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CHAPTER I 

INTllODUCTlON 

Tâe procluctloa of ac\1ie uremia in the experimental aaf.m.al 

ha a been achieved. wtth much au cee a. Varioua proeedu:rea that 

deal wlth itl production have been 4eacrtbe4. There are antclel 

in mecUcalliterature that have beea writtea oa the production of 

an asotemia or uremia that followa a chrome pattern, yei aone 

deala with it aa a procea1 tllat il prolongee!, graduai ancl aua• 

tabt.ec!, maiatainiag the experimeatal ammal relatively free of 

untoward. aip.a aad aym.ptome of the condition pro4ucecl. 

The uotemic Ott uremie atate, beliclea gairdng iateaae 

intereat lately becauae of the aew concepts aad. excellent deviee• 

that have been lntrocl\lcecl wlth the purpoae of correctiaa thi • 

eonditiœ. aaaumea a level of imporlaace in the lleh.ta ot tlaaue 

tranaplantatioa and. immunology. Jt haa beea foUDcl to exert 

para.cloxically favourable effect1 oa the aurvi val of ti11ue homo

traaaplaata beeauae of ita eftect la the alteration of the ho et• a 

bnrnunologtcal re1poa1e. 
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la aa attempt to alter thil reepoaae, lt wa1 thou.Jllt 

wol'thwldle tolawlti&at• a procecl•~*• whleh eoultl he..,... to 

pro4u.ee chroatc aaotemia &Dt4/or vemia experimeatally aad., 

oace the techrdfltae wa• mattered, to tett the acceptaac:e of reaal 

homosrafta la tb.e uotemlo Ol' aremic ud.m.al. lttacllea of the 

meehaalem of the proloa1•• 1"-* lllrrival aa•od.atecl wlth. 

aaotemta Ol' v.remla, ancllave.U.1atlve work dealt.ag wlth ita 

poteatiattoa appear appraacha1tla • aa eaperlmeatal bael.a la 

••••• 
The renlta of the proc .. ue to be d.eacrilaed ud eome of 

ltl mocllftcatloaa, we:re ohaei"Nfl 'by 1~'•••· mleroacope aa4 

labontory examiaatioaa. 

AlthCNp the metho4 cloel aot apply to tbe humaa, lt le 

ea•neatly hopecl that thla work may, la d.a.e time, ahecl 1ome 

Upt oa the dlffer•at probt.Dll dlat may ari1e la the maaa1•· 

meat of ehroaie o'bttractive reaal dlaeaee, aa4 more ao, to 

the proloa1et1 aumval of homosralt..S. tlaau.e. a Dlolopc 'barrier 

whlch hae 'become the 1reat challeage of the day to the experi • 

meatalllt, ~ '"~'1••· th.e lmmuaoloplt, &ad the 'biochemiat. 



Hi atorical Note • : 

M.uch of the literature pertaining to the production of azo

tem.ia ard/ or urem.ia deala with thia etate as the end. reault 

of the experiment, rather than being a point of d.eparture 

for initiating further experirr;entation. 

Renal blJuf.ftciency became eatabliahed. ae the u:nd.er

lying mechant sm for the developrnent of the uremie syndrome 

as earl y aa 189Z when Bradford. experbnentally prod.ucecl thi • 

ayndrome clbdcally and ehemically by exti:rpating 75S of the 

lddney tissue of doge. Pearce, in 1908, had eimilar findinga. 

Bollman and Mann in 1927 achieved levels of blood urea Ditro

gen as high aa 808 mgm per eent without ure~rJc eymptoms 

by implanting the uretera into the sma.ll inte•tinea, but this 

level however, fell subaeque:atly with a slow accumulation of 

creatiDine, creatine. urie acid ancl other nitrogenoua waete•. 

Uremie mardfeatationa leacling to death in two to three weeks 

correlated with the la et mentioaed eu.betanee • rather than with 

urea. Smith in 1951, after extensive aad detailed studiee on 

the physiology of the renal mechaniem, ahowed the complexity 

of uriae formation, and has further diecredited the notion that 

uremia waa equivalent to the addition of urine to the blood. 
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Furthermore the patho-phyaiology aaaociated with the anatomie 

changea iD the lddney and the reeultant climeal plcture hav•·" ber• 

come eorrelated throughout the eatire 1pectru.m of renal in• 

1ufficieaey. 

World.ng along the line of ureteral obltruction, Scott in 

1912 produced hydronephroai• ta a aoriea of doga by ligating 

thelr u.reter1 elther with a rub'ber baad. where he produced 

an incomplete oeeluaioa. or by ligating the latter with ailk

worm gut, thu1 m.aldag the o'batruction complete. Naturally, 

1u'baeque1lt experimentaliata beeam.e eaga1ed in the problem of 

reetitutioa of the artifielally occlu.ded u.reteJ'. aad thua deter

mine the reveraibllity of the hydi'ODephroaie produeed. Hinman 

world.ng on doga, cati aa.d rabbita in 1934, ligated aad divided 

the uretera aa cloae to the 'blacld.er aa poaaible, aad. when the 

tlme came to remove the obltrued.on , the eada of the uretera 

were freed of thelr ligature• aacl were implaated in the bladder. 

He fouad that theae ardmala dld aot aurvive a complete ureteral 

ob•tru.etioa of loager duration thaD Z to 3 week1 if the oppoaite 

kiciney wa1 removed at the time of the implantation. Following 

H1nm.&J'l 11 moaumental experi.meat1 on hydronephroail, othera 

carried on along thil vein. Fylling (19 51), hal ahown that by 
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d.oubly ligating a ra.t's ureter with ailk-auture, the rata 

could eurvive alter 30 daya of occlusion. Kerr (1956). obetruet--

• d the ureters of dog• for 4 weeks, and noted ma.ximum re• 

covery of the lddney in JO daya, a.a determlned. by glomerular 

filtratioJt and effective renal pla.1n1a flow. Widen (1957), pre

aented the resulta o! hia etudies a.fter total, unilateral, temporary 

urinary ata.eia of varying d.uration whieh he prod.uced on doga. 

He coneluded that total obstruction to drainage ra.pld.ly leada to 

damage of the kid.ney, and. the morphologf. c. angiographie, and 

funetional changea are proportlonate to the duration of the inclueecl 

atasis. IUaholm et al (1960), studied the preaauree in the ureter 

and renal pelvia after experimental ureteric oceluaion in the dog. 

They obaerved that in the ureter, p:reaaure•indueed eœtractioaa 

oeeurx-ed and dic:l not eea•• even when the intraureterie preaeure 

waa high, but that in the pelvie, no m.otility waa· reeor4ed. aa re• 

flected in preseure o1eillationa. MeDonald and Calame (1960) 

created atrietures in the ur~era of 12 dog1 by extraeting heat 

from a apeeitied area in the ureteric tiaaue with the use of COz 

gae und.er pre• •ure, and allowed the lnj ury to develop over a 

3 to 8-month period. Their main purpoae waa the atudy of ureteral 

regrowth. Their ob1ervat!oae were, that ureterotomy of experimental 
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lntrinaic ureter al atricture 1 in the pre aeace of c:œtinuoua 

urine flow inereaaed the tlme re qui red for ureteral healing, 

and alao iuereaaed the degree of periuateral ftbro1i1. They 

alao advaneed the observation that 1mooth muacle regrowth 

oceurred after ureterotomy of experimental atrtcturea ln the 

preaenee of a eontinuoue flow of urine. ln 1960. lheeha.:n and 

Davi1 proclueed partial ureteral obetruetion experimentally 

by elamptng the uretera of adult rabbita with Dieffenbach 

foreepe for a perlod of 6 hour a. By thia procedure • theae 

workere gave ri •• to an incomplete obatruetion that d.evelopeÇl, 

aad whieh a:ddbe .. · eompenaated to allow a normal flow of urine 

clown the ureter. Weinberg et al (196Z), obatructecl u.retera 

in young pige by either ecleroalng the vesical neck with in

jeetiona of aodium morrhuate, or by plaeing a folcled. cello• 

phane atrip about the vea!eal neck and. tied in plaee aga.f.nat 

a rubber catheter that had been previously introdueed. into 

the bladcler. Thi• group of worker1 produeed megaloureter 

experimentally, and once lt wae prod.u.eecl,ahowed that peri

atalaia waa intermittent and of poor quallty. l'urthermore, 

when the obstruction wa1 relieved, a return to a normal 

eized ureter with proper fu.nction waa aehieved. Ztmaldnci 



aatl eo-workera (196Z) performed unilateral ureteral ligatioae 

on doge aacl ob•erved that complete unilateral obatruetlon of. 

the canine ureter produced a non-funetioning ~dney by urogra

phy within Z week•, and that relief of obstruction by cutaneoua 

ureteroltomy reetored prompt renal function by X-rays in kidaeya 

occluded for aa long aa 8 weeke. 

There is no evidence in the literature reviewed of ureteral 

obstruction being produced with the purpoae of e stabli ahing the 

8tate of azotemia or uremia in the experimental animal prepara

tory to an eveatual homotransplantation experiment. Mannick, 

Power• et al (1960) in conditio:n.ing their aeriea of azotemie do1• 

for homotranapla:n.tation, attained thi • by infuaing the se animale' 

ldclneya with a given quantity of a solution of the 6·am.inonueleoaide 

of Puromycin. Theae authors produeed uremla in their animale 

'\Vith subsequent reduction of the immune reaponae. 

With the advent of the great challenge of tissue transplanta

tion. and on the other hand, irreversible kidney d.iaea.sea, the ttate 

of azotemia and/or uremia is being evaluated under a ne·\N' and 

different light; new factor• and concepts have evolved eoncernia1 

the chemietriee of immune procesaes. Dammin, Couch and Murray 

(1957), atudied. patie:ate with chronic renal in1ufficienc:y who exhi'bited. 
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prolon1ed eurvival of akin homograft•, the lon1est span 

being 6 yeara. Marmick believes that th.e eurvival of the gratta 

ia related to an 'anergy' that is spec:ific for homograft antigeaa, 

aince ilranune reapoaaea tc ordinary bacteria.l antigena were not 

eorrespondingly depreased. Smiddy and co-workere Cl961) pro• 

duced an. a.cute uremia in rabblts by pertorm.ing unilateral ne• 

phrectomy, alter whieh the pedicle of the other kidney was clamp• 

ed for 2. hours. Besidee confirming the prolonsed survival of ald.n 

hornografte in the uremie animal a, tltey advanced the statement 

that the principal r• •ponse to orthotopic: a kin homografte oecurrec! 

in the draining lymph node a. 

Numerous reporta indica.te tha.t antibody ia fo:nned in lyrnph 

nodes dra.ining a:rea.a of intraderxnal or subeutaneoua injection 

of killed bacteria or other antigena. Burnet (1941) obtained evideaèa 

that antibody :formation occu.re in lymphatie tis•u.e near a. •ite ol 

antigen injection. Nieonofî and P:reasn1a;a. (1959) working on the 

i:rr..munological aspect. con:firmed K.a.rush '• (1958) finding that urea. 

binds with the a.ntibody but that its efîe~t on binding is reversible. 

Thua, it binda itselî non•epec:ifically to the antibody •urface. and 

upon dialysia com.pletely restores the binding capaeity oi the 

antibody. Werrill and colleagues (1955) supported the concept of. 
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prevaleat infect! ou in pa.tleDta with renal failuJ'e, blamiag thil 

on a aupect.a d.e!ect in aatibod.y production. It wae thelr 

ob1ervatloa tha.t renal hœnoara.fts tarvive4 lcmger ln terminal 

\tremie patienta thaa would be antld.pated 1n non•uremlc patienta. 

aa4 '"ll••ted. that clialyala of patienta before a,;afd.Dg could pol• 

d'bly lac7eaee the rate ol cieetrucùon of the hornograft. 
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EMBRYOLOOICAL, ..ANATOMICAL, AND 
PHYSIO LOGICA L CONSIDERATIONS 

Ina1much aa the atate of azotemia and/or ureml.a deal• 

primarily with the ktdney ae the progenitor of entuing chaage1 

ta lte pathogeneela, it aeema eaeentlal and. approprtate to 

conaider aome of the highlight1 of lta embryology, anatomy 

and phyaiology. 

The uretera, the main atrueturea that have to be dealt 

with ln this work for the production of the d.eaired condition 

of renal ineufftcieney, undoubtedly deaerve likewiae a eom-

prehen1ive review. 

The aclult human kid.ney haa the complex eapaeity of 

formlng and elimlaating urine, and. thil la reached through 

three atagel of developrnent ba the embryo: the pronephroa, 

mea~phroa and metanephroa. The metanephroa peraiata 

aa the fuactioni:ag adu.lt kidaey while the proaephroa and 

meaoaephroa de gene rate. 

The pronephroa ia the li rat of the three kiclneya to de-

velop in the embryo. Pronephric tubulee begin to appear late 

in the third week of embryonic life. Patten (1948) claiml that 
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about 1evea paira of tubulee develop from the aeph.rotomes 

of the clevelopinJ embryo. The tubule• are 10 di epoaed that one 

eacl dJtaial the c:elomie cavity and the other opeae into a common 

pronepàric duct that empti•• lato the cloaca. The comprehensive 

wo1tk d.oae by Arey (1949) ernpha1i••• tlle 1aet that there la no 

aupportiag evid.eace to prove that th.e pronephroa functione in the 

hu.maa embryo. The duct percata ae the meaonephric (Wolffia.n) 

elut while ita tubules d.egenera.te. The meaoaephroa developa 

a.fter the proaephroa. 

The meeonephoa or Wolfflaa body maltes it• appeara:n.ce 

la the fourth week of. embryoalc Ule. It apparently develope 

from. the 1am.e maa • of meaocl•rrnic tiaau.e a• tltat of the pro· 

DAphroa. Meaoaephrie tubulee form and. communlcate with the 

me1onephrie duct. The meaoaeph.ric oorpuacle or primitive 

alomei'Ulua il fo~med wllu tha blbld eacl of a tubule cupa it1elf 

about a kaotty eoaalom.era.tioa of 'blooâ veaaele from the cloraal 

&OI'ta. 

Tlte temporal'y exereto:ry functioa la the hamaa ..,_bryo ia 

taltea over by the metonephroa. whlle the pronephroa il ablolu

tely luacttonle••· The meaoaephire tubule• de1enerate at about 

the fourth moath. Some tubulee perliat and eventually form the 
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efferent cluctul• a, the paradidymis and a.berraat ductulea of 

the male; the m.eaoaepbric duct peraiate aa the vae deferent. 

Durlng the 1rowth aad dilappearance of the meaoaephroa, the 

true or a4v.lt lddD.ey d•velopa. 

The metaaephrot arl••• from two aourcea. Jta eollect-

ing (dietal) portioa. il formed by aa outgro'Wth of each meacmephric 

(Wolffian) duct near the cloaca. The 1ecretory (proximal) poniOll 

ariaet from the blaatema of the Wolffian body, a maa a of me•o

derm. 

