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1h t tters to •, is not ely to p t to t 

re er t I have to say, but abo,re all o convey to him 

t e oasons, subterfuges and lucky hagnrds h!ch led 

to fJ.l'3 discowries. 

t Portugue relate how they w t stray on t etr 

3()urneys, e not only forg1v th , bu.t would regr t to 

3S their n at1on, be u tthout it t e. hole and 

nte tainment would lost. Henc, I sh 11 t10t be blemctd 

1f:, pr ted by tha ams ffection for the reader, I follo,, 

the s thodn. 

Jo nes Kepl r, 1609. 
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During the academic year 196 1961, the Di!pUtllient 

of E~imantal Sui-gay, ot the University of Cape Town, 

engt;tged !n a series ot ex.po-r1ments concerning the production 

of ~found hypOtbe!'Jnia 1n dogs. Rypctbe 1 was 

1ndt1Ced by blood-stream cooling, vi a heat exchanger 

incorporated 1n an extra-corporeal pump.o~genator system 

(cf Appcmdlx A). Progress was such tha by tllidyear,• 

postoperative survival ot experimental animals was assured. 

At tb!s. Juncture, 1t was sug ested that, as a be 

ot tbs Renel e~abol1:c Group oft e Department at ?fed1c1ne, 

I co,.operate u:ttb the surgeons., 1n a study of renal frmat1on 

during profound hypothermia in the dog. 

:.i:his Thesis de,ta1ls our pi-ogress and results. 



• 

sa14 to date b c .. mor t one 

Cl e rnard (l6) first not d t 

dred y rs, ~hen 

se ce ot lyeosnr1 

s cooled to 2ooe following rston 1CO Vt • 

880, L ssar (98) usi t es e techn1q e ndu 

1 C32oC) in r bits. e to t. t 

hyallne cyl1ndrur 1 occur:red con 1stent1y, 

often bse _t nt 1croscop1c 

eXa1::u.n1ation of t kidneys rev l 1n l to.ry i n t ar sti tial 

of 

Tb 

or 

1ntu-1a, as c c 1tant to hypothe l t s 

...,._ ... ,T. t s thereafter, ot in n ls ( 2., 1 3, 186) 

Op1n1o o the ~ace or oth 1 

• d ced iero~cop1c re 

lessen (186) descri 

bno ity, differed. 

C lo 11, .... 

ine dee eration, co tic 1 h emorrh e, d 

y 1n nd r lood c 11 c sts t e t bt,les; lle 

Gt (62) o ot er d1 co 1 r o lty 

int kidneys ot hypothe ic l in 1c r bbits. 



Hellion nnd Ambttrd (?O) noted a d creas d urinary 

e cone ntr tion, and 

urino, 1n hypotho 1c do s . 

eater rate of ecrat ton of 

Con ay (36), working 1th 

~e.bb1ts, found the r te of urine secretion to b var ble, 

bttt lly to rise ~1th 1nlt1al cooling, only to fall 

l ter, nnd this ,41th no drop 1n blood pressure . He also 

noted sh rp tall 1n urinary chloride concentration. 

se lomk (ll+J) tte nt d to cool the kidneys by 

r thar novel mothod and one h1ch 1 t be thought of as 

1m1 1 cursor to the extr corpora l cooltn 

t~cltniques 1n ogue tod y. Us1n h an subjects~ ~ 

er-se the legs, only, in iee w te for bout 1; 

mutes, • 1l l.oosely lied tourn1qu t occluded the 

ve s return. n rele sing t e tourniquet, cold blood 

2. 

ascended to tho trunk and pres bly soon re ched the 

1dneys. About three q t r of hi 3? h n Stlbjects 

then developed an cute fall 1n urine fl rte, cco:mpanied 

by rked r1so 1n urinary specific gravity, nd lbam1Dor1 . 

The t enties and e ly nineteen thirties brought 

r vol 1on 1n th1nk1ng on enal eehan1cs. 1he ' or 

ot uch s .A .. R. cushny, , •• Ric r ds and n . .. • s it 

ush r d 1n m er of d irect ren l exper nt ti n, nd of 

neu concepts hieh st1l govern o r 1d as of' re 



physiOlogy tod Y• l.;937 saw the public t1on of n~ 

cl os1o r by Bickford nd inton ( 18) on ''The tnnue co 

of te per tur on the 1sol ted lt idney or the do "• This 

w s t e t1rst p per on the su j et to utilise th new 

eon , and s to r tn unch lle-n ed for st 

twenty ye • Their exper ental el w s th 1sol te 

canine idney, perfused with d fibrin t d bloo • Bt 

ivnrying th! t per ture or the perf'us1ng blood, kidney 

tamper t es could be broug t to s lou as 30c . Their 

r-esults given hQre in abbrevi ted form, will be referred 

to ag in in l ter c apter : 

( ) Cool the k!dney to 13° to 3°C, ch es 

the urinary composition snbst ntially to that 

of serum tl"ansudate . 
' 

(b) Kiclney function, s ev l ted by ur n 

co position and the r te or ren l lood fl , 

recovers co plet ly, nd promptly, on 

re 1ng the cold org n. 

(c) , The urine fl-ow rate increoses with cooling, 

to re eh m x c:t bont 1ooe. 
(d} Th minim ter1 1 p e<· sur need to 

produce urine, in th e~ kidney 1n1'luen~d 

by d1uret1es, is 7 80 Hg. In the cold 

idney, this figure t lls to lt 50 I g. 



( ) Cooling reduees renal blood tlo in 

p onmately the s oportion 1n 

the isolated kidn y sin a gl ss 

v1sco.s1meter 1. e. the t U 1n 1 

due ;ar.gely, if not ntirely,.. to th 

r: ised viscosity of cold blood. 

(f) At body temperat a, urinary chloride 

concentration in the !sol t d idney 

is lt1oys lo • This rises on cooling 

to re ch le~els equal tot at of serum, 

t bout 1aoe. 
(g) The ere t1n1ne clearanc is mark ly 

reduced by ·cool1ng .. 

uring the fort 1es, olong d modQr t ypoth rm1 

ns se-d1 exper en.tally, in the tre tment or 
sc izophr@1 • T l tt and other , (169) !zed th1s 

oppo unity to study re al function in d 1 

tvPotoormta. An early report in 1941 concern d 

:t nt vho had sueewnhed dur 1ng this therapy. Th 

atient' s rect 1 tamper ture h d been lower d by ~ eans 

of a ig~ t blanket to 800F ( 21°C) t nd k pt at 

t t e el tor 48 hours, before e th s rv n d . The 

trm re 1ned lbumen s throu hont• itb 

itt~e sod c ncentr tions of hosp t nd n,1trogenous 

4. 



od ets. At utopsy,_ no bno 11ty could be detected 

1n the kidney • By 1952 T lbott (170) v s l to r port 

on f th 15 c ses, all nt 1 patients 1n psych ttic 

hospital, who b d been subjected to hypothe 1 tor 2 or 

mor d rs. 1n cooled blan et s tiere us d o att in 

~c l t per ttl!'e s of 8oOF C 21°c), a d 1n one S\ of 

?4--0p (23. 30c). he GFR ere found to tall 

linearly 1th at lling rectal t per ure, so th t by 

8S(>F (-29.4°c) the GFR bad t llen S • l um1nur1 as 

noted 1n only at w cnses. o str1k1 ch nge oceurred 

1n ur!ne flo 'I! te. The T diodr st !"ell even more 

shar !y t tho • epe t studies, tter rev , 

revs led no lity 1n G , T diodr st or c d1odttnst. 

t er evidence for the r p1d rever 1, en non-

t ogen1c1ty, of th p r lysis of ren 1 function od e d 

,; cold,, s dduc.ed by Forst r and T gar in 1960 (S8).. 

Working 1th !sol ted renal tuboles derived fr freshly 

ht inter t"lounders Ca v !ety of ar1n teleost, and 

one .of s oral u 1ch po s ss the exper nt lly de able 

quol!ty of h 1ng v y little rennl 1ntertubul c ant 

bs n ce) t ey t1ere ble to o th t e 1111n prod eed 

i:rofound lysi«! of phenol rad transpcr,t. Rew ing 

oft e tubule, ev n tter SG'Oersl hours or c 111 , led 

to d t d c p te s tlon ot pbe.rol red t-ranspor . 



Three yeers l.ate, end no uS'ing the int et longhom 

sculp!n (a glomGrnlar teleost); Forster ( ;9) shoved 

that s1rnllar col.d sensiti've transport mechanism eltisted 

ft1r PAll. 

The early n1neteGn f1ft1es witnessed a nna1ssance 

1n. cm.-df.a-e surger,-. Emboldened by 1n1t inl sttceesse •,, 

the SUlfgeons soon began to cast bout for a ans ot 

obtainin8 a bloodless intracardiae field . The olrtions 

solntina vs: the use of an ext:racorpareal b1ood l)tl'tUp.lng 

dmt-!.ces to maintatn a cont1m.mus now of blood vbile the 

ho.art was div,erted ft-om the etrenlat1an. snob aeh1Ms 

had, 1n fact, been ln ex1sten.ce, and xpa-in'J&ntal u.sa, 

sinee 1939 (61) . 'lba problem ot supplying an adequats 

rate t,t (OX7genat~d.) blood now tor total body pertnaion 

remained fomideble one, however., nd w s never really 

solved. Accordingly,, 1t 1tas on suggested, as m 

nlternattv-e to cattd:lae b1PCSS, that hn>othermla be uad 

to rodne& tissue metabolism and oxygen requ.~ nts, :~ 

t · ;t suscapt1bla tissutls \fl:)tild be able to survive prolonged 

pe~!ods ot 1sehnemia 1t11thout ir' ners1bl~ damage (20). 

m1t1ally t hypothermia \tas induced by snn'e.ce cooling 

tecbniqnes; : at.e.r bf cool.l!lg the blood <lur1ng its 

-course tl'l.rougb a man-mads xtracarporaal arterl.o-venons 

f lstula (25, ttl+). It as not long fore the two atbf)ds. 

6. 



t1er• COlllbirlod1 vta. bppotMl"llia tog ther 1th en extra.• 

cor1,or11al ctrcttlat1on {65• 66). This lattd tecbn!qtm 

JJrt)Ved to be the solntlon tl e surgeons were waiting tor, 
s Go11n.n ..-ote (67) t «only by king the c!.rc tion ma 

~e~tion ot blood tndepe.n.den of the baemodynam1e 

ehang(lS of induced hypother 1 bas tho barrier to th 

rat~, degree and duration or cool.:f.ng of tai-go -1!.mals 
' 

btNn »~vedtt. It ba.d nott become possible to 1ndu-oe 

complete . · iac .arrest tor, perioils ot up ' to one hour. 

uitb subsequent SUM1val ( 64). 

!'his aet1v1ty by thG cardiologists pr :ad 

pouetfn1 sttmnlns to other workers 1n the f'1eld ot 

Move papers (2, 3, i., 13, 1?, 22, 41, 74, 71. 16, 

801 Bl., 86, 88, 111+ to 17,119,127,138, 146t l:4?, 166) 

on the ~~ effects or hn>Oth 
: <~ :-. 

YQ~ s 19~1 than 1n the ubol of th 

sqnmels (78), rats (3, '+, ?8), bullfrogs ('81.)t and 

lal&bs {1171 hav,• olso be.r.,n asect.. •ew reJ)Orts. (11,. llo,1 

11.9) bav,e dealt ,11th man~ end these ne'1w at te~ntul'GS 

10':er than 270(!. Most stu.dles nn 1nt ct dogs -wen 

'/. 



perform.Gd t i-ectc.l temperatures ot 160 to 2_60. 

P<7rfuSGd isol ted .&)g (1+1, 74) and bullf#Og (81) 

k1dnoys bn:qe: bean cooled to oo and 601 res eti'Vttly, 

11bilo living slligaton and tul"tle.s Q'1!' cooled to 6D 

( 77) • Hypotht)rt11a has been induced 11'.r ers!on ln 

lee 1:1 .tmr• nppl.1cat1on of lee packs, refrigere:t1on 

blankets• ott 1oa• temperatnre ronms. Onl.l' fflfl vorkel" 

has .U.iood extracc.i"poreal blood stre.a.m eoolfng (!), 

'11th the nntmnl • s heart prov16f.ng th prol)llls1.:ve pouei" 

:r« the e!rdstttm •. 

ill this activity does not' seilm to tu.we vta1de<! 

andl emsutont mtormatton, ~'1ox-. There ts. uni.vase! 

egr~t ·(2, 13, l.?~- 2a, lf.1, ~" 'l'J, 78:, so. 86"' 111.J., 

11--6,: 117, 119, 127ti 3.'16• 1'47) that the GFll Md RBF ftll:l 

111th eco1mg~ and tb:ts out ot ell prop:ait1on to· tbe g,enmifl'.11.y 

~ -coneom!tm.t fnll f.n srter1al bl.ood yressarv.,, (13. aa. 
86t- 88,. 11ft• 11.?1" 119f 3.21) • UbU ~ U0itke31'S to:tmd 

tho ~st$ of urmo ~nctiOh to ~!.se _1th eo1>lSng {'+, 1+, 
-So, ea. 1M, llt-7) ,. ~ mvn found it to tall C!• 13, 17, 

22" 77. 11a, 114, ll6t 121, 166). Uritte «meenb'atton, 
aa ~by'.-~ oamoltlltty (SO-), DrGa (?8)1 

~ (1.t+:7>,. tmlm (2) • er&atta!ne -(77,. :rJ+1>.-

coneontr-at1.onS• ls said to !all; tbesg .. ,C ... ,. howtti1e 
- ..,-.y._···0·',-, 

~ been f~t•Y• some workers haw found -~ 

~ ar.d ohlo~ conenntat!onS: to ~acb ~ 

lwalc at low ternp&ttatures <~. 77,, 81, 146)1 o.tMlYs 



nav4 :tcnna no altentton In sodium u~!on witb <CDOling 

tu~ •. U.9).- ffllmlar: nabsor,tton ~ _soditJm .a. "!nt• 
bas bee SQ-let to nmam mm1tor-1 ta:?l1, or ta felt. (l+l.,, 

24. 78,,. no. sa. n,., 11·9• 1t.&$ 11;1). fttltamnrla ha.s· b$m. 

notod 1n slight mount (11', neve~• <?'+>, er.t"atloat1:, 

L77la m: only on ~~ (14?). s~ tttorkea have . . 

Bst~ of r~etT of J.'Gnal ttmctton on raw~ 

';< have ymUletl ttkl!liu4.y dlscr@ t results. 'rbese ·htW'o 

been ~ . on s1lrlt48 observatiQbS of or1rlar? sodium • 

~ eoncentrntlons, ser:lal ele.armlCCI st.:o41aflt or 
< •. 

~seopi« ~ntton cf· JtOVtQMect ~~s. Jf&ny . ~ " . ' ... .. . . ~ 

believe llJ'Prt,t~ tG ~ no dlseemtble 111 err.ct: . . . . 

on the kiiln&7G t4, 13-, 11, 115', 12?)J otbera f'm4 

~ettT l!'eCOVGfY p,t fmction but only atte-r e ~!ab>A 

1t;lg ~1Cd of up to 21+· h.Ouzis atte ~ (116~ 117, 
. . • < • 

119), Mid~ S'm, haw tctmd nttal function to be 

~tly ~ (2., 7/). 



C • 

fit! ronnl. f t·netion dtu• ;;) . 1ypot , t't1o !'a.ct!'} 

s<:;ood out pro in.ontly • Fwotly, ronolo' iotc ... a not 

ns yot 1; kon adv ntc.ge t'Y'". Gallons principle (67) of 

c. .. hi.nine bypothorm.a 1th o r corpor nl ciroul tion, 

so ns to at '""in in tho 1nt-- ct animal. m-pornt oo ns 

1{) r , s hooo pons1bl.e in 1ool tod kicb y prepnrotiuns. 

Socondly, th<J renal. honllling of elc-ctrol os, other 

tbru:1 :tn Ol' Clt hod boon gely i ore In ~o f na 

~ch of 'ho body of kno'\!l.edg ea me renal 

is 1 ,1lt u oboorv"Od c.. ,.,os in 1n y aleotrol ·e 

conoor.:tr'"' ·io at t:' 1der various .., . a sn conditions, it 

soc··l(m. to na th t co1 .. roction o · t aso tuo om1~r-1ons 

.:ig ... o o~ octod to yield 1n:£or tio of olue. 

f. st .11 ,1bo h d prov1ously a.::porLentod l1ith 

tho ofi'octc of cold upon t :10 kidney, 1n tho intact 

......................... , iad ..sod tho roct al t mp .. t a s t 1r 

rof aronc-e _nt, oqu t.: · it it th... do p body 

. o.t a . Thero \ias anpJ. ®1 oo tl t t 1s 

coi1..:'idt!! ce u a jnstificd. Ji numbel' o t1orker,.., (21, 

781 J.14 ,. 146) bad compared •coret te1:pcr~turas 

10. 



(rmnnu.t"cd at vrir1ous Lites) 'Mith t.1ot of tho roetUill, or 

colon, and onnd l1ttlo d!ffc nee att o n tho t o • 

..: 1.-C :r-0ctnl tonpcroturG ,tao usually 0 . $0 (ll ) o 10- 2° 

(5) o: er t tho fo. 'tl<Jr . . on (178) fo d t .t uh11a 

t lBro 1 -n o. mo t dif f ee bo \JO<ln 

-'·ha ooso1:imgus, a.ri.d colon or icmoy, th uroroneo 

- at . en r,.e , a.tto.r t'tfO ·as n g iglbl • 

z obcorved ui h tha uoc of tho slcm co-

coolil - tocbn.iq es., doo o not hol hO'uevor : 1an 1ypatharoi 

ic in cod l' pidly, as · 1th axtr corpo a.al c1rc ,1 ti.on 

~ id loo .., "0£ cool CT• itfor ~neas os g o t s 200 

hn:vo boo :1 fotmd oot,ioen :rect 1 and ~eo.rt t mp rnturas 

(65). Ymmg al fo the ect to l e as 

1;0 'behind th oosopho.gac,l toopar aturo (185) ftrl.lq 

wh.iolda TA Louis (l53) ftmnd thin ra t ·ongh1p to be 

quito , stupfol ,., 1/1 Sovor:tnght!Us (161.t-) 

invosc cutod tho prtnl , md tore ablo to nhcm t lat 

oupor, t tis appro ost cloOOJ.y (o.lr1ost 

,uzact:Ly) "t.it 1 't ta lo1'or oasop.. eal t :. por taro. 

~eve l a.un ( 112} ·~ar1 ' n to s oto th t norgans 1th 

nin o kiuno-~, y "00 d 



-

Ao a study o,f r,enal £unction preol.ttdes the 

t_ rnr,n:t io pl.acing of tonpera-turo probes tfitbin tho ,. 

substnnco o-r the k1ill1or, I uns happy · to go along utth 

th:t.s ~ ·--oposi.tion, -nnd nssl:ll!l& tho l0t10r ooaopbag-eal 

tenpm.,a 1 e to ba :!d:ontieal 1:1:t.th that or the lridmiys. 

Zhe uetorott1ot1on nt GFR and RBF,. by oleor~, 

tcH::i!miquos, denands a constant pla~a love1 of the 

cub.st neo ~ o.sured ·(159). iznri rn.1• dt prooadora 1s to 

e~1is-tor, intravenously, n solution eont.a1n1ne:, r·or 
O~J.11. c, ~eett.ntne, util1s1ng constant infusion pump. 

With .. e:onstant rnto of tlr.in~y lose, the plosmn e!'oatL"'line 

le·vol soon rea.clle·s n ple:teatl, and roproduc1blc c-leoranotl 

1avQln oon · go't . Tho ind.nation of hypctllermia llouevsr 

:t.f'< eamplieti.tod by a falling om (e.f Choptar 1). Ths 

rate of ronal el'hunation of creo in.tne. r:mst than 

in.fusion u m nou not na1nto1n, but rather progrossivnly 

cla:'9ntJa, tho pl.a~ erant!llino level. Cnleulated 

~aluos then become unraliable. 

In 01 ·er to o'7-0':rttono tb.!s cl:tfi"1cnltr, Page (127);. 

,1hilo eool.:f.nt; dogs to metal tomporat " s of 2,0-20°,. 

:p1.~eressively GlolI'ed the r: to of inftW1on as th8 

te1.irjoratura dropped. DlattitlS end Ronath (2e:),. d.nl.1·i11g 

similar, eAJ)tlrioonts,. found that slouing the constant 



1ntun1on Ptn'llP at 30°, to 14-'\l.t t . orig1nal r te,, .ouf1'1eed 

to ltaop plnmnn ereat1n1na le'ttols constant.- ~ ttge at a:1 

(17) obtuinad aat1sfaet'Ol'Y i-asul.t::; by 1.'educ1.ng tho ~at~ 

of i -rucion at 211', to one qus t er of tbnt ttsed at 37° .. 
"ll.l tho oo m::pai,intattts eoncoi-ned dog~, eoolod 1:rt;- oorfnco . 

Xbo gl!G t tlt'lj0!:'·1ty cJ: publinbad papors, intasstingly, 

!lob::? no montion e.ithox- of this d1ff'1oulty m toehn:i-qun, 

nor of tJ:mir attempts to col)G ,11th it, 1:t an::, .. 

froo blood 1n a?tt-uptly introdueed· into t ar.dlnrlls 

circul.nt1on. A sudden drop in plttSZla ere tin.me 

cone-or trnti.on can tborofo~.a bG ~eted. . d1ntGly' dt el" 

s · 1t u.tian of .eo.rdinc bypo.ss, 1n dogs previousl.y 

-creati.."l.1no-1oadod,. Juat hou long a tiae must el.apso foll 

aqullibrution of body 110.ter ntta ttnine, ofter this 

dilut-on., is unknotin. Mo i:thilo the Shock of 1nst1tttt1on 

of ur;po.ns, MUP141lt 11ith too trauma of surgery and 

eontinuidr~ nnae$thosla, may be lowering the GFR and 

F.13l? progrsosively" 'While tbo eonstant !n.tra:v,cmous 

inf 1!:ion contin.u<10 ,minteruptadly. 



institution of cardiac bypass, and the position 'clearance-

'1isc I becomes untenable . It is just not possible to so 

regulate the rte of intravenous infusion th t constant 

plasoa levels cnn be knouingly maintained. On t e other 

hand, some estimate of GFR, even if only approximate , 

seenod essential. I decided tl er.ofor-o to dispense ,.. ith 

the use of a constant infusion pump , as being an 

unnecossnry complication in an already complex experimental 

set up, ru1d el€cted t o use merely the ordinary clinical 

(Baxter) drip sot, 't1here- in the infusion rate is controlled 

by me&"1S of u simple scre,1 clump. \'1h, t success groeted 

this manoeuvre ,dll be evident later . 

One practi~al problem remained; uould cooling tho 

dogs to 1 ° not dry up the flol'J of urine? Thero uns a 

good deal of evidence to suggest that this might occur. 

Several investigators h ..... d found thc,.t hypothermia lead to 

conplete cessation of urine floi1, usually at rectal 

temperatures of 250-20° (2, 3, 13, 17, ?8, 12?, 138). 

These observations -1ere based on experiments vJith dogs, 

rats, ground squirrels and rabbits7 all rendered hypothermic 

by surface or e~racorporeal blood stream cooling 

techniques ( 1n the latter c se, "ithout the benefit of 

assisted circulation). Others, in similar €xper1ments , 

bud noticed simply a great redt:ct:!.cn in urine f1o" rate, 

14. 



·without actual stoppage (22, 77, 114) . There. ven hot.10V"Gr 

almost as ·oany testimonies to tl·e contrary {cf Chapter 1). 

tstand1ng among tbe,sa, \.101~ -07..ptJr:hlents on isolatod 

r,er!usoo dog kidn .ys (18, ?1;).; our nsa of on ext~oeot'PQl'Gal 

c:lrenlation ·would rooilte our exparin:mnts app.roximat.a oost 

eloooly to these, and it uas ren!'.: rr.ring o note the; 

1 ... 01~kod risa 1n urine flot1 rate 1n these p:eeparotions, t1!! 

cooling progressed., 

In ony evont, al.l \l& could do 11 s to cool the dogs 

nr.id note \lb.at ha.pponod. Rong ( 78) nd re . '"' I:ed that 

nny i11f'us1on of fln1d during bypothez;mia • t:tglltlGrtted 

v.rino :flot,i; accord.lngly I decided to run in l J 

4o:~rooo ·water intravenously during the hy'pot 1ermio 

p~iod .. 



I tbl.S-t tho f 1r st experiment or the ser 1e s~ omr 

a:tm uas simply to ascertain the .ap}rox!tlate rate or 

ino floll in· tba profoundly h:,pothertic dog - aa so 

r:01lde1,od by our te'Chniquo . Th9 rosults uoUld d1etntG 

tho fnasab1lity, and scope of subsequent investigations • 

.::h-0 dog was we:tghed, nnd annesthet 1ood. 'Iwo 

1n ra a.nous infusions wero then eor _ need, one ct J.~ 

De}ri.:rooo- ·10.tor, the other of 3 . 2 G ertl tin1ne in a lit:ra 

of ~ doA"tl'*t>oo ,10.ter.. (The lattor llas allouad to run 

in n. ttbout 4 ml.i par minute) D:amodintely thONafter, 

ho thon att iptad to ca.that 1se tho dogs bladder,. 

none ct us hnd had r,riy expe_rienoa 1n this. r.I®oeovra., tmil 

~:fter about 20 minutes of rutilo ende ~our, , o dseid,ed to 

eo:t tr..r,0ugb u~o o.ntoriae- abdominal -uall ®d than eatheterise 

ootb urotez-s vin thG bladder. This 'Wa.S dono, and the 

ea.th<n,ors t?Qro tied firnly into plaoo. Tho distnl 011ds 

o_ tho c 0 thetora \tore ·fed via the nttnthra, to the olttor!or, 

rr<l ~to blnddor and anterior nbdomi:lal t1all repnired. 



1I o Sttl"goon then car 1ed on 1th t e opo:r t!ve 

procedure necesse.ry for tho inst 1tutlon. and n1ntenance 

of card.inc bypass and hypothe 1a ( ef ppGndtx Bl. By 

ti1a tino all uas ready, en hour hnd elr-psed, and tha first 

U1¥1llo s ple col1ection ,: s bet?ttn. 

One urine and one blood sampl-o wer collected to 

serve s controls, and than co.rdiac bypass and cooling 

-re.re begun. h4 dog was cool.ed to an 'OGsopho.genl 

t~at c ot nbout 11° and tho extra:corpore.a:l. circulti.tion 

hen cl ped off. Tho dog lay, apparent~y lifoless, 

.1ith :ie1t 1er c1rcul tion no:.r r sp ntoi-y _ v ent, tor 

32 ninutes, be:tor-e the c1rcolat1on was a in instltuted, 

£-.nd re-uarn1ng begun. '/hen the oesophageal tempe:rature 

ranched 3;D, bypass t1as d1scontinued nnd the dogs he-art 

nllm, to resume its no:r function. 

Contimlous urtn~ and mony blood $8.lnples -are colmted 

dw: ing and for ?O minutes after, tha hypothermlc period. 

·.die nrtor'i l blood pressure, nd lo'WGr oeso ha eal 

emperature, era noted treque tly. nlood s ples tore 

coll.aotod 1n hoparinise test-tubes. diately t o 

:expor:,,.m nt ' s coneluded1 sarum ~ s separated by 

centrifugation. Ur1na ple volumes were Stll':ad 

to t~ e nos.rest O,l ml. The osmolality d creatinirio 

eoncorrtrati.ons or all urino and serum t, .ples 1ei-e then 

17. 
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won th emncarporonl circul tum had. ooe-n stopped., a 

t op$ (1 .. ; ) of Ul'"ina cont uad to rip out of th<1 

cnthete s. n r sumptit.~ cf bypass, urine promptly 

ppeo.re agn1n, f;lld GS the temp atur oset so did tho 

urinary flo,.1 ro.te, to soon exeeod the control l vol ._ 

Restitution or tha dog.s norm 1 eirenl .. ·tion ··--s rked by 

a st l erea or te of nr~e no to S0?3 tour ti es t e 

originvJ. . 

Urinary osmolnl1ty f 11 stao ?)ly from the control 

level of 1032 o Osm./litr , to 5~ m o~ • at :i.;o- 10<>; 
rattarm!ng did not revorse this, tha ur1nnry osmolal1ty 

roroainino nt 480 1nOsm./L. to 4.29 mOsn/L t 1areafter. 

The ortarial blood prasnure dropped sharply with 

eo1: .e c nt of bypass · d cooling, to re ch 59 Rg. 

Only readings era recor ed during r·ew ing; these 

1nd1c to th :t t o blood pressure rem 1ned lou ( 60 Hg) 

oven on rozaining 300 to 340. o bloo pr ss e rettdings 

are ken after restitution of the norm circul t1on., 

T o crenttnino elearaneo fel ml3rlr dly during bypo.so 

nnd cooling• u1th n slight rise ag 1n t 1,0-10°. 

Ret 1ng reversed this fall, but t~ dUy, so t t the 

cro tinine clo a.nee only ap rtiachod th t or tm control 

leval bout sixtoen minutes aftor tenor, 1 circulation 



The percentage e:x::cret1on ot tilter d w t~ rose from 

~ initial 2w31, to 1;.9,r.. at 1.1°; on r-evarmingt. 1t tell 

aga.iL but only to 10.J,: .. 

p·po"a intlria was preSEtnt throughout. Urine r:rnmples 

, .., d 6 '1are no·t teated.. Urinary p,J:-Otein co?1C1>ntrntion 

20. 

te1l during t"ho induction of' hypothermia rrom 20 mg../100 ml -

to lO mu./100 ml. On rewarming there uas a trans1tDt-'y 

1,.!so t o 25 mgJlOO ml, after \1hleh it settled to l~ 

mg./100 mi. 

!nsp.action oi" tho srn-a obt !ned from blood sor.iplas 

l to 9, !lhowed progransive redttrning. Tho hnemoglob!n 

content of tht1 serum vas not nsured. 

1J&1T . ,RP!fflTJ$ IQrl ~ 

It ,,111 be reca:1 led th t by the time tbs first, 

control, urine collection was made, tw intravenous 

infu.sions - one of lo,( dextrose . at'Gr- - had boon running 

ror on hour, at a emnb1ned rate ot a out 8 ml/minute. 

Pospite th1s9 the urinary f'.lov r t during P3r1.od l tms 

but o.6 ml. per m..nuto, an1 tho urine or elatively b.1gb 

omziolol:tty- (1032 mosm./11tro). _, he ere ti.nine cle:aroneo 

'fU1s 25.9 nt. par minute:, or l . ? ml/kg. lTOdy vieight/minute; 

I-af crenca to Ap ix C reveals t 1s to eons:tdottably 



bolo-w ace pte-d mean znormt1l values (but 3ust at. tbs lower 

1 · it o.t ths normal range found by ks 1m et al. 1n tbeir 

1 
series of 32 dogs)• Theae data su.gges·t th-e i;,rese:ne:e 

., z< of g:Lo~rulo-t ubular imbnlancg 1. e. normal ·ubular funetton 

but a lowal'-Gd glomerular· flltra ·ion rate. As the dog 

l . d by this t 1ma auf!exiad major abdominal nd thoraete 

surgery,, u1tbout tba benefit of repl cemiant or blood 

loss, this explanation sight be .accepted s the most. 

11kely_. 

:I:he fact t.hat the ere tinine clearanc\i:s from poriod 

8 onurirds ara practically at the control lave1i implies 

th'"'t the intervening periods or hypothertnie with 

eard1opulmonary bypass d1d not lead to sustained fur,ther 

d~1!11nut1on in renal function.; '.i he diuresis and: 

persistently lou (relativffly) urinary osmol.ol1ty at this 

tw..a, are then pt'Gs11m bly an pression of the continued 

i11travenous infusion.a.. It is or course equally poss1'blG 

to argue that the latter phenomena are ue to dirl1n1shed 

tubtllar i'unct1011. Li the presence of nn unaltered Grn . 
T 10 calculations or the percentage excretion ot t i l tGred 

·nt:t<Jr, pr - , nd post • bypotber , a, do not help one to 

cr1cooo 1:n..,tuecn toose alterr ~ t1.ves .. 

Th$ phenomena noted during the pttriods of eard1o .. 

pulooMu:-y bypnss and hypotbom1 t are n turall tho 

21 . 



resUltant of both these f'actors; th 1r cftoet.s cannot 

be oval ted sopa tely. 

C 

S tiny o our det iled roi;>ults rove l.ed several 

e:erors in technique. 

I t is dit 1cult to underst ·hy none of s could 

oatheteriso: the (anaGsthetised} dog's bl dd r. As it 

. p~">enod, it as just s ell t t le did cntb11ter se both 

:iratars tr ctly, 1n vie or t e.. ~all q t1t1 s ot Ul"inG 

obtn ed t lo te .per tures. The snal athod of urine 

collection, ttith bladd r "' shouts of distilled ater, oa:-

saline, nni.l air; would h ve baa 

in .ov lu ting our results. 

sourc of grent orro~ 

T serum craat1nino concen t1ons be ved, on the 

22. 

, bolo, s :r,radictod (e:f' Ch pter 11) ri~ in dur:tn~ t bypass-

Iiypotha .1c pe iod, n the fell. l.nt .r, \ll en t a GFR 

-was ro :tored to tt~e cont l leval, the aer era t1n1ne 

eoncen r tion Lee e r lt tivtJly <'t ble. Th ris e en 

bloods ples land 2 was much less th""n tat hatueen blo s 

2 and 3t this pr sumably ~as due t 1 st partly tc the 

intro nction of the uncre tin!s d blood fit, ~he e tr eorpore 

c.ireuit. The l'i&e 1n saz.um creat1n1no concentr tion 

in blo cl s plo 3 • cnn nly menn th t the 'ri te r era 

infusion ns oo fast. It w Ul be note t t blood no. ti. s 

pproxim tely to s e erGatin1no conco t 'ion s blood 



io. 3, ~hile ood. No. 5 sho s 1'1r ed r so . rd ct1on, 

ha c t1is anomaly s p inf lly obvio s; 1 

should h vo en fl11tic1pated d so ~oided n oar 

gnor ce o wl t to expoet, our exper tnl d~s1gn . ad boen 

lai"goly ~ tt 1c of. the sur ~eons• everyd· cl1n1cal ope!'nt!ve 

• 
' 

ence th.a per1od o prolonged eess tion of 

eireulntion during profound ypotbe 1 , · 1 period ~ . ld 

.....,.,.,..,,..,,, lly be used for detln1t1ve C81"d1 e stll'"g ry. In so 

r 
its 

w s no circ lat1on hen blood o . 4 w s ta~en, 

ine content do n~c ssi y to proximnte to 

thut of~ pl ~o. 3; on t ot er hand, th intr~ven s 

creatinino infusion continued throug out pe io o . ;, 

so t hnt ·edintely tho circul t1on w s res e the pool 

ot ere t ini.ne rich blood t the Wus on sit 

in o t eireul tion, to result in the ch her 

croatinine conccntr tion ot blood No. ;. Cle rly , this 

inter· par1od or e:f.reul o st r, tic to .; 

in subsequent oxpe e :ts, if e we to hepe 

fer r so ably stFble ..,erui""" eres ·1n1ne coneer• ro.t!ons. 

~i~~rr tively, one could stop t.e ere t1n1n 

d~ ir.g thi~ por1 d. 

r sion. 

ood e sure re dings er c ed only tt e~ 

be introduction of eardiop nary byp s nd 

hypothorni ; this makes it 1f!1cult to ev lu te 



th con mitant drop in GFR . 1hese r !'}ins need d to 

roeorded before and after this period. 

Evaluation of ur1n ry os ol 11ty, s evidence of renal 

cone ntr tin~ ab111ty, is not complete •it o ta mile ge 

or :serum osmolality. A 1 0$ dextrose -ter -olut1on, as 

inf·sad re, s nn osmolality o! 550 Osm/lit~e, t~ico 

that o"' nor serum. In en oxpe-r1mant such s t is, 

,1herc hyperosmot1c 101, dextrose water is being cont1nunlly 

in!used, ,.hile urln'tl format 1on io 1nish!ng, .the sorw:::i 

osmol~li y be expacted to rise . In ee , the serum 

osmol lity of 327 mOsm/L as seen 1n t e control period 

1, tor the induction of bypass and ypot arm1a, mo.ybe 

manifest tion of this phenomeno • It 1.s impossible 

then to state hetber the fin l urinary osmolality of e1rca 

1+50 mOsm/t., in periods 8 to 12, s hyper, - !so -, or 

even ypo - o s otic to tho sert .t ~ t t 1m • In 

fut e e~por ents ser osmol ity old nee to be 

rac-crde. throughout. 

C or C ,YSIOO ,: 

Tha 1m of the oxperimnt s to etermine bother 

or not suf'f1cient urine 11oul e tort co ing d in 

irotound hypot orm:t.n, o enp,ble ultiple c emicnl 

etermln"t ions to be "'de on t se 

urin y flo rate or 0.26 nd 0. 27 

pl s. e observed 

. / 1nute {during the 



•eold' periods 4 and 6) were, I thought, lust adequate. 

