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Although considerable success has been at- 
taiued in freeze-t)reservation of single cells and 
certain multieellular tissues, tttere has been 
l i t t le  success iu gaining fmm tional survival of 
such complex organs as ihe kidney. Severe 

6 ¢ .a • r ° t ~ v.iseular (hinaage eharacte Ized by lienmrrhage 
tilroughout tile cortex and medulla has been 
associated with extraeorl:ioreal kidney freezing 
and reimplantation. ~ Little or no renal function 
has been demonstrated following even brief 
periods of freezing. ~' "' ~ 

To obtain renal function following freezing, 
adequate renal perfusi(m lnust bc re-established 
anl. r maintained. Recent. studies from this labo- 
rator.v have shown that  vascular damage is a 
n lajor faetor leading to tissue injury from 
freezing.:" "° In these studies, aggregation of 
platelets and red blood cells producing small 
vessel occlusion and thrombosis were demon- 
str'lted in tissues subjected to freezing and 
thawing. The intravenous admifiistration of 
low molecular weight dextran prior to or soon 
after freezing was shown to improve tissue 
surxi~,l following freezing, 1)resumably be- 
cause of its disaggregating effect and improve- 
ment of e'lpillary perfusion. 

The duration of normothcrmie or moderate 
Iwpothermic renal isehemia during preparation 
for freezing and reimplantation is proportional 
to the degree of subsequent isehe, mic damage 
to renal tubular elements. In ,~ddition, recent 
studies have demonstrated the importance of 
mailitairfing the intrarenal vascular volume 
integrity during the ischemie period of renal 
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transplantation. ~ Allowing vascular eollapse 
. i,..t htm a leads during tile period of total renal '~" " i, 

to jtlxlamedullary arteriovenous shunting and 
poor cortieal perfusion. ]~;y preventing intra- 
renal , , a .  ~ • " ¢,oll,q)s(,. ' " ,  cortical 1)erfltsion was 
improved. With these concepts in mind, the 
present study was m~dert'~ken to investigaiv 
methods of preventing or minimizing tlw 
v'~seular damage associated with extraem'poreal 
kidney freezing and reimplantation. 

~'IETHODS 

Fourteen adult niale dogs in the weight 
I'allge of 1S to "2"2 kg were anesthetized with 
soditim pentol)art)ital <lnd intu :t,.Ited. A catheter 
w:ls plaeed iil lhe. bladder, the bladder w:~s 
emptied, and ill'tile was collected for 1 hr for 
baseline tn'ine ereatinine, vohlmo, and uringllysis. 
Dill'trig surgery and prior to renal artery 
clamping, each animal received 6 g of rrianni- 
tel in 1000 ml of 557 dextrose in sa|ilie 
intravenously'. A brisk osmotic diuresis was 
observed in all anim,ds. Blood samples were 
drawn for baseline blood urea nitrogen "rod serum 
ereatinine. 

After a midline laparotomy" incision, ~he left 
renal pediele was infiltrated carefully with 
20 ec of 1% xyloeairm . a n d  the right common 
lilac artery and vein were mobilized. Tile left: 
kidney was then dissected out, the ureter was 
divided, and a ligature was placed around the 
renal vein. Upon cross-clamping of the renal 
artery, the vein ligature was simultaneously 
tightened to l)revent renal intravascular col- 
lapse. The renetl artery was divided, placing 
an arterial clamp proximally, and then can- 
nulated. The kidney wa,s then manually per- 
fllsed with 200 cc of perfusate at 4°C, con- 
sisting of 4 g % low molecular weight dextran in 
lactated Ringer's solution, containing 2 nag % 
magnesium and 9 mg % calcium. The pH was 
adjusted to 7.4 witil sodium bicarbonate after 
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1"]¢;. 1. Diagramntic relu'esent:ltion of freezing technique. Camiulas are placed in the renal 
artery (A.) and vein (1-'.), nml a wire thermocouple is introduced into the inlrarenal pelvis 
via the ureter (U.). The isolated kidney was frozen :It -40°C after perfusion. 