The ureteral 1talka from the metaaephroa enlarge at the 

diatala.d to become the pelvis of the lidney. The eeUeetin1 

tubulee, major aacl minor calices aa weU, develop aad. fonn upoA 

further growth aad au.bdJ:viaion. On the average, there are three 

major calycet and. aix mtaor ealycea. Pyrarniclal malte a of 

etralpt tubulee that racUate from the calycea are forme4 by the 

eollectlns tubulet that have grow n from the rninor calycea whieh 

have braachecl aad. aubdivldecl. The renal pelve• ancl eollectlng 

tubW..a a.• well a1 the uretera a.riae from the aame embryological 

atru.cture. an ou.tgrowth from the meaonephrie (WoWlan) duct. 

Al the primitive ureter lengthans, it invaglnatee ltaelf 

into a maa a of nephrogeme tie tue that au.rrouncll the dilated end 
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S ub ... t an tia ~.:o rtica li :-; 

l' y r;trui " n ·n;tli :-; ( ~lal ph.dlii l 

T un k.;1 fi hro~a (ca p~ ul l') 

\ '. n: na li ~ 

A. n ·na li :o:; 

P a pilla n ·n;di !:' 
P C' h ·i,:; n ·na li ..; 

Fig. 1 

P a pi11ac rcna lC's Columna fl'na lis ( Be rtini) 

FRO:-:TAI. SF.C rJO:-: TIIROCGII TIIE J..:JD:-:J·.Y. 

Frontal aection through the ld.dney. From Surgical 
Anatomy, B.J. An1on and Walter G. Maddock, 
4th Edition, W .B. Saunder• Co., 1958. 
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of the ureter llke a eap. Secretory tubule a are form.ed. by maaae1 

of nephrogenic tiaau.e at the ends of colleetiag tubu.lea. Theae 

aeeretory tubulee eonneet themaelves with the eolleetiag 

tubule a, the blind end of eaeh tubule becoming vealeulated. A 

bot of eapillariea ta enveloped in the cu.p-ahapeci end of thia 

newly conetru.eted tubule to pve riae to a glomerulua, while the 

tubular lining forma a thia capsule that eovera the eapillary tuft 

and linea the c:avity in whieh it liet. The thin eapaule ia knowa 

as Bowmaa'a capeule. 

The Nephron: 

The relatioa of the glomerulua to the tubule haa been 

expreaaed. beat by atating that the caplllary tu.ft ia thruat 10 far 

into the expaacied bu.t closed end of the tubule that the tu.ft haa 

come to be enveloped by a double layer of tubular epithelium. 

The iaaer or vi•eerallayer la eloaely applied to the eaplllariel. 

extencling in between all the loo pa, and aur:rouading eaeh loop 

almoat completely. The outer or parietal layer forma a amooth 

Jpherical ca paule about ihe tuft a a a wh ole. The a pace within 

thil eapaule ia contiauoua with the lumen of the tubule. The 

arran~me!t iii in auch a way that aay lluid. pa11ing through the 

eaplllarie 1 draina from the eapaular a pace clown the tubule. 
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Eaeh tubule eloagatea, beeome eonvoluted, developa a long 

loop (H•l•' • loop) and llaally cosme et a wtth the end. of a colleed.ng 

tubule. ID thia m.umer the funetioDing reaal ualt or aepbron ia 

eompleted. 

Aaeeat aad. Jlotaticm of the Kiù.ey:: 

The ld.daey "aaaea.da" becau.ae of the rapld. aplaalarowth 

of the embryo, ao that by the flfth moath the tapper pole la a.t the 

level of tàe eleveath rib whieh ia ita poaitioa ia normal adult li:fe. 

The bloocl aupply of the ld.clney la eatabliahed at the level o:f the 

aeeond. lumbar vertebra du.ring the eighth to al;ath week aad the 

renal pelvi• haa rotated. from an anterior to a medial poaition. 

Certaia more poaterior arterial branches from the aona au.pply 

the ld.clney la thia proceaa, but theae normally diaaapear. 

Anatomy of the Kidaey: 

Eaeh normal adult lddney weight. oa the average a.'bou.t 

lJO gl'ama, and the dog' a ld.dney is in the range of 0. Sf, of ite 

body weight. 

The reaal pel'Vi • i 1 actually the re 1ultaat esùargement 

formee! by the ureter. It branche• la a flower•llke clealga iato 

:mA.jor calyeea. The aormal eapuity of the humaa pelvi1 and 

ealyeea ls four to eiaht ec. At the end. of each cupped. minor 
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calyx, ODe or more llipple·like projections mark the renal papi• 

Ua lato which fifteea to twenty paplllary d.uet s open and allow 

uriu to eatel' the calyx.. 

There are buUvid.ual papillae at the apex of eaeh renal 

pyramid.. aad the pyraanida ma.ke up the medulla of the kidney. 

The renal eortex ia plai:aly visible at the base of the pyramld 

aince it appeara aa a aoae that ia lighter ln color and with radial 

atriationa. Theae atriattoaa are compoaed of straight tubulee 

that are eoatbau.ou.a with th.oae ln the medulla. The glomeruli 

ahow u.p between atriatioaa a.a tin y red points. The glomeruli 

and tubular ayatem of the kicineys seem to develop at the peri • 

phery of the cortex juat beneath the eapau.le in thel r ear lie et 

ltagel of growth. 

The true capaule of the kidney ia: fibroua, eovers the 

aurfaee of the kldaey, aad caa rea.dily be stripped away. The 

falae capsule envelopa aU, and. ia discernibla becauae it is 

eaaary yellow ia co lor aad. aoft in ~onaiatency due to the peri • 

renal fat. 

The falae eapaule of the lddney, eeparates the aoft fatty 

ti11ue or perinephric fat from the paranephric fat. This 

libroua ti11ue layer ia eommonly knowa a• Gerota's fascia. 
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and il cloaed laterally by u.aiting with the retroperltoneal 

tissue, and does likewiee above by attaehing itaelf to the 

diaph.ragm. With thil c.Uapoaition of attachmentl, the kid.ney 

11 free to move d.ownward and med.ially where it doea not meet 

a.ny tl•aue impedim.eat. Oerota•a faaeia 11 ccmtinuoua ven.trally 

aero•• the micl•line, and ita cloraallayer la eontinuous with 

the vertebral faacia. 

Mitchell (1950) ahowed that the two layera of renal faada 

are united medially where the y cross the aorta and vena cava, 

and thua iacorporate them.aelvea with the connective tiaaue 

about the great vea aela. The re i 1 aleo evid.ence to indicate 

that tb.eae two layera are likewiae wd.ted inferiorly. 

Poaiticm. of the Kidaeya: 

The ld.dney lle1 ia the faacia tra.:naveraalia. A group of 

muaelea in the poaterlor abdominal wallform the bed for the 

lddneya. Theee are: the paoaa major, quadratue lum.borum 

a:n.d. tranaver aue abdomiiÙI in that ord.er from the medial to 

the lateral aide below the twelfth rib. The cllaphragm ia alao 

foUJtd behi:ad eaeh kid.ney above the level of the twelfth rib. 

Theee mu1clea are ln a. retroperitineallocation. 
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Uaua.Uy, the right ldc:lney la a little lower bt poaitlon thaa 

the left. The poaterior aspect of the kic:lney ia ln eloae relation 

to the muscle a that are attaehed to the bodiea of the la at thoracic 

and upper three lumbar vertebrae. The upper pole• of the ld.dneya 

inellne alightly anteriorly following the concavity of the diaphragm. 

and these are more medial than the lower pole a. A tbick faacial 

band, the laterallum.bocostalligament, extenda from the trans

verse proeeaa of the twelfth thoracie vertebrae to the laet rib 

juat posterior to the kidney. 

llelationa of the Kidney: 

The left renal hilum ie slightly higher and is croased by 

the body of the pancrea.a aa it paeaea to the left on the poaterior 

abdominal wall. The adrenal glanda are aituated on the upper 

medial aepeet of the ld.dneya. The anterior autfaee of the right 

kidney ha a ia contact with it, in addition to the duodenum, whieh 

is separated from it only by connective tissue, the liver, the 

right eolie flexure and a portion of the jejunum or ileum. from 

above downwards. Both the liver and jejunum are separated by 

peritoneum from the kiclney whereae tbe adrenal gland and the 

right eolic flexure are in di rec.t contact with ita surface. The 

anterior surface of the left lddney is related to the stom.a.ch 
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m.eclially and the apleen laterally. Tbi • a rea ia eovered by 

peritoneum. The jejunum, is in contact with the medial half 

of the surface below the pancreas and ia aleo separated fron~ 

the kidney by peritoneu.m. The clescending colon lies on the 

lower lateral part, and, with the pancreas and adrenal gland, 

haa no peritoneum. intervening. 

Bloocl Su.pelx of the Kidneys : 

From th• aorta, arteriea arise and. enter the medial 

aurface of eaeh kidney to form the hilum. Each of the renal 

arteries divide intc severa! branches and enter the surface of 

the kidney between the JJranchea of the renal vein in front and the 

renal pelvis hehind. From the branches of the renal arteries 

interlobar arteries extend to the boundary of the cortex and 

medulla of the kidneys where they braneh aa the arcua.te arteriea 

which form a.rehea ac ross the bases of the renal pyramids. 

Then, from the arcuate arteries interlobular arteries extend 

through the convoluted part of the renal cortex where their 

fine branches enter the glornerular tufts. 

The glomerular eapillaries unite to .form a single afferent 

veeael and a amaller efferent vessel. This eupposed d.isparity 

in the size of the glomerular vessels is eaid to :re&ult in increased 
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pre a aure within the glomerulua. Each eapillary tuft la enveloped 

by the visceral layer of Bowman's capaule. The efferent veaael 

leaves the glomerulus and dividea into amall branches that are 

diatributed through the cortex and medulla among the convoluted 

and atraight tubules. 

Trueta and his associatea (1947), lounci evidence of the 

exiatenee of a vasc:ular by-paaa capable of cutting off the circula

tion. to the glorneruli and tranaporting the blood directly into the 

blood ves a ela of the medulla of the kidney. They performed 

angiographie atudiea on animals and obaerved that under certain. 

conditions the circulation through the renal cortex eould be 

dhniniahed or even, in sorne eireumatancea. totally a.rreated, 

while a circulation continued through the medulla of the kidney. 

The va a a recta. with the ir related bloocl veaaela • eonatitute the 

D'ledullary pathway tkrough whieh the blood.. when diverted from 

the renal eortex, ia earried from the renal artery to the renal 

vein. 

The efferent veasel of a glomerulue whieh liea neare1t 

the medulla of the lddney breaks up into a group of more or le11 

pa.rallel straight veasela. They conatitute the vaaa reeta. TheJe 

veaaels pase toward the apex of the medulla of the kidney. 
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Velns aceornpany the arteriee of the !ddney. The inter

lobula~ veina emerge from the hilurn of the lddney to form the 

renal veîn1. 

Tbe renal R!àie le: 

The conatitu.eate of the va.ecular pec:Uele vary greatly, 

difference rather than aimilarity in their arrangement bebtg 

the rule. Extra hlla.r a.rterles have been deacrlbed in 4S·65ft. 

1\eaal arterlea may arlae from poiate as low a• the hypogaatrlc 

artel'y and. as high a1 the aortic hiatue iu the diaphragm. Venoua 

abnonnalldea ue lees common (1 percent). U1ttally the right 

renal artel'y arieee from the ao'rta. higher than the left a.lthough 

the right ld.dney la lower than the left. The right renal vein 

entera the vena eava a.t a lower level tha.n the left in over one

half (51 per eeat) of ea.aee. The usua.l arrangement, then, ia a 

higher orlgin of the right renal arte:ry than the left. and a. lower 

termiaation of the ri.ght renal ve1n tha.n the left and a lower 

right lddney. The left renal arterlee ariaing from the aorta 

to the l•ft ol the mldllB.e tt~nd to be ehort while the right renal 

arterl.ea are long. The left renal vetn ia longer than the rlght. 

The renal veir•• lié anterlor t" th~ -renal arteritbs with 

the renal peMa the furthe st posterior. Fro:r. above downward 



- zz-

the arteriea lie juat above the velnl. Ronatron (1938) reports 

the tact that there ls no general pattern in the branching of the 

renal artery a a it entera the renal ainua. 

The renal artery divide• into three or four branches at 

the bilu:rn. Two or three pa.11 into the renal ainus in front of the 

pelvis and oue, the retrOJNtlvic braneh, passes over the upper 

border of the pelvis and cou.raea downward under the edge of the 

poaterior lip of the hilum.. The re are certain featurea of the 

renal circulation that are of special inter est. Except for a 

small amount of blood which nouri1hea the capsule and intersti

tia.l tissue of the kid.ney, all the 'blood that entera the organ 

passes through the glomerular tufta. The arteries of the kidney 

are end a rte rie 1 and clo not anaatom.oee. 

Nerve Supply of the Kidneya: 

The kidney ie bmervateà by aympa.thetic a.ad. paraaytnpathetic 

Syn:pathetic aerve•: Sympathetic fi be ra come to the kidney 

throu.gh. the 1\lperior, micldle and inferior aplanclmic nerve • 

from the eixth thoracic to the third lw:nbar ••amants inclusive. 

The greater and. leaaer apla.nchiç fibera synapae in the serni

lunar gaaglion whoae poat•ganglionic fibera, with libers of the 
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extead to the arteriole•, and to the capillarie 1 of the glom.eruli 

aa.d to the renal tubule 1. 

Par&IJ!Xlp&thetie aervea: Paralym.pathetie libera from the 

vagua a.erve enter the lddney but their functionla Ul'Ùœ.own. 

The reaal plexua: The renal plexua ia compoaed of libera 

which come from many aource1 aad which vary conaiderably. 

The chief nerve aupply of the lddaey, however, ie de!'lved 

from four aoureee: 

(a) The aortico-re:a.al ganglion 

(b) Middle aad. inferior aplanchnie nervea 

(c) lntermeae:aterle nerve1 

(cl) Lumbar aympathetlc chain 

The moat coaatant libel'l aeem to be thoae arlaing from 

the aemllUAar ganglion connecting wlth the aortieo•renal region. 

Theae ftbere aom.etimea receive a branch from the lnferlor aplach· 

Die nerve and oftea from the au.perior apla.aehnic nerve. The nerve 

libera courae along the auperlor border of the renal artery near 

lta origin from the aorta. They the.n di vide into two portion a 

which run along the anterior and poaterior walla of the renal 

artery. nberl oa the poaterior walla are more numeroua. 
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J1'ber1 from the aonico-reaal 1aaglioa rWl chiefly along the 

aaterior wall of the renal anery. 

