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ABSTRACT
’

Vhile kidney transplantation offers the best

rehabilitation {fo pntlents sufferlng tro- chronic
failure, the world-wide dearth of cadaver organs has neu&t&
that demand to; such~organs farboutatrlps supply. Many s
centers have tgérefo}e had occasion to use kldneyg which
thﬁ béeﬁ harvested in lZia thgn optimum conditlonﬁ, sut¢h as

prolonged hypotension or Yother anoilc insult. While

prolonged warm ischemia is without dduh¥ harmful to
subséquent renal tqnction, séveral vorkers have suggested
that the main element responsible for tﬁla 1npa1red function
is renal vasospasm: -oreqver they have denonstrqtgd a,narked>
;EPrOVement in preservation and gubaeqpent function when the
alphg adrenergic blocker ppénoxybéﬁza-ine vas used as a pre-
treatment. Phentolgnlne, a rapid nctigg ?lpha‘adrenerglé
blocker hqs also been ;pggestpd for the reversal of agodul

vasospasm during hypothermic pulsatile perfusiony, which ¢

might allow transplantation of kidneys which would otherwisge
not be considered suitable. K .

_ Sl 6.
A controlled trial was therefore devised lnvolwlng:

canine nephrectomy, a 24rhonr preservation period
. C _ o : ’
(consisting of one hour of Collins preservation , 22 hours

of Belzer preservation and a final hour of Collins
preservntldn) and subsequent Autétrnnsplantation with .
immediate contralateral nephrectomy. Each dog was %}lqcated

v .o "



on a randomized basis to a warm lache-ia ~&roup of zero, 15,
30 and 60 minutes, achieved by cln-plng of the renal artery
. for the requisite time period. The kldneya were then either

“treated with 1S milligrams of intraarterial phentolamine

A

'afier placéneht on, the perruslon'apbanpébs, or were placed
. e .

Lin the control €roup, in which no treatment was given.

During perfusion, flow and pressures were followed, and

where single perfusions were undﬁrﬁaken, perfusate renin and
1

lactic acid assays were also performed.

.

.
After‘lhpl;htatlon; renal function was follow?d vlfh
serial b}ood ufea’nitrogen and ser%n qspatinln?
measurements. Six véeks postoperatively, survlv&ré 'eie
saérlf!ced and ;ll kldneys subJected to light mlcroscopy. a

representatlve nu-ber from each group were also subJected to

electron microscopy.

Twenty-five do¢s>vere~excluded from the soriep'becauae
of technical failure or death unrelated to traneplant
function, leavlng a total of ‘'S4 animals ln the study.

Survlval wa% found to be adversely affected by lncroaslna

« L

length of warn lachenia, but 2\ statlstlcally -lgngtl;anf
dlfterence could be touﬁd betbeen controlvand treqtnentl:
gno;ps. Poatoperatlvo renal function studleu de-onatrated no
lmprovenent when- kldneys‘vere troated 'l%h 1ntraarterlal

phentola-ine. nor vere the porruaion para-etora of flow nnd

diastollc pressure slgnitlcantly lnproved by tr.at-ent.

‘ “:- S . : vi o .



™

Noreover, when menn»flbvs and diastolic bresadres of each
warm ischemia group were compared, no significant pattern

§ emerged to suggest that these parameters sare reliable

[
}ndlces of gsubsequent renal function. Light and electron '

microscopic studies did not demonstrate any behetit accruing

from the use of phentolamine. Lactic acid and renin assays
’ \

of the perfusate were found to be of little predictive value

as to Subs’queﬁt renal functlo?‘ though the number of
< ,
-»

X

' kidneys so analyzed wvas small,

L
0y

-

In conclusijon, thls:efudy.ahovs that lntranrterlai
phentolamine confers ;o benefit uponvlachenléally damaged
canine kidneys in terms of éurvlval, poatoéera%lvé renal
function, pgrtua!pn para-eters, or microscopic analysls.
NoreovBr it is suggested that perfusion paraketers such as
flow and pressure are poor guides to renal viability, and

I ' .
that since perfusgtq lac?;c ac;d‘and renin gsaaya.ln jhlsh
study were of little proinoétlc valug; the éoarch for an ex

'11xg renal vlabilify test must continue. -

/\\ - vil o |



The great tragedy o) Science - the slaying of a
' peautiful hypothesis by an ugly fact.

4Thona§ Henry Huxley 1825-1895

¢

How can what an Englishman believes be heresy?

It is a contradiction 'in terms. -

- George Bérpafd Shaw 1856-1950

Y
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CHAPTER 1

Ao INTRODUCTION

Since the first publication on hypotheraic pulsaflle
preservation of kidneys (Belzer et al., 1867), the ability

to.store kidneys has come to be recognized as an eséential,

part of human renal transplantation programs. The'adv#ntazea'

of such preservation have been referred to by many autho:s

and include -alntqhance of. organ v‘ablllty"ease of
transportation to a Jitierent centre, time tpr adoqu&te
tissue typing and time for prebaration oi tﬁo recipient; in
addition, ﬁreservation-ulloue testing of {unctlon prior to
trdnSplantation{ modification of donor organ aﬁtlgen;cify,k

and time for 'repair' of a damaged oraah_(SIApaky'1871). To
?

thlé_list oi'advantages may be added the convenience ot‘

performing human kidney transplantation on an elective

basis. ‘Some of these advantages éro thearetical only: in

practice only nu;ntehanco of organ viability, ease of

ff;naportation, t}-o7tor preﬁa}atxon_ot tho reciplent and
elecfi?e surgery hav@Q bcohlrsallz;d as irrﬁtntable
ady;ntaues. 'hlle ‘repairt of rohal da§aagfdurihg hour- ot '
perfusion on an-artitlclal circuit af‘10 degrees centldggd;

: »
would seem unlikely: h@wover reversal of vagospasm



undoubtedly occursf(Belzer et als, 1870; Kiser et ale,

1871).

VYVhile kidney preservation is unquestionably of great

value for the above reasons, the number of cadaver kidneys

available for traneblantatlon has not increased in recent

s

years, and deﬁand almost Always exceeds supplye. In Br}taih.
tfor example, at least 3000 kidneys are needed each yeah 11'
every phflent ’ﬂo could be treated ls.to be oiterea'sueh a
chance; and this figure is #onsidered by many to be a

conservative one (British Medical Journal, 1874). In that
* !

country moreover, differences oi interpretation of the Human
Tissue Act preclude the removal of oruads before the heart
has storped beating, and one major centre, that of Professor

ReYe Calne-at Addenbrooke's Hospital in Cambridge, had to

\

cease renal transplantation in 1974 because of a lack of

donor organs.

These problems are reflected in the long vaitlng lists

at other transplantation centers in North America and

Europey, while at the University 61 Alberta Hospi tal fhebq is
currently &4 waiting list’ of 30 pakienfa (D.S.'Silverbcrg_-

¢

personal communication). Part of the problem without doubt
is inadequate publicity as evidenced by the greater success
of some arécs‘than others in 6bta1n1nd‘donor oradng;'and

-

many schemes have been devised to increase public auarcnd--

of the transplhntﬁtiod‘prqgra- and,thorobi'nléo inerease the



potential availabllityQOfbcadaver kidneys. These s8chemes,
however,; have met Qith varying degreesgof success and

consequently alternative avenues have to be explored.

Many kidneys which would otherwise be gatisfactorily
¥ R .

trangplanted have to be digscarded because of ischemic damage
\ ‘ ‘ .

sustained as a result of prolonged hypotension or cardiac

!

arrest ip the donor; and this is espéclally the case where
; » e

organs, tor one reason or another, may not be removed from
heart-beating cadavers. Many authors have enphasized the
deleterious effect of warm ischemia on the kidney (Bogardus

an& Schlosser, 1956; Johnson'et ala., 1972; Woods et ale, '

“

19723 McCabe and Fitazpatrick, 1972; Miller and Alexandef,
1972a, 1873; Sinha et al., 1873; Sterling et al., {972; Hart

and Mgnax, 1871). Sterling et al. (1872) tdund that not one

*

of eleven nqchine_proéerﬁed human kidneys subjected to

L4

greater than 15 minutes of warm ischemia had immediate

function on transplantation. Hart and Manax (1971) found

that only one out of four'cqnlno kidneys subjected to one -
: g B - ‘ o
hour of warm ischemia and preserved for 18 hours by Collins

fechnlque,(Collins et @l., 1969) could support life after
” o L e . . ‘ .

delayed contralateralfnophréctony. Johnloé et ale. (}972)‘
: . ) . 8] . .

tound that 40 minufes of warm iqchonla vai co-putfploﬁlith
immediate return otf tunctjonltttor 24.hours.ot‘hypothornlc
pulsat;le preservation but 60,-lnutqn orrvqr--lschonla-ig-f

‘compatible only with delayed return of function under the

N



: ' 4
;hpe preservation conditionse. Moreover Colllins preservation
for the same periods of warm ischemia produced uniformly
. " , . /
poorer results. Scott et al. (1971) acgleved poor results .

using Collins preservation with as little Ad 15 minutes ot

warm 1sche-1a, and Noberg et al. (1871) achieved good

- A}

preeervntlon in kidneys subjected. to cllnicglly reallstls
‘warm ischemia with hypother.ic pulsatlle pgeservntion oély.
Calne et al. (1972) teltvthat Belzér's technique was
superior to Col@lns' tech;igue 15 the preservation of
ischeni;all& da7a3ed kldneyé. L‘kkegaard-e; ale (1973)'
however 1oun3 that both prdservafign methods worked equally
well with pig gldneys suSJecfed to one hour dt‘varn_lscheqia
provided that é;otregfiont wlth chlérqéro-azino véé
achieved., While it lﬂinot the pgrposq.of‘thli tpeqla fo
compare the Belzer an& Cplllni methods ot,pronar'&tl&n. it
Vould'seeq that‘host authors conslder'hybothérﬁlc pﬁlnaklld f
ére;ervgt;pn to be¢superior in tha_aforaae 91_1-cho-1cally

damaged kidneys; and that pro-prc.etvithngvprn lochoqla\hc.

a harmful effect on kidnoyﬁ._

uuch vork has been directed tovardl -lniuizing or
-

reversina the ischenlc 1nsu1t both botoro cnd during -
preservatlon. and se‘eral authors have o-phacizod thct

. \ L

vtechnique ot nephroctL-y -appears to havo a.xory -lgnltlcant
ettect on ronal lschenla aincoaroﬁah ha?dllna lcad- to-

'cortical vasoapas- and sub-oquont poor cortlcal p.rtullon

C 8

a



.

(Markland, 1864; Kiser et al., 19713. Belzer et al. (1970)

found occasional instances of acute tubular nécrosls during

r

their early experience with live renal donors, where
hypotension had demonstrably not occurred: 1t was felt that

this was attributable to unnecessary traction on the kldnéy

.

or excessive dissection around the renal artery. Sinha and

his co-workers (1973) found that a 'clumsy!’ nephrectomy was

more harmaful 36 8X Yivo pértualoq pParameters, such as flow
. " .

rate and oxygen consumption than 30 minutes of warm
T : . ’ -

lschemia. Woods (1971) preserved canine kidneys ranging from

P

-

.three to seven days and attributed hié succeas ln part fo

-~ ) .

allowina'tﬁé kidney time to 'recover!? utter -anlpulation and
betfore nephrecto-y. Whlle lt i8 true that some dogroo of °
vagsospass from exce&tlve handllng is roverslble in the bo-t
poesible donor sltuation. thla may nbt be th.lca-o.ln a

cadaver organ with danaao attributablo to agoncl and pre- .
. b .
agonal causes. Some. authorl (NuJarlan ot al.. 1966. 'ot:ds..i
X <

1971) have also e-phaslzod tbe 1-portanco ot adoqunte
hydratlon and good ronal tunctlon at the tl-c ot -
nephrecto-y, but the.e condltlon- vould portain only to

living- relatod donor- or douor. An the catogory of. braln

o

death. ag Bolzor and Kountz (1970) havo polntod out ”11

~

1tcd to those 1n 'hon ccrobral
/-

death has occurrod, hht 'ho have nor-;l blood pro--uro,

'natlazactory donor- are 1‘

"urlnary output and ronal t_nctlon nt tho tl-o oi douor _’

'nephrocto-y, t"on_‘ an-planiatibn'vill continue to be a rare

L



. - y
. . ~ %
occurrence', . . o .