the constituents were added, lntrarenal vascular 
colla, l)~e ..... w a s  prevented during perfusion by "d- 
tern'ltely releasing aml tightening the renal vein 
ligature. On eoml)letion of 1)erfusion, arteri'd 
clamps were placed proximqlly on the renal ar- 
tery and vein, and the kidney was removed. The 
renal vein was then ennnulated. The perfusion 
was then repeated ex  situ. with the same method 
using a similar perfusqte at: 0°C with the addi- 
tioll of 1:2 vol % dimmhyl sulfoxide.'The kidney 
was then placed in a saline slush at 0°C and the 
artery was I)erfused with 100% earbon dioxide 
g'ts at 2 liters per rain for 10 rain, again pre- 
venting intrarenal vascular collapse. A eopper- 
eonst,'mtan thermoeouple (3B-gauge w i r e ) e n -  
Sheatimd in no. 90 polyethylene tubing was 
~hreaded into the renal pelvis through the ureter, 
:Jnd intrarenal temperatures were continuously 
recorded on a Brown potentiometer. The kidney 
was then placed in a sterile polyethylene con- 
i ainer containing 100 ec of isotonic saline and 
immersed in a freezing bath "it; --,10°C .(Fig. 1). 
The kidney was left in the freeze bath for.5 min 
after the intrarena] temperature reached --3 ° 
to -6°C.  The freezing point was taken as 

that point; below 0°C where tile slope of tile 
tissue temper'tture curve abruptly changed. 
The mean freezing time from immersion to 
freezing was 7 rain, 'rod lhe mean time frozen, 
i.e., the durqtion betweei~ the free.zing lmint 
and th.lwing to 0°C, was 20 min (Fig. 2). 
Thawing was accomplished !)y immersing the 
frozen kMney in a sqline bath kgpt at 25°C. 
The right iliae vessels were transeeted and pre- 
pared for end-to-end anastomoses with the renal 
artery an(l vein. Arterial and vein clamps were 
removed sinnfltaneously when the intrarenal 
temperature had reached 0 ° C . A  eontralateral 
nephreetomy was done. Hourly urine outlmt, 
urinalysis, blood urea nitrogen, and ereatinine 
elearanee were studied at 2-day intervals fol- 
lowing surgery. Biopsy of the reimplanted frozen 
kidney was obtained on two long-term survivors 
6 weeks 'ffter surgery. Animals th.tt died were 
autopsied t)romI)tly and the reimpl'mted kMney 
biopsied. 

~,ESULTS 

Of 14 kidneys frozen and reimphmtcd, nine 
demonstrated some function. There were two 
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1;'IO. 2. Intrarenal temperature curve (luring fret}zing (IllI'?itll Of 14 ('xp~?rimel/ls). 3I(~:m 
time of immel.'s'ion until freezing, 7 rain; mean time frozen, 20 rain" m e a n  ri~v,'ar!!lilla time, 
15 rain. 

RENAL FUNCTION PARAMETERS IN REIMPLANTED FROZEN KIDNEYS 
{~E,~N 14 ANIMALS) 
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FIo. 3. Renal flmctioa parametem in reimplanted frozen kidneys. Marked renal functional 
impairment following: flveziDg reflects severity of f ee  lng m j u r ) . : l w o  ammals were long- 
term:survr~'ors wi th  a single reimpla:~ted:frozen kidney and demonsh'atcd le.~ severe func- 
tional im pairm ent. 
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Fro. ,t. Severe interstitial hemorrh'lge and marked tubular necrosis in reimllltinted frozen 
kidney in animal that died 24 hr following surgery. Tills kidney was anurie, ,'<200. 

long-teml survivors' one lived 6 weeks, and the 
mher is living and well 3 months following 
surgery with a blood urea nitrogen of 40 mg %. 
Two animals died within 24 hr ~ ' ,  = =  ~ t t t t . r  surgery 
before re:;::l fimelion could be accurately as- 
sc-sscd. In one, the frozen kidney w'ls grossly 
hemorrhagic at autopsy ,'tnd eonttfined a clot in 
the renal artery. In the other, the kidney ap- 
I)eare(l fairly.normal a~ autopsy and the micro- 
scopic section showed moderately severe inter- 
st.itial edema, evtrav,qsation of red cells, and 
hydropic changes in proximal tubular cells. 