Th.e middle 1placlud.c un-e ••ad.• .fi bert to the aontco

reaal gaaglloa aacl reaal plexu.e. The inferior aplanchnlc aerve 

ie laconatam. The middle tplaachld.e aer'"• ari••• l.rom the 

lait thoracic gaaglioa or from the portion of the •ympathetie 

chain between the la1t th.oracic aacl firat lumbar gaaglia and. 

pa11e1 forward aad bswarcl to Jobt. the reaal plexua. lt1 branche• 

uaually lle poaterior to the reaal artery. The auperior aplanchnic 

nerve and. 1uperior meeeateric plexue may 1encl fiber1 to the 

:ra.al plexut. 

S.veral aleacler braachea a:re givea ofl by the intermeaeaterie 

nervea which lie betweea the oripaa of the me1.aaterie arteriel. 

Theae branehea pa11 to the aordco•renal gaaglioa or go directly 

to the reaal plexua • 

Braa.ehea from the flrtt aad aecoad gaagl1a of the lum.bar 

•ympathetie càaia go to the reaal plexu1 and joia libere from the 

interme1enteric aervea. 

The renal plexul alao receivea libera from the vague nerves 

and i1 éODDected by libera to the oppoaitc renal plexue. 

The nerve plexue dividet aad forma aecoadary plexuae1 
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where the renal artery branchee. The le aeeondary plexuaea 

follow the arterial branche• into the renal ainua aeadiag 1ome 

libera to the renal capaule. 

Beat aad Taylor (1950) empha1ise the find.iag wherein 

atbnulation or aeetion of the aervea to the ld.cbtey affecta the 

formatioa of uriae o•ly by vaacular change, aine• the tri.D.I • 

plaftted kidney aecretea urine of the uaual compoaition. 

The renal plexua il com.po1ed of nervea from ao many 

differeat aourcea tl:.at complete 4eaervation of the ldd.ney ia 

diffic:u.lt. Stripplag of the renal artery, if poaaible, doea aot 

eaeure complete 4eaervattoa 11Ace the lower libera from the 

latermeaeateric plex.ua may remabl tmtouched and coatinue to 

1upply portion a of renal ti 1 aue. 

Lyrppha.tie• of the Kicbley: 

The lddaey lymphatie1 may 'be claa1ified aa aupe:rtlcial 

aad d.eep. 

The tu.perblal ayatem ia formed 'by lymph chaanela in 

the peri renal fat aact. btm.eath the eapaule. A deep aroup of 

lymphatiea •urrouncla the tubules aad. blood veaael• la the 

iDterltitial ti a aue. The re ia a fJ:ee a:aaltomoû 1 betweea 
t.·l 

the1e 1:roupa. 
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The deep lymphatlea of the lddaey d.ra1a lato four to aix 

l&r1• trwaka at the bilum along the renal ve•••l• aad enter the 

late~al aortlc lymph nocle a. The perirenallym.phatlca drain 

blto the 1uperior aortlc aoclea. 

Qooclwin et al (1916) recoplsed that fluid coulet pa11 

trom the renal collectlas ay8tema iato the reaallym.phatlca 

aac1 act to protect the Jd.daeya wuler conditioaa of dJ.ureaia or 

uri.nary obatruetloa. 
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Phyliology of the Kidney: 

The lddneya are involved in a great va.riety of vital 

functione. Not only are they the principal excretory organs 

of the body responsible for ridding it of the waste products 

of catabolia:rr.., but they alao play an eaaential role in the main

tenance of homeostaail in the organism. The latter function 

involvea the maintenance of acid·base balance, a normal elec

trolyte and water eontent of the blood and tissues, and a constant 

voluzne of the fiuid. eompartments. In addition to theae aetivi• 

ties, normalldd.ney function is essential for the maintenance 

of the normotenaive state and for normal hematopoietic 

funetioa. Failure of the latter function resulta in the anemia 

so charaeteri1tic of renal inaufficieney. 

Dea pite the perpetuai impact of the many diatorting 

faetors whieh tend to alter the normal composition and. volume 

of the body fluida, the kidneys meet these complex requirements 

and funetion adequately depending always upon ita structural 

integrity. Under normal conditions any deviation in the volume 

or eom po aiti on of the body fluide will be c:orreeted by the 

lddneya, but in the presence of renal dysfWlction, thia is im

possible. 
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The excretion of urine: 

It is now a well accepted theory tha.t urine formation ia 

the aum.mation of simple physical filtration by the glomeruli, 

tubular reabsorption, aad tubular excretion. The blood paseing 

through the glornerulua is eubjeeted to ultrafiltration through 

the glomerular membrane, in which proeess the filtrable eon•

tituents of the blood (water, sugar, amino acids, sodium, potaa

sium, biearbonate, ehloride, sulfate, phosphate, urea, creati

nine, and other diffusible molecules) pass into Bowma.n'e capsule. 

Sueh non-filtrable molecules as protein and other eolloidal 

eubatancea and the forn-.~.ed element• ol the blood are retained 

by the glomerular membrane. Only sm*.l.l amounts of these 

appear in the urine under normal eoaditions. 

Wearn and PJchards (1924) withdrew fluid from a single 

capsule of the frog's kidney by meana of a fine quartz capillary 

pipette. They were able to withdraw the capeular fluid as fast 

as it was formed. Chemieal ana.lyais ehowed that this fluid 

contained no proteine . 

Bowma.n'• ea.peule communica.tes with the lumen of the 

attaehed tubule. The fluid formed by ultrafiltration through 

the glornerulue passea along the tubules and is aubjected to 
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the proceaaee of reabsorption, ba.ekward diffuaion. and 

secretion which lead to the formation of urine, which ia 

dis:harged into the collecting tubule a. The hydroetatic pre&-

sure of the blood paasing through the glomerulua ia a.pprox

imately 55 mm. of mercury. Thia exceed.a the aum of the oamotic 

pre seure of the non-filtrable constituent a of the blood (~5 mm.) 

plus the tissue pressure (10 mm..) by about 2.0 mrn •• which re• 

preaents the filtration pressure. It ia thia pressure gradient, 

generated by the force of the heart beat. that ia reaponaible for 

the formation of the glomerular fluid. The energy neceaaary for 

converting this fluid into urine ia derived from metabolic pro• 

ceaaes oecuring within the tubular eella. 

Hayman (192 7) and White (1932) ahowed that the blood 

pre a aure in the glomerular capillariea in amphi hia i• adequate 

to efîect .filtration against the colloid ounotie prea•ure of the 

blood. Theae facta have be•n applied. to the glomeruli of 

mam.m.ala aince the •• are inaeee a si ble. 

Normally about 650 ml. of P,asma per minute paae through 

the kldneya of the average adult. Of this, about one-fifth (filtra

tion lraetion), 01· 130 1-nl. per minute, appears in the glomerular 

flltrate. Accordingly, during the course of ~4 hours, abnoat 
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190 litera of iiltra.te are forrned, of which all but about 1. 5 

litera. whieh ia elin1inated as urine, ia rea.baorbed by the 

tubular epithelium. By the selective action of the renal 

tubules, the excretion of water, electrolytes and other uri

nary lZOnstituents ia eontrolled 10 aa to maintain the normal 

volume and composition of the body fluids. 

The eonatituonta of the glomerula.r filtra.te may be 

divid.ed into three groups insofa.r as their fate during passage 

through the tubules ia concerned. Glucose, the amino acida 

and r.noat of the protein. are p:ractieally entirely reabaorbed 

unleae preaent in groaaly abnormal arr1ounta and are a.ccord

ingly deaignated aa "thresholdu aubsta.n~:es. Creatinine and 

other non•threahold aubata.neea are, on the other band, com• 

pletely exeluded by the tubulee. Urea., which ia alao a non

thre•hold sub•tanee • di:ffueea back to a considerable extent 

a.a a re ault, preaumably, of the relative inefficiency of the 

tubula.r eells. Wa.ter, sodi.wn, bicarbonate, ehloride and 

potaaaium are retained or exereted in aecorcl with the need• 

of the oraaniam. By regulating the rate of elimination of 

theae subataacea, the kidneya rr.~.aintain a normal blood com• 

position des pite variations in the amounts of theee elements. 
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The glomerular fluid whieh ka1 •••entially the compoti• 

tion of extracellular fluid, loaaea approxlmately 85ft of it1 water, 

which returna to the blood through the proximal convoluted tubule. 

Thil eo-called ' 1obligatory•: reabaorption· of wa.ter ia accompanied 

by rea.baorption of glucoee, urea, sodium.,, potaeaium and other 

aubataacea. The remaiDing, a.pproxima.tely 20 ml. of glomerular 

ultraJlltrate formed per minute, is approximately ilotonic or 

elightly hypotonie to the plaama. 1t haa the eame alkalinity 

(pH 7. 4) and apecific gravity (1. 010) a a the glomerular filtra.te. 

Al thia iluid pa•••• the thin loop of Henle, it is îurther redueed 

in volume ao that only about 15 ml. per minute reach the distal 

tubule. It il he re that the final reab1orption of water and a alta, 

the aecretion of potasaium aad arnmoniur.n.and the a.djuatm.ent 

of the pH of the urine take place in accord with the need.s of the 

organi am. It i s in the distal tubule that the water content of 

the urine. ihrough the control of the anticiiuretic hormone. and 

its aodiurn and potassium contenta, through the action of. the 

ac:lrenal cortex aa well a• by hemodyaamic: meehaniams • are 

acljulteci to the bociy 1a needa. The relative bnportaace of. theae 

factors ia regula.tiag the rate of excretion of electrolyte is still 

c!iaputable. Smith (1933) statea howsver that tubula.r excretion 
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plays an important part in urine formation. 

Am.monia is produced by the kidneys, a very important 

function of theae organe, ainc:e a.rnmonia c:a.n be em.ployed in 

the exccetion oî aeida in the urine thus eaving fixeci baae • 

.Ammonia ia proba.ly formed in the distal tubules. 

The con"lpliea.terl proçeaa of the iormaüon of urine appa

rently i• completed when the urine laa.vea the distal convoluted 

tubule a and entera the collecting tubule a. Thereafter, the 

proc:ess is one of transportation. This was beautifullr ex.

plained and portrayed by Narath (1951). 

The walla of the ealyces, renal pelvis and ureter contain 

a layer of em.ooth muac:le. Musele iibers form. a sphincter 

where the calyx joina the pelvia, and this prevents urine from 

flowi.ng baekwa.rd during çontraction of the pelvis. 

Normally, about 500 ml. of water must be excrcted ae 

the irredueible minimum in order to rem.ov·e the catabolie waate 

produ.cts of the organian.&.. When, as a reau.lt of renal insuffi

ciency, the concentrating power of the kidney is impaired, a 

larger volume of a more dilute urine muet be excreted in order 

to maintain a nonna.l eompoeition of the blood. Castro-Mendoza 

(1950) found that &.fter nephrectomy, plaama volume ia decreaaed. 
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elu to b.creaee4 eapl.Uary permeabillty aad extracellular 

fluid volume i• iaerea1ecl. Extraeellular fildcl volume ia allo 

frequ.eatly inereaaed ia acu.te J~enal failure. 

The proeee • by whieh the kldneya re 1poacl to alteratio•• 

in the volume and compolitioa of the body fluida il not ead.rely 

knowa. Al.teratioaa ia the oemolarity of the plaama perfuaiag 

the interna! earoticl artery by regulating the 1ecrett.on of the 

polterior p1tuitary a.atidiured.e hormone (through the mediad.oa 

of the hypothalamu.a) coAtrol the coneervad.oa of water. The 

exact mechaaitm of the reaction in the âiatal tubule by wblch 

the wat•r eoatent of the uriae il detenniae4 i• \UÙalown. The 

antidiuretie hormone appea:ra to have no direct effect oa aodium. 

or potaaaiwn excretion, although ehaa.ge1 ta the rate of excre• 

tlcm. of eolutel are accompaaied by comparable changee in water 

excretion throup the meehani1m of oemotic dit~reeil. 

The concentration of eod.iurn in the extracellular fluid 

acta a.e a atimulue to the e011eervation or excretion of this ion, 

but ia not the 1ole factor coD.trolling thi 1 functi.on. There 11 

tome evicleact to indieate the exi1teaee of a aeural center 

aenaitive to changee ia extraeellular fl.uid volume. Alteration• 

ta platma volume will al1eet the rate of excretion of aodiw::n, 
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but wh ether tlis i s mediated by the plasma volume itself' or by 

the accompanying changes in cardiac output and its circulatory 

hemodynamics is unknown. That the latter is not the sole reg\1• 

la.tory mechamsm is indicated by the active reabsorption of •odlum 

which occurs in cardiac failure and in degrees of sodium depletioa 

which are not aecompanied by obvioua circulatory changes. 

Tho mechanisms eontrolUng the excretion of potassium 

are still poorly underetood. Neither the level of potassium in 

the 1erurn nor the intracellula:r content of this element can ace out 

a.d.equately for the reaponse of the kidneya to alterations in pota

ssium metabolism. Potassium differe from sodium in that 15 to 

ZOo/o of the filtered potassium is exc:reted as compared to only 

1 to 2o/o in the ca.se of. sodium. ln renal disease. potassium la 

exc:reted in excess of the filtered load. Recent evidence ind.ieatea 

tha.t there is a competition between potassium and hydrogen and. 

sodium ions in the distal tubules. The kidneya are unable to 

conserve potassiwn with the sarne efficiency as they do with aoclium 

but they are able to maintain a high gradient between the uriaary aad. 

plama contents of pota.ssiwn. The excretory c:apa.city thus may be 

maintained as long aa urine volwne does not decrea.se, desplte 

m.arked reduction in glomerular filtration. Since potassium excretion 
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la rouply proportioaal to u.riaary volume. olipria ha• ..,... 

coaaldered a prerequillite for elevation of 1eru.m potalliUJn, 

'but o'bvioualy thil oaly appBe1 to eadoaeaoua pot&tdum. A 

llmited. eapaelty for potaaaium excreùoa ln chrome :renal in

aufflcieaey haa 'beea clemonatrated. by Wlllkler aa4 eo-workera 

(1941). 

The red.ued.oa la the amouat of fuaetiODing reaal tuba

taace lt u.tually the cau.te of :WactiOAal diatu.rbancea oecu.rring 

la reaal failure. ratlter thaa the ditordered fuaeUoa of the 

aephroa.. Lo11 of one ld.daey or bilateral renal c.Uaeaae uau.ally 

eatalll little l:aterfereaee with exeretory fuactloa Wltil too few 

aephrona are left to rnaiatala normal homeo1taala. 

Uke all the other oraaaa of the 'bo4y, the ld.d.D.ey la de • 

peacleat for lta aonnal aettvity oa the fu.aetioaallntegrity of the 

tmd.ocriae orpn•. Of pantcular imponaace to r .. al functioa 

are the aaticliuretic hormoae of the aeural lobe of the hypophyail, 

the aârenal cortical hormoae• aaâ tàe parathyrold. hormone. 

Other honnoae • uaclou'bteclly alao play a pan la the mliata.aace 

of aormal reaa.l fuaettoa. 'but their aetioa t.a leaa obvloua. 

