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D1rect surgical 1nterv ntion 1n aequ1re 
defect t the heart 1s now re ty, largely 

a number t ahniq'lGs which he; evol.v, 

atient and diligent research. 

Surgery e heart under dil'OCt Vieii usually necessitates 
th penil.Jg of of it cham1 s. o ch1eve tld there 
must be no circ t1on through t art.. !his s i.ble 1n 

ne of two t el tber the l body cireula ti n 18 pped 

r some syst of b . i1J6 heart is u"til.1 • Tota1 
cessat1 of ci:rcUlation at normal. t pera.tu ~ r periods 
of leso tb 4 minutes is th l e t the y c tolerate w1 th 
safety. e rat surface co ling, later l d stream 
(1.e. veno-v ous) coolln • w t dueed whe b at 29 to :,o 
degrees t e - owing t duced body t ll - the 
circul.a ti n to the heart could e interrupted for from 8 t l.O 
m1nutes with ut · glJlg oy;yg enaiti.ve or0 such as the 
brain and kidneys. ~ al.lo 'led suffici.ont time 1n the heart 
f r the repair of the ~pler oardi c defects. 

A p 

econd technique 
d the ~k of t 

tot bypas 

heart, and 1n 

of ano'ther pe n {cros e c culat1 n), was 
th patient• heart end main 1n hi circul.ati • 
variations on this tedm.ique inc ted to 

31genat r, th all i.ng th heart and lungs 

heart itself. 

t of the 

of artificial 

in ••••• 



2 

or ·genous l 

utilised. n perfected, · nWl!bcr ~ th- tecbDiq 

allowed l.Otlger time .in the heart th hypOtbermia al ne, 
and mon c plex d feet's were tackle • erthe1e , t 

of these tecbniquen i anyw ere ear rfect and the 
earoh continues. 

In O pe mm, th -Lill.ohei el.ix en 1r ble 
Ozygenator had b used exc..tuaivel:y, t exper entslly and 

then 1n a large series ot cl.in.ieo.l cases, with great coeas. 
All th pe :ti were performed at normal. body perature , 
using hiGh flow rates, and ea poa perati.v rbidity 
lD1n1Jaal this teehni ue see ed to 'the r for cn.rdiao 
surgery. 

. . 
evertheless, the more co ples detects,. espeoial.13 those 

where the high now rates use c ed a 1a:ri coronary and 
bronchi al. return to the h , still very difficult, 
as did surgery of the aortic valv , witil the neoe ear., coronary 
artery perf'us1cm. 

thus present study c eneed t t beginning of 
1960 to inVeatiga.t the combination f extra.corporeal bypa.s 
with blood stream eypot.hermia. ,orkero clei.tned that this 
c bination offered advont over either bypass ~ hypothe 
al ne. 'i'be f re rts avn.ilab.le t at time n deeper 
levels of bypother seemed to indic te t this would possJ.bly 

e the technique of choice o the future.. foum llypothemia 
be defined the del.ib :r te reducti Of y t l)eraturo 

b arti icia1 ans to bel 25 de o centigrade. 

After a ~···· 



After a ref'ie f literature so 

only ho wa.v f pr uc1rlg profound hypotbemia 
praoticabl.e. 

whi.cb had been obtained and test in :the labora ry by this 

stage. !he • the f bilato xtracorporeal 

bypass with aut ous ~genati n. d t ther wae the use 
of extracorporeal bypass inc ting artificiaJ. genator. 
A study of th ed to j.ndicat t the latte tb.od we.a 
probably the better ne.. artif~cial. 0%$ t r cb en was 

the bubble ty • tl8 this, was the ne cb vns pnt rNd for · 

nO'l'mOthei'mie rfus1on in Cape Town. 

!his thesi tt ts to sh 

vi th ex't!90orporea1 cireul.at1on the bubble 2:3 ator, 1s a 

sate and use-ful a1d in card.tac eurgo17. ln the irst part an. 
attempt will be e t() correlate the exper ntal studies. 

discuss the .method which was evo1v t:md int out its safety 

and usefulness. as weJ.l as to d1scu s the in est1gat1ons 

carried ~tin .fl r inherent dangers. In the second 
part th ini.tial clinical app1icatio of the technique will be 

de.alt with. onoe ~-...... discus 
and use1'ulneos. 

nt . found hypothemia made 111 recent 
publication, be quotation t this J.nt, 

"fhis parti.oular aspect Of hypothermia provides 
example va:Lue of basic search.. t 
immodlately applicab to cine. t of the early 
work on isol.a ted ~ise • _ hen ·~- maimsl.l.e 
arises t ssibilit:, of deep hyr,;0t~1M.1.A. 
tlh.1.ch bring atartl.ing new vances in 
trea: t r heart diae • " (.c r, 1960) . 
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o report on e t tua of hypothermia in 1960 uld C plete 

without makiDB mention ot ,enrl.y W'Or'kers vhos pioneer enthusia 

and observations were to lay the f1 undati.On for present de¥ studies. 

Bippocrate • 1n the 5th entury .c., va pro bly the first 

to ba aware f the portant pa.rt played by te • ture 1n h: 

vel.fare. and dealt with this ill his , k ffAirs. atera and 

c · • ( ppttemt , 5 C tuJ:oy c. a). e also advocated 

snow and ic to check haemorrhage• and w.s the first to be a1f8rft 

0£ the analgesi.c nature o£ cold (ll1p crat a, 5th Century .D. C. b} . 

Aristotle., to • re the portance of y t pera.ture alJd 

obaened the resp nae f M1mala 
of thea enVirontne t (Aristotle, 4 

Chang 8 1n the t pemture 
tur.Y .a. ). 

Despite the early ()b ervr ti ns, it to centuries 

before cold was studied in any d tail,. and in :fact, it vas only 

1n the last decad that hypothe 1a in its various t rma becam 

a lor field f i.nVeet1gat1on.. th• int rveni1'1g yea.rs, 

reports n the · appeared poradically ill the literature. 

but none were :t-oll d up in an'3 detail. 

Boyle, in invest1gat· the e£t eta 

was ble to sh .. t anal.l ani.mals • iv 

sb rt periods and recovered terwa.rd ( 

s e cold on anjroals, 
in froz water for 

1 • 1683}. Burton 
duce the 

state of •••• 



state Of bernation. but t induced 1n th 
different •torpi.d c rndit!J (Bu:f~on, 1749}~ 

the ff ct of 1.n1:emre coll 
ct and other , .,"u..a..a.ui~w. f'ir&t to 
mixture t ice an various saJ.t t nable h1t!1 to 

i t peratures (Spallanza.ni, 1 ~) . t this"" • too, tho 
illustrious John Bunter at pted to freeze int a state of 

pend tion ( unter. 1766) . c~ept o1' total body 

deli te endon in cold va'ter,, 
the of d ath f exp<>ll'U.'re fOll (OW:Tte, 
1789. a). pro hly the firot person to notice the 11.A:fter 
drop" in pera:ture which occurred 'When cooling was stopped 
{Cur:1:1.e, 1789,, b) .- Later this rk:er. who tlw firot to 
report the experimental rodu.cfdon of b body t rature, 
succe fully lowe the temperature of pyreXial tient to 
a, degrees ahrenheit (OU:rr1. • 1798). 

use of cold iJI 'Ile fo o %'0frige tton anaesthesia. 
by Lar:rey. apoleo •s Sur ra1. was J>l'"Obab1y the 

t eel.eh ted instaDOe of this use f hypothermia aiuce the 
f ppoc tes. Durillg the cmnp;,.isis f nin,- l'mf.l11i' 

~~vs"'e• he noted that- there a no pain du.ring ,tfitiOl'lS 
perfc> 1d1ers 11h .lain on the battlefields at l.o.v 
enViro ratures (Ierrey, 18:,2)~ u se-quentl.y. · al er 

into out ttthat cold produc o a t te in :wbich 
animal a.re rendered suitable for pomti " (Wal:ther, 
l.862. a) . At ~ly date, thi,.<J o r.i.ter e olod rabbi.ts 
to 18 - 20 d~s centigrade. rectal t tu.re., and observed 

:tly ii pa1 ~nctl n of both be t and lungs { altber, 1862, b) . 

The gre :t ..... 



I 

., 

pigs to 
iug ice. a.ted 
ei- thod-s of :ucing body tem ( ~4. 1S'16., . ). 

In 'this work ho also bOOl"Ved :ture d~ 
t.1 d various vessel.a Y.ltbin 1il nty sh.owed a 
definit varia.U bom Sit to 1.to (.Jim.'1'.1!1A.·rd• 1876-, ) • 

~ n1ato:ra died tt the . 4y ~bff~fll"l."I~ 

pproxtmatel.y 19 4 gre s oent1e,rode ( rva .. l.88l.) . wwk.cro 
ore intrl.Gued by pb.en of hiberna: • e1'-0' certain 

ww~blood animals a:t'$ hle to reduce re.tures 
uring w.t.nter w.Lth~ 1.nto · of p (oee ..,:s"t--10m!llalllEtn, 

1956). In tli· condi:tion, all vi. tal. pb,ye1ol.ogical proce 
are 't a a.la can thuo sur"V'ive th priYatlons 
of td.nter. 11:nea 1ch zperimentol. 
~~thermia ~~, esper , 
part.icnl.arl.y in tho continental 
hiberna:tt n could be ind.u.oed in mm~ 

Ung, with llttl.e il.l-eff ct, if 
t body t prevent by al'.'W?O 

m al a other 

cti.ons ot 
Hug:J.Umard., 1956) •. 

n.....n.~-em.ng. 
Le.rl.gen(lOrff - Of tho lioot :veetigo; t1eJ4 

per1'usi.on byna1:ne:~.a. 

elevated roservolr 
{Langend rtt, l 97).. cant .or re have 

h of Lan(tendor.ff • a "'12"k in the intact uu.1.M&W.. 

Z'a.tu.ra effects 
to cont'1m 
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ling of animals .is certainly 
not new. l:i lgium, lleymans construct heat xchanging sysWl'!l, 
c ei$ti.llg of gla.sa oannu.le with a ter jacke, at th begjnnJn.g 
~ orld I. Using this, he c.ool.ed and warmed the blood (by 

a earou o-jUBU]. r s unt) in re than :, rabbits {Heymans, 
1921). In the word of U Uan; · 

~ ese ex · nt ere conducted under the ertre 
conditi ns of wa.r and occupaticm, and H y.nana• 

edi.co.ti.on t '""oi noe a: d ... om · d be hOnoured 
by 1. inking his name inseparably 'to bl.ood cool.ing" .. 

· ( • 19'9). 

en ther rk r atudioo the et':!oot- of cold 
u: t b-ady. Re ~el.t that th1a bl.'Ought about state of suspended 
animation, vhl.ch uld allow tissues to be p...~ l'V'ed intaot £i r 
conside:rabl.e J.Yi<>d.e. 'tfhile taining thei.r Potential viability 
(Clark, 1917). 

It had en . wn that desene tive chaf.lg&s in tissues could 
be produced to a ked d gree by local ret'rigeration at temperatures 
of betv 50 and 40 egrees ~eit· ( th and ay, l.9)9) . 
Arguing from is work, these authors fe1't that it was juatifiable 

J.)loy t0,t~ body bypo'thernu in hrenan cnn-eer patients to attempt 
to reduce the rate of tumov growth and· aproad.. Thus Templ.e Fay, 
1n ov . ber l.938. cooled a patien't with diose :ted breast 
care to 90 de s Fabrenhei.t-, by means ot 1CE.-~uced surface 
hypothermia.. !his was toll w ·ti by obs rvati over lOO patients 
(Fa,-,. l.940; am.1th. l.940,. a; Smith and • 19401 b). · SUb equentl.y, 
this ilecbnique was al-SO pplied to payc tic tian-ts by another 
group ot rs (Talbat, l.94l.). B.Z;is • . in theirhorri.bl.o 
experiments at • e observations ll,. on the ros:POtlSe 
of humans to cold when they reed persons in wa.ter at · pe.ratures 
of between 2 and 12 degrees centigrade (ile:rander • 1946·). 

!he prob ble / •••• 



Pr<>b~bl.e p,reC'\Xr'sor to pro1JGJ:l 
the rk o£· w.w~v,.u, 

the p oneer work oz: · J.n 1950 ......,._.,. ... -wa~ 

interest in 'the poaai.bWty i£ using 11.Vl:o'tll.e 

1t 

.la ho.a bcco a cl.1nie: 
• l.950.- a. b and c) . 