The mean survival time ()f tile 13 animals 
that succumbed was 9.S days. Uremia un- 
doubtedly caus,~.d or contributed to death in 11 
of these. In all of filese the frozen and reim- 
planted kidney continued to function, although 
inadequately, until deafil. Itenal function tended 
to be stable in eaeh animal: i.e., the initial renal 
function as determined by urine output, ereati- 
nine elearanee, and blood urea nitrogen per- 
sisted until death with little change. In the 
ease of the two long-term survivors, renal 

function tended to improve gra(hlally with 
lime ~ i , ,  3} 

!~.ietologic~d slHdies of ,h,, frozen nnd ",'-" . . . . . . . .  t . , .  1 C . | |  I l -  

phmted kidneys at autopsy revealed micro- 
seopie damage proportional to the degree of 
renal function depression. In those animals 
dying soon after:surgery with very poor renal 
function, severe gross interstitial hemorrhage 
and marked tubular necrosis were noted (Fig, 
4). Microscopic studies of renal biopsies of 
the two long-term survivors showed considerable 
proximal t ubuh r  necrosis and interstitial tibro- 
sis with ~'xidenee of :aetive tubular epithelial 
regeneration. Hyaline e:~sts of sloughed tubular  
eI)ithelitun were noted in lun~ens of many of 
the tul)ules (Fig. 5). 

Discvssio.x 

In freezing tissue of considerable mass, such 
as the kidney, i t  is es::~ntial to monitor the 
intrarenat temperat, urei:in order to aseertain 
whether  ~ freezing of : the ~ entire kidney h a s  
actually taken place and to establish the time 
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I m. 5. frozen reimpl,mted kidney of long-term survivor. Biopsy at, sacrifice 4 months 
after kidney w.ls frozen amt reimplanted. Blood urea nitrogen, .10 mg~; at time of s:lcrilice. 
Note modernte intel.-s.-titial edema :rod fibrosis and tnbular cellular regener:ll ion. X 150. 

frozen. We have found lhat. a kidney may ap- 
pe'~r to be frozen and yet. have an intrarenal 
temperature above 0°C, If such a kidney is 
"llmwed" and reimplanted, surprisingly good 
renal function may be evident, which, rettecls 
the fact that the kidney.- was supercooled rather 
than actually frozen. ~.tumcs in which kidney 
freezing has been substantiated by intrarenal 
temperature monitoring have been very dis- 
couraging in terms of obtaining renal fimetion 
following reimplantafion. Hemorrhagic necrosis 
of the eortieomedullary zone and massive tubtl- 
lar necrosis reflect the severity of the vascular 
dmnage incurred by freezing and thawing. 

Undoubtedly there are many factors leading 
to renal damage following freezing and reim- 
pk~a t i on .  In this study we attempted to pre- 
vtnt ihe severe vascular injury a,..oeh ted with 
freezing by several approaches" .1) infihration 
of the renal pedMe with loeal anesthesia prior 
to dissection to help prevent: the reflex intra- 
rentfi vasoconstriction eharaetenAm of the iso- 
lated kidney preparation; 2) prevention of 

intrarenal vascular collapse during the periled 
of total arterial isehemia to mi~i~ale-the es- 
tablishment of eorlieomedullary arterioveno~a 
shtlnls a n d  subsequent defieiem corlical 1)or- 
fusion; 3) use of -t cryol)rotcctivc soh~e 
(dimethyl sulfoxide) to I)revent plasmoly-is 
and intraeelhzlar enzyme denaturation; 4) u-:e 
of 1 0 0 %  carbon dioxide perfusion durilg 
hylmthermia t o  oblain a plastic inlravascul:lr 
space during freezing and to increase tiss~:e 
p,. , , , ,  a measure which Smith ~ has shown o 
improve survival o f  animals subjected to p,.'- 
riods of profound hypothermia; 5) use of a 
moderate freezing rate of 1 ° to 2°C pe r  rain, 
which in our experience prevents rupture )f 
the kidney; and 6) use of a modelate rate ~f 
external rewanning (bath" temperature 25°(') 
to prevent exee~ive rewarming of the ischen:ie 
cortex prior t o  re-establishment of renal per- 
fusion. 

Although severe morphological and time- 
tional damage occurred m kidneys SubjectM 
to tllis method of freeze-preservation, (he f'~ct 
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ih: i i  Jill)" degree of r(:,liiil f l i i l( ' i i()i i w:is (Ibi: i i l lod 
:lt ' i l,r r ( , i l l lp l : in l ; i l } .Ol i  w;Is t,ncoll l ' : : iging . l n l  Sll~j- 
~esl: th: i i  fr~,czl-,-prest, rw i l i on  of  ~;onllilex or- 
~:lllS Stl('h :iS k i d i l ¢  I l l : i f  l.le ft'iisil:ll('. 