We c d no proceed to more definitive studies . 

c vol."al practtce1 points h d come to light, all of 

d a be ring on projected future xperlrnonts. 

R'1thor thr:.n bladder cat eteris tton, urine should be 

eol-leetod dir ctly from the ureters; torte of 

intrt>~vo ous ere t 1nine infusion should be lGss than that 

. dopt,ed here; arterinl blood pressurt re dings needed to 

bo reccrded before and ft r, ~ ell ns dtring t e 

int~oduetion of cardiopulmonary bypass nd hypot e 1a; 

and serum osmola11 ty needed to be easured tJ-i.roughout tha 

e::per ont. inally, nd most port nt, distinction had 

to be made between tho renal effects of byp ss nd those 

of hyPOt i. 
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28. 

T 
(p.m.) O sophagaal Arteri l 

Temperature Dlood pressure 
mm • 

1.,0 33 . l+ 1,; 
;2 33 . 0 90 

'' 32.7 as 
57 31.9 Perfusion: 800 

ml/minute 
58 31.0 80 

2.00 30.1 80 

.. o; 16 . 7 

.07 16.3 ?O 
.. 16.0 P r!'uslon: "1000 

ml/minute 
.10 15.1+ 70 . 
ll 15.0 

.13 14.4 70 Per us1on: 8oo 
ml/mtnute .1, 13.9 

.16 13.6 

.18 12.9 

.20 11.B 

22 11.; 

2 l .o 59 
.30 11.8 

.35 12.9 

40 13.1+ 

.4, 13.8 

•?7 11+.8 
--



,.., :Ur"\fl oesophageal t.rterinl .,L. - w.-"Y, 

( p .} Temperature Blood Pressure RErtARKS. 
oc mm Hg. 

57 16.0 

!,8 l 17.2 I 
;9 :t.8. 5 

3.00 19. 8 

. 02 20. 2 

.05 22 .• 1 

.06 24 .. 4 68 

. 08 26.3 

I .09 27., 

.11 29.l. l I 
.12 30.6 60 

.13 32.lt 

.1; 34.1 60 

.17 35.2 .2, 35.4 

.I 

Last st·•>.., "' -l C •\.I..:> 

at 4.48, 1:hon oll 
r..munds clo·ood. 

- - _ _.__ -
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R mg ascertained th t ur inc vas produead by the . . 
cold kidney, the next problem tiJ"'S to decide hat to menst~ 

1n t is urino, so as to obtain · s much info t1on on ronal 

function dur 1ng hypoth(!Jl'min as possible . Our expe%'ie11ee 

'With Dog had given ·us ~anson to e et urine flou rotes 

1:,! 0.2 to 0.3 ol,. par m1nuto, t o sop ,Gal tomperatUl"GS 

of l.C>° to .1S0
• . Urine collect ion periods of 10 to 20 

rr!nutes duration uould tllarefore 1eld aliquots of 2 to 

6 rit. · T d.lSe ftgnros set an upper l1m1t to t :s numb&r- of 

el"lamieal 1nv-estigat1ons t'-tta.sibl • 

Evcrry moasu:remon:t., even the ele ntary ona of nr!n$ 

voluoe, I uould hnve to do mysolf. T 1s set nother 

limit, th t of ~imet on the eompl ex1ty of any projected 

study. Ye.t it was obviously des1r bla to follo\11 as many 

pnrnnotar·s of renal ;function es possible, andtheso . 
ftt'*'Gfel""blY to encompass, function lly, the uhole langth 

of the n!Jph:N)n. That 1s t? say, I thought it or more 

V.cluo, and int~ast, to note 9 tor ex nple, ehnngJS& !n 

phospbat-e re:nbs-orptlon and K secretion - thus yielding 

info tion cone<3rn1ng bOth prox1nml n.d distn.l tubu.l-os -

32 .. 

than to st dy an equal number ot only dist 1 tubular functions. 



My tin.al de-e1a1on was to follow chngas in urinary 

vol.mo and ere tinine clearance • so derive changes 

in glomerlllar filtl'atlon rate; 'l'. P:JJJ an tnorgm11c 

phosph te reabsm-ption - so as to measure bot secret ion 

and onbsorpt1on in the proxim l t11bnl.e; nnd Na, ca, Mg 

and K concentrations, and o olal1ty - end so obtain 

1nfo_rnot1on on ; differcmt opoets or dis l tubula 

function. All the chnmtcal est :imntions neoossai,r h.ad 

the ~ssent1~ mtu~~:tts or eir..g both toehnte lly s1opla, 

.end rapid to perform. ( et Appa dix D.) 

The pl.an or tha expor!m nt "1ould be s for Dog A, 

but amended s su ges.ted by onr experience, that is, renal 

function t-tonld be studied during ncrmothe 1-e CGrd!o

pul.Ilonary bypass, Jm;toro eool11'1g, so as to ditforentintn 

the effects of tb~se t,.-10 procedures on the k!dnQy. We 

doe1<1Gd to titspenoe ,11th the p riod of prolonged 

e:xrcnla.tory and respil'ctory ai- s . during proi'oand 

hypotlJemi , o s this not only inerensed the ditf ieulty of 

ott in1ng conntnnt surnm eree.t1n1n.e levels Cc f Dog A) 

bUt nl oo bee use such a proeo. Ol."e ae ly sat arld 1 t:l(lnnl 

oblems, viz: the renal etracts or {l) m:PJ:Pn&e.4 

hypotherti1a1 Md (2) eircul tory ost .dnr!ng profound 

l)ypoth 1a. A period of noruot a 1c byp~ ss as to 

sueeaed the bypotherm1c period, to pro'ttide evidence of 

33. 



revorsib111ty of hypot e ie effect ( 1f ny) . Finally 

as t o curg ons tlare cone rnod not only -; 1 t th r nal 

effects of hypothermia, but lso ith those or cardio

pulmonary byp ss, wo ~ere to extend our e ortmental 

obsorv ti ns prior to arid beyond t · a tot l period of 

byp.nss .. 

E .. • 

u s id nt!c l to that for Dog • 

0 t s 'Wnsted att . pt1n to e t otorise t <! 

blc dder . The ureters er cat eterised, directly, via 

nn antorior bdominal incision, nd the c t e ers tied 

1'1r.mly . to place. 

ha ere t1n1ne eontont o the .sustn1n1 . tr vonous 

fusion u s lou rod, f · t e evious 3.20, o 1.,0 ner 

litre . A large dose (2.4G) or p •e. ino- 1p rate" s 

addod t:, this sustaining 1nfu ion. Imt10diatoly t is inis 

beeun, e dose ot o. ;o ere tinine and 1 . para• 

atninO•bippurata "Was gi-von intra.venously. Equ1libro.tion 

s ass d to be conplete 32 min tern 1 ter, en t 

first urine collection~ s gun. 

The nretor~ l catheter uore cl mp off for r 
~· inutes b tween urine e-olleet1on periods 2 d 3, 6 nnd 7 



and 15' d 16. This \tas nn 1mpro ptu at em.pt to pa.rform 

$ 

Urino and blotld collcet1nns cont1n ed t11 ;:a m!nt:1tas 

after rosumption of normal cireul t1on • 

.All ~. ine specimens collected 1er ne sured for 

olume'" -osmol · 1ty1 era"'tinine,, para-amino-hippurate, 

sodium, potesstum,, oalc1wn, gnesitutl nd phosph~u 

conoantration.s:. . The degr9 of proteinuria wo.s nlso 

det in.ad. Sirilla:r' meastu•emont$, Cot er th n for 

· olumo a ,. otein content) or m de on the serum 

s pl s . 'I be moglobin content of the last serum 

,- plo ·t l en O <h ll) tJ s lso determin d •. 

Th pare ntag excretion of th various electrolytes 

(r , x, C , ?tg, P) tias calonlatcd as aqu 1 to: 

~xJx100 

.. ere U.x • urrinary coneentr ti ot the lectl'olyte 1n qu stion. 

V • ur volume,- in nl ./m1nut 

Cor • ere t1n1ne ele:aranes , 1n ml. . /m1nut 

Sx = swum concenti-ntion of th al ·ctrolyto in question, 

at midpoint in time of tho urin collection period. 

Whore necessary, this c.one-0ntr ti.on t ns calc lated 

by simple proportion from .ctu·l precacling nd 

succ·ead1ng Stll"um electrolyte eoneentr tions. 



T o rcentoge excretion ot filtered tor 

calcul to st 

e v. x 100 . er 

~o tt mpt was ade to dete ,!ne the ultr filterable 

fr-ctio s or Ca or Hg; tho tot 1 serum eoncent.r t1ons of 

ti ase oloct olytes t1ere us11d 1n the ealcul tio s of 

µorcant "O excretion. 'I 1iu 11llbe d1se ssed 1 ter 

( cf Cboptor 16). 

A gr ph1c plot vs ~de of oesopha eal t peratutes 

a·nst t • ~ho · vernge o sopha eal te perot et for 

th ur. tion of ~ eh urine coll ct ion eriod, \ s then 

aor1ved by ~impl& propoi-t!on. 

Tho el arance o! PAR, or Cp1;, vs calcUl ted 1n the 

usu l ay: 

.36. 

Cp H • fAl!q.V 
PAHs 

ere PAflu • urinary PAR 
coneentr :t1on 

Te Tm P ias o cul 

P s = serum P!.H 
concontration 

V 

d s equal t : 

• ur L'1.8 itol um.e 
in ml ./m1nut • 

V X PAHa. - (G X P !s X 0 .92) 

!ne volune, in ml./minttte 

P.AH • ur.tne.ry cone ntr tion or PAR in mg./ml. 

:i. • glom.erul f iltr- tion r te, ere equated 
with t e ore tinine clear oo, 1n ml/minut • 



• found 011 
t of 

• of er PAil (168) • 

T ult ere s o 81' phic lly 1n th 

t e fi ure (Fi • a, 31 1+) • t il of 

der! t g1'11•n t ht e ot th1 c 

Wi h th C 

ecompllfl1'Sng 

r ntal d 

tei-. 

b ss {P riod a) th urtn fl rat 

k clly s 1d t e Cc • 

ose sl htly, t ~9 m.O ./t to 

oped, but no 

yo · ol tty 

t. The 

. erial blood pra sure r 

the l s 6 1nutes of t 

tne unalt red. Per1o4 3t 

elt hour of 1nit 1 · no tharmie 

bypass, s d :!Ul'ther drop in ·Ul".ifte flow it te, Cer d 

TmP • Th urinar-y o l · tty h d by no r1t! n ppr ct bl.1, 

Ir 480 to 601 m.Osm/L. T e .P. ean tile tey 4 ste 4y 

t 110 Hg. 

loOcl str• coolt.ng a 1nit1 t d t 

of uriD c llection perio I+. Th re 

1n 11 et r ed. Ur1n 

abruptl.y fro 1.0 to 1+.3 .I ut<h T 1 wa 

by an q lly ~amatie ·rise 1n Ccit t 'Which ro 

nee, nt 

ocompanied 

fr 34.7, 



to GYJletly tha pre bypass control levGl,- of· 101+. 2 ml,./minuta . 

Ta PAR roso too, but not as m.nrkadly. Urinal'-y osinolnlity 

fell. ... o 460 mOsm/l itre. Tho B. P. ined un l to:retl .. 

As tho oesophageal temper. ~ure fall furtl r (periods 

5, 6) so did the ut'inary flou l"ato, osoolaltty, Ccr and 

Tm AU . T::te urinary fle-w r te did not houe.ver fall es 

lou a!l during period 3.. Dy per·iod ?, urine osmola11ty 

ad fallen to 321 M0sm/l1tre, only slightly abo~e th8 a~rum 

Ofll'.'10lality of batueen 303 mOsm./ L~ ~ 317 mOsm/t.. The 

ccr and Tm PIJ3: fell vey steeply, the 1 tter ~ehiavtng 

nagn ivn values . W1th eooliftg, th Gp.AH fell fr,om 

l _o'1ols initially higher th n those of thG Ccr~ to almost 

identical valuos at 11. 9° (pariod 6) .. Th B· • tel.l 

pari pnssn ti 1th tha oesoph 13 1 temporature. 

Re\tnrming, periods 7 to 11, led to -little change 1n 

urfl"tG flou rnta,. exo-ept f-or tr-ans1to.ry drop 1n period 10 .. 

Urinrry osmolality rose from 321 0:... ./L to 41t5 mOsm..Jt "'" en 

-Oll i'in lly to 4o1 mOsm/t. The Ccr rose slo ly · nd 

irregu1Dl'l7 to 68 ni./min. 1n period 11. The Tm Pf.JI 

at first gaff 11egat1ve i'ignros; by period ll it as still 

less then dur.ing period 3 (2. ; mg/mtn • .,s compared to 

4.1+ og-./mith) The .B.P . remained lol4 , bnt rose from ,5 to 

70 mm Hg ju.st betor" bypass wa.a discontinued. 
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l e:troul tion \1 s res fro periods 12 on-uords. 

r to lnerensed progres 1v-ol, so h by pari 

s 1,.3 . /minute, ti e times gre tgr t nn the 

initial ebypas- r ta. Urin y os l lity fell, 

concomito.ntly, to re ch 182 mOSL,/t. during er1od 1'7. 

Ccr fell abr ptly, ef ·er cess tion ot byp ss, ut 

uo-on roso tlore fter; it d d not hoYev r re in its 

. cr-byp ss -lue by the t a tho experiment s concluded. 

t 80. g to 

4 • 



f lmd erumge s occurred 1n urin ry lact:rolyte and 

Pru"'! conoentrat:i.ons during th eonrs or the trxpertment. 

Intro 1ction. of normothem1e pyp ss l ad to steep 

nn :l ogresn1va d:-op in urinary .n eoncentl' t1on,. f:roa 

11'?. ~ · q .It. to 1+. 3 meg ./t. Subsaquent cool in . reversod 

thin trend, so that by por!od 6 (mean o sop "«al 

o porature .or 11.~) the ttrPl?l"Y Na concentration 

aprn. xi:n. tad to thnt of tho ser • ing promptly 

returnad this figure to ~ me'q ./L. ; subseq nt urine 

s iples both befor(! and after restitution of t 1s normal 

e" cul tion, showed a slou irregular increase to about 

$ 1 moq ./t. 

Little erumgo 1n nrino K eoncentr tion u s: brought 

about by nor1110thermic bypass, but eypothermit1 r pidl,r 

r.oduced i . from 16. 3 rn.eq . ./L. to 3. 0 q ./t .. , just nbove 

the serum level of 2. 24 meq-/t. {period 6). On f1rst 

ra ~nr.ning (porioo 7), 1.-:hile th an o sophag<tal teinparaturo 

ooo iron 11. s,o to 12.10, t e urin ry eo eentrat1on fell 

furt!lc , to 2. ,? t1eq./l,, ; 

1;. 3 maq./L. (period 11). 

t oreaftar it r'oso rap1dly to 

Afte:r byp s va tiseontmued, 

urinary K conoontrat1on fell g-1n, progr ss1voly, to 2. 2 

q. /L. (period l7J., 
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0 

10 

Ca .,__ _J 
mgm 0/o 

0 

-
2 

p -----,__ 

mgm% 0 
c5 

PAH 

~ G°lo 

0 
~ I ... [ BYPASS 

~ \\;~· > • • • 7 I • "' ' . • .. " .. " 

~ 



• 

Th urinary ~ con ntret on to1 lo d o vot7 

simU to th t of the urin y c nc nt t1on, re cb1ft 

j a 1 of llfO 100 ml. urlng perio 7 ( PA 

aonc nu t1on 60,7 rng/100 mi~) A 1 b , the viftar 

PAR coneentr t1on 1ov-r dur period 7th t>triod 

61 esptt th fr · lo l r1 · e 1n n o ph 1 

t • 

or· eobnic l re on ( t di cu S1on) I s nn bl 

o d to in M end c cone ntr t1on on el urines p1e. 

Th tn g1v n fol' the e ele trolyte thar tore 

tr , and 1t 1a not poa 1bie to follow their 

cone ntr :ton-ch g s t oughout t ltern tin periods 

ot ond hno•th 1c byp s • s e f1 • 

worthy of n te honer. D ing pr toun bypothermi, th, 

1n 1 oncen r- .tion a 1.8'+ 100 • ( iod 6) \ 

1.1+6 g/100 · ( p r1o4 ?) , 'Wh n t e 1 p rto 

cone ntr ions we» · 1.37 mg/100 11 d 1.26 100 

1n, 1th b • urir:uu'l' M 

cone tion tell sh rply, to 0.1~ .11 • ( •r1o 9) 

Th re ter1 like N, t ur1n8l"y ro 

il'regula1"1? ore ch cone ntr tion of 0.82 g/10 ml, 

ur1ng rlod 17. Ur~ o e1 ooncen r ion t 12.1° 

100 ml. (a 1' ltV l 6.~ ./100 ml,), 

on ew 1 1th 



~. this fell to 0.,78 . /100 , • 

( 1th serum l 'Vols 7 .16 '1'•37 g/1 

1 .33 mg/100 11d 

uspaottvel7) 

during ~tads 10 Md ll~ On resunp 1on of nol'mal 

e:frcul. ioht th1s ro:{ siowly to ; .4$ mg/100 (per:!od 16). 

%he 4lstU ,Qf ma3m£li! Chang d Si 1f1cantly 

·· 1ng t cotl19"SG of the uper nt, and fn r q e 

unl. t :t ot the otha nrin.el7 constituent .·. The tr 

of :c..-nteinmt-.la detected before- and during t initial 

nnri'.!ln hl!fl'lllffl., · e bypass, and during period >+ ( · on oesophagenl 

·et'lt'8rtttm!e· 32.6°), d!sap ered urSng r1odef $1 6 ttn 1 

( oesopbage t pa t s o.f 22.,0, 11.9° lld 12.1.0 

spEJetiv ly) only to · p er 1n iod 8 (2$.;t>). It 

t ap!dly rose· to to ·mg/100 • (3$.IP - poi-1od 9); 

1, mt/100 ml. (37.~ ... period 10), fin 1t to 3,; mg/100 ml. 

(parlo41 • at 3?.6°) "before dropping :bruptly on 

d1 nt1nua.tion of bypass, to !ts oi-igmal level of: les . 
1 ./100 ml.. (normothe c PG1'1od 12 to 16) . lt 

then ed ltogother 1n 1o 17. 

fsu:sen!Et BmiS1eD pf .lWfit« ~dfft Qtld §lpgtJ:ol'rttl, (Ilg; !tl 
ss lmter d the. 

cont a e rat1on 'of filt Nd tr 2. " to o.1j 
I 

ubseau n cool!ng• o4 ced rise o as. t 11.9°. 

Ch N , this t fe l 

o • .2$ at 3?. 'J° (perlod 10) . At 

1 ts, .re ohing 

d1scontumatimi of bypass. 
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tbs porc<u t e excretion .of la rose to re c' 7.71,, 

and ; . ;;; during periods 16 and 17 ~es ctively. 

T.e changes 1n pe~cBntnge excreti~n of filtered 

uater brought about by cooli.., nd snbseqnent rewarming, 

closely 11Drolled thOSiJ of 11 axeret1on. During 

no. oot' V ie bypass ho,>1Gvar ater excretion differed froo 

h t of na ln tha.t !t remained un ltercd during this period •. 

1\tt~~ :r:Gsumption of norm 1 circa! tion, t o pare·mtnge 

xcretion of filtered water rose gradually tn 20.~ 

and 17.rr,t, during peI"1ods 16 t";tnd 17 rospGct1-vely .. 

Voriat.:tons in percentage excretion of magnesium -.;:hero 

measured-, tiers similar to tbos of Ja rising uith cooling 

to 37. 2% at 11.90, and falling to 1.6~ on retJar:ting to 

37.6°. Aftor discontinuation of bypass, tho percmtngc 

e1~er ti<m of Mg ranched 11. and 10. (periods 16 and 17). 

C le itm, liks Mg ,. followed course similar to th t 

of Ila. 'lbey differed hcn,iever in thnt their poreentnge, 

excretions e.t tho louest mean oesophagenl temperature 

attainod - 11.90 - 1>Bre more ( H,g \ nd lass (C ) than that 

of U • 

' a po:reant.aga excretion of K, like t fit ot ta.tel"-, 

dit not seem to be signU1eently nrractsd by normotharmie 

by!)ass, nd rose re'1er-s1bly with cooling. Un11ke tbo 



tt? •. 

caoo uith other elo,ctrolytes presented so fm- t a graphic 

plot or porcentage ex~ion of !ilto d ng inst 

temperature, yielded Points to~ s-0 t t eed to permit of 

tho construction ot a aoooth c · ve. 

ur1.r1nl":, 111.organio phosphate rev led the same r,egu.tar 

1:overs b1o 1nereese 1n r,Grc~.,t . -e. exeretion it f'e.lling 

t s did the othar electrolytes (u1th the exespt1on 

or K - c·f above). Tho c 1anges 1n perCDn t ge excretion 

b tucen 11.90 £1.nd 370 were however str11dr.igly lass (9. 8% 

to 1 .. 0J) than tias the case for the ot r olectrolyt.as. 



Osm.oltllity st~adily progr s~ d, fr 

d t a follouing: 

n in1t1 l 298 

mo _ L., to 31!> Osm/t. s rum er tin1na co eon ation 

3.09 mg./1 0 mi . t 2.73 100 l on 
CO' .. onc,.,me 1t or ypass, but t or aft r rose r,r..,du lly to 

a~c ;.o ~·/lOO ml. dur· po~iod 7 and ~t ye-
at en 4.91 " •/100 nl and s.91 " l?ll. thereaf er. 

or . PIH concon r tion nlso drop d o in·t t1on t 
b lf'6 . 8 mg./100 to 34.2 ./lo mi. d 

like cr~nt1nino, th rat er rose progressiv ly,to 

ml. ur n pe iod 12, b for al ing 

o 60 g ./10 , • durin per1o 1~. T . s nm a 

ttle alt ion, v y:tng 

t·:1oan 137. 5 eq./1. nd 14p.O q./1. Sar 

rotl 01 initial 2 . a; m.oq./1. to 2.20 eq./1 

gul ·· 1y 

op ad 

11. 9°, . d 

nr-10 b teen 2. 21+ eq./1 

So C concentration dro 

d 2 . 43 oq/1 th r a t r .. 

d from 8.82 ng/100 l to 

6. 36 mg/10 d ring hypothermi, o rise 1n to 

?~6G 10 on (lr'ming. Ser tg cone ntr ion 

t PI d from l..62 mg/lOO to 1 ,.21+ tr'QlOO ml witl ooolin\l', 

::md rose to 1. 35 mg/ 00 ml on raw mi • Se um lnorg('! 1c 

pho;., ta concentration fluetu tod bat ·le n 3 • .10 mg/lOO ml 

nd 3 .8 tn: 100 ~ bo:tore fin lly f 1n t 2.3 ng/100 

ml <~eriod 12). 

T .e a.smn 1 o.emoglobin t the conclusion of tho 

s 54 mg/1 · o • 



C OMf: ._ 1:ti' t 

As had boon the caoo 1n th€' first eXJ)e~itlont, tmalysis 

0£ our 1•osttl ts '11th Dog B sttggested sove.r l further 

rof in nts or technique. 

~ ins tlov rntes l'lOre eonsiu<n" bly highm" than GX!)octod .• 

At 11.9°, Dog n passed. 1.4 n1. urine/nin te, f1ve times more 

~hnn a Dog A. n-rh1s rel ti . ly bt d nt 1u•inary !lou 

suggested that in future 'WG need cannul,.te one ureter only; 

t his could bo ,exposed tl,rough a small flank 1neis1on nnd 

tho ur~ter dissected out retroper1tonaally. not only 

would this be a loss surgically shock ing prooodure tunn 

tht. t adoptt;td hitherto, but also the 'doad s eeo • bstwan 

ki dW)y •·ncl urine: colloction bottle 4.Jould a rodueed. Tlus, 

in turn, uould make the urinary finding::; . ora represen.tat:tve 

of erJ;..l f un?tion t the pai•ticui r tcmpe.aturo of 

coJ l ect ·on. 

T n sar1m concentrations of both Creatinine and 

PAR dropped h111odiatcly byp ss ,1: s eo nood, only to 

rise shortly thoraart,.n:•. This, of' co~ae, tias the 

havio1.1r that had been anticpatad (ci' Chapter 11). 'i'he 

rise 1 s eh loss than. had en the c se in Dog AJ 

tbtks confirmed th t we had been o the right tr e1t in 

rouue:tng the ere at inine coneen ration or t a sust ining 

1ntus1on.. Possibly stopping t o infusion al togathelr at 



;o. 

in daring bypother 1 t avo l to the 

arum e e tinil e nd 

PIJJ oo -0nt tions the o sin~ ere • 

.t.h only ay to overcom the tall ins r or at1ntno 

cone n r tion on 1n1ti tion o SSt \-lOUld to 

introdt:.C8 bitr y o nt of ereot ine into t o bloo:l 

us to p: a .the extracorpor l e • o 1oa. ' .· his v.'Onld 

d tur-tbar lo o in of e ·~ust ining- .rus1on 

or stopping tho 1 f sion at 

... omo un to !nod _ oint d mg th 1n1t l . nor ot o 1e 

1~,rn .... 
iJ.1 V' .., .. J.Od• (Tha pro r ... s1 o all. ir.t crGot in 

clear c s en here during or therl'lic b ss ,. ould 

per oo demand ~ le!ime :tog of infusion 1"< t , t keep 

Ct"e ti.nine levels constant). 

b~t t g ss•or nd lcbO 

. any ueh mnnoe vro f r :;ut e ig c 

In n 4y evont,. 

nt lled in 

dv nt w s th t mieht ccr e the~ from, p.r et ,irl~ 

as t c v a:-1at1ons in ooru.m· ereatlnine conenntr tions 

to git, ace t bl for our 

v iations 1n e c n n e xcration of f ·tm!"a · 

eltH'.!;; ol ·es ~nd water occ red 1 .th e gin tom 

r oueve1• t st •iking cheng 't<ler lso produced cmply by t e 

institution o! byp ss (<::om o t e f1nd1ngs uring 



nmMt:ftherm1c bypass with those . en du:r-ing tb pnby'pass 

) . It follows that the ev l t n oft e 
feet on t nd el ctrolyt t 

based m,1 ly on thos t!nd s 

period itsel~. Cons quently only t s . 

plotted 1n Fig. If.. 

the 

c lei est tions re no d on 
sever l 1n nmples. The re son tor this · as simplJ' 
that no urine was av 11 ble tor this purpo , 1 :v·ing 

o.on sed !n the dup'licate det 1n t1on of t oth 

leotrolytes, ere t1n1ne P • scrutiny or the d t 
.. · esa ted 1n Fig. 3 eonvineed t nt t is r-ontlne 
P1'G t1onary duplieat1on of eh c tto s dGI',Jrived 

us of oore in~ orm t ion that it w • 
inf er from the t $hmln1 t t in y c n Mg 

concen tions tall on rew ing dUJ:tin byp 

no · l d.g of their' var tions fo-r ypoth 

V 

1a as 

1ght introd ce • Renal handling ·of these el ctrolyt 

have b e grossly eff acted by cooling. The - otb 

revers1bl p ttel"ns of 1 ,, K nd P · coneentr tlo es 
ggo-st t t urinary Ca and tg co.ncentr t!o s 1 t · ve sho 

stmil v i tions. 

n ort t as e var looking tor ener l t !n 

the r al handling of " ta and e.1 ctrolyte C uring 



profound hn,otheffli ) 1 rather t an tte pt 1ng to estnblis 

e ct q tit t1v d t , I r lt t t 1n f ttll' ·, w ere 

urine s ples e ot l lted \tol • I voul do ll 

ch c l est1metions just once, d duplie tes only on 

tori l as re ined surplus. 

Inspect on ot Fig . 3 rev l that t 

oesop ernture r 12.10, urine cone tr tto 

d Kand P.AH coneentr tions ere low r, th 

ecad!ng period t 11 . 9°. That ts, t e 

~ns higher, 

t ose o the 

tran in cone nt~ tion chartg s with cooling se med to be 

prolo ed into t e 1n:f.t1al re,warmin period• b fore 

subs~quentl7 undergoing r p1d rai,er sal. T is 1 t 

efloot real elay 1n renal re:., on toe an) of 

t par ture; or r l ely• ba simply 1f st ti 

of a e erature gr dlent betve n oesop s kidneys . 

Kidney t mper t re -changes ,ght be lE!g fev in.at s 

hind those o he o sop ag s. 

In o1t er e se, if e wished to co el te ur!n.apy 

bo neeesoary to keep the temper ture const nt t rlous 

levels to saver 1 minutes, rat er th&n to pl e t 

daan· ds, an ten equ lly ru tly r , s one ~ • 

lg lt, · ws that t any iv n me 

t v turG o brpas 1 the rat of xerot1o of tr 



lectto171ats (other than K) dnrln cooling appear 'to be 

equal to those thet obtain dvtng "' arming . Thts, 1f 

true, !mplie 1.trmtdiate and complete re~e~s1bU1t:, of 

t he eold- induo«d paresis of Nn l re bsorpt v rneeban!sms. 

this uott1.c1 be nn :lm:portat'lt conelns1on to ar \j t om our 

experiment&. There would be the need then for mONi 

po.tnts on tba graph between the te per ture extremes 0-f 

31° mid 100. The points shown at :!: 2,0 can be only 

appro.nmat!ons, as these were derived from urine collact!on 

per11)ds , and 8, which encompassed temper tore ranges of 

f~om 28° to 1;o, and ot 11+0 to 31. 9°, respeeti•aly. 

~base cons1derat ions led mo to the, conclnnon that• 

in future xperiments, wa should drop tl' .e temperature •step. 

~is•, keapntg it constant at· various lav~ls for several 

m1nutes. 

C S: 

The exper1m.ent on Dog B h d been, on the wbole, 

suceoss. Our .results showed clear cut differences 1n 

ren~l tu.net ion between the "Various control. ncrmotherm!c 

byposs, and hypotherm1e bypass, periods. W~ bad1 therefore, 

I felt, coh1 'V d satlsfaetory ov rall experiment 1 

design. It nma1nad to establish the rsproduc1bll.1ty of 

our findings in a sufficiently lnr e number ot dog-s, bofOJNt 

llerldng on final analysis and interpretntion, o! results. 



, Jn t tur r nts, we vould c al te o e 

et only, and th t thro h s 11 fl incision. 

Cooling uould be induced slo ly, with •ste 1 e' 

Nlduct1on 1n boqrtemper ture. 

to bmdng o th s o r , how ver, 'We felt 

it ,1ise t confirm t e ef'f cts of n . t rmic byp ss 

on rGnnl function. One ·ondered,, too, jt s how far t 

oasol)bt.. e l t~mp r ture vould drop on bypass lone, ,,1th 

no att pt ~de at me.int ining a body te per ture ot 3?°t 

· s ia · done here. 

- DOG B -

20. 9 kg. 

~~:a=~: ( l) ;~ dextros - ater. 

(2) 1. ;o ere tinine nd 2.4G pr - amino• 

hippur t 1n tnor l's 11n, r tn 

t about 4 1./minute . 

A,a.li,aa.i,.clllfo'l,.ll;I--=-~·:.:· of ere t!nine : o.,o; pr PAH, 1 . 8G. Given 