08Zrc:11a~C S1ll!¥!1!!'PY b.~a passed tbrOugb 
121E~se W-<ia:mJ.qUEte still l4a i.ts 

bypothem:la al.one. . 
nee~w.1.Ul-~twU..a.D!:taltme, 

low, f"atb&r ot 
sureery • CODlmBl~ed bis ex ens:tv 
Uffllst,i&aU stinmJated the interest Of aur: iiesaa:reh 

e 

. lfOrld d . :tffl to. the tho 
1136 reduced bot\v · a1d ta 

tbe - it f, hos't ~ 

• J: u.e. fitttllg 
n, in al1 = 

ruld like to begin this J;8per by acltn01tl.edging 
how X"eVeal.ing Bigetow•s war. for us, 
make it tba t hie e · p1e ba. been the 
1nitia.-t . por nal contrl...,.-"' .. -field "11 (.Juvenel.l.O' et al. 1954). 

t """'""",..,,. r.mmered b:- '1:)0·tiJ:e,1'!.l.d~ 

le to 131'flll'V'iV 

dur·~ 1950. 
8C9 cooling 

~.u.~~ 



• 
mn~t the olectmcatdio -

Obt:ror"1red- that vas · atrletiM. 11aSCUlar stasis 
curred. ted that 

~w:w......, caused dda 16 and 

reul1}e~ra.1iu:t"Em• # in hE> eDlOl'.W .... _..,,._ 

at Low'~ 

COtlS'W~iO 

t 

tly with r notion of' body "t'enlJ>8lm"11lre 

ther P1.C>~31"S 

DOlielltial ¥~i.~ 

,. was . '£r-

~f..l...,.,',l\olwi • prior 1 ts us 

ti -~ 
cardiac our 
by'pothe 1n rod'llC:iJ;lg 

aid intileir field Of ffllrGQ1'Y .• e I a. pio r of 
l iehod his ntr.1bu.U in l.951 



( ,. Vlld.si- o»lll1i-, ~mlJ'lt am 
_O~ 

1 t be 22 
18(:~:.r.ti.<r insult { -1 

contimted this 110rlt. At • work was -~ 
combua.tion of extfte<J.rTir'W"AAi c:lrculnti.on attd hypotberm!a by 
nan ( llan et a.1. 1952). Juv lle (Juvenelle et • 1954)., 

oircO ( bee aftd lles, 1953) ( " l.954) . 

this _iy wo-~k the c--
vy ............... llf:U'3' ~ I it 

o1 b,ypotho 

--....~,Q,,l,.~ty the fir~t 
ec.t Vision, illains 

-ous int1 stasis, f d ( and 
• - of surface 1ndu.ced rate hypothermia 

ill patient wore ara. 
-~~ac:e .,,,,.,,.,,,..-~ v t wid • It 
1:odu 1: r by a the pa.Uont in ice or by utllia_ 

cooling blanket through ich 

C 1d 
extenelvely t • em in cl.im.cs the t 

opera.tillg theatre mo reduced, v.ith tbe patient ly 
Unf'o tely. the .inducti.on of by ~tee 

be ow mJmbo'f'l!DlnA 
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mo:1:~ at 
'Cl'ft~ 1io ' 

m.rfllfru,a co~·. By Ufa~ mn 
1956~ wben it had bad. :te.1r clinical trial. Sir l. ~k 

1'Ull a1s· :t this ( ,. 
195&). 

8 ~"J'.'f!Pf'lV 

·-~:it ,. 1954-J . u. 1958) 
(.llal~~~ 1956) introduced tbD thod o:f gastric OUng. sn4 

od ctal ool.1llg ( . f 1955) 9 Otbel' tholt 

o er 
incorporaU: 
pulmonary h!n'l~t!tA, Will be discus 

e era o surface indtaced lllOflera.te 

xi»ri ~ -
both 1n - 1ac in thor f sul; of 
.! cllntoel applJ.cati in d, 

limitati.ona o-f 'beeam& very OWiOUlb 

th of~ l10r. phyaiol.Oai-cal 
ew:i~ta oacru~Ulg ~-~~ its appllcati the 

its JlUmjl)(l 

1111941, Dill :n'9; 'tal>Olic 
va:rint :t occu.rrod 1n W?"f'ac~~OO:l.ed -tients. 1Fith &ped.a1 

fe.rence (Dil1 and 1 1941.). 



first to per . 'M1Y Mal.lg detailed 
., 1950, b an1 4)~ am. W 1957 felt: that 

the three jor plic:at1ona re ventr.i.oular f.i r1lla.'ti<m1 

ock and. at1 i.noreasod bl.eeding tenden<:y , m4e a 
study Of' these three aspects (Waddell, Fairl.ey arld B , 1957). 

O%'Sne inVestigated local lsch at times l.othal at normal 

dy temperature, and owed that do subjected to J:.wpofJlei.,nia 

coUld surnve thin ( lozme, l.952).. 1en confUmed and 
so showed that total ~ti. could be tJUrVi:Ted at. ~ 

bod1 temperature& (Glen,· l.954). as. too, ma.tie extensi.ve 
pbyslo10Gi,cal. oe.rvnti()?)S on s ( e, 1954, b). 

tr.lcular fibrlll.ation• one o'f the ma.j r , was 
inve t.isatod extensive~. In 1956, ino felt c 1natton 
rf ~tilatio ty1 coul4 redue it incidece 

dur C iliJ3g to rdl (OovirJo d gnaudrJ 1956). bat 
his ht)J:es for this com'bblat1-on ft) obn ua1y n out 
by his la:tl,r work, he was st11l 1ttvea~igatug bl.en\.. m 
1959. :S,, nh fe.lt. that there were two_ forne ~ triC'tllal:' 
tibrUlation: epontaaeous- fom oocurt'mg Ung, which 

si¢ficautly reduced by phenterminc• • tUld a surg:lca1J1 
· 11ced variety, aignj.ficant]3 red ed by .nidine (conno. -

Hwrgolia and D1.Amato. 19'9). o ov-er ventrJ.cula.r fibrlll.ati.on 
nee it bad occur • Semdllg ad.VO ted ~. adrenaline., 

further r::nss ond final]3" e1ect ock (Senning. Abo and 

J1na, 1956}. workers realised that surface cooling would 
be sate it tricular tibr.Ll.la.t1. n could be ented (Goll an 

t .al., 1955. af iehor ;et. el., 19581 0or1.)Sell et a1.. l.959) .. · 
!lms t.be protect!.ve- £feet of bypert.onic gl1100ee sucrose 
on 1-te incidence ~d (Beavers. l.9S9,. a), and i.t we shown, 
that :intravenous . partn an1 5 percent _ lutiOn of ext1'0s i1i 
water reduced t t.em.tilal. t pel'&.ture due to ventdcula.:r 



by WO 

thera. 
uch 

ock. tib.1 

air' { lair. 

• 1959) . 

studied 
t 1956) •. 

Another fact r th :t distur d pc p1 the 
poosibUi of increased bl.eeding t · dency. ill.son 
d nstrated a ol.o ed elot tine. :felt this be 
due diminution of plat lets, due ir ticking to 
t.h nlD :a.1.l ( ill.son, filler 111 t, 1958).. an 
Ka:uJJa, h ever, able to sh that duri: heart sur 'E'3 
in • c oi£i.c ti and pro in con 1 n ti 

not pi.ired (von Kaul.le and swan. 1958) . 

Phyllis er indu.eod 1n do a . 
histol ical changes which e ob erved ill 
kidney the adrenal 1cd r 1n conclude ot 
by w a danserous. d ehould not alter, 
l.955, a and b) . Her rk di turb; , even 
th subsequent investigations failed to contir her tindiD8s,­
(Fisher, d r · Pi er, 19571 ,. 11, 1958; 
Gollan, 1.959). 

It w 'b c re obvi t th of 
erate hypo.th rm1a snot tbe answer to the prob of 

int card c gery ._ In add1 ti , it nly all a --UM· pert of 8 t3 l.O minutes inside tbe heart, thus the 
pl.ex defects still e be nd tl e of the 

geon. 

In the ant • a u ber f inve ti 'tors bad be 
echani rubotitute for the he 1~ and lunge to 

e t £or e su..r; n to cor .ct ch 
ventricular ptel. defects and tetral of 

14 



ftd eventually led to the dovelo t of th 

ich 1t ible to by the 
..,.-·~. ( ler. 1' b and 1 , 19S1i 
Gro e et e.1. l.956; Kol.ff et a1. 1956) . 
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art-l.ung · chine 

1-ung f1 r so 
all et a.1., 1956; 

chine pen the nerl e in cardiac 
ore thologica.l ndit1o of the art 

be(,ame bl.e to surgery. The var us t . niq_Ut)s re used 

in cJ1nic at1 rld. Of the :vailabl. 
tor , the Cape !own cU.nic uses the 

bubble · rs ator exdl ueivel-7 for all no ~ 

pW..mo;r.uu:~ byia se , th in the eXl)e ntal 1mal. tor, 
Barn • 1958), and in their ildcal C"'d-1::Jel.I 

!illie,rs, 1960). 
De ite t-b many improv nt and refinements re intro-
duced, the artificial. xyg nators, n d in a ciation 
with high flow rates fo1: n rmal body t perature per usi<n:'S• 
till te~ d1f£1cultie, e c Uy in th re 

complicated cardi c es. 

Th1 e se rch f r J:lew and bett r thode continued. 
In th rkers in t fi lc1 at have been 

aussed far all. p igre • t 
--.. -c cardiopulclo . ry bypa s improved their teol'm1 ue to 

'"-·- their reeul. a were %cellent. 
<:>.L ... li.dl.,U. we re l tor 

available in the heart. i) ncer devel pe.d thOd 
f coronary in surf ce cooled hyp()t ermic ~n,.g . 

with secund 
circul.ato -r:, 
( ncer 
t chniques ( 

us inc.-.v·, -~ the 
t -t, r 

rkers de c.ribcd 

J.·8f10ne1. 1959). 

It s ••••• 



It 
1n 1958, who 

project that held ho 
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tus of bypo­
;.eatod that one ·~ the research 

.for the future soiut1on of' the prob 
was the combi tion of hypothermia with .cardi pulmonal-y 
lqpas& ( ige1 • 1958) . It not tore the truth at 
this stat nt w demonstrated. la actual f ct y of the 
p1oneen in. oa.rd1ac ·su.rgery before that t bad used such 

combination, and in this respect . lJ.al1•s place 
f 1m rt c that io second ni, to eJ.ow•a 1n the field 

of hypothermia (see :µan, 1.959). 

l'ias been pointed out, it ns the failure of art 
actJ.on• or the co encemen.t of ventdcular fibr:Lllati.ont 1lh1 
occur as the bOQ1 tempera.tu.re is reduced, t limited th 
ppllcabillty of th com nt1 Dal. for of bypothermi. fhus• 

al though the oxygen demand a f the Vital or s red:uced. 
thie reduced requirel'Dent a not t. Ont oth r hand,, high 
fl ra~e cardiac bnaas has its llmitat1o • low flow 
principle in heart-l.UDB machines bad been introduced 1n 1954 
( ardent Cohen, e and Lillebe.1• 1954), as a result of' 
azy ;us f1 studies (Andreason eJ'ld at n, 1952), bUt . . 
unsound 1n prineiplo as the body did not receive ito full 
ox,gen requ.1.remento waste products accumulated. 

· bviou.s er was the co ination of the l.ov tlow 
principl.e of cardiac bypass vi th hypothermia. hen. al.thOugh 
the cd.rcula:ti~a w le s · than adequat 1n the 
preaence of the decre ed d nd f the ·bodybrought a ut 

,y· the c lJ.ng. l8D3' people feared that tbi.a blna.tion would 
add th diaa.d gers o£ th t techniques. 
It wae. wever~ to be shown t, in fact, e co 1nat1on 
b1"0U(Jht out y adventa&es of th while excl.uding 
80 f the disad:vnn,::AH 

In 1952 ...... 
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In l.9S2. Gollan . bl.1shed hie pioneer arlicle ill thts ·· 

field . Alth others bad used ertraco.r cooliJla befo~ 
him (s e Chapter ho, i:$8CUo». .A "IUstorical. View*) his WOl'kt 

together with th :t of cerlain other pioneers. na t be the 

tore~er at present day successful t niques. UsJng bUbbl 

OS3"etmat1 n with a veno-arterial. shunt 1n closed chest d as·, 
he able t eool th to 29 degeea centigrade and obtain 
Sll1"V'ivor& (Goll.an, Blo8 and Schuman. 1952). ~ years later., 
us1.nts a s d.i.spers1on osygenator ld.th hypcthermia., he was 
able to obtain l.5 ~vore eo:nseet1ttvely in dop (Goll.an, 

Hamil.ton ami e ly, 1954) • . At about the aame time~ on 
the contillent,. Juv nelle alld bi.a ~rkers ve~ workitlg along 

simiJar lines. In their artiol.e. lfritt in 1952 and published 

in the Bng11sh litera:ture 1n 1954. they s:tate that "·we oonvm.ced 
ou:rselvae tha't the gross bio.cherd.cal ~ea taking place tlurinB 
l"&frigemtLon were revere.able., and CQUtpamble 1n manJ"" respects 

to vbat is se.en in the Ml>ernattng animal. Since this studt 
ehovect no real damaging action du to hypl)thermia, we started. 

the Wot-k on xtracorporeal oiroul.ati combined nth hypo­
them1a. • In tbe1r experiments they Urat inserted the catheters 
into the <logs and tben cooled tl:lem 1n an ice water baUl. When 

the d gs ' circulation began to fail,, they commenced the extra• 
corporeal. bypass, usuig either a amall oq~tor or bOutOlogou.s 
dog lungs. Ao a resllt of their wo,:,k, they concl:tded tha:t: 
•It is possible in dogs to 1owor the ody temperature to levels 
ranging ~rom 12 to J.690, to · replace the circulation by simple 

perfusion method durina ventricular fibrillation aceediag 

three hours, to control. this Bibrilla:tlon through the unopened 
che t, and to have the an.1ml. return to normal.. lite ...... . 
Further technical developments are highly need~d in view o~ 
human applloation" (Juvenell.s, Lind and WegeliU& .• 1954.) . 