Many workers (Belzer et al., 1970; Cér}lere.;t a}.,
196;; Kane et al., 1966;.Lausonvet,al.. 1944;‘L1110hei;et
al., 1864) hav;‘deecbibed the occurrence of renal
& vasoconét:lction in shpck, ;nd prolqnged periods of donor ‘
:hypdtgnsion shoul& also be ;voldoﬁ vhéré poﬁsibla (Carroll
‘£ef ale’y 1869). Sterling et al. (1¥72) dedcribed an incideqpe
of acute‘fubular‘necroéls_pt 58% when cadaver donors were in

shock and on vasopressors prior to nephrectoamy, as oppobed'

to a 27% incidence without shock or vasopressors.
. . ( :

While ischemic injury has an obvious influence on’
cellular and subcel lular metabolism, the vasomotor response

: 4 .
~of the kidney to hypotension, cardiac arrest or other anoxic

lnsﬁlt has also been shown to be af grdat'lﬁﬁortpncd yltﬁ.

3

regard to post-tranqblant renal function. Belzer et al.
(1970);';::§pt0¢-py»the lacf ot:coiréiat;gﬁ hqt-oeﬁ fhd warm
iﬁchenlc.intervul and sﬁbaéquent.tunétiéﬁ in 32 hunan- .
cadavér kidneys, t;und in-a serlos of oxpor;-ont- in plg
kidnei:/;hat renal va;ocon-%rlctlon, occﬁrrl in tho agonal-
period and por-iating durina isolated hypoth.rnlc portu-lon,-

- '
was the prlnary causo ot poor portu.lon puta-ctorso‘¥0too$or

“these authors‘telt‘thnt pcr.ldtont renal vg.oconqtthtlon_»
wad-thé -o-t»con-on\siuse oi-post-tran-plantatidn rodcl

1ailur¢, -Inco such xidney- contlnu-d to be va-qconltrlctod

after revnacularization Ln tht rocipiont, th-rcby



~-

‘-assaao. Gu-p ot al. (1972) contlr-cd th.t rogloatl .

introducing, as it were, a perlod of warm lscheqla.ln the
post—-trapsglantation period. These workers aiso found that
ihe alpﬁa blocker phendxybenianine; adnihiétcred
lntrévenouely priorvto cardiac arrest, diminished the degree
of vasoconstriction in pig_kt&neyq as evidenced by flow a&d'
pressure peaaurenenff on pulsatile pertﬁslon.‘}n the saqé
axpe;inent( eftempta were made to_reverée vasospasm huﬁlng'
the cold fluaﬁ wi*h Ringer's lactate solution immediately
following nephrectomy and prior to blaée-ent on pulsatile
pgrfusiqn.,Varlous &aeéts were tried lncludléa
phenoxyﬁenzamine, acetylcholine, propranolol, 2% procaine
and 10$‘procalne buftfered to a pH of 7.4: hd-évor, only‘iOQ

« .
buffered procaine was effective in reversing vasospasm.

When the same group (Pryor et al.._1971) did similar

ex#eri-ents 4@vo!viqg plg.kldney ho-otra;splantatlaﬁ but
vithbuf an§ attempt at\innﬁnodupprossion. phonﬁxyhoniai#nq
#nd IOS:puttefed procaine qdnintgfobod as doicfiﬁ@& abévc.v
were again iound'to be effective 15 reversing ﬁgonai.i
vnsosposn and produotng immediate renal tunctlon. vhl}o

: ) R "

phenoxybenzanlno was ovon tound to b‘ ottectivo when .1vow
S . ’”

_ tive nlnnt‘s attor cardlac atbo-t tollovod by open cavd&sq

L“.

FE

Adreneralc blockcde could be achlévod with phcnoxybonzuitnc.
‘selectlvely 1nJccted Lnto tho renal urtory,'abd that thlsf‘”'

'drug protectod tho canine kldnoy again-t vanocon.trletlon

1.

o
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from both norepinephrine and hemorrhagic shocke. Smithy GeVey

et al. (1671) also 5%und phenoxibenia-ine pretreatment led
p b , S

 } . ‘ o .
to protection of kidneys in hypotensive dogs. Braf et al.

(1972) demonstrated that'phenqub:;zanlne added to Collins
‘ | o . .
C3 solution led to jood recovery of kidneys subjected to 30

minutes of warm ischemia and éd hours of Callins

preservation, provldég’contralateral nephrectomy was .

delayed.

Vhen applied to human gadaver rgnai transplantation,

<«

Belzer and Kountz (1970) found that donor prétreatment with .

4 ¢
- R 5

phenpxybehzanine reduced the incidence of pontoﬁqratlve

" : - \ .
dialysis from 64% to 8%. Sterling et al. (1872) obtained 69%

Fal 2

/ ) . ) . .
immediate 1unctlon";th phenoxybenzamine pretreatment, but

only 31% 'ithout its use.

A f

.

Lékkegaard (1871) investigated the effect of :;r;ou-

+
-

vaéodilatbra and hepdrln on renal vascular resistance at the
. . . ’ s ’ \ . . > . . '
beginning of hypothermic perfusizg and found heparin tended
- . ! e N . .

to 1hcreaae.roqlstance, an eftfect which could be

counteracted with either Papavorln#ior'LLhocaide;_Hbveverq’
o P VR . AR
when Papaverine was used with 24 hours of Collins

preservation by Sharzeflﬁnd La-tbﬁ (1973)y it -gi found fo
be 1nl-lpaﬁle‘to satiqtactory-pr.-otVaﬁloq;,L‘kﬁokagrd o: )
al. (1873) ulso‘dernsfrade a‘prééectlﬁe oxioéiiér;’
ghloptoiazing §n pia kidﬁoyt .QbJecte4 to ono‘hdqr/otvvhr ‘
' R

‘leéheula tolldv#d_by'24'houts ot-pro-oriatldn. Fernando. e

'
. P



al. (1973) found that furosemide added to their perfusate
£
solution improved renal blcod flow as measured by 133 Xenon

[
s

washout technique, though total preservation tlﬁe_vas short.

5

Pani jayanond et al. (1973) found that furosemide, both
intravencusly as a pretreatment and as an additive to
.Coltins solution;‘enhanced renal>tunct10n,signltlc;ntly.
These workers postulated thé vasodi lator effect'ofl~
turosemlhg as bélng the prlnary~oftlcncibus tactor, but also

auu&ested other~nechanisns including effects on renal blood

/- i :

—— ’ )
ﬂ}low, tubular tl,ld flow, and tubular fluid concentration,

-~

an&_a spwciifc 1nh1b1tionbb£\fubulhr epithelial -1tochéndr1a
resulting in qudced'netabollc de;unq during storage. thha
et al. (1873) found that-iurosemiae dpcreasédtoxygeﬁ§
coésunption in the isolated perfused kidney bi 25’ and
poétul;ted ghaf it might aitoré protoctlon by'lhhlbltlon,of
sodium~reabsorp¥1on of the renal pubu{ea,‘}hu- decre;slné
;the total oxygen iqdulreient;'ot the organe. Mannitol however
had no effect on oxygen coésnlption. Nnnnl;ga.ot al, (1969in'
‘intﬁsgﬁ various compounds lAfouxn;aLin raf kldnoyi.‘aAd
found that tﬁroaa;lq"and efhaérynlékaéld pignltlélntly

: : S : 1 Co : : :
réduced~reqal isébeiic da-ade;"hile furosdildé'alio
increased the suryvival r;téo Tﬁe\éttoct1q? lo@(d-
ﬁltiopru?side on the léolntea.kidno¥ was studied by ﬁaitrqn
_apé.laloyanldeﬁ,(1972) Agd was toﬁnd.to ha;eba weak rqncl{

' vasodilaior‘qttoét; the authors concluded that it voﬁld ,
: S ' . _ :

1

offer no protection against renal ischemia ln.ns-oclstlo¢_ -
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with hypotension; however ‘this drug has not been studied in
the transplantation situation. Wolf and Wigton (1871) found
"that streptomycin had a vasodilator effect in the perfused

canine kidney, probably due to a direct effect on vascular
smooth muscle, and suggested its uq,vln isolated organ
perfusates.

N

- 8 [

While fheée}ppprvacheq have been based on the theory of

‘ reveralnu'aaon;l‘renal'vuaocénstriction; other workers have
ssessed the etiect of ischemia on cellular andAsubcellular
{re \ ism {n an attempt af’phar-acqlogical reversal of such
effects. Qasko et al. (1972) found,thntfallﬁpurlnol, both as

a pretfuat-eng for 48 hours and for seven days .
Poetoperatlvely, protectedlin_xixg kidneys éubJacted to 120
minutes of warm ischemia vifh immediate éontra}atoral |
nepﬁrecton&. Howover no preservation period ;as lnvolvod.
Toledq-Pereyra pnd ﬂaJ9rI;$ (1873a) subjected canine kidneys
to 24 houtn‘ot ﬁypokhotllc pulsatile proncrva{10n~i1th
cryopreclpltated’pldéga.tﬁllbvina one hogi‘bt Iafn lgchengﬁ
at 25 dogrees'cénfihbadé;\they ;btalnod 100% survival when
allogu;lnol -as.added t§ the pértusato ahd givon tor‘f4Adayn'
: postoperatively. ‘The same aroup (Toledo—Poroyra et al.:
1974) contir.ed the bonoticial ottoct of allopurlnol vlth
ischeulcally da-aaed kidneys perfused vith pla-na o |

gsubstitutes. Inventlgatlna the posaibto nechanis- otﬁthll

. £
drug, Cumninghanm ot al. (1974) found that af¥%puilnolv

-
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pretreatment led to significantly higher concentrations of
ATP, ADP and AMP in ischemically damaged rat kidneys

. compared to their controlss. This higher concl;trution.ot

purine energy conpounds wvas maintained‘and improved upon in
the post-ischemic recovery phase of the treated animals

whereas controls showed a greatly reduced recovery, which
. - ] Ny :

) 2
was not -aiptuined. These authors therefore postulated that
i . .

protection against ischemia was afforded by the ability of
nllopurinol to inhhbit xanthine oxidase in the catabolism of
purine metabolites sﬁch as xanthine and hypoxanthine, thus

makipng them available for resynthesis to ATP, ADP and AMP

- . ) .
when .the ischemic insult was removed. In this context it is

’ .

interesating to note tQat Keaveny et al. (1972) found renal

cortical ATP to be best maintained by Collins solution, and
: P ‘ ) |
auggestéd that this might explain its effectiveness as a

ﬁreservatlon mediume. -

-

Since the breakdown of lysosomes under slightly acidic

[ 4

conditions with release of lytic oniy-§s'-5y be re.ponlibie

for ischemic cell necrosis, Lotke and Schwartz (1870)

3

investigated the role of these organelles in nonpulsitlle
. : ¢ .

kidney preservatjion uander normobaric and hyperbaric

conditignse. They found that ly-onondl'atubi'izlng agoht-
rt ‘ ‘ ' ' ’ ) T

such as hydroc3?%180ue and chloroduineVprotocﬁed‘éell

function a8 measured by PAH and oxygeh'upiakc.iﬁ cortical

slices, while hyquhermla and hyperbatin apﬁoar‘d’to delay
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T

© release of lysosomal enzymes. Starling et al, (1873)
? wmeeasured lysosomal enzyme rele¢ase in isolated perfused

.

&jgkliafyé and found that methylgrednisolone given as a

5
‘a

3 e
EAPINES

e 4 =
:gpﬁbtreat-eut and in the perfusate led to decreased enzyme

il ‘ . |
.%?Qﬁase and decreased vascular resistance, although renal

i plantation was not performed‘ln this study. Miller and.