Tlle aatld.iuretie honnoae of the pituitary il eaaeatial for 

the reabaorptloa of water frozn the d.tatal tubule; the ad.reu.l 
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cortical hormone regulatel the reabeorption of aodlum and 

chlorid.e ln the proximal tubule; and the pa.;râhyroJ.d hormone 

ln ad.clition to ita action in mobilizing calcium. from ille 'boael 

alto ._na aa action on the ld.dneyt concerned with the exeJ."e ... 

tion of calcium aad phoaphate. 

The nervou ayltem, alao play• a role ln the rei\ÜatlOD. 

of reaal iuaction, but the exact mech.anlama by which regulation 

operatea are ttill poorly un4erltood.. Sufflce it to tay tha.t the 

ld.dneya are abuad.aatly eupplied with va.aocOl'latrletor aympath.e • 

tic S.berl from the reaal plexua which ter:zr.Jnate a.r.noa1 the 

afferent and eflerent arterioles, the tubula.r eella, the parietal 

lAyer of Bowman•a capaule aad the glomerular tuA. The 'bloocl 

aupply to the ld.d.neya can th ua be effeeti vely reduced and ita 

hemod:ynamic• altere4 throup nervoua ltimuli. The fact that 

a dene:rvated ld.dney mabltaine lt• exeretory function i • eviden1ae 

that integrity of the nervou• coanectiona to the lddney la not 

eeaeatiall.or its aetivity. However, there ia abU'l'ldant evidence 

wbieh indicatea that nervoua ld.muli may modily renal functlon. 

Thia nervoua effeet may 'be poatulated to occur aa a re ault of: 

1) a direct actlœ on the ••cretory and reabeorptlve action ol 

the tubule a; 2) l:a conaequeace of alteration• in endocrine 
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fuueticm.' 3) la reaponee to vaaomotor effect• with their reaultant 

alhradoa ln reaa.l hemodyna.miet; or 4) ae a eonaequence of 

extrarenal acdvitiel to whtch the lddney re1poa.de pualvely. 

The malntenaace of neutrality of the bod.y fluld conatitutel 

one of the pd. rê. pal homeoltatie funeUona of the ld.clney•. ln 

diaea••• the breakcloWJJ. of body proteia augmenta the normal exce11 

of add.loaa, and thil mut be excreted in the urine. The pH of the 

blood. 11 malatal.aed COJlltutt by the buffer ayatem carbonic acid: 

'bicarbonate, the ratio of whidlln the plaama remaina flxed at 

1:20. The coaeentratiœ of earbonlc acld 11 controlled. by the 

pulm.oaary veatilatioa: that of the bicarbonate by the ld.dneya. In 

order to con•erve baee (i.e. • todium. bicarbonate), the ld.dney \J'ti· 

limea two mechwame, aamely, the excretion of 1ulfate and phoa

phate iona lD. the form of their aeid salta and the aynthella of 

a:m.moDta. 
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.ANATO:MY, :EWBllYOLOOY AND PHYSIOLOQY OF THE tJllETEJlS 

Develoeeat of the Ureter: The fi rat or eolleetlng portion of 

the metaaeph.J'oa eularge• and lengthen• to fonn the u.reter. Th••• 
ureteralltallta ealarge at the d!atalend to beco:rne the pelvta of 

the kldaey. The uretera, renal ;Htlvea and collecting tubules 

ariae from th.e aune embryological ltruct:ure, an ou.tgrowth 

from the meeonephrie (Wollfian) duct • 

.Aaatomy of the Ureter: The ureter ie a rather tbiek•walled tube 

made up of three layert: an outer serotal eoat of fibroua tieaue 

in wb! ch an the main blood ve•••l•, a middle or muacular coat, 

and an bner mucoaal coat. The museular coat la eomposed of 

thrM layer• of amooth muacle. The outer and ln:ner muaeular 

layera are arranged longltudinally, the middle layer is circular. 

The bmermoat, mucosal coat of th• ureter consilts of stratifiee! 

tranllitional epithelium. oa a aubmueo1a o:f stron fibro-elastic 

tta1ue. The ureter l.nerea••• in thiclœea a• it runa from the 

ld.d.ney to the bladcler • mainly on aeeount of the lncrease in bulk 

of the cireular and longitudinal muacle layera, and more ao 

towarc\t the lower part wht~re the thlrd musele layer la added 

(Klil, 1957). Narath refera to this muscle layer or hull as 

Waldeyer '• sheath. 



~-,.;~--~~--Mucosa 
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n 1• 2 

D1a1ram of the wall of the u:.reter. FJ'lom :EaMatlal 
Uroloi"J. F. H. Col'by, 4th Edition. The 't'lllliame • 
WlJlân• Co., Baldmore, 1961. 
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. ADatomy ol &be ureter 

Fig. 3 

Anatomy of the ureter. From Esaential Urology, 

F. R. Colby, 4th Edition. The Willianl8 le Willd.n• Co., 

Baltimore, 1961. 
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The muacular wall of the intramural portion of the ureter le 

almoat eolely composed of longitudinal libers. 

The adult human ureter average• 2,7 to SO ems. in length 

aad la geurally 1poken of a• eompoaed of three part•: an upper 

third, middle third, and lo..,.r third. The ureter in the dog 

average• from 19 to ZZ cma. and. may alto be auhclivid.ecl in 

almllar faahion. 

A• the ureter leavea the renal pel vi •, it pa•••• retro peri • 

toneally through the perirenal fat with .èierota•s faacta. The 

ureter th en lie a on the psoas mu1cle which it croa ••• al the 

veter incline• toward the midline. Jult before reac:hlng th• 

pelvic brùn, lt eroaaea the com.mon iliac vesaela at about their 

bifurcation, although the right ureter U.ea very eloae to the in

ferior vena cava. On the right 1ide, the right eolie and tJ.eoeolic 

veaaela paea betw"a the ureter and the peritonewn. The left 

ureter ta eroa1ec! by the l.e:ft colic and eigmoidal ~lood veasela. 

The lower thil"d of the ureter ltea againat the pelvic wall 

who se curv:e it follows aa the uretezo turns toward the midline to 

pierce the poste ri or wall of th• bla.dd.er. A• tt croaae• the pelvic 

floor, the ureters lie in front of the internal iliac artery, ero•••• 
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the obturator aerve aad. vea•els and ia aurrounded by the venoua 

tributariel from the veaieal plexua tha.t empty into the internal 

lliac vebt. On the medial aide, the ureter ia croeeed above by 

the val deferenl. The va a deferens A rat lie a poaterior to the 

ureter al th.e vaa deferent leavea the ampulla of the seminal 

veeicle. Thea the va• deferena forma a loop and cro1 ••• the 

weter on tt a medial al ete a• the ureter lie • eloae to the poaterior 

waa of. the blacider. 

The ureter entera the blad.der wall at an oblique angle juat 

in froat of tl!te aeminal veaicle or the ampulla. The intramura.l 

portion of the ureter la about 11/2. cm. long in the hu:man blàdder 

&Ad O. 98 cm. la the dog'a bladder. 

Blood. Sueply of the Uretera: The bloocl au.pply of the uretera il 

of importance ainc:e the aurgical interference with portion• of it 

may relult la 1loughing oi the wall oi the ureter. 

Arteriel form. a freely aaaatomoJillg plexu• in the fibrou1 

outer coat of the ureter. Th.e upper ureter reeeivel branchee 

from the renal and. lpermatic, or ovariaa arterlee. In the middle 

thire!, branehea eome to the ureter from the apermatie or ova:ria:n 

arteriel. At itl bifurcation, the aorta tenda aa important bruch 

to the micldle thlrd of the ureter, or thi • vea sel ma y come from 
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the comm. on iliac artery. ln ita lower thi rd, the ureter i 1 IU.pplied. 

by amall branche• from the uterine. vagiaal, middle hemorrhoidal, 

middle velieal and inferior veaical arteriel. 

The dûef blood aupply to the ureter 11 derived fror.n long 

arteriea which artae from either the lower end. of the abdominal 

aorta juat before ita bifurcation, from the eommoa iliac artery, 

or from the interaal !liac artery. Theee ureteral arteriel in· 

variably ariae from the medial aide of theae large veaaele and 

croaa the artery of origin to joln the ureter on ita medial wall. 

Here they divide and eourae auperiorly aad inferiorly for nearly 

the eaU re length of the ureter. Theae aacending and descending 

primary arterial branchee analtomoae with branchee above from 

the renal, apermatie, or ovarian arteriel, and below with branchee 

from the uterine and vaginal arteriea in addition to the branehea 

whieh eome to the lower ureter from the inierior veaieal arteriel 

ad middle hemorrhoidal arteriel. The arteriel whieh supply 

the lower ureter reaeh it on the lateral 1ide. 

The long ureteral arteriel give off many amall branches 

whieh ram.tfy around the ureter and anaatomoM :freely with them

•elves and with the branchee from other aoarcea, auch as the 

renal and 1pennatie branche a. 



- 44-

Fig. 4 

Blood supply of the ur ter. From Grant, J. C.B., 
An Atlas of An· tom y, The william• and Wilkins Co., 
Baltimore, 1951. 
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Veine in the aubmu.coaa. of the ureter forrn a plexus from 

whieh larger channels pass to the adventitia and connect by free 

ana•tomoai• with nearby- veina Sl~ch as the spermatie, ovaria.n. 

aad. renal veine above, and in the pelvis with the uterine, and 

vaginal veina and the ve ai cal plexus. 

Lymphatie• of the Ur~ter: Lym.ph capillarie s in the walls of the 

ureters give riee to lymphatic channels that pass diagonally out-

ward through the muaculature of the ureters. 

Theae lyrnpha.tic vessels lie in the adventitial covering of 

the ur ete ra. They then leave the ureters and go to the region.al 

lynph nodee. 

The regional node a of. the ureters belong to the lateral 

abdominal ehaina; common iliac, external ilia.c, and hypogastric 

groupe of lymph node a. 

Nerve Sypply of the Oreter: 

The ureter reeeivee its nerve aupply from three source•: 

l. A .superior group of nerves from the lower fibers of the 
renal plexus and interm.esenteric nervee. 

z. A middle group of nervee from the auperior hypoga•trie 
plexus or from the upper end of the hypogastric nerve. 

3. An inferior group of nerves from the lower end of the 
hypogaatric nerve and the upper part ol. the inferior 
hypogaatric plexus. 

Sv.perior tTreteral Nervea: Tht. lower fi be ra of the renal plexus 

give off several delicate twigs whic:h aupply the lower part of the 
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Middle Ureterol 

oii~--Midlllla Splonchnic 
Gontlion 

~~-- Sympothetic Trunk 

nenteric Nerves 

Nerve supply of the ureter 

Fig. 5 

Nerve supply of the ureter. From Essential Urology . 

·--

F. H. Colby , 4th Edition. The Williams and Wilkins Co., 
Baltimore, 1961. 
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ureter. Ft bert may alao come from the lnterme aenteric 

nervee. There may be connections betweea these ureteral 

nerves and the Sfermatic plexus. 

Niddle Uretera.l Nerves: The mid-portion of the ureter is supplied 

by branches from the super-Or hypoga.atric plexu• or from the hypo

gastrie nerve or plexus. Theae nerve branchee follow the small 

ureteral artery -whleb arlaea from either the common i11ac or 

interna! ill ac artery. The•• nervel are clotely aesociated with 

the apermatic nerve .. 

Inferior Uretera.l Nerve1: The lower end of the u.reter receivea 

its nerve supply by fibera from the hypogaatric nerve and the in

ferior hypogaatric plexua. Theae nervea connect fibers ·..vhich 

supply the vas deferens · and eeminal ve sic le a . 

Narath (1951) atatea that it ia an accepted fact tha.t there 

are no ganglia in the wall of the ureter, and tha.t the only few 

ganglia found and demonatrated to satisfaction are near the 

juxt~veeieal part of the ureter. He therefore as sw·ne s th a.t 

there ia an automati1m of the musculature of the upper u.rinary 

tract as firs ela!med by Engelmann. 

·Phyaiology of the Ureter: 

Peristaltic waves propel the urine from. the kidney pelvia 

to the bladder. Contractions occ:ur one to five times a rninute, 
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dependi:ug upon the rate of urine forn1ation. F ... ef'lux of urine 

fron1 the bla.dder into the ureter is prevented by the oblique 

insertion of the ureter through the bladder wall, although it 

has been observed by previous investigators that when parts 

of the roof of the intran1ural uretere were removed, regurgi• 

ta.tion occurred. Ureteral peristalsis is initiated as soon aa 

urine flows into the renal ca.lyces. As urine output increasee 

ureteral peristalsis increaaes. The :factor tha.t is the normal 

adequate stimulus for rhythmic contractions of the ureter is 

urine volume mechanically stretching the muscle :libers of the 

urete1·. Ureteral peristalsis appea.ra to· be entirely inde pendent 

of the central nervous system and is unaf:fected by any known 

drugs ex.cept as they affect urine volwne. Excised portions of 

the ureter çontinuo to contrac:t when depri ved of any extrinsic 

nerve supply. 

Narath (1951) and. Murnagha.n (195 7), have atated that the 

perista.ltic waves initiate in the calyees and proceed as unbroken 

waves of contraction down along the renal pelvis and ureter. 

On the other hand, K.iil (195 7), expresse a the vie"N that the 

renal pelvis is a. fairly passive reservoir with weak pe:ristalsie 

wlùch is independent of the ureter. The urine is "milked'' from 
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there in installments by waves of contraction which start from 

the ureteric cone and continue down the ureter. Gould• Heieh, 

and Tinckler (1955) have auggested that the lower •nd (\f the 

ureter has a 1aSk.aomewhat different from that of the upper and 

that the integration of tonie and peristaltic aetivity ie such aa 

normally to prote ct the nephron from the hi gh basic pree 1ure1 

which arise in the lower segment when it is operating to ha.ndle 

large quantitiea of urine or against elevated intra.vesical pres

suree. Risholm et al, (1960 have coneluded from thei r work 

on pressure and peristalsis studies in the upper urinary tract 

of the dog, that peristalsis of the ureter is at least in part 

dependent upon the raised pressure "vithin that structur• al

though in a patent ureter the pres sure variations brought about 

by the contractions cease at a certain pressure level. They 

alao advanced the atatement that both respiration and blood 

pre a aure influence ur ete ri c aeti vity. 

Lucal (1908), im.plied from his investigations that an in· 

erease in intrapelvic pressure has the effect of s.,wing down 

the circulation of blood through the kidney, producing sorne renal 

dam.age and favouring the trappil'lg of orga.nism in narro"v 

capillarie 1. 
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In experimente on the laolated ureter it haa previouely 

and repeatedly been ahown that ureteral activity is dependent 

on the temperature; the rate of contractions increased 1.-vhen the 

temperature was elevated 37 to 40 degrees; the ureteral activity 

ceased when the organ was cooled and reappeared when the organ 

rewarmed.. 

