DF)
Bbh, BELZFTICHEIVDE > ERIR T
Wik Eb#ELbRA. ERETRO FC oFRIC X
BEE LTI, &8 FC (+) #o LDH EH:
MMEWL 5 THBEN, Wb CPPiciF#ET S5 LDH
EEA,  FCG emulsion @ THFR I h TWw 5% fEAn
b, TOEEHBIXTE /.. LDH FE¥oERD
BB R Aoy, 48, EREEL OBz & he
¥, viability OREE L CIEERANIE, BEE W
SRS E TIIEL I\ EHIM S his
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5 BHEBOESFENEOWT
REEBEIN B OEBENE BT 51,
MBI EFEORBoRL LY, WEWE, REENY
BOFMFEE, ILEMBEORDOLEERBOFELZ
7, FDldOEL BB EEER LT D
e, EBFARBEL TR b, ABE R

Eh, REECHBECREAEBA R DRigh o7,

Wl 5, 4 Uik - e RGP EE0Z1t
P otz FCHRMC X 5£EE LTI, FC (-8
T, 5, FREEAE LI RAER XOHED
DL, EHHF D FC 2 REBDO REED
BEBHIET 5 BR B BBOTX Ve ELDR
5.

Ed & &

R OBRA - RIFF OB D viability FFE DR
% B3+ 5 BAYT, cryoprecipitated plasma %
base I EMfE TH 5 perfluorochemical emul-
sion HIFEML7cd OREREKE LTHY, RKBEOE
RERRIFEREY B ieoTe.

1. 48fIRIETI1X, FC (+) B, FC (-) B
bt thZh | T o£FERP B O, BIiURES
I OBREFROBEREINCIE, FC RN X %234
Bhich-tens, FC (+) BolrERk+o LDH
EHER X DEL, £EEFOBEEDL BRIFC, BHEEBD
AL S BEMTH - e

2. T2MEMIRFE T, FC (+) #6643 6IA 4
FL, FC (=) B 16k 1 finngkF L. Bk
R IOVEESEHEME OWTL FC RN X 52k
Bblem ot BEEFHHRE L FC (+) Bokr
RAE OBALL T e

3. RO B @ viability o HE I, BAIE
[, BALEEY ) OBEREORBIBREYT L - &
LHAT, EREEXEL TS &, EREI RE
¥ CREREZ D, BoRFRERERREOLE
GfELEZ BRI,

WA ABICHI20, THME WD - 1o AR
SEBMOMARUET. T TIY, CTHhHEOLIIEOIE
REFIEZBN 832 6 X U BE R EAL, RO CERED -
fo BRTHREE OBIR BB (EAE © VafR—IE8) RS
HOTEAKS 5.

AR DOEIHI6, 176 FHABMELRRE, T8 s
WHEWERBLUH T, 8HARKREEPFRRKCEOTE
*L7.
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