t 12.11 P• • 

ut s. 

~~~--=..:=..:::.:..1i::..:.:. v1 polyethylene ct otor inserted into 

ureteral orifices vi bl dder, (bl ddGl' 

opened thro gh tran p ritone l, anterior 

bdomin 1, dl1n incision). 
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Time Oesophageal Ar terial 
( P. M.) Temrcrature Blood 

Pressure 

T 8 Oesophageal Arter 
(P. M. ) Temperature Blood oc Pressure 

mm H2 . mm H • 

12. ;o 33 .6 90 2 . 01 16.3 
-> .5; - 110 • 01+ 2!1- . 3 

1 . 00 .33 . 8 110 .o; 27.; 
.o; 35. , l.10 . 07 29 .6 70 
.10 36 .6 110 . 10 31 .9 

.1, 36 .9 110 .12 34.6 60 

.17 37 .0 .15 36 .1 

. 20 37. 0 110 .17 36 .2 

.2; 36 .4 .19 36 .4 60 

1. 27 3;.a 110 . 22 37 .4 

. 30 30 .1 110 . 24 38.1 

.32 26 . 5 90 . 26 38. l+ 

. 3; 23 .6 . 28 38 .3 

.42 65 . 30 38 .6 

.l+3 . 13 . 8 65 .32 38.3 ;; 

.46 11 .4 6; . 36 38.1 70 

.48 10.4 . 38 36 .2 
-.;o 9.9 / .41 36 . 0 80 

.;2 9.3 .4, 35.; 80 

.;4 10.4 i.. .1 

. 56 11 .9 45 ml .. NaHC03 given 1 . v . at 
2. 12 p .m. 

.;a 13 .3 58 

--> 2 . 00 11+ . o 
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Dog n. h shown t t eardiopulmon :, byp ss, t 

no l bod7 emperature, eoul h v profound effects 

on renal tunct ion. We no wish.al to cont! these 

findings, and_ study lso re l fune-t1on 1 tie dlate 

post other ic bypass period. This seemea aaent1al 

1f' re to l tor eo~ etly ev luate t e ffects 

oduced by hypothorm1 on postoperat 1 ve ren 1 ftmct ion. 

order to keep og B tan oeso ageal 

of 370, it 1 d been necess ry to etively -w the lood 

pass t -ough the extr corpora 1 circuit. T is en t 

~e l bour for the techn1c1 in ch e of tho e t

change unit . It soe d ot interest t sr for to 

deter ine just hm.z b the drop 1n oesop e l 

o ld be, and hm d ranged th renal function 

~iero byp ss to be perror ed liithpqt usin t o he t 

ch o unit. 

- The protocol tor t is ex er nt w s simply to collect 

nd urine samples throughout half' n hour of 

short control, 



l',lre and post-bypass periods .. 

Ihe r:lJnent 1 procedure s lmost 1dentic l to 

t used 1n Dog 131 ,11th tvo exceptions. Cooling s 

not induced at any st ge. Urin was collect vi a 

short Polyethylene catheter placed !n the r! ht ureter. 

(Tl is d been exposed 2 d ys pr viously thr'ou h :all 

flank incision d disseete out r tro itoneally). 

The theter tip us 1 eed ·ell -wi in the renal pelvis. 

The resu1ts e shown gr ph!c lly 1n Figs. 5 nd 6. 
ot Us are given at the end of this Ch pter. 

unm FLO: , OSMOLpt ·. g, cer, .ftf:!f) T!}lfAf {FIG. 1) 
In t 55 1nutes of' ob erv t1on before bypass 

s begun, t e 

oSJ!lOl lity rose. 

lne tlav r te fel1 9 nd urinary 

the Ccr f ll slightly, from 21.6 ml.Im 

o 18. ml/minute. The art ~!al systolic:: blood snure 

, as inta1n· d at 130 .Hg. until 20 1nut s before 

b ss, 1ben 1t r ll to 90 .B • This f 1 in blood 

essur ~snot ccompanied by y alteration 1n urine 

flour te or o lal1ty, but the Ccr r 11 f t r, !rom 

18. ~ inut to 14.3 ml/min te. 

ss exaggerated prev 111n trends, so th t nr1ne 

63 

te 

nd Cer dropped s rply; ur1n y o laltty rose. 



VOL 
ml/min 

OSM 
mO sm/t 

40 
·n~i')~tiagr.lul 

TEMP 
30 oc 
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TmPAH 

NORMOTHERMIC 1 
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500 
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20 
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<------1 

UR I Nl 
\ 01 L L C TION 

P(AIOO 

130 

110 B.P 
mmHg 

90 

70 
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~ t. 1el blood pressure, af'tor n ln1t pe k just 

t ediately after the bl1t1 tion of bypass,. ,st&y'Gd 

closo to 1ts pra ypnso level of flhout 90 R • 

!Scon.t1nuat1on oi' byp ss lead to rev r l of 

t above. Ur 1n flov rate w.d Ccr rose di tely, ll 1'.te 

ur o · olellty fell, to levels compar blo to the 

v illng diatoly before bJpaas. 

T culated t IJ v 1ed irreg ler y, and at low 

resuopt1on of 

c cul t1on1 the TmPAH rose sb rply, end momentarily 

to lov 1 fnr high.Gt- than before. 

6 

All these substances Showed o ss1ve riso 1n 

inan- eoncentr tion dur1n tho 1n1tbl control pertod:s 

l to I+. ihe!r behaviour ditter d kedly there ttv boi,ever. 

During by}'&ss, urin~zy n entr tions fell 

r p1 y1 to ver low levels. ""bus b period 7, fter 30 

·tes or bypat~, u.rirl.ai-y n con entr t1on as but 3 olL .. , 

ile Ug. u s ttndetaotable. Bot ele nt turned to 

11? er cone ntratt.,:,.ns 1n th post-by-pas pe tods. 

'l' e urinary Ct and 1nor ante pho 

s1torlly on in1tlet1on of 

t coneentrations 

ss, only to t&ll 
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there tto.r. Tl G calcium ooncentr ti n of urine s ple 

7 w s ct det rminod; urine inorg nic phosph t 
concentration never fell to levels lower than those 
pert !n!ng dur!ng the control pre-byp ss periods. i\fter 

es tlon of normal c cul tion , (p riods 8 cl 9) bOth 
C end inorganic phosph te re 1ne t l levels. 

'l' e ur 1n ry K concentr ti tt 1n d sl tly !ghor 

le al during byp ss, than previously. Aft · dlseontinu t1on 

of by ss, 1t roe av n high r. 

In1t'1ation r bJp s s t·ias ceompan!J d by . slight fall 

1n urin · y P • coneentr tton. T.hit. rose d r1ng period 
?, r se g 1n 1"" ed1 tely post-by ss. nd finally fell 

d 1ng pel91od 9. 

T p reent e excretion of d ? re ll sharply 

byp ss, only to r.g .in co trol v lues thero fter. 

fell f'rori 2.0 - 4. ~ too. , nd returned to 1.1 
nd 2. • Mg fell from control 1 v 1 of l~. 0$ • 22 . , 

to o. ; edt tely fter diseontinu tlon of b ss1 

h1 ros to 23. (),(, then tell to 5.()%. 

W tor par lled the b1Jh v Olll'" of d ! I • falling fro 

10.61 - 19.4, to 7.1, by he nd of th byp ss period. 



On sumption of normal cireul tion* this rose to 8.61 

and 13. • 

Tb& percentage exeretion or filtered tc, rose from 

the wide control range of 18.6 - 39. , to 48.44' on 

66 •. 

1nit1 tum or byp ss . It then fell to 29.f/l. After 

cess tion of bypass. it rose to 63. mid ;1. ~ in pai-iods 

nnd 9 • 
. , 

\ 

Ca and inorg nie phosphate sho,1ed 'm1nor v~1 tions 1n 

percent e excretion throng out t e exne iment. T se 

suggest rise 1n excret!on dur1 iod l to~, a slight 

f'nll du.~ bypass t and mim)r r!n thereatt er. The 

v 1at1ons e too small, however• to be _ s1gnitieant. 

1mm I f!!OXE m COj:iCEPTRATtON,: 

A tr ce or protein appeared int e urine, during 

J)81"1od 6, eleven minu.tas at·ter co ,enc t1Gnt or byp ss. 

T1is ·as asent for tho remainder or the x:periment. 

Se~um o lality fell from 3o6 Jl to 290 mOsm/1 

d ing the in ·t1al control period. During byp ss th1s 

ros bruptly to ·314 mo 1 nd 310 mO 1. t the 

eonelusion of the experiment, serum ·- lal.ity ,as 

320 mOsr:i/ 1. . 



69. 

ere t!ntne concentration rose fr 6 . 37 mg/100\ ml to 
' 

7.82 mg/100 ml pre-byp ss, fell dur1n bypass to 6 .37 

mg/100 ml and rose again thereafter to 7 .18 mg/100 ml . \ 
\ 

creatinin t1as not dtto .tned on blood s -ple 1*., taken \ 
\\ 

11 l!W'lutes attar eorr.encement of bypass .. \ \ 

it 
\' 

serum Y.l a rose from 133 meq ./1 to 139 eq/l 1n blood \ 
;\ 

foll t-o 130 meq/1 during bypass. After resumpti~ 
,, \ 

or no al ctrcul.ation it reached 13\. 5 
I q/1. ' : 

. \ 

serum K concentration shotHJd minor nuctuat1ons 
' ) 

throughout the experioent, reng!ng b _t n 2.62 meq/1 .~ 

3. 00 me{!/l. The concentrations 1n blood '• 6 and 8 

'· 

(7 not oone) w,.,te lower then those 1n blood samples 1 to lt,. 

serum a lc!um eoneent tion was asured 1n 6nly I+ 

of the 8 b ood s.ampl s., :.i.he s1n le ple t en dnr!n{f 

the byp os period was 9. 2 g/100 ml, 1n contr st to 

10 . 2 mg/100 ml and 10., g/lOO ml betor , nd 10. 1 m-g/100 

ml after bypass. 

showed no s1gn1fieant alteration tbrougho t the 

experiment, varying irregularly bet\!leen 1. $6 and 1.80 mg/100 

The seewn 1norgan1e phosph te fell procress1v~l7• from 

4. 51+ initially, to 2.97 mg/100 ml in serum semple 7,. 

\ 



P.AH concentration tell sharply 1n serums las . 
l to 3, from 111.9 mg/100 ml to ?6.5 mg/100 ml. In 

, ·ples, to 8, it fluctuated between 60. 6 mg/100 ml 

and 67. 1 mg/lOO ml. PAH v s not determin d it.1 serum . 
. 

sample 4• the first blood sat:1P1e talum tter co eno-ement 

of' bypass,., 

The ost striking technical inadequacy of this 

exper!mant is round in t1e •control' per~o~s 1 to 4, 

durum \it ich time bloods l to 3 ware dr .wn. The oriru1r1 . . 
flou r t fell from 4.1$ ml/min. to 1.79 ml/minute, while 

urinary el:eetrolyte, PAH nnd osmolar concent:rations all . 
incra d . :hUe these r 1ngs m y be partly due to 

the concomitant fall 1n GER (as revealed by th Ccr) tho 

tall 1n serum PAH concentrations (from 111.9 mg/100 ml 

to 76 .5 mg/100 ml} suggests t t the rate of the int~a

venous infusions bad diminished.. This susp1e1on ls 

stJrengthoned on noting the fall in serum osmolality 

over the same period, from 306 mOsm/1 to 290 O.smll. 

It u s· pointed out 1n Chapter III th t the !ntravenotts 

infusion of hyperton1c 10'% Dextrose water tends to 

r 1.sa tho sel"ttm osmolelityt phenomenon t t I ha e 

re t ly observed 1n other ,ork; ·a ave already 

ncou.ntel'ed tt here 1n Dog n, nd it will be se n oga!n 

1n l ter Chapters. 'rh1s suspicion of slowing drip 

rate bard s into certainty :run one note th t the tall 



tn [q01•11m PAS ooncentrat 1on ocetll' 1n the t oe of a 

vtnu1 loss, b fore the intro uc ton -ot 
!med blood tr tbe extr corporeal· cir ult, end 

att · on eqtt'SlibJi' t 1Qll p l'1o4 Qf It.a inute • 

Of1 the otheia hantt, it 1d.l.1 be reoalle4 that th 

\l hiole to-, the stu,talntng int ton of PAR and ereat1n1M 

eons1ste4 of! line1 whU the 10$ d xtrose water 

lnfuston. w 1n ep&J1ate veoo11tr, t thl'o ha 

sep at dltip set into \' 1n 1n n ther limb. One 

Uld to p:,at-tJl.ate that llQ1b dl"lps slowed concunent1Yt 

xP1 t1on that dot not ccount for the ob nation 

tha er ere t:1nble act lly ro dtu'lng thi aame 

~toct, (from 6.31 mg/loo ml. o 1. 82 mg/100 ). 

Whi1. tt is oles» 'th t the ked f 11 1n pl 

PAR coneentr tiona during control period l to 4, fiend.er- 11 

cul t1ons on renal bmldltng of P during th1s ta, 

highly suspect, it is of 1nte:r t n v i:thelea - to eonstder 

the ver1 t1ons or calot\lettd CpAlJ th.Foughout the txporiment 

( <11· da 11s at end ot Chaptv) • ui,tng the f uwst tvo 

ptl'lcd • Cp.m is otti&ll,y slightly lower than th ca. 

An exe od:l.ngly high plasma P.AH coneentrat1on ill cease 

t CPAH to pproach t.co.r. ( here f • f11ter bl• traction 

of PAR). (R f., 159)• The pl P. 1i cone titetton here 

bouever 1s only t, lee the order of conasntr t1on usu 1 



72. 
1n such expor-iments. 

o duce CpAJI e 

Other factors tbnt ay l>e operating 

fall 1n E, the extr et1on r t1o or 
PAR, nnd more particularly, self depr$ss1on of TmPAH i . e. 

1nh1blt1on or even complete paraysis of tubular transport 

of PA • In periods 3 e.nd 4, plasma Pl! .concentration 

lls d cpm rises slightly. In per1o s 6 an 11 Cp.Aff 

:is again almont 1dent1eal liith Cer• although the plasma 

PAU coneentr tion is now at ~nvent1onal lev-e1s. There 

s~etas to be no ot er explan t!on ror this observ tion 

than that postulated above, 1 .. e. self depression of 

TmPAlh Post- bypass, CP.All rises remarkably, although 

still not to its usual normal value of app~oxim tely thl'ee 

timas the ccr . (cf' Ap,pendix C) . t this of course ts . 
only to expaeted; \'!hen. pertorm1ng Tm experiments, CPJJ" 

1s aJ:uays depressed, as E must of necessity be depressed 

too .. 

Hou va11d are thG Tl!lPAfi calcnla.tionst An essentW 

perquisite ot such measurements is th t the load of PAR 

dullvel"ed t,o the tubules be substant! lly greater than 

the quentlty excreted by tbe ; SDith (159) d~o nds a 

load/tubular excretion ratio o.f J>,& then 1 . ,; Load/'Tubulait 

Excretion ratio is • ~PAR .• f•ccr 
CPAH - .cor 

'1fhe-ro 'e"PJ\lt is the PAR clearane 

eoncentr tum, 1 .. e . BRPF. 

PAR 



!be et al v lue for °EPt,H 1n this exper tis unknowtJ. 

The ccr, t 2 . 67 ml/kg/minute 1n period 1, end 1.s9 

Il'll/kg/m1n,te 1n per1od 9t 1s within normal limits, s 

.tven by Jsh .Jim at el, and Kolberg (efAppendix C). 

If e ssume l!PAH to be the usu l norm + v lue .ct - three 

t s tho Ccr, and substitute 1n the bov equ tion 

(for period 9)t then: 

73. 

toad/TnbU.lor Excretion tio : ~ • ( 'fg ·2'· 12Alll' 2 . 7 - ~ .92 ln.2':"8) 
= 3::;;1 z. ~., 

ell abovo th t dem nded for e111dene ot tubular sattll"nt1on. 

As pointed out abo11e , · tha grs t variation 1n Plasm 
dur i ng 

All concentratior/ periods l to ti- render cal lat1ons 

~oro st uneert: 1n, . and 1n any event , I ve nJ.llead.y 

stul ~ed tubular pnralysls tor PAH transport at this . 

!ma. :1.h!s ppli s to the bypass period too . Post-bypass 

101..EJVor the figures for TmPAlt may meaning£ul. The 

pl sma PAR corlcentrat1on is now relatively constant, and 

the pp, beh v!ng as expeot • 

T, s tlPt all the calculation given h r ; r lat:.tng 

to PAR tr nsport, or suspect, and tho d al tng v1tb 

the initial control and bypa s poriods are vitiated by 

the pp or ee of · the pheno non of · elf deprassion ot 

~. robably only the ftgur · fer nnPAH 1n the 

last t · o riods, 8 and 9, ar e n1ngfal. It is for 



thes reasons that TmPAH 1s plotted for only the last 

3 periods, in Fig.;. If the TmPJ\ ' in periods 

8 and 9 are corre cted for temper t e (10, increase 

for 1° f ll bGlow 37°, as recommended by Sm1th (1;9)), 

a.rd doubled - the actual figures given re derived from 

one kidney only • they then fall well within the normal 

range for TmPJUI. 

The expected fall 1n plasma concentrations of Cr 

nd PAH after introduction of bypass, moy or may not be 

present. In the bsence of Cr and PAR est 1 tions on 

blood ?to . It, it is impossible to decide t 1s point. 

?if. 
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1fnsions: 1. 10}; D xtros - ter · 

2. Cre tinine 1 . , G PAH 2.tf- G 1n • saliM 

1. 8 G; g van t -=-.;:...;;~----~- 01 era tin1ne 0. 5 G; or 
11. 03 • • 
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• • 
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12.40; .. ccontinued t 
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n so A AL AR'l'SRIAL 
TEMP l!TURE LOCI> 

Oc RESSURE 
mm H_g. 

T OSSOPRAGEAL ART IAL 
TE ER t Btoa:> 

De PR s~URE 
nnn Ri::! . 

11.1; 3'7.~0 12.;a 90 

.;i.. 12, .59 8$ 

.;9 120 1.02 a; 
12.1, 130 .06 80 . . 

.20 95 .11 80 

.26 JS.o 90 1.16 8~ 

.27 95 1.19 75 

.3; 90 1 .22 120 

.38 80 1.2; ?'5 

12.i..o 110 1.28 100 

.42 105 1 .32 34° 

.1+4 35.0 1.3; 100 

.46 90 1.44 100 

.;o 90 
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' liQBMgl'PERMIC ' D 00 2. 

The aim of this experiment s to ascertain the 

deg e or cooling• and renal malfunction produced by 

cardiopulmonary bypass alone , without the use of the 

he t exch nger . The exp riment l procedure adopted was 

other\'lise sirdlar to that for Normotherm1c Dog 1 . 

PAI! '" as not used. 

fflSUTJr§: 

Thone are presented graphic lly 1n Figs. 7 nd 

8. De~a1ls are · 1ven at the end or this chapter . 

Ccr · ,r:ro ART\ 

Control .observ t1ons ,sere m de over an hour, prior 

to bypass tt Both urine flow r te and Cer dropped dur1ng .. 
this time . Urinary osmolality rose, from 224 mOsm./1., 

to lflO mOsm./1 . he arteri 1 blood pressure '1.las recorded 

Bo. 

for thG first 13 minutes only; the n~xt reading was teken 

; minutes after bypass was commenced. Sttch readings as 

there ere vary between 136 mm Hg. and 11+5 mm Rg . The 

oesophageal temperature dropped from 3;.6° to 32 .. 8°. 

Three urine samples were collected durin.g the 3lt 

minutes ot bypass . During the first such , the urine 

flou rate remn1ned unchanged from th t obt 1n1ng 

edi tely pre- bypass; tbe Cor rose f'rom 30. 6 ml/min. 



'NORMOTHERMIC' 2 

VOL 

OSM 

o«ophog•ol 

TEMP 
oc 

B.F? 
mmHg 

I 2 l 4 S C, 7 8 Q 10 

500 

3 7 

30 

150 

..... ,--- -· ·· -----
,--- --· 

·-·-, 
100 

40 

BYPASS 

G. 2• 

:.. .. . , 

20 

UR.. t Nl 

OlLEC1 10 N 

Pr R. 100 

81 . 



82. 

to 3~.9 inute. Urin ry o olality rose, fr etionally. 

By the end of the byp ss er1od , urinary flow rte was 

noticeably re uced, s w s the Ccr. Urinnry os ol lity 

rose t 95 Osm./1. The o soph geal te p r ture dropped 

abruptly from 32.8° to lo or 30.9°. Th art rinl 

blood ressur ose from 9, Hg . (5' m1nut s tter 

co enc nt of byp ss) to 110 Hg., nd then gradually 

subsided to 100 mm Hg . 

T e post bypass period witnessed reversal of th 

hove. I ed1ately byp ss s discontinu d, urine now 

rt rose, to l vels bov those present be ore byp ss . 

This diuresis, s accomp nied by r 11 1n urine osmalality. 

he Ccr ro a, irregularly, but did not reg in 1t s initial 

level. 

· CTR OLYT§ C { IG . 8) 

Dur ng periods l , to 3, urinary , K, fg t Ca and 

inorg nic phosphate ooncentr tions varied but slightly. 

The largest single changes seen pre-byp ss ~ere those 

bo veen periods 3 and 4; urine • concentration rose from 

69.8 eq ./1 to 97. 6 meq ./1 ., g . concentr tion fell from 

3.28 mg./100 • to 2.33 . /100 ml ., C rose fro 6.1 

mg/100 to 7.4 . /100 ml 9 nd inorganic phosph ta tell 

fro 0 . 98 ./100 ml. to 0.80 ./100 1. The urinary 

K concentr tion fell from 14.4 meq./l to 12.0 eq ./ ., but 

d been t this le~el during periods l 2. 



3. 

'NORMOTHERMIC 
I 

2 
100 

2 0 

Na ~ ~ 

m¢q/ 1 

0 

15 

~ 

K 
meq/i 0 

4 

~ 

Mg 
mgm 0 /o 

0 

8 

Ca 
mgm 0 /o 

0 

I -i___ 

p 
mgm o/o 0 

BYPASS 
U A. 1NE 

11111. C O LL ( C TIO N 

~ ""'°" 
I 2 5 o 7 B 9 10 
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84. 
ss l to sh p f 11 1n ur1ne concentr t1on, 

o 17 eqJl. his r 11 turt er, o 6.4 .-11 t d ly 
·was 

ft y s 41scont1n , bu t n rose to 19. q/1. 

cone tr tl<m owe no 1 tt 1c t 

o hut the expor nt, v ryln 1r e l rly t 

14.lt q ./1 ( pre-byp ss) to 9.l+ • ./1 ( r1od 10.) 

• concentr t1ons fell f om pre-by s levels of 

3 .28 - 2.3 ... .1100 , to post byp s 1 11el or 1.35 -

0.83 

6.o 

h 

but 

• produc d no c e 1n urine t' . 

t1on, !rom tlat pr ent 1n p rio 4. 

urine c conce tr tion rose sli htly t 

• to 7.4 /1 • ur ng per o s 1. 

d progr s ive dro to 4.3 1 1, 

post-by e 0 tin l concentr 

./1 ml. 

to 4 • 

f 1 

tion 

ry inor nic p osp te co centr t1on t 11 

0 hout the expert nt l p riod• fro .. n 

1.09 .1100 • to fl l 0.24 ./1 

sibly checked this tr nd 1n1t1 l y ( eriod ;), 

ft r ed to be 1t out effect. 

: 

o excr t1on of ltered ro 

1 to 3, to • 1n . r1od • 



It then fell, during byp ss, too. , , but rose gain to 

1.6, during period 10. 

Ther vs n s1gn1fic nt alt r tion 1n percen e 

Gxcr t!on d filtered K until periods 9 and 10, hen it 

rose from previous levals or 17.7 - 23 .1 , to 37. 
nd l.J.6 . respec 1vely. 

The percentage excretion or C nd g both tell 

Srregul ly throughout th course of the experiment. In 

e c c s be m Jor f 11 occurred wit the introduction 

of yp s.s. 

Inorganic phosp te show d no eban e 1n pereent e 

excretion until r1od ?, h n 1t fell from l.~ to 0.8. 
It st yed t this level thereafter. 

Periods 9 nd 10 s v r1 ... e in rcentage excretion 

of filtered w ter, i'ro previous r nge or 6.4 ~ ; .n, 
to a., nd 11.4, respeetiv ly. 

ION: 

prote inuria throughout this xp r nt • 

Of th ? blood s mples, only two, n hers 4 and S, 
\-.er t en during 1:he byp s p riod. Only th ere t!nine 

concentr tion w s d terrnined 1n blood 4, ter 'Which it 

s mislaid. 

8~. 



Ser osmolallty rose fro 296 OStn/l t 300 Osm/1 

during the course of he exper ant. 

he se ere tinine eoncentr tion fell from 6. 81 

mg/100 ml. to 6. 38 mr/100 pre - byp ss . It then fell 

sh rply to 1+ . 22 mg/100 ml . in blood 4, t ken 20 inutes 

fter the initiation of byp ss . Thereafter, the serum 

ere t1n1ne eonee t?-ation rose gr dually, to 5.26 mg/100 

• in blood 7. 

er Na concentr tion d.ropp d fro e-by ss 

levels of 140.0 q./l to 138. ; eq . /1 . , to 13~. o meq ./1 

d 135.0 eq ./1 post ypass. 

here vs little chang~ 1n r concentration, 

until the post- bypass period, when 1t fell bl'U tly to 

2. 98 q./1 and 2.32 eq .11. , previously, 1 had v r1ed 

irregularly betllfeen 3. 25 and 4 . 13 eq. /1 . 

r c lei , date in d on but 4 of th 7 s ples, 

t 11 fr m pre- bypass levels of 10. 9 g/100 • to 10. l mg/ 

100 • during, and 10.3 mg/1 l after bypas • 

Sorum • f 11 progressively from 1 . 61 . /10 

to 1. 33 mg ./100 Lll . and 1 .34 mg . /10 po t - bypftss. 

The single g. et er in t ion dur 1n byp s ( blood S) 

s 1.7 ./100 ml . ho ever . 

' 

86. 



Serum inorganic phosphate fell from pre- bypass 

levsls of 4.47 - 4. 04 mg./100 mlt to 3 . 60 mg/100 ml . 

during, and 3.64 • 3.68 mg . /100 ml. after. bypass .. 

cm mm: 
The f 111n_oesophage l temper tur , to 32.so, 

, \gfpt§ byp ss was commenced, was total y 'dnexpected . 

This oeeur ad during the period or prep r tive chest 

surgery• nd presumably is a reflection on our surgical 

technlgue: . The net result is that, inste d of exnmining 

tho cooling · rrects of bypasst 1n an animal 'iith no al 

he t conserving b111ty, · s we d thought to do, we are 

no, preoanted uith the re nlts of byp ss, in an lrGady 

m11dly he t depleted dog . 

In thes circumstances, byp ss my all be expected 

to bring bout a lower oesophage l temp t- ture, than 

onld othervise have been the e se . The piet e is further 

complie tod by the tailu e ot the dogs temper ture to 

return to normal levels~ post- bypass. Inspection of the 

eurvo for oesophageal temper ture (Fig . 7) throughout the 

xpar ent shows that while slight eceler tion 1n r ota 

of fall of temp rnture occurred i e ietely byp.ss was 

bagun9 the over 11 effect of byp ss, on oesophageal 

t peratur , ppear·s to have been n glil1ble . The only 

per 1 s1ble conclusion seems to be th t byp ss in itself, 



1n beat depleted dog, probably does not eause the 

O(lsophage l te er ture to 1'all ucb b low about 3c.,Oc. 

T oesoph eal temperature, post-byp ss, never 

eg ed pre-bypass levels (310 vorsus 32.8°} . ~trletly 

speaking, therefore, one is una.ble even to compare pre

and post-bypass renal function, s me ..,ure cf 

revers1b111ty or ren"'l effects of byp ss. The e anges 

in r nel tunct1on dvring the course of this e%J)Griment, 

must t er fore be interpreted -s those occurring during 

progressi~e ild cooling, with the superimposition of 

t e eff cts of cardiopulrn.on ry byp ss during urine 

eoll c ion periods 5, 6 and 7. 

For the rest, ther are but t o points orthy o! 

co nt. The a er1 l blood pres~ure s not recorded 

fol' 4? 1nutes before, and ; minutes fter, the 

co.- encement of bypass. This kos it difficult to 

evalu t Cer changes during this time 1n view oi' the 

cone cn1tant lld hypothermia. Secondly, the ser 

ere t1n1ne l vel droppe 1mmed1 tely ft r introduction 

of byp ss; th!.., behaviour was expected (er Chapter 11). 

88. 
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TIME 

10.00 

.15 

. • 30 

.43 

11.30 

.34 

.3, 

.38 

.42 

.i.3 

.1+4 

.4,8 

.51 

.;3 

.;, 

.;6 

12. 01+ 

.o; 

.01 

.1.1 

.1 

<BSOPHAGEAL 
TEMPERATURE 

oC 

3;.6 

31+ .. 6 

32. 8 

31.9 

31.7 

31.1 

31.1 

30.9 

30. 9 

31 .1 

31.1 

30. 9 

30.8 

30. 6 

30.1+ 

ARTERIAL 
BLO<D 
PRES.<JURB .. 

mmHg ·-

11+~ 

140 

138 

136 

95 

110 

110 

110 

110 

110 

105 

105 

100 

10; 
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boon o dal!n t 

Ol- nor ::;ot mic renal fonct 1on (Dog l) 

i.e og 2). \1 nnt!cip" ad that t o s lfOuld 

S[)Ol tanao isl 11:rtain a e or less no l dy 

onpq ,. :tur:o until the eo .enco n ot bypa.ss. 1is -w~s 

ot ~ e <rosa . og 1 dropped its pre-.bypnss oosop oal 

t e o 3'+13
, i:.md Doc 2t to 32,. • 

z.1t1a nc ivity usually r 1s off rapidly bo?e and 

9 

cloo 11? o ,, range of optll e at c ( ef ppendix E) 

r.~~· the Opti:nun tru"'pe.rat G for t!Vity Of renal 

'ys.,.ams o c~ cid i,..i 1e o l y tee peroture, 

~o aompo.re r nol. r ct on at 

mar tl an .... f • aogreen bolo" it nori.rull valnes . 

l o 1er ioras, ou exr>0rie c -:1th thosa 2 dogs mnde 

t ... t 100 t!" l' ines collect d pre- 51'.P s::;, 1:1ere 

no · c nt1•ol.s · "'11, l t ere fact 

affects of 1nld hypothert'IIio. of,, .. 

I e nee ~snr 

r oh· ctive 



fe,; p 
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s of renal function at v yin temperatures, 
•} 1.mPQrtane, ~ 0$ 

beforo and nfter bo~ oolitlg. The z goon ' s aim was 

ev-en uod st; t hoy .! oc1 . ge y to thi!tU-

solv s er lack of ! (!1;.• io n,3$ 

<;;,._d ~d .ypotti...erni al unc - • 
to ba n 1VtJS f e ld 
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xnct 
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96 . 

In shoit-t, ve abandoned our initial plan of elsorly 

ostabllshing the renal efteet or normot e ie bypass. 

this mo tr that should our subooquent experiments 

disclotm renal malftmct1on. aftor comb:tnod cardiopulmo11c.ry 

b 1 :Js and profound hJ1 .. otherm!n, i1a might have dii'i.'ioulty 

il~ assesstng ,;tl!ch of these procedures 11"" s tn blame .. 



PlIAfTER VI. 
pog c, 

Ol11' experience with Dog B had satisfied ns that we 

d an exper imental design capable of elucidating those 

aspects ot renal function which 11e wished to study. 

We now planned to repeat this procedure 1n number of 

dogs, so as the better to evaluat the consistency and 

reproducibility of our results . Dog c w s the first 

such dog. 

The procedure dopted here w s identie l to that 

followed in Dog B, with the following exceptions. 

Urine w s obtained via a short po~tbylene e thater 

pl ced in the right ureter . This bad een e posed thr ugh 

as 11 tlank incision and dissected out retroper1tonenlly. 

The catheter wns so pl ced that its tip 1 y ,iell w1 thin 

the renal pelvis. 

After an equ111br tion period of so e 7; minutes, 

three control urine samples were collected, the first 

l+o 1n tes prior to co ence ent of' c rdiopulmon.ary bypass. 

Two urine eolls ctions were made during the initial 

byp ss period, before c enee ent of deliberate blood 



98. 

st»e cooling. The temper ture as then lo ered t step- ise' 

~a.th o soph el te per tur vs held s close to 

25° s pos ible,, !or 13 min tes, before opp1ng it to 

1rP. 

On co encement of revarmin , during profound 

bypothe 1, ve attempted •stop-tlol4' experiment. The 

ureter1c c theter was occluded for 2 inutes, and the 

urine ensue1ng 1mmed1 tely :fter rele se or the occlusion, 

collected. As had been the e se 1n Dog , the t rine 

flo 1 rate now seemed 1nadequ ts, nd the ttempt w s 

do ed. The next urine collect ion period w s begun 

uit ut delay. 

Urine v s collect d up to 21 min tes after 

discontinu t!on or byp ss. 

RE LTS: 

The results are shown graphic lly 1n 1gs. 9, 10 

nd 11. Details of exper ment 1 and derived dat are 

iv n t t end of this Ch pter. 

During th control lto inutes before bypass, urine 

fl r te ranged betve n 1+.5 ml/ 1n to 1+.9 ml/min; and 

tho ur-inary osmolality was t (314 mOsm/1) or slightly 



belo111 (280 tnOsm/1.~ 299 mOsm/1) that of the serum. · The 

Ccr showed a slight progressive tall, as did the TmPAII, 

bUt ediately pre-byp ss these w re still 1ell "ithin 

the nor range (cf ppend1x C). 

Periods 4 nd 5 embrace the first 10 minutes fter 

co ence nt of byp ss, before blood-stream cooling 

as begun. Urine flow r te, Ccr and T AH all tell 

sharply to less tl,on half their pre-bypass values, llhile 

urinary osmolality rose from 299 Osm/1 to 380 · Osm/l,. 

The oesophageal temperature fell f'rcm · 34.0° to pl teeu 

of about 28°. 1S was accompanied steep f 11 .1n 

art eri l systolic bloo pressure, fro 130 

60 Hg. 

H to 

Blood stre cooling w s be on paripassu with urine 

collection period 6, end the te er~ture h~ld, by 

alt rn te cooling and w 1ng of the extr corporeal blood, 

to 2;.9° - 21+.7° t during periods 6, 7 nd a. · Urine 

flow r te and osmolelity returned to pre-bypass levels, 

vhlle the Ccr showed little change. The TmPAH tell 

:turthar, to 211 mg/min. u:r1ng period 8. · 

During periods 9 to 12, the dog as cooled tm-ther, 

the oesophageal temperature re ching n low of 11.0° during 

period 12. Urine flo, rate fell slightly, but re ained 
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bove th t or the initial bypass period. Urine 

osmolality .rose abruptly to 403 inOsm/t during period 

11., only to f 11 again to 339 mOsm/L 1n period 12. 

101. 

SerUtl osmolal1ty •t this tima w s 328 Osm/t. The Cei

!ell to bout 4 ml/min. TmP H oscillated 1:Pregularly 

just above and bolou zero. The c P d 1ng periods 8 to 

13, approxim ted to the Ccr. 

Blood st 9ari eo~ling was stonped ofter period 12, and 

during period 13 the oesophage l temperature rose, 

spontaneously, from 11..:.. 8° to lJ . ;<>. The bort1'Ve attempt 

at a •stop-flow' experiment was .made bet en periods 

13 and 14. 1he urine collected 1 ediately after 

nretaric oeculusion {period ll+) showed a marked drop 

in urinacy os lal!ty from 3.3, , Osm/l to 221 mOsm/1.itre. 

tmPAH rose abruptly from .01 mg/min. to 4.11 mg./min. 

As active blood stream rewarming proceded-periods 14 to 

16 - both the urine fltJW ratet and os lal1ty, !ncrenssd, 

to levels higher thon any previously att ined 1n this 

xporiment. This v .;i accompanied by progressive rise 

1n Ccr "nd 1;mPAU. 

ha period immediately before terminatio · or bypass 

• ho mean oesophageal temper ture w s no 35.10..was marked by 

a i h urine flov rate (more th n 10 / inute), low 

urinary osmolal.1ty, nnd a Ccr lmost back to the pre-byp ss 



control 1 vel. The unP H ho ver, tell. rteri 1 

blo e s :rose 1n p rallel with t temper tUN 

bet\1een periods 1S to 17. 

:1 f d 1ngs ur1ng poat-byp ss periods 18 nd 

19 •• re i 11 to t o~ of period 17. 

102. 



Pro- by ss, the urine ie 

bet n 28. 4 g./1 and 39. 8 m q ./1. Dur the 1n1ti 1 

s period 4 and;, bofor etive coolin 

this os to 1+9. 2 q ./1 . Blood stre cooling brought 

it p to ?l .4 q/L (period 8 - n o sop eal te per tur 

24. 7°) . urther reduction of oesoph eal temper ture 
to l .;o (par1 11) raised th urine concentr -tion to 

122. 5 q ./t. urtn por1od 12 (mean oesopha eal 

t pr t' e 11.3°} it tell gin to 100 , q ./L. ev r 1ng 

(p iod 13 to 17) s sh p drop in urin 

concentration, to ns lo'W as ,.s q/L . Th fter it 

ros adually, to 1• ch 65 . 6 q. /L. nr riu 19 .. 

Byp ss produe d little ch ng in urine K cone ntr ion~ 

fro t e pre- byp· ss levels of 6 . 6 - 7 , 8 meq ./t. Cooling 

t 11~3° r duce this sligh ly, o 3.6 q./L - 4.o q./1 

Ott n· 

to 6.$ 

ing, urinary concentr tion ros o ce gin, 

./t. Post- bypa s urine collection periods 

b d in-in K eon entr tions or 10. 6 q/L an 3. 1 eq/t. 

inary concentration h dly ditf red from 

control values, ntil blood stream cooling s b un; 

t 25, it fell from bout 1 . ; mg/100 to 1 . 07 100 

(pe iod 8) . Lo ·ering the tam er tare further , r ised 

th inary lg concentr tion to 1. 83 g ./100 

(pa iod 11) and l . l+8 mg/100 {p riod 12} . e ming 

• 
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led to a big drop 1n urine Mg . concentr tion, so th t 

t 30.0° 3;.1° (period 16 and 17) ot 

detectable 1n the urine. Ce s t1on of byp ss brought 

about its reap ea.ranee, and urine fg concentr tion rose 

to 1.1 m .. /100 ml. 

Control periods l to 3 saw a rise 1n urine C 

eoncentrationt from 1.1 mg/100 ml, to ;.2 mg/10 l and 

1+.7 g/100 ml. This rise continued during the 1ntthl. 

byp ss por!od, then fell, only to zise g 1n ·1th cooling 

to 8.8 g/180 ml at een oesoph e 1 te erature of 

11*.;o On rewar 1ng, th urine C concentration fell 

!:.h ply to 2.1 mg/lOO mJ d 2.9 /100 (periods 1, 

to 1'7). cessation of byp ss, t is rose to 6.8 mg/100 

ml. 

Urine inorg nio phospha e concentration showed little 

v 1o.t1on throu hout tl e exper1 ent. Rew rming, on 

byp ss, as acco pani d by sli ht drop rro 0.97 -

0.87 100 1 (periods 11 nd 12), to o.;'4 - 0.34 mg/100 

( riods 16 and 17), 

The eonce .tr t1on of Pl\R r l during collection 

periods 1, 2 nd 3. ass produced a tr nsitory rise. 

Cooling s ccom.panied by turtler fall, bat never to 

belo\i 130 mg/100 ml. (period 13). Ra\# 1ng rai.aed this: 

concentr .. i on, ut by period 17 1t fell in to 33 mg/100 

• :fter resumption of the norm l c1rcul t!on !t fell 

furth , to 21+ mg/100 ml. 



l • 

p 
• 

h excr tion of filtere 

n 3. t during perio s 1 to _, and r 
levol f r th first 10 te t r 

t is 

1nst1tnted. 
initi t1on of blood-strea c l ng this ror-e o 

1;.at, at mean oesoph eal t "'er t e f 4.,,0 (period 
8), nd 54.5~ 1 .3° (p~r!o 12). ~he rise e ntin d 
during the suecee 1ng eriod of sli .. ht pont neo s 

rt=m ning, (period 13 - ean oesopha 1 t~~er t re l'-.1°1 
to 58.~ Act1v rewer 1n rapidly 1 ered tis f!~ure 
to 1.7 , t 24.8° (period 15). s re t r !n prt:1gres~ed, 
t ercentage excretion of filt red roe 
f 1nally reac 17 .l+~ some sixteen nute s tter 
discontinuation of hyp ss ( r1od 19). 

or excretion fo11011 ed t ff re t eourse. 
ss, 11.7% to 13.81 of f1lt re 2 s @xcr ted.. 

I a out this level ~ 1 periods 4 nn ,, but 

roso to O '21 t 2,0 C eriod 8). t 11.3 it r a ed 
64. , ; "'nd on reYar lng first ro e to 71.;rt (pf2r1od 14 .. 

an oasoph eal tem er ttT.re 18. 0 ) bef r f llin . t 
19.8% t 300. urln t en 1n tree n t~ r C 

per ods, both on and off b-y s, t . e exere 'f n -,f 

filter d ter v ried et e n 3, .4"" n ~,; .8rl'. ct1tm 
of 1 tll'e 6 revecls th t t lot ot ercent ge exereti n 



l ?. 

DOG C 
cooling , o on bypass 

r~warm , • 

0 

0 0 
foO 

0 
0 . 

bO bO 0 bO 

I 
0 

0 
0 

No Mg K •o 

20 20 20 
0 

E 
• .. X .. .. .. •• C 

ofo R 
E 
T . 0 
I 

0 
bO .I' bO 

I 
N 

per m,n 

HP Ca p 

20 20 

21 6> 0 

~ .. .. .. .. b .. 

~CENTIGRADE 
oesophageal temp 

• 



of filtered H201 ag inst meen oesophage 1 t pereture, 
sho1s some :sc tter, nnd th t the percentage excretion, 
obt ined on rewarming, far any given temper ture, was 
greater then during cooling. 

The percentage excretion of filtered M .. fell from 
16. and 13.1i, to ,.% on bypass alone. Active blood 
stream cooling raised these figures to 1~%, 2~ and 21/6, 

lo8. 

nt 2;0 ; nnd to 63% t a. mean oesophageal temper ture of 
11.3° (Period 12). Unlike Tfa and B20, 1n this experiment, 
tho i excretion dropped during period 13, and then £ell 
to z re with normothe te perfusion. After re- st blisbment 
of tho no al circulation, 16.l nd finally 2;.2't ot 
filtered Mg appeared 1n the urine. The plot of 
percentage excretion against temperature, vh1le on bypass, 
shous some scatter, with no obvious difference between 
v lues derived during cooling, from those got during 
rewar ing. 

Cflc1wn behaved rather differently. he initial 
bypass period produced perhaps a sli ·ht rise 1n percentage 
excretion. Active cooling to 2,0, r ised this further, 
trorn 7.91, to 18.6 and 20.oz. t 12.7° (period 13), 
57$ ·was excreted; this dro ped to on etive re\Jarm:lng. 
It finally rose, before the end of bypass, to e ch 29. 



109. 

during riod 19. h plot o , excre ion • te per ture 

hie o bypass (Fig.?) shows l ss scatter t n w s 
th e se for Mgo iher 1 no apn nt d1ff nee 
bettie n the percentag exe ~t1on on cooling nd re~arr.iing. 

ss odueed no change in perc ntage . excretion 
~ filtered K, until t e temper ture ~s brought down to 
2;0 , 4 1hen 76~ and 7 were excreted. At 11.3°, this 

figure rose to 81.. Like N nd H20, this ros still 
further during period 13, (to 87'); unlike the ease 

.1th thos s bstances, however the p reent xer tion 
or i'llterod fell b .t tardily on act1v a ar 1ng. By 

300 37.1% was still excrete~. h e fter, tho percentage 

xcxetion of K flaetuntod irregul ly, bet1' en 65"- and 

3?• • 1. 7 shows the correlation between reentnge 
excretion ot ! , and temperattn"e, to be less ell defined 

than is tho case for the other electrolytes and water 
in this experiment. 

T e ree t ge excretion of inor nic phosnh~ te rose 

tr 1.7, 3.9 end 4.7%, t bout 2;6, to ll..6 t 11.3°. 
The sl1 ht rise 1n t mp r ture during p · riod 13 produced 

no nge in percentage excretion of inorg nic phosph te. 
On c··iv re ing, this f'ttl to 3.~ t 24.So. The 

v i tion in ercentag excretion of filtered inorg 1c 



110. 

hosphate 1th mper tu.re, is ch l ss th n t t of tije 

o .. er l ctrolytes, and ter. 

S: 

~al'Um osmolality rose, fr 313 Osm/1. to 330 mOsm/1, 

just before byp ss ~as discontinued. 

Creatinine nd J shoued p llel concentr t!on 

ch ges . Eoth dropped from s e dy control evels upon 

co enc ent of bypass . bey th n rose, progre s1v J:y, 

ing hypot ermia and r war ing, until their concentr tion 

1.'!!0st doubled. After bypass , s disoon inu d, t 1r 

ser concentrations r 11. 

ha serum v ried betwe~n 132.5 meq./l nd 14o 

o/1. be ore byp ss. D 1n h7pot rmi it fell, 

irregularly, to 11;. 5 q./1, but rose gain to 129 

meq/l on r war in • This r1z contL"l.u d, to 139 m q.,/1. 

on rosumption ot norm l c1rdulat1on . 

~er K cone ntr tion tluetu ted 1rregul ly 

thro hout the experiment, etween 2.,6 meq/1 end 3.56 
q/1. Sortm! g also v r1 d 1X' ul rly, but ov 

much norrower r nge (1 .. 38 mg/100 1 to 1 ,.61 mg/100 ) • 

oth the serum Ca (11. 7 mg/100 ml to 13.0 g/100 1) 

nd inorganic phosphate (6 . 56 mg . /100 ml) l v ls wer 



111. 

th fell ste d.ily 

broughont tho bypass period. .Af'ter discontinuation of 

byp ss, serum Ca concentration rose, sl1ghtlyy from 

7.8 to .; mg./100 ml. 

t 

h1le the arterial blood pressure s on1tored 

hroughout the experiment I the ct al ro dings Y re not 

recorded during urine collection periods ll to 13, 

"as t ' ey re 1ned constant" . Thi"" failure to record the 

seeoin ly obvious occurred occ sionnlly in other 

xp r~ ents too. I h ve only yself to bl e for not 

~e s1ng strongly enough upon he technician in charge, 

1..ba n cassity for continuous rec rding of sueh temperr,ture 

blood press e dat . 

'l' e urin y low rate of almost J_ ml/minute during 

pe_ !C>d 13, fill d me with the hope that sto flo 

experimont ·ould be successful, despite our experience 

to the contrary 1n Dog • Upon rele"'se or the ureteric 

occlusion however, a gush of urine , usual on such 

occasions, did not occur . This i-esumably was due to 

the lou arterial systolic blood pressure. . Rig tly ol" 

wrongly'" tb1s m de me query the feasab111ty of th 

procedi.we at th time., and I ther tore abandoned the 

project s abruptly 0 s I had e b ked u on it. 



112. 

th serum craat !nine end PAR concent!" t ions dropped 

ediately bypass was instituted, s anticipated. They 

than rose, tar- more rapidly than expected, to almost 

do blo ~heir initial concentl:' tions. While there had 

an no obvious increase 1n actual drip rate, thEI 1'-at& of 

intravenous infusion was clearly too fast for the 

di!'linished ur1nal"y loss. Looking back ilt our .. esults 

on ha doQs previously 9A1)erimented upon, e realised that 

2 of the 3 dogs given s1m11~ doses of' craatinine and 

PAR b.ad "'lso exhibited this progNssive rise 1n serum 

er c.;inine and PAH oonoontr tions duri.'lg bypass . It has 

"'dy beon pointed out else'Where, (Chapter 11) thnt 

any reduction in drip rate during bypass must be ontirely 

arbitr·~y~ as thero a.re no immediate mens of assessing 

th f ll 1n GFR on byp ss. I decided thera!ore, 1n 

future experiments, to stop the sust ining infusion of 

creatinin and PAM, entirely, at the be inning or the 

blrp ss period. 'l:he results could be of ssistanee in 

:assossing just how much of these subst nces needed to b8 

infused during bypass and proto ld hypothermia, so as 

to Ir:oep tho serum concentr~tions fairly constant. 
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1 • 

sto flow exper1 nt n pcJ"1 ,,. 

3 14. Urine flo~ r te tt r le se of t e oecl dad 

1 thet r s ~oo slo ho ever d th tt pt w 

• 

: 

3.19 34. o 130 4 . 02 17. 7 

3 7 31. a 90 .o4 17. 0 

. 2 28.1 82 . 06 13. 6 

• 28. 2 60 . 08 12 . 6 

.33 28. 5 6 . 10 11. 8 

.3; 28.7 60 .12 11. 2 

.37 21.1 60 .14 11. 0 

.-39 2;.o - .16 11 . 8 

4 ~ .; - .18 12.0 

.1+2 21t, . 6 60 . 20 13. 3 

• 21t.6 60 . 22 13. 6 

• 24.? 6 24 1$. S 

.. It 24.? 60 26 17. 0 

.;o 21+. a 60 28 2 . 2 53 

.,2 22 . 7 - 32 21+.3 ;; 

.$4 21 . i. - 3 28. 0 ;s 

.s 18. 0 - 36 28. 3 60 
4 . 16.!+ - 38 ,.. 

r' • 52.5 



• • 

SOPH.AGRAL 
EMP RATUBE 

0c 

.40 31 . 2 

.42 32. 2 

.ltJ.t. 33.2 

.46 34.4 

.,o 31 .1 

.;2 34.9 

.,i. 35.6 

.;5 35.; 
- 58 35.1 

(contd.) 

60 

60 

-
78 

-
100 

10 

9; 
90 

11;. 

1+ . 48: ,o ml of NaBC03 

gi., n 1.v. 



116. 

I 
V 

6 

Vol 
( ) 5.0 49. 1+9.3 11.7 3.3 11.3 17.7 

tty 
280 314 328 380 382 340 ) 299 

o. 31+. 34. 37. 37.0 32;' 18 .. 0 
( q/L) 31.2 39.8 28.1+ 28. 0 49.2 29.; 60. , 

( q/t) 6.6 7.8 6.8 8.7 1.B 9.1 6.7 
C ( 

100 ' 1.10 5.2 4.7 .6 6.7 4.8 6.o 

) ... 1 . 66 1.1+6 1.51 - 1.37 1 .08 

)I?. 

2. 31+ 2.2lt 2.18 1.83 1 . 06 2.93 2.93 

:\= 
0 0 0 0 0 0 0 

,.n nic 
'lo hate 
( !&"l • 2 0.74 0 . 80 o. - 0.61 0.77 



117. 

io. 0 11 2 

Vol.um 11+.5 21.2 2;.o 29. a 11+.9 14.3 18~3 
(ml) 

Osmol l1ty 
( Osm/1) 344 325 319 lt-03 339 33$ 221 

ere tinine 
{tie/100 ml) 19.0 1;.o 10.5 11+.5 11.5 11.0 11.5 

(nsq/!i) 71.4 ,6 .. 5 a,.o n.22., 100.0 98. 28.5 
K ( q/T.,) 6.3 ,.o 3.6 4.3 3.8 4.0 -
C (mg/ 

6.1 6.8 8. 8 1+.2 100 ml) 7.1 .. 7.2 
Mg {mg/ 
1 0 ) 1.07 1.;t+ 1.56 1.83 1.48 1.02 -

* PAR Crf 100 ml 0.71 0.70 o.64 0.67 o.;9 o.;3 1.01 

* Prot ~ 
(mg/100 ml) 0 0 0 0 

I 
0 0 0 

rgan1c 
Phosphate 
(og/100 ml) 0. 81 o.6 o.ao 0.97 .87 0 . 81 o.66 



1 a. 

• l 16 1 18 19 

29. 3 38.~ ;3 .9 ,2.s 56 .o 
Osmolal!ty ( Osm/l) 346 50, 283 317 289 

C e t nin (mg/100 l) 2;.5 43 .0 24. o 25 . 0 20. ; 

(m q/L) , .a - ;,2 . 0 I 8.0 6;.6 

(. q/L) 4.7 6.9 6.; 10. 6 3 .. 1 

2·,.1 2. 9 2.1 ;., 6.8 
) 0.32 o.o o.o 0.7; 1. 10 

* Pl i ( 100 " ) 1.63 2 . 80 1 . 30 1 . 30 0. 97 
~ Jr tein {mg/100 ml) 0 0 0 0 0 

Inorgan! Phosph te 
o.48 o.54 0.34 0.46 ( ylOO ) 0 . 61 

* u a~ dil t d X250 tor P est t1ons; the 
v 1 as given a not corr cted ro tis dilution. 

9" Prot 1n is e sured to the neare.st 10 mg/100 ml .. 
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C!Ijf.%ER VII. 

DOG p. 

Dog C had taught us that e ere still in.fusing too 

eh ere tinine and PAR dur-ing the bypass period. In this 

dog, tber fore, ·e resolved to stop the intravenous 

infusion 1 ediatel7 bypass was gun, d to resume it 

only \lhen normal ctrcul t1on s restored. We hoped 

that this would help to int in f . irly constant plasma 

levels or these subst ncas. 

In ll otl er respects, the e:xperi nt on this Dog 

llas slmil to that on Dog C. 

R§SUY£§: 

T rdsults e given gr ph1cally Figs. 12, 13 

and 14 nd det Us of experimental and derived d t are 

given t the end ot this C pter. 

Prebypass, the urinary flow rte was 0.99 ml/min., 

osmol lity 392 Osm/t., Ccr 12.4 ml/min, and TmPAH 21.$ 

mg/min. The n.P. v s not reeorded; the oesopha eal 

er tur at the end ot tis period s 29.4°c. 

ed tely bypas · as comm ced, the urinary flow 



rate, Ger and TmPAH dropped vary- mark dly, to small 

fr ct1ons o:r their prebypass v lues. Urine osmolality, 

and oesophage l temperature, remained unchanged. It is 

of interest to note that the fall 1n Ccr, TmPAIT end urine 
' 

r10, rate occurred despite transient rise in DP •• 

tram 90 to 100 rmnHg. 

Period 3 marks the co enc ent of blood stream 

cooling, T 'Jere was a rap1d fall 1n oesophageal temperature 9 

from 29° to a low ot 10.2°, accompanied initially by 

subst ntial increases 1n urine flow rate, ccr, and TmPAII. 

These then fell ·with the t lling tmnperat re, so that during 

period 6 they were at levels comparable to those preYailing 

just after bypass was begun (period 2}. O olality and 

art er l B.P. :tell sharply u th cooling t to 336 Osm/t 

and 4$ g respectively. 

Re •arming reversed all the bove changes, so thnt 

during Period 9, just before reco eneement of norm.al 

e:ircul tion, the tll"lne flow rate• ond Ccr 1: ere slightly 

higher th n during period l ( pre bypass). Urinary 

osmolality rose to 436 Osm/L. TmP rose too, b t to 

a lessor extent than the Ccr. 

After restitution of the nor 1 circulation, urine 

flow r te 1ncre sed 1>1hile urin ry osmolality dropped 

~y. The Ccr nd TmPAH fell slightly. 
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VOL 
ml/m,n 

0 

400 .. 
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1.26. 

{F!g, 13) 
d1ately byp ss as begun (poriod 2), 1th no 

fall 1n oesophageal tem er ture, th urin y ff rose frrom 
8.6 to 32.8 eq/1., while K tell fro 8.o to 1.6 eq/1., nd 

P fr 2.873 to 1.913 0/100 ml. The inorganic 

phosphate eoncen.tr t ion w s unchange • Mg and C 

eoncent tions were not sured during eriod 2. 

T co enc ent or blood str am cooling (period 3) 
saw drop 1n Na concentr tio to 22.1 eg/1., while 

rose abruptly to 11.0 meq/1. Inorg n1c phosph t 

re ined unchanged, while PAR fell slightly, to 1.?40 