Defirùtiona: 

Medicalliteratu.re frequently stresses the fact that the 

term 11 uremia" is vague, ill-defined, inconstant and unclear. 

Sch:reiner and Maher ( 1961 ) define this symptom complex as 

that whieh rosu.lts from a dynamic imbalance between the 

organism 's current metabolism .and ita appropria.te renal funct• 

ions. It ia m<1rked by aberrations in the volume and composition 

of body :fluide, pathology in se veral important n1.embranens and 

an a:rray of patho-phyeiologic rnechaniama still in the process 

of beiûg defined. They atate that it• exact clinical signs and 

syroptoms will vary with (a) biologie char acte ri stic s of the in

dividual patient; (b) the etioloJY of the specifie renal diseaae; 

(c) the time-course (rate) of development; and (è) the details 

of management. 
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Th.ele author1 apeak of ttrenal failure" to cUaUasutah 

thla eatlt;y from the previoua, aa an acivaaeed quantitative 

reduction la renal fuactioa to a point where the ld.claeya are 

u.aa'ble to malntain chemical homeoltalil la the oraanl~m. 

Chemic:al chaase1 are out1ide the accepted limita ol "aormal~' 

Th.e1e may be volume or •tto~l body" chans•• aa dlatinguithed 

from tho le meaaured aa concentration oaly. Jlenal failure 11 

"acu.te" if it d.evelopt over a period of day a or week1, and. 

ttchroaic '' if it dtlvelopa over a a pan of montha or yeara. 

General reaal iaauffieiency 11 referred to a1 a quanti· 

tati ve reduction in renal f\I.Dctioa meatura'ble by teltl or 

m.a:alfe1ted by tranaient epiaodea of renal fatlure oceu.rring 

Ullder the atre11 of diet or lncreated. eataboliam. Thl:J may 

be predominant! y clue to (a) lo11 of maa a, &1 in lnfarction, 

nephrectomy or hypoplaltlc lddney; Ot 1011 of glomeruU, aa ln ahock, 

eapillary throm.'boaia, acu.te 1lomerulonephritis; or (d) a a la mo at 

eom.mon, a mixture of the te element a, the exact proportion of which 

may be difficult or at timea im.poaaible to deflne. 

The abaence, or at lea1t the rate lhnitation, of an individual 

or com.btnatioa of ind.ividualldd.ney functio:n.a, ia lc:aown aa "apecific 

renal i:n.aufficiencyrr. Thi 1 J.mpliea either that the partlcular tunct .. 

ioa ca.a lite apecifically m.eaaured. or haa metabolic co:n.aequ.encea 
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which eaa be deliaeated ia the ors;anian. Thil condition can 

be exemplif1e4 by reaal hyperchlorem.ie addoeea, renal slyco

auria, ltU.opatlûe hypercalcluia, aad. aminoacicf.uria. 

HAzotemia", aa de4ned by theae authore, la a retend.oD. of 

uitrogeaoua end. produ.cta of proteln cata'bllam in the blood or 

body fluida. They claaelfy uotemia ae to lta orlgin, thue: 

(a) u.rolos;ical, a1 with obatruction to the free flow of urine to 

the outeide; ('b) renal, whea du to renalinluffic:iency; or (c) 

pre •renal, when due to the excealive laaeeticm or difluelon of 

Ditroce110ua materiala • the cOD.tra.ctlon of body fluide or the 

preacmce of dru1•, cliaeaaea or conclition• which lnduce the 

exce11ive breakdowa of body cella (e.g. adrenal cortical ate

rotda, blood la the l&ltrointeatiaal tract; urea or ambto acld 

il'lfuaiona, multiple hematomata). True pre-renal azotemia may 

o'bvioualy be produced by auch thinga a1 the infuaioa of urea or 

the in1e.Uon of blood.. Coaditioaa charaeterized by meaaurable 

chana•• in the reaal blood fiow and uaually cla11ifled a• pre

renal aaotemia iaclude: (1) penûcd.ou1 vom!ting; (2) dlarrhea; 

(J) duodenal drainage; (4) diabetic acidoait; (5) Adc.Uton'a 

d.iaeaee; (6) traumaUc ahock; (7) aep&lcernia, particularly 

ataphylococcal or gram negative; (8) burne; (9) rnyocardial 
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infarction; (10) liver diaeaae; (ll) aaatrointeatina.l tract hemor

rhage; (lZ) heat atroke; (13) advanced eongeative heart failure; 

(14) the uae of l&n&lionic blocking ageata or other antihyper • 

teaive drugs in patienta with rigid changea la the renal vaacula

tu.re. However, theae condition• ehould. prope r ly be claa 1ified 

aa renal inau.Uiciency since they contain a eubliantial element 

of renal functional impairrnent uaually due to chaaa•• in the 

renal circulation. 

In the experimenta performed, whenever the animal ex

hibited only elevations in BUN and creatinine and was free of 

untoward syn1ptoma,it was termed "azotemie". When the ele

vated blood nitrogenous constituent& were accompanied by 

signa and symptom 1, the animal was considered "uremie"· 
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The Exeri.meatal AJWnal: 

Healthy male and fem.ale adult mongrel doge were selected 

in thil study for the followlna reaaon1: the eaae of their mana-

rn e nt, their great anaeathetic tolerance, their relative inex

penaiveaeaa as compared to primate• and other larger animale, 

their acce11ibility and availability, their great body aize as con

traated. from other commonly uaed laboratory animal•, the simi • 

larity in aaatomy and phyaiology of their genito-urinary tract to 

that of humana. ao that differences between the responses in the 

two apeciea to different condition• are minor and functional. 

Thua, for the purpoae of the se experimenta, the dog was thought 

to be more of the ideal experimental animal. 

The do ga uaed ranged in weight on l!he ave rage, between 10 

and ZO kilograxna, and were fed on a regular diet of Dr. Ballard r s 

dog food, milk, aad vitamin1, regardlesa of their state of azotem.ia 

or urem.ia. The le doga were all vaccinated against distemper. 

The dietary habita eapeeially the da!ly oral fluid intake, were 

cloaely observed. 

The le aaimala were kept in large room on the fi rst post-opera• 

tive day to allow them aome degree of freedom. Whenever the weather 

allowed it, the eloge were kept outside for some time daily in special

ly arranged cubicle1 on the roof of the Donner Building. 
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The Ameroid Costrictor 

Thi 1 i 1 a conatrictor which was original! y deaîgned and 

uaed experimentally by lltwak and Vine'berg (1959) for the pur• 

poee of producin.g occluaion of the coronary artery vesaels. It 

ia a plaetic produet made of caaein, which due to ita hygroscopie 

propertie s, swella up when it abaorbs water or moi at ure. Caaein 

plaatic ia prepared by mbdng powdered Rennet caaein. with water. 

Roda of varying di:rnenaion are formed by extrusion under in

crealed pre a aure and temperature. The roda are hardened for 

a prolonged period in fonnalln. The ameroid haa a central 

lumen drilled to apecific diametera ranging from 3 to 1 milli

metera (0.110 to O.Z inch). Thia aubatance ia encaaed in a rigid 

steel jacket so asto prevent peripheral expanaion and conse

quently to narrow the central lumen. Leading from the peri• 

phery into the eentrallu.r.nen ia a co:m.muaicatin1 elot large 

enough for the introduction of a coronary artery, or, of parti

cular interest in thil the lia, a ureter into the central bore. 

The central lum.ina of all the ameroid conatrictor• that were 

ueed throu.ghout the experiment• to be mentioned were alwaya of 

3 millimetera (0 .110 inch). 
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The am.eroids are atored in a deeaica.tor prior to thei r 

use, and are eventually st.erilized ln a container with vateline 

an hour before the operation. The initial deaaication atora1• 

prevente water absorption prior to steriliza.tion and the va.aellne 

forma a thin coating th ua delaying the a'bsorption of Ua aue flu.icl1. 

ln orcier for the ameroida to obtain more u.nifonn vaeeline im• 

prepatlon, IJ.tvak bas recommendecl pla.ciug the vaaeline-ameroid 

container in a hot wa.ter bath du.ring thia period. of time. 1t hal 

been o'baerved that althoup a.t'Xleroida a.re au.toclaved aatiafactorily, 

tlûl apparently preventl vasellne impreanation to a leeaer clearee 

and. conaequently leada to a r.core rapld awellin1 anci ceAtrallumi· 

aal Qcclusion •. 

Vlnebera et al ( 1959). atate that a dry ameroici placecl in 

aaliDe reducea tte central bore from. 3 to 1. 65 mi.llimete:r• ia Z6 

day•. Vaeeline -coat•d. uneroida abaor'b lee a water and coaae

quently thelr :rate of awelllns ia dimbûahed. Such ameroicl 

aleev•• reduce their centrallUDlina from 3 to 1. 98 millimetera 

in 31 daya, and to 1. 8 miWmeter in 54 daya. In cardlac experl• 

mental work, the alowly contracting vaaellne-coated coroaary ar

tery ameroid. conetric-tore have been u.aeci i.n order to allow more 

tlme lor the re•e•tabllahment of cardiae circulation either natu

rally or hy meaae ot au.rpcal revaacwariaatloa procedure a. 



-57-

Fig. 6. Example• of jacketed ameroid constrictors u•ed 
in experimenta in this thesis. Top level: Jacketed ameroid 
con•trictor prior to uae, lumen mea•uring 3mm. in dia
meter. Middle level: Jacketed ameroid- con•trietor ob•
tructing ureter for 9 daye, lumen meaauring 1. 56 mm. in 
diameter. Botton level: Jacketed paraffi.n-boilea ameroid 
con•trieting ureter for 15 day•, lumen meaauring 1. 33 mm. 
in diameter. 
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1 

Fig • . 7 . Histological section of paraffin boiled 
ameroid core •ubetance x lOO 
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Unjaeketed ameroids expalîd unevenly in botha luminal 

aad a centrlfugal direction, and due to the absence of a Umiting 

deviee. the lum.inal occlusion is minimal. 

Experimeatally, the a:meroid haa been employed la varioua 

procedure• wherein occlusive phenomena were expected as the 

end reault. Initial work with them was euggeated by Shipley, 

arad thereafter haa been utiUzed by different workers primarily 

for progresaive oeeluaion of blood veaaels llke the aorta. eoro

ll&J'y, hepatic, renal arteries, etc. This caaein conatrictor 

h.aa alao been uaed outaide of the vaaeular tree as in the ex• 

perimental occlusion of various ltructures of the biliary tree. 

It is in this theaia that it• application to the ureters le deacrlbecl 

for the fi rat time. 

Labo:ratory lnveatigatione: 

The degree of azotemia and/or uremia in the experimenta 

perfonned. have been aecertained by the laboratory determina• 

tions of BUN and creati!dn• a• guidee. The determination of 

theae blood conatitu.enta are relatively simple to perform and. 

readily acce•alble in the laboratory. Additional information 

wou.ld have been deairable, but aince the invtustigations were 

carried out with the aim ol determining only the ba.aic clinical 
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and biochemical changes that are altered in the condition pro• 

duced, these were not done. Urinalysis and accurate urine 

volumes were not accomplished due to the great difficulty in 

colleeting unadultered and exact volume aamplee from the doge. 

Initial attempts proved ha:zardoua in many respects, and this 

procedure wae deemed mreliable.. Emphaaie was thus given 

only to the nitrogenoua determinants of the blood. 

It i s e ssential that the BUN and creatinine, being the 

chief end products of protein cataboli&n'l which play an im· 

portant role in the evaluation of the uremie syndrome, be 

describad briefly. 

The principal nitrogenous metabolite excreted by mam• 

mals which accounts for SS% of. the urinary nitrogen, is urea. 

ln the liver, when amino groups are dissociated from their 

original ami no acids, they are synthesized by means of the 

urea cycle into urea. Chief among these relations is the hydro

lysis of arginine to urea and ornithine, its synthesis ha.ving 

been recently reviewed by Ratner (1954). 

It is of interest to note that urea is very well distributed 

among the tissues due to its high solubility in aqueous as well 

as in biological solutions. likewise, ita diffu.1ibility through 
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most cell membranes ia great, with the probable exceptions of 

the ureter and bladder. Levinaky and co-workers (1959), however 

claim tha.t at very low urine flowa, urea may cross the bladder. 

Urea has been given an early emphasis in the pathogenetil 

of the uremie 1yndrome due toits liberal distribution in the tiaauea, 

the frequency of its measurement in normal and diaeased etatea. 

and. its hiatorical priority. Its chemieal significance has been 

agreed upon, whereas there ia aignificant controveray on both 

the quantitative and quatitative aspecta olits biological import

ance. Even the claaaical concept of ure a being the end product 

of protein meta.boli.sm has been cha.üenged. Chahnere and 

Synge (19 54}, ha.ve aho\lJ'n that rumina.:nt animals can utilize 

urea for protein aynthesis. 

Urea haa been d.efinitely blamed as the cause of certain 

apecific iea.tures in the uremie syndrome. Lie ber and LeFevre 

(1959) :releted ihe urea. eoncentra.tion to gastric hypoacidity as 

•••n in this ayndrome. Bliss (193 7), found that tartar from the 

ieeth of nephreetomized dogs and uremie patients was reeponei• 

ble for the formation of am.rnonia from the hydrolysis of urea 

by urea.se in the saliva, and which in turn caused the ulcera• 

tions of the cheeka and tongue 10 often seen in uremie patiente. 
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Creatinine il one of the major derivative• ol protein 

cataboliam. It ia ehemically the anhydride of creatine. In 

vivo, it is priacipally formed from creatine phoephate whieh 

ia a. major co!letituent of most body cella but ia foWl.d ln higher 

cone~trationr in the larger soureea of endogenoua protein, 

na:rnely muscle eell8. 

For the synthe ais of creatine, the principal amlao acl•• 

involved are glycine, argiDine and methlolliae. Cread.ne il 

convened. to crea.tbûae in the muaelee by the removal of water 

and the formation of an intra:rnoleeuàr peptide linkage. Creati

ftb.e may be eoaaiderecl a typlcal end product of protein met&• 

bolian. Schreiner aad. Waher (1961). atate th•creattaine 

excretion il a much more conatant phenomeaoa than urea 

excretion, and that endogenous creatbûne d.etermiaatioa. il 

a uaeful clinleal telt for the quantitative aaaay of renal damage. 

They further atate that the dialysla of creatbûne il cUfferenJ; 

from the df.alyala of urea, and il uaually a more aceurate bio

chemi eal g;uide to the de gree of uremia than ure a. Although the 

eerum creatinine riae1 aomewhat later thaa the blood urea 

nitrogen in renal inaufliciency, it ia leal likely to be allectecl 

by auch extraneoua factor a &1 the rate of di ure ai 1 and protein 

intake. 
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The following table haa provo moat ueful ill th• evalua-

tlon of laboratory levela of Ditrogeaou• catabolic eubatuce• la 

the experimeata performecl: 

TABLE I 

DOQ Complete llange 95ft Range 
Nitrogenou1 Mean Standard 
C onatitueat a Value a Deviation High Low High 
(mg./lOOml.) 