\

Avh;ander (1973) found that the same druyg, givenm two hours
:’_,"‘\") & )

v

before a two-hour warm ischemic periad with iamediate
contraluter#l nephrectomy, gave a ;lgnificant prbteétlve
exfect; however no ﬁreservntion‘perioq was included. These
authors postulated lysosomal stabillzation a8 the Lrimnry
bpeneficial etfect since lysosomal enzymes can initiate the
‘kinin system, disrupt vascular‘endojheliun andhlnltlate
vasoconstriction. Woods (18§71) oﬁQQIned successful. long—term
pulsatile presFrvation of kidneys using high dosesAot
methyl;rednlsolone in his pertfusate. Vlllaeante«q{ ale.
(1971 ) suggested that thyroxine incréased oxygen/égnaunptlon

in preserved renal cortical slices, but did not prevent

edema tor-nqun or adverse histopathological effects,

While hypothermia is considered an essea‘f"
. rad

prerequisite of organ preservation in its'ubllity to reduce
the oxygen consumption of perfused kidneys to 5% of normal
at 10 degrees centigrade (Levy, 1859), the value of

hyperbaric oxygen re-aina controversial. Much of the early

work (Manax et al., 1964; Makin and Howard, 1965; Ladaga et

LI -
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ale, 1960) was done prior to the develop—eht of perfusion
preserv;tion. and the latter method appears‘;o give supeggor
results (Peggy, 1970). Ackermann and Barnard (1866) used the
co-bléation of pe}fus;on and hyperbaria to preserve kidneya
for 24 hours, but Basso et al. (1967) were unable to
de-onstr;te significant &enetlt with this co-binathn- More
recently Snell et al. (1872) déscribed successful
preservation of canine kidneys expoged to 45 an@ §0 minutes
of warm ischemia, using hypotheraic hyperbaric trickle
preservation - thése workers considered their results to be
at least compnrabLe to thoae.achieved with contlnupus.
hypothermic perfusion (Scott et al., 1971; Johnson et’al.,

oS

1972).

! Sone§ though by no means ally, of the methods outlined

above h9ve led to 1mprq§ed preaerv&tlon and. utilization of
kidneys which might ofhervlae have been disca}dqd. While if
is imperative that the be;t use be -;de of all avalyablg
organs, it is also evident that a'patient v;o recolveq an
unsuccessful transplant suffers a -aJor'setback in the long~-

term care of his chronic renal failure. In Britain, almost a

third of cidavér kldney'tfannplantp never function
r ’ )

adequately (Baxby et ale 1974 ), and there is an oﬁylduq noﬁd
for a reliable organ viablllty'tost._Belzir,et ale (1867,
1870, 1975) syggest the use of perfusion characteristics

h ' .

‘such as flow, pressure and perfusate pH but saome authors
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(Magnusson and Kiser, 1871; Uehling and thsian, 1972) have
found'that these paruﬁetersvdo not ;lways correlate with the
eventual tunctlonal}pnpability of cadai;r'kldneys- Othey
yinbllity tests are based" upon renal function during
iaolat;d perthsion and include redox potential (Couch et
.uf., 19;5),.succin1c dehydrogenase activity (Lannon et al.,
1967), PAH uptak; (Lannpn et aley 1971), inulin extraction
(Malinin and Hbllerikn, 1872) and oxygen éonau-btion (S;nh&~
et al., 1973). Belzer et al. (1968a) and Ashby et al. (1968) ,
have éynaeatéd that tubular function tests a;e ‘
unsatisfactory, statlng that ur1ne prpduced dublngApettua‘!n
is an ultra—tiltrazé dittorlng,oquvln;lta protein content,
Qnd‘?elng produced in amounts ;1rectly proportional to tﬁe
perfusion pressuree. Oxy;en conaunpflon testes were also
cpngiderod to'be of limited value, since ctvtenper;tures

between § and 10 degrees cenfiarade the kidney uses only

limited amounts of oxygon)~éo that changes are not great

-

-

enough to predict function. leauﬁr.-ent bt'redox potential

was considered to jeopardize aterillty. Some authofa.hive
recommended the tetrazolium dye test (Smith, ReBe, 01 §1;,
1967; Ehastagir et al., 1968) but‘fhlibproéodqrc roéuir;- a -
biopsy: moreover Lannon et alf (1871) and UVehling and |
Cogs;ap‘(1972) Iognd it to be of little value ﬁlnce‘lf

tesfea the oxyj;n.utilizationwpdzy-o éydtoh,.'hlch-ll ﬁbt
highly sengltlvo to ischoiia. The fact that cell du-;g; In 

the stored organ can ré&ult in releuio-ét cellular ?nzylis.

N
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or other cytoplasaic contents hgs led soﬁe workers " to assay
the perfusate in an attempt to discover a sat;stgctory
vlabiilty»testf Increased laétate deﬁydtoaenQSe levels are

consldéred useful by some (Belzer et al., 1968a; Ashby et

y -

al., 1969;'Naanusson and Kiser, 19871; Kohn and Ross, 19713
Kiser et al., 1971;»Grund-ann_and,Plcﬁlna;er, 1973). buf
Johnson (1872) was unabld to corﬁelqté»levela of th;a enzyne’
vith success or failure of the irdnaplaét. Sterlln; et ;l..
(1972) aeaesaed‘iysosomal enzynés cathepsin-D ;nd
betanlucuronidags, while Calman and Bell_(i973) and‘
Cunningham et :{. (1974) suggoatoé ti;suo levels of Af?._ADP
and ANP as 1nd;9at6rs of organ vlah;lltyo Anaio;:aphic ’
eyéluatlon of the 1poLagod pertﬁnod kidney has Soon used by
Alfidi and ﬂaanuaﬁon (1972), but contrast -odiu‘ g‘§d~lcd.to
éxtenslve renal damage which could be prlvonted 6n1y-$y

L

removal from the circuit of effluent céntnlning the contrast

-edlu-; Rénalvblood‘tliv at 60 -lnﬂtgiprIt—I-;lpnt;tlqﬁ v;-'
c?naluercd by Ariyan et al. (1971)-to be a.rolldbl;
lndlc;;or of repal iurvivat, Sﬁt fhl-.netbOdﬂqbvloubli
suffers 1r;i not pelha‘h true .;;jxigvt.it. J&hqsén'qf al.
i1972_) heve found that 'a_pe;-zuutj.f énfta-i in t;h- firat ’ti.oqx‘?,
. . , ‘ : ‘ : . e

is a plear indication that the kidney is irreversibly
1nJur§d ‘nd John-oﬁ ?t ale (1873) gnd'Bcibi df ‘io (i974),
céntlnulng this v;ik;Xhﬁyé ypgaq-t;y that'pottn-afoul;vd}-
of lactic ﬁetd;aroiv.rfkn.llaﬁlo‘1§ the dotddtiqu_ét >

1sch¢-16nlly,du-aaqd kidneys. Moore et al. (1974) hnio
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‘mentioned perfusate renin concentrations as being '

substantially elevated in long-term perfusion experiments

Y but no further details were supplied.

B. FORMULATION OF THE PROBLEM AND OBJECTIVES

s

Since 1555, yhen the first suécoé@tul cadaver{éenal
transplant was rep , Hume et al., 1955) thii proéodurq
has become a vell“es{ﬁb[lshed and well accepted method of
treatment. in the armamentariums agal;nt 4hronic renal
ﬂellure; ang while thQ idiunologlpﬂl aopccfn of
tr?nnplantﬂtlon still pose a conpider;blo problb-.uthoto is
no doubt. that many transplant recipients have achioqu a

more complete rehabilitation thtnAfhat-oiiordd by other

treatzent modalitiés such al‘chronlc‘hqnodl‘ly';qb

The key factor Limiting the more widespread use of
cadqver‘kldnoy_tran-plnntdtiqb‘lu the av@l}thlllty o2 dohbé
organs, and this tact 1- horno.qut*bj'tho lbdﬁ wolting_Lipt-'

at mest trcnaplant contorn ‘in North A-oric‘ .nd Buropo. Thl-

€ Y

ahortagc of kidneys, togathor with: tho ua.ccoptchly hlgh

1nc1dencc ot tailuro ot cadaver kidneys duo to 1-cho-1c .
1

.

da-que su-talned prior to donor ndphrocfo-y hca pro-pt.d

1nvostlaation into nothod- ot proto?tina kidnoy- 1n

\

"hypotcnalvc'donor-. Tho rocoanlzcd u--oclattdn.botvanho

persistent renul va.ocon-trlcticn .nd tho ovolop-.nt ot"

’



-

tubular necrosis has led to the use Jt'the.alpha hlocger
pheno;ybenzahlne‘to)prevent the development of vasospasm )
during the agonal period prior to donor nephrectomy (Belzer
et aley 1970). Phenoxybengamlne does;provent renal

-
vasoconstriction but requires 30 to 60 minutes tb become
effective (Smith, Gav.,.et al., 1871; lillef and Alexander,
1972b). Its use therefore ;opld seen to be limited to déhqrs
;n‘fhélciteaory of hraiﬁldcatﬁ with grodﬁally~dc$orlorating

vital signs.'81nce many potential kidaey dqno;a are admitted

in shock or-aubsqduontly become hypotensive, a drug

requiring up to one hour to chond effective in preventing

;-

renal vn-dspA-'noy-bo.ot little hinotlt; Miller et al.

(1874) considered thut an alpha cdronorclc blocklna ‘sont

'-1th a more rupid on-ot ot uction even in poor portuaion

-tato- 'ould hottor facilitate the hnrvo-tina of -ultshlc

kidneys, eep.cially tron non—hcnrth.nting cpdavcr-o Slnco.w_

\ BRN

‘nh‘njgljling 1- a voll known .lphn adronarglc blocklna agont

that ha- tnq-o propartleo. thcgo<work§tu dvnluut.¢‘tb1q‘drpg,

R S , S o v
both as a pro-trcnt-ont intrcv-nouoty end Lntru‘rtérlntty on

e
¥

the BelzcruLl 400 hypotbor.lc pul.ctllo portuulon appcr;tu-

;1n’an .tto-pt to revoi.o o-t:hll-hod vaso-pcc-- Vc.o-pa-.

~.$

 va- achlcvod by ctphyxlstlon dt plgn. chdlng to tnoil. und: .

[

cardlac arrest.

'hqnoglvon as a pro-ttont-ont phontalsulnﬂ paoducod'

reapid alpha adronoraic blockndo as -hd'n DY hlah inltlsl
r;

]
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ftlow rates and lovw diastolic pressures on the porgus;én
appa?atuao‘Pefhapa more significantly, five ty 15 milligrama
of phéntoldnine given intraarterially within ten minutes of
helné placed on perfusion, dlsalp;ted;vasospas- aé ’Qldonced

by the perfusion characteristics of flow and pressure, and

the gross appoat&nce of the kldney. In the‘hu-an situation,
. 4 ' .

phentolamine pre-treatment to cadaver donors réuultéﬂ in

improved initial perfusion characteristics and markedly '
superior initial renal function, reflected both in the serum -

creatinine and creatinine ciootdncoy and in the doci.rqid
need for pojt-opor.tlvo ho-odluly.tl..ihcn phentolamine was

' given to isolated pbétu.od”huith kidneys, improvement in
flow raieu was obtolnod. hﬁt'thinillprdvdnnnt vch found to
1 n
~N
be. relatcd to the wars 1ccho-1c lntorvul - it this was

-

uroater than 25 -1nutou. no bonotlL could bo obtcinod. Thl-

.observgtion led to “the -uggc-tlon tbat th‘ 1ntunlon o!

v

phentolculnq dutlng isolated perfusion might -tpcrltc'oht ‘

o

poor ha-odynanic pnraiotor. chu.id by vloqip;u--tro-“tbo-i

e

caused by 1rrovon-1b1¢ ischemic 1nJury. Vhile the bonotlt-
ot donor protroat-cnt havo bo.n voll doculontod (Bolzor ot‘
llo" 1970. Pryor Ct ‘lo, 1911' Stcrllna et ‘to' 1972. |

Ldkkogaard. 1973) ltttlo hut bccn publi.hod to lndlc.to th.t :

-

“
_vaso-pa-tic kidnoyn can bo -uccol.tplly treated ¢ur1a| tho

pronnrvatlon p-rtod. Iho vork of lillcr cnd Aa.octatcﬂ
(1974) 11 contlr-od. -ould -.o-,to prounnt - u.otul -ctmnd

ot rovorq&na vauonpa-. in cnd.vor xldnov. vhon no

S
l
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qpportunit& for donor pretreatment had occurrcd.-thua nakldg
available organs which might not otherwise be considered for
transplantatione. In add}tiony an_gx_x1xg vlabillty test in
vhlch vasospastic kidney- might be ditrerentiatod from
ischesmically damaged kidneys 'ould indeed be-uagtul. Since
fhe‘ani-al exbeiinent;l model of fﬁo.i authors proclu&od the
possibllity of autotranopl.ntatlon, a c;ntrolled trial of

‘the use of phontolanino in laolutod canine kldnoy Rerfusions

haa ‘been set upvvlthvtha tol}ow1ng haJor obJoctlyou:

1. To qialuatd the effect of intraarterial
phentolamine, given during hypothot.lc pulsatile
preservation, on poétuslon pcr;..ier- ot‘cun;no~xidhqy'

.sthected to varying”pdfidq- of var.ilichoqla.