G/100 1. The urinary t and C eoncentr t1ons were 0.,3 
nd ~.o mg/100 ml., resp eti ely. 

urther cooling, to ean oesophageal temp r ture 

t 12 .. 20 (period 6.) le d to rise 1n urinary N 9 to 

102 mlq/1., hil Mg d C rose to 1.87 nd 7 .. 6 mg/100 

esp ctively. K fell to 4.9 meq/1., d PAH to 
o.6~0 G/100 • Inorg n1c phosph t tell from 1.6~ to 

0.90 100 ml. 

e~ 1ng(per1ods? to 9) reversed t es changes, 
o t t by period 9, N , Kand AH concentr ttons ·ere at 

lev ls .pp oximating to those ot period 3. Urinary C 

concentr tion fell to ;.2 mg/100 1. g f 11 to 0.$7 



27. 

DOG D 
M(AN 

oc 0£50PHAGC.AL 202 ... 122 '47 

T[ MP UJ 120 V-7 >52 

100 20 
m1ns 

1--------i 

Na 
m«yt 

0 

10 

K 
moryl 

0 

2 

J Mg 
mgm ro 

0 

8 

Ca 4 

mgm% 

0 

2 

p 
mg m % 0 

3 

PAH 
G% 

0 

B Y PASS 
v lt N L 

~ ,•><•o• 
I 2 J • • • 7 • • .. I 

r t q 100 



128. 

mg/100 ml 1n period 8 (mean oesoph ge l temper tnr 31+.70) 
~ 

but rt>se there fter. Inorg 1c phosphate rose to 2 .. 03 mg/100 

ml dur period 9. 

Post-bypass, K tell to 3.8 meq/1., Mg rose to . 
2.55 mg/100 ml• PAH fall to o.685 0/100 . , and inorganic 

pho hater 11 to 1 . 21+ mg/100 ml. c concentr tion vas 
mg/100 ml. 

1+.9 /in period 10. Urin ry as 20.0 eq/1 at ~he 

conclusion of the experiment (period 11). 

Th percentage excretion of , H20, c and 1g rose 

with cooling. It one d1scr1m1n tes b t een the d t 
obtaine on cooling from those on rewarming, then the 

regression lines far Na, H20 and C percentage excretion 

era saen to e roughly line r.. The curves dralttl on the 

ing dat o lie bove those for cooling, by so 

5-10$ excretion 1n 11 three inst ees. 

The data tor Mg r less satisfactoey. There 1 

suggestion that they follow the coarse described far 

11 , H20 and C , but other de script ions are equ lly possible. 

Inorg nie phosphate sho-ws no v ri tion 1n percent ge 

excretion vith falling temperature. A line dre'trltl on 

the ta obtained on rew rming is 1-2 per cent excretion 

higher than that dJI wn on the dat obtained on cooling . 
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130. 

mnare appears to no cor latio b eon omparature 

nd cent g exel" tion pei- minute, of 'filtered" K • 

• • 

Toor w s no protein in tho ,1r1ne, t the beginning 

of . xperiment. t tr ce p e r d on th initiation 

of blood-stre m cooling (por1o s 3 and 4) t then 

d1sap red on further cooli ng. 

n active r "' 1ng ( riod 7). oteinaria r appe ed, 

(3 ml), enrl rose to 80-90 mg/100 during 

pario 8. In period 9, it fell to 40-50 mr/100 l, nd 

y ti G conclusion or the xper1m nt s 3 40 mg/100 ml • 

mo 

• . 
Osmol 11ty renained const nt throughout, t 293-289 

i r • 

er cr-e t1n1n dropped fro 8.4 g/100 to 

5.3 /100 on 1nst1tut1on or bypass, and then roset 

with lnor fluct t1ons, to 7.32 g/1 o ml. dur1 th 

bypass poriod. I e 1 tely post-bypass it w s ?.O 

mg/100 ml nd ten ros to 7.; mg/100 ml by tha end of 

tho expo 1ment 

P follo ed a ery ·· 11 r course to th t of 

~ t1n1ne• dropping from 60.6 g/100 ml to 33.7 g/100 ml 



on beginning ·bypass, n th rising rapidly to 50.2 

mg/1 0 • 1he final v lue, fter resump ion of 

no circulation, was 71.0 mg/100 ml. 

r concentr t1on fell from 135 to 124., 

q/1. during hypothe i , then rose to 132.5 q/1. 

Just bf~ t mination of bypass. Postbyp ss levels 

28.; eq/1 and 131.5 eq/1. 

131. 

Ser K ose fro 3.13 to 3.;5 meq/1. on beginning 

bypass, ~hen tell to 2.63 meq/1 (blood 4). It then rose 

ab-~pt y to 2.91 in blood,, only to f 11 progressively 

to final value of 2.;6 eq/1. 

y 3 sar ere t ted for C cone ntr t1on. This 

rose fr m 9.0 mg/100 ml, to 10.4 mg/1 o • d ing 

hypot G 1 • 

Ser -lg fluctuat d 1rregul ly betwe n 1.71 g/10 

and 1.42 mg/100 ml. throughout the experiment. 

th inorganic phosphate concentration or the serum 

rose from 4.00 mg/100 ml to 4.42 mg/100 on 1n1t1 t1on 

t s·, but thereaf't r fluctu ted b teen 4.42 g/100 

al and 4.32 g/100 mi. 

C 

The surgeons had previously noted, 1n p ssing, th t 



132. 

all th dogs . into which I had infused P bls d more 

frooly than u ual. In this dog, no sooner had the 

priming dose or PAR been given, tan the surgscns 

CC!llpl ined of "almost uncontroll ble c pillary bleed1ng 0 • 

This delayed th ir operative p ogr ss consider bly - hence 

tho qu111brat1on period of 85 minutes . PAH is ,.,ell 

1tno1n to cause utono ic reactions, hen given 1ntr venously 

in l ge dos • We re lved, ther~for, that in future 

P.A.H ,iould be givan only after the jor surgery h d been 

complot d. 

The urin ry flow rate was rather slo dttting profound 

bypath rmia (0.18 mV 1n. during period 6). Th1nt1ng 

the ureteric catheter might be obstructed, e moved it 

bot a little; this led to the appearance of fresh 

blood 1n the urine, forttmately 1n sm 11 ounts. Whether 

this re diness to bleed \las indirectly brought about by the 

PAH is uncertain. 

Fro the viewpoint of improving oar technique, we 

era zt interested to discover wh t ould happen to 

the scrum cr-eat1nine and PAII concentrations, on 

discontinuing the sustaining infusion t ·he t e ot 

comm ncemant or bypass. he results (ct above) surprised 

us. The. continued, yet irregular, rise during the 

byp-ss period, 1n the com lete bsence ot 1n1str tion 



of additional creat1n1ne or PAB, c n only denote 

del yed nd incomplete mixing or the unpr med blood 

1n the extracorporeal c1rcu1t \11th th t 1th1n the 

dog. On reflection, e should perhaps not ha~e been 

so surprised; just as an equilibration period is 

needed :1th the usual techniques, so would it be 

needed here. The r1se 1n serum concentr t1on of 

creat1n1ne and PAH, postbypass, is readily expl ined 

by the res pt1on or the •sustaining' infusion. 

133. 
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CHAfT§R VIII, 

DOG B1 

\ 

\ 

1.1:he 1ms of the experiment on Dog E, , ere identical 

to those :ior Dogs C and D. 

Analysis of results obta1: ed so f r, sugg stad. that 

stopping the 'sustaining' infusion of ere tinine and 

PAI! at the time of commencement ot ·carddopulmonery 

bypass, t<Jas probably tho best method a~all ble to us of 

atta.inin& consistent sarum levels of these substanc&s. 

In consequence, we adopted the same techniquo here. 

Following our obsorv tion on the he orrhag!e 

effects or PAR during surgery (cf Dog D) gave it hero 

only aftor all major .surgery s complet d. 

In all othermspects, the exp riment 1 procedu:re 

dopte tt s s1m11 r to that for Dog D. 

139. 

The results are given gi-apbienlly 1n Figs. 1;, 16 and 

17. Details of exper1mental an derived data are iven 

t the end of this Chap~er. 

mw FLOW RNrE; s110t~tnx; '.rllMPf!M'l'l I csr: <Fto, 1~>.--

our1ng tht1 20 J'll1nuto long prebyp ss obs rv tion 

period, urine t'low rate and Cer both tel11 from 6.7 t.o 



140. 

3.4 ml/min., and from 61 .7 to 22 . 0 ml/min , respectively. 

Urinary osmol ality fell from 290 to 179 mOsm/1 . The 

oesophageal temperature just before bypass was 33 .20. 

The intr oduction of bypass •a a further marked drop 

in urine flow rate and Cer, but now the osmolality rose, 

to 245 mOsm/1 , and within a tew minutes to 1+<>2 mOsm/1 . 

The mean oesophageal temperature dropped to 28 . ,° (period 

4) . The arterial B.P . was 100 mm Hg . 

Blood stream cooling , as initiated with urine 

collection period 5. The Cr rose immediately, from 

10 . ; to 27.7 ml/min. As cool ing progressed, to a low 

of 11.,0 (mean oe.sophageal temperature) in period 12, 

urine flo,.i rate increased ( to 3. 7 ml/min), Ccr fell 

(to 4 .. 8 ml/min.) and urinary osmolality fell to 241 

mOsi:v'l, (in period 10) ; urine osmolality then rose 

slightly to reach 26; mOsm/1 in per iod 12 . 

On re·warming, the urinary flow r ate fell still 

further, to 3.08 ml/min. and then abruptly to o. 68 

ml/min . , (periods 13 and 14, r espectively). This abrupt 

drop in urine f l 0\'1 rate occurred at the onset of active 

rewarming, between periods 13 and 14. Urine flOi:J rate 

remained at o.40 to o.68 ml/mino throughout the remainler 

of the bypass period. 
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Car fell to 3.8 ml/min. (period 1~) but th n rose sharply 

to re ch 23.3 ml/ 1n. dur1 !? period 17. 

T ir rial syst lie blood press,r flue ted 

·· id ly dur:!n the byp -ss perio .. A transient drop 

fr 98 8$ g, on co encamont o blood stre 

cool· g, s soo reversed to a ak o:r 110 g. in 

riod 7. '•he .P. then f 11 in, to l or 6; 

Hg. in p r1od 11, befor rising "'o 100 1n ri 11+. 

1I cue 11 d anoth r drop to 70 Hg. !n period 171 

before f!n rise to 110 Hg t tho en of the y ss 

poriod. 

Urinary os lality ros slightly rrom its low point 

of 241 Omn/1. in pariod 10, to 289 m sm/1. 1n period 1i.. 

T en foll ·ed steo rise to 582 and 625 mOsm/1. in 

periods 16 ad 17 respectively. rin ry osmalal1ty uas 

not dt1term1n-ed :Ctr period 1;. 

R stittttion of normal circulation s cco p niod 

by on die.ta rise in urine flou r te, (from 0.63 

miI to 1.90-2.55 ml/min.,) and Ccr (from 23.3 ml/min 

to 60.9-7l+al ml/ 1n). Urin ry osmol 1ty fell to 271+ 



JmPii&RY Bf&STROm i A~ PAH co~cisNTBf.TJ;ON CHA .GRs. LEW• J.62 
During prtebypass periods l and 2, the urine 

concentrations of na, K, oa, inorganic phosp t and PAR 

nll fell'> th t of Pft.H rolntivoly re ..,o then th others. 

~h initiation of bypas~ producod a r!so in 

cone nt ation of all these substances, excopt that of PAR, 

11hich foll rurt her. 

ct111 blood stream cooling lead to a rise 1n Ia, Ca 

and nAl o ncentrat1ons, wh!le the c centrat1ons of 

inorgonic phosphate and K f~ll. During profound 

hypothe-"'lllia l~a reached a maximum concentration of 12?.2 

c:/l ~ nd Ca 8.-1. mg/100 nu. These max d!d not 

co-1nc1do 1t1ith the period of lowest oesophageal 

te per""'turo (period li) but w1th urine collection periods 

14 and 13 respectively. Kand PAR ttain~d 1!11n 1 

eo11cantrations (of 2. 3 meq/1. n .G?8 G/lon 

rospactivoly) during periods 9 and 11. 

~ aet1ve rcraarming, Ua. and Ca concentrations fell, 

.1h1lc thom1 or K, PAH nnd inorg n!c phos bate- rose 

(period 16). Period 17 ,~itnassed a !'G'Versnl, of minor 

dagroo. in these chang s . 

PZter restitution ot normal circulation, urinary 
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electrolyte concentrations were, relatively little 

different rrom thos prevailing in period 17. .. o.nd 

Ca eoncontra.tiono fell some h~t, 1n0l"gan1c osphnte 

remain unaltered, and K concentr tion rose sligh~ly. 

Tha percentage excretion or both I d ate1" x·oso, 

in por l el, uith a tolling oesoph goal temporntur ~ 

Single CtJ.rVCS can bo dr wn thro h tha d _tr, obt 1ned on 

cooling nd re-warming. · 

xamination of the data for percentage exc otion of 

'filter elf K, on rewarm1n(h suggests that K excretion 

alln \11th a rising oesophago l tomperatur .. The oonvo?» e 

doe~ not ~eem to be true. 

§§RUM couc Et Af IQU CHANGES; 

Seru!.l cront1nine eoneent.ration tell fro· $. 83-6.2; 

mg./100 !s1l bu:i'oru bypass, to 4.$8 mg/l O 21 minutes 

r.u:t . bypass u $ begun. ThrQo SllCCElSSiVG SG'.tk samples 

thereufbsr shot:ed a irregular tall 1n serum crentinine 

eoncentr ticn to 3.;o mg/10 ml 38 1nu es 1 tar. From 

scr 9 on-v:ards, the serum craa.tinine coneentra ion roso 

st h dily~ to f'1nally r&ach 5.84 mg/100 ml at tho conclusion 

o! "'ho experiment. 
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coneentr ti.on tell flaQII preby'p l" ls f 143. ; 

-14-0.9 q/1., to a lo of 1.23.; eq/1. just fore 

b 

(!)tlr 

as 1n ed. Jtt 

rum le concentration v -s 127.1+. q/1. 

ser K coneentr t1on fluctuated ir gnlarly 

throug out the course of' t e r nt, vnrying t n 

3.10 q/1 to lt . 25 q/1. It ro 3.;o d 3 .10 

· eq/1 to 4 . 2; q/l edtately oft r bypass s gun, 

t '.\ n p d prog:i- ss1vety o 3.1+0 q/1 ur period 

9, o ruptly to 4 . 2, to 4. o q/1 for t 

... il,il;l • .,.'" ... vr or th bypass nod. On ptlon ot no: 

ircu:1 ion, th s rum cone ntration r ll in to 

3.25-3.1; q/1 .• 

. y 2 samples, o• l d a, t st . 
tor P • These contain d 41 . 8 g/100 l and ;"3. 6 g/100 

t1vely. 

he 1n s protein fr til collection per1o l, 

hen c-ti blood strG re-varm1n began. Prote1ntl'Pie 

s irst vident as tr ee• 1n urine 14, ros to 

10 - .2 mg/100 ml 1n urtne 16, and te k or 6 70 

m{!'/10 tn U?>!ne 17. After d1scont1nn tion of bypass, 

i: 1, to l s~ than 10 g/100 1n t l t urine 

s cm n coll ctGd . · Oto.19). 



148. 

It will be noticed that tie ser ples collected 

during this xp-0riment ere an lyse hl toto tor only Nn 

nd ere t1n1ne content -was est1 ted 1n all ut t,!O, 
and P , 1n only t1i.'O. le had planned to analyse 11 
serum SaI!Iples for ca, Mg, 1norg~11ic hosphate, nd 'PAH, 

as in previous exper ants. This r ilure to 1Iople nt our 

designs was due, simply and 1rr1t tingly, to the tact that 

the sa ples were then mislaid. 

Jis coneequence ot th 1s, one 1s un ble to clearly 

g uge tho efficacy of our ttempt at keeping the serum 

erea inine level constant. It is ap ent from the d t , 

.o 1ever, that a drop in serum creatinin concentration 

did oectir ~1th the onset of yp ss, 1d that it then fell, 
slo, ly a d irregularly, until blood No. 8 was drawn during 

tho aarly rewarming period. The intraveno·s infusion of 
ere tin1ne 'Was :recommenced some i'our . minutes befoi-e blood 

oo..mplEI 9 v1as tak•n, nnd it is presumably s n result of 

this th t the serum cront1n1n~ levels rose ste dily from 
then onwards. 

The brupt blood pressure fluctu tions sen ur:tng 
the byp ss period 1n this og, itero partly artaf ctunl. 

Tha or or! 1 systolic blood ress e is well 

!all 1 passu "1th body temper tu.re (ct C 

~ 0 

pter l), a 



phano non GV1dent 1n oach of our oxper· nts so r. 

This J; cas it d f:f!cul to ev 1 ta th ro ns or the 

fall in Ccr during bypot ermi. t erefore now attsmpted 

t keep the systolic bl od pre ura raised durin tis 

peri "* by increasing t er te of return of (eoole ) blood 

fro t extracorporeal circuit to th& dog. This 

effectively 1ncro sas t e t.n1m ls blood vol e, whila 

depJ.ct ing that of the helix reser 1r. The rise in B.P ... 

from 85 to 110 Hg. twee ario-ds 5 to 7 Cm 

cescp age l emperatur ~ 2,.? nd 23.6° re psctiv ly) 

eflo ts our us of this oeuvr • t er eoolir.g, 

to 12 .4° 1 lower d th B.P. to 6$ Hg, a_ figure 1e could 

not is as the helix reservoir "' s no almost empty. 

On r ·nrming, t B.P. :ros spont neous Yt and about 

500 • f bl o was returned r h dog to the machine. 

A ~barn drop in B .. P. occur,r,ed shortly 

the byp ss perlo; w correcte th s 

etore the end of 

nee in 

1..'1-USin. Jiloo from the no· rep t d alix roservoir, 

in o ttAe og. 

I y be recalled that Bickford nd U.nton ( e_ 

Chap er 1) \'forking with the isolated, p rt d k ay, 

h d not qu ity o serU111 nd urin ry ehlor1d 

c.onoo _ :rations below 1ao. In this dog9 1n ry a 



160 ... 

eoncentro.t1on reac d serum le.,, l~ for t e first f'ims 

d :a.ng p iod 13 (mean oasophagoal t eratnre 12.6°) wo:le 

1; minut.as after th oesophag al te perat e h d fallen 

lcr.~ 18°a One is · de to ,1onder again, (cf Chapter- IV) 

il ki" ·Y t mp raturo :ls really identic l to that of tho 

the other hana, the m1n1mum urinary 

o~t inin cone ntr-at ion occ 1rre<l t the tir. o 1est 

ce:::op~ · ga~l temperature (por:iod 12). Be ring in mind 

·tho fact that urinary Ma concentration is o SUI o of 

·~ tubular function, t4h res.s 1n y creatin1ne 

concentrrt ion is part,1y det~r ed by proximal tubular 

act vity, rm alto1. .. native A"'J)lanatio. pr s nts i sslf; 

na:i .. oly tha temperature adients xis ... -11ithin the kidney 

~~bst~reo itself. 

Bot 1 infusions - of ~ dextrose-s lina, a."ld of tho 

S"'lino containing th.a era tinine n P>.H - uero roeom.t onced 

at the beginning ot urine colle tion pcrio 16, rathGt~ 

than a the termination of' th bypass iod, s ad boon 

plen.~ed.. ua ,1ere uismaysd by the sud n marked drop 1n 

urin· !lou ·rte trom period 14 on nrd, nd hoped t·nt 

tho r sumption of the 1nfun1ons would gain produce 

diW.'»8°1.c.>. ;t;} e sustaining inf si or ere tinine and PAR 

d ~ .rf re to b resumod so s to avoid 

Ol' ering or ser-um era tinin and ~ .AH cone ntrations. 



The results llbn that w . did not succeed in producing 

diatG diufests, and th t th rate of the ereatini.ne 

•PAR infusion was too fast. 
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in1n d I SUS " :tning 

• .. g dos · ·ven aft urat c theterise ~ 

chest o on d .. 

( 2) Both .infusions ere m !tc ec of t ot nst:ttut1on 

of ss; res d efore b 1 ont1n e,1 
' t 1.51 p.m. i.e. t nd of or!! c 11. etio eriod 1;. 

(3) U i.ne b ootl.tinged on ra,~ min. 
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.• 10 22.6 • 5 26.0 .90 
• 2 16.1 .lta 28.6 00 

.11+ 1;.2 90 .;o 30.7 
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160. 

C'.ffAPT R 

1)00 o .. 

T e attempt to r1inimL,e C·!" revent t .e us nl l therm1c 

.p.. drop, in Dorl' E, h::...d uecn at ost, only · ti .. 

euccoss. Us 1•esolved: to try again, and ns pre.caution· ey 

. su_o, pr 

'l. ot bl .. 
d t e l lix reservoir ,•ith an ... dr ·t1on 1 50 

\. then experim(?nted on og • The ~ s r.nd tee nique 

uerc ida t icnl to those for o E. l exper ime t 1as . 

t~ilu , ho~avcr, ~or te¢hnical reasons, and 1~s abandoned 

oro completion. 

og G follmi • Az before, the ocadure a opted 

,; s s · ilar to th-t for Dog E.. In ·his dog, to prevant 

t.ie occurranca oi bleeding into tho ureto:r - one of t n n, y 

co t h d bes t -c< '.With og : - ,, eanrmlA' ed 

· e (loft) nr t~r 3 days aroreha.ne. 

he rosults ~ e ~ vcn gra hie ly in Figs . 18~ 19 20. 

D ·ails of experim tnl tee 11 qr1e, observed an deri've~ t 

are giv n t tha ond of tie Chapt r. 



161. 

During the 53 minute p ebyp sz PQriod, the 1.;ir-ine 

flow rr to fluetnatod between 3 O - $.4 tnl/minuta whllo 

el irregularly from 87. 4 to ?2.6 ml/minttto. . . 

xhese inconslstencias \Hlre acca?lPaniod by variations 
' 

in ur:i.Jm!1y osnolol:1ty ot batween 261+ to 358 mOsm/l. 

The arterial systolic B.P. and th oesop g al temper tur-e 

stcyed constant at 130 - 120 Hg.and 3?0 , respectively. 

UPon tho int~oductlon of cardio 1 onary bJ"J)ass, 

uriur:ry flo ~ rate nnd Ccr f 11 a uptly to less than 

half tho:lr .. ediato pr byp ss v lnas . T 1e oesophageel 

te ~ rat~ toll to ap ximat ly 30°, nd the B.P., 

nutes ot bypasst to 105 Hg 10 Tr1is lats fall 

in -.p. sa~ a further fall in n~inary flo rate nd Cer 9 

and urinary osmolality rosa from 298 mOsro/1 to 3~4 

mo .... !fl. 

Act1vo blood st:t•eom cooling uas nit1a.ted • t the

ant of urine collect ion riod ? • Thera'Was 

edi te ris~ in urine flotr rate, 2nd f .. ll in 

of:' lality, but C::n- remain d Lmnltered. As cooling 

progr ss d, to a lo'W of 9. 2° (period 9), Ccr fell 

al'kedly-, to 4 .. 9 11ll/minute. Osmolality ·nd in y flou 
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163 .. 
rat fell slig tly, r o 317 Osm/l to 310 Osm/l and 
fro 2.35 to 2.00 ml/minute, roopoct1vely. mhe .P. 

s held t 9; Hg . 

<'.'lt.o& pe . rnri t o(rnophc.1goal te?~p ,r.ot -~e rose 

spo Ttc't a , sly to 13°. T ere , as n han. a .in urin~-~Y 

fl ~. rate osmril'!)lity or Ccr. 

Ac ivs reuarming s b gun with urin eo lection . 

.. c iod 11,.. Urine flow r~te dropp d !rnr.iudi. toly, to 

• 7 11/minuta, and osmolality os t 347 mos l. 'rhe 

oso to 108 Hg., withi 3 m1'1utas 01 ra ur :tng, 

r·:1a. ·he Ccr incre sod fre.at ion 1 y. s cont 

· (pe_·iod 12 - e · n oo ooph, c.1 · Gi or ture 35.1 °) ~ th urinary 

l.'1 M rate increased sliPhtly, to l.oJ rn.1/ illy ur.:.nary 

oSM lnlity ose to~ 8 oO /11 nd Ccr ros t 10.1 

ml/ inute. 

estitutio of th nor l circulation w s aecompanied 

by a further ri3e in u.rinr.. y ¥ o rQt nd ccr, u nait er 

re•'chad prebyp ss levels. Ur111 y o n olality fell 

to 299 raOsr. ./ .. "'r o us... loorl p o~, .. 1 e re di..'!lg, of 

110 Hth uns t ken 7 int t s ftor discontinuation of 

:1he oe op! goal tem er tur fcl to 3;0 • ; 

:I1ru" s er bps~ was tar·in t ~, nd 20 inute~ 



164. 

lator bad fallen to 31.20. 

CQHCENTR~TIOlJ CBf!!GE$: (E.,IG .. , 12} 

Probl1PflSS 1 urine concentr tions of n,, K~ Mg and Ca 

l'ol1 pPogr~ss1vely. Inorganic phosph ta and PA!! 

conccntr tions rennined approx~ at ly constant~ 

Tie introduction n! bypPss lead o an im dint~ 

:.. ise :1n LB.; K, and Ca conccntr t1cnn. Inorg "lie phonphate 

rosa fractionally, from o. 81 to l.-00 r:/l!Y ml. .. 

concon'trntion fell, wh:Ue Mg concentration : s 

i;ercd... The ltfg content of ur e s, mple 6 "~as not 

Ae· ive blood atr~am co ling le~ t~ 1 ise in ra 7 

Ga and Ug oncent:ro.tions, so th by neriod 9 (moan 

oozopl 1 <ml too e.1!ature 10.20), t ·Y \f r•e 124 .o Laq/1 .. 7 

6~6 · 'loo tnl tu.1d l.'+6 tn,g/101) ml respecti~JGly. K P e.nd 

PAI! concentration,., i'ell to 5 .. 1 q/l., o .. 51 mg/100 ml 

end 21.- .,::._v'lOO ml respectively.., 

Tho do 'z tcr:1por t ro ·.11 s '"'llowed to rise, 

s .on"":c.i ... ously, during period 10 (m an oesophageal 

B por!'.lture 11,.9<>) loll na end Ca eoncentrt,t1ons roso 

:fu.rt 'tG , to 132.$ 1.aq/l. and 6.9 rug/101 ml r spec:t!vely. 

Acti'le :rev1a.,mlng com.mcnced iith por1od ll!' The 

c~ o...."lgas ooen abovo, \iith cooling, ull reversed in direction. 



Just bofo e temination o:C bypnss (period 12; metin 

oasophagoal te porature 3; .. 1°), urin y concentrati ns 

·uel.*o: 10 :meq/1; Mg undotectabl ; Ca 1.0 mg/100 ml. 

K ancl PAii coneentrationn "fera comparable to those 

cxist1.1g just before bypass ··as in1t ated. Inorg;;mic 

16;. 

pl nphate, ,ft~· rising transit rily to 0.91, fell to o~;i 

mg/1 Ci ml. 

. 
Postbypass ,. P!Ji rose to 2 . 4 - 1.9 G/100 rnl, · hlgl1 ar 

1.evol than had existed pr,ebypass. Na, Mg and Ca 

eoncentrations remained 1011, while inorg nie phosph ts 

fe:1. fractionally. K foll to 3.t, meg/1 .. 

ho peroontnga excretion of filtered a, H;,O~ ·1,g., 

C2 and inorganic phcsphato, all increased Yi.th cooling, 

ai"ld dimini..,hed on rawar 1ng • . In ae 1.nst-.nce, closo 

i.1spe(:r, ion or the data plotted 1n Fig. 20 suggests that 

the fall in pm--eentage excretion on re"Wa..,ing re.n 

p~ul.lel to, but s11ehtly higher than the rise in 

pere,:ntage e:~otion on cooling. 

of nxcrotim1, ,,ith cooling, tJas ,l.;,;uch less for f1ltarad 

!nm gan!c r,hoaphate , th::.n for the other electrolytes. 

Th porcootaeo axcret1on oi' .filtered K shows a 

sindlar relationship to temperature, t too 1rragulc1rlY 
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to of close co r l tion. 

Ser o olality 'W s 323 - 339 OS!It/ pi-ab pass 
1-luot · t d i.? egularly bet\Jeen 326 an 352 d ing the 

byp:~os - hypot~e ~ic po 1od~ nd then rosa to 315 Osm/1 
in th t,.o postbyp ss se nm ~ p es ,. vb1ch 1t -· ... 

do a ined. 

ne collection periods~ 
"'e.d.mi er tin .-0 1 ·11 -"rom 3.70 mg/100 Dl to 2.22 , 100 ml; 

-.. 11 • 1t od ction of bypcss saw a ri"'o to 2.54 rr/10 ml, 

'h ch °l1t1nuod ..,to dily til scrum s nle 12, taken 

1:, mh1°ta..- o.:rt~r resumpt on or nor al cl u'l .tion; this 

t inin cont en 

.,- ta1 d 5 .. 18 mg/10 ml 

f 7.-69 g/10~ .... _he next 2 sara 

6. 59 '!/' O ml of c.!'e tiniI ci. 

I V ied ·ron~ly t oughont the e·per1m nt . le r 
b p s, it f 11 rom 2o4 mg/1or ml 0 ~3 f!/ 00 l; 

.. re noriods 5 to 11, 1t flue te b ... ,,e ·n ;o~5 /100 

- l., . 65ll g/l0t1 • the tho ' 
ena of ,eril.., 12 (· nd .. t e i.'1C1 usi n oi' by ss) 

on'nin /10 m.l.4' . h t e postbyp (.'!s sertm. 

p es h 

er r rose .t.rom 1"5 m q/1 to 1¥,.$ r.1 q/1 in 
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169. 
s pl.es 3 and 4. Duri tho bypass-hypothermic period 

1t fell smoothly to 127 meq/1., d s 128 meq/1 1h 

sampl 11. After rising to 131.~ eq/1 fifteen 

minutes after term1nat1on of pas, t then fell to 
121.s q/l and finally to 116.; q/l . 

After an 1n1t1al read!ng of 3.89 q/1, the seram 
K varied irregularly between 3.20 meq/1 and 2.63 eq/l 
during the remainder of the experiment. 

Seruo Ca tell from 7 .. 8 mg/100 ml. prabypass, to 

6.4 mg/100 ml (serum sample 11)• th n rose to 7.2 mg/100 

nil in the posbypass period. 

~h serum Mg coneentr tion tluctu ted irregularly 

bet11ean 1.61 mg/lOO ml nd 1.a; mg/100 ml throughout 

the experiment l period. 

ha 1norgan1e phosphate concentration fell 

progressively, from. an initial ;.24 mg/100 ml.1 to 

1 .4, mg/100 postbypass. 

PROffl,myRIA: 

Tho urin-e vas protein-free, untll the cessation or 
active bloo stre cooling. Spontaneous rewal'ming 

occurred 1n period 10, the n o sopbage l tempel'ature 
rising from 10.2° (!n period 9) to 11.9°, trace 
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of pr o in 1 as now detected 1n the ur1n • Act1"1t 

roi1arm:tng t as aecompan1 d by a rise 1n urine protein 

content, to 10-20 mg/100 ml, at vh1eh l vol it pers.isted 

f~ the remainn.&r of the experiment .. 

CO :1NT: 

Thi.s expe1'iment as marred by serious. tecbntca1 

inadequacy. During the ;) minutes of •control.' urine ... 

collaetion periods l to 4, an air bubble w s seen partially 

obstructing the drip apparatus lending r~ the 

~a.colitre containing tho su.stahdng infusion of crGnt1n1ne 

ond PAR., The bubbl,e 'tlas removed, end the drip rat.e 

ra~djustedt $Ome 20 minute-s before eaNiopulmonary- bypass 

n s begun. The eff ets of this b.:> ruction, and 1ts 

subsequent release, ara only . too vidont in the gJ.'oss 

trregular1t1es 1n pre ypass ser ere t1n1ne and PAR 

eoneentre.tions. 

n bypass ,ras begun9 the :t.nfu~1ons ttor-e not 

stoppod, but just slowed down. This depariUl'e fl"om 

previous tract :tee was based on otll" obsan tion on Do 

E,- tihare the serum Cl"eatintne concentration was seen to 

fall during the bypass period, following sueb stoppage, 

The drip rates we.r-e then speeded up g 1n to ard the 

end oi' the bypass period (t11'1n.e cclleetian period 12). 

Unfortunately, ,.,e overshot the rk • the point has been 
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1 

net err ct ot the bov, 

quite valaeles · tor 

1ods. For 

y qu1ta s c 

te y, t 

t ere in!ne clnn'l'•ft'ftl~nq_ 

t e P , 

ob !7 

r! itself. 

1n v r O 1 ity, l 

d d 't t 

sp te cont t., 1n t 

tons 

ntngfull, · 

r 

refloct!o or t e too - p1d 1nf sicn · 

cO tel!' t is t • 

• ou~ xpe.riment, en so 
bl into t t t ollcru c theter1s ton, 
b tll our xpo.rienc 1t o , had lu J'S 

d betore collection of t e fir _ t trlne sp clmeM. 

re o to l dose of PJ !n 

G, indfttl of 1ts 1c tfeet (cf o D) 

d he Cl tt) t G 3 y before-

n of h t 

ot vio s t bi 
tion 1n proced e odnce no 1 eff ets. 



1?2+ 

A eek later t we xp r1mGn d on Do , again 

cat atorisi? one ureter Ct· o) days before and. Tho 

urino~ flo r t ·ns. une . ctediy slo Cl ml/mtnute) 

despite a. i-opid rate or int:r :venous 1nfus1on of 10$ 

doxtrose-uatR, and when bypass was commenced, it fell 

to zero. On exploring the wound 1n the flank, from 

·uhich the ureter1e catheter emerged~ a deep pocket ot 

thick pus was foan6, surrounding the kidney. The 

experiment was then abandoned. This gr-oss infect lon 

had occurred d!!ep1te the uso of antib1ot1es, and we· 

therof ore never age.in adopted the procedur of 

prolimtnary urater1c c theter1sat1on. 
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~HAPTER x, 
,AJ!PABIJT. AgT IV:&t toU ENE pt .. 

We had by now axpGrimented on 10 dogs, two of 

lth1ch (Dogs F and H) had been abandoned as failures. 

Many hundreds or chemical esti tions ltlere performed 

. ~ the scores or blood and urine ,s ples collected .. 

The time was ripe for a detailed examination ot our 

results. 

The d1s~ss1.on ~nd interpretation of our data 

"' 111 however be def erred to later Chapters. Only some 

thoughts pertaining to apparent activation energies 

will be presented here, s these directly flaenced 

or subsequent studies on renal function during profound 

hypothe.rmi • 

The graphic plot of the logarithm of a rca~t ton, 

~inst the reciprocal of the absolute temperature, 

y2elds curve, the slope of ~h1ch equals the apparent . 
a.ct ivat ion energy C cf Appendix E) • One ondered -whether 

such manipulation of our data (on the rates of renal 

rsnbsorptton of the various electrolytes at df.fterent 

temperatures) would olso yield smooth carves, or whether 

they ,1ere 1n f ct ·so erudely obt ined as not to b 

suseeptibl.e to this form of analysis. 
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Ina eh as the GFR (and therefore the filtered load) 

'V 1es kedly during cooling nd rewarming, the ahsqlµt,i 

rates of solute reabsorpt1on, t different temper tures, 

are obviously non-comparable. he nctu l ount of solute 

reabsorbed per unit time st therefore be 'corrected' 

for variations Sn load; one way of doing this is to . 
express the amount reabsorbed s a tr ction of th t filtered, 

per minute. 

Provious Chapters cont 1n figures on calcul ted 

percent ge excretion of solute filtered per tinute, at 
' 

var1o s an oesophageal temper tures. Subtracting 

percentage excretion from 100 gives the percenta 

reabsorption or f1lt8red solute per minute. Omission of 

the percentage symbol converts this to the resultant of the 

ratio: amount reabsorbed/amount filtered, per min te. 

This f1gur can be regarded s the 'cor cted' abnolute 

re bsorption rate, or re l gently, s the quivalent 

of the reaction rate constant (or equilibrium constant) 

.in chemic l reaction t a given temper tu.re. CT is ssumes 

0£ course that the reaction rates of renal reabsorpt1on 

mecha.n1 are 1n fact constant for any given temper tare, 

not unre so ble ass pt 1on 1n view or the demonstration 

of s ch const ncy for a iost of nzym ed1 ted re etions 

in ot or biolo ical systems (81t). 
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Card1opuJ,.monary bypass 1n it•lf alters the 

percent ge of filtered solut that 1s excreted - and there

fore the percentage reabsorbed - per inute (ct Chapter 

V). Clearly thoretore only those d t pert 1n1ng to the 

bypass perio con be utilised in the v lu t1on of the 

additional effects or temperatur on ren 1 re bsorptlon 

rats. 

In the experiment on Dog B, a had collected a 

number of urine samples during the total bypass period, 

t t1 an oeeophageal t per tures varying bet en 37.7' 
an 11.9°. F • 21 sho s th plot or t e log~it s ot 
th ,, e et ion rate const nts • ( i.e. the r~tics or reabsorbed 

to iltnred solutot per minute) gainst t rec!p,:.ocals 

o those absolat temperatures at hich ese r tes 

ere sured, tor N, Ca, :Inorganic phosphate, an Mg . 

It 1s pparoot th t curves c n re dlly be drn n 1D the e 

dnt • 

This nb~1ty to obtain a ooth c~ on an Arrhenius 

plot or our reabsorption d t, is not perhaps surprising. 

All the experiments 1n hich hypotherm1 as· induced (with 

tha exc pt1on of Dog D) showed a curvilinear rel t1onsh1p 

the rcentage excretion of solute filtered per 

minut , and the oesopbage l temper tnre, expressed in 

d gre s centigr de.. As the logarithm of the 'corrected' 
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Nalmorptlon rate ts directly dertv fJ.eo the torma·r, 

and 1.1s tho nnmel:'1cal relat1onsh1p of the 1 tta to th4 

Absolute temperature ls almost c'Onstant over so emall 

temper ture range, 1t may in gener l be expected thnt a 

sim11er degree ot correlation wlll be found on an ~henlus 

plot based on the same data. 

t uUl be :recalled that the t per tum vas lowered 

• step-u1se' 1n Dog C, 1n an endea11our t naure that the 

urincry findings observed dar• a tem r t~e pl teat :tei-e 

1n fnct charact~rtst1c or t t ta e:r tare, en not sinply 

the resultant or changes 11hich migb v occur:-ed. over o 

\i,!i o r ge cf oesopbeg al tecperatures, as 1n Dog a. Yet 

the .. gr,eaion line f~ tho rcmt e excntion of 

t11tt.ll!'ed sol~a per inute, versus oesop . e l temper turet 

for Dog c, ls less clenrly deline ted t n t t ro~ Dog 

B. !l:hG Arrhenius plot (not shown) 1 stmllerly some-uh t 

tri·ogular. Inspection of "Fig. ll sbo s th t only urine 

collection periods '1, a, 12, 13 11 er t en t times 

of f J.r-ly cons't nt oosophagea.l ture; consequently 

ta obtained tor these periods aPe pl'Obably t e Ct')st 

cenrate. Fi • 22 sho'Ws the rrheni s tot of the 

r bsn,,t1on rates tor , , C , nd 1norgen1e phofl'Phniie, 

boned en t data from thes nr1n colleeti er!ods. 

ssion lines f 'or N.., and tic i-ly lt:, are mum 

to be not too clearly der1n - , end ff thereto.re positton-ed 

by" lnsp c ion. 
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} ctiv t1on. nary be eri d t 

(Tl - 12) 104e-} • 
2.3 fi <fi.T2) er kl d 2 

e ction r te con..,tant rp ra e fl 
end 2; R is th g s cons nt; and ls p a nt 
cti ation energy. Our d ta er too varinble to pcly th1 

equation dir ctly. To cnlcul t 

solu , my oced 

S l S r C d t 

to not 

, , ther fore, tor any 

hie ur1n collection 

r1 s of l t1 n in 

oesop e 1 t pern.ture; plot th . t d rived tr th o 

1ods on an rr entus phJ drn (by inspection) 

s1on 11n with t best tit; nd then obto!n 

convenient lues of kl, 2, Tl d Tarro this 11n, 
to su stitut 1n tb bov f nl • 

' 

o ct exampl u111 b given, t C lcu.1 te 

ct1v t1on energy ror to re bsor tton of 
giv solute varied w1d ly fr do to dog . D tails ·uill 

giv n 1n lvtel9 C h$ter. Suffice 1t to s y that the 

v 1n il.ity ot these results led to query axio 11th 

hich d beg this 1r10 k , 'Viz . s rin h us' diet t t 

uorg""ns 1th high perfusion sue s br 1n or k1dn~ y 

szum d to follo the hes t t e t passiv ly"~ nd t t 
heart t r tur, 1n turn, "a pro tad ost :X ct1y 
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to th lo o ~o hag l t pe,s; tor " ( cf Cbapt er 11) 

c 1f 1o ·ii t lso t n calcu1 ttons 

or c 1v 1 n onerg1f$S of r al cboni s, base on 

o sophog al tamp ra ur s~ m st give unr lla 1 res lts. 
/ 



0 

19 

al t ~ tur , d t tions in cone ant 

sxcro io or t1l ered l , (ct · o t 

nd E) had ma o us doubt th v lidity ot tl G 

ai, s am sur or 
' er tur • The 

ies :.t'ound C in s B to G) 1n the 

d cti i n n P.i fo r a;.> 1 r bsorption of 

us solut s (e... h p r ) r 1 d h s qu stion 

d • d t rmin d o sol'1 it y ir ct observa.·ion. 

1 t f 

tur , f'w ny onz 

o y1Gl. P. xi tely 

C 

w bo .... tn 

' . 
(ef p r..d ). The h niu lot 

l 

0 

n.., rpti 

es. 

_ pog ( .. 21) s the 1nn 

011 e of he ~10 of descent f 

ro ·1 ra e f o , s l o th lo of sc nt 

to ctio rate top t par t e, :es 

c-alc tion o ~Ft dAS* ~ 11 t:J. H* ( 

d c1d d to ob v r na f et1 , n t only 

d mg c oling bnt nl ... o, su q ntly, durin" hyperth 

b 

) 
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i:re n tuo obj c iv s in experiment 1n on 

Dog I . The f" st a to st bli h t lid1ty or 

other\ !s of the o sophagE? 1~ s 

t n · atnre. ihe second, to obtain da on the poreentag 

.... retio!'l oi' f tered solut s dm ing both hypo- n hyper

thorm1a. 

~he experimental procedur 

iraviouSlJ", \Jith the follo· 

as similar to t t _ opt d 

xc pt ions: (l) after 

cathctor1snt1o of on ureter, thermtstOJl' probe w s 

-~ 1.sert int th subst e-e of the ipsU ral kidney 

(2) uch smaller dos of F was given th® hitherto 

1-0 f llo change in rnthe than 

r cooling, he dog \!las r · armed to bov 

bo y t per t ur • 

.. • 

' 

t results o pre~ented g pbic ly 1n Fig. 22. 

D tai s f he xperi antal proc dur o st:.rve. cc d. art ed 

dat ore iven t the end of this Ch pter. 

ur · tha prebypass urin coll tion periods l to 3, 

fl r incr s d 1.ro 2 . ol+ ml/ in to 3. 42 ml/minute, 

and in y o olnlity fell fro . 2?$ mo 1 . to 198 mOsm/1. 

ThiS d1ur sis w s acco ·pan1ed by slight fall 1n systolic 

ar'terl l blood pressure (from 120 Hg to 9 Hg) , and 

ERPF C 91.2 to ?,.1 ml/minute ) while Ccr f ll from 27.1 to 



191. 

kidnay 

flr,; rat 

o sophageal t pe atur s wer ·35. 
d C tell abruptly~ d r 1n 

• iJ:'·ine 

zero, 

· 'Ghougb the systolic · .p • rose slightly, to ·.Lu-.. , -. 

Act iv bloOd stre cooling cs in odt.eod 

p s. or iwas n 1 ed1 te ri 1n urhle f O't: 

rc;t (to 1.36 ml/minut ), and Ccr (to 10.5 ml/minute). 
1 PF u s 22.1 1/ nuto. As cooling pro resse to 

10, of 15.1+0 (ran 1 tam er tur ) in pori 1 , the 

urinarY no 1 r te ftGr trnns1ently 1ncreasin , fsll 

·o 101 v luas, did · B.P., C nd ERP • 

·iI .ine coll ctio~ period 8, t ns1-nt 

abrupt isa 1r systolic .P1 (t 140 fig) ocenr1•edt 

• 

f llo0 ing on accidental incrc se in pe us1on flo r· to. 

his 11 s accom:peniod by a sharp r se in urine fl r t and 

er; rose slightly to • th an 

per · m .all from 24.; o 2 .7° .. this t • 

Comp rison r ran l and o sonhagoal t em r t• s 

r voal.;) that initially the kidney cooled re rapidly 

~ n did t oesoph us. Th y t n both r. eh d mue t .. e 

s o t per ur dw.·ing periods 6 an 7, ·th n an nt ompt ties 
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nmdo to keep the renal temper twe constant. During period 

8 a ~tivc blood stream cool!n i, ,.as res • Ag~1r.t1 renal 

t _ aturo toll faster· the did the oeso , al, so that 

at one point it ·uas 4.7° lo·'Bl"• s cooling progressed, 

hmmvo , . al teoperatnre- fell little f thcr, uh!le tho 

o sophngeal tompnrature fell progressively. By period 9, 

the oophageal temperature uas at a low of 11. ?°, tfhile 

the kidn y tom.par tu.re never fe11 below 15.~o. 

Acti110 rem1rming brought abo t revers 1 in d1re,etion, 

bot not axtent" of the trends s en on cooling~ in urine 

flm, _ to~ Ccr and ERPF. Cer d BRPF inocl far below 

rovious levels. The U?'in ry os 1 l1ty se to 39+ 

0!:Wl. .1.ho B. P. rose from 30 to 80 Hg. Tba 

esopbege temperature ros re r ptdly t. n did the renal 

tempe~t. ·Gr ; during period 1,, it as 7.,0 higher then 

tl t of the l{iclnoy. As the tem 

no thermic levols (370), rannl 

ature ppro ched 

d oesophageal 

Th attempt at hyperthermi (period 20, and after) 

raised the os ophageol omperatur o a fina level of 

46°; tho onal temperature never rose "bova 40. 7°. 

tong for this hu.1ever·, the urine !low r te had fallen 

to zero; during period 20-, only 2 

collected, and this in tha t1rst few m:f.nut s only. No 



urine 'H s pro uoo t er aft e • Th blo pre n re op d 

from 80 to low or ;5 • Just 1or to the. 

c el sion oi' t e experim nt, atta pt was de to rilse 

t o ood prsssur by 1nere sing th perfus1 r te; this. 

l ud to transitory re . o bloo pr ss re t 80 Ilg. 

: 

in t (;J. intt1al •control' periods l to 3~ 

per-.- ntage xcration o:r fUter d vater ros from ?•~ to 

2,. ,, 1h11 tha of rose fro 2.2' to 3.7. 

Tho introduction or yp ss caused an 1 edi t op 

the ion or oter~ o 111-.,.3~ of t t filtered. The 

,ont _'*" of t ine coll c ad thito e 1o n ot 

ctiv bl od st eam cooling (co oncing uitb porioc:1 ;) 

11a"' eco anie ry an irregul 

e""'.crction, so tho by riod 11+ ( 

15.~ ), 58 5, of the tilt rd a, 

ere s in rcent e 

1d~ ey t or ture 

d 69. or the f Utare 

t1ater, ap od in t e urine. During riod 9, th systolic 

arterial blood res~ure plunged ruptly from 100 H to 

; he ercent ge excretion o ter rose, transiently, 

tr 38.6% ( riod 6) to 87.1%, only tor 11 to 60., 1n 
P9:riod 10. • excretion r l om 33.6 (period 8) to 

12.6 .-in rosa to 43. in period 10. 



g, 1 ss nd · ss the f tr d N nd 

od in the lne y riod 19 ( n kidney 

34.9 ) only 0.2 of iltsr d 1 , .nd 24.4, 

ere "Cr ed . 

I mild nal byp rth 1a due in p io 20 

, lddn y te era e 39.6 ) 1 accompanied by 

little tr ~ion 1n par on ag · !on of 1 ( O. ~ ~) 

1a r (29. ) tom thnt pr sat d · 

d 19). 

S: 

nc. oth 1a 

o lal.J.ty ros fro 304-306 

31.-: '119. Osm/l. , u~ing h.vpoth r i • t n i 11 to 

10 o ... 1. i b ood s pl 11+, the st t of byperth 1c 

p • 
ste ily 

e tin1ne z-.os from 4.2 mg/100 ml o ; . 5 /100 

;o fo.ll to .8 10 ml 1th h 1n ·r duct ion of 

Af a rurthe sl1 ht f 11, it t en r-ose 

lowly o 6.o r/100 ml nr e coll et!on 

_ r!od 16, l reafte:r th rate of rls increased .at-ply, 

$ r tinin 12.9 g/100 e ot!':'I t 

of .. 20. l g s r s .:: had er tinin 

n t r • 

Hy 1 d by f ll .in SG !ln 



:r om 130 q/1 .. o a 101:z or 119.5 meq/1 {period 9, nan 

kid.nay temp ratura 15.9°), approximat ly at -which level 

it persisted until tho hyparth rmic period when it rose 

to 124. 126.5 q/l. 

PAH concontration ehan_ges p lleled thos of 

ercatinin • 

cg J!T. 

196. 

This w s the fi:r.'st time e h d easuroi the te porattui-e 

of tl.. kidn y 1tool:f. As pointed out 1n Chapter U.,, ,1e d 

prov· .ously r lt it desirable to avo d th necessarily 

t ... n tic pos tioning of the istor pro 1n the 

su.bstanc of t ,o kidney, while study ran l function. 

i '*;"! r.t0lm 1 r , -ware not so m ch interested 1n kidney function, · 

as ~on~l tam rature, and especi lly it rel t onship to 

that of oesophagus, during cooling nd rm arming. 

Con!l quontly 7 no t empt was de here t o f ollm changes 

in h nal handling of ca, 1g or ino ga."lic phosphorus~. 

Tho st striking r&sul t of this xp riment t<1as tho 

gren diser pane,- betvaen renal and oesoph eal tGmporatures~ 

d in part cnlar the varying t'"elat1onvh1p of the ono to 

tho o her. Tho l atter wes q it , expected, and ttas 

c.Gl?t inly a ban adequ to xp1~ at ion fot-' the 

v 1abU1ty in apparent ctiv ion energies commented upon 

in Ch pter x. 



ho op m arterial systolic blood pr::; -Elt to;; 

ng, urine th r:.tildly hyp rth ic pqriod is 

11\?0Stnna ly t.1 cause of' ~-he nnur1a exp~rienc d aro; 

al. hough U this 1s so, it _snot clear \lhy ..,ome ur1no 

uas not o ed ·uh n th lood pressure as, temper -Uy, 

to 80 , Hg 
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CHAPTER 11 .. 

Th ix"' .... g, l • relationship fo 1.nd b t een renal and 

sop! ~oal ·emperaturos ln og I, had coo ·S ... n 

tu pl a ... ant surprise- W decid d to repeat our observatJ.ons 

ou oosophagaal, renal tind rect,;,1 tempehtures, oo:foro dur1ng 

and -a1ter the induction of hypothermia, 1n Dog 1. 

"!-

The eonsistenly low app8ren activation en~rgies for 

tha 1.->c n bsorption of mot~ganie pb sph t (cf discu.;sion 

in a · ter Chapt r) had also in rig ed us, id it ,:as 

.acc-o dingly decided to note th af t o Par thormono during 

bypoth reia.,. a well.. Inasmuch as the results of thio 

l:alttar .., oeuvre fall b yonct the scop of t~1is Thesis, 

they t1ill not. e r i'el?r d to ag in. rJ.y the data 

1~levant o pravious Chapters 1111 be r;ivon horeo 

iho pm: imentol pi"'Ocedure dopted 'Was similar 

to ~: o £01101: d in Dog !, t ith tt10 exceptions. Parsth(Pmone 

(?OO r.u.) uas given 33 minut s botoro t e :first urine 

coll c~io poriod. Urine ~as not collected throughout 

t :io bypa~s period, b t only intermittently -when the renal 

t 1XJratt as at appro t ·ely 1;o, ·nd ag 1n at 10°. 
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:t obs ... v d re lat ion... 1p bet . n oesoph g · 1 renal 

and octal temperatures, is present d g aphic lly in ·ig. 

2'-r• Details .of ti"'e wXI> riu tal pl'ocedur , d f relev t 

O'bS!L V r an ived dat e giv n t e nd of this 

Chaptor. 

urin t e initial 10 m1nutGs of obser ation, 

oesop. e en l nd rec o.l e er t ~ ere ide tic , t 

32,. 00 0 31.!+oC ,. 

1h :tntrod tCtion of byp ss -th active bl o. stream 

cooling., lo d to an 1~mod1 te and precipitous dr p in ran~l 

t';en_ 0...1 U!' , so th t 3 :tnut s 1 ter it wa_. 14° bolo -1 t ose 

of ttb oasoph us nnd ~ ctum. The rate ot fall 1n kidn.oy 

tompor t et n d n1nis d, an 1as en transl n ly 

rmtorJed, bei'ora the kidney reached a lou o,. 9.9oe. 

soplmgo land rectal toner turas fell in p rall 1 tmtil 

roac. ing 200, at uh1ch point the at or r e al cooling 

lagg d behind thnt of tl e oeso 

~ t r.mor tor ttnin d 1as 9.oO, s 

Th love oesophag al 

4° le sthan ti, of th(? "' 

oesophagus. sophageal and ran l t emperat es approached 

and th n et each other nt 10.2°, 35 minutes ft r tbe 

:introduction of bypass and cooling. Aft er his, renal 
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· mpo .. tt!!' s ran slightly h!ghe than oesopha ul. • 

h. ,.i;enal t mperat ~ rose, st ~ply, c_os ly rollowe by 

tl r. ss in oesophageal e pe • tt a . 1 a I ectal tempar~t 

.-1 • .. ev 4 ram.!:.i."led. low, an evun fell sl tJ.y cluri , the 

5 IDi..i·mtes oi' ro 10 . i.ng.. It t en · os , out less 

ste ply han ha 'the renal ai."lcl oaso hag al t amperat.tiros. 

In sequence or o~antc, hut the 

.e! t::ons·_ip between x-onal, oesop1ag l and rect .&.. 

t i'!l!'CL s duril-· the hyptss period rare sl ilar :1.n 

so ar o.s the ron 'l r-0 apons J s r r 1<.l. 

·- it in Dos 1. The overall rat of cooling ·tas !?ltteh 

die a ·,1ean renal nnd o s-oph · g al te. raturos · 

• Reeta"' , d oasoph c 1 t 

a.rod to 2 in 

e turse divorgod 

J ... 
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....=..=~r....: 21.0 Kg 

S: Cl) lo,( dextrose wate~ 
~~~:.=...;. (2} Cr 1n1n 1.02 1n $% d xtros t i-. 