NPN 21.5 6.§ 52.4 15. J 4Z.4 

Ure a 14.7 4.8 21.6 7.0 ZO.l 

Creatinine l.Z 0.47 2.7 0.3 2.6 

From "Blood Componeata in the Dog: Normal Valuea" 
by M. H. Ca.rr aad P. Il. Sehloerb, J.. La.b. &t 
Clin.Med., 53: 646 • 652., 1959. -

Low 

16.7 

7.5 

0.4 
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Operative ,Procedure: 

The aninu~.la were not put on any speeial regimen nor did 

they receive meclications of any form preoperatively. 

,An.aestheaia con si ated of intravenous Sodium Pentobarbi-

tal in a. dosage suffieient to produce eurgieal anaesthesia(60 milli· 

gran1s of the anaeathetic per 5 pounds of body weight). 

The dog waa pla.ced on the operating table in the aupine 

position, all four extremitiea firmly bound to the edges, thereby 

permitting a good abdominal expoaure. The abdomen wa.s sha··ved 

with an eleetrie razor and aerubbed with tincture of rnetaphen 

l:ZOO solution (Nitromeraol Tincture, N.F.) and sterile drape• 

were applied. 

A median low abdominal incision of euitable lenght is made 

and carried down ~ventually opening up the peritoneurn. The 

intestines are retra.eted earefully cephalad and laterally with 

rnoist, saline-aoaked intestinal pa.cka. The uretera are then 

identified and trac:eci to their diatal thirds where a small incision 

is made in the poaterior peritoneum immediately lateral to the 

ureters. A gall-bladder forceps is slid through this incision 

underneath the ureter towards ita medial a1pect, where the peri

toneum is also incised. The uretere are mobilized caudally for 
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for a length of about Z centimeters. Two loo se sutures of 

' • 0 silk are inaerted to replace the cla.m.p and serve for 

traction purposes. With the ameroid constrictor grasped 

firrnly with a gall-bladder forceps, the ureter is gently 

tented upwards and its long axis is introduced carefully 

within the ameroid 'a lun:en. The intestine a are replaced 

in their original location, and abdominal incision is closed 

in layera. 
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2J?!ratlve TeehDique: 

la the •• experimenta, the purpo•• ha a 'been primarily 

the inter:ru.ptlon ol urinary flow through the uretera. lA addi

tion, nephrectomie• were performed ln aome inatancea. 

S.veral varled. technique• were uaed in an effort to aaawer 

qu.eationl re1ardlag: 

1) What type of amerold conatrictor waa moat •uitable 

for a de1lred. degree of azotemia aad./or uremia. 

Z) What group of a:nimala made azotemie or uremie 

aurvi ved and would provide optimal condition• for 

aa eventual ld.d.ney homotraneplaatation. 

3) What partleula.r technlt~ue producecl the leaat harmful 

eflecta oa the animal•. 

The experimental animale have been d.ivided into groupa 

accorclb.g to the proeeclur• employed. 

Group I. 

Group II. 

Group m. 

Jaeketed ameroid eoaatrictora applied to 

both uretera. 

A jacketed arneroid conetrictor applied to 

one ureter only. 

A jacketed amerold eonatrictor applied to 

one ureter, and a c:ontralateral nephrectomy. 
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Group IV. A jacketecl ameroid conatrictor appll•d. to 

one uret.er. and aa unja.ck.eted counterpart 

appU.ed to the other ureter. 

Group V. Unjacketed ameroid conat:ric:tora applied 

to both uretera. 

Group VI. Unjacketecl uneroid coD.atrictor appll•d to 

one uretel' oaly. 

Group VII. .Att unj acketed amerold coaatrictor applled 

to one ureter, alld a ecmtralateral nephrec: • 

tomy. 

Kldaey Homotraaaplaatatlon: 

Employù&g the me thol. uaed. by mo.t of the worker1 in 

ldd.aey homotraatplaatatlOD., the kidaey hornoaraft wa1 traa1planted 

to the receiplent•e tllac foaaa. Thia waa performecl with the moat 

aaepûe techDlctu• po a ai ble u.nder the cireumltancea. Upon openin1 

the recipleat'a a'bd.orninalaavity, va.aeula.r eontinuity of the kl.dney 

homogralt'• pediele wa1 achleved. by an end-to-end anaatornoaia 

of the donor'a renal artery or arteriel to the terminal branche a 

of the recipl.eat' 1 mid.cU.e 1aeral artery, and an end.-to-aide anaato

moala of the d.oaor•t renal veia to the reeipient~s c:ommon iliac vein, 
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The hom.ogratt u.reter waa lmplanted into the receipient'a uri· 

aary blad.der via a aubmucoaal twmel, alter it haa beea aacer

tab.ecl to have dripped urine from itl f:ree ead. The time lapae 

from cl.ampiag of blood eupply of the doaor lddney to ita resto• 

ratioa in the reclpieat waa alwaya in the vicirdty of 50 to 60 

minute a. The abclomlaa.l wall wa• cloeed. ia layera upon com. • 

pletion of the ana.atomoeta aad eonfi:r:mation that circulation 

had. beea ree atabli thed ia the homogra.ft. 
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RESULTS OBTAINED 

Groue 1. Jacketed. ameroid coaatrictora applied to both uretera. 

Fou:r d.oa• wel'e aubj•ctecl to thil procedure. la all four 

aJÙm&ll it W&l geaerally Oblerved that at about the third Or the 

fourth day after the procedure, they appeared illt oftea refuaing 

food. and. water. Extreme apathy waa the rule; the ammala would 

lie flat and whea made to walk, preaented UD.ateady gait. Vomi ting 

and dia.l'rhea ~.· a com.mon occurrence, aa waa the laat loaa of 

aubcutueoua ti11ue. Urinary output gradually became ~œ.ntym. 1he 

third aaci fourth day after the operation. Theae doga preaented 

a fast aad etead.y riae in their BUN aac:l creatinine valuea, ata.rt

ing already oa the aecoad or third po1t -operative da. y. They all 

expired withln a period of one to two weeka, with BUN levela 

ranging between 30 and 91 mg per cent, a.nd creatinine levela of 

3 to 4. Z mg per cent. 

At auto pa y, the lddaeya and uretera a.bove the eonttl'ictora 

preaea.ted varyi.Dg degreee of hydronephroaia. The renal pelve• 

and calyce• were dJ.lated; the ureteral wall above the site of 

obatruction appeared eclematou• and thickened, while the segment 

below the ameroid appeared normal or even atrophie. The re waa 

COD.Iiderable li'broua proliferation a round the ame roide, yet when 

the1e were carefully removed from the ureter• aad the ureteral 
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Fig. 8 . Groas appearance of hydro 
nephrotic kidney obstructed with jacketed 
ameroid constrictor for 2 weeke . 
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Fig. 9 . Hiatological aection of ren 1 cortex of 
hydronephrotic lddney obatructed with jac:keted 

· ameroid conatrictor Z weeka . (Group I) x '420.: 
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. . . 

Fig. 10. Hiatological croaa aection of a ureter oba- · 
tructed with a jacketed arneroid constrictor for Z weeks, 
ahowing ameroid substance infiltrating the wall with re
action around it. x 80 .. 



~ 

ttO 

lOC> 

70 

~ 60 
CJ'\ e Jo 

21to 
::;:::) 

ÇQlo 

~ 

[0 

ri 

:c 

~ 
9 
i ~ 

I..Ll 
., 

z 6 

z s 
4 

)- ·3 
~ 2, 

ex. • u 0 

• 7S • 

Blood Urea Nitrogen and Creatinine Levels in Group No. 1 
( Jacketed ameroid constrictors applied to both ureters ) 

'Pre operative 
values 

\ ' ~ 1 
wuk5 pJ'st o~.lve 

TABLE ll 



• 74-

lu:rnlaa opened., lt waa obaerved that the latter had na.rrowed 

eonaiderably although patent enough to admit a No. 19-gauge 

aeedle. 

The ld.dneya on aeetioning oozed profuaely vrith malodoroua 

puruleat material coaalateat with that fouad in infectecl hydrone

phrolia. The renal pelvea aad calycea were dilatecl, and the 

renal cortex appeared thiDAed out. 

Wicroaeopically, the typical atrophy of the tubules aa 

compared to the relatively intact glomeruli, wa.e preaett. 

Group U. Jacketed ameroid conatrictor applied to one ureter 

oaly. 

In thil group, the doga were practically asyrnptomatic 

and apparently healthy, with the exception of one animal who 

died of a bronchopneumonia in the fifteenth week. Urinary out• 

put waa appa.rently satiafac:tory poatoperad.vely. BUN and 

creat1Dlne valuea had very minimal a.Jld elow rite in the aaimala 

aac rificecl fourteen to fifteen weeka alter the procedure. 

The higheat BUN reading waa 19 mg. per cent, and that of 

creatinine waa 1. 8 rrt g. per cent. All the se do ga ahowed a marked 

hydronephroail of the lddney correaponding to the obatru.eteci 

ureter, whereal the coatralateral kidney appearecl •~,ghtly 
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hypertrophied. or eaaentially normal in appearance. On section-~ 

lng the hyd.ronephrotic kidney. the renal cortex would be thinned 

out to a mere ahell with numeroua lobulationa ta the pelvic part. 

The fiuid in aU the caaea was fettd, yellowieh in eolor, and mark

edly turbld, preeenting the picture of a. :frank pyorephroaia. The 

groae ftndinga in the obatructed u.reter were very much like 

thoae found. in the previoua group of animale. 

Hiatological aectiona of the obatructed ureter and ldd.ney 

were aga.ln very aimilar to thoae of Group I, although on the 

eontralaterallddaey, the picture was one of eompenaatory 

hypertrophy in varying degree a. 

Group m. J aeketed. a:merotd eonetrietor applled to one ureter, 

~da contralateral nephrectomy. 

The dog that wae made uremie with this procedure was 

utilized as a. lddr.~.ey donor for a homotraa1plantation proeedure. 

It wae obeerv•d that the BUN level raae from Ptl initial ZZ mg. 

per eent at operation, to 90 mg. percent in a period of ••ven 

daya; the creatirûne value• from 1.1 mg. per cent to 4. Z mg 

per cent, re apectl vely. Thi a animal developed profuae, re

peated vomiting and salivation on the third day poat-operatively. 

It ahowed marked apathy, losa of weight, refuaal to eat or drink, 

and developed tremora of the extrem.itiea. Theae :nanifeatationa 
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bec ame progreaaive up to the aeventh day after the procedure, 

when the animal expi red. Its urinary output wae praetically nil. 

The remaining kidney, although h )dronephrotic, waa ob•

erved to be amaller than the specimens tak.en frorr the previoua 

two groupa. The h:ydronephrotic fluid waa of the eame color, 

c:onsiatency and odor a a in the othe r groupa. The ureter, 

above the site of obstruction waa dilated, and below it, c:ol

lapaed. Ita ureterallumen, although markedly diminiahed 

in cali ber, xnaintained patency. 

Hiatological sections of the kidney ahowed tubular atrophy 

and dilatation, oec:aaionally cyatic, more marked than in the 

previoua groupa. The glomeruli bad likewise auffered tome 

atrophie changea and hyaline caat formation. 

Group JY. Jacketed am.eroid constrictor applied to one ureter, 

and an un2acketed eounterpart to the other ureter. 

This group of four dogs bad a relatively alower riae in BUN 

and creatinine levela than the preceding group. In a period 

of thirty daya, the original BUN levela ranging between 15 and 

2.0 mg. bad riaen to levela between 44 and 98 mg. per cent. 

Unfortunately, theae animala died within a period of fou.r to 

aix weeka, two of them from pneumonitia, a.nd the other two 

dying auddenly from cause a undetermined. 
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Fig. 11. Radiograph of illuatrative· example 
in Group IV. (A jacketed ameroid constrictor 
is applied to on ureter, and an wjacketed 
counterpart to the other). Arrow showe jacket
ed ameroid in the right ureter. 



• 
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Fig. 12. Intravenou1 pyelogram of 1ame 
dog in Group IV. (A jacketed ameroid ap• 
plied to one ureter, and an unjacketed 
counterpart to the other). Thil picture 
1how1 kidney ob1trueted with the unjacket
ed ameroid. Arrow point• to dilated ureter 
and pelvi1. 
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They all preaented the expected fincUnas of bilateral 

hydropyonephroaia, more marked in the lddney whoae u.reter 

wa1 obatructed by an unjacketed am.eroid con1trictor. The 

ureterallurri.na at the aite of obatruction were patent. A 

larger patency waa obaerved in the ureter where an unjacket

ed ameroid conatrictor produeed the interference ot the uri • 

nary flow. The proximal ureterl were dilated and edematoue 

in aU c:aaea. 

Tubular atrophy and dilatation aa well aa glomerular 

atrophy and hyalinization were aalient featurea in the hydro

nephrotic ldcl.neya obatructed by the jac:keted ameroid cons· 

trictors. Thil ea:me finding but to a leaaer extent waa pre• 

aent in the kidneya obatructed by the UDjacketed ameroid. 

Group V. Unjacketed ameroid conatrlctora appli•C! to both 

uretera. 

There were live dog• uaed for thia procedure. lt ia 

intereating to note that their BUN anet creatinine value a had 

a very alow progre1alve rlae. From BUN levela of 15 to ZO 

mg. per cent on the d.ay of operation. cieterminatioa1 d.one 

lS 1/Z to 17 weeka poat-operatively, rose between 15 and 45 mg. 

per ceat. Creatinine value• likewiae bad a ateady alow increa1e 
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from normal values to readinga between 4.8 aa.d 6.0 mg. per 

•••. Theae do11 behaved. normally in all re1pects. had a 

good foocl and fluid inta.ke up to the time they were aacrifieed. 

and their loa • of body weight, if any, a.ppeared mimmal. Their 

urina.ry output 1eemed to be normal at all timea. One d.og de

veloped a 1caly dennatitie eruption over the inner thigha about 

the fourth week alter the operation, but outaide of thil, beha.vecl 

aormally. 

When tacrificed, the kidneya of four doga preaented a 

dueky appearanee and were very minimally eala.rged, the dif· 

fe renee in 1lze between the ldâneyl being inaignificant. On 

section, the pelvia wa1 appreeiably larger in aize and. the renal 

cortex waa but elightly thinned. The proximal ureter waa very 

alightly edematoua and enla.rgecl, and the .J.te of the ameroid

core application felt like a amall amooth knob due to the pro • 

liferated fibroua tiaaue that had been formed a.round it. On 

opening tlûa area~ the ameroid-core appeared in moat ca••• 

to have diaintegrated markedly and merged. with the aurround• 

ing fibroua ti11ue, aince the former eould aot be ià.entified 

readily a.a it appeared aa amall iaolateâ. d.epoaita of britile, 
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aemt-c:alcareoua material. The ureteral lumiaa had eonaidera

bly decreased. in cali ber, but were patent in all the eaaee. 