2. io doterAlne 11 lntra.rtoriul phontglunlno glv;n
'durlna pulnatile prclorvutlon say reverse V‘lO‘pQ.- cnd
‘thereby 1-prove po-t—tranuplunt ronpl tuncthn c- dotor-lnod
'by (a) serial blood urea nitroa.n and croctlnino -tudlo-.

/and_(b) lurvival-‘ o

3. To d-totuino iz tbo kidnoy cuu undorlo cxtcnalvo
‘tis-un necrosis and be non—ro-ponllva to thll druz. yot

‘-tlll -ulntaln n.auonablo tlo- qnd pro.-uro ch.rcct.riltlc-

-

_.on prenorvatlon.'

. 44 Io dnt.r-inc, vhoro clrcu--tcncca nllow. 11 -or&cl

lactic ac.ld and rnn;n -tudxn dnrlns vuurnuon uu halv

[
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to differentiate the viable from the non-viable kidney.
S. To determine if there is a démonstrable light or

. ! ~ o ,
electron microscopic differehce between the treated and the

untreated groups.
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CHAPTER I11-

METHODOLOGY v

«‘
Each kidney transplant, 'hother double or si-ﬁle,
lnvolvéd a two day period. Eafly on the ijrutlday, IOOO,cc
df'cryoprec%pltatbd'poolec cani#e plasma, which haq
preyiouglykﬁeon‘collccted in ac1d citrat0 d.xtrose;,'as
rapléiy thawed lnva hot vﬁtft bath: and drug; added as

illustrated in Table 1, (Belzer et al., 1867). Previous work
B \ :

at. this Institute has indicated that the addition of

-

" distilled water is not necessary since the ACD in which
blood is collected has an equivalent diluent effect (lllnef.

Je - personal communication). The hsad for the Belzer LI
400, prcVioutly stcrlllied, was now prepaéod. .hd'th¢
- perfusate, after millipore filtration to a pore size of 0.22

microns, was placed 1n_th§'g§p¢hatu. (Boliié et al., 1968b).
Ihrdnghoui.thls research, the Bilzoryii,ioo machine was kept

in tﬁe‘pilniécl,Sciéncob'Bulldlna, gpptdxinntoiy halt a mile
from the Surgical Medical Research Institute, where the

‘apimal tran.p%anf. were done: this was t#_t@surob
availability ot the machine for the human transplant

program.’

In the early -taacd‘ox,thta r5ao§béh only one dog was

L3
.



Tahle 1
~ Belzer Sglution

CrYopreclpltitod plasma
- NaHCO3 i
D;cadron‘(4 -g/nt) ..':' s
Insulin (80 U/ml)

p.nicxtilQ 6 (500,000 U/ml)

MgSOs (1 gm/2 al)

Phenolsulfonphthalein (PeS.P.)

{229

18

‘18

al

s

al

-ml

vials

22
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éberated on.at a fine in order to gain inforsation on
’//¥ertusate lactic aci& and reﬁin levels:blator two ddga were
opefuted on on the same day. Adult mongrel dogs yelghlna
ﬁetveen 15 and 30 kilograms and ;asted for 12 hdUrs prior t;
operation were sedated with acepromazine -alcate.tollgvlng
which anesthesia was induced ;1th halotﬁane.'The same ageﬁt
was used to.-aintgin anéstheslp throégh an endotracheal
tube. No prétbpatﬁent.vaé aifqn-bther th#nllntravenous
‘»nornal saline and turosqnld; 40 -Q. the latter being
administered Approxiiately 15 minutes prior to occlusion of
N : .
the rgnal_artery. In particular, heparinlzétlon wvas pot

e-plqyedyelhce this vbuld not have simulated the human

- cadaver gituation.

A midline ion wae uged to open the abdomen, and

the sple retracted to’exposé the left kidnpey

(Fige 1)  vein was carefully cleared of
. . b . ’ . ( i .
surroundin -with a combination of blunt and sharp
‘an adequate length had been exposed;  the

dissection
. 5,

posterior pe ;eu- was then cloareqvtro-'thgvp‘rglh oi‘tho

¢

kidney. Ihe'\ ey ins freed jro- borlnophrlc t;--ﬁd<-o that

'the"renal arf could .be dpproéchodlahd‘iiélatqd
.pOStéilorly:; -ﬁ'aa7iénn& fhat this qi&l.lz¢d tAe'1nc1dQn¢;
of double artokleq, since many apparéntly douplt'nrtdrfzs

‘bééu.e g;églgrgf-tho.oflgln.ot the gqnnl'drtary tr;q tﬁ‘.
ao:tg;‘lf:truo Boubla‘artigiea»voro'iﬁqnd;'thc rlﬁht ktdnoj.
i,

S ?-v‘.-w‘-vﬁ‘



Figure i

Exposure of left kidn
spleen.

K

ey by retr@ctlon of bowel and



.
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"wag explored and only two procedures had to be abandoned

because of bilateral complete arterial duplication.

~

Adequate ureteral length was obtulnéd_by blunt
diesection down to the level of the pelvic brim (Fig. 2):
the ureter was then transected and ligated with (00 cotton.

When the kidney had been satisfactorily ;solated tro-aits‘

* «

bed, the renal artery was ligated in continuity and the
abdominal visceéra returned intraperitoneally 8o that the

Kidney could be subjected to the‘required‘period of warm

o

ischemia. At the end of this period, the kidney was once
N £ ) ,

again exposed, the renal vein ligated with®00 cotton at the

point o1 entramce ot the gonadal vein, andbboth vessels

4 .
divided. The kidney was placed in a bowl of iced saline
% ) '

slush, the artfery cannulated and immediately perfused with

200-3U0 cc of Colline CJ solution (Hartley et al., 1971),

LY

cooled to 4 degrees centigrade (Table 2). Vhen this had been

accaomplished, tie. kidney was put in iced ealine aslush in a

.

sterile‘transpoft Jar, ,which in turn v;s placed_ulthln a

styrofoam coocler pié&ed with ice. Exactly 40 minutes after

AN
b

the kidney from the first dog was removed, the .ecbn&rdﬁq\

.

was nephrectomized in similar mahner, a}lo'ing 20 minutes

for transport of both kidneys to the perfusion apparatus.

In view of this perliod ot transportation to and from
i . .

-

tﬁe ggrtualon apparatus in another building, the

3

preserv&tlon protocol included an hour of Coilinq



[

Figure 2 Isolation of left kidney, renal voaso‘s qn&
divided ureter.






Table 2
Collina Selution (Ca)

KH2PO4 ' '2.05 g/litre
K2HPO, + 3H 0 . 8.70 ¢[l1t;;
kct - ) _i.%z g/litre -
NaHCO3 ' o Oogf éllifrb
Heénfln l , SdOOAaltltéo'

' Glucose (50% w/v) . . S0 -}-l./LI.Jt"ro

Procaine HCl (10% w/v) 20 ml/litre

MgSO, ¢ 7TH20 (S0% w/v) . 14.4 ml/litre

.29
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p:eservation‘betorc; and an hour Qt the end of, 22 hours of
Belzer pseservation; During the fraﬁqportatlonbot'kldpiyi to
the pertuslbb hppargtus.henosti}lg vﬂu»;ecur.d And'thé
incision cloged by the.author's ;Qr¢1c¢l'tochd‘cl;n. Nr.
ualcoln Vharton. A three 1ayar'qlouﬁro va-'o-ployoﬁ. .
continuous 0 chronicl{o the linou niha,'continuouu 00
chromic to the subcutaneous tissuo and 0 chrnllc to the
skin, the latter belng closod in- -ubcuticular insblon. The
animals were then returned to tho vivurlu- 'QOPO thOY were

.

alloved water ad libitum untll the noxt gﬂtnlnao

e

Lo ."L . .
Prior to plnclna tho kldnoyl on. the Bolzcr lnchino.
pértuagtc samples 'ero.takan for pH; as vdrg samples for

lactate and roqln us-@yi if one kidney 6nly'val_€§ be
preserved. When each k;dn‘y vdl'lﬁttoﬁﬁcod_ihﬁﬁ_tbo

" apparatus, cnr; had‘to:bo:tagon to qnourivﬁhat the paténcy
of ihe renal qrtoty_-as‘not coipyonilig §y ﬁbrilbn. Tﬁ,.,.
systolic presshrobvga thcﬁ set at 60.;..53 .na'th- pulse gt:
60 tok70 bqnts_por -1ﬂut§,.0xygod tlov r§t9 le‘kbpi.at‘§hc
Litre per l..l.nu't'e and this en-uria a »po, oi Q‘bpfoxlnstﬁly. '.200
- mm Hge The coz input was: ﬂaintaincd at 140 to 150 cc por |

ninpte. -hlch ensured a pn in tho Te 3 to 7e 5 rangl. Flov

rates, pressure .nq>pR".rO rocordod«innodtntoly t!tor

L
H

placement, at one hour and gt'22 hours immediately btlor §§“

removal from the circuits

fff;Ihé.nqit morning, the anisals iirc-qﬂh-ihot;zodbgn‘g.
o, . S . ;o N

3
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élpllar msanner to day one,-except.;haf ho’pr.qporptive
trnnqulllzatlod-ya- qud. After preppisng and draping, the
midline incisions were opened and extended to:apbioxlngtdly
oﬁe inch ¥ro-vthe bublé.'Iﬁe‘loi9§ abdomen and ququ were
Aeipoiéd ;nd.dfter creation of a right r;trqpotltpyoal poﬁéh
adJacehf to'thb c°-ion‘1i1;¢’§rtgry and voln,:thé latter -
ﬂvesnels:'ere carefully dlnucctod free ot lhvdltih"tilluc'
for a qlitagce-ot'sev§icl contliothrl troijthc ;Qttlg Qnd
1nicr1+r_#enu;¢ﬁval biturcafioni’(Plgo 3). bohtralpgoral
-ﬁcpprecto-y-'an>jbonqurtornod; bﬁth;vo-io}p‘ﬁnd_utoiéf
being ligated with 00 cotton. ;:‘ : o x L'.

At this poin; tne'authér udJournodvtb7tho pirtutléﬁ
apparatus ;here the kidnoy. were r.-ovod '1th1n 40 -lnut.-:3
of one anofher and p.rtu-od vlth treshly propcrod 00111n-
solution. They were then_r§turnod t9 tho sprg1cul-lod1¢al
ﬁé.earchxlnatltut; where iipi;ntutiaazvas”cénnonéod. Total
body heparlnlzatlon was achlevod vlth 300 units por kllogr;n
ot heparin. the common lllac v-:.old were thon ligatod and |
vdlvlded dintally attor bolns cla-pod proxi-nlly. Attor
'clearlna the va.culur ltu-pn of blood by nnllno 1nvngc. thé
kldnoy 'as placod -1th its antcrlor -urtaco lylna -
poaterlorly 1n th- rlght llluc to-la, nnd an .nd-toﬂcnd
common lliac,jo ron&l vein analto-oliojportgr-oq~Qith
‘Cohtln§00l16-bAql}k'(Pig;'4)0~ThQ céqn;n'illné brfcr&'yaqi‘

' anastomosed to the gdnat:arioty 1n l;k..-adhor.'aitor vhtJh



A\ d

[ .