t 11.30 a.m., ,-11th Creatinine o. ;G. 
:YILIBf!AIIOI! P IQD: lf-0 minutes 

'11a. Polyethylene t t r 1n left ureter; 
ti in renal pelvis. 

t 

'Ur.in collection 
pt3r1ods: 

® 
12.;9 

c diopo.l.monary b7P ss begun"' it 1mtll taneous ct ive 
blood stream cooling nt 12.20 p.m.; idney te r ui-~ held 

t ppr-oxim.ntoly 16° during rio s 3 and lt, nd t 

tely 1.0° during p r1ods 1 and 6. 

Tb inf sion ot 1oi de ros v tor s di continued t 
12.2; p.m., t1ve min :tos after b ss v s co nc 4. 

-Miiliioi;;,,;;;;.,. Cl) Pm'!athomone (200 I.U.) s given 1.v. t 11.37 .m.1 33 inut s b fore urine collection · o . 1 
as oegun. 

( 2) te r tur p obe s insert d into the 
substanc. of th 1 ey d1 tely after t 
ipsU tornl u:r tr· d neat ter-ise. 



0 I+ 

) 11.; 9.6 l .o 13.9 10.9 11.6 

1ne ( /100 Dl) 21+.o 21-. 7.6816.02 5.76 · ;.'16 

Vo (cl/mn) 2.30 .92 2.8 2.18 2.32 

dpa lod s rum 

~o tinin (mg/10 ) ' ... ,o 4.; J+.oo 4.03 lf-.. 61 4.r, 
y- ~ cpe.r turc 0 1.8 31.5 16.l 13 '1 10.1 10.0 

C ( 11 .. 8 8.8 ,. tt.1 2.8 2.9 
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1200 J.,. 

Tim.a · Cle Rectal 

12.10 32.0 32.0 32.0 -
.12 32.0 31.8 31.8 · 98 

.1; 31.8 31.6 31.6 80 

.20 31.4 31.4 31.4 as 

.21 31.4 20.0 30.0 ;, 

.21t 30.lt 16.0 30.0 47 

.25 30.0 21.0 29.0 110 

.36 29.0 19.0 28.0 -
·2? 28.8 18.0 27.4 10 

·28 21.6 11.0 26.8 -
·29 27.lt 11.0 26.0 -
.30 21.0 17 .. 0 25.2 70 

.31 26.0 ... 24.4 -

.32 2;.o 16.4 24.o -

.33 20.0 16.1 21.1+ 6$ 

·3 19.0 16.0 21.0 -
.3, 18.1 - 20.1+ -
-36 17410 11+.2 20.0 .. 
·3? 16.8 14.o 19.2 ,s 
·38 16.o 13.a 18.8 .. 
·39 1;.o 13.4 18.2 -
·40 1;.o 13.0 18.0 -
.lf.1 llt.8 13.0 17 .• 8 -
·lf.2 14.8 13.0 11.a -
·1+3 12.1+ 17.0 -

,~ .R 



OG J. 
212. 

13.0 48 

12-.B 16.0 

12.6 

I 
ll 6 1, .. 6 

11 7 11 .. 2 15.2 

52 lJ. 2 11.0 l4a8 

,53 11..0 10 ... lr- 14.6 

;)' 10 .. 4 10 .. 2 111 •. 

'55 10.2 10.2 14 0 

56 l .• ft 10 l 13.6 

4>5'1 9.a 104,0 13.2 

.,,8 9 ... 2 10.0 13.0 

~1 00 9. 99 13.0 

o; 15.0 2..:!.0 '42 9 

.. 08 20.0 25.0 11~.o 

10 23 .. 4 26 .. 4 5DO 

.12 25.0 2?.,4 l?.O 

.lli• 26.4 29.9 18.0 

.16 27 ... 30.,0 19.9 8, 

.18 ~a.o 31.0 21 •. 2 

20 29.~. 32.0 22.9 7; 
J0.8 33.0 22.0 

.22 31.0 33.1 21.f..6 6$ 

.2 32.0 31+. 25.4 

.26 32.0 34,..lt 27+0 60 

"8 32 .. a 35.a 28.2 63 
• 0 3 .4 36.2 "9 •. 
.32 3;.o 36 .. 2 30.4 
.3 3;.o 36. 8 31 .a 
.36 3,.a 36. 8 32.a 



RPifli , .g I a t. 

Daact meosure11'18nt of renal end oesophageal t(Jlll}'.)GJ!txtures 

durir...g the induction of, and r covery from, hypothermia h d 

shotJn (Dogs I and J) that renal and oesophageal temperntures 

were not n•cessorlly, identl 1, particularly during periods 

of rapid alterations in ~emperatU?te. Even 'Worse vas the 

yar1abl rela~ionsbip of the one to the other,- "hioh makes 

the calculation o~ apparent activation ene~gtes ot renal 

proces~ s, Wh equating . oesopbagea1 with k1dney temparntores, 

quite unreliable. 