One of the doga aaerifieed at the end of the fifth week alter 

the ar.neroid-core application pretented severe hydropyonephroaia 

of both kidneya and proximal uretere, unlike the elight enlargement 

of the lddneya of the animale ineluded in the aame group. When 

1ecUoaed. the renal cortex wa.1 extremely thbmed out by the 

exaageratedly enlarged pelvie that eontained. the istc~teaeed amount 

ot the pyohydronephrotic fluid. lJ.t life, thie dog did not manifeat 

aay untowa.rd tdgn and behaved lik.e any of the doga ln the aam.e 

group. Its BUN and creatinine levels followed the eame general 

pattern of slow progreseive ri se as in the othe ra. The micro a

copie pieture in this caae was very slmilar to that preaented by 

kidaeys whoae obatruetion wae produced by mea.ne of a jacketed 

am.eroid constrictor. 

The general histologie pieture in the::majority of theae 

a:raimals coincided with tho se found in kid.n.;;; y a obstructecl by 

the ameroid-core, although it waa evident that the degree of 

tub\llar dilatation. a.a well aa glomerular destruction appeared 

aomewha.t lees. The re wae aome dilation of Bowr.nan' • spa.ces 

with oecassional 1mall in.fl.a:mmatory foci ln the renal pelvis. 
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Fig . 13 . nluatrativ ex ple of tàe gro•• 
appearance oflddneys and uretera found in 
do ga from Group V. (Un.jacketed ameroid 
constrictors applled to both ur tera. 
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Fig. 14. Cloae -up view of the •ame uretera at 
the point of ameroid core applic:aUon and oba
truction. Note dilatation. edema and hypertrophy 
of proximal segment as contrasted from distal. 
Ameroid core is enveloped in thick mesh of fi
brous tissue as seen on the right. Lumina both 
patent. 



- 84-

Fig. 15. Hi stological section of kidney aîter 
ureteral ob1truetion with unjacketed ameroid. 
con1trictora applied to both ureters (Group V) 
for 16 1/2 weeke. x 450 .· 
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Blood Urea Nitrogen and Creatinine Levels in Group No. V 
( Unjac:keted ameroid constrictors applied to both u:-eters ) 

01~~--------------------~~~~~ 'Pre ~rativa_a_.,. __ ,..._, __ fr_e __ •_-_•o __ ,_o--...,',..." __ •2._·_•4 __ ••_·_t6_tt_-_,a_•_•_·1_t..., 
va1ua ._ 

6-s &-•o .o-•~ 1:tr1... '*-• 16-te ••-~ ----------------------' wtek~ toSt opeta.t1ve 

TABLE W 



- 86-

Oroup VI. Unjacketed ameroid constrictor •E2lied to 

one ureter only. 

There were four dogs in this group, It was noted. that 

when these animale were sacriîiced five to six weeks alter the 

operation~ their BUN and creatinine levels were ln the range 

of 18 to 20 mg. percent and 0.8 to 1.0 mg. percent above their 

pre-operative values . .Aa waa expeeted, theee doga were free 

of any unwanted. aigna. 

At autopsy, the obstructed kidney waa hydropyonephrotic. 

manife sting the usual lobulationa in its enlarged pelvis. The 

renal cortex wae in most cas••, ironed out to a mere 1hell. 

and when eectioned, the re was· a profu1e ooze of fetid. turbid 

fluid. In one ineta.nce, the :fluid appeared like d.iluted anchovy 

paatt. 

The ureter ahowed 1ta uaual proximal thickening and 

dilatation, and a. normal or s.lightly atrophied segment distal 

to the am.eroid-core location. The a.me-:oid-core would alwaya 

be hidden ln a amooth knob of ftbroua tiseuœ easily identifiable 

from the proximal or distal ureter. In two instances, the site 

of ameroid•core application felt hard and 1mooth to toueh aa 

eompared to the re1t of the ureter, a.lthough the uaua.l fib~oua 
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Fig. 16. Hietological croaa aection of ureter 
obstructed with an unjacketed ameroid cona
trictor for 16 1/Z weeka, •howing ameroid 
substance well defined around the ureteral 
wall. x 22 . 
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knob coule! not be demOD.trated.. On opeaing thil area h.owever • 

the definite na.rrowing of the lumen. would. alway1 be constant. 

Ureterall\lt'nina in all the casee were apprectably dJ.mbù.ahedln 

cliameter at this site. 

The hietologieal pieture of the affeeted kidney wae essential· 

ly the aame aa that described in the kidneya bloeked with unjaeket

ed amerâ.d constrictors .. 

Three eontralateral undiaturbed kidneya lhowed evidence 

of hypertrophy, while one kid.ney did. not show hardly any ab

normality in:ita hietological structure. 

Group VII. Unjacketed ameroid constrictor applied to one 

u.reter, with a ccm.tralateral neJ?l?.reetomy. 

There were three dogs in this group, and two of them became 

donvrs .and azotemie reeipiente for the lddney homotranaplata• 

tion procedure•. One dog waa aacrifieed six weeka after ameroid· 

"-ôr.t lppli.cation and contralateral nephrectomy. Its BUN reading 

waa 42 mg. per een·t and the creatinine level had risen to 4 mg. 

per cent. This animal did not present any uremie manifestation• 

at this 1tage. The animais in this group failed to show any di ... 

m.inution ol. urin.ary ou~ut .. 



Fig. 17a. Fig . 17b. 

lllustrative appearance of kidneys and ureters after 6 weeks of obstruction 
found in dogs from Group vn. (Unjaeketed ameroid constrictor applied to 
oae ureter, and a contralateral nephreetomy). Note that in Fig. 17b. the 
usual fibrous knob around the ameroid cannot be •een due to absorption of 
the ameroid core. 

QD 
..c 
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Fig. 18. Close up view of the same 
ureter shown in F ig. 17a, of ameroid 
core application a.nd obatruetion. Note 
patent lumen. 
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Fig. 19. Histological section of kidney after 
application of unjacketed ameroid constrictor 
to its ureter, and a contralateral nephrectomy 
at 6 wee~&. x: 120. 
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The gros1 appeara:n.ce of the kidney and proximal ureter 

wa.s that of a ma11ive hydronephrosis. On eut aectlon., the 

renal cortex ag ain wa1 markedly thtnned out, and the pelvi 1 

ahowed the eharacterlltic lobulatione seen in severe hydro

nephro•i•. The fiuid thereint although urinoue in amell, was 

turbid and of a yellowi ah •green eolor. 

·The microa,.opic picture talUed with kidney findings in 

case a of inlected hydronephrosi•. 

Attempt• at kidney,homo~r~nsplantation. 

With the level of azoternla eetabliahed in the host, it waa 

thought valuable to investigate and probe into the azotemie or 

uremie sta.te as a prediapoaing factor to an effective horn.ogra1t 

Employing the method uaed by mott ol. the workere in 

i.hil4 !!.eld, the lddney homogra.lt wae tranaplanted to the donor•s 

tliac foe a a. Transplantation procedures were performed on one 

uremie and three azotemie recipients from norr.nal donors. All 

ot theee recipient• had a unilateral nephrectomy prior to thil 

procedure. The uremie recipient died on the firet post- opera

tive day from a elow venoua leakage at the eite of the anaetomoeia. 

The tlrat two azotemie hosta lived for 21 and ZZ daye 
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respectively a!ter the operation. Despite the fact that both 

of the donor kidney ureters were secreting urine prlor to their 

implantation into the host bladder) the se kidneys were found to 

have undergone extensive rejection changes at the time of 

death. The renal hon1ografts in both cases appea:red very rn•ch 

the same. They were both pale, enlarged~ and their surfaces 

presented sharp fissures. On section) it was hard to distinguieh 

the pelvi.s from the cortical substance sinco they had merged 

into a. dirty gray, caseous, hon:ogenous mass. Their renal 

vessels had throrribosed, and the ureters were collapsed. 

These d.ogs n1.a.nifested an array of syrrptoma and signe of 

disturbed n:etaboliam within the .first post-operative week. 

(Copious salivation, vomiting, diarrhea, progressive eachexia, 

tremors, and :fina.lly, coma.) 

The last azotemie host had bad a nephrectomy and an un

jacketed iillleroid applied to the contralateral ureter. The BUN 

was 49 mg. per cent and creatinine ,~. 0 rr~g. per cent at' the 

time of operation, and the dog was completely asymptomati\:. 

A hon1ologous kidney waa transplanted to its iliac tossa; and a 

free flow of urine wa.s ob se rved fron:· the eut end of the donor 

ureter before its incorporation ot the host bladder. Excretory 
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pyelogra.n:; done on the eight post-operative day revealed good 

function in an otherwiae sllghtly h:,dronephrotic horr:otrans

planted kidney and ureter. The animal seemed to be thriving 

aatisfactoril). To corroborate thi a finding, a laparatom y wa.s 

perforn:td t'AG da ys later. On opening the abdominal cavity, 

the kidney homotransplant appeared slightly enlarged, viable,@D'.i 

presented a slightl} dilated ureter. The renal artery waa 

atrong and pulaating, the renal veina were patent and the 

auture linea in the blood. veaeels were intact. Following this 

laat aurgical intervention, the dog gradually became anorexie 

and lethargie, and persistently lay on the floor. Vorniting, 

which in the beginning waa allght, beeame continuous and ln• 

tractable. The azotemie levels of BUN and creatinine had drop

ped a little but never to normallevels. Thil animal died on the 

twelfth day after the homotransplantation procedure. At autopsy 

the homot!'anaplant and its corresponding ureter had not changed 

much in appearance aince exploration, but in addition, there waa 

a frank, profuae auppurative peritoaitis. 

The microacopic pieture waa that of a prominent tubular 

diseaee ahowing evidence of hyaline casta within the tubules. 

Scaltered foci of aeute and ehronic inflammatory cella were 
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obeerved throughout the kidney, as weil as evidence of hemorrhage 

and inflarr.rr..ation in the peripelvie fat. These changes were con

&ietent with a pyelonephritis and septicemia. 
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Fig . 20 . Intravenou e pyelogr am of 
azotemie recipient dog (198) showing 
adequate function of homogr~ on the 
8th post-operative day. 
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Fig. 21. .A ÎWlctioning kidney hornotrane
plant as seen at laparotomy 10 days after 
transplantation proc dure. (i'98). • 
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Fig. 22. Hiatological section of kidney homograft 
done at autopsy 12 da ys after the procedure. x 120. 
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Fig. 23. Same histological section seen under 
high power ( x 400). 



• 99-B -

T 

Fig. Z3-B. Hietological section of homotrane ... 
planted lddney showing rejection changes ( x 160) 



Fig. 24. Dog 1 98, azotemie recipient irmnediately befo'i'e pyelography on 
the 8th po•t-transplantation day. Note apparently normal ·and healthy 
appearanee. 

.... 
0 
0 
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DISCUSSION 

The diacuaaion of the results of the procedure• perform

ed will be focueed on two topic s, narr1ely: (a) the contribution 

of a.meroid eonatrietora in the experimental production of 

chrome renal inaufficieaey; (b) the role of thia type of induced 

chrome renal ineuffieieney relative to the prolongation in the 

1urvival time of kidney homografts. 

The preaent inveatigation hae ehown that the degree of 

asotemla or uremia prociuced in the dog may be acc:elerated or 

retarded, ae the caae ma y be, by the uee of the sui table 

ameroid conetrictor. Furthermore, the rate of acceleration 

can be eahanced by eombining the latter technique with ne

phrecton-:: y. 

The funetional dieturbanee from the conatrieting action 

o1 the ameroid upon the urete.-, po a aibly -:~terr.a from the 

damage produced by the expa.nding ameroid constrictor to 

the ureteral miwcle celle, or to the nerve eelle of fi berl. 

Sheehan and Davis (1961) conaidered the ureteral disturbaneea 

produ.ced by externat preaau.re agent• aa a type of "achalaaia" 

wherein the ureter dilatee above the conatricted aegment. By 

do doing, progrea1ive hydronephroail eveatually ta eltabliah

ed, and intrapelvic preaaure ie inc:reaaed permaaently. The 
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klclaey continuee to eec:rete urine, though probably in a lesser 

vol\Une thaa normal. Thia urine eeea.pee continuoualy from the 

reaal pelvia by meana of a "pyelovenous ba.ckflowu a.a poatulatecl 

'by Hbunaa aad lAe-Brown (19~4). Domlngues (1940) and Adama 

(1960) confirrrted. Htaman'• lin.df.nga by afflrr.ning that pyelovenoua 

commurdcatioae are alwa.ya ettablished, aa proven by their work. 

Narath (1940) oU.er1 a different interpretation ba1eà on ana.tomtc:.a.l 

1tu.dte1 he hal performed on. the minute mueculature of the for

Jd.cea, calycea and pa.pillae. He believee that the term "pyelo

veaoua backflow" be reatricted. only to the traumatte protlu.etion 

of alaovenoua ingreaelon. ln the tern-JI of Hinrnaa et al, lt may 

be juatlfied. to preauzrle tha.t the backflow increaeee conlliderably 

u the int:rapelvie pre1aure riaea, ao that the preeaure cannot 

exceed. a certain upper 1evel. Thil level ia a\lfficieatly low to 

allow the ldciaey to contiaue to aecrete u.rine \11\til the renal 

cortex flnally becomee ~ophied and fUDetloale••· ()etling 

(194i) claima that the tat:rapelvic prea•ure in hydronephroals 

il only Z to 5 mm. Hg. higher than in the normal pelve a. 

Kül (1957) noted that the totalli.gation of the ureter of 

the dog only occasionally leada to atrophy of the kidney wtthout 

development of hyclronephroei1. This auggeata that reflux ia 
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less easily e etabli shed in dogs. In man however, canals of 

reflux are evident! y not produc:ed to a sufficient extent, and 

the exeretory ducts of the kidne) are obstructed b; the 

renal-pelvic counter-pressure, so that renal atroph )· is 

produeed following the cessation of renal function. Ureteral 

obstruction produces darr:age, first to the distal tubules, then 

to the proxin;al tubules, and eventua.ll to the glon:eruli, as 

found by Reisma.n et all (1957) in his experirnents. In dogs , 

the damage produced is refiectèd in a din::inished clearance 

test that is proportional to the duration of obstruction. Thus, 

it is safe to a tate that ureteral obstruction dan:ages the kidney 

roughly in proportion to the degree and. duration of obstruction. 

A review of the literature gives evidence that detailed 

research into the pathogeneais of hydronephrosis is difiicult 

to perfcr1~· or.. animale because the eon~mon la.boratory ones 

(do ga, rabbits, guinea pigs and rats) possess unipapillar 

kidneys as contrasted to the hun an renal pelvis which is 

m ulti pa pilla r . 