. . 
Ano: er early in'Vestigato~ 1n tb.ie field was P .,tl"'Ce •. 

who uae4 l.01r oa}Xt.eity punip oxy net.or sys , ucorporattng 

a he t ·exchanger~ and utilised lo 
oY:y; tton (Pouc· and .Polley. 195,1 • 

. ' 

On the · 1s of this earl.y dt ba developed the conC$f)t', 

of :L tl.o extmoorporeal o-irculation, associated with 
crate hypothemia; produced and controlled by an effieient 

heat uc.baDgor incorporated 1a the c1rcu1t • .tt was the mrk 
and the numerous pmllea'tions ot Sealy am his gio-tip !n the 
l.Ttdted ttatos tae;t really put this technique 11 . sound ~ootirlg 
as a safe and · useful ·aid 1n cardiac surgery. ~ the third 

era 'f cardiac surgery in this deoe.de bad CGtmDenCed. 

Prior iio its clinical. application. further work was 
cr:formed with dogo. Even before the introduction ~ their 

corporeal circulation woo ea.fe• and ello..ed card~ arrest 
O'f' up t 21 lll!.nutaa in dogs at t . peratnres of about ·,o degrees 

cen~. with subsequent survival ( y. Brown. YOUII(;. 

tephen. s am errit. 1957). ~Y later i1'1cl.\lded, 

l8 

their heat emha.nger in this eyst ( lOVll t al,. 1958, a and b) . 

By t t iroe was aetting his beat sum.val in dogs by 

ut1lisin8 hom.ol.ogous dOg l.,mgs :for oxy ti.on. Be did not 
act1vel.y re tbe dogs1 hlOOd tor fear of 11berati:ng 

o~gen bUbblea (Peirce, Dabbs. ltogel"S• Rawson and 'lompld.rm. 
1958.). fear of O,o'sen eabol.isati~. al thou.gh very ree1 
1n the minde of these early workem. has t proved to b • 
p.roble111:1 al.y states that ol1sm has never occurred. in 

their clinical atwliea o:- , in thej.r labO · tory exper. nts 
(Sealy et al., 1959• a; eal.7 et al., 1958, b; sage et al, 
1959; ollan. 1959; t1:rachecl et al, 1960; bo4e t al. 1960• a) . 
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After prelSnnna17 work 1a &>es. inv-e ti.gators so. 

o,ed teohtd.que 1B patients carcl.1ac operattons • 
. ccurrea in the cas ot surface bypothe • urvestiga~ns 

into the ystological imriations that took place in people 

su.bj&oted 

ri until 
his group wh 

ts."le tecbt.dque re c,ntiaued throughout this 

present ·ttm. Once again. it was and 

e the J.'QOSt important contribut.ions 1n this 
fiel.d. y deuionstl.'ated that cardtac ·a.rrest produced by 

their thod f using potasa!um, e and prostigttdne, 
and continued for up to 1.7 minutes. was safe 1n people at 
tem1DeJtature in th .region of' ,o ae es c :ti.grade ( Bly,, 

B. wn, Young. t phen" Ha.tt1s Di errit.,. 1957; aly et ai,. 
19;8, b) . Us1n& their own he t e~r (:BlQwn, . tb end 

ns. 1958, a}, they !nvest.igat var1 · ters~ 
1r.lcl.1lding t t perature Bftl(11ent t occurred (Drown, 

th. Y and Sealy, 1958. b) . y d tmted that OD13 
mltlor varla"t.i in lactic acid l.evels in the bl oc~ 

a re i o£ this~ and th vere abl.e to 
clearly the safety of this combtnati when in oonju.nctton 
14th Wall illebel bu.'liibJ.e OXJi r ( sly. rown and 

Y · , 1958, a.). eewbs:re they diocussed theix- imresti.ga.ti.one 

into acid balance and oxygen c pti ·n,. and 1n the 

Ugbt ot their :tinttl.ngs th y tel.t it to he a e teclm.ique 

for us ill patients (Young. Sealy. »l'Own, -th. ~ end 

Barris, 1959). .E..G. monitoring wa.s als found to be a 

· eful aid ( te· , onen, Bm.trgeois-G :vardin, t. Brown and 

Seal.J'. l.959) • 

Other workers in this field 1nc1udi rbOde, trho h1¥l ha4 
better survival. and m bidity siJJ..c· he co ue1.ng the 
co 1ne technique (Gerbode .. Osborn and Johnston, 1960. aa · 

ni. ramso.n am Gerbo4e. 1960; Gerbod t .i., l.960• 'b) . 

boa .•••• 
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Hixon 1n<JUIJQt'8. 
(..._ ....... _ .. he ed this tecb:41que 

Lavrenc ,. 1960) • 

l>rol>ably of the t .iJnpOr t requh-elnents when 
ing t cbnique 1s an fficien.t hea't excba~ which 

does t cause exce s1ve bl od de t:ru.cti.o.n. worko 
:ve devel.o d their own. t of these et the 
quirements. the one developed by wn 1s robably 

t widely used todl\V (B t al,. 1958. a and b)J 
Be1mbecker's om is merely Uicatioa of tb..18 (Heimbeeker 

t al, l.959); Gollan develope bis tm. (Goll.an. 1959) as 
did Peirce ( i.rce et ai.. 1958). U che1 'a he t e~ 

an int part of the1r -<h'osa o;zygenat;or (Urecb 1 
et al, l.960) and zuhdi•a fo.rms an integral.. par of the 
bubble. oxy tor ( ubdi &t al. 1960, b} . Ger de'e 
one ie incorporated 1n their larger rotatillg disc o~genator 
( rbod et ai. 1960,a and b)'. ieant uoe ~ erson 
oqgenator, which 1s e t tainless steel.. Ie oea not 

ii as is usual, and this B1ves th ot bout 
31 degrees centigr8.de in 2 ~ a. i patients are 
allowed te> rewarm on their ( j,oant et a1. 1959). In 
Cape the r bas us 
( erbl.e.nch Bam.a:rd.- 1960; , Ter 
O insky, 1961)-. 

re and oases were don ua1ng tht d 
technique, its matty vant be ot the 
adv taaee ot re: the os:, did n 
ve-ry high flow ra r h-e duced bronchial 
retum atto · ed the surgeon ole r view inside heartJ 

e cold ~1ople produc was er t 
ca;rdiople~a ( t t • 1959; Ger e t , l.960, e.). 

Ul"Scbel ~ ••• .,, 



Ura · l al dem.oMt~ted th ea:tety f c cardiopl.egia 

( cbe1 al l.959 ): Anot~r van tlte m.m~J.ty 
f the p . ftJe dangex- of _ tl'1cul.ar .tibri.llatiOn, 

ressea bleed· tendency, the l. t Yallsbl.e f• 

the geon to work inside tb.e . art,, d the shoes 
of e rnal eypottiemia were obvia (Zuhdi e't ai. 1960. a) . 

:y a.l int ut that cardiac in.it :ti no longer 
pro l et ai. 1958). »l.ood. cooling was co~1derably . . ·~ 
re &fttcient than in immersi co Ung. t'ne vital rsans· 
n · oled quickly and the temper ture s aslly eontroll-eci• 

es-pee l.y in e -genoy (Peirce t al, l:9S8; ealy ~ al• 
. ~ 

1958). In ad tto • the hypotheml.c heal"'t tol.erat s 1schaem1.a 

ter than at no~ tempe :tttre ( acy t ·al, 1958)1 

am the . tope-rative tabollc aoido 1 not rked · 

(1' ung et al, 1959). 

It can thus be seen that ·.ll\Ode te bypotha1'1Jda . in 

aeaoc1a. ion v:1· extracorporeal circulation 8lld cardi pulmonary 

bypass. d firmly established itself _ one Of the t useful 

a.id t,o iatracardiac EtU.rg<1r9 by . tba beglt.mt.ng f 1960. the 
~ was now o for the 4eve.lopnent o'f the f~ et'~* 

NlttleJ.Y the extmcorp0real oirculatio .associated with deei>or 
lffels o£ hypothenda. 

tar., the p ceer 'll'O.t'k done it1 bypothe by 'the early 

21 

1nv Uga~ bas bee menti ned, a well the n aspects 
ot orate ~heJ..,tda. in relaU to cardiac surgery that 

In . ... . . 
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In er £1 1d. reml."t of the i1 .k on isolated 
t am. then su:el l e1mals. aroo the ., aibility of the 

e of 'the · eeper levels o£ hypothermia in. larger d 
then 1n. man {see Oooper, 1960). A considerable rt of 

1mport021t work on profound hyp(Jthermia in stteller ardmale has 
been per.tormed by p].e such as ol ,, Andjus, 18.eJ. .a 

:th (Mo1 ,. 1948; Adolph, 1951; A?Jdjua and th. l.9541 
~jus 1955 a; jus and Love1 • 1955 bJ j and •• 

.1955 c.;, 111,azf and liewls. 1954J th 1954 a.J • Lovel.ock 
and Parkes, 1954 b) . !hen., 1lhen they bad overco the dn.nger 
of ventr.t.cular Ubl"lllatlon by~~ (Oollan et el. 
1955 aJ 1u1. Levis, 1956; Covino et al., 1959), certain 

mrs obtained SUNiwrs in larger after sud coa.UDg 
ta tem.pe :tur bel.ow moclel"ate 

i'hia• on the one hand, had develo d the tecbnique of 
moderate nn,othel"mia 1n aoooc1ation 14th extra.corporeal cuoula*ion, 
and. :on the othe~ band, Jr(>f'ounci levels ot nn,othemi.a vere o.laO 

aga1n :Lt was the pionee~ Gol.lan Juvenelle. vh these 
two techniq- sin combma:tion ia e early~ of experimenbl. 
cardiac • Over the last two yeus. 011 the s of their 
wom. later i.riveati,zatore were able to devel.op thie oomblXlaUo:n 

of profound le~ of eypothermia with cardiac bnnsa to the 
present iairl.y :Yanced ~. 

In his e l.y Goll.on noted t oooled dogs with 
cl.oaed chests oa:rd'Lopulmo t.o below 29 da~~ 

cen~e. they or ventr1cul.ar ~ibri.llati (Goll.on, mos,. 
and • 1952). Juvenel.te,, b · r. overcome 

dit£.iclll.ty · in dogs with pened chests. which he 
cooled to 12 d 16 de. · o c {Juv@elle. Lind 

liu • 1954). n llan open e 

/ ...... 



hf1 Obtained ~VOl'S (Gollan• · 1wn eely • 1954) • 
fol.law · is wit host 

f 1d and ftbttd.ned fairly 

bad duced differential hypothe of 
cantisrade ( tlla11 et ai~ 1955 ,. b c) . 

hnrtng trouble wi de-l ed SlU~ in b1o 
vigorous eortisOne- theran to p1:Went his (Goll.en, i'b:1ll1pa, 
Graca u:nd s. 1955. ) . Althmagb. it had 

t PJ."()f"ound o a& not feasible~ becaus 
di soc :ti.on diminished wl.th oool.ulg, · e Mt · that er 
f ctor mo • 
temperature reduced. so · direct sol: illty ~ lcyi in , 

pb;y~cal solution in the blood incre . ( ol l an. ,:Yai )8er, · 

~lee, Kory- eei,,,, 1955. b). In 1957, 
report appeared fro BrJ.tain. This artic1 

of bel l.0 degrees cent:tgmd • cardiac en.very 
ing (Ken ~ 1957). 

fore tho ad 

pe for future ot. cardiac mn•ne]l"U' 

stated It is vtetiori 

s t 
y 1n hi technique. 
the aotOOia 

t; llf ot adul.t, le. ,. non-hi ,. 
if eq_ :te perfusi o'f the v.ital org . u, inta:t.nG .. • (Gouan. 
1959 }. l.959, turtbe~ expe 

i be,e.,· ~~ 

-~~ surgery, · as 
f the first t 

ezper ntal. s1 , a1y• p 

th ~ t sib1lity f profound eypoth duced by 

thei.r heat eml'laut!:8. 

bypls ( y. ..uesage 

d Young. 1959). 

1d th 1 fl cardi: pulmonary 

w-....ica.. 1959. 'bJ 

imbecker coo.le & 10 degrees 



centigrade (He~. tom,g and '0-rd., 1959). and ~ 

rei,ortea on l.o.rge serie-s or d.t>gs (Kenyon. Ludbtook" Down&, 
1'ait. rooks P.ey~kowsld., 1959). fhese , rke-rs all 
inco · ted an artL ficia.l OlrYsenator in their ~ ci:rcut'h. 

!he applicability of their technique :to cardfac surgery 
becoming more end more ·obvious. 

1;e early, ~ea.J.a''s group coo1-ed a. case td h evero 
tet~ of allot al.formc.ti.on flown to 9. :, degrees oet1t1g&..-,;uie 

a1'lt1 opped. the perfueicm co1npletel.y tor a f minutes en three 
different occeeione (YOUt>S, s aly,, lrovn. Smith, Oal.le.wq m:d .. 

~s. 1959). El.sew.ere they re~ 1 carcl1ae pa.time 

cooled to between 9 end 20 degrees Qen.t1.grade. As resil.t fJf 

tbei.r obsenutiona., tbe7 stated that t pere.turea of be-tween 
15 end 20 sreea centigrade otfe'I! a1mosi as mu.eh flduet1ou o~ 

«q'geu need a tempemtu:rea ,bf.tl.aw 10 degrees ·centisrade• by 

al.so demonstrated that p«Jfouul .hyi,othermi not only protects 
the- heart fJ.fOm iscba.emia.,, but in addi iii.On be used to produce 

ca:tdiac ete;rutetm (Sealy. Bmwn11 t ung. th and Lesage, 1959. 
). 