To obtain an accurat~ estimate ot the act1vat1on energy 

ot, f(11! &xample1 the renal reabsorpt1on of Ba, it seamed 

essentinl then to meaStll"e the renal temperature itself. 

Furthermore,, temperature gradients can conceivably exist even 

,:ithin tho te.tc:tne1; th1s would make it desirable to hold the 

kidney temperature eonst nt for a per1od before collecting 

urina, 1n an attempt to allow these gi-nd1ents time in '4ldch 

to dissipate themselves. 

'rhe aim of the two experiments recorded 1n tb1s Chapta 

was simply to ascertain 1! iha data obtained under the nbove 

cond'!tions would yield compnrabl v 1ues ror the apparent 

activation eMrgy of the renal reabsorption of Na. 



The exper ntal procedure adopt d was s1mi1ar· tO 

t t for Dog J, w1th t he follo g exceptions: 

Urine and blood samples ·were coll cted only after bypass 

s.nd hypOtbermla b.o.d been :initiated, and then at only t\10 

{constont) kidney temperatures• Yis. 25° and 6° ln Dog K• 

and at 25° and 12° m Dog L. o at empt vas made to 

study renal ftmct1on dtlt"ing rewarming, Neither parathormone, 

nor other extraneous substances, were administered during 

t so experiments .• 

- so&,§: 
Tho ompoi-13ons tween renal and oesop geal 

ratures, for both dogs 1t nd L~ ere presented 

gm h1cally 1n F1g. 2;. Details of xper: ntal, observod 

nn1 derive data, f or both docs, e giv at the end of 

t 1is Chapter • 

......... - ........... - ............. -...._ ....................................................................... (E£i. 211: 
Both dogs shew a more r ptd nd a greater tall 1n renal 

than o sophageal temperature on 1n1t!at1on of bypass vith 

neti,1.:, blood otream cooling. on then holding the renal 

temper tur constant at close to 2~, renal end oesoptlogeal 

temper ures s n be e 1dent1c 1. The kidney temperaturfa 

uas held at approx' tel7 25° for 46 inutes 1n Dog K, du.rm.g 

tha l st 30 minutes cf -whie urine as collected. In og t, 
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tb kidney was about 2;0 f'or 60 minutes, and urine was 

col set during the last 30 minutes or this t1 • 

tan cooling to tha lo t rntnre possiblo 

or the pa:rtieultll" c!reomst nees of th f dividual 

oxporirlents, ~enal temper tu-re fell to a low of' r;.'/' in 

Doe K, and 11.9 in Dog t. In ach se, renal tem:parature 

fel.l mor rapidly than di<I th oesophage • In Dog K,. 

oesophageal temperature ultimately ! 11 to about o.r/' less 

thml th r al tomperatUl"e" while 1n Dog L oesophageal 

t . n ratnre ne-ver reached that of th kidney-,. but rema1nod 

o.;o above it. 

The r nnl tomperature or Dog K es kept at about 680, 
for 44 minutes,. during th~ la.at 3, utas of ,1h1ch u:t"ino 

tu:4s collected.a !n Dog L,- the ren l t m rnture ·u s held at 

ap ·• tel~ 120c for 70 minutes, d urin collocted during 

thn last 3; minutes of th1s period. 

ERG§ JTAGE §XCUE:liQN OF F lm'ERIP Ra: 
In Dog K, the percentag excretion of fil,tered Na, ·with 

a renal t erature of 25°, ~as: f 1rly constant,: at 12,.3i to 

10.1i. At 6° ,_ the percentage xcretion res from ~-~ 

during urine colleeti.on pariod 4, to 66 . 71, 1n period ; .. 

'OB L sho cl a much greater variation m 
o .... erotion of filtered. na at cons ant ren 1 temPQ'atures. 



216. 

DOG K DOG L 
40 40 

30 30 l oc 
0 

C \ ! V V 
-... 

20 20 ~: 
;: . 

10 10 

LsYPAss-- ·LsYPASS-+-

.._.. ocisophogus 
•~~1 kidney 

• 



!rh . • t n .t 25°• r tion f f ll fro 
t 10.4 . t 12°, it ros fro 26 .2 to 39. 

fi ur s tor th 

t only tot 

bso pion of' 

st pply th q ti 
( et Cb pt r an p nd1x ) • 

•• 
2 

d r1v · f' m th m o · th. f gr 
f lCl etion in p l:'io 1 to 3t an 2S c, 

s urin eoll cti p iod 4 w gun 
t r only 9 tnut s t 6 , and s t .h rce t xcr tion 

of h .r di.ff ·rs t t of 1n eoll ctl n 
p ri d ;, k2 1 d ri e fro ercenta exero·tion in 

iod 5 only. T2 is or1v d f ro 6°C. 

QQG Lr Th 

1 to 3 cb g 

• 1438 ·I 83~0 o .2lfl. X l 

!! 95'0 C Jd gr 

r ~usion rt€ duri 1ne col 

fro 1.~ 1 / , 
th n to 13 

\ 
\ 

\ 
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T!l..is ,was accotrpanied by large ehtmg s in Ccr and ealoolate4 

pcI'C(lntaga xcrot1on of :filtered N .. One may expect the' 

c ntage excretion to fall vith a tall in Ccr (ct 

disou ssion 1n a latsr Chapter), and so rb ps explain 

the drop in percentage iexcr tion between pgr!ods l and 2, 

from 2,.:t1 to 16.~. During urine collection period 3, 

howavor., tho Cct- tllU ( slightly) yot t . pee tag 

xcrotion of filtered Na !:k;ops fu?ther. Th1s makes it 

difri t to xplain e.tfay the lesser percentage excretion 

of IT·· period 3, and impossibl to eues ... thich, if any, 

or ~;ho~a periods rcpres nt the •real• valuo or percantngo 

exer ion for this t ratur,e. l.o tloubt t large chanies 

in ! ision rate during these urine collection periods o.re 

responsi e !'or tbt1 large changes 1n parentage excretion .. 

If one asst.:ml8s, e.rbitral'lly, t t iod 3 is tho most 

•correct,,, then kl must be der :ve from 10.~, and T1 from 

24,2°0. 

Urino collection period~ as co_lected after 3$ 

mmutoa of a constant :rene.i tOl!lparntnr or 12oC. Yet tbs 

percantag xcsret10J?. of tu ter-ed Na differs kedly 1n 

periods I+ and , . The maen of these t1gures ts 33% e~~tion 

ot na~ at .12°C .• 

now tho calculoted apparent activation energy tor the 

renal :rsabsorpt1on of N is: 



Ee 

• 

l0j3~~~ X 291•2 ,x_l82 
.2 a 12.2 

1112 I , 00 
.2'llf X 12.2 

36.30 cals.l g ... e • 

It is obv ous that the gr at dis psnc1 s :round 1n 

219 

p e n ago excretion t nt!ar · nt1cal t per tores in tho 

ar ous tl!"!.ne coll ct !on per 1o Sy r ndar the abov 

ealc l tion st ro.eaningl ss. 
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23.2 

St C) 10% dextro - t r 
(2) C tinin .$0 -' e s-lin 

o.o .. ith o.,a 
• ?, inu • 

inlftur r; 

( S• 

• @ ~ @ Ci) @ 
• 

11.27 11. 2 2.22 12.39 1,.~5 

d pulmo ry byp ss o.1+ 1th 

• then ct V blood t 

2;o during 

ing in 

coll c ten 1 l t 3, 

11 ct! n p riods ~ nd ;. 

(l)._..,.........,;;~~~ ....... ~~;.:. 

( '>) A t 

of th idnGy, . .c.a.w.::.i.v ..... 

ter h been catheter! d. 

into t 1 u tane 

or th 1 stl t 



2 • 

35. 29.1 25.0 24.9 

3 .2 30.0 ·.36 .9 21+.9 

31. 29.0 • 8 .a 
28.0 24.2 .4 2'+.6 24. 

26. 22.0 • 2 2 .2 .1 

2, .. 23.0 • 6 21+ 0 23. 

25.0 23.0 .48 21.0 19.0 

2,.0 23.8 .;o 16. 1;.o 

%1 2,.0 24.o .,2 ;.o l • 

25.1 24-.6 • ;'q, 13.0 11.1 

11.00 2,.3 25.0 •? 12.2 10.0 

• 02 25.5 2; .• o .;8 11.9 9 • 

2,.a 2;.1 1.2.0 11.0 .o 
2 • 25.8 .02 10.1 8.6 

26. 26.o .Olt 9.9 a.o 
26.0 26.0 • 6 9.0 8 0 

.12 26.0 26.0 • 8 8.lt 7.2 
·1t;. 25. 2;.1 .10 8 O 7.0 

.16 2;.1 25.0 .12 ? 6 7.0 

2;. 2;.o ~15 7.0 . 6.8 
2;.1 2;.o il 7.0 6.i. 

.22 2;.1 2,.0 .18 6.8 6.2 
2lt 2;.1 2;.o .20 . 6.1+ 6.1 
• 261 2;.o 2,.0 .23 6.2 6.o 
.2 27.8 2;.o .2; 6.2 6. 

1. 
.30 t 2,.0 2,. 0 



OG K. 

6.0 6.o 
6 .. 0 6.0 

6 O 6.o 
G~o 6 .. o 

; .. 9 6 .. o 

.. ;.a 6.o 
l•J ;.4 6.o . .. 
. ~ 54 ;.9 

5.4 ;.9 
5.4 ;.9 

l ?•lt- 5tt9 



0BSER mD l'UT 

DPQ ,K 

l 2 

Vill.une (ml) ~ 11.6 11.6 

ere tin1n ( /100 ml 21.9 2;.; 
L 11 

•" • 

ere tmine (mrr/100 ml 2.9 

Urine vol (ml/min) ' l.161 1~ 

Mid i1'>d $e~t 

croatminD (mt/100 ml) ·2.19 2.92 

1+ 

9.6 4.l 2.3 

2s.2l 6.7,; ;.63 

llJ.2 I 

3.0 3.5 3.7 

o.96 0.21 

2. 3.62 

Ile { q/l) ' 11*7 147.; 148.8 129.0 

Aver TGtJ.perature0c 
(Ron .. ~) 

·2;.o 2, •. 0 21+.5 6.0 

Cer (ml/min) 9.1 10.1 9.1 o.so I . . 
Perc-ent ctg excretion 
or filtered: 

Ma ·12.3 11.1 10.1 ,i+.; 

H20 12.8 11.; 10.s ,tt..o 

308 

0 J 

0.12 

3.87 

12 

;.9 

o.1a l 

66.7 

66 .. 9 



0 

(1) 

(2) 

tlnine 1.; G 

.......... "~J te poratur 

~1oa l to 3, 

r1od i. ml ; . 

Perfusion a 
t 11.06 m., 

1 .17 o.n. 

tn 

t 

t bo 

1.'1 t at1(lt i'J. 
f. # 

in . ill e•!o 

wino t 5° d~ 

0 



22;. uoo L, 

31t..o 20.,0 

I 
I 

112 25.0 21,f..6 

.22 29.6 18.0 .14 2;.o 2 .6 

.21*. 28.0 17.0 .16 2;.o 24.3 

.26 aG.a 2 .o .18 2;.o 21+-.3 

.2 26 4 2;.2 .20 2;.o 211--.3 

.30 26w 26.0 .22 25.0 24.4 

.32 26. 2 2;.o .21+ 2;.o 2 • 

.34 25.2 23.0 .26 2,.0 24.5 

.36 26 0 2,.0 .2a 1 23.a 20.0 

.3 26.0 2;.t+ .30 2l.O 17.0 

.J+o 26 0 2;.6 .32 19.1 1lf..o 

.42 26 • 2;.6 .34 18.0 12.8 

• ltl+ 26. 2;.a .36 19.l+ 16.0 

.46 2;.o 23.0 .to I 19.1+ 1;.o 

.1+8 25.1+ 2;.o .421 17.0 l.2.0 

• ;o 2, . 2;.o .44 6.8 12 .. 0 

.52 2$.lt 25 0 .46 16.0 12.0 

.,4 25. 2;.o .48 16.0 12.0 

.;6 2;.2 25.0 lS.6 12.0 

.; 2,.2 2;.o 1$.6 12.0 
1.00 25 .. 1 2;.o .,4 1$.0 12.0 

02 2;.1 25 .. 0 .56 1,.0 12.0 
.Oft 2;.1 2,.0 .58 14.o 11.0 
.06 2, .. 1 2;.o 12.00 l .1 1.2.0 
,.08 2,.0 <$.O 
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1!.f..3 13.0 

lj 3 11.0 

13.0 ll.O 

.101 13.3 12.0 

.12 4.o 13.0 

.1i.. 13.3 12.0 

.16 13.2 12.0 

·.18 13.1+ 12.6 

.20 13.0 12.0 

• .22 12.8 l .o 
~24 12.a 1 .2 

.26 3 0 12.0 

~28 13.3 12.8 

.30 13.0 12~0 

.32 12 2 11.0 

.34 12.2 11 0 

.36 2 2 11 2 
• 
• 38 12.9 12.0 

.4o l 0 12 • 

• 1t2 12.4 11.0 

.i.4 12.4 11.0 

.44- l .o 11. 

.46 12 0 

.48 13.0 12.4 

.;o 12.9 12.0 

.52 12.0 11.0 
<1 



Volume ( '1) 

Creat1nine ( g/100 ml) 

1 

Crea mine (mg/100 ml) 

1 

. 
Urln .. oltmI . I (ml/min.) 

Mid riod v r • I • 

Croat1nin (ng/100 ml) 

( q/l) 

,; 

Creat1nino 
c· ear .nee t.Jl/ d.n.) 

" er tio~ 0- filt ed 

a 

Wat r 

DOG L. 

2;.5 ;.4 
11.1 I 21 .. 0 

IZ"3 12.q. 

PATA. 

2.,; o.~ 

;.20 ,.07 

llt-2 l 2 

25.0 24.7 

8.66 2.88 

2~.; 16.'+ 

29.; 18. 8 

130 

o.~ 

4.8; 
1tt .a 

21+.2 

3.70 

l • 

11.4 

• 2 

.5 
141.0 

12.0 

0.78 

I 26.2 

I 2$.~ 

11.3 
/~) 

0.23 

4.5' 

1t~2. 

11.9 

o.; 

39.a 

39.7 

I 
I 
I 
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In all our expor1monts, the ren 1 a~fects of extreeorporeal 
cardiopul nary bypass underlay those of bypotherm!n .. An 

pp?-Gcia ion of the former is therefore an essenti 1 tre11m1nary 

to the undorstnndin and interpret tton oft e latter . 

A num or st dies on renal c!rcul tory response to 

eer byp ss have recently a peered in the liter tur • 

The r sults d p oy th st tement that {136, 85) 

"Th re l blood flow during xtracorporeal eireulat ion is a 

f unet 1on or he perf sion ra o, and hore is nothing inherent 1n 

extracorpor circulation that precludes r lat1\1ely normal 

r nal hasmodyn ics" 

Torld.ng uith dogs, Replogt e and Gross (136) round that 

enrdiOpu bypass led to a rapid decline 1n renal blood 

tlo ,1, hieh continu d to t 11 until it re ched 10$ to 1;ct. of control 

v uecr •!thin bout 20 m1nut s of 1n1t iation of byp ss. On 

resumption of normal circulation, the r na1 blood flow r a1ned 

eontl'Ol ~ lu s within 30 minu~es. I is 1mport"nt o note that 

theso ~ · rs used pe?"fusion r te of 18oO o 2000 ml/ 2/minute, -

or, using I o?tCk1 s con: ers1on r ctcr (cf App nd!x C), 92 to lOJ.ml/kg 

body weight/ inute_. o avoid fall renal blood now, tho 

rtusion oed d to be ot he der ot 3 llt es/ 2/minnte, l 
or PJ.ll'OX ly 1~2 cl/kg body eight/Minut • 
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S "' 1.nf? . t al (1$1.) studied alt rut!ons !n GFR and 

loet ;) yte . xei- t1on, as 11 s of r al no,,, 
d tng xtrecoi-pop al perfusion. Th y p i'us d dogs at 

00 ml/kg/minnte, as ~ 11 as nt 40 ml/kg/min. ypass 

, ac found to lead to a tall 1n 01'".R and el ctr lyte exel"'et1on, 

ao ,ml- as .:.n r nal plasma fl.a • hese eff ct s 'vlilre most 

rmrko- at the lo~er perfusion at. 

Th s investigations havo on supplemented by ren l 

crter1ography during extracorporeal. cireulation. 

ms· arbuseh ot a1 (~) ~erfo. ed ran 1 ,..tor1o r: ... sat 

~f hourly int rv.als on clogs bj ected to xttaeorporeal 

e:trc ation. They found tr.st imme 1 tely bypass began, a 

~ lted nnrrcuing and strnight ninft of the main r nal 

srtorias oeeurrttd.1 and that the renal cortex sho"WGd up 

pocr-ly-. :.tht,s· cho.ngos persist for up to 2 hours. 

isolated observation, applie ble to the diseo:ssion 

th :t fc lows, is that of Bucknam and Galindo (30) • . •rt1ese 

rorI: ... "' uslng OJ:tracorporeal circul tion in dogs, at 

flo,1 t ~ of 40 ml/kg/minute, r1oticed that even in tho 

a.bson~e ot ct 1va cooling, oesophag 1 temperature freqnsntly 

drop to about 32-oc, and scri this to cooling of 

tho olood by room air, during its passage through too 
axtracorporeal ctrcuit. 



dd tion light as en thro m on the ehan es 

prod cod in ren l blood flm·, nd urinary eo:::nposition by 

C J.1\4.,l .......... nnry bypass, by a num r of xperimentors not 

diro ~1y concarnod "11th this aspect of renal f.unction:11 

Corday and fill!ems (39) found th t h emorrhage., 

or Joe! :; led to an 1mmed1 te ~ d rked r 11 in re-nal 

blood i'lou, wit a rise 1n renal vascular resistance, end . 

230. 

ho.t although this fall Yas 'disproportionately ltlree', it 

tan _ adily reversible by blood transfusion. T .ey noticed 

too, that the ran~ blood flo,; could fall eve f'urthor, 

dsspit a subsequent slight rise in blood pre$surej a 

finding ·:hich confirmed on earlier obsenation by Sel.knrt 

(148). their conclusion as th t "bee use of its copious 

blood supply, and its well o~n l bile vaso tor activity, 

t _ ltidn ys play an important role 1n th h ost sis of 

thG circulatory systemn. The validity o! this concl.usion 

is _ er s confirmed by an obsGrv tion of Semb et al (136} 

a.sur1ng the ron l bllod flov d ectly, found that 

t orool temporatur s th renal bloo !'lo 1 .at'ics 

considerably ,d.thin rel :tivoly shol't t e inter-v~ls. 

L uering the GFa in the nortlal kidney leads o a fall 

1n "OOntagG excretion of both filtered a.ter and soltd>e 

(176 1;1; 17;), and so atimes to rise of 'lll"inal"Y 

o lal1ty. Provided that some Na retu: 1ns in tha urine, 



and tb t the fall in GFR is not gross the excretion of K 

ot!ev r is un f ctad, and this :findin hns been 

t (14) "'S vid n for ho _____ _ 

lt!ost complet re bsorption of such 

1.il·G r • 

11th 

~ h s ba n said I at " the tic 1 re sonin sho s 

231 . 

t~ t :!n cout!tar-curr nt ultiplier system, Uosm/Posn is 

inversalJ relnted to th 't'olume of tln1d entering t o system 

r unit ime' (182) . h : .. , ev n in the BJ(lropenlc do,, 

101:er ng tl e GFR leads to a rise 1n urine os lolity (103). 

1era th f .i.l in GFR is e than 3 oft normal 

0t ver, Uosm ay d crease. This h, e be n ttr!but d o a 

r ct1on or the flltere Nn bein then re~bsorb 

m _,. L 1roximal tubule, l aving less :v ilable for tr sport 

by Uonla's loops, and so le ds to a lowered adullary 

int rsti"'ial Na concentration, and hence a lowered Uosm. 

1duc1ng a mild diuresis, will now lead to a rise 

1n., os , despite the gre t r duction or GFR, and this 

pr ..., una ly 1s second ~Y to th no aller fr ct ion of 

tilt rG reabsorbed in the proximal. tubules. In 

ev u big h r levance of thes nt l findings to 
t oo ! atured in this Thesis, i must tiorne in mind 

th.Rt ypa tonic urine can be !orm <1 in .. h absene of 

p1tuit e:ry ( l 5) • 



o shad bee exposed to normoth ic card.lo• 

u1mo ~Y bypass in number or in'"'t nc s, 1n oll 
cas s, .ta portus1on r r -0 t ly 70 ml/kg/minute. 

In Dog B, and I ormother. ic Dog 1, normothormic perfusion 

had ouo~ d on normothermic, no:rcJO circulatory control 

periods, and the rosults obt med nre 1n p eoise accordance 
,. th t a xperilnontal findings of others, s tailed bove. 

~htt~ urine floY rute nd creatinin clearanea f 11, urine..ry 
os l y oso, nnd the percentage excre 1o of f':llte od 
electrolytes :t'ell ste ply. he excretion or rem ined 

1chan d (Dog B) or fell to a uc 1 s r ent tan 
1d the other lect-rolyt s ( ormothermic Dog 1). 

:or t ermic rfu ion °~ so d duri t. 

iously hyp the o s ( ogs , B, Ct D, 

G and I). s riking indin h r u~ s the occurrence of 

otemur1a, in 5 of th 6 dogs, in ieh this · s ... o P-ht 
for ( 1cr. 26) This il discussed 1n h n xt c apter, 
Fr th 

pr 1 

t ef cts o· no ot 1c byp ss, ,fter 
inary cooling, di not se to diff r si ific tly 

_ om thoze e c !bed .hove 

is of int 1 .. est t not th degia-0 of' hypothormi 

by t extra.oorpor al e ircul t ion lon , v thout 
·1v ood stre cooling C«r bl l). The oesophageal 

t peratur s 01. our dogs re ched lower levels tr.an the 32° 



ro ad by cknam and Galin o (30) ,. r ct no doubt 

do.e to th higher perf t sion r te in our series ( ?O /kg/min. 

as com red to 4o ml/kg/min), as i.; 11 s to the gre!'lt drop 

in hooy temper·~ture which oeaurred d~ing the period or ) 

proparntive surger--1. 

In s·UJ:r.imtt.rY, extraeorpor l ca:rdiopu nary byp ss, at 

pori'usion rates or the ordar used 1n this study, may be 

ax etod to c usa n t1.arkad fall in tho renal bl&od ' flo111, 

presum bly dua to it1tr!ll'en81 vas tor acti'V1ty. Thia 

px tmes a drop 1n the glOJ!lerular f11 tr tion r te, wh1eb 

1n tu.n lGads ton decreased percentage axer t1on of f1ltorod 

·ui·x c1" . nd solutes (but not potas 1 ) , and rise 1n urifl .. ary 

osmol ity. These ehc g s oeeur lso, ediat ly ai't~ a 

period or profound hypothermta.. T a xtracorporeal 

cireulation by exposing the irculntory blood to room 

air, may c use drip of se~er l d creas in body tompa:ratura . 
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The degree of hypothermia produced by the extracorporeal 

circulation alone , without active blood stream cooling. 

-· L __ .__:. 
DOG BYPASS 

without active cooling. ---
Oesophageal Temperature ( oc) Duration 
Initial Final (minutes) 

---r 
C 

+ -32.0 I ~8.0 l.0 

D 29 .4 28 . 0 9 

E + -32.0 27.3 11 

G + -37.0 30.3 15 

I 35.0 32.5 10 

"Normoth-
ermic 211 32.8 30.9 34 



1 
G fROFOUNQ 

,.bl 2 summarises the chang s se n in s r 1ty 

nd el ctrolyte concent1'at1ons d 1ng xtr oorpore 1 

C!i:> io 1t n y byp ss. T . d i! h e een assembled into 

two ro ... s: 

t1-o$0 seen during profound hypothermi • 

gs , , B, o, I d J ere p rfnst! at ~ tar 

sl:iorti riods daring tho rewarming proe ~s. The serum 

eloctrolyt c a s t these p riods hove ot 

baen :2.ncluded in the norrr. thermic byp ss ta 1n ble 2, 

n tihey tollo, d L."'t:lladiately upon periods of profound 

/ hypothernia an so " ght 1 ll b atypical. J. he no the !c 

byp rs a.ta sho'Wl'l tor Dog B pply t the pre-cooling por1od; 

it -·ill ho r c ll d tb t th1 w s :the only do to 

per us d nt 370 prior to the induction of hypot.ermia. 

en . thorm.ic' dog 2 1s included, as the drop 1n oesophateal 

temp .... at 'G that occurr er o or but fe1· egra~s, 

and of n ntiroly d1f1oront order of gnitnde to that 

produced in the pro!ow1dly bypot:horm!c dogs. 

s utiny 0..1. able 2 reveals that "'he serum u , 1norg ic 

lar concentr t1ons und w nt can s 
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similm · in <1:i.rectiont dt1ring both normotharmic nd b.ypothermic 

bypass. Serum osmolality oce d scrum I. an 1n · rg0111c 

p .oe9hate eoncantrat:tons foll, consistently. The cha.r,.ges 

noted fo~ the othar electrolytes ,1er variable, with no 

apyarent d1fferanees between normotharmic and hypotheroic 

~crwn concentration trends. 

The fall :!n sert:tm Na coneantration, where prezent, 

·a·1 r-ueh gr ater llur1r1g proround hypothermia than during 

normothernic bypass. Thus in Dogs c, D, E, o, I Gnd I<, 
th. ~e~um. Nn eoncentration f ll by ll-20 meq/1 (maan, 1; 

(.). .eg/1), uhereus, it fell only 3 to. 5 lllllq/l 1n the llOJ.'l!IOthermtc 

lv,,r bypnsn gz~up. 

,or_ tharmic axtrueorporanl cardiopulmon r-y bypass 

!1l'OdU n no significant alteruticn in se um elactrolyt'l 

coneontr tions (33), provided that the bypekalaomia of 

hypar-11or1t!lat ion is avoid-d (45). 

stn:"Vey or the l:t.toratm·e ( surrml3r1sed !r~ T :bl~ 3) 

pa.~sm1nc to serum cleotrolyto, glucose, c...i lOlIW and protein 

conce trations during hypothermia r veals complete lack of 

un!tornity of repor-tad :fhl.dings.. These expar~ntes 

ployed a variety of' animals, and ~ith re"1 Gxe ptions (1239 

133, J.631 179), did not reduce body tom rature to the lov 

l.evels found 1n this study. only ono investigator (124) 

utilJ.Se xtpacorpo:real blood stream cooling, and th1s u1th 

an mmssi5t ed circulation. 
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oral fac ors m ::-t be r s o sibl o th s 0 

1 ei s 1n r r C C 

:1~ n ctive pr~c-ss it y 

i ; th .., , ottld d t h r-

ri... in CF o l ~ it , and so an 1ncr.l'e ... se ·r1 

.. out of ca ls .. 

l -trolyt once~ tr tio1'lc .. 

I 1tt ,hie t l 0 

to 1 O mg/1 ml. _10 ·ho 
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f1.cial rospir ti d1 r g an .. 
in serum a :r.: .n norg ic pho h~ i,o 

th mi or ot rm. 
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... 11 . coneentr tio (37) hile o #S' ci os!.s 

1n .sor .. and • 11 n s um Na cone 
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··o le to r1so 1n serum o 1a11ty, well s n fnll Jn 

fftt11~ I d inOJtganio o t eottCenh- tton , ev n :ln 

1c dogs. Folltn 1ng 1tm • s postal te ~ these 
· ffaets ould be e r;gere.t 4ar hypo ; 

comroartron of our nor-mothe 1c and bypot rm1c bn,a elate 

suggests t t this was lnde d so, pert1c arly 1' gsrds 

t fall in ser N concentr tion. 

Fort • rest, bypothemia does not S&em to ha 

produced y pert icttla alteration 1n $ff lectrolyt 
con trations 1n our expertmants. With dilution ·or t 
extr oellUl.ar fluid volume, serum pro e1n so total. 

serum Ca end Mg concentr t!ons m1 t be expected to 'tell 

s evtaent Sn Table 2, these electrolytes were est1 :ted 1n 

only to hypotherm1c dogs, with v 1 ble ~esults . Of 

some mter-ost is tha lack of any pa.rt1.cul c angc serum 
r concentration; it bas been own tor many ars that 
serum concentration 1ncr ases cons1deably- du.ring hibernation 
(10;, 120, 156) 1 ns w11 as 1n gol.dfish and turtles exposed 
to t-.. -eturas ot 10 to 30t (12,), and con-versely• that 
an intra; ous 1njectton of Mg causes a drop in body 

t & ure (24. 120, 165). Th.ere s no evidence of any 

such ( 1nve.rse) relat 1onshtp bet een t pg ture end Mr 

t,tg concantr t1on1 1n our dogs. 
Th sel9Um morg nie phosphate eoncentl". tion ha beGn 

sbom to r!se, in ibel*n er ( 29) J gain, e, no such 



9' 

PJWDB m, 

enal. function vas follove b:, noting the change 

uhic occtll"red 1n the CNat1n1ne clearance (Ccr), tua-tna1-Y 

electrolyte protein end osmoler ooncentrat ions, urmtl!'Y' 

fl..ou te• TmPAH, and pa~entage excretion of ., tered 

lectro1.ytas and water, during cooling and NI • . . 

:i.· e relationship betwen th• rate of reabsorpt !on of 
. . 

filtered electrolyte, and the oesoPbage l temper- ture, 

as also nud1e4. 

E I... of then expressions ot renal !unction tilll 

be discussed, separately am serially, below. 
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• 26 1 s th ' 
of 1nur1a~ 8S found _ thos 6 b 1c o s !n 

h!e it 0 ht for., 11 s Jn 

dog. ? ap t tba ot 1nur1a occ f 

, or 1n grea ly 1ncre.as mit, 

mg byp s ~1od. ogs ,. B, and , e 

mte est · , 1n th t the en 1n1t1 lly 

d~is 41 p on cooling_,- only to 

1n eve tor concentr t!o s 

ee o k: th r1.rst, 
he aran o"f 

tfect or th 

• All t 

dog~ velo 1 1\16 post si, that 

t trend to o.rds fal 1n ur1ne protebl cone tr tion t 

h1$ t t l s l ce-oun f by simpl 

dilut10n. 

orkers hav co nte on b ot e-imtr1a see 

on cooling and r 1ng, al.tho tb tr dat n 

bovo. egar (llt?) fter cool g 

do o ectal t pe_r :t 11 of 200C by si lee 

iat r 1 ticed r-1 in 1n ot 1n con.cent ti tr 

an o~ 2, mg/100 ml at 200, to 80 mg/10 ml t 31°• -
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in proteinurta it ri 1n . 

t 

ig • .26. 

up l 

(114) 

:7 l 

Oiftt 

1 

' in 

8?'Ml1d.ea end c s < 77} found ll"nllft't-.11 meta of 

~o m1.,. • 
... tuiies on cool 1 

bllla s • . 

e be refer d t b fore~ n tlced t · only 

SC the dy e 82lt f' nil 

t ratur • 

. 
In t e dog, it ls aceopt · t t sei-um 1n and 

pen•trat t no 

nren 

tnbale (100, 1~;). WhU neiva est te 1n do s 1 the 

otoin co tent of the glo rolar f1ltr. te, s determine by 

dir c mieropuncture of the c p l space, s en fo 

to o order ~ 3 100 in bib ( 37), and 

100 1n guine pigs d rats (112, 149, 114)., 

t .. e expect rotein 1a of s1m11ar it de 1n th 

dog d ·ins profound hypothermia, en tubul re bsorpb.1 

neiemtn.1 are paralyse • T bsenee of u prote 1n~1 

(cl !g .. 26) st meen e1t er t t prot 1n 1 not 'ftn'll1ntft11y 

cross t 

para.tys d th prot 1n reabso 

::lmm.-nl ab11itF ... o 

g t deal o 

snot 

cant ; or hat 

d ~ cold. 

g st t ok!n 

across the aac:~mm~u (;3, 112 137, l?'t) I 



PROTEINURIA IN HYPOTHERMIC DOGS 

CONTRO.~L:___--,-_ _ __:B:.__Y:__P~A:__S;--:S--,------~· 
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~--d tt has been sa1d th teinU:P c.al'lllOt occur 1n 

tmals tthoat glom-efllU (19} . he paralsrsi of renal 

tutm:l.tat raab ivo mechani by col 111 dtsoussed 

later; stlffice it to say here t t bll Inhibition of 

protein absorption during bypothtmmi h s nGv r 

to dou tits 

occur.ran • 

2\6. 

\ t e11ldenee ls there tor diminished gl ruler 

permeeMUt,' 4ur!ng bnoth ta? Biekto:rd d Winton (18) 

t1ced that emoglob!nur did not occur t low temperatures, 

end thought that the canff laJ 1n altered dome:rul.ar 

peroa · b111ey. The tubular reabsorption ot haemogl.obtn 

ho ievor (pries.umably) .81'1 active process, nd one could ~ 

that 1ts tubular transport was not s dapr,nlsed by eo1d as w-as 

tho tilt.red load of haemoglobin. cogent argumen 

1n perbnps thnt adduced by .Anderson and Nielsen (2)., 

!liasa \fflrkers found that the tubula reabsorl)tion or voa 

fell tJlth coolmg1 until the cl SN!flee of urea ppro c Gtl 

that o.f er tin. ...e.. t,..s the nabSorpt ion ot urea 111 a 

pa:- s1ve process,, the above argument no longer holds, and 

thaY -ere able to conclude that tubular 

PGfflGability st d1m1n1sh with cold-. 

In ssing, 1t ooy be relevant to note th :t hypoth · · 1a 

dio:tnis s the rate of diffnsittn ot oxygen, through l.nng 

hr s (lt9). 
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F~ubar et al ( S3) !a elect.roll - mi croscoptc studies of 

the rat glomerulus, have found the basement me?lbr-ene to be . 
an acellula.r gel-like structure, which contraey to earlier 

reports possesses no 1l)Ol!tes•... In their viev, the bamr.1ent 

118l!lbran9 is probably dependent on both the gl.omerular 

omot 1!al end epithelial cells for ita s1,l'lthes1a an4. 

maintenance, a~ they belifle that any agent vl1ch tnterferas 

with the metabo11sm of ettha of thes ce11 ls,ers eou1a 

-ooneei'I bly atf eet its che:m1cal compos1t1on and permeabll!ty 

eharactaistics. 

It t1ould seem therefore, on the balance of the nidence 

e:vaUable, that proteinurta does not oceUl't or U pr-8'Vions1y 

present, diminishes-, during protctmd hypotherm~ as eeld-

lnduced reduction of' glomernlar perme b111ty has preventad its ---- -
filtration. 

at of th~ prd81nuria occurring during revarnd.ng? 

As ater andelectrolyte Nabsorption rapidly return to normal 

at this time, tubular protein nabsorption presumably follows 

suit. file increased urtnery prote!n content mst then be 

dtte t o creased glomenlar permeability. 