Figure 3 Iaolatlon of coduon 111«: urtory (lyi.nz
‘ antariorly) and common lllsc vuln.

¥y
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-

the clamps were immediately rcloag;d (Fig. S)e. Intravenous

~ S U

normal sallne, wi th 40 mg of furosonide wags given rapldly
together with the approprlate ;-ount of protamine sulfate to
revefse_th; heparin effect. The whole vascular ana;td-osis
took between 18 and 28 -ihﬁtea, allowingjuttlclent time for

hemoatasis as necessary, prlor to commencing the

lnplantatlon on the second dOHw This was accomplished in the

same manner as in the firset dog, after which each ureter was

5

.1-planted 1n turn'into the’bladdir. An lﬂtr‘voaical Apbroach

through an anterior bladder 1nclalon ﬂ?l used to tnshlon a

'submucoaat tunnql. tor-lnating nour the trlaono. The urotcr

wvas then pulled ‘through thl- tunnel, -patulutod, and

-

anchorod with -ultlplo lnterruptod 4-0 chro-lc catgut

~

auture-. Pntency ot the orlticc vas vqutiod by passing a.

&

. probe, aitor 'hlch (ho blnddor was closed u-lna contlnuou.

4-0 chronib catgut tbqouah tho -uco-a. and latorruptod 2~0
1

lchronlc catgut through tho -uacular layor.. Tho kldnoy 'a.
placed in the retroporitonecl pouch, ‘the odao- of which were a
‘pproxillt.d vith lntorruptod .uturo-. clo.uro ot tho |
nabdoninnl lnciaiqn vas 1n threo contlnuous lcyor.. 00'

~chronlc cataut to tho .ubcutanoou- tis.uqs, nnd 000

suhcuticular polyothylono to the’ lkln.

T -.‘ * .
. A

In th- po.toporatlvo "riod. tho anlpnlu ibrg gtvon a .f

~

1tull dlot. ‘and -orlal blood urou altroa-n (?htcoft cnd

o Scott. 1860) and serum croatlnlnq (Ovon ot al-. 186()

. - k]
e

*
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techniques and a short conputer progta-e on the Univeral;y_

38

measurements were performed. Six 'eeka«bostoperntlvoly the
surviving animals ypré éacriticod by oxsadauinntion'and all:
kidneyé ierevﬁqc;iahqd'tpr 11ght>-1cr68¢opy. {3 addition,
rspf;BGAtativé hﬁnbers’xyr eaqb grouplvére’,olcgtpd for

electron microscopy.

Pertusate renln activity wags measured unlng the NEN

Angiotenain I (‘25!) radloi--unoassay kit (Babcr et al..

IS

1969), and pertuaate lactic acid assayed by the Sigma kit

me thod i826./statistfcal‘analyéts 'a-’ngdo u-lngi-fandqrdb

"m-.!

ot'Alherta IBM 360/67 co.putoc. Data was pvottcd diroctly

tro- the calculated results uaing the Calco-p Plottqr.

Studont‘s t- te-t wvas u.od for co-parlson ot tho -enns of the

creatinines and blood urea nltrogens. gnd a 2x2° coatingency

fdble for the survival data.
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CHAPTER 111

L]

RESULTS

i

The two main groups in this experiment conaléted of e
"' control and a treatment group. These were in turn divided ~
. into tourvsub &roups based upon the‘length of warm ischemia
to which the kidneys -er; subJécted, iee@e zﬁro. 18, 30, and
60 minutes. Each animal was allocated on a random basis to

one o1 these eight sub groups; end when the surgical part of

Vv

this’study had been completed,” there were between five and
nine animals in each sub group (Table 3). A total of 54
animals were included in the study, while 25 were exclude;///

for the tellowing reasons.

-

(1) Intusussception.
() !_J

\

The most common ria;&n for e;cluslon wvas
L[]

1ntusu1‘ception which was foundvln ten dogs at autopsy. No

eiplnnation for the t}equencyhof this complication can be

.

&iven, but it appears to be disproportionately more common

o

in dogs undergoing the autotransplanfdtion model as

described earlier than in QOjs subjected to other quor

intra-abdominal surgery such as ga-trocton& (D.C. Secord -
. s (X

///—’ personal communication). Few other experimental protocols,



I3

-
. i
Table 3: Fxperl.ental Groupsg ..

Number of Dogs in Each Subgroup

"Minutes of

Control Dogs

Treated Dogs

No Intraarterial

Phentolamine (Rogitine)

Warm Ischemia Therapy. 1S mg
0 1) 6
A
15 7 7
30 9 8
¢ ;
60 6 6
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however, desmand two operations within a 24—hour‘perlod and
it may be that this factor combined with pdﬁtoporatlve ’
vomi ting uqd uremia contribute to the pathogenesis of
1ntususaception in dogse. It is probable that some caseaﬁitﬁ
1ntusussc;ptlon are agonal évents. but :ears that excluslop
might introduce a bias into th;a s{udy appear Qntounded, in
that distribution is eqﬁally divided between the t;edted and
untreated hroups. In addltion, there appears to be noA
correlation with duration 01 -afn ischemia: the hunﬁor in

each group, accordinexto increasing warm lscheiﬁc 1nterials,
was 3, 0O, 3, and 4 r#speétlvely. | f,

2) igghn;nal_diitlguljxga wvith the perfusion apparatus

. Five dogs were excluded under this category. The -alp

problem was found to be related to con;rol of gas inflow
which is notoriously aenaltiv; in the Belz@x LI 400. Two
dbga'were eicludeq.bocause the cagboh dlo;ido.lnflév toll to
zero overnlghf nuring.perIQBIOn.ot thoir‘kldneis. thus
raising perfﬁéute PH to unphysiologic hqlght‘. Si-llarly,.
two other anl;ala 'ere.excluded becau-e'dn.one éccallop the
oxygen tank valve yns.lnsuttjciently opdnéd.'ro-ultlng in an
hypoxic,p;rfus§qn. |

The remaining dogbvg- oxéludod?bocuuné ot’ppor
boiition%ng of the can;ula lp a renal'¢r{;ry with a low -

bifurcation - this led to lnadquate_ahd un.v§n pqrtuiidn

a
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because the tip of the cannula was distorting the

bifurcatione.

o
(3) Perfusate problems

(a) lellnn_snlujxnn; In the early stages of this

study, Collins solution was found to precipitate wlth
excessive ease, resul ting ln the exclusion of two dogs from
the series.‘CQ solution was Qséd in this study..gnd Chapman
(1971) féund that reduétion of the magnesium contqnt by oﬂe
sixth ledlto.eﬁlnlnation of proﬁleﬁu vlfh procipltgtlon.ﬂln
practice, lt.waa found that.ln-ediate.use,ot Collins
solution atter it was made up seemed tovéllllnatQ turbidity
and for this reason the author was accompanied to the
périuslbu aﬁf@ratus byllr. Keﬁ Pr;iko'.'blochenlqtry
tgchniclan."ho -lx;d tﬁe 1nd4v1ddalicogpobonts ot'tﬁe
solution Jjust prior to the ro.bvai ot'o‘ch'kidnoy. |
chasionally, crystalline dcposits were noticed in’ ‘the
llrtetyél cannula botore the kidney was plach on the Bclzey
apparatus: but prpvldod the-e were Irfigatdd 6ut'§1th'

'plasnaj no untoward ottoéts-iorc ﬁétqd.'

¢b) Qxxnnxhnlnxxnxnn_nlanns; Pooled canine plasms was

used and this was obt.in-d from dogs (oporatod upon ocrllor

" -
in the sorios) which were aacrltlcod after the roquillto six
- week postoporatlv. perlod. Vqriahlo d.gr,oo. ot ho-o-ly-.la

were noted 1q'tbe“pll-n thui'colloctodj'and excesaive
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hemolysia was an indication for not using such plasma.

7’

- (4) Distempar ‘ )

Two dogs were excluded because of dlste-per, diaggosed
independently by a veﬂerinarlén. Extension of fhe quarantine
pe;lod (previously two weeks) to three voeks'ied to
elimination of_t#rther cases of distemper ﬁlncc thé final
week 0of quarantine was séeht at the Su?glcal—ledlcul
Research Institute where symptoms of the disease were more

readily detectede.

(5) Snihxnnl_axxnx
-~

FlVejdog- cogid not be included in th; noribi because
of -orbidlfy'a£d idrtallty roiutod‘to -urgléal o;ror.‘T'o
dogs were lostrbocauso ot z‘nnl_‘gxggx_jh:g.hglxl .nd one
because of an. nnnnnssllzul_nnnhls_n:Iaxz_nnnlxnlnlxn ‘One .
dog died vithin hours hocuds. of ....Lx‘_n..nxnh.x. tro- the

- arterial anaatq.o.ia. and one dog was found  to havo died ot

nhjixnéiixg_nxgnsjhx from peﬁipolvlc hanttdnnq
. ' L 2 T
(6) Aneathetic death

There was ohi 1ht$;oécrdt1vo'anbjthqtlc death.

Survival ,
 Table 4 shows the number and percentage of gu}vlyors in
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"each group: 100% survival was nchlevgd in both.tréatedlind
. untreated éroups with zero ana 15 minutes of warm ischemia;
but survival in the 30 minutes warma 1sche-L§ group was only
T8% a;d 75% tor untreated and treated groups rezpectlvely.
Vith one hour of warm ischemia there v;re'only gyo quivlvors
in tﬁe treated group and one in the untreatodvufoup. In
terms of suriival,vtﬁere is gelt-ev1den£iy né.dltt§renco
between treated aéd untreatod aroupn at zero and 15 minutes
of warm lachonla 'hlle at 30 and 60 -lnute- tho dlttorcnce
lln aprVIVgl was not ntatldtlcally olhnltlcant (p>0e.4)s 'From
thebe‘tigureslono na& conéludo thct lntrahrtorlal' 
phentolamine durlna pertunlon ot lnchcnlcally da-aaod

* kidneys has no effect on the survival ot don.

uutoirannplanted with tho-d kidnoya.f ‘ K ;

Serum Creatinjne bata'

Seru-.creqtinlﬁo- wvere measured 1roqq.n£1y‘1n the
postopérativ;‘pgrlo¢, aédfalthﬁgah ovoryvntiorfivﬁy -g@o to
ensﬁre.that/;iiplo-'vori'taken oh'th; same duy.g
posioyerﬁtivoly, JO?O indlv;du;l 113uros have boon:.
extrapolated tro- tho ;onrolt chncont ro-ult- for the
purpose ot cslculatlna tho mean valuo-o Flgur.l 6. 7 and 8.
r;present neoﬁ serum eroatlniﬁoi wi th .ttndird crror. .
‘plotted agaln.t day- po-t~trnn.plant tor the tprVIVor- qt

the zero. 15 ‘and 30 mloute -pr- lpchqq1q gpoup-'



Figure 6 Zero Ninutes Varm Ischemia Group: Mean serum
- creatinine (milligrams percent) with standard
" error plotted against days post-transplant. No
signifticant differences found except on the /first
‘post-transplant day when the control value is
lover than that of the treatment groupe. (p<0.05).
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Figure 7

" Mean :oru-

.creatinine (milligrams p.reont) with atandard

error plotted against days post~trcn-plant. No

_signltlcant differences between control and

treat-ent groupu.'
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Figureq 8 DJ0 Ninutes Warm Iachemia Group: Nean serua
» : ? - creatinine (milligrams percent) of survivors with
R ‘standard error plotted against days post- -
e : transplant. No sianltlcn\@dlttatencol .bestween
, o . control and treatment grotps. ' '
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reapectively; Maximus average creatinine elevation occurred
'on the first day post—transplant except in the case of the
30 minutes warm ischemia group where the maximum rise
occurred on day three in tge'conttpl groub and on day 8ix in
'the treated group. While the rlae-ln serum Cre;tinine is
seep.to be propoftlon&i to the_dqration ot 'arnllachenia, no
statistical dLIIer;ch is demdnst;akéd §etveeg_¢ontrol and
treatment groups; except on thﬁ first‘day‘boat—ttnnéplant of
"the zero minutes wa;m lsche;ln‘groué vﬁere;the control vglue
is élgnitlcantly lowerlfhan the ialue for fh% treaQod,aroup
(p<0.05)s This suggests that intrn;rfgridlfphéntolanlneﬂ
actual}y'led to lnterlér'preqerQQtioé in'fhiﬁ.groub, and ’
while the significance of this finding is debatable, it s
véith nﬁtiné tﬁat e:rlybhverdge cireatining values ;nathe

*

other two groups are conaistgnﬂ}y;_though ngj_n;ga1‘1ggnili,‘

»

lower in the control than in the treatment g;oup.