In the. meanwhile. lf'Orkers were investigating a d1f~erent 

combination rt profO\l!ld ~ nth extmcorp:>:rea.l 

pioesent J.n the o~,genatton t:1£ VettO-\lS bi«>d outeide the' bod.Y., 
the possibility at a.utogenoua Ol£Ugmi,ati: n (the use o% the patientto 
own l1ll:J88 tor oxygenation), wich diapens with the artititdal 
<D:;YG(mator-, W36 studied (Weso10W8ld and Welch. 1952; Cdlen .and: 

L1Uebei, l.953l Read• George. Oohen a1ld Ullehel• l.956J ao.ol.e,-• 
DelllakEtv' and ft"ia, J.951; Mustard• Sapiratein and • 1958).-

eee atad1ee were car..ried out at ~ bods temP3nf;u.rea,_ tmd 

we ®t wceiv.ed wit"h m:uoh en.thus • It was ~ vhell Sbto1da 



....,, ... ~, and up, lndepe tl.J ib d it. 
found ~ rmia., that int rest. (Sh1el.4 

JAnns, 1959, • ltee!l am ,. 1959. >. th1e 
~que ch Side Of the heart 1n incliViduall.y bymeisec:1. using 

ceparate extl'acorporenl. eirculati ns. 
thus :t d 1n the c1rcu1 t to enable 

ir 'fune~ of. o.xygena~ th blood. 

1s incorporated in or both - the ci~ts. 
eat ~r 

Ac()02'd1!:Jst to 
e14 • it ppe to hold o~ dieti.nct ad t nml 

wa.a close to their ideal ctt obte.injng ~ periOd of cooling., 
lo bl.OOdl-eas riod, rapid re,nu,:clll1g., an unc~pllcated 

mecbam.cal syo J.oy Pl"itl1.nt's bl 

(Sh1elda and • 1959}. 

Spite 
u.perimen IN w 0 

t • 

their «t.rd1ao patients with succes • y report 7 . pnt;tents 
o were cooled to about 15 d,e ""' c tig'.'rade. circulation 

was stop te fi . up to 45 minutes wi safety, tfhil4 , 

intracardiac repatr was perfol'llled._ Arrt cetbet thew 
rail~· t::d this period. tients then armed 

...a.a.'Wollo.a.c bypass. In this group nly two deaths ooour.rea~ 
th 4ue to toperative heart block (Drew ·and erson, 1959, b). 

l"'9 J.it:d.ted U~i.6\Ki. 

p ae 0£ 

unted to a nem condition&. 1ed 
the sibil.1Ues of prof'oum eypotbo • 

Archer/ ... . .. 



· on, in the Uni.ted ate , both 
tbods,. fel:t t tho •Dre . ~lmiqa,e· e better {Gordon, 

l.960._ b). Vs1ng autogenous O%Y{tetla-U • be pro~ u.tJ4. 
hYPOthermia 1n :,o dogs wt th a ~ survival :te. In l.O d.Oso 
~ ~ consumpt.ton and, is thi tuq, 
devia a. table 1n 1'hich he oet out the arb:itory aatte l.engths 
~ t for c1rcula-tory ocol t ious t turea. 
Pollow113g on his experimental. work, ho commenced using the 
technique 1n patients under. 11'18 ear ry ftported 

~irst 21 caoea. in which he bad 23.s percent mortality. 
fo t jor disturbance- in the acid ba1.arl 

occurl'e4 • in foot, be n.dm:Snistered n aodi 
af"te:r hi penus1 (Gordon, Jone • Lud ~ r • 
.1960. a) . n, in a paper diocuss~ 'the anaesthetic aspects 
al • work, pom'ted ou't - nt an ind pend t 'PfJY, • trio 
esses t of th cases subjected to profound hypot n1ih 
autoB'OJlOUG 073i , t1 a.m. ple c1rculatory st. had 
shown no ff1d ce of cerebral disturbance post-ope:rativ&ly 
(Benazon. 1960). 1'h1a ie another imU.ca.t1on o tho sa.:tety ot 
profoum hypotberma. Hol.1i al.so studied prof'Olllld hy].l0tbeffl1a 
induced in dogs by t aetbod (llol.t •• acalalad Q1'l(1 Lewis 1960). 

Despite th enthusiasm ot th ups f: - th auto .ous 
J(.Ygenation technique of profound bypoth _ ther wor. ci-s who 

had tried both tboda ~erred to use an rt1£iclal O%J/~ r 
1n the 878 • In the f'o:rmer teohnique • mul tipl.e oamulation 
of e he necessary.. In order to facilitate the perative 
p.rocedures, the oirculati.on had tQ be c tel.y ot pped, ~ 

that the w re 1n ul4 be ed. 
fad , pee, tt0uld agroe that l.ow fl rate maintained 
during~ '1.7 is t le to no fl.ow tall as. even :t the 
profound level.a Of bypothel'mia us d., there still stnQ] l 48l'tland 
for oqgen.. The low flow toa se-" to e any pos&ibl 

metabolJ.c / -~·· · 



l1c acid -is that might occur tJ:om the ac(ro.tmua:Uon o'f 

taboli te • ault f th minimal boll plac • 

lJ::t.YliftrnM, 196 ) ,. like 

t chnique tt and 
ev; tuall.y decided tor 
inc saf - , and s for consider :bly 

,ftD,..,c,·~tW:ty during difficult procedures" {Ger -• 1960, c) . 
U.l,lji,ll,.ll;Jon. in h1s exper ntal l.a.bora • :tarted with the 

" tecbnique• :t ded tor th circui,t 
prior to us it ol1nieal.l3 { , 1.bson and J.oomfield.• 
1960). Other kers 1n the field bavi also express a 

t1o ot an fl.cJ.al q, r. 

bjec to profound hypothemia, 

~uig;1er (U.rschel, 
G enbe vi 
cl sed cheets t 22 coolings. Intra; o 
us to 1Vent ventricular fi br.UJ.at1on1 which oeun"Od in 
only two instanc • In his co trol. • ever. it occurred 
in ey ca e (Johnson• , 1oJ'd, Sealy, 1960) . 
1s work indicated that, non-cardiac rocedure in a.tJ.en.ts 

h thermia b ped in the futur , 

tan o n ch at. 

up, 1n amth r 
en. s go rendered fo-~ 

pUJJ'.llOlDQ:, ff[l'fln~lill.. th w1 th 

circulat.1 --,. in the lower temperature rar.1ge1;). 

d trat the val of int quinidine · ~ nting 
tri.cular fibr.Ulati mid, llke on. thy studied Oll:Jgen 

co pti a th various t rature • y ve extemeil 

us ' ···~ 
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the use of tbi pN>cedur to " card1 c , ~ 
pati.en't • with :,0 percent rtality. us th 

oxypn&Wl" in associatiOn wl tbe-ir bo ~ ex~r. and 

like o~r wor ers, were ~ o'f pralae for the advantages 

~ the tecbn1que (Sealy, Yo , ro · , :th and • l.960) . 

OaJie own up ~ also report on theJ.r lrst 25 cases 
using the bu ble OQ tor in itjUl'lCtiOn wt prof ~ 

the ( , ferbl.ancbe ~. 1961) . 

One of th rgeet piblished series wes that of' S.erbOde 
and his soc,iates. by ba-ve combined cardiopu]Jnonar:, bypl.as 

with lJn>othe ia in 190 J*tient':l, 59 ()f the . being rlormed 
Ullder pro.fa hypothol'mia. !hey, to , disoussed the lllal\V 

dYantaeee f tb dmonstrated t only a 

rntn1nel 2"9SUlt it pplleation. 

hey of their caeee 4evel.C>ped ollguria, btit 

_,..IH!Pared ( erbod ·, Osborn snd Johnston, 1960. at born,. 

B G rbode,. 1960) . In other »aper, they em!)basiae 

the important point that l.eft trial. · dra:lnage must be instituted 

aa on as entriculllr fi.brillati in occurs. to pmvent l ft heart 

1'-41eunti ( bode, Os r • • s and 

Jomiaton. l.960, b) .. a has report 25 case • but not all 

these were · 1ed to the stage f prof<tund hypothermia 

( s. 1960). 

1t t in the 11gh t o~ present day kn ledge, 

tba\ profo st produced by a b1Jlatj.on ~ 

an extrae circU.i.t. ff1ci t arti:ficial. osyg tor 
good baa Xi e unit . "Its use ~e h in the 

develo nt intra.cardiac BUrB • but the technique is as 

yet 1n its infancy ....... So tar,, the number of pnti t subJeeted 

to deep bypothe . 1s ••••• It b ao arc before 

we can safely te r bet first rush of pione enthusiasm , ...... 
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8Cd overbiaee4 itlhib-1 tory «>11882:"9'atism" ( Cooper, 196()) . 

In tbla chapter. an attempt has ·been made to trace the 

dnel.opnent Of bypothemia to ite present status, wheJt.e the 
w of the profound levels is establishing itselt as a useful 

an4 necessary eid :to· cardiac end other t"orms or EJU.rgeJ'S'·, ~· • 
t 'the same ti ~ 1iO- !BJ' due tribute to the many pJ.oneere 

and research workers inwl.ved. Ooly through their pe.inetaid.ilg 

work doee h3l»tbemia hold J.ta place of importance ·today. 
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e present study 

1960. a large number of dogs. and 120 a1Sn1cal oaee d been 
ported sucoe f\1lly subjected t normothermic perflUd. ne by 

writers 1n the Cape Town ,clinic., 1ng the DeWall-L:lllehei 

liz reservoir bllbble oxygenator ( 1e and • 1958:J 
lSal~~. 1e and de Villi 1960) . ~ eobrd.que, 
althaagh extre 1y useful, till bad lim1tat1, and disadvalitages. 

few reports of earlier tr0rlters had appe 1n the. 

literature ( e Cha})'tf¢ fllo) ee indicate -that• by the 

addition of pro.fOUXld bypothel'mia to this t-ecbnique, even 

better aS4 to intracamiac surgery might be evolved. As a 
reeul.t. the ,present itmuit.1.gati ns in the field :f cardiac 
bypass soeiated with prof'. bypothena.1.a were oo need. 

t of th th-ods ot prof 
that have been inVestigated in this .study im'Olved the uae o.t 
the bubble ox:, tor in a 1mtlar circllit to th.at used in 

nru'."IDO·th.emic rfueiono in Oap own. Certain ifications 
have been int uced since the oxygenator was or1g1nall.y 

used, therefi re the circw.t as used t present for no-rmothe1'mic 

rtu.&J.ons V1ll dis sad fir t .. 

. 1gw:.-e III, 1.. is a di ;ttc presentaUon of th· 

'bubble oxzgenator.. the fUnttamental pu-t Of tb1 a:rtliicial 
037gemtor is m:hrillg cha :ber 1th1 , llke pa.ri-a Of 

the, ..... 



NORMOTHERMIC BUBBLE OXYGENATOR 

W.O.TER. 1!>-'TH 

MIXING 
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i.RTER.IAI.. 
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SUCTION TIP 
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the system. 1s d fm pm.-e. polJrvinyl plastic hoe. Here 

th xcbange f gases takes place, the ~ ot xyge.n 

bubbl.es. At its upper end ia th debu.bbliilg canniot-er,. where 
the gas bubbles are broken d01m as the bl. od/gn;a m1xtDre nova 
over stainless stee1 sponges. These sponges have been prepared 

previ.oualy by dip~ in'to a debo.bbllng substance, .Antifoain A• 

d baking this ·onto the sponges. i'he liberated gas escapee 

whlle tho o~genn.tad bl.oou passes throueh th nyl.on gi'&Vity 

:filter. situated in the cannister, and then into helix 
reaenoir. Thia reservo..b: todS¥ per:tonIS three ftmctionst 
'fir'atl.y, a s its name implies. it senes as a i-e~ir; aecondly, 
by means of marks at l.00 cc. levels, the b100d balance of th'e . 

. bypass can be estimated; th11'd.ly, by pla-cing i.t ill a water 
bath , tbs b1ood is k&pt at normal body temperature. DuriDG the 
actual. cardiopt,J.monaxy bnass, the de-o2'3'ge»ated venouo blood 
d%"81ns by gravity from the venae eavae, via the venous linei 
to enter the bottom Of the mixing ~r_. bore it is filmed 
on .azygen bubbles. The bl od is 0%ygenatea. d .bubbl.ed and. then 
passea into the helix reservoir. ro here it 18 pe4 via 

one head o:f a tor- pump back into th dog thmugh a femoral 

arte17. Dle aparatus also has cardiotomy retum system. 
ood fl'Om 'the perative 'field in the heart 1a sucked. into the 

cardio-tomy well by means ate. suction pump attaobf:d to the top 
of the wel.l. h'O here 1iho· blood 1e pumped via the cardiotom,-
pump (the secon1 head of the tor pump) into the oxygenator 
syetem at the base f th mixtng bei-,. · · pri of" the 

apparatus vi th donor bl.ood al. o pcrfortJe through the 

cudiotomy pump. 

n this study was began, it se d reasonable to try to 
incl~e some form of heat excbas,g syotem as an integral part 
of this os.veena:tor. llhich was al.ready being successfully used 
in the l.aborator.,. This woul.d bv1a:te the necessity for es:tra 

priming/ ..... 
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p~ blood f'Or the heat excbanger itself. !he tw ·obVious 
tuatioM \Jbe such an intesrn). heat exchanger could he 

included n-re those wham the blood moves J.atively slowly. 

nm:~13 the mi:d.r.g chamber end the rese 1r. 