(An alte.mat19e poss:1b1lity is that ot t ubular protem 

sem-otion; bile this has been hel d to b4l t e explanation 

for nee-Jones prote-2.nuria (1$4), it 1s gener Ily balbffd 

that such mecban1sxn does not exist C 191 1'+9)) ImPortant 

factOl'o inerce sing glomeffllsr permeability are shock md 
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. 
t c11t) during cours of th !r 

nts o ct 

chanlcal us 

or mmmnali!m gl · ru11, found 

t rt• 11gb 

f shor of 

to 

t 

t ua1 ruptur • -will a • 
ote!n". anal 1 ch ong 

(162, 31), an transitnt 

pr ons under 

ul eonditions such as fright, v re xercise Md 

col T 1 tter oondit 1ons saoo t 

ri in ur1nary excr-et1o of c techolmn:t s ( 89), and 

re.lo so of cate olamlnes into the blood str can 1n 

tum., l to ren m!a an prot 1nnr ( 93). 

so increased glomerular pe bil ty o prote~ 

(149). Surgi l shoe is ell known to e d to r n 

l s!ons ot v rying severi y (3,, 23} "1t 1 no 

, idely ccept d t t this renal d a is due to !scheemia 

enult fr 

it on tot 

sospa of the ren v scular be , 1n 

tall in syst~1c blood pr ssUN-" (39). 

h surgery of cnrd1opulmonary byp ..,sis certa y 

majo noogh to invoke the bove as ·cau e or prot mutt1a 

under t se cond tions. A d d to this 1s the · rt ct of 

bypa s itSGlf, (et Cha,tsr nv),. h1cb 1 s to ther 

marked reduction of renal blo<>d no • It ts th r fare 

1s1rtg hat on of the 'control' ogs {'---1 
........ 

dog 1) d eloped roteinuria during the bypass J)Griod 



(ct F • 26) The prote s en 1n · 

o'f 11' ~teinuric, bypo he i 

p n · an tsch e ic glo t evtous.11 

h!dd he co1d..,1ndnced g1 ar lmpermoabi ity to 

prot • 

ot 

tho 01ll possibl c uses tor ren l 1sche 1 • en t e 

,...,_hloism of bypatharmi w s first ext n ively tnv attgated 

it 1 s t t that an x.yg n ef1e1t id not ccur ~ 

.,....,.,,._ (t,4) 11ev t t the reduc 1 o~en 

d by cool!n v s .... t ban the 

uc ion 1n 1 s e: ail.nbili '7, th t r 1 1 e oxygen plus 

· dsted t pUlary level. Recent observ t1o s howver: 

h ve 11 Bi lo (21), by 

ct~-w..vio of his <lat obt ined t 19°C, cslcul. t d that 

pt ion should z ro t 100, ~ 1)0 s of 

ct, t1ons or :Jcy"gen con tic:m at s t this 

temper t • hav · reve.aJ.e-d oxyg n de-f1c1ts of vary!ng 

sev 1ty. Thus Heimbecker (76), r in dogs e.t e t? 

r :t ot 6$ ml/lcg/m1nute1 at 8. So - 1t>, to oxyg 

d lei oK fr o. ~ to 2 

89 y t (1 S} found · 

of s r qu ...a,rm'fta' 

r due-tion of d enons 

lood,. after an hours c:trculntory Ol"llst 

byp0thel'tn1a. Karney-a t al (87) h ve conf 

obaerv tions. The re son for d! pan bet m the 



and the ~11sr ~t, :..:s, s id'. to be a 1 ck t tm1farm1ty 

011ng prodnced by blood cooling. 

hypotherm.1ct and so hav a zero o~n demand, othel-'s 1181' 

be at a t . at.ui-e several degree higher, end so sottrar 

:MO'Xic d e. This ,,olll.d b8 the more likely to fJCCOJ.--• as . 
· it aiown (3.29) ·that cold shUts the oxyg-en dtssoe1at:1on 

curve to the le-ft t tbus hindff !nt; th rel se ~ 216en. 
' ' 

Nor 1s th1i.i all. Evtdence 111 b pr nt , belb\ 

(ct d1s<msl1on on CCJt) suggest 1ng t t state of etr.cnl oey 

lnsutticienq 1J!8Jr arise 4e1ng th relilarming of b,v'potba c 

animt\l.St this in 1tselt could v 11 eause proteirmrta. 

JR WJit 
~ ~ absence of the expea!ed protetxmr!a uring profettnd 

hypothermi , ad its sudden ppe ance on NV 1ng, ~ 

bQ d to the interplay of t o dtscreta factors. Th fir-.. 

1s diminished glotnerular pe eabll!ty prod d by cold• 

this prevents the tlltrat1on Of protein; the other ls 

renal isoha.emia, seeottde.ry to e~ens1ve s~gery, e:rtra~p.oreal 

o.irdttl.ation, non•nnitorm t!ssne eool!ngt and/or cir letoey 

:fnsufttciency on i-ew. rm!ng¥'_ this inc:NJases glomei-ul.al! 

permeability and so leads to prote1nur1a. 



CR§ATmms CIBARANCB, 

~he 1n1t1at1on of active blood stream cooling led to a 

pr6mpt rise in ccr, 1n dogs n, c, D, E and I. Asfar 

s I can ascert in, this phenomenon h s not been revi ously 

reported, and is probably a function of our technique 

As pointed out 1n Chapter 11, no other studies of the 

cold kidnsy have as yet appeared, in uhich hypothermia 

h s been in~uced by extracorporeal blood-stre cooling 

1 end cardiopulmonary bypass. The mec an1sm ot the sudden 

chang.i 1n Ccr !s presum bly one or cold-induced paresis 

tall in Ccr on introduction of bypass. 

Without except ion, all our dogs exhibited the 

parallelism 1n tall of Ccr and body temperature, comma tod 

upon by previous workers (ct Chapter 1). B1cJtford and 

Winton (18) first observed this 1n 1937, and ttributed 

it partly to the concomitant fall 1n arterial blood 

pressure, and partly •o the 1ncre sed viscosity of 

cooled blood. They demonstrated that, 'Where the blood 

pressure was kept constant, a linear rel tionship existed 

between Cer nd blood viscosity, betw en 37° and So. 

In two or the dogs subjected to ofoond bypothe 

( ogs G end I) the Ccr on rewarming, hlle rising slightly 
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above the levels obtaining at the lo st oesophageal 

tmnper tures, dii not return to the control pr •by s.s 

values, despite a rise 1n blood 1>ressure. Sev8l' l workers 

have co nted upon the occasional f Uure of th G to 

rotu.rn to control levels during the re ar ing of 

hypotbermic animals (116, 120, 146, 11+?) and the co census 

1D that this ts due to a transient posthypot e 1c 

circul tor insufficiency (20, 75,134,139,146,167). 
aeavery s been said to o~eur after l ho r (20) 1 3 hours 

(16?) or 2l+- hour_s (120). elnbecker nd. s an (7;, 167) 

\ postul ted a too-rapid rewarming process le 1ng o 
1 11despre d periph rsl arteriol r vasod~atat1on, 1th 

a tall 1n peripheral resistance and a shock•like st te. 

It is , orth noting th t or l blood pressure does 

not exclude the presence of a mild dagree of this 

pbenomanon •- .ind. 4, an undul.y depressed Ccr ybe the 

onl.1 manif station of the renal vasoconstr1ct1on 

responsible for the ms1ntenance of the blood pressure (39). 

The assumption underlying the bove re son1ng as been 

th t no oxygen demands exist durin deep hYPoth 

This ha.s since been shown not to b tr e (cf discussion 

on prote1nuria), and n ppreciable oxy en debt ay 

ace ulate daring hypothermia. This 1n 1tsalr could led 

to shock-like st te, 1th s cond ry tall 1n Cer. 
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1ther or both the hov chan s presumably 

unda11e th f 1lure ot recovery of the Cer in Dogs G 

and I. 

Interest ly, cut renal f il r ely ol 

tl a se of profound hypothermi 1n clin1 l pr cttcs 

{9), presumably as bypass and ctive bl -stre eooling 

induced s1maltaneoasly. It is on thermia 

protects th kidney fro acute isc em1c insult , (31+,, 1171 

1~2). In our dogs, act1v blood stre cooling 

1n1t1at d only fter · var1abl period or c iopulmo ary 

bypass. lhlle· this was desir ble fro the point of view 

of sop ... ratin t e ren 1 f:fects of hypoth those 

of bypass, it 1s apperent that this procadur-e must 

incro se th chanc s or !ndnc1ng 1sch emic d ge to 

th kidneys. :rhe only dog ( Dog ) 1n which e followed 

the clinic 1 pr ct1ce of introducing c d 

b· ass and act1v blood-stre cooling simultaneously, 

shoued no reduction of Ccr on rew 1ng, despite 32 

minutes of complete circulatory arrest during the 

hypothermie period. 

In short, lter tions 1n Cer during oiling end 

rellar 1ng, 1n our experiments. are prob bly mor 

r flection o~ circulatory than ~ nal 1nsuf·i'1c1ency. The 

main purpos served by !ts deter 1n ion is to permit of 

7 



the calculation of the percentage 1'"e bsorptton or excretion 

of fil.tored ter nd electrolyte. 

T ougbout the course of his work, the Ccr h s been 

q t d with t e GFR , t 11 te per ture • Thi is 1n 

line ,,!th the pra.ct1ee of l o t 11 the workers 1n this 

field .- Only Segar (147) who found the cle r ce of 

glucose to be slightly hi h r th that of ere t:tntna, at ) 

20°, s queried the validity of this assumption . ne 
suggested th t crttet1n1ne might be p tly re bsorbed during 

hypoth rmia. I have follow d the ajority ruling on this 

issu, houover, particul rly so s the cl ance of 

ereatin e has been roun to be identie 1 to th of 

in 1n during diverse fo of r n l stress ( noxln, 

d ur tics, transport inhibitors - cf rl1ner, R.W. 

h Kidney', Ann. R v. Phys1ol. 19'$4) c 

s c utionary me sur , henever P s given 

to our dogs, he CpMf , as calculated throughout the 

tubul r 

seer t ion of P .AH maybe xpact ed to be 1n al or bs nt, 

nnd t e CpAJI should then approximate to the GFR, or ccr 
(1! ere tin!ne is not reabsorbed). This s found to 

be so 1n every e se. 
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VRDW!I •LECTROt!'r CENTRA'r I S • 

1.rh ur a I , K1 C , g . nd tnorgan1c p o p t 

concent t1on followed ch aeter1 1c nd. const nt 

atterns throughou our ·xper n s . In 11 c s s, s 

b progressed, 1 y N , c an M e eentr tions 

ros h1le th t of K tel, to p rox1mat to th 11' rosp t1ve 

sa1 .. nm co: c tr tlons 1 se c ~ng s ,~er r ~ rs on 

raw . ( In Doe B, while the urinary ~ concentr tion 

applto c d th t of t e s r , the 'de t t of hypothormi , 

it r ch this figur by lling rom a p evio sly big r 

coneentr tion). The ·1nary 1n rg nic o t 

eo e ntr tion unlike e bove " ied b t it o during 

cool nd r 1ng, nd l s l s ch 1 ss than its 

sarUt!l e c ntr tion, even during . of und by therm1a . 

hesa fin ings are 1n eeord with sue sc ty lite t e 

. s exists on the subj ct. The best doe nt d is the 

simU 1ty between serum nd urinary cone ntr tions at 

loll a r turas, an obs n t ion first de ( 1ndirectly1 

by est t!ons or the c lor1de) some 25 yo s ag -

by B1ckto nd Winton (18). is h s ~1nc been amply 

conf 1? ( lf. 71+, 7?, 81, 1 lt6). 

Th ren h ndling off. d in hypothe 1 h s been 

l ss r uently u 1 d. D 1ng cooling f th an and 



dog to 270 .. 2o", the excretion of K h been variously 

s id to ris . (116), or to fall (120). '"tore detail«l 

stnd1 s have been made by Segar et al ( 11+6) where-In 

they noted a tall in urinary K eonoentr tion nto a vnlos 

only three times tbat of serumn~ t ~0°- 22°, uhUe urtnaey

excretion of K rose. 

In our dogs 131 c, D, E and a, the urinary K 

concentrations fall to lov~r levels than any previously 

~cpor-t d uring bypoth$rm1a, so that t lOO•J20, the U/P 

pot ~saum r t!o lay tvean l and 2. Tho low r ratios 

o ained in our studies pres, bly refl ct the lower body 

temp tur e.tta1ned. 

These appr6nmat1ons of urinary Na and K concantrat1ons, 

to those of serum, presumably refl ct cold-induced paresis 

of' renbsorptlve mechanisms, as lJell as of the secretion of 

K. Bickford and Winton made the point th t urinary Cl 

eoncant at ion reached serum concont at ion nt about 18°. 

y t'Yo other investigators app ar to have daterm!ned 

urinary Ca end Mg concentrations during hypothermia. 

1I0?-11andez and Coulson (77) cooling alligators and turtles 

to c1oaea1 temperatures of Go, by confinement in a cold 

room, noted that "abnormal amountsn of C and Mg ppeared 

1n the urine . 



llormally, 30% to 40% of these cations are bound to 

tho plasma prote:lris; during profound hypothe 1a 

proteinure. does not occur (vide suprca), and urine osmolar 

concentration does not r1s bov tha of serum (-vide 

infra). The max1m.al urinary concentrations ot C and 

fg should then be 7a/, to 6°" of thoir respective serum 

eoncentr tions. YGt our studies ( ogs , c, D, G) r-eve led 
; 

tba· urinary Ca nd Hg concentrations closely ap»ro ehed 

tb 1r respec-t1v total :r cone ntrat1ons. "' e only 

pla·si l . xpl n t1on ror this ph nome~on ould per 

o ha almost compl t dis oclatlon of the ser Ca• 

e1n and \Jg-protein complexes, uring p otonnd bypothe la. 

During hypothermi , tho ECG y d@v lop bnormal '.r 

..,eQ nt detl ct1ons, s 1lar to hose rated by "eunent 

of :!njury0 pot ntials (1~6). Mel.l"ose (111) found the 

CG o..1f cts of the infus on or CaCl.2 into ogs t both 

38° 25° to be such s to nstrongly sug est• th t the 

nn,,-,:,.n d scribed above ere l18 to the pr sance ot increased 

tlm!nm o f 1onis d c lc1um. cU1llan t (110), cooling 

dog.:, ·o an o sophageal te perature or 19° by ers1on 1n 

ico , :tar, noted that h 

mg/100 to 6.4 mg/100 

'free• s r c ros from ;.o 
;- on th oth~r hand the total 

.. serum en 1n their experiments also rose, from 11.4 to 

14.o 10 ., so th t the proportion of 1ttus1ble to 



25"8. 
total C h97dly changed. S1mllnrly-t Platner (132) d-en1ed 
any alteration 1n the percentage ot dialysable .Jg, despite 
a rise ot 159" 1n the total serum Mg 1n told.fish n tUPtles 
exposed to cold. Both McMillan et al9 , nd Platner, 
detert 1ned the tree, diffusible fr ct ions or serum Ca 
and Mg (respectively) by dialysis. The tempe-r tures and 
r.11- at uh:T.eh these dialyses ere per1'or d are not stated; 
both these factors are known to aff'ect the protein binding 
of Ca (173), and both 1ght be exp cted to increase the 

J}Grcentage of diffusible C and Mg 1n the circum~tances 
pertaining to our experlmants. 

'.l: hrongbout our exp riments, tbs urinary inor n1c 
. phosphate coneGnu tion var1 d b t little during cooling 

and re -in • The sign.Ute nee o tb1 ll i cussed 
l tar. 



u 1ne and s,erum osmol lties v1er · sur-e:d throuehout 

t ittwnts on dogs B, e, D G and I. In all ca s 
,, 

t l 11ty tell, t~ be high r levels 

obt tn!ng during the byp ss - pr coolln p r1od , to itd:th1n 

9-49 mOsm/1 . or the serum osmol ity~ t oesoTJhe eel 

t .. or tu.re of 100•120. 

Th is finding contums ,md axt s other tn 1r c-t snd 

d et sur nts of or inaey o l 1 ur!ng hypOt arm.is. 

flm hy'pothermic rats and gro squirr ls fail 4 to 

th 1r art.nary urea (78); rabbit · t r etel 

t t os ot 220 showed f 11 1n the tJ/P 1nulm 

ht!o (2); and bypothe · 1o o s h :Ve eed U/P 

at:tn ratios (18) (11+?). s . Ki · ong nd 

en, (80) surGd the Uo directly 1n gs, 

and tound th t at 2\0 .. 260 the Uo in hydro n 

d fl-om 1600 to 900 Osm/l Ue · f er ur 1oa4lng 

J.t t ll from 6$0 to ;;o Osm/1. (tbes · f1ndillgs · 

1 1n contradiction to those of K ll r (90) vbo 

conl.d d tect no 1mpa!rcent of osmotic flo loo 

curv s · t 28° 1n dogs.) 

ult 1 Hon and Boylan ( 80) h po 1te th t th 
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fall in os it r duetion of y t rt follows 

ro.duct en of re bsorpt1on int e lops of nle - an 

en gy e an process (l l), nd or due d by cold -

lead! to a tall in the ullnry osmotic grtdi nt and 

so iminish d r .moval of f at ·r fro t coll ct ing 

due s. In dd itio-n, or al n tiv ly, , n c 1v1ty y 

ba inhibit d. ADH etivi y h s en sho n to b nergy 

dopa,. d t in thB frog skin (19}; and pt. trin injections 

are i 11thout effect in hypothe ic ats, u.ttre1s(78, 3)tmd 

ocs ( 46). The c1reu"1 s ances of oOF e ri ents mako it 

unlikoly t t ndogenons .AD s res nt in n n1 ificnnt 

qw.,.ntity, a.. 11 our exp r ls b d ec 1ved 

.consider .ble volumes ot 4ext se-v tor 1ntraNnously. <>gr 
XPOr n l fi d1ngs ther toe favour ta first of 

nd Boyl ns' hypotheses dn the chan1sm. of 

c o in bypotha • 

og c, th uretor , ocelud tor 3 n tes 

il tho o soph ge 1 · mp ratur ros f om 13.4° t 1;.,o. 
Tt.o me obtained 1mmodi tely aftor rale ., d- the 

ocelu.;, as · .1 t 221 o 1. Cm contr .at o the 

cc ding i uro of 335 Osm/1) t ro~e it 1n 10 minutes~ 

. \<11th concomitant re :tarmi , to 505 mOsm/1. be s age 

of hypototlic Ul"i.ne• after r lief of tll'"inary obstnnetton, 

is , ll recognised pheno non, both el1n1cally C 289 180, 

14o, 51) and experimentally (83, 182). V io s xplanat!ons 



CO C nt 

offered. J e 

tin d t ct is 

hydros ~ tic sur 1 1th 

el (28) attri bute it to 

and (83) 

con 

Na r 

y to 

ternal 

feet in 

1c-d1 ort, l ad1ng to an os 

el1e e the 

er a 

vi • 1ck 

ox l tubular 

sis-1 ff ct . 

1 he st xpe imontal ruilysis of the problem ppe s to 

26 . 

th t t,y bbrocht Mal vin (1). 'lhese ke based their 

ntal s1gn upon th m t l tr E<'tmen of t 

count curr nt ultipl! r y H gi o:y and ubn (?l) • 

it t s c nclud t t e me:runm po sibl tJ/p 

t epen uwn the r t of flo of both 

ur • 11b ch· and 

in found that, while f l · in l ds to rise in 

PF 1s held constant), a s 11 gr t r 

rad· ction 1n G cases f 11 in urin yo lality. 

T 1~ h y felt was a refl tion or the ct th t no~ the 

du.llnr · blood flffli 'W s rel t 1vely lar comp re te urine 

fl01 and so th 1 ubular c lllt1r1 s by r ov1ng N t 

limi h . developman of a med llal"Y 1 radiant . 

~h isolat d - cid nt l - obse vatio on og C 

~ of i.'lt r · 1n rel tion to the abov • It c n e st :tod 

t o · ly th t intr lvis pr s~ur id not 

1se substanti lly on ocelus1on or tho rats.r; 1ndeoa 

t . tt e pt t • stop..tlo ' exp r nt v1 s ndooed 
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tor thi v ry reason. his voul s e t o J.n•al1date 

t 10 lanation posed by :r- nk d y . con y, 

the ph on appenred afte-r occlusion t a kedly 

~uL o y temperature (the mean o sop g l 

ing tho post-90cl slv 1n coll ct!on tempe 

po iod s 1a.1°), 'When the e:rr1cacy of 1:nbul transpcrt 

ll s s Ul stanti ly belo,,, control levels (17. ;j of 

th fil r d a s excr tri ur this per1-od, lit 

d to 1.7 1n the following urin collection period) . 

11 ly., " l ed of r coVtl y 1 1th:!n 

10 :tnut s t U1" inary o smol l i fy - the:r-afor 

bly th t f tha d!lllary int tit! too • ,,,as 
505 o 1. 

Urine s c 1fo. ll, in og c, d an 

Q ol ity of lt-03 Osm/1. t thi s 81+ o l high rt n 

th o w.-in speeilTleJl 10.. n 61+ mOsm/1 hi her th 

that ..., pl 12. Th figur ' c ec sov r tin es • 

.: ss · tho bsance of technical UTO , the only 

ion appears to be that his fl eting rise in 

Uo ~udd9n transitory fall ot ull ry blood 

f1m fu th presence of tubul s still ctivuly pump .· 

Na 1n ,o dullary 1nterst1t o op ~ l 

durint· this 1ne collect! r:tod. uas 14. $9. 
Untor tely th systolic ax· 0 1 l blood es ... ur , 



provid d con1 irnato vide oo for th!s 

.:.mi - 'Ha _4ot recorded 9 The Ccr ho- . ver ardly changed 

hrc.m that s n't during urine coll tion period 10 ... 

·No s1m11ar instance of a ~ 1n Uo during 

hypothermia wa.s seen in the r indsr of our experiments • 

• 



y of the earlier pnn rs e l ftatetion 

dt1ri hypothermia make ·mention of ric 1n urin volume 

on cooling. A brief cormnent on this p no on seoms 

t th!s point. 

The urinO flow r-ate (volume of urine produced por 

· ·rto} is not, ot course, a pr y feature r renal 

f .. ction ut rather the r sultant of the rate!l of glomerulal' 

fllt_iation n c/· tbe tubul ro bsopption of water .. 
' 

}.<; d:i..scr AG rr acts of hypothe i& n tho oe t 10 f otors 

aro discuss cl in detail els ·whe • 

The interplay of variations in GFR nd t e renal 

ra,bsorpt on of uator, to produe c angas 1n urinary tlou 

rota iz clearly d+)lineated during tho x riments on 

Dogs-, B, C, D, Et G and I . Dur-ing normothe ic, Cl' mildlf 

hypo heroic, bypass the GFR falls• uhilo the renal tubular 

bsorpt1on of \later remain--> relatively unimpaired . The 

urinary '101 rato oonsequently fall markedly.. On 

1n :roa· ction of active blood stream cool!n , the Cel" 

({r..lr'tly) returns to pr •bypass lev l , "hile untar 

raabsOJ?ption is mWmnlly inip ired. e urinary tlou 

rnto thor fora !ncroasos, or r ther., returns to,aar 

~ebypass 1 vols.. As cooling progr ss s, thG Cer rans 



a', ter ab~orpti b eo 

r~ic ent; cco d:tng as o 1hich f c 

ur 1 y fl<n1 rate falls (Dog B, D) 

s 1 ss and less 

is the gre tar, 

1 es ( og s C, E, 

G, I). 1\t oasoph eal temper tuzaes 0.1. 100-1~0, the 

r uc;,.ion of Ccr is so gra t th v n , 1th aero ,4ater 

~a.lJ~O pt!on (never achieve during our experiments) t 

1nary -1 · r te must f 11 to 10';: lo ls . 

uk Ki Uong, and Boylan (80) cooled both hydroponic 

tmd urea loaded dots to rect l te per tures of 24°-26°, by 

crsion in ice ,1ater . A sl.1ght 1n ·re se in urine i'lo·w 

os lt d, nd in both groups o:f' dogs, tho increase 

_ r16nll3" qual to th s!multan oo.sly obs rved 

r d. c ion in free ~at r clearance (T,t20). Th t this 

is not t bole ·explnna ion of the · chanism of eold

diuros s 1s apparent from insp ction of the d ta relating 

to any of the dogs pr sentad h re, in hieh urine flo~ 

ra s . on cooling (Dog a C, , G, I). T k Dog C 

~s a ·y ical axrunpl, { able 4) i can en that 

bo 1e n urine colloction neri G and 9, the tll'in flo 

ra · .. se by L,98 ml/min., yet th T°g2o f 11 by onl7 

.69 nute. 

Tho reason or th discrepancy bet en t obsarvntions 

o:r Suk · i Hong d Boylen, d hose rosented h re, is 

simpl t t 1n their- rime c ol1ng .., no ked 



enou,eh to rdduce the Uosm to ne r sorum 1 vels. ~heir 

obo ?rV: t1ons were correct, as far as they went, but 

their conclusion applies only to the initial se 01' 

eold-~iuras1s. On further cooling, proximttl tubular 

r bso~ption ot isotonic glomarular f1lt te -ails, 

d this causes the further rtse in urinary flow rats 

sean in ot.1.r eXperiments. 
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1ntr venously to dogs D~ c, n,, E, 

G and I, as wol.l as to ormothermic Dog 1 1 • Gros~ 

fl ct; t:tons :in sorum. concentrations of PAR rsndsred the 

calcolct1on o the TmP m impossible t 1n Normotharmic Dog 

l and Dog G;: the oorum samples of' Dog E were mislaid 

before their PAB content could ba det rn1ined.. Th.a ER.PF 

was asured in Dog 1. · 'the T . AH 'las therefore ms sured 

only 1n Dogs B, C and D. 

n these three dogs, tho pr .-bypass TmPAR ·vas ·within 

nor l lif.:lits (cf .t,ppendtx C) prior t:0 the tall in body 
' . 

tampGrnture. During profound hypoth ia, the mPJiB fell 

to vary 101 levels, Pcbieving negat 1ve valnes in Dogs B 

and C. On ttett81'tl1ng, Dog c trans19ntly regained !ts 

prebypncs Tm.t>.m, but thin soon fell; after r(!sumption of 

no · l etrculat1on, tho TmPAH,. uhi.le gre ter thrJl during 

proround hn,othermta, was still considerably below t 

•control t pr-eb:vpass lavel in all b:Me dogs. 

u inary PAB eoncontrations !ell to a law plateau 

d1..u-,1.-vig cool 1ng; but l.'ose ng in promptly on ro ~arnd.ng t in 

nll tho 7 d'Ogs in uh:tch it was measured. At its loi,est, 

the u: innry P/J:I conc-entrat1on ·Has alvays eons1der bly above 

t t of i.he plusma., The lowest U/p PA! rat 1os ero 



n ieved by o s d c, t 110-120; the 

nd 1.7; r sp 1valy. 

By 1.ar e, t s obs t O S in co 
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dilf'Usibl f'rac of the in rac lluler PAH ran out into 
tho dinm. Th se tvo process s .. , rtusi of P. H 

fr the t buler l en to the .c. . , nd ran-o t of 

r p1dly tfustble 1 tr eellul r P/di into .o bul r l n, 

- nr $t ! en oppose e c o ·her, urin · of ound yp t am, n. 

rno a d o the difficulty f 1nterpr t tion ot our 

t di.."1gs, is the d~monstratlon by sheim t al (6) of oec sicmal 
nag ti11e TmPJl! v luow ev n in no ogs. The 

cons:ldera ·10 s, I beli v e it 1mpo sible o ua":o 

tl rol of hypothermi , 1n th ev lo m t o negat1v 
. ,I 

AH values, in our exper nts. 

~.11 3 dogs, ~ e :1mPAH Yas consider bly lower ar· r 

tho hypas'"'-hypoth rntta p r·od, th 1.or • While- the 

:1 e a.nee of normal given by As 1m et al (6) oe.ka$ the 

o~e .. in ti ,n o .. :rmPblt valueless, s on absol te est to 

tunetionnl inte ity, th co eclin 
a.fte hypo.th mi~ suggosto b lar s er tory 1 sufi"icioney. 

It hns aady been pointed out ( ct iscuss!on an prote!nnr1a) 

the. there 1s r son to eli ve t Gt e of · 11 

tis e oxia u1 h or 1 bout some cir ul tory 1nsuff1c1ency, 

=:to s a... tb1s t • I 11 v s ctors tm.derlio 

tJ ! 11 in TmPAH een l r ., 
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P :nc ,r AGE ATE 

T 1e dntn on perc n1Jage excr t1on of lltered electrolyte 

te , during doolin nd e·warming, rove"'l t follo in : 

(l) p eentage excretion of filtered , v . !ed 

ro yin p nllol tot t of tr, articnlarly 

at t 

(2) Although the inlmum oasoph geal temperature acbisved 

(100•13°), s ueh t e sa in 11 t e dos ( og 

K s cool d to 6°), the gr test cold-induced xc~etio 

or filter d ltlater nd electrolyte v ried adly, rom 

dog to og. Thus, ~or e ple, Do D excreted only 13d 

of filt red n, at men oesoph 1 temperature of 

12.2°, hil 1n o this figure s ? t 11.5°. 

(3)· ha r1se in p rcentage cretion of , w ter , C, 

n 1norgnn1e phosph te, o eoolin , •s.s p lleled 

lmost ctly by the tall in excr tion on subsequont 

r arm1n. ln ogs . ( p rtieul rly) and G, ho ever, 

reent ge axe eti t y iven te er ture s 

little igber on re in tlia.n on coolin. 

(4) Unl e the c so forte other el ctrolyte~, n otor, 

a v ri t ons in percent . xe tio of fi tor d 0 

9 ·itl changing temper tur , id not f 1 o ragulor 

pt ern. ile t r · s tr nd to hi r xcrotion 

r to t lo : r tomner tores, t . r 1c plot o 



percent e ·oxcret 1on inst temp ture y1 lded n 

ui a scat er of points. 

(;) Th rise 1n percentage axer tion or filtered inorganic 

pho hate, with co ling, ~s very rke y le s t on 

t s1r.mltaneons r1s :tor t e dber electrolytes~ ru1 l 

r ter. This was true in a• ry one or the !our dogs 

(dogs D, C, D, 0) in ' ich it tf s deter in d. 

~ ch of the· bove mor1ts so co. ant . 

The r1s 1n perc nt ca axer ti n or i'ilt re , 't:1th 

cool:ln, reflects the progressi•e impairment o t discrete 

p cosoe i (l) N re·•bsorpt1on a in.st eo centr tion 

gr( diont, 1n the distnl tubule (2) 1sosmot1c prox1 1 tubular 

• ro bsorption. It is pp rent from our d t t t the 

£ or 1s the 1'1r ... t to go. Thus, for ex le, 1n og 

the in ry concentr tion 'W s 132 eq/1. Curi e col'lsction 

eri 6) ltha the plasm co c ntr t1on w s 142 eq/19 

yet o ly 2 1 of t e filtered s axer t d. Once the 

urintiry N conce tr· t1on pryrox tas to t t of t e pl 

t e percentag excrati n or N d • tar ust necessarily 

o t s e. This obsarv. i on is not ne ·• 1ckford an 

1nton t <l 25 yGers go on the id t1ty o urine an 

pl n ohlorid com~e tr tions belo 1so, nd oth rs hnve 

!o to s - to be tr of rn (74, 77, , 146). 

' 
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At 31°,. and durtng mild hn,othemia, only s 1 

percentages of t1ltered N and ater are normally ~ted, 

then on e=racor1>0real eard1opulmonnry bypass, at the 

flou rates used in this study (cf Chapter lV). 11e the urin-
- ';; 

ary Na oontentretion ls low, nd its percentage excretion 

therefore appreciably lo-war than that of \'1atsr, this 

difference is Jnsignlflaant 1n comparison to the vast 

increases brought about by cooling. 

These considerations ex.plain the a arent paralle11sm 

1n poreentage inerense of ?la and water excretion on cooling. 

At tha Upper end of tbs cune, the f tgures would be ex.peoted 

to ba identical; at the lowa, 1f'farenoes exist bot 

ere comparatively slight._ Close inspe:etion of t1gures 

t 11, 1~, 17 and 20 u111 confirm this st te nt. 

Controversy has exist$(} ror sever 1 years, as to the 

no.tu.re of the process of renal proximal tubular r-eabsorpt ion 

of tUterad M and water. M&n7 bell ved this to be passive 

transport process, simply a respon e to the r 1sed collotd 

o tic prassure 1n tho per1tubu1ar- capll aries (11, 27). 

This view seemed to be substantiated by the stadias of 

Andjus (3), and segar at nl (146), wbO showed respect1,rely1 

that on cooling rats and dogs to rectal tempffat~s, of 2d', 

tha r~ reabsorptlon of filtered Na and vater fell by 

only 12% ot th t f'lltered;th1s they believed9 implJ.ed t at 



he re bs pt1on o th re 1n 88% col -msens1t1v, , nd 

ce di t d via as1ve transport proc ss. M l vm 
(107) cula._ted, on th sis ot stop.1'lo experiment 

on do , t t the re bsorbed fluid b th s 

cat\centr t ion s, an 

this · s cited as cont 

s th refor bypo-o otic to, pl 

tory evi en d the hove. 

t ers however ould hav ne or this (tor n 

author1t tive review of indtrect contradic oey vid nee, 

s 102). Schatzman at l (141) with single 

proximal s of Nect sbo d th t o 1n and 

; 

d1n1trop nol inhtb1t d th r absorption of ox 1 tubular 

flu14. 1 tembu.:tg et (177) d nstr t not only t t 

h osmotic ssure gener ted: 1 the pl oteins 'Within 

the ritub o pille~i scold cco t for ut 1 of the 

e rption or proximal-tu 1 fluid, but 1~0 th t the 

ve: t of 1 fr tubal l n to r n 1 inter titt 

k .ac ag inst an lectroc cal gr d1mt C 36). This 

ov th cti-o ture r t tr n rt rocess. L ssen 

et l (99) found that ~ al oxygen ut 111s tion var1 d 

line ly uit t 1 quant1 ty of 4 a r bsor d y the kidney, nd 

so lie- he xi.st nee of o~y end nd n ctive 

nNfflASS tor I r bso tion. 

rs s e in ccord with tel t r view i.e. 

favour ct 1 v tr n.sport c s. Cool to 100 re ted 



in t u:aret!on of 1~ to '/3t ot the filtered Na and water, 

to:t" more than could be dm-ived from paralysis ot only 

distal tubular functton. Had Andjus (3) and Sag~ et al 

(11+6) coolad their animals further., to 10° r th r t ,han to 

200, they would prcGsumably have o1-a1Md f'tgures simila to ot.Jrs. 

At comparable mean oesophageal tem eratures (100 to 

130) the percentage excretion ot filtered Na in dogs D, 

Ct D • R, o, I and L ranged between 13j .and 73 • '!'hat ot 

Dog K, vas 66. ~ at 6°. Two possible explanations tor 

this br4e.d scatter come to mind. Throughout this Thesis" 

n tmplicit ssnmption hns been th tr nal metnboltsm is 

dir.ectl)" geared to rennl te ratur • 1.rhis may simply not 

be tru • Alternatively, temperatnJ:". gr dt«nts betveen 

oesopbagas end kidney~ or betv • .t.-1ons parts of the kidney, 

may conceal this relationship. I believe t . latter 

explmat !on to be the correct on • 

'!'here 1s a good deal of evidence to support this 

cont nt !on. In dogs I, J, K and L, the s1multaneoas 

oesophageal. and rrenal tempaatures (th lattor measured by 

means of single Thermistor probe plunged at r ndom 1nto the 

substance ot ths kidn&y) 'Were round to diff r ketlly and 

unpr dictebly on cooling (Fi s. 24,: 25) .. Wblle t renal 

tempera.tnr1l always !ell more rapldly th n did the oesophageal, 

it could be higher (Dog I), lower (Dog L) or 1d ttcal 



(Dogs J, ) to latt r, t the 'depth• of l\ypotherm1a. 

Other ,10r er (152• ;,, 1;3,. 72) ha toun l temper t 
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g1' ients to exist between srlo s organs and tissues durtng 

hypot 1 • "' era may en ppreci bl tm,,e 

iff r c s e n varif>u s1t s within 

this h s n for the art(~) 

m (18?). F:tnally, 'VY (104) foun that 

te t s taken at~; 10 1; below th capsule 

w iden ical 1n the colt tsglatfd nd erfused kidney, 

nal tem rt gred1 nts " v 

(91) and dog (91, ~6) . 

l r s ingly t Fisher t l ( ;6) shoWe t t the renal 

ore slowly than 1d th dull ·,. nd th t 

tho tha ool p oc ss, th 

te _ iff anc b bl sit y stulated 

th t -co ic 1 et r1o- nous hunt com into et act 

dt.lMJlg by the ! , o th t tot l kidney fusion mq not 

I .1 . pp ent that i f ctors such as t e 

present uring o 7.:per nt 1 ve coulcl y ho to 

demons t c nsistent rate of water d l ctrolyte 

cretion, comparable temp t s, 1n ff rent dogs. 

11: c ntage ~ci-etio of 1'11 tere " C and Mg w 

caleul tad on he assumpt on th t t serum cont nt of c 



oft 1o sis compl tely d1tfu 1bl. Thi 1 of co se 

1t the propartio o prot 

ms constant dttt-1n cooling 

t cent ge xcret1on s calculated bov should Val'Y 

ln 1 l 1th the perc tage excretion ot the tr y 

41ffus1bl fr ct ns ot th ser· C • v1d ce s 

lre y n re nted (ct s ction 1n tb1 C pter on urinary 

Ca and f eoneentr tions dur hypoth ta) sugge ting that 

oteln•~ tract1 ns of t s c tions d1m1n1sh 

bly du.ring cooling. In that the flg e 

ret1on t fll e C 

t s - circa 10° - 12° - e 

l w 

bsolute. Conversely, a t er no r . son to doubt the 

-bin mg -n al y t tu~es, t e 

s of re t e exar 1 t th lower and of the Clll"'NS 

(figs. i.., 11,141 20) are, 1n bsolut s ns, too low. 

~he lt is that t t curir , for perc t ge 

f 

of tilt rod e and t , plotted in t erature, 

slightl lesser o th thos d pieted. in 

11, 11+ nd 2. 

N lly, 1 the filter d 1 11 ed to 

reabsar d th proximal tubule w .11 in t di 1 t hule, 

K is seer t 1n Jtehange w (14). Durin hypothermia, 

q t!ty o a ~aila ie for chang er s , sits 
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distal. tubular l'ealJsorpt1on dim!nishes. on the othar band• 
' 

one gine~ thet the Seet' tlon of K wUl diminish too, 

as will- the pr-oximal tuhular re hs.orption ot !'Ute-red x. 
!he v iations 1t1 percentag excretion of "tilt red.DKt 

' . 

during progNssive body- cooling 1 vill then NU.ct the 

tnereasing 1mpa1rment of at least three distinct mechanisms. 
' . 