The values for théAéo iiaut;.vgr- 1sghonli.¢roup have
not been plotted because¢ of the ilall aumber ot survivors.
The sole surv§§oxbln tg;ﬁgonfrdl groub rc;qbié.a haxl-u;
serum éreatlninc oi S«4 on the socogd.dny_po-t-t:ancplant,_
before returning tévnr&- nor-a1:'qh;i; the t'o jurVI§or-'1p
the treat-QntTquup haq -axiiua ;i.iail;n-“oi 8;9'¢dd'6;8 on
days 4 and 7 ;éapéctlvoly. Vaiues fot»fﬁb_snl.hls that did
not survive tbndodbfo follow a similar g}ftqrn in both

groups, in that there was an unlgtebruptod progression to an
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elevation ot 19 to 21 mifligrams per cent with death

occurring between days 7 and 10.

Blood Urea Nitrogen Data

AS in the case of the creatinine data, some blood urea

\tftroaen values have been calculated trom the nearest

adjacent results in order to calculate mean values - ﬁluures

49y 10 and 11 show the mean blood urea nitrogen values with.

;stnnd;rd deviations plotted against days post-tranéplant for
the zero, 15 and 30 minutes warm ischemia groups
respectively. No etatistically significant difierence can be
demonstrated betveen‘cbntrol and treatment groups, and the
curves have an analogous relationship to those plotted vlfh
the serus creatinine data. In the 60 minute Qar- ischenmia
group, the only survivor in the control group had a maximum
BUN of lOl‘on thg second day post—transplhnt, after which
values returned towards normal. The two survivors in the
treatment group had maximum elevations of 181 and 212 on

days 4 and 6 respectively,

It -;y_bevconcluded from both these results aﬁd'tho
creatinine data that intraarterial phentelamine dur;uig
hypother.lc pertusion proaqrvatiqn has no beneficial effect
on post-transplant function of kidﬁéya sub jected to such

preservation.

iy



Figure 9

A2

Zero Minutes Warm Iachemia Group: iMean blood urea
nitrogen (milligrams percent) wit standard error
plotted againat days post-transplant. Né
significant differences between control and
treatmnent groups.

~
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Flzure 10 mxnma_hu_lnhnu_ﬁmm lnn blood urea
ni trogen (milligrams percent) with standard error
plotted against days poat-tron-plant. No
significant differences botwoon control and o
trept-ont groups. :
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: ] loan blood urea
nitrogen (milligrems. porcont) °f survivors with

standard error plotted against days post-
‘transplant. No significant dlttcr.nco. b-tv-en

control aad troat-ont groupl-

Figure 11
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Pertusion Presgsure Studies

Kidney'perfusion préaiuréa.on the Belzer LI 400 were

" evaluated immediately after tﬁé kidna& had been placo& in
the qppératui, at one and at 22 hours, Ju-t'poforq removal
from the apparatus. Since thq.pulsofrato was kept at 60 to
70 beats per minute @nd the systolic pfcq-upo gf 60
-1111nef;fs'ot .erc#ry, diastolic pressure varintlbnu
prledc; the only §ar1db1¢n (othor téan flow fato-?j‘and
iore recorded vla_g ﬁrosqﬁbo trhh.dugor"cbnnocfﬁd'to ; graph
«.noﬁiior, Flauro; iZ; 13, 14 and 15 roﬁrp.ont the -o;n
diastolic prds.ufd and bfhndard orrdf ploﬁfoq ;aalndt hours
of pertusion for énch iroup according to 1ncroq.!n¢ duratlén
‘;1 wvarm ischemia. In tﬁqsi yldgby- -thoctid'idlno wvaram
LhChenla..fhe tfecfnonf &roup;hnd d1an4£1é§ntIy}loioi.
diqqtoilc projuuro-,l;-oéintolﬁ atter pi‘éblﬂhf (P{QQ65) dn# )
.ét oéq hour (p<6;005)‘vh119 gthﬁAhdurq,tgo';i}do-vﬁ;vloior.
though not ;;anlticant;y lo._ln 6161u‘t10§ ot thl;.tindlég

is ditticﬁit. -1nc; tﬁo_tli.t,rd;dlqg‘;g tdk@qigg;jngo. -
1ntu¢16n of phﬁntola;inc'ihop thdri_ihouiaf'in'thjérx. bo'nol-
.1sniilccét*dlttor§ncf s;ttéen.géoﬁbqié uihéd h;lthog gf@upv
at_th‘t'ntagovhgs r?céi#od trqaticnf; At'slif;Voét.,:ggz' s
:p-aidlha wara 1-choila EEOQpi.ih3i no_q1¢ﬁ1tL§§nt-”
v"dlgteb;nce.h‘tqoon céhtgol andbtfﬁ;fgd -plqn‘l. ln§1c‘t1na-
ipét phcntolgnino h@- no'clf;ct.on pértualoh.ptouiu;oq of |

~ the isolated bortusbd‘lichoplcﬁ}ly'dnn;¢o¢ cinino”kldnoyd



Figure 12 Z.nm_nnnna_!nn_umm_ﬁmnn Mean: dlutouc

pr-aoure (millimeters of mercury) with standard
error plotted against hours of perfusion. A

clgnltlcant difference’ is found 1-.od1ctoly after

placement (p<0. 05) and at one hour (p<0. 002), -

control values being higher thcn those oﬁbtho'
trest-ont group.' :
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- Fluure 13 Lg_&unn_!nn_mnnu_ﬁmn Mean dlastollc
pressure (millimeters of mercury) with ltundard
error plotted against hours of perfusion. No
significant difference between confrol and
trent-ont groups. - ‘

e



65

82 K

4
1+

NOISN4¥3d 40 S¥NOH
02 9l 2l

"_0
-~ ¢
o

0318341
T0YLINOTD

1

0

&

x

ot

0z

"'\.Il'l'l'.ll"ll'l"l"']""

(OH WW) SS3¥d J1101SYIO NH3IW




L

Figure 14 30 Mipute ¥Warm Ischemia Group: MNean diastolic
pressure (millimeters of mercury) with standard
error plotted against hours of perfusion. No

. . significant difference between control and
treatment groups. '

v
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Figure 15 60 Migute Warm Ischemia Group: Mean diastolic

pressure (millimeters of mercury) with standard
error plotted against hours of perfusion. No
Blgnificant difference between control and

» treaf;ent groups,

-
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Vhen mean diastolic pressures were statistically
analyzed, comparing them to the zero minutes warm }achenia
d4roups, occasional differences in préssure were tound: in.
the control group presaures'were signitficantly decreaged in
theb30 minute group at one hour (p<0.01) and in the.60
minute group at one hour (p<0.01) and at 22 hours (p<0.05).
In the phenfolonine treated kidnoys.ipresaurea vefe'
‘slgnliicgntly lbcreased in the 15 minute group on initial
placement (p<0.02) and at one hour (p<0.05) while the 60
minute group had lncreasea prohsuré on lnltlai‘place-ent

only (p<0.02). The remaining mean dlistollc preessures were

¥
L |

not significantly different.

.Slnce these ditferences are distributed on a random
basis, their significance ie uncertain, particuiarly since.
some are the reverse.ox vhgt would be dxpectod:-i.o; there
is a fall rather fhan a rise in mean dlautollp pressure with
increasing warm ischemia. Bovavér Qhon fho poor -urvﬁval in
the 60 minute warm ischemia group 1§Acor%eldt§d '1th‘the
"apparently satintcctbry diastbllc poriuéidn bro..uro-, it is.
‘évidib{ that this parameter, con;rary to the g.ﬁ,rqily .

accepted theory, is unreliable as a guide to subsequent

function.



Perfusate Flow Studles

Pértusate flovAthrough eucQ kl&ney was measured at the
same time as pressures were recorded - that is, ignodlagoly 
after being placed on the perfusion apparatus, at'bno hour
and at 22 hours. Since systolic pressure and pglae rate were
maintained at constant level, flow ratea'provld.d'aalecsily
measurable variablef Table § shows the mean flow rates and
sfandard.errora for each group. No élgnltlcant dliterence

wvas demonstrated between control and troatnont groups ahd'

Vi

a8 in the case of the pressure studies, these figures
suggest that phentolamine has no effect on the perfusion

characteristics of the isolated canine kidney. - . -

Stétlstxcal comparison of the flow rates of the various
warm ischemia groups was undcrtakoﬁ and it was tbuqd‘that
while initial and-ode hpuf flows of those kléncy- .ngoctédv
io SO.nlnuten qr igr- ischemla with treatment yor; ‘ |
slgnlt;cqntly Lover (p<0,02 and (0.05)‘than thqgse iubJocted
to.L;si 1scho§1c Insult. 22 hﬁur‘tlov rates 1n‘th1. group
were not significantly dlttoront tro- the ogior gtoup-. The

ract that dlttering porioda of warn lccho-la produco

*
-
.

2"':-;

’conparable flow rates -uggclto that taith in thll parn-otor '
as a gulde to -ub-oquont rcn.l tunctlon nay bo -lnplucod.

finding in aareo-ont with othcr workort (Tolodo—Poroyr. and

s

NaJarian. 1973b. Storl;ng ct ale,y 1871)-

i
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Light Microscopy

.
. -

Light hlcroscOpy wasg used to examine sections of all
kidneys. In order to avoid obgerver bias, the sections were o

evaluated by an independent witness who graded the

histopathological changes according to the degree of
eeverity;;The majority of kidneys weée normal in appoarando.
(Figure 16) but some showed changeﬂ'vhich'varldd from animal

to animal, but vhich were encouantered vlth-oqual.troquoncy\

3

in all groups. It should be pointed out that the optimum

tl-e'to‘ovaluate‘ilchcqlc damage is during the first week
) h o o o .
postOpQratiVOLy. However, practical considerations and the .

A

need for protracted monitoring of rend® fuaction precluded

an earlier assessment.

Some changis dre‘oadior"tO'quantlty fhsn othorl:‘

gglgl‘lg‘jjgn lu tho colloctlng tubulo- tor 1n-tcuco (Flguro

17), 1- rcadily cpparont and can be o-tlnut.d uith ".i'- ' N

roanonablc nccurncy, uhLlc jnhnlgg_ggggngg;;‘gn (Plauro 18).

. ot
‘vhlch is’probcbly t.r .o-t -onnltlvn Lndlcntor ot\thdl

.1achcc dn-aao, 1- more ditticult to 1ntorprot. Thl.l 1-
. Sy
bocuu:a tho chuructoriatlc toaturo. dt tubular rogonoratlon.

na-.ly dllatcd tubulo- vlth hoavlly ba-ophlllc low cuholdql
aplthellu- and llttlo or no bruah hordor. -cy b‘ dlttlcult
'to dlttcrontlato tro- the snoraal: oppoarnnco of tbo dllfnl

'-convolutod tubulo-. s.voral kldncy- .hovod ovldoneo ot .LLQ

411.3‘1;33 of Bov-an'- cap-ulo- snd tho colloctlng tubnlo-

- . .
Y - . [ ~

A




rd
Flgure 16 uxn_t_llnm.gm Normal llght nicro-cOplc
ﬁ appearance of kidney. :
/
»
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Figure 17 L11n1;lxgzgggggx Calcltlcation in ‘the coltoctlng
tudbules. ‘ .
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- 80
(Figure 19) and while mild postoperative hydronephrosis is a
frequent finding following ureteral implantation, due to

edema at the uretero-vesical Junction, this finding was

i
3

unexpected at six weeks post-transplantatione.