The first move was to design a heat exchange syst to be'· 
incorporated in the mi.:dn« cba.tnbeiw (Figur 1II:,. 2). In princlp1e, 
1t consisted of an outer Ja,Cket :tor th& miJCing chamber, thrGugh 

which th co ling and waming iluid cou.ld be passed. Su . 
expe~'ittie.nt perfO,l'med using thie model • . 
al~ ccessfnl 1n coolll:1g the a111-lo, was 
was, dieoarded at this step. 

~ reservoir w,e then tried,.. A 1a.rge heat xeb.attger 

designed lncall,y was available in the laborato1-,,. . The prineiple 

on vhioh it worked was that tbe blOOd fl.oWed over 1he outerm.de 
of stainless steel. tubes• ~ \ilhich the cooling tl.u!d was 
passed. '!be whol.e unit was encased 1n a. transparent Mayon 
outer- j cket and the blood tbua remained visibl.e. Thie heat 
exchanger had proved impraotieable 1f placed in the arter.tal 

line beaa1ltle of its high. primng imJ.ume. vhicb. vas about one 

litre • . »,. inc rporating it as part of the re.sm!"VO-ir, 1ih1s . 

PJ1)blem was overcome .and no extra priming blood was requir 
In ~ II!. , #· this heat oxcl\9.nger i& &:een follrlng tho lo.er 
part. of the reaorvotr,. situated next to the mixing chamber. 
Its e!'fi.ci:eney .in ibis 811:uatiOn was teated 1n seven a.oss and, 

in the 1:irot method tried~· bO'th eool.ing Ol1d re~ proved 

to be too l.ow to be ot use cl!XJ;ic:all.y, al.thoueh l.ow t peratu'res 

w ea.tJil.y attained. 

!he.a tvo method,,- altbwgh diecarded at this e . - , save 
inval.uab1e experi ce 1n profound bypothermia induced in dQge 

ueing the bu.bble ~ m.tor * and a&rV'ed 

deve1apmeat of the p,reaent technique. 
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At th a a see. the l3en.nit~ton unit~ which 
will describ late:r • was de available for trial the 
laboratory. inee it was tested and t'ound wit :ble and st 
ef_tioient. it L .... s bee:.? uued e-cl.uzively .i:n all. the sub quent 
xperixnental on found hypothe:r:mia. 

it appeared ;bat~ th the inoorpora.timl of 

cl1.anger in the bu ble o y 

· f'Olllld byp<Jthe 

-tor syotelll. 
C11l'l1Ca.lly 

coul.u b olve • • tba 
of Drew. tbei.r co-workers,. al.so ind.l.<.:at . t the uee o~ 
atogenoua ~ ti.on in a ~s cj,?-et.ut with a hea exchange 

:t might another suitable th " f u(~ng }.ll.'><lfound 

hypothermia (u ie1do and Lewie, J.959J ».rev t al• l.959. a . 
and b}. Tlli techni.que theref re teate<l 13 d s ~ 
with good sttrVt rate., one of th l.ong-term aurvi: rs 
havil'lg hail his cl.rculati{)n trtopped. f'or 60 minuteo <hl.ri the 
hypothemic pba~ {.1..e1~blanehe and ~rd, 19 O}. 

On assea tho two 't cbnlques. however, it clear 
hat the inclusion of .an a:rtifiQial. zygenator in tbe system 

IIOU'.l.d be pre.f'era.ble to the use of autogeno mr;ygena.ti in 
produc found hyP<)thel."mia 1n tients. 

1th all this experience in 1!lduc.1ng prof~ ~-thermia. 
ind evol.ution If the pnsent technique s a fairl.y 
simple tter. Bennington heat exc ange unit was meze.ly 
inc<>rpo.rated in tho arter1al. .liM of the standard bub bl.e 
J;.Y"gen&tor circm.t.-

Te was no doubt that a mul:t1pllc:1ty :f \lnknown var.ta-bl.es 
_,.,,~ be me't when a homeotherm•s body t perature was reduaed 

to profoUD! 1evel • A.pan from stucJ..ving af'ev f the 
techn1cal peat, it seemed nece-ssai,- st'l:ldy the part played 

the/,. •• 
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OOGNO NATIJR( OF BYPASS DETAILS TOTAL DURATION PLASMA LOWEST TEMP. N Sl.Rv'IVED 24 HRS. 
&. WEIGHT EXPERIMENT IN MINS. OF BYPASS HS OESOPH. IN •c POST BYPASS. 

PROLONGED 30C. 70 MINS 
l 15 116 CIRC. 18-20 HRS F. + - 5-9• C NO 

ARREST 40W. IA-;>O HRS OFF 
30 c. 60 MINS . 

2 15 KG. RENAL I. 300FF + - II' C YES 
~ow. -.n u ,.,c rin:-

NORMO. 

3 21 IIG. RENAL 2. 
COOLIN3 106 MINS 54m11n1" 9-YC YES" 

COLD 
WARMING 
10 NVHl'v!V. 

4. 17 l<G. RENAL 3 
10 25'C 

89 MINS 48 m,ms" 11' C YES• 
10 10' C 
WARMNG 

5. 20 l'o. RENAL 4. DO. 71 MINS 112 m1m•" 10-2·c NO 

6. 17 KG. RENAL 5. DO. 86MINS 22Bm9m•" I l-4°C YES 

25C. . 
7. 14 K.G. METABOLIC I. 102~%.D 60 MINS 78 m,ms% IO·O'C YES 

3HR LOW II C. 
B. 18 K.G. PERFUSION I. 180 VlXFLOW 229 MINS - 14·B'C YES 

24C.' 49 MINS 
9. 18 KG. METABOLIC 2. 26 OFF 

25W. 
+ -

26 MINS OFF 
ll'C YES 

25 C. 
10 15 KG. METAB0LIC3. 10 COLD 

;>'\+ WARMINC. 
60 MINS IOOm1m,l( 9·2'C NO 

25C. . 
II. 18 K.G. METABOLIC 4. W~OLD 66 MINS 176 ffll""" 10·9'C YES 

28C. 
12 18KG. METABOLIC 5. 7 COLD nw. G2 MINS 47·2..,.-l( 9·8'C YES 

RENAL 6 & 
24C. 

13. 15 Ku. !SCOLD 77 MINS 
60 "''""" 

ll'C YES 
LATE CONTROL 38W. 

DOG NO. NATURE OF BYPASS DETAILS TOTAL DURATION PLASMA LOWEST TEMP. IN SUNIVED 24 HRS. 

& WEIGHT EXPERIMENT IN MINS - OF BYPASS HB OESOPH IN 'C POST BYPASS 

13 NORMO. 
14. 17KG. RENAL 7 37 C. 90 MINS . 87 ..... % 92 ·c. NO 

8 COLD 
31 w. 
25 C. 

15 . 20KG. METABOU::6 IOCOLD 65 MINS . 85 mgs . " 10-o·c YES 
30 W. 

25 C. 
16. 23KG METABQIC 7 10 COLD 61 MINS . 76 mgs . " 13·a·c YES 

26 C. 

17. 14 KG. METABOLIC 8 
25 C. 

56•17MINS . 311,.,., .% 10-o·c YES 10 COLD 
21 •17 W 

TEMP 26 c. 
18 . 2 1 KG 12 COLD 62 MINS. 16 ·9rng,% 8 ·7 ·c SACRIFICED 

GRADIENTS I. 24W. 

TEMP. 30 C. 
19. 17 KG. 8 COLD 

GRADIENTS 2 30W. 
68MINS. -- 10·5 'C SACRIFICED 

III 
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tbe t chni to look for inherent dangers that 
misht ed. :t .. Thus, in each experJJutnt 1n the series using 

thie combi.nati. • a s-tuay of other factor und. rteken 
in ad(.1.1 ti: to the atudy of the t ch-ni que of the y-pa.e itsel:t .. 
Long bef re the completion ot the experimental aeries the 
technique ap ared be eo. sat.1.afactory that its u was 
e nded to BG . of the patients subjected to cardiac surgery 

in Cape Town. experimental work. continued h ever, 
and :further il.'r1esti.t;ations are st.ill 1n prosre s. 

In this series, 19 healthy adu1t l. d s, -ehin& 
between 14 and 23 kilo · , re eel_. ~ only otion 
e pl.oyed vs.a that dog had to be apparentl.y ell the 
~ rl tl e operati-on. During the pmcedures, ies 
of renal and !?let bolio funeti.onn and ther asnects, ch as 

temperature gradi~s)' were und rtaken (figure , 4). 

used in the Jer nt.e mi ob 
pt at degrees c tigrade 

until used to n the apparatuo. The donor dogs were e;iven 
"Flazedil.t', j tubated and :f.nterru1ttent posJ.ti'Vt} pres 

respira-ti , using n:t~us oxide and OX3g~, 1if3.0 in titu.ted. 
A 1:emorel. arte s ·cal".nule.ted and the blood w~ run into 
previousl.y he .. rinisfXl glass bottles, 'tfhich vere aeitated 

tl.y. Citrated l.o ,re.s obtained b n. oimJJ.ar ;;.a- e • 

Barb.i.tur&tes were ot used in anaeethetisi?JS don!ir dl)gs 
as th.is could h..~ve l wored the sn.rnval rate of the dogs used 
during the experiment a (DeWaJ..1 et ·al~ 1.957, a). 

cardio- / •••• 
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.'.rhs C pu] monary b 8 ap S t all.-
Lillebel ble ge tor, a.s ut1J:tsed no for no thel'lllie 

perfaaj.or,..a ( igure 1111. 1), but with the addition of' e r 

De?lln.ll]g.ton heat exchange unite in the arterial. line. 
FigU.re llI, 5, io a <liagrammatic represent :tin of the 

thm: Circuit. The venous blood i drained by ~:1,u.l;;l 

grnVi ty ,_ is ~ tec1. deblbbl: d th J;lt. soo :to th& 

li.x rose U1e dog' tc tur-e iLl controlled by 

f tho l t e "ert th 1ilt is no ' r in a 
:ter-bath (cf. i.gUre III, l). gena"tri blooa is 

Put:DPGd by the. arterial pump thro the .beat ~ - r. uh.ere 
it 1s cooled r d. alld then b ck into the dog• f oral. 

artery. A lln byinssing tlle ho t excbang-er ia 

1n the arteria Un , in orde to p · th do • Gm 

co tant :t ony de · lev t facilltat the chan er 
fl'O · cold to V 

sh:>wa both t superior art.d 1nfnr:tor ve1ia ¢avae nul.nted# :tn 
dogs e. siDglc v n theter iB p ced in the r t trium .. 

Figure UI. ,, ~·'-1.VtiFO ppat"'~t\la et; up 

re o use £ r a tuai on. In cent is the ..u....~16 

lix. In right ilackgrot.Uld w.--e tl.ie ho t exchangers, and 
the ice ter t ia · i.tuated ne to th oxy-en cyl.inder. 

~ IIIt 1, shows two Bennington heat ex:c e units..• 
the rigbt is 8?l aasembl.ed unit and e va.ri us nents. 

prior to asse bl.y, can b seen o left. h~at e~~IUl'.~~ 
unit been ed in all tho nts int i 

works n the priho1ple that hlo ter-irlg 1.t t ~ ..... ~ tb. 
n zzle at 
pollebea inner c~Olll]*le:nt, end in Q 

e1m11ar1y l.isb d -.U f 

Viding 

t , •••• 
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at exc • Water from a tank containing :mol.ting ice is used 

, and water between 40 and 45 degrees c t1gmde for 
re • !h1a water J.s pumped :tl'Om i.ts 'tank through the heat 
~ lltd.t by an ordiflaX7 wa:t-er pump lihi.oh 1e ftjJUla.ted to 
~ a fl.ow Of up to l2 gallons per minute. FJ. III• ·8, 

ahowa a singl.e heat exchenser set up re~ for use in b~. 
!he :ter t2llk is a1tua-ted on the- l! · rt. nd e water pllfJ)p is 
in the bott left-hand comer. As this heat xchar.tge uni.t has 

avers li priming blood vo.lumo. S5 cubic cen:timetres. whi.ch is 

only a litt-le more than would be contained in a. imilar length 

of '3/8 inch diameter n tu.bins, ite 1nalus~n directly in the 

arterial line 4oe 110t constitute a. }Xt'Oblem from this aspect., 

Dtui.na the experiments tempera:t:ures ere recorded at 

various sitee. 1JSi.ng the El.ectdc Utu.ver,aaJ. ~ter type 

with leads types B-7. O~l. JG . and x-,. connection 
box type FElO*a(see Figure III,, 9)-- This 1a a precieion 

the ter oper.attng on the thorm couple principle. I.t reads 
almost instantaneously~ bas en aCC'U.'1:"aCY of O.,l. degrees 

centigrade. 

ten.ance ot maesthosia 1n all. oases we by 

ttent sit1"ve pressure resp1ratLln, utilisua a standard 
·· 1ee anaesthetic maohino., delivering n1t1"0us oxide and OxY'Bmt 

. or ox,; b al • through a cuffed endob'acllea.l tube without the 

add,itJ.on · ta carbon d:tonde absorber in the circuit. 