If differential cool-mg rate betwen e nll (K secretion 

and &xehange) and cortex (X re bsarpt1on) (56) ls edded.7 

the w1de soatt er of p:,ints o, eelcule.ted percent e exoet1on 

of nf1ltee4" 1t again.st temperature• 1s perhaps not 

surprising. 

Comparison ot the ri·se 1n percent ge xcretion of 
_, 

rut -Na, atsr. ca, Mg, and inorg ic phosphate, on 

cooling, 11th the subsequent fall on r 1ng, iwas made 

irtitially 1n attempt to s ek evidence of cold•1nduced 

Dog a, and particularly g n, se med to 

prcvid-a such evidence, as on r ing. th rato ot excretion 

of filt - ed solute and water, at ny given te rature, ,1as 

grea er than it had ba~n on cooling. ~ avert th.el' is 

reason to b l.1eve that the axperlmental procedure adopted vaa 

condoo1ve to the development of t laast moxie renal damage 

(cf d:1scuss1on on ~o.ta1nw-ta, and en the creat1n1ne cleeranee, 
·-·,•. ~ . . 

dnrtng hypothermia) i c-onseqnently, the part pl.ayad by 

hypothermia 1n br1n; 1;ig about th se ehonges cannot be assessed 

tr our data. 



The percent ge excretion of ti ter d rganic pbosp te 
Uke t t of the othe.r electrolyte With 

· cooling, but to a eotrs1der bly sser Also, the 
1 t1ons~1p betueen its r te of e er tio , nd t e 

oesophageal te ture, as a line r , 1n co tr st to t e 
curvilinear . regression lines. obt 1n d for tl'ie oth r. 
elect olytes and water. This pheno non a bean obsened 

!~ J Segar(llf.7) cooling ogs to rect itemper tur&s oz 
2.d' · .ersion 1n · tee te , noted tb t while the pe-rtentage 
"".,,... ... ...,.ction O fllt ed Wat r rose t enty f ld (from O. lt,$ to 
s. p) • that of 1no gnnie pbosphat !nereased less th n 

t e~ t d (tr 12.2,, to 30.,$). e d t o nt 
t his gr e or f 1lur ot hasphate orpt1on vas ttf 

t order t nit d s th t s~ 1n byperpar thY'l'Otd1sm, 

bot 

is 

con lud d hlle both ld an hyper- thyro141affi . 

1c pbosphat reabsorptlon, 
11 1 t t ) sp.onsible for the 

ption of ddi 1ona.l phosp at • T t this explanation 

oq te 1 pparant rro t f'indi s 1n ogs B, C • n 
G, ihore it 1 en that phosphate Nebsorpt1on ls little 

ven he~ th 1so tic e bsorpt 1on of filter 
N r 1 grossly d t cttve, 1: ltern t1ve 

l atton for this :enomenon 1s g1"9 n bl • 
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CT ATI 

th t 

absor, 0 of t C t t 
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appar nt activati n en r 1 s torte renal 

re bsorpt1on of any cne olnte. Thus tor pl.81 that 

of v ies between 1,300 c ls/d r d 14,020 ls/&Jgree . 

f ason for this ~oad ar1at1on g to dog 1n 

what gbt h ve b&an expect d o con tant t1gor , 1s 

i>re~swnsbl.y identical t.o that ad n or t variations . 1n 

ptfl'Cent axer tion ot filter d , olut , viz: nonparalleliam 

m r e ot eool!ng or oesoph us and ki<ln y, as ell as 

t occur.nee of 1ntrarena1 ts erature gr di n s. The 

highest f.igures are probably th most aceurat • 

As a consequence of this, no concln ions can b draw 

from tbs ealculated apparent ct1vat1on nergias, f the 

r l r absorption of Na, C , Mg and inorg n1c pho hattf, 

othe · than: (1) the apparent ac ivation nergy of l 

r bsorption 1s t least 6700 cals/degre, and prob bly 

nearer to 11+,, 000 ls/ deg • ( 2) C nd M reabsorpt 1va 

p....'"Ocesses ha lovei- apparent ectiution narg!es than 

that vt ; this is ll the l~ ly to be true as it 

s pnintad ont 1n a previou ct ion th t the real slope 

of C. and Mg reabsorption curve ve~sus t ratur ts 

lo\:tOl" than that enloul · ted (due to tha protein binding of 

the div ant c tions Ca and -tg t near no l body 

t tur s)., (3) the appar nt activation energy for 

1no.r: 1c phosphate r6absorption is ry kedly 1 s.s 

than those for Na• Ca, or Mg r absorption and P?"Obably 



This la t !s of interest. An a tl": tion e ergy of" 

1 s t 5'000 eala/de~e t w Q10 closely . pprox.tmating 

to lo 1. 04 1s suggestive ot a ptt1'ely physic 1 ~ocess 

c as dUfusion (173) . our dste therefor suggests that 

t renal u1 resbsorption ot tilt4red inor anic phosphat.e 

might mediated via a ssive tr nsport t1e s, 1. e . one 

req_u~ no expenditure of etabol lly dtt1ved ene~gy. 

At flrst . sight, this is a sta-rtl1ng concept ., The pro:d.mal 

renal ubula:r cells - the site o phosphate reebsorpt1on 

(131) .. e veritable powerhouse of t Wilie energy, and 

pa:etake 1n a multiplicity or ch 1c l r ctions . It 

se :m ineonceivabl that tnorganie pho phat , whlcb might be 

exp cted to participate in d1v.erse p sphi:>$ tion reactions 

can diffuse p ssiv 17 through sueh c lls. Yet a number of 

isnl ed obsenations ean be cull$ from tte literature, uh1eh 

wh n taken together., tend to suppo his. eonc pt . 

Th abol!c inhibitors 2:4 41n1 roph 1 (121), 

phloriz , nem!d• and cm-1 diuretics (159) G 

U ithout tr et on tubular inorganic phosphate r absorption. 

In t . cat (69),. and tha parathY'l"Oidectomise rat ('+2) 

the nte or f 11 ration of tnorg tc phosphate closely 

paral ls h& rate ot its tubular r abso:ppt1on ( expNesed ln 

pbosphate par 100 ml. of glo rnl:ar filtr ta). Similarly, 
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eheraeter1st1eally enatom1ca1ly def~ d (43) and one 

can readily postulate an abnor l physieo-ohem1cal 

impal' ability to phosphate. In psendobypoparathyro1d1sm, 

on the other hand, almost U the filt red phosphate ts 
' 

r. bso.rbed (t+S), and this without any ev1denca of glandnlar 

or tnbol1c o">er-activ1ty. 

In su!:1tllal7, there is a good d 1 ot experimental 

fact 1n accord with, or t le st not gainst, the concept 

of passive transport process 1n th renal reabsorption 

of f!lt red inorganic phosphate. Whll I have indulged 

in a 11 tle speculation, I believe this ide:a vorthy of 

furt er bl'vesttg_.ton. It 1& notevorthy th t the temperature 
--coefi'ic • ent of phosphate transter - probably as HPOf+ • 

1n the red b1ood cell (68) 1s high. This ls precisely 

th opp sit to our findings for the k14ney, and. J)flrhaps, 

if our observ t1ons are coni'1rmed 1 Yould argue 1n· favour 

of a spec1al1sed membrane structure to the proximal renal 

tubular- epithel1 .. 

th literature contains few estimates or the appar-snt 

nett t!on argy of the renal reabsorpti,n of" 11 , and 

none t all for the reabsrn-ptlon of ca, !g and inorganic 

phosphorus. Cort and Kleinze-lle (40), '11ork1ng with dog 

kidnoy cortex slices, estimated the apparent acti. at:ton 

ne gy of ~ ex:ti-usion at 12,600 c s./mol. H y (74), 
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perfnsing isolated dog kidneys at ary!ng ta peraturas, 

noted ~t N and 1t20 reabsorption f 11 roughly 1n parallel,

bUt .1rregulerly9 uitb coolin~. I lieve the trregularity 

-was mor-e ppar-ent then real, an d to hi f !lure to 

co set these absolute reabsorption rates r variations 

1rl iltered load. Calcula~ing th ap arent ae 1vat1on 

energies of na and H20 nabsorption from bis d ta, one 

obtains values of eppronmately 16,300 and 12,1,0 cals/degrtHt 9 

resp&ct1vely. The r'esults obtained by Cort and. Kle1nzeller, 

uerv y. eppronmate. to cm-, figure of 14,ooo c s/degree, 

gi.van :boiJe as p:robala1.y the most· likely to be correct . 

sh1ko, (81) per~us isolated bullfrog 1dneys, 

found t pparent activation gy of N r . bsorption to 

be of' th order of 29,000 cals./mol., a very different 

flgur tot ose quoted above. Ro1tever, b also not d that 

1n his preperat1on, the raabsor t1on of , t any g1'Ven 

t Gt' tur 1 w not con tant bu f ll. pro r $S1v ly with 

time. This p nome~on has. never- been no ed in the dog, 

and the -z bsoi-pt1ve processes 1n llfrog ant! dog may 

t 10re!'o:re pe~haps not be directly co parable. 
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19 rsook nd '1neg rt n (26) bli hed a 

oft 

hypoth 1a 

, h -1n t 1 c t d th etf1Cl ncy 

n 1 :function during 0 inding 

l d o vi th1 calcul ion. 

th 1r p per o er 30 s o the 

C CG 

as il.L 1 l. T 

aF111' ....... on wh t 

d their calcnl tions of 

d an on s able 

SW'!l1Pti 1 U • {thelr. s ol y): "T ftmo ion of the 

kidney is o ce urtnen. Urine diff' tr Pl 

st striking y 1n that y r its eonst 

f coneentr t 

of 

1nimal 

for 

ot . lY 

- g111 

-A 

0 

d to produc 

ute, an b c 

RT ln ~::•P 
one n r io chang, 

t qu tion: 

•Gs co 

C C4p a Conc.n plasma 
and urinary c c ntr tion or tne solut in 
question. 

I f _ll d th t' he min (ren l) rk nld b 

s r · s q antity qual to b of h f 



energy ctum s tor the tre.nspol"t or e ch. constituent, 

including water, fror: blood to urine"• They fben 
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cal 1 t the et:f'ic1ency or the k1dn y by co arison ct 

th tot ti-ee energy change es derived abav·e, with the 

energy . ctually utilised by the kidney, as observed 

exper· nt lly. 

T .. se cal.cul tions need revision in the light of todays 

knouladge of th echan!sm of urine production. The proc.oss 

ol gl rular filtration 1s dep ndent on the bitght of the 

arterial blood pressure, nd thu on ork done and energy 

utili by the heart and circul tion. w th ut t lis, no 

urine c • formed . It this addition l energy drain :!s 

included in th ealeul tion,- th st1 ated ffic-ieney oft~ 

kidney (thought of as a urine producing organ) · drops 

en furthert to a pproach 1ani~h1n point . 

Th kidney expends energy only o t rel tively 

sli h od1fication and subsequ nt reab~orpt1on ot 99% ot 

the 1 rt1lar f'il tra.te. Should it be traumatically 

i>a1'a1Y d by some means, so that t does no 'Work whatever• 

all the glomerule.r filtrate should then appear as urine. 

This in uct is s en during exper ent 11 induced profound 

hypotha ia - as shown 1n thi Th sis - when t renal 

tubul.B:t' l! absorption ot Na and water (expN s as 

percentage of that filtered) falls progress1v ly with 



falling temp ature (cf Fig. 26). 

nd pe us d kidneys, tbe vol of rine prodnaed 

many tili\es, nd v .. ries dir ctly with the height 

of the ter1a1 bloOd pres~ ( 8). 

S1mUe.rly, Las$en t 1 (99) hav fotlnd th t the renal 

ox;rg upt ke eor elates closel with t . e 

re bsn bed fro the glomerul filtr te, and .coneludad t t . 

Na l!a bsorption eprl!sents the ain \'IOr of th. kidney. 

Th validity of Borsook and · in gartens computation 

rests on the ass pt!on th t "the function of the kidntJy 

is to produc urine'• Consid ration or the above- ho,., vei

suggasts that it is ·c. function ot ·th kidney NOT to produce 

urine. Tis paradox is rendered more intelligible by 

recolling the present coneept of r nal evolution vhere!n 

the migr tion or the ••protov rtebratsn (158) ... rom an 

unti.c to a telTi st1al habitat s par llel d by the 

deve op t of salt and terr t 1n1ng idneys .. 

Th t sual d finition gi'le. tod y or r nal function ls 

that t · regulation and intenance or th physicoebemical 

co po tion of th extrae llular fluid. Tb kidney does 

this t ~verse" (15'8) y r absorb : wh t is n e1ed from, 

nnd crtJt1ng t is m,,ent d into, that fluid \lbich the 

action of the he rt and eircul tion would oth 1se d1seard 

t body, i.e. the glo rul.ar !lltrat • Renal 
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calculated by co a.rin the 

th or tical energy ne ds of such r absorption and 

secretion with the experi nt lly observed 4nergy 

utilisation of the kidney. 

It ould seem thet>efol'e th t the modern int rpttet t!on of 

Bor-sooks nd inegartens calcul tions 1 not th t the 

efficiency of th kidney is 1i , but s!Jnply t t in um 

of bout l of the energy used by the kidney 1 spent on 

altering · ater and solute cone ntrations 1n the 'a~age• 

_. 
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There ha11e1 m the past, bent w studies or renal 

f'unc ion in the intact n!mal, and none at al1 1n m.-'ln o:P 

do , t bo y tem erattll"es below 20°c . In the l tter, 

cardiac B~rGst was the !nvari bl barrier to further cooling. 

The ~ of an e~acor1)?r al cai-diac bn,asn device has 

ovarco tids difficult:,~ and am-blooded animals can nc,w 

be cool d to 10, 1th subsequent recovery. 'Ihe work 

presented in this Thesis is the ttrst to make. us of this 

adv ce 1n technique, to study renal function 1n the intact 

dog aur protound bypothertn1. 

f n dogs were usad to observe variations in renal 

funct1on during and just after the induction and ma1nten.enca 

or profound hypothermia. The dogs ~er rend red bypotha!'mlc 

by eons of a modified D wall• tillehe 1 helix- reservoir 

ubbl oxygonator, into lfhieh a heat xchanger had been 

• inc porated.. Two additional dogs were subjected to 

iopulmonary bypass &lone, without act1"9 cooling, to 

erve as con rols. 

A number ot taets of phys1olog1eal interest have 

m th experiments . 



sy tol!c bloo pr s ureJ urtn y o le.lity r1 J 1n y 

n, C ooncentr t1on f l 

Th 
g 

• 9 

uno an d r r 1 1 y 1 tt1 dt • 
. . •, .. ~ 

>.10 .... · , .. ant e · c~ tion .of £!1 t red w te , I t Ca 

h11 t t of X 1 ff oted. 

· t or 
yetem o the kidney i ner 117 

r nt t t 1n he a,.ntenanoe rt -at 

6 • fh t 11 in O · t ( 1n t e nee of . blood 

, is 1n ceord with tb1s cone pt . 

y 1 trol,t n4 o ol · 

ion, i-c nt ~ tton, r int rp~e 

fl C ing h ff 0 f on 1 t bul 

10 pcm oh r d.ttced v l of glo rttl filtr te. 

'l' • r conc· n r t1 dr ps, n er o ol t 
. . 

T e e ch g refl.e t ur u • of int v no 

(hY ton!e) 10$ dextro • ter inf 1on s . ing hy,poth rmi , 
' . . 

g se 1 no et bo11seti, th 1 .c.F . o 1 11 y l'1s , 

d wat · r 1 dr t• th in.tr cellul , nntd to lG'fffr th.I 

cone nt t1on y dilution 

In latlv ly nor ot C 40 t O by SSt the 



294. 

r et1 

in C • his 

cool .1. 

ly ir.! to cold

:in.due d sis of that ner ou 

low ed h GFR upo introduction of n 

previously 

t e ic yp ss. 

k d op in Cc 1 1n 

1th a ll 1n th .,_;st 1c blood p e; this 

s n s n r pe·t dly by oth r ork rs in th 

ot uri ,. w e e pres 
' 

Ul' d ypoth 1a. It t a 

pp t ' 
gr te ·tits d 

J:tel1 ing. Thi ph n eno is ro bly es lt t 

of h int ply or to discrete r ctor , -viz. (1) decr:e 

e b111ty of the cold glo erul me brane to ote1n1 

(2) mild tissue anoxia, arising 

pario or ximal oooling, or dnrin t 

ur1ng th 

n ry os lar, Nn, K, C and tg cone ntratlons 

a .. p x1m to t ose or ru , t 12°-100. 'l' is st 

sett 

reflect t par sis of tubul mechanis s :ror re r-pt.ion 

oft se lectrolytes and w ter, as ell of the seer tiort 

of K. T tact of inary c nd fg cone n at1 ns 

pp ox- ing closely to the 1r r s ct 1 s r 

cone ntr tions, sugge ts t ,_ al st complete dissocint n 

in t ~ld of the nor ally occu ring s r C -~ote!n 

and 1 ·- rotein c plt'JX4S. 
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It !s note~ortby that the in ry inorganic phosphate 

e ion ~ges b ,t lit le 1th cooling, an ven 

at 10, is from p o ching t 1 f seru • 

cent excr i of filt d nt t ' C 

is son coolin . tor tilt rd 1norg 1c 

h s rises oo, but to strikin ly 1 

o s s, like e te t_on 1 t e 1r 

cone tion~, uot b a reflection o the col - induced 

p esi of th 1r r b orptive c anis s . er 1s 

f or K excretion, calcul d a p .rce t e of 

that i ltered, to ris ith cool ; nlik t oth 

elec r lytes ver 1 is not po si 1 to deriv eonsistent 

el ti ship b aen K excre ion nd ody tem r tt.l.l"e, in 

n g v n o • 

:rect o s eter ine tha rin y f rate: the 

1 , th r e oft bl re bsorption or ilt red 

' :ter Th l 

red 

t cto v 

lat d, to he , ce 1t excre-tio 

per inut • Durin cooling, th se two 

pposite direc ion• G 1mini"' s, 

the re tag excretion par 1n 

I co q n , dependi g pen 

of ilt red wt , rfses. 

11 di 1 ual 

dli' e • 1 C r y l v rat y incr , deer a e or 

d during he induct ion o hypot 
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A o h ll the doss o d ris 1 cent e 

oti of i'1l erad t nn solut son c olin, the 

fin l p c ntag s ttained bl mper tu s, 

te 

-> i 1ngly dissimUar r om dog to d g . S!mila.l'ly, 

! c ge of p re t i x reti p r d 1·a o 

( xpressed either st e appar nt ctiv t!on 

e y, or 10, for each solut) varied 1 ely r oo dog 

to dog. T oughout t os st dies the ~sophageal w s token 

~ h ererenc te perature . Tb abov ln nslsteneias 

a ue 1n av or both oeso al- renal, nd 1ntr enal, 

t rat· radients. ir ct es so ed that not 

only oe ophage land r n l tempe t res in a given 

do~ ot necesse.r11y 1dent1c 1, but also th t th rel.ationship 

ot o to the other y Vex!Y° • 

mp t co ff1c1 ts nd p ant ctiv ti 

e erg es o th r nal re sorpt.io f , C, nd 

tnorg nie phOsphnte were lculated. Due pr sumnbly tote 

o .:> ph&goal• r n 1 1 and intr - rennl, temper t gr d1ents 

rG rd to bova, !de va i&tions 1n these p t rs 

ve a o in different dogs. h single !zsibl 

quant1tat1v conclusion ppe r to bet t t tubul 

e 1 ro inorg ntc phosph te bsorp ion s an 

pp etlv tion energy or co s!der bly les then 

;ooo s de re; tis ar us inf vour oi' it being 
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duit d v a passive transPort process. 

On rewarmin • the ch nges 1n urin y lectrolyte 

cone .. tipns, and of the ercant e excr tion of filtered 

,1 tor d lect olyte , \f re the 1nv r of t so saen 

on cooling .. 

1r experimental d sign dopted in thes studies was 

unf'ortu taly such as to encourage the develo ent of mild 

renal 1scha ia. ~ransient prots!norie and a fell in 

1 .AH cc ed during tha r warmin - byp s pe iod . While 

ose r almost certainly anoxie phenomen , it cannot b& 

st tad cat ~oriaally that they ar not .repres9ntative of 

unkno , poss1bl~ harmful , trees or hypot ermin. 

T <1 CBlculation or renal rfioiency ha.st 1n the p et • 

a n b cd on the premise that "the function o t e kidney 

is t prnduce urine tt . Yet cold- induc d par si~ of ranal 

tunet1on cau s a rise in urine production (where the rate 

ot urin- flow is express d s a percentage or the glomff'tlle:r 

f1 tr tion rt) . It might then be stated, paradoxtcnllYt 

t tis, function of he kidn y t to pr nee ur:.tne. 

T so consitl rations suggest t t the. e c tions 

of ral ~ff1o1ency be r vised. 
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Th de ility of combining hypcthe ia ,with · 

eldtl.' cor r al circul ttotj s been point d t Cho.;ptar 1. 

Use ot the latter 11nds itself to tho application or ood-

str cooling, a fusion of t chniqu s !1rst pr ct1s-ed by 

Peirce "'nd Polley (128) in 19,3. 

Xho ... pp at s used here, tor the :tn ttct1on of prof'outJd 

bypothe ia, follo ·s theseir.~ncipl s. T extracorpore l 

ctrcul. ti _ was supplied by a sli htly odifie e P:i 1 milix

Re-sarvoir Bu" ble Oxygenator (11, 46}. Ful particulars 

re a_d1ng loc l usage of this system have be published 

(1 109). T o modifications ere introduced (ll) for the 

:induction or hypoth,armJ.a, . Venous blood as dr ined d ·l."actly 

into the ixing chamber, thus disp nsing with ~enous pump; 

and th helix r servoir> wc.:..s not ers d in a "·1at r bath, 

ns the oogs t mp r tur& \ias to be controlled y mesns of a 

Bennin ton h at exch. ll 12nlt in th arteri l 11n • 

The circuit 1s shown in the Fi ure 28 (t ken f:ron rot. 

ll.) ·.hie J.S S lf-a~planatory. 
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ue o 1ncorpor tad ill the - ter1 l line when hypot e:rmia 

, s. to ind C d . 

the hypothermie dogs, the venous blood s ain 

y mo ns or ~in le o. 32 B ic ct eter, intr c d 

· to the ri t trium through th rigl t trial nda a; 

one hypother 1c fail e of the 

c~t& er s introduced into th 

i-t t: e.d occur ed, "' second 

r atrium throug t e 

left at i l p nd ge,and the blo d spir ted from the lef 

hear w s returned tote e t - lu g chine in this 

e1• . In t e fn·!O co trol dogv, the venous lood u s 

ained by me nw of catheters 1n the sup lor nd interior 

ven c v e . 

Flou r t s of 7o ml . per kg . bod ·' 1 t per i11ut 

er pt un thro ghout the e fu io~s of 11 ~n1m s, 

exeopt in dog t her extr corp r al cireul ton s 

s ~P d c pletely for 32 minute dttting the cold pl sa . 

o c rd! c surg ry w s perfo e durin y oft e e 

x:pe imonts. actal nd oesoph l t er ture('! ,-sere 

recor d 1n tle dogs us!n the lectric Univers 1 The ometer 

Typa -a, 1th lead types R• 7 nd OS lxx 

l t e and of the rf sion, he n r e rt t 

ha~ b en osta lished, byp ss disc nt nued. Th 

he rin , s neutr 11sed 'With the roqu ed unt of . 
ot in sulph te, nd lood eficit, r pl C d thro gh 

xx n f"'cturod by Elelttrolabor to 1et, Co nh gen . 



' 
the orterial cathatar using arterial G.Ild venous pressure 

s nonito s . 

'iha wounds were closed end a chest dr in 1r1as attached 

to · suction app' ratus.. 'lhe dogs were then returned to 

tJ •rrr1 recovery eaga. llo speei postopera.tive ears, 

opart from overnight intr venous fluids d routine 

ntiblot1cs, was adopted. 

Urine collections ere obtained .from cLtheter tied 

in one, or both (Dogs A and a} ureters . In the for er, 

ureter w s exposed through sm 11 flank incision and 

dissected out retro- peritoneally. The tip of the cethator 

1uis :tnsorted intc the renal pel is nnd t :led firmly into 

pl.eco. In dogs A and B, both ureters 1.1ere catheterised 

via tho bladder, rter opening the 1 tter by midlino , 

QJltarior abdominal, trnnsper1toneal pproaeh. 
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GEJID ~ 0 FIG. 29: 

The surgeons preparibg a dog tor eardiopu onary 

byp ss under hypothermia. The dog's forepa:ws are 

just visible, protrud:ing from bene th the green dr pes. 

he extracorporeal ch-eulotory nnd cooling devices are 

on the right or the photobraph. The pressdre cylinder 

(right foreground} supplies oxygen to the mixing chamber, 

the vertical blood4ift'Uled tube seen sUl'lDDanted by the 

debubbling cannister. The helix-reservoir st nds between 

the oxygen cylinder antariorJy, and the sigmsmotor pump 

posteriorly end inferiorly. 

The tecl1nicinn responsible for tho maintenance or this 

m"chinery is seen in the baclcground. 
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IBGEND TO FIG . 30: 

LATER . The surgeons have finished their -work, and Bn 

experiment on the renal effects of hypothermi is under way . 

The dog lies beneath the green drapes, with its feet to,.:ards 

the camera . 1 The drip stand , bearing vacolitres of 16% 

dextrose- water , and of ' normal ' saline containing ereatinine 

and PAR, is seen at the head of the table . De hind it is the 

anaesthetists trolley . To the left, is the laboratory 

assistant responsible for the constant monitoring of 

oesophagonl and rectal temperatures . 

Three sgrgical wounds are visible . The most cephalic 

is the thoracotomy wound, from ,.,hich the venous catheters 

emerge . The most caudal is for the insertion of the arterial 

catheter into the femoral artery . Between these, a 

ureteral c theter and thermistor probe cable emerge, from 

a left flank incision. 

. 

. 





close- up view of the l r flank 1nc1sion. A 

lyethylene ureteral c ttieter le ds to a urine 

colJe ct ion bottle . h bl ck c ble running in the 

o ponit irect':f.on th t t the ther stor r,0be , 

hich 1n t in particulP.r exnertment as plun ed into 

tho bst nee oi' the kidney. This no doubt lead to 

the trickle of bloods n into proxi al se nt 

of t ur ter l c theter . :rh ·hin thre ds lying on 

th o ' anterior bdo:i1n l 11 arc the en s of 

t li ture tyin the c theter into the ur ter . 
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f ser s pl as det 

s nt of th d rr zing point . T 1 

ed on the npprox1m t relationship (rer.32) . 

bt 11 tH 

w r 6. t. ssion of f ezing point of s lv nt. 

~ . oport1on lity const nt, or 'c yo opie eonstont •. 
This v~ ies ith different olv nt . 

• lal concentration of solute. 

T yosco 1c const nt of te 1s 1. 86, i • • 
q oo sol tion cont 1n1n 1000 Osm/ r • ter 11 

f e za at - l . 86oC. 

A iske o ter, c libr ted it 
s u d, , d '" s ccur t to 2'/ . 

G st nd ds , 

le as 

d te ined by fl. plo ometry. cl y l pho tr, 

,hie s th emiss on of n •1nte 1st nd d ' 

sulphate) to that of th unkno 
' s us d . tit ! u 

sulp is •dd d to the solttion to~ te t d, and the 

spo ~ of one photoel ctric cell to the emi son or lit ium 

is comp~ ~, th the respons of otb photoelect 1c 

c 11 to the miss·on o o K. h eeur ey o the 

rnet o is of the odor or 1. 

1no genie phosph t , p - inoh1p ot in 



coneont t1ons of ur1ne, nd tha inorg ie p osph 

p - o :tppur te eoncentr t ions of ., r t , re est in tad 

f tenet Aods ascribed y (92). 

nd ine 

s eter 1no by the d~1t o of on! 

fo y llow phospho- oly ... is as 

then _ d c d, by the fur her ddition of co bic c!d, 

to yiel .. blu c lour, th in nsity f hich s 
com ~ o to th t of a st nd rel !nor anic phosph te nlution, 

..,1.mil ly re ted, in 

c lo· oter . 

lett 

"a es 

a .,on botoel ctric 

s or the . 
d to in tion of noneonjug t d sul bon11 n bloo or 

sul.11 

nitrite s ded to e]lt" t 1nised 

·1uted ncid11 d ine, o di zotis th A ; 
0 th n ddG t oy th XC ""S S di 

oniu.m 

nit te; in lly n ph·byle hyl ned1 1ne s co pled 

1th he di zoniutn co po d, to y1 ld pink .,ol 1o. 

h int sity of his col ur s t n ca ared to th t o 

st n /il ~olution, sicil rly tre t d, o 

otoel ct ic color te. 

l tt-

tr;; ino frptg in C9ntegl \ '!h ea vol s o 3d ( W/V) 

ul -s eylie !'lcid t;.> s added to one vol r cl er 1no . 



Pr t 1nuria hem pr sen: , usad ttu-b1d1ty. Thi '1a~ then 

com~ed . 1th that of set of ( t n) gelatin pemanent 

st ards. T stt r,ango from O t 100 mg/100 ml.,; thia 

nab! done to determine the degre of prot innria to the 

neat-est lO mg/100 ml . ltl thin this rang • 

thod ot Folm and 

1u. 'IMC'.! is s,ed on the jaff action 1 •• et- attn!na, 

\ll1.8ll mixed 1th an alkal.1n plcrat -solnt 1 , gives rise to 

n red sh own colour. 

tEll' dition of dilut w.--ine, or prot free Sefllm 

to the pierie a.cid--sod hydroxi e nd.xtUPe, tha 

solu..t {l.$ altowe4 to stand at room tU"N fo~ just 10 

minutes, h e t r tl colour 1ntens1ty w s iately 

~ to hat of standard lutlo , in a ·ett · ummerson 

toeleet:rii col..or ter. 

h saum and urine samples 1n all our oxpfftments 

con 1orga e:monnts cf glucose . Gl cos& itself ro .et 

'11.th knlift picric aetd ixtures to produce a daPk broun 

colour. 'l'o reduce this 1ntertar1ng ett t., 3- N OH ttaS 

used 1n pl ce a:£ the mor usual 1 Na , and the solu..tions 

• e rend pree!5ely 10 minutes att preparation. No more 

then ; o 8 solutions ,iere read et a t · , 1n order to avoid 

dela¥' lletVeen the 1'-ead!.ngs .of the first and last samp-l s -. 



h ser 

y t e thod ot 1n ley 

nd nr 1nit samples 

d one t ( ) 

T is ut Uisas d stuff, •c r-1nth C ', 1 

1-1\v' o ~ oro 29 2 <J1 eo nzene-1, !hydrox,nepthel .. 

3, 6 dis phonie aeid) 1ch colou.rt ol t to 

Pink, ti pre"" nee of ca1c1 • 1le th er o. t in 

h , s b h 1 , t tho h d the 

t11 1n only 0.2 • of he sol 1 n to b 

tost • 

s te tne by fl s ro hoto tey., 

sin the Zeis ll s c ro t t th tngl 

noebr tor, to 2 5,2 • 

s 

on 

1) 

u 

dist l 

it., ,. 
1 h th ss1on of J • A he 

dditiv , th r dlly 

r cone n ti n t t 

co 

1ss1ons 

tad for, 

tis 

or Mg d e n t1on y elimin y 

n, nd th d(lit1o of ac ton (of Van F .,s 

1 Te 11 o., (19,9). A s1m lilied fl 

t c m0tbod for ti tic f &.:.KI.Eii>'

th~ 31,368). 

s prepared p b nut 1 s · , 1th 

ter hs in e:tnur 



. count r d 1n th! tu y v re 1n utf1c1 nt t 1ntert rt 

1 ht ston or • 

s ri 4Uut1ons, repltc tes, 

on i- nclom s:: and u.r1n . le 1nd1c te that the thotl 

s en rror of bout 9,( ,. D t 11 ar to b pub11she4 

• 



To the cl1n1ctan, the concept of ctiv tion Energy 

is still novelty. Only the barest tl1ne or the theory 

is g ven here, fuller treatment can be found 1n t e texts 

cit d below. 

101 cul en rgy, and t r for t n b r of 

nt lee ar collisons, ori directly 1th th bsolnte 

t t e. At roo temper tare (e.g. 27°c), a rise of 

loO r ~ sent s only *. or a 3 1ncr se 1n ecular 

• Th numb r or inter lecul collisions, or 

~peed of r aet1on b tw en substanc s, y ther6!ore b 

pected to incre s proportion t ly. U this h s be n 

f a to b tr of n b r of purely ph.ysi0t1l processes, sue 

s di fusion, or rad1o•acti e d cay r tes, cbadcal i1ll4 

blolo ical reaction velocities ott"en show consider bly 

g te.r increases. The concept of ct1vation ner y 

as first introduced by Arrh nius (1889) 1n an ttGmpt to 

xpl 1n th se appnrent anomalies. 

henitls postulated th t top t!c1p te in ace 

reaction• s n~ ded to have a hi her energy content 

than usual; thes he oall d •r active olecules• •. Ill: any 

', 



Ct th 1' etive leeul sex! ed 1n eq U1br1 

1th h in C 1V t lit/ a rgy 1 C • H tntroduca 

t1on 

,, 
G) i~l ·t dT 

k ' 1! e f th ch ie l proce at bsolut 

T 1 R • g s con st t, d the mo t of 

en Y d.ed to conv t nor l 1nact1 lee s 1nto 

r ctiv o • The l gar th 1 e o t ore r p!J ly 

tho etion r te incre s d for a 1ve ri in t t r • 

lgk• 

his, one cnn der1 e 

lo 

h k2 e the etlon r 

t os l an T2 r spectivaly. 

used t d riv E ireotly tr 

Alt orna.t ve ly, gi, hie plot t 1 

·G) 
bolt 

Eq tion (J) C 

ly obtal t1 at • 

ithrn or the 

r n ion te al 1nst th reci oc 1 ot the bsol te 

t r t • t dlff' r nt t t ur , yield 11n , t 

slo of ·' h eq ( q ti 21. 

, t Act.1 tio n Y, 1s e 

degr o. In biologic-ol sy~to , vher h 

c lor1es/ 1./ 

tnr and n ber 



t 

a 1ng mol euleo ... re . s nlly kno , . o 

l usual y rot d 0 tho A!>PGr&ft . 
!C?UUl'O'IIJ 'J Snd 18 8 c lo 1 s/ dACll't, aft .• 

s .1t went• the en1tt qu tion s of use 

1... s only as me ns or expr sbl ~ i In 

oce sea, , 1th h 

• 

· 193$ yrtng mod1f 1ed nnd xt ,. 

al.lod bso· ute R a.otion R t T 

the 

lute 'J:G"T-r\Q, r . 1n tl 

to this view, Hh n b:!r ct to 

:b • c , en in.termed t'e ·compl x~ - , is ortlGd • 

... . 1).C -~-..,..- b .. C 

tton o£ t)lG C quire n&r 1• 

n rgy oor· 1er . t t pr v nt tb . enftion e 

• -+ b • c tram p:iooae 1n spotJt neou Y• Th 

- b • ts roter~ed to t 

mor nebulous · • e cttve 

or c1 asi 1 

d to the formation o ct t d 

Compla', 

• ot 

st t 1th th basic pr le tat• 
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modem ~oept of th1s *9nomenon ts th t it represents 

t , 1nterplo:y of at least , two ~P sing c eaJ. reacttens. 

·hese are (1) the accel,el'ation f t c~l re ot:lert 

nttdar observation, with r1$ing temper ture (2) the · 

progrosoive denaturst!on .ot the part1c~pa~:tng e~s~ at 

temperatur s boV~ the o,t1mum. Ea.ch of tl)es reactions 

is snseopt1bl to analysis 1n terms of the bsolnte RGoction 

Rate T ory, nd g1v~n the x.pertmental ta (of raact1on 

rate above, below Qnd at, the opt t peratura) it !s 

possible to derive the v lues of /J. FT, 11 H* · /j s* • 

1 hese values, 1n turn,, enable t b1ophys1c1st to gain new 
•• ·J .. 

insight into protein 1nt.eraet1ons nnd a to tionij oeentting 

duritlg the chemical pro~e~ under ob rv t1on. 



energy 

a + be 

Ob~ C 

d<?compos1t 10n products 

log (Rate) 

I e log k = 6E (_1__) nR T 

I 
T 



h d!t 0 n d f .e 

n of eti t C ple c, 1 C s 

I corr aponds o the ct! ti n t 

( 1us), or to .1 * • ( yr ) 

ot et Gd to in • I 8e! ts t 

C 1n Cont nt, 

, d b + c, dis SU ly in 

b1olo 1c or, by th tr. t 1 1nclnd d 

re 0 lp poin OU t dit! nc t e it • 
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