The most prominent les*on found in the non~aurv1vbra-'

was tubular pecrogis shown in Figure 20 where necrotic cells

containing pyknotic nuclei are Beeq to be'separatlng from

the basement membrane. Calcification tended to bebq more

prominentAflnding in the non~survivors than in the

survivors. mmm,nuummmmmm

(Figure 21) was often seen, and is attributed to thé use of

exsanguination as the method .of sacrifice.
. . . N " .
Bo-evgr, v;thln the linltationsllnpdsed by such an

, .
evaluation  there appeared to be no quantltative dltteronce
‘ e .
in hlstd&athologlcal chanaes between the survlvora ot

treatment and non-treatment groups nor bot.oon,tQS s#riivora
-0f ditferent warm igchemia groups.

A )
.

,' ‘ - Electron Microscopy

At naerlilce,,an~dqual nunbor ot anl.@la from o@eh : "

~@roup were subJectod to cenal cortical bioply. Thll vas
lnnediately dlcod into ‘small ‘blocks . and pluccd ln 6 5!

glutaraldohydc for tixntlon. Detﬂhltivo conclu.lona may not

be drarn in th‘l‘ clrcu.-txnc.- sinco 1ollon- ot a patchy‘

-



.
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[

Figure 19 Light Microgcopy: Mild dilatation of Bowman's

capsules and collecting tubulees.



82



Figure 20 Light Microscopy: Tubular necrosis - Necrotic

cells sloughing from basement meabrane.

*
4
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1
Figure 21 Light Microscopy: Prominence of juxtaglomerular

apparatus,
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nature are. liable to be missed due to the emall size of the

\

tissue samples examined. With these provisos in mind,

,electron microscopic studies on this -ateriz& revealed no

significant differences between the groups, and most
. ¢ ) ' - ‘
appeared normal. -
- ' . * A} <
: Figures 22, 23 and 24 show respectively the normal

éiectron microséoplc appearance of a prox}nal convoluted
tubular cell, distal convoluted tubular cell, and
L4 .

.glomerulus. Occasionally however, some randomly.dlatﬁibﬁted,

non—Specltic abnormalities were found.

wh »

b

“V(a) lotracellular fat dropleta. (Figure 25)

¥

Increased numbers of. intracellular fat droplets are
believed to appear in reaponsejto chronic hyppxla in the_.
nephron. One ot the effects 8 ischemia is8 to inhibit
nitocgondrial regplrntiod and oxidation ot tatfy dcld;. This
-ean%.that fatty acids presented tgltﬂe‘ceil are ndt- ’
metabolized'sutficleﬁtly.rapidly and therefore accumulate in

the cell as fat dryplets. Tubular cell intracellular fat

drbplets‘AreQaeentin man in glo-evuixr di seases such as the

) .

nephrotic syndrome, agd albg in.aénebphronlc agq.;ai.
However thgir”slgnizic;hce in the pqeaonf'stﬁdy is unknovn,
because the egseavlth.'hlch,f;}va?cunul;tes iﬂ dlttﬁrent
species varies with the spec;eé. For lnstﬁnqe, fai'drdplota‘

are a normsal tinding in cat renmal tubular doll‘. ihile;dogﬂ'

‘ ,



- ‘.

Figure 22 E_Las;_tmn_m.cmamx Normal proximal convoluted

tubular coll.

BM . = pasement nemhrane
Lum = ' lumen '
Lys = lysosomosr

Mit, = -ltochondrla

MV = -lcrovllli

N " = nucleus .

i

. . . . \ . ‘. » - .
. 4 . ' . r
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Figure 23 Elggl:gn_xlgnggggnit ormal distal convoluted
' tubular cell.’ ‘

’ <,

[ ~ /

[

BM - = pasement membrane

In Sp = interstitial space

Lum . = lumen : .

NV = microvilli .

N = nucleus : . L
-

&






" Figure 24 Electron Microscopy: Normal glomerulus.

)

?M ‘ ‘ = basenaq§'ne-brane'
Endo = endothellial cell
Epith = epithelial cell

. Ft Pr = foot processes

' Mes = mesangium
RBC = red blood cell

7.

o

6,






2

Plgure 25 Electron Microscopy: [ntracqilular fat droplets.

3 .
BN = basement membrane
Fat Dr = fat droplet ! ’
In Sp = interstlitial space
N : == nucleus

Oy

@I



Q 5

9";



Se
may well occupy an intermediate bueltion be tween cat and man
in this respect. In support of fhls. it is unlikely that an
ischewmic insult produced six weéks previously would result
in the persistence of a finding 'hlch is essentially

re&erslble, once the ischemic insult is8 removede.
\

(b)) lotranuclear protein crystalse (Fiéure 26)

These were found .quite frequently in the nuclei of the
« W :

proximal convoluted tubular cells, and bore no‘quantltatlve
relationship to the duration pf warm ischemia. It appears
that this may be a speciespeculiarity of the dog (T.K.

$hnitka - personal communication).

(c) ¢ell necrosis and regeperation, (Figures 27 and 28)

-

[ ad
. )
Figure 27, from a kidney subjected to 60 minutes of

warm is8chemia, represents the only opsy with unequivocally

compromised ultrastructure. Proximal tgbyles are lined by

regenerating epithelium, while some tubular basement
membranes are split and frayed. Necrotic inflammatory cells
are seen in‘the stromae. Figure 28 shows a regenerating cell
.
ch@racterized by numerous ﬁitochpndria and containing a‘dedd

celL:as an intracellular inclusion.
e 3
(d) Cloudy swelling, (Figure 29)
Some tubular qeils displayed evidence of cloudy
. - '&

yelling shown in Figure 29 as electron-lucent areas of

A



Figure 26 Electron Microscopy: Intranuclear protein

crystals,

<

Mit = mitochondria
NV = microvilli
« N = nucleud
Pr Cryst = protein crystals

v






Flguie 27

-

Electiron Microscopy: Cell necrosis and

regeneration.

BN =
Necr ' =
Reg Epith =
St =

A

basement membrane
necrotic cell
regenerating epithelium
stroma
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Figure 28 Elggiggn_ulgngggggx Regeneratlng cell containinc

‘dead cell as an intracellulur lncluslon.
Y.

Incli

= intracellular inclusion body
Mit = -1tochondr1a -
N = nucleus
1
B} 3
\. .
-
| o .
; . ¢
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“Figure 29 Electron Microsgopy: Cloudy swelling.
V : V - h ‘ . R

BN
"CS

In Sp

Lum
\‘_\ ’ Mit
N

4

"

basement membrane
cloudy swelling
interstitial space
lumen .

mi tochondria
nucleus

¢
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apical cytoplasm with abundant hyaltoplasm and scant

N

{/
orgnnelleeﬁg?hls also reflects cetl hypoxia and is caused by
ap influx of water into the cell secondary to a decrease in
the rate of sodium extrusion - the lattgr of course being

v

ATP dependent. Again, no explanation can be offered as to

[y

why this findlng is present so long after tranaplantaglon.

|4 \ . . ,
«e)xmnum_umnmuu“mﬁm'
(Figur; 30) _ -

o

Severdl glomeruli showed an increase in mesangial

mdtrix with variable thickening of stalk regions of

3

glomerular tufts. This finding is difficalt to evaluate

apart from the known responequness of mesangial cells and

A Y ' \
matrix to a variety of ‘injurious sgtimuli. '

"

t:l Renin and cht{b Acld Assays //

L ' o e .
Although these reqﬁ}js did not conhtltute a major part-
: i . R : \ X . ,
9f the study, it was telt‘thnt perfusate assays of these two

._;ubstances might provide valuable iutoréctlon in the
éredictlon‘o? orgaﬁ ;iabllify; Ondly a .-a{l number of
'.,esplté ';ré avpliable torilnélﬁsion blnc?b;slayl could.on1§
be done during the ﬁebtdhion of a sinalo kldﬁoyu;tt ‘ood
becaﬁe_ev}dedg that the 22 hour value for both lactic adid
ahd renin ﬁore little relntion;hipﬂtb qubaoquont renal .

tbncti@n. Lactlp;acid_vplués.tend-d to be decreased at the .



~

-

v

Flgure 30 Elggjznn_xlgxggggnx Thlckenlng ot glo-erular »

stalk region.

BM
Endo
Epith
Ft Pr
Mes

basement membrane
endothelial cell
epithelial cell f‘
foot procesdes
mesangium

nucl eus
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this figure for each dog (Figureg 31 and 32 ). The random

108
end ot pertfusion, while renin values tended to pbe at
extrenely high l;vels, regardless of ultimate Iunctlbn. The
reagson for the latter is not easy to understand, unless it

is8 evidence for a cumulative effect of renin in a closed

system which lacks a metabolic pathvay for the breakdown of

this enzyme. It appeared that changes in the first hour

2

might be of value in predicting organ'viability, and this

figure was therefore analyzed.
» By
Cn the assumption that post-operative peak serum

N
creatinine reflects the quality of preservation and the )

'degree'oi isthemic damage sustained prior to implantation,

perfusafé ltactic acid and'rénln'have been plotted against
’ 8

\

S

scatter of points when lactic acid is plotted.aaﬁinst

maximum serum creatinine does not confirm the usefulness of

"this test to predict organ viability; and although at first

.

slght ,there appears to be a. linear relationship between the‘

majority of renin results and the peak serum creatinines,

the failure of the perfusate renin assay to “pick out" the

three kidneys which did not sustain llgo‘suggests that this

T .

test ie~alsb inadeguate for the prediction of organ

viability. o : )



' \
Figure 31 QOne Hour Perfusate Lactic Acid (mg¥%) plotted

against peak serum creatinine (mg%).

b A
'+
=non-survivors
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\ 7
Figure 32 m_mmnmng_mm (mg/ml/hour) plotted

against peak serum creatinine (mg%).

+=pon-survivors .

+
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CHAPTER IV

DISCUSSION

This stpdy was‘deélgned to evaluate the effect of
intrnarterlAi phentolamine during hypothermic pulsafile'
preservation on the perfusion parameters and postoperative
renal function of ischemically damaged caniné kidneys, In

.

addition, 7@‘!&&urenin dnd lactic acid assays have been

@

performed, vQ:re circumstances allow, in an attempt to find
a satisfactory ex yivo viability test. Light and.electron
microscopy studies have been performed at the end of six

weeks or at autopsy to determine if there is any difference

between control and treated groups. .