Blood pressure and. venous pressure was de~ by using 

standard V..tu aanome'tera ~nnected the fl · cral artery and 

femoral. vein respectiv:ely (1:lg\lre 11.1., lJ ).. ters 



l'lGVBB m •. 
~--ble-4 .~ 
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re adj ~ted . that they were 81 tuated :t tbo same l . oi. as 

d urlc.1 • ry th time is ries begun,. 

ntinuol.ls bli p oaure no r recorded 

a tue, a.a sufficient informati n had been 

·ob boo 1ts 1n prev-1.oua e%p0riments. 

(l} 

• pplle4 by rs. stde 
( ~) Ltd •• Capo ~own. 

** · utactured by :J..aborator1et. 
nhagen t ~J,j.lQ,i--

ire.UJ!lll.lll!lZ'Y prepara.ti n of t a~.rA.,r:u1t 

claving · siJD:llar t 
1n Cape own Npor:t for o 
t al,. 1960; ie and ..........c-.~ ..... , ...... 

few eworiby c ti • 
sravity d:ratnage and a new de 

vi~ d Of le .w.&.jlli.4'llB Citla£lbe 

pr1 ~ t 
th new debubbl. tel"*t which 

tors. 

47 

:vity fll r, is o completely then aut cla? • 

The addlt quire · nt in tl 1c: ions 

the he · t uni:t. This 1s sembled, but 

tbe e de not ti tly 8$cured, and the uni:t is the :u;to .. 

claved 1d th the ~ ap tu • .PrJ.. to e. two 

are tightly screwed. 

the expo nt., tb autoclaved equ.11 

der st ·ri1e co di.tin by to cian, one 
or ·JtCIJW!l~ units are 1.nclladed in the er1al line. 

A line/ •••• 
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l1De wpas t exchanger al o incl 

n. 5). ice ter. tank i.s c nnec via 
e be t exc~nm~e unit (~ Ill, 8}. If 

unit is used,, they are co1'1tle0t so that tbs' blo fl. thrcnJp 
in parallel., the heat e e tluid. fl thl'OUgb 

t outer j eke 1n rie Once the apparatus b 
c pletely a led and 1e in n the trolley ( . III• 
6) • 1t is initi.al.ly primed by po h t al into t hel.iz 

dispe1 all. rd, 1958). the 

d bubbllns the oxygena.tor is complete. all air bubbles are 
dislod ed end ed from the heat exchange by ping tho 

rt; saline through them at a very h1Bb ti rate. OallbratJ.on 
rf the arterial p and pump eel.us.i then carrie out as 

described bef: re ( icienzi e and , 196 ) • 

' a heart is exposed, d all the bove scribed 
edures a.re pl.eted,, th don .. l is el ly by 

th cardio fl.'O a bl tt.l into th mixing chamber. 
where 1 t is wi l.J fl.ow J.; oxygen '-8 so 

regulated that the bubb1es juot r1 e in this r. the 

debub le and 

in the helix, 1ng no tu.rbuls.nc· and hence no bubb1es fJ 

the blood urt C within t heJ..h. 

!he pr tin of the ap 
y to m1 cted to the d • 

<2> DJe perau,;e a V!P:U P:t9qedumg.i 

fbe procedure b& described ie one tb t used 
for clmoa"t a:u these doe bypaaseo. I bas been evolVi on tbe 
u.c;u;~ Of th rller ·(UJ)Grimental wor. n prof' ·rtzrld by thenda .. 

cial ad.diti naJ. ~ , ch we e undertaken in ceriain 
xperiment-s, will be dieeussecl later in he relevant aecti ns. 
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Basically~ tbs procedu:r& iB to cool th d on bypa for 

per:L <>f u't 25 minute • th n discontinued. 

1J.e full :Ct by ss.. and tbe 1s sub.sequen:tly 

~. · st of the xperimeuts were aimd at the tu4y: 

certain c1al aspects,, as tab renal fwlcti n. 

caJ.ld.1ac ~ l)erfO d. by 1. · thu d1 con.tmued 

and bl.OOd l .ts :replaced. 

• 1n a Uttht l'e detail. 1s as f llowa. 

tised with int ~enous thio tone SSl\l..a.uw 

8IJd en intubated. U&ing a out'fed endotra.cheal tube. 

ubseque t ana.athesia is inta:lned dtb nitrous OXide and 

gen alone, and ditiollal thiopentone t is ly given 

when absolutely necessary, as .it is best to bave the dog in as 

lJ.d}t an ethesia se1ble t b ss 18 

co ced. A slow intravenous drip infuaio r 5 _percent 

dextroee in water is t up 1n a fo:re h. d ,g 1a p 1 ti Md 

it rJaht aide, bot ins sed by opening its l.e · 

and eecurirlg in this position. oeso goal per tu.re 

electrod { ty O !) ie 1.nsert to llo 1n the lower mid-

ao a. and the rectal t perature lead ( type 7) 

is inserted a proximatel.y 2i inche into th rectum. !he dog' s 

1n is prepared and the drapes are plaoetl sition. 

per :tiV pr<>C.ed C rfi .rmina ilat rel 

faoral. cu.tdo • the Wt fem ral. artery and vein cannula.te4 

connected the U-tube ters • to .recor arterial. and 

enous Pl,"9SStU"eS ctively., dur.1 e procedure. fhe rl.ght 

femoral ut.ery, vb1ch will la'ter be co ct d -to the arterial 

line of tus. is ii ct :tree. ter this, in 

is ed ·1d,:tb a sterile t 1 . 

t)OX1; , •••• 



t 

t 

11,G,U,1, ... 'l,l,Jf. 1e pr.id 

coagulatt 
e ftAl!l'91T-• the 

the tal(Jn 

rcostal ~.&." .. ~"" 

co•ete naemoe 

ti of the oeS(,JmagE~ Untl'Pelt-flture. 

itJ.on • 

e.seertain t it is in .-1 ..... ct, 

parin1 • ~"6 par1tl 

extl08f:K1 again 
cU'Cl with c·otton 

inserted 

artery :tor ut 2 inches, 

. O'l".l•il'l'at th prim1!lg f e 

ALT~tlV contpl t • 
- 2 or &-8) are insert !nt the 

tba:t they s1 t 
side if th t extmBJ!lg8 uni • 

Ma,N'W\ tubir.lg al"ten.O-VwP,,~ l1lle 

technician, ct it t his 

saline it~ d 
ol blood £ill.a 'tib.e 

fUled OUD pc>rti ot 
at eithe =• disconnect d · tho 

arteria1 _ .. "I 

o CO?inoota i 

side 1o banded . 

bo't.tom 

· ed t dis C th$ 

ll. 

• 
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FIGUD III, 

fte ~ Via a left th IV• the 
l.e£t iC'lllar . ppendage -1 at the P• . ligbtly 
av rlapplng the · tmar:Y ~~ !he tip o£ 
the 1'1.ght auri.eul.ar a.ppe . iJ ~~ 
left. 
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WO¥ so 
left 
right 

It 

ath the 
ee-stn and an 1nc.lst ifl is the top 

p 1e -, ,2 lo venous catheter is iJJserted 
thro-UBh this append , into th ca.Vi ty f th t trimnt 

d cured it.ion with e est.ri.»g tu.re. lt ls 

then co-nnec 't the ven us l.ine the • 

by a the heat exc=a:ngetr 
will. flow tlirotJBh the 

cbed n, thereby c1r 

:ter ja 

that 
fhe water 

ugh 

tb rterial 
commnced b"J 

treo per of body• 

.JC,1-,f~:t• the ll8rfusi n 1a t this fair}J' b1gb. 

:tlow rate. high flolr,, rtial by 

all conzmm:med imul:taneously. ( only exce 

renal. were &tu.di.Gd, er 
C ginning of t per1'uei ) • 

there is only ingle r 1ft the 1' t atr1 ,. the 
1".rU"ft~ naturally remaimJ partial until tricul.a.r fibrillaU 
sete a . 

ling , •••• 
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II 12. 



eo ling p s, the heart begi:nS to 'fail. 

tr.lc:ula.r fibrillation invariably occurs._ :t this ~. 

th lef"t ;trl.Ql [>pe~e is oannulated in a similar manner 
to the right., and it is coimected to the ca.rd suction . 
well. !h!a prorid s left bea..""1; deoOmpression du:r:i.ns the 

p!Q"10d of ventr.tcu.l.a.r fibrillation. In Fig\u'e W-, 12. both 
. . 

the left and the right trial. catheters can be seen in. p1ace 
• r • ,~ 

d an actual bypass. As a ca1'di.otomy is not pe-rformed. 
during tbese experilttEmts, a second card:lotomy suction line ,1$ 

no.t necessary. lluring this phase, the high :fl.ow rate perl'tmion 
is ma1ntauted. and oooling 1& al.loved to proceed until an 

equate degree o£ pro:tOUlld byp,th6rmia is pl'Oduc • 

oe the t ·. perature is l ettongh. aet1"' co li1lg is 
ltlscont1nued by al.l.OWUlg the bl.DOd o bnJa:ss the heat 
exeban rs, through the a~C1al 'bfpas line ineltded 1n tbe 
cireuit. 1flnlS the dog entet"s •atat1c• phase,. with regarcl 

perature. During thie •sta.t1.c" ri.Od, · dog& 

do up aUght1y a& there .1 ~ tive cooUng end the :ro· 
t per ture is well abo'lfe ~ dog's tanperatu:re. hip 
flow rates are maintained (emept 1n 4 of the experiments) 
end 'this ,- 'QSUally o.tiout lJ mimltes. utll1sed to cllatlp 

the ~at exchange fluid :1li the wat r taak. • tcecl lfat:.er 

is ~d Ollt of the wa~ tank and the pi e ot t,ce which. 

remain · ~ed. ~ tank is then tilled with water which 

1s at at ~rature of between 40 and 45 ~J:Ue 

llml!A.1.'mLlnn is commenced by red.irecUng· the blood tiu'oU&h .. 
the heat e~, still maintainil)g high now rate., 

During this period, m the earlier experiments~ an arbi:tor.r 
dos ot 20 to 30 cu.bic cenUmet:rea 'O't 4 re · :t sod1\:.a 

bicarbo t was given. to eoucteract any metabolic ac1doo1s 
present, but none wa.s B4m1n1st.effd ~ the later exper!aents,. 

/ .... 
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l'l eintie'MlL'tlll:"e i,eacoes ,2 . '6 de s 

t ~if l .' 

ccur. el. o\ ic 

tcmeo 
ock def1 bri 1a lll,..laj.U..V, 

do not 
is ~ 

e sil.y 11 .• Immediately the 

. 
ca ete· 

whlli ventriwu..w;w.· 
bypa once • :t thi, 

t ae.ti _factoey 
the cardi!Ol)UUJJlClnaley' 

status t th dog• 8 bl. t 

J.IW~..l~teiy re_ o 
where the b1o pressure 
1 plao 

· te-r is ved m the right 

reverted to 
dthe 

100 .. 000 
Uy vi.th 

the -~lV..._"f,ffl.,Jl'~&:1.1...Y placed IJ',U'S~ suture is se<:nmel..'V 

:ture 1s tied around the a pend.age. 

A cha: .t drain 
inaerted t W3d J..ower in racic • 

and is co c sue. io p thom=.c 
cavi:ty ins .ct tor bl.vr;;\,l,.r.M(>~ 

~fUlly cl.o&ed in layers. ill 

~ll'II.V'I~. the fet»Oral Yein U tied and the 

eit r 'tied or Ye with 6-o b silk 

f ra1. wound n clooetl. 19 his 

the/ ..... 



the ae-cond half the required d of protam1ne sulphate 

al.ready n QIU.la.-.U.· 

c rt pointo aria ut of the descriptio t the 

ru.tive an by procedure :t"equire further ·clarifio.ati n 

t this int. s al.ready been tioncd t c 

ery w d du:r any of t se e riment • 'l'he 

s that only a study ot the effects f cardi pul.monal"1 

l'TU"ll'~]Qs . soc tion vi th prof'ound hypothenda, 111 vartoua 

pt.raXDeters. waa e aim. · ;r the rea n, of the 

g wore rely c led ad then . 4 very on afterwardo. 

In all. th , xpe nta, vith the exception f four. which will 

di sed later. h1gh flo rate f 70 cubic cent tr.es 

n.rr,Mm of body-wtngb.t r mtnut we intaine 

ue)l ut. a do de pite f ct t reports in 

literature. and the nth.or' rlt, 1ndica 

th t eo pl.e te cessat!.on of cireu.la ti n. or a. 1 fl n:te-. 

all t t r quired hen pl'Of . thv.u."-1,,U, 

utiUs nth cardi pulmonary bnn, durinB cardiac surgery 
on iatients. 

The re as f r this ere twof ld: firstly, the preliminar.Y 

invest! t1 that co Ung tt 1ng we chi.evi 

pJdl.y when high :fl.ow fttes , re ta.i.ned; secondly,. 

for a n ns,. t to main n unitor= 

et of ci t ugh.out th oxpe that it 
uld b 

hypoth 
variable 1n the f 

oardiopul.monary 

of l. 11 

l.Gft tho cot w a us • 

· carm ted via it append • fro 

could. e 

tbia aid, while left heart 

d co es on/ •••• 
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dee pre ei n was easily per.formed. 

tion too led to belief t · t d 

th racot . t r th y do , 
b ver" nly permitted tbe inserti n fa single cat tor 
into tb right trium, . d tbe v, e cnvao were not taped. 