.An establishrr.~ent h::,drophrosis will invariably lead to 

stagnation of urine, and thus, infection. .Anatomically, the 
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ureter provldea a direct route ol. btvaeion from bladd.er to 

ktd.ney beeauae the aubepithelial ti a sue of the blad.der, ureter, 

and reaal pelvia ta eontinoua with the interatitial tiaaue of the 

ld.clney. Phyaiolopcally the obarueted ureter lnereaae• 

the lutcepttbility of the ldd.D.ey to infection becauae ureteral 

dyetunction 1•nerally involvea 'belic!e• obstruction, a veaico• 

ureteral renux. The ureter ta not an inert tube but aa aetive 

muaeula.r ltructure, aad recopition of thil fact le ade to a 

dynamic • rather tha:n a atatie concept of the procea • that 

develope. 

Be1lc.iea the infection that eommonly followa ureteral 

obstruction, aubatancea ln the blood derived from protein 

or protein metaboli1m maai.leat cu.mmulative changea la 

reaponae to the renallmpairment. Principal among theae 

end producta of protein eata'boliam ia urea. The poaaibility 

atill rem aina that ure a in high concentration• il di reetly 

toxic to 1ome apecille orga.na orto the orga.niam ln general. 

Creatinine levela are likewiae elevated ainee any of 

the factor• which tend to promote a nitrogen retention might 

well afieet lt• rate of formation. Sirnilarly, urie acid, 

blood arnmonia and othe r aitrogenoua wa.ate a are elevated. 
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It il well known that there are also diaturbaneea in the acid 

base balance, as well as in the fluid and electrolyte rneta

bolism. 

In the present etudies, it was observed that in Group I 

responding to a faater rate of bilateral ureteral constriction 

produeed by the jacketed ameroids, the ri se in BUN pre

sented an accelerated responae. It was evident that up to 

the third or fourth day, urinary excretion appeared within 

normal limita, and from thenon, a gradual decrease in the 

output was noted. Thie deficiency in urinary output rr1ay 

well be explained by the constriction offered by the expand

ing ca sein pla a tic core limited by it s ri gid un yielding steel 

jacket. Theae animais showed signs and symptorns of 

clinical urinary insufficiency at about the same time that 

the urinary output gave evidence of impairment. It is to 

be expected that beaides the concorr,itant rise in creatiniae 

values, aerum potassium would also be increased since 

this inorganic cation ia elevated in any fornJ. of untreated, 

progressive renal disease. The dogs becarr1e frankly aci

dotic, and expi red in one to two weeks consequent to the 

obstructive phenon:enon created. In addition, the abnorrr.al 



- 106 • 

accumulation of the1e altrogenoul waete proclucta plua the 

de rangement in the normal electrolyte pattern, body fluids, 

and a:a imba.la.ace in the umilieu interieur" contribu.ted. to the 

4eath of theae aaimale. 

Although it woulcl have been ideal to perfonn urine 

compoaltioa. aad. volume etudiee in the te â.oga. it ha a been 

eu.ageateâ in the lite rature that in renal failure, the kidneya 

are unable to maintaln hom4101ta111, and therefore the urine 

11 aot a reliable lad.ex of the end.ogenoua metaboliam. and 

exogenoua batake. Al a matter ot û.et, it ha a beeu atated 

tha.t the ir.npaired abiUty to vary ite compo1ition in reaponae 

to metabolie aad dieta.ry variation• ia the moat eharacte• 

rlatic urinary chaage of renal failure. 

In contra•t to the a.aimal1 in Group I,{ wherein jack· 

eted conatrictore were applled. to both ureters ,) thoae of 

Group V, (wherein unjacketed. coaatrictor• were appUed bi • 

laterally ), it waa àemonltrated that BUN and creatinine 

levele rose m.uch tlower thaa ia the firat group. Theae 

cloga were free of any untoward 1ip1 and. 1ymptom1 of 

renal inaufficiency. At no time did they ever ahow any 

chan1•• in their d.ietary habite. Their fluid intake was 
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adequate at all times. There were no changea observed in 

thelr daily urinary output. AU the se obse:rvatlona aeem to 

atem from the fact th at the urete ral constrieti011 produced i a 

aot a1 great as that found in Group 1. beeauae of the uarel • 

trained expaation of the uajack.eted ameroicl. The casein

plaetie core expa.Dda both eentrifugally and eentripetally, th ua 

offering the ureter within ita 'bore a. relatlvely minimal im

ped.!ment to uriaary flow. This. however, did. not prevent 

the blood aitrogenoua constituent a to accumulate and riae, 

although aa ahown in Table II • it took a. 1pan of 15 1/Z to 

17 weeka for the BUN aad creatinine levell to rea.ch the azo

temie plane a. In Group l, Table m: ahowa the more accelera.ted 

elevation of theae conetituente tha.t took place in a 1pan of Z 

weeka. An evaluation of. the ove r-aU re ault• ot. dogs in Group 

V haa led. to the conject\ur• that unjacketed ameroid conatrict

ora a.pplied to the uretere p:roduce the leaat objec:tionable 

fiatlbtga in the experimental animale a1 proven by their 

cUnical beha.vlour ~ phyaiologieal maaife•tationa, laboratory 

finâing1 and hiatopa.thologica.l evidences. For 10me inknown 

reaeon, one dog in thia group deYeloped massive hydrone• 

phroeil, although devold ol any other aasociated clirdcal or 
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la'boratory fiadla11 of an expec.Utiou• reaalla1uffleleaey. 

Thea, oae la led to au1pect the poaaibllity of aome pre•exlat

ina eoa1ealtal abaorm.ality ba the cellular ltructure of the 

alfeeted ld.d.Deya, or perhapa tome dlacrepaney in the compo

lition of the ameroid core au'bltaaee. At au.topay, lt waa lm

pol li ble to d.ete nnlne a prevloua eongemtal atructural aao

maly becauae of the m.arkecl hydroaephrotic d.iatortlon that 

had tranaformed the ldd:uy.s into mere flutd-cliltent•d. aae •. 

It waa alao aot feaeible to make any ob1ervad.on1 on the ame• 

roid eorea ilaee they had merged extentively wlth the aurround· 

lag flbrov.a titaue that hacllormed a:rouad them. 

It i a clear aad obvioua la Groupa II aad. VI th at whea aa 

am.eroicl eonatrictor with or without a jaeket waa applied to 

•• ureter, the uadf.aturbecl coatralateralld.daey bad to 'beeome 

hypenrophied by obligatory eompeaaation aad take over a great 

deal of the load. of the obatl'u.cted lddaey. The behaviour of 

the do11 waa normal. Their autritloaal atatua did not auffer 

aay ehaagea aacl their fiutd intake waa adequate at all timea. BUN 

aad creatbd.ae levela praetlea.lly remalaed within aormallimita. 

Ht.atolopeal ••etionl of the iavolved ld.daey• in both aroup• I&Ve 
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e11end.ally the aam.e hydronephrotic pictu.re. la the group 

obetructecl wt.th the unjacketed ameroid eonatrictor, while 

mo et of the eontralateral W1ditturbed lddaeyt thowed. evi • 

cleaee of hypertrophy, one of the le kidney1 ma1atained. aa 

abno•t normal hl1tological etr\letu.re although aro11ly mud· 

feattn1 tome eala.rgemeat. It 1eem1 lea.atble in thil case 

to expla11l thia finding by a.pplying Hlnmmaa•• "pyeloveaoul 

bacldlow" theory to the obetructed lddney. The trapped 

urine continuoualy leavee the kidney pelvi1 to find lta way 

into the renal vein1. By 10 doing, the contralateral kidney 

appa.rently ha• uadergone mbumal structural chans•• ill 

eornpenaatioa. 

When the ureter wa1 eonatric:tecl wlth a jacketecl 

am.eroid aad. a contra.latera.l nephreetomy perlonned, as 

flone la Group m, laat, progre•eive ri1e la the BUN and 

creatinine level• were obeerved, wtth the uùmal exhlbltiag 

aau.ria in the third. day poat-operatlvely. The a.abnala would 

not tolerate any food. or watcr, pel:' ai 1tently lay on the floor, 

cleveloped tremora ol. the extl'emid.ea, aalivated profuaely 

and vomited repeatedly. One dog wa1 lrankly acidotic, 

azotemie:, and died in a period of one week. The ld.dney 
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at autopay, although hydronephrotie, did not attain the aize of 

thoae in the other groupa, probably beeauae the rapidly expand

ing jaeketed ameroid conatrictor did not allow it to undergo 

active adaptive changea to the abrupt poat-operative modifica

tion of function. On th• other hand, the doge in Group VII, 

where an ajacketed ameroid conatrictor waa applied to one 

ureter.and a contralateral nephreetomy done, did not exhibit 

any manlfe1ta.tton• like tho1e in Group m. They appeared and 

ac:ted very much llke normal doga although their BUN and 

creatinine leve la roae progreaaively. Their urinary output 

waa aeemingly unimpaired. Their statua was auch that they 

were conaidered to be the mo at aati afactory hoats for lddney 

hom otranapla:ntation proeedurea. 

The dog1 included in Group IV, where an unjacketed and 

a jacketed. arneroid conatrictor were applied to ea.ch ureter rea

peetively, preaented a picture very much like tho se in Group I, 

where jaeketed ameroid constrictors were applied to both ure

ter •. All the •• do ga c.U.ed within a period of four to aix weeka, 

from eaueee probably contributed by the renal dysfunction that 

waa being produced. Neverthele 1 a, they all revealed the fa at 

ri ae in their BUN and creatinine leve le. Varyi11.g degree a 
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of hydronephroell were revealed at autopay. The kidney 

whose ureter wa.s conetrieted by the unjacketed ameroid 

uaually appeared larger • 

.All the necropsy specimens of chronie hydronephrotic 

lddneys gave evidence of varying degrees of pyelonephritil. 

The relationahip between urinary obstruction and infection ia 

well eupported by mueh evidence in the medical lite rature. 

It waa obaerved that the method of ameroid a.ppllcation 

to the ureters as described in this work, ie rela.tively free from 

immediate post -operative complication a. The eventa that 

fall are purely due to the eventual constrictive action of the 

arneroide, and the infection that supervenes from •tasis. 

Kldney Homotranaelantation: 

As soon as the eonditioned reeipiente \\eN felt to caaform 

with the ideal pieture of ehronic renal inaufficiency, whether azo

temie or uremie, lddney homotransplantation procedures were 

periormed. 

In 1961. Morrison. Maness and Tawes, perform.ed ex

perimenta to prove akin homograft survival in rats with chronie 

renal insuffieiency, and clearly ahowed significant prolo$lgation. 

Other workers performed akin homografts between animal 

partners be!ore or during a ld.dney homotra.naplantation pro

.,ed\U'e ~ Thia waa done in o:rder to obtain an index of rej eet

ion change• that may oceur in the homotranaplantad lddUey 
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or changee that may •oon be anticipated, ainee aldn homo• 

grafta pre lent vi ai ble rejeetion phenome:n.a readily. Skin 

homotransplantl between lddaey host and recipient were 

not done during the1e transplantation procedures lince 

l'eporta in the lite rature, whieh were lately reaffirmed 

by Hamburger (196Z). stated that •kin grafta are un

luitable be cause of the preimmunization danger .. 

Altbough rejection changes were noted in the kid· 

ney homotran.apla.nts in two azotemie recipients. tt ie of 

aignlfieanee to note that one kidney homotranaplant eon

tinued funetioning for 12 daye following tranaplantation. 

There were practically no groas findings at autopsy that 

would. warrant the diapo ai 1 of a rej ection reaction. aa 

leen in the other recipients. To begin with, an intra

venoue pyelogram done on the eighth day ahowed faint 

vi1ualization of the homograit and its eorreaponding 

ureter. Thia ob1ervation wa.a corroborated at laparatomy 

that waa performed two daye after. Un.fortonuately, peri

tonitla en•ued following thi • la at aurgieal intervention 
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reaultlng in the animal '• demise. It thould be noted that i.n 

thia partic:ular animal, the degree of BUN increaae wae not 

very hlgh and the c:reatirdne level waa likewiae only alighty 

inc reaaed. Although the re waa Uttle evidence of homo .. 

graft rejeetion at lZ day a. it ean eertalnly be atated. th at 

thil finding ia beyond. the range of changea expec:ted at 

thla time. 

Survival of a homograft ldd.ney a.fter 12 daye can 

happen in uneonditioned ho1t1, and thia partieular eaae 

may belong to thil category. 
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This acceptanee may in part be due to a direct depre1aion 

of the immunological reactivity of the lyre ph nodea drain

ing the gra.ft, and again, the non•apec::ific atresa of the 

operation may contribute to adreno-conical atimulatioa. 

If • yetemic or topical corti a one acetate admini at ration 

will prolong 1urvival of akin grafta in rabbi ta, aa obaerveci 

by Smiddy et al (1961), then it would not be difiicult to 

aurmiae that prolonged kidney homograft aurvival time 

be med.iated through an overactive adrenal gl&Jld, or glanda. 

The gradual evolution of experimental eventa involved 

in thia work, from the induction ol ehronic renal d.iaease 

to its utilization in homotranaplantation has, for the most 

part, gi ven indi reet evidence ,and a more detailed approach 

aeema to be indicated in the a•essment ci more specifie 

para.:rneter•. Theae !indinga auggeet lever al aapecta of 

further reaearch, and on the present evidence, it is tempt

ing to extend theae basic obaervatioaa. lt would be in

tereating to know what effect dialyaia would have on the 

azotemie or uremie homotraalplaat ho at, if the blood 

nitrogenoua waste levela were rnaiatained at a certain 

threahold plane; what the different immunological etudies 
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done on auch animal• wou.ld 1how; and other aignificant 

minor fa.eet• that may arise from the induced condition. 

Recognition of the fact that eome gape atill have to be 

filled is made, and were it aot for the limitation of the 

time element, a clearer ineight into the cauaative re• 

lationship that exi Jta between c:hronic renal inaufficiency 

and effective lddney homograft "take" might have been 

realized. 
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SUWMAR. Y 

1. A reliable aad aimple tec:luû.que for the prod.uction 

oa alow progre11i ve renal insa.fficiency ha a beeB 

deacribed. 

2.. Unjacketed ameroids have beea cb1erved. to yield 

the optimum resulta d~tired ae regard1 the graduai, 

delayed and· proloaged effect of the ind.uced reaal f.a-. 

1uffidency. This particula.r eon1trictor de1erve1 

more iaveatiga.tional work. ainee it offer1 1pecula• 

tion on future reaearch. 

3. Hydronephrosia in varying degreee alwaya occ:urred 

subsequent to the ureteral obstruetion prod.uced, aad. 

infection wa.a a. common factor aeaoclated with it. 

; .. A homolo&vus kidney tra.napla.nt eurvived a epa:n of. 

12 etaya in a rr.dldly asotemie hoot. Thil a.rd.mal re

cipient. wa1 eoadltioned \vith a combination of a:a UD.• 

jaeketed arneroid constrictor a.pplled to one ureter 

and a eo•tra.lateral nephrectomy. 
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