Phebtoln-Wne (Rogiting) is an alpha blocker with a
rapid onset of '‘action chiefly used a; an aid.in the
dlagnﬁsis‘of'éhuéochro-ocyto-a, altﬂough it is Alao ua@d to‘
prevent tissue necrosis troi fhe_gccld‘ntal leakage of
intravenous eplnophrine. The iapldlty otlonstt 6t'1t- anfi-r
hyperténslve acti;itQ sujgeatqdlit- use in the‘pevdédnl of
thd-eetAbllshéd vaaospaa--og lscheqicgllf da;agcd cadai;r‘
ki&neys: nn& one athdy (Miller et al:, 19074) de-onstfctod
. v .
1hp€bve-ent both in pertusion pcruietér- andblﬁ
poptoperatiV¢ r§nai function vﬁod this drug was ‘given:

'ihtrairtcrlally~during hypothermic pplaatllo ﬁcrtu;iona



-
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The present study using an autotransplantation model
) A}
and employing different lengths of warm lschemia to simulate
agonal or post mortem situations, was unable to confirm the

5

findings of Miller and his colleagues;%neither in survival

’

“ / x
nor in postoperative renal function could a statistically

significant improvement be demonstrated. Similarly, no
significant differences could be found when perfusion

parameters and light and electron microscopic data were
e : v

’

gvnluated.

lnrconéidering the reasons tdt thia, it istinétrﬁctlve
tg qiécuss the nechanls-'oi lsche-{c idery to the cadaver
donor kidney. Keaveny et ale. (1871) lnvelgéﬁrnting on the
theéry that_aaonal vagospasn is more anoptdht‘than warm
ischemia time (Pryor et al., 197!).‘1 Qnd tﬁut{aaon;l blood
pressure renu{ned .tabla:or actéall lﬂcroaqoa tollovingi

o * v ‘ PR g N :

vrespiratorxvarrest &ue to'gennraliied vaabcqn.trlét£§gg bﬁ$
also qoté¢ a pfoibunq droébln renai blood tloG;FThoy fol?
that'se§¢r§ vasospasm yas cauaéd>by a éo-biﬁatlon of apoxia“
and hypercapnea ;hich broducé_fho;; &tteétQMQLthof'ﬁy‘l
rellase of catecp;lqliheé, ﬁy a local o:tocf on the.vqp;ol-,‘
or more l;k¢l§<py-a c?.blﬁ@tjon/ox.goth. It—“was alao:tound‘“
that renal vasconstrlction'couid be tofailylh;oiiahéd by
phenoxyg;nzhnlne and paitiall; by,adr;nulécfoqi. flbrq-.ﬁt’-
al.-(1972)_ﬁavg"drain Aftentlop td the fole,ottceil‘svdlllng

., in the»pathogqpésls of vascular OcplusiodJ‘Tho rigﬁlatién oz
S ) : : : : . : :
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;ell_VOlu-e is dependent upon the supply of metabolic
en:;“y;nﬁnd hypdxla, far %hatever reason, is cqnsideq‘d to
'conprouise‘the gbntlﬁuous active extrusion of sodium jons
from cell'intefior to Qrteripr: this allows sodiuam along
with chloride ions to accu-;latelpasaively in the cells,
reaul;ina in an osnotia indrawing of 'atgé and consequent
swelling of theﬁé cells. Atter 60.-1the§.ot fenal arte;y
occlusion in rats, these workers found a‘dlftuse‘patéhy
o~ » o ;
ischemia affecting all zones of. the kidney: theqe findings
wete confirmed electro‘.lcfosqoplcglly.and the vascular
L LgifLuslbn found to be due to cell svelliha'yhigh obstructed
;16;'1n the renal blood vésdei;. Ischemic damage to the
.kid;eys was thus felt to be sélf‘suqtalﬁlng through a

-

‘v failure of cell volume regulhtibn; but hypertonic solutes
. -

such as lannitol were found to dlnrupt the cyclb. Do.nes et

al, (1973) found that vaahout solutlons such as Collln. c3

;olutlon owed their beneticial effect during renal storage
-/// A.‘ more to lnhlhltlon of celluler -welllng by non—per-eablo
s#l&tes such as glucone, sulphate and n;gnetiu- than to

[V

conservation qt 1ntracellu1ar potasnlun. It iq'poaslblb that

fhentolallnexdoeé not réverse 1§cﬁo-1cf;ul§¢¢ caused by
longer‘berlbag of warm 1ach;-1a bocduqe the roléiot cell
'évolliag‘a;au;es'greafpr-1-pprtance at a 1;tor‘lingo,‘a.
factor upon whlch an alpha blockor would have 1&§tlo
.lntluence.\iiller et al.. (1974) touud that roaponso to

intraqrtorial phontola.lne was only obtcinod 11 the 1ntprval~

‘
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of warm ischemia was less than 20 to 25 minutes, a finding

which might be explained'by.cell svélllng'and permanently
altered intrarenal tlow patterns. It does not, however,

L}

explain wvhy no response was 8een in the groups with lesser
periods of warm ischemia. : ' -
Several workers have attempted to reverse established

\

vasospasm after re&oQal of the ischemically damaged kidney,
and‘fhe findings o2 these vorkérs,have alread& been reilev;d
‘in this thesis. While iiller‘gt al. (1974) reported success
in this regard with 1nt£§a}terlal.phentola;lno during
hypothérllc per*usion, fhls stqdy has been §nqble to)cohtlrm
this benefit, Se?eral reasons may be bo-?ulated a8 to why
this drug is ineffective 1n:;he.g361413'pbitusion slfuation.
Firstly, it may be thdt §t 8;}0 10 dedre§a-centlgr;do
pﬁentolanine caﬁnqt exertglts vﬁsodilatorh;ttocg; which
might be readily apparent at 37 degrees chtlarqde.
'

Secondly, some hematologic factor not present in

cryoprecipitated plné-a -ay~be'r0quired to 1nte£act vtfh

a
<
\

phentolamine to pro@qcc lts‘e;tect. fhirdly} the 1sola¢¢u_'
perfus;d:kidney la;‘qt cbursc{ donéfvatddé~vﬁile Miller and
asaocl#tés claim that'phento}anlnelhad a direct actioh.od '
.vaacplar ;nbbfh nusqlé>59d also lug#é;ted a ;oqsiblo - i.
’lntoracfgon with tp¢~§1§pgv54ronerg;cAroceﬁto;rjit 19 qu#f;‘
p#ssible that phedf&lp-ine §a§ only acf in thohpngi;det 61‘

an.int;qtfaynpath}1§'r§§al 1n5.rvqtion. Fiéglly;'thoiaour"

.
&
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oI'Coll;ns preservation prior to placing the kidney on the

Belzer apparatus may render the kidney refractory to

=

: !
vasodilator treatments:

&

It is noteworthy that the group of kidneys subjected to
 60 minutes 61 warm ischemia had perfusion parameters which,
>gxcept for 1nitlal mean diastolic pressure iith treatment
and initial mean tlo'*'ifhout treatment, were ataflstlcnlly
; comparable or better than xhosé of the zero minutes jarn

ischemia uioup} This cérta&nly suggests that good p@rtuslod
éharacteristics may be';aigtained 1n.the,preaqnce of
extensive ischemic danﬁge. This may constitute indirect
e&idencevtor’the shunting‘oi pert#ante ffon the'cortical‘to
the medullary qirculé*ion in such circumstances, and would
dxplain the p#rado*léalLy exceilont portuslqn’paranct§r-.‘Aa

has been suggested betore} these results undermine th. 9a1ue

of perfusion parameters as an index otlsnhsoquént function.

"In evé!uatlng_thesé ilﬁdlnns. tgn question ;ricéé ;s’to
whether ih‘anlnhl'nOdol employing cross-clamping of the .
renal antéry ;; a -dtist;ctory’ane ;onlinlcvtho agonal
‘nitgatlon; for 1t»cs§hjiig and cqrdla; arfo-f are §-ploy9&.
aqﬁoféabspla#tatlog énd’agﬁ;oqunt io vive ﬁ@qlﬁ@fiJﬁ.01‘
roqa* 1ubction'¢ould p9t bd ugdﬁrtakodo L‘kkoggatd‘aﬁdﬂn;ldq.‘
(1872) IOuﬁd'th#t the'pctterﬁbot‘§a-;:lar rcnistanco}“ |

_.produgeébby éiahplnd ot-thd renal artcr} iau4hqdr1y‘5'

,.‘1dént16al»to’thaf producod by gut{bcatlon or ox-andu1nnf1on,
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the‘lntter eitua{ions providing an agonal phase prlqr‘to
cardiac arrest. Moreover Corica et ai. (1975) doﬁonstrated
AngibgrAphically that vasocon;trlctlop of the -gln renal
artery and its branchea{ together with %ocrcaeed cortlcai
- perfusion was unequlvécally present in kidnoyé{ﬁu?dected tp
30 minutes of warm ischemia by surgical interruption of t'
ren;l arteryf These studies suggest that the nodél enéloyed

is indeed s;tlstuctory for the purpose of evaluating

ischemic damage caused by vasospasme
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CHAPTER V

SUMMARY AND CONCLUSIONS !

The naJor‘obJectLve of this thesis was to evaluate the
éttﬁct of intraarterial phentolamine on ischemically damaged
caqlne kidneys'durlng hypothermic pulsatlle.bortuslon..Four
-Aih &roups were formed in which kldheys were subjected to
zero, 15, 30 and 60 mlnutes~of warm 1scheﬂla pr{#r to the
requisite présorvctlon period. Each expefi;ont was then
rnndomly asslgned to the cohtrol or trentneni.groups. the
latter conélsting»qt a 15 niiligran bolus d;se of
.pbenfolauine glven'withln’10 -lnufes‘ot placement of the

kidney on perfusion.

Primary paianeterp fo,bo assessed v#re those of
pert;eatc flow and'pressurg,‘togother with poitoporatl&e.
rdgafrfhnctlog which was toilov§q with soélaliblood'ﬁroq
n;trogen and cré;tinine studies for sli weekse. Af ¥ﬁo onddo#
this.ti-e'fhe aoéa were aacfltlcéd and the kiQneyu subjected
to ligbt And electrqn -lcroécopyAatud;c-.'

A nq-ﬁer ot‘dogd vérggequuﬁo4 because of t;ch?l?‘L;‘
tailure, or becauas déafh.qas found to be due tp.cauaos‘

other than failure of the tr@nsplant! -orao§6c, pxclul;ond';

1
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were found to be unrelated to the duration of warm ischemia
or to treatment. After the exclusion of these anlnalé, 54

ined in the series, and analysis of the survivors

doygs

-

revealed no\significant difference hetieen control and

treatment oups in terms of survival. Postoperative renal

function, measured by serial blood urea nitrogen and
creatinine estimations was found to be more compromised with

increasing warm ischemic insult, but only one statistically
: . \
significant difference was found between the control and

<

treatment groups. This was on the first postoherqtlve dgy of

1

the zero minutes warm ischemia group, when treatment
. LY \\

actually resultgd in a higher mean serum creatinine.

o wwﬁp perfusion parameters were analyzed a similar
. I . N

pattern 1--ergq no,slgnlticaht difterence could be

established bdv ows of control and treated

k“kidneys. Only t ! mean diastolic pressures vcr..

L] {

found to be sign} "&‘ditteront, thoge of the initial

and one hour read; f the zero minutes warm ischemia

group: the signif e of this is debatable, smince the
ilrst-reidlng is ¢t prior to injection of phen&olaulne
. . P . . _l

when there should "theory be no difference between the

groups. - -

i &t

Thé-diitepenceq between pe;tuqlﬁn-para-otpr- of the
various wars ischemia groups were also studied and while

occaslonal eignificant differences were noted, there was no’
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consistent pattern to indicate that flow and diastolic
pressures are a reliable guide to subsequent tranéplant

functione. .

Light and elebtrqn microscopic studies on the aurvivoﬁs
of eaéh group at Bix weeks poat-tranéplantation showed that
there were no difterence; between controi and treatment
groups, though a number of interesting but don—speélfic

abnornalities were found.

Pertfusate lactic ;cid nnd‘fenin assays were obtalﬁed
during several pertuslbns._“hen the lncrease in fhese
substancee during the tlrsf hour was plotted against naxi-uﬁ~
serum creatinine after implantation, it was tound’thnt

neither provided a satisfactory correlation with subsequent

. , S
renal function. However, only a small number ot studies were

available for inclusion. .
: A
The concluslohs that may be drawn from this study are

as follows:
j

;1. Intraarterial phentolamine given at cb-idncoment of
-hypothermic pulsatile preservation has ne effect on survival
- s \ < ., ) . . - . '
or post—ﬁranbplant'renal function of ischemically damaged

canine kidneyse.

[
13

‘2. No bénefit to the L‘pcrtullgq parameters of flow and
diastolic pressure accrued frop a0 PR
. . . ‘ . :2«':‘» .

AR




. : . : 122

ik

.

phentolamine.

. (‘ .
J. Pertusate flow and diastolic pressures of the

isolated kidney are unreliable as indices to subsequent

renal function, since kidneys subJected'to extensive warm
v ' o

ischemia and which subsequently failed to support life had

excellent flow and presslire characteristicse.

4. Within the limitations imposed by the anall number
of results available, .assays of perfusate lactic acid and
renin appear to be of little value as an ex vjiyo viability

test. : e
. . v
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