, the l>ypass remained partial until ventricular fibrillation 
set in, and s ai:n partial when ainus rhyt was rew.med 
after rewarming. In the patients, evar, a complete cardt.o-

onary bypass was usually util1sed throughtrut the p cedure 
(eee Chapter our). 

(3 > tho os~su11mi1u P;n,oc1 i 

Uter the co pletion o,Z the o rat:l.ve procedur • the dog 
1s returned to a med Ct'>VeJ.7 • Onl 1 ke the tiente, 
they receive n cial t pera'tive care . ObVio lood 

loss~ vhich accumulates in the chest dra1 bottl.e dur1Dg 
the ours tely postoperatively, is placed lume 
for vol 1f1 citrated b • given aa intravenous 
infusion of .a ut 500 cubic o Umetre of 5 percent de%trose 
1n. water co ta1n.ing bout ,o cubic centimetre of' 4 percent 
sodium bicarbonate lutJ. n, overrdaht . Antibiotic raw 
1a l4011t1nely inat1.tu.te4. with 2 to 4 ll1 n urd.ts of 

nicill 1n an 3/4 to 1 gram o~ cbl rotn7cet1n1 adndl>ietered 
in divid do " dally. for e fl.rat post perati.ve v ek. 

The chest clralnaa· tube 1a oved, either on the night of 
th experimen on the :tol.l.ovmg a:ro 
maintain&d on int ve :fluid.a i!or t 
day..,. the intrav us drip 1s then t do ar.d thereafter 
they are (ffered the stand laboratory di t. 

s carefully observed after 24 hours are 
examined ain after a week. the 1on te . urvivors (those 
~h well at the end of the firs t we k) sent 

away/ •••• 
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'RY to UJme.ls d some ot them are used ter as donore 
fi r fur r eJ;p r. nts. 

< 4 > iP9bmile&L Edaraat.<Ju: 
details the tecbnS que eel in the ape ia1 

tnve t1 carri d out trill be described later 1n th 
rele'VMt ections. 

!ho p obin level, estimate Of bl 
d str11Cti n, atimated routinel.y at the end of ach 
procedur by the method described by Crooby {Orosby and 

, 1956). 

eral reau:ts l the whole group 
will be dealt with end discu.ased. o of results 

tained in the 19 dogs ich constitute this erie are 
t bul.ated in F llI,. 4 . nature of th vari 
experioonts is indico.ted and the d tails of the ·bypass 
itsell is brieny summarised. It c be see that ,. 1n 

s , the b~s were- rf :r:med a& described iD .:ieetion C -
thOds. 

<1.> Yv4tin m ttstmwue: 
In 4 of the experiments, mar d vari ti in technlque 

f that descrtb in Sect.1 n O ccuned. c1rculati«n 
1n d • 9 be , n it cold, 
dUP to tecbnical hitch. ~ d :Uy rewat.'1Ded, 

us ous sygenatlo (!i!el'"bla:oche and , 196o) •. 
o . 2. lnote of intajojng t the 

desired ture had be :ttained. the oirCUlati n and 
respirats. n were topped co pletel for ,-o :utes. After 
rewarming, the d returne t no .. 
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!hese expe th previ fitldinGs 
t e. c ,. surVi. ve a pen 

arrest during pro:tound hypothe 

1960) . 

up l ur t cireulatol"y 

( erblanche and arnant, 

Ind o. a, the ettoc of prolo. ed 

a iow f1 rte, studied. 
s • vith 

o . l. co tuted interesti»g. separate acute 
expe%"1D:Jnt in which the effect of prolonged c-ircula.to.ry 

arrest. at very low temper turee was teste4. di vas 
oool.ed to 6 . 9 e a centigrade and its blood was then 

ctr.u.ned and replaced with "Doxtnn". fbe dog then kept 
ina rtdr erator overnight at 4 o 6 de es c 

:follov dq 1t was placed on the perat 

replaced with heparin1sed bl 

tjgrade .. 

tab1e, 
end 

rew , on cardf.opul.m()na.:ry b .s, was co ed. 

tone tu:&.'D84 to 'the heart, in spite of' a period of 
l.B to 20 bO\lra with n circulatiOn. ortunatel , desplt:e 
energetic aaire , no heart beat could b bt • 

During re it was al not that the &ize of the 
d •e pupil.e vari.ed at di:tferent stages. bservations 
indicated t t degree of Viability of ti e ha 

pre isted. experiment was discontinued t this etage 

and the d sacri:f'i.cec.t. 

thus "the rotection affl rded the vital rgan 

her tissues by profound by thermia, :tor a limi.ted ttme. 
does not cont in 1:ndef1nitely. the Jlf}riod or 

c:irculatory occl.uai. is too pro1 * 1.rrev·er ible-

damage OQcure 1n tissues d .spJ..te e presence f pl"Of'ound 

bypothel'mia. fb1s comt1 tute th r 1ndi ti n the 

1m rtanc / •••• 
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rtance o:t multiple studi found 
hypothe 1a-, to elv fuller. Ul'JderstancU.ng t it a.ct! n 

the rgani end cl r 1de of the peri 
of 1ts safe ppllcaticm, thereby rendering its clinical 

e e safe. 

(2) .kM\h Qf 1iJ\p Peril;ej. ns,1 

average 1ength of t-i. · Of ca.rd1 ry bypas 
(excl.udi d g o. l} w 80 :ates. of 
tile experiment did 1 t las\ for a total peri of les than 
an hour• 'lbe l.ollg J)Q 1si'ottS t however, did not- S 

affect eurv:Lval. rate - dospit the fact t normotb.-ermic 
by sses of much lo er than. an hour in are very often 
fi :tal ( r et al, 1960). F r instanc • a • a 
cool.ad and then perfused at a low 1'l. · rate tor a period 
of thre hours, and it is inter s to te t t this 

a . ne o1: the 1ong-'tem survivor ~ in pite of neg 
been on bypass ~or 229 minutes .. 

. . thus a pro1 ed petfusion 1e ·f ble in th .p~~dl.y 
bJpotheDlic • when the animal is p tee b even a li 
fl. rat , t et ez,y metabolic requir· nt tha.t be 
pr sent . . fh1e d nst~tes cle~J.y the increased sdety 
afford a ca.rd1 .pu.l.m(mcry b a by the addi Uo of 

p f hypo-the • 

(3) 

In this aeries J the po toperative .J!l.,W~Q MC:11,-~,V 

figures ( f tho bl 4esuuction ih ap 
whic averaged 106 • per.cent, were n t wh lo 1u,where 
nearly low as in preV1.ou:o erie ~ exper nts on do 
in which auto ous ~genat1o was used ( erblancbe and 
lJal~:-d , 1960). 

rue/ •••• 
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!his e -of h1. estruc is 
:fe1t to be related t the bubble 07.3 . tor 1.tsel.f, and 
1.t int ttst the 
in su.ob syst • In non& of the case ,. however. the 
leve1 fJ.cientl.3' hight really er the og•s life 
(e cept possibly d o. 17}. the sulta f the 

t lie di s" are prea :t , th1 question of bloed 
destruction will n be de:alt with (see ecti G) . 

(4) t111Pscei!a;mi: 

nie l.owest sopbageal ratures· reached were all 
J.t1 the lower l"8l'lg&a of piiotound hypothermia, in t V1c1Dity 
Of 10 degrees centtgrade. 

!he e e with which these pera-tures are attained 
d ~tratee t ff1.ciency of the ayst.e f he t exchange 
used. A more det~ led asses nt ~ the peratures 
will de 1n a · later aeoti.on (see ti.on ) . 

(5) S)gp.p\t 

ho of the 19 dogs 1n this seri.es. had needle eleotrodee 
:Ced 1n their brains, and wore acrifieed at en4 of 

the procedure • . They 1fill thus be excl:uded. fro this 
discuss1 ·rt the surv:tval rate • . 

(a} Iupggiaje m:DYft2.t In the 17 remain:ing dogs. Onl.J' 
5 (29. 4 percent) fa.Ue to survive the procedure. 
:i: other 12 dogs (1 G perc t) made a co plete 
recovery fro the perfu&i.on d after 24 hours 
were still well. . 

i'irat d *'s death w under ta.nil ble 1.t 
was kept co1d with no circul.nt1on f. il:" l8 to 20 hours. 

, ... 



Dog • 5 died the tal:de • a resu.l t of 
tmcontrollable bleeding. !he cauo · was only 

later traced to a substance, with a he~ 

like act.ton, which we.a present in the .A. li • . 
ueed in testittg the d •s »al :l\ulcti n. 

No. 1o•s death was due o a tecbnJcal. 

n,>r dl1'ritle surgery• whereby large amount 
of air wae introduced into the COM?tary 

ar"terie Dog !lo. 14 re.covered ham the 

perfusion completely but was found dead the 

following mornitlg. rtetn emm1nat1on 
revealed a large collection of bl.oo<i m the 

l.e:ft chest. ?:Ms dog would have been a 

survi.vor, probably* bad the diate PoSt-
perative care beea bette'l'". • 17 died 

as a :result o.f' air embolism due to a faulty 

bypass dur.l.ng ~. 1lbe11 ai~ w allow 

to enter the dog :fxiom the bY.P18 appara:tua .. 

hiis, of the immediat - deaths-, onlj one 

(D No. J.) 1s directl.y attribtlt h1e to tbe 

teelmique of profoum. bypothem1a. def1n1tel.J' 
~t cause 1/'4 death beirlg present in the 

there. ~ 10. 6 par· cent in.1med1a:te OUM'ival 

rate confirms the opud..on that profOWJd 

hypothermia is safe, and that s retun,. to 
normal pre-operative comitions t 
1mmed1atel.S' after rewf.U!m1.ng ('!erblaftche am 
Barnard. 1960). 

(h) i9M=wm ~- 0 t 12 doge t 
ere ell 24 boura postO::pe:ratively, 7 :re l.ong­

tem survivoi-a (i..;e~ 'they ere well tmen examined 

at the end of one week) ~ Pour 0£ the others d1e4 

0£ , •••• 

62 



of sevo annemia1 due to b.a rrhage (incl.uding the 

~i.mt three "rt'mal. f'uncti d , prob ly due to~ 
P .. · u.sod) ~ and tho fifth dog <!ied of grns infeotinn. 

These five dogs ore mt> ked 1d:th erosoe in tho aurvival 

co1UCltl in Fi u-c I!I, 4. All. t~e e deaths eourred in 

e f'irs't pos perative ek. 

Once ~. with ad q te stoperati ve care, :t least 
of t eae ter de :ths could _probabl.y bave be 

avoided. r w, how ver, no doubt t are. not 

ttributablo to the use of pro£ounc hypotne~a per so. 

This overall survival. rate is f t to be go >d, partieularly 

bearing in mind the £'act that do s stand cardia.c bypa&$ r.oto:riously 

badl.y ( r et al, 1960). The :portant d.n't thot arises th 

fact that y dogs survive arc ll afte GU n procedure, and 

that the atho in those which did not surrt.vc ore due to so factor 

unrela:ted t.o the teclmique .of profound hypothermia. Another important 

point wbioh confirms the findings o:f Sealy' (~aly et al, l.958• bJ l959J 
Lesage et ai .. 1959). and others {G llan, 1959J Urschel. ct. al, 19604 

· erbode et al• 1960. a} 1 is that· ~ · r bubbles and xygo11 iboll 

don t occur, de pite tho fact that e heat exc unit is included 

int arterial. Une dUl"ing the rewarming pbnoo,. ffit out n bubb1e t . P• 

(6) Dfi IieH,t: 
fhe biood a."ld vent)US pressure va.ria.tioru1 will oo daa.tt '4th 

1n a later :ection {see Secti n G). 

c. rat and hytJ: of' th heart a obs rved t undergo 

the following --e.Tif8• lll8 cooling th.ere initial 

s101fing of the h rate, bu ventric-lllar fibrillation 

v.s"WU.l.y / .. • .• • 
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usual.11' nsued aa ~ mid-oeooJ.'l~:eai t~~ pe.saeu 
the twenties. At lower tempera · ventri~ 
fibrill.ati.on became sluggish. ·During etati.c- peri-od 

~ cti.vity e1tber ceased altogether r very 

slow and al.llggish ventrioUla.r fibrillation persisted. 