St' M .%I..~,li'f 

This sll id)" "~rits l i i ldi ' r / : ik( ' i l  io i l lV('slig:l i l, lh(, 
f l l l l ( ' l io l l l l l  vi:t l~il i iv t,f C:tll i l lt '  kid~it 'y: sl lbj l 'ctod 
i() ox l r ; ioor l )or f ' i i ]  l'ret,zin~" ; i l l t l  r ( ' i i l lp i i i l i l i ( l l i .  
A l i l lO l lTh consid~,r:it;)lo ,<II('(,(IS,~ ]il ls t)eoi/ ; l l -  
t i l i l l l ' ( |  ill fre(,zo-l ires('rx:l l i(/ i i  of sill~[(, ct,  l ls  

:~nd (,(,riaill mulii~:,(,lllil:~r lissome,s, lhore h:ts lit,ell 

<~llch (!ollll)lcx orgi i l lS :iS t'h[' kidil('3". S(>vi:,r~ 
v: l :cul; l r  dttni;igo ch:tr:il'l(~l'iZ(,tl l)v h()lliori'h,.igo, 
lhr( i l lghoul  the corl~,x :tll(l lll(,(lllilil ]l,~S I)t,en 
: lss: iated wi / l l  t, xir~lcortlor(,i i l  kidlle)- f reezing 
:i l i(l roi l l l t i l : l l l t : t t i t) l l .  :\ flow l l l ( ' lhot l  for  l~rcp:tr:l- 
liOli of lho kidnt,,, for fr(,ozilig hiis boeil d~,v~'l- 
~)ll(,(l. Usi i ig lh is l i l l , lhod, tilt! lt,fi: kidl ioys (if 
14 dogs were rf ' l l lovt"(t ; l l l(I I~rt)zoll for  I)ori()ds 
(if l 0  to ;7{) nli l i ,  l l i i iw(' l l ,  :ill(! r(qilll)l:liile(:l ill lht] 
i iThi ili:ic fo~;~. Inir : i r ( , l i ; i l  iell i l )er: i luri,s wore 
t l lol i i tored l i i r o u ~ h o l l l  fi le frt,~'v~itl 7 : i i ld /h~ iwi l ig  
p~,riod. Ai i  i i lm~odi : t lo  co l l l r : l l l i lc ,  r: l l  l i i ' ph roc-  
lore)- w~is i ]o l i ( , . . | {e l~: t l  f l l i l c l i on  w:is :/ssessod 
l)('riodiciilly 1)o:.oper/itiv(,ly, iilchl(lilig blood 
l lr0:i n i l  rog(;ll~ cro::l l i l /0 c[oilrt.lllco~ l l r i l l t ,  OSlllOl;tr- 
i i) ', .'lnd urili:ily.~es. ~i l i t ,  of Ill(, ]4  dogs h' id 
so l l l e  re l l t l l  f u i l e t i o n ; i t  ~ u r v i v : l l  followilig f r e e z -  

i~lg. Tilere ,,ver/~ two |t~!g-t¢.l'nl stirvivors, one 
living 6 wee.ks and the other  sacrificed 4 
mollths followilig slirgery. Histologie:il sitidies 
of ihe .froz(,li t/lid reimpl:~litcd kidnc.x:s ,<it 
:illtO1)Sy revealed microscopic dam~ige propor-  
~i()ll:tl to the (legre(~ of ren~'ll ftilietionnl depres-  

sioil. Ahhough  lher(, w:~s r:lth(,r s:~:,l'~, im- 
I)~iirinenl of rell:ll fillielioil po.~lOli(,r:ltiv(q3 ", lhl' 
: iplletiri i l lee of rell;ll f l l i ic l in l l  ii~ lho ill: l j~)l' i ly 
of :i l l i i l l: i ls :i i ld ili~, loilT-lt~rni Sili'~'ivlii of i wo 

~.\~ls (,iiCOlli':igiilg :ii ld s t l~es ls  ih ' i i  ft'(,ez~,-l~r~,:- 
orv; t l ion of ooillph.,x or~i l lS such :is kidi l t ,y i l l : iy 
l t~, fe:isible. 
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