On. -~, ewnts .occur~ in 'reVer e oro.ey. At 

the oommeno t of rewarming_. myoce.rdia.l. activity was 
usually in form of a al.ow fibrillation which becae 

e vig()l'OU.8 .as tho myooardtai tempera:turq rooe. 
pontaneous sinus rhytbln oc~un.-ed a~ teinper8tu.res t'a'Dg:1ng 

uo l.4 . 7 to 35 e4 degrees centigrade in 5 of the dOfP• 

In 1.he remainder eleotrie ehock defi.brillation was 

required• but~ an average o:t ·2 shoe.kB o~ 135 • .:J.ts 
fo.r O. l. .f second, With a manmum of 6 sbocka, . were 
necessary bdore the heart ,:et.urned to .. rhythm.. In . 
4 of t.be cases. the heart's action a.t this at:a,ae w not 

-ti :tactox,,. sl . ~ rd l 1n 100.000 sol.ut1on 

of was nee ~ to .obtain o. sati..atactoi7, beat. 
Bo other cardiac otimul.ent d:r\lgs_ l(er used any_ ot the 

dogs• xcept in 

Al.th 

present. th dOg's circulation is taken over by the 

cardiopnl.mo~ bypass. ~. unlike hypothermia. producea 
by surfa.c& cooling" where ·ventriell r librillation is 
feared . that pr-oduced in tbia way 19 _ advantage because 

it hel.ps to produce a quiet heart. fhe slowing tbat occurs, 
firstly in the sinus rbyt and m ucntly in ~ 

ventricular fibrilJ.e;ti.on., ts an indication of the- el~ 
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<1> §ateu ~ w2ate4 n~h th:k Tesm1w,, 
t al.re been point ut tba t lorlger penue!.ons 

beco afe in the pre e of rl'o th· • Dog 

o. 9 illustrat well important int in f ur of tho 
use- of hJ'pothermia with canli~c bypass. this dog's 
temper tare in the l ranges, t nie . hitch 
ccurred with bypass appe.n.tus, and 1.t . s ible 

to halt the circulat1on o pl.etely for 26 minutes while 
e mcea . Justments were be 

dttg with ~t 
~ dog was a l.ong-te:tm su:rvi'f'Or, but had this mi · p 
001ffl.%ftd Ullder th rmic con.diti ns. it ~ b l>la 
have pr<n1 d atal. 

added protecti n sh uld always borne in JJWld 
ecid.ing w. ther to use an ord.inary opulmonaey 

bypass. or ith hypothe a, for . 'l'\o~~,touJ.ar 

perl\lsi n. ith the added safety-.~ provided ry 
b.n>othermia, one is prep~ to et tuallties 

d even a c plate er failure need t be a jo 
bamird. 

(8) • 

(. ) Dogs a.re able to surri.ve without cire\llatJ.on . 
for a llm:ted pert of ti ll'hel1 7 protec-ted with 

tound hypothe · • Pff)t cti n 
complete 1ndet1nitel.7 th 'ith1Ch indicate the neceseity 
for detailed stud d.uMng pro,f ha'pot to etel'f1liu 

le h of time :lt e1y a pll • 

(bJ / •••• 



(b) en pl'Oi"OlUld hypothermia ia added to . cardio~ 
'bype.ss, the pe1!'fusion may be continue for a much longer 

r1 of time, With aatety .. 

(cl ssibility that some other 
be us in preferance to the bubble ory: tor. when . 
induci.ng protoum hypothermta.. is indicated by the h1gb 

haemolyeia which occurs ·'flhen the bubble o~genatior is · 

utilis 

1s evidenced by the ease 11.ith which 1ov temperatums are 

·ttn1nea. 

( ) fhe technique described 1s 8af'e. and dogs return to 
pre-operative comj,tiona al.tiloat tely after rewa.ming. 

~ .is indicated by t:tte good immediate., and long•te . 
su:rrival rate. ati4 by ~ ~act that the causes f death, 
,mere it occurred. as not attiibutable to the profound 

hypothermia. The one e~epti 1'38 'When the cirOlllati,on 
was stopped completely for maey hours. 

(f) OJ:¥ 
that the heat exchange un:tt is 1ncluded in the arterial. 
llJle of the syew&, without a lmbbl.e trap, duritte rewaming. 

(g) '!he vt,ntricular :fibrillation th.at occurs is not 

dan r but 1e an advantage• and 1s easil.3' re~s.ed .. 

(h) el nng of body processes ecurs durin8 profh't.Xnd 

hypothermia. An J.ndioatl.on of this is the initial. slowing 

of the heart rate 8ml the $.~sequent el i.ng o-f ventrioul.ar 

tillr1ll.ation. 

(1.) £®.nil bJ thermia adds a safety~ to caru1o--
pu ma;ry bypa.88. as even the fail:ure of the apparatuo or of 

power be tleal.t Td.t.h• while the circulation 1s stopped, 

without danger to tbe dog. 



It was Claude Berna.ri. who observed -that tempemture 

4eterminat1.ons mad-e in v:artous ve :eels Id.thin the body 

cavitJ. at aonnal body temi,erature. show a de11n1t 

variation £rem site to ite (Benlard, 1876• b) _., ~ wol'k 
lQ' d t until Borvath contir.i'!led J.t and st :ted thatt 
"The- pera~ of the bl.bod ~out 1ibe vascular 
system is not constant •• .. • • :ked the:t!nel g.radients 

· re obsex-ved. not ollly ill the perlpbera.l blood, bu'\ aJ.so. 

in the ~ the organs of the body core• (Ho1"'1ath. 
Rubin and F()l.te, 1950)., 

It is ®t surprisipg tba.t,- during su:rfi1ce-induced 

ll;Vpoth , · tb.eee noma1 temp mture pwii.ents become 
~tez-. blood. »hi.ch has pas ed through the cold ' 

SUl'f:ace- tissues. t neceeser1ly cola than that vhioh 

pea ed. -through the deeper tiaau.es if ~- Cooper 
Poil'.tt out the portance of the 1'9C gnitioa of' the 1)3:'(taent:e' 

flt these difi"er-enoea dU1"1Jlg hypotherm18.. as the important 

tempe~ to know is that or- the Vital rgan ,. and noii-

that of the body SUl"face« also pbasised the :fal.laoy 

of ~ belief held by moa N:~ the ett1c-1eney ot 
d temining the de&p tanpore:tu.rea by recording the m:al 
or roc-tal t perature (Ooo r. 1959). 
Be ho-th confilmed this in tbeb experimental work,, and. 

concl\ld that the lowv oesophageal. rature the 

st gui<le to <:ere teml}eratore in surface-c®le4 animaJ;9. 
1Jercus d onstrated apecUically 'that the l.ower oe phagus 

shows the clo est ~'t:i.on to cerebral. tet1l)erature 

(Be~. Cohen and Bovnng, l.959). everlngbaus was able 



to show that the t ture varled at diffe.re :t d:ep~ m 
tbe rectum,, end pointed wt that "oi" c.ou:rse,. th . te~ 
it ~ by faecal. matter. ::, res ~~ to 
,:ectal perature cbanges" ( Severi..flg.baus. 1959;. Sfm.pfel 

am a, 1956). 

creation Gf an in~ pe tu.re sradient is 

the basis of the aucoeoe 01 indu.oing hypothermia via au 
e.nraeorporeal circl!t. ·Cold bl.ood pu3ses into f;t boclY. 
and thus thos .organs vit.h the nchest blood supply (and 
hence the greatest tabb1ie activity) cool. the quickest. 

!he at adve.n.tase of extra.corporeal coolf.llg th . 

OZ7gemtor therefore, ie that the tis.a with the 'h1gb.est 

-comrumption ;Qt o.qge.n are cool tbe at quickly• am" on 
~. are supplied with adequate oq-gen (Gollan. 1959). · 

_ ,iy- · rs w-re aware Of the thermal. ~s produced 

during xtracorporeal. circml.atory hypothermia {Petr · em\ 

lley. 1-951) ~ and G llaa noted tmt nly- the ~atu:res · 

of tb&vita:l. a:r8Qt18 (the heart .aa,1 b'.fain) a:r.td the ~ 
tell really 10w (Goll.an et nl., 1955, b) . Subsequently 1t 

sf und that the heart, liver am kidl'leys cooled the moat 
quickly, the brain end t>e80phagus oooUDg only- eligbt'.13 
more al.owly (Brmm.1 Sm!~, toimg am sealy, 1958, b}. L:myon 

also 4esc.r.tbed the tapers.ture ~1u, ( ~on al_. 1959) • 
~~a found that the bra1n did not J. as rapitlq · as 

was xpeei , tmile the 1ow&st temperature 'lf88 recor«.84 .tn 
the liver d the muaol.es ~el.ed only to ~ degrees 
centigrade (Shields Md Lewis., 1959):Jt 'ale portan:<.~ ot 
the co i.eon of the ~ ~ ta 1ndUc . by ~10U$ 

teo!miqu s .led n to J?l:'O. e the us ~ hia elective 
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'-""'~!l:; index a. differential. 
cool.irJg noted wit a( "# e ning 

, 1959 .. 

Des.pit the abundant eVidence gradients 

are ]:lroduced in b1 - t're hypothermia• ta.Ua.cy f 
the belief t perati.n'ee such rec-tal. or 
guide to the vi.tal organ tenperittu.re, is till m>t generally 

. prec1a ted._ recently s l.96 , a 
pro~()U.'Dd hypothe published a re his ex.per 

observationo ( eluding one pa"t1erlt) ill ht! the peratu.te: 
rec ned: was the haryngeal ( ld, 
1960) . 

..... ......_ ..... u= the ·CO'UrS 0-'f the bn,a mt 19 do s 
discussed in · chapter ( .................. -.... III w 4), the sophagea:L 
and rectal temperaturee. we observed in very se. In ino t 
experiments t peratu.re f tile b1 - l.i aViJ'.18 t d g~ 
and that a£ the blood lea; th heat ex unit, were 

.,. ...... -. In tile las 2 doss. ternpe: tures were 
C:Ol:ded at numarous other s.ii;es, a ·we11, to detern:dr.le the 

extent and type of thermal ta which ccur with this 
thOd of inducing prof ,. In both a the 

'brain temperature was recol'ded. it being important 'to sh,ow 
that this or is equately cooled vi th the technique . 

vi WJly • during the course of earlier inVe-stigatia 
which le t t devcl.opmo :t of :presen: techn.ique, the 
1 mido t ];X)t"ature · d on te to be 

cl est to that of t w n t l or-gan ,. in4l.uaing rain. 
f was later conf .irmod during . using 

autoge o ti n (t rbl.an • 1960). '!hue 
th oe gea1 t ture le-ad in t in t 

care-1.'ully posi t1oned in ~ low so}lbagus,. 

In/ •••• 
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ti.on~ th te perntur :tents ieh OCCVl'ed 

parli.\,i.\&.11.tU." 

f. r se 
pla 

gradients 
oesophageal 

t will ahort]3 disvl,Mi;>Q.IAL 

la&t 2 • e ~-. x-.~cms 
is section fl'Om rest ·o£ the wor re · 

ihasis on t importanc or pera.ture 

the l.ow mid­

vl.ta1 organ temperature. 

In add1ti. • up to the ti rf writ1Dg• n cUi,c: c pa.mt 

report a subj ~t ot t pe ents duri profOUlld 

cy tbermis. with extra.corporeal. circulation bad .;.ppeared in 

th& literature. 

(l) 

~ t ature gradients which curred ill of the l.9 

i.n this oe" s ( 1gure In~ 4) will b ousse in detaU. 

dogs os. l.8 19 numerous t para~ re t .en., and 

d f!P .. 15 17 have be sel.ec: a.a typical representatives 

of the ther dog .. nd.dition_ a ph ot t pe :tl:tre-s . 
recorded during . e twelfth experiment. in ae:r.ie using 

autogenous o:rs tim,. (:i rblanc.he Ba:mard, l.960) be n 
1nclud :tor pur e or comparison. 

(2) 

In ctions a t this Chapter details or tb 
b saea e described and t , thermometer used to 1'900l:"d 

peratures was disouased (Pigu.N II.I,. 9), w.ell as the 

ual. the the · ·te~ l.eadsa pl.a 1n d 

• 15 

In g • 18 t e te [) tu.re 1n tho oe pba.sua, rectum, 
blood e ter:t.ne the at oxcll::u'lge • and in t, a. ent-erirlg 

t dog, re recorded as 1n the th r e rnts. fhe· 

rderior / ••• 



interior v oaval bl.ood t recorded using a 

lead o 1 inserted into the inf nor vena c ~ , the 

right :femoral vein. fhe poster! r ~-icardial t perature 

ns al.sO rec rd • ua.i.ng a J.e.ad ~ 1. innerted into the 
post.eri.Or ri dium behind the heart. The o:nd left 

thigh cle t pcraturea vere corded us:1ng needle 

7l 

ectrod li , inserted int tbeae site r cord 

'ti-.~ brain t :ture. a small inciaion uas made over the 

le:tt side of' th skull and a 'f'airly large hole was drilled 

throtl8h the ne., using an ordi.nary. ha.nd-drill A edle 

electroder 1ead type K...a. insert into the s.ubstanco 

of the l.eft c brsl hem1a re until the baae th needle 
t the 1evel. of e skin. 

precautions we not ta.imn t is s 

crliicod t t e end of the prooe ure. 

S cial. sterile 
,- thus the 

In do llo. 19 the tempera.tul' s in the oeoo~s. in 

the rectum, in bl. entering e boat xcho.!lBe unit,. 
1n the bl.o erilli; the d • in the inferior vcna cave 
am m the b • e a recorie in eJtactly the way 

in dog o. l.8. 

t,> l<Qfa&Ug ooa Piramw11Sm= 
igure Ill• 1:, te 16,. present 1n graphic f, the 

be temperatures 

discussed. llI, 17 • ratu:re btained 

the cl 

lith xper ..... wc:..i.,.v 1n the p:rev1' series 'If.hen 

rel.ationship betwe n the 1-0W d-

pera.ture d t of th Vital 

the blood draining f,:om the dy, 

is clear1y own. For emmpl.e. in dog • l8 



(F" Ill, JS). a veey cl.o relatio p 

was bsel"flld between the t ratures in 

the o ~. the hEtart (pootor1or peri~) 

tha iJ..ood draining from th<1 dog and tho bl 

in the infe:d.or ~a. cava. th~u:t the 

bypass. 

!he rel.a: · onehip of oesophageal to bt'ain 

temperatnres uill be discussed la:ter. These 
observations are :e lt to contim f'm:ther the 
previous opinion that the niow midoesophagenl. 
t peratu.re" is the •most eaeil.Jr recorda.bl.e, 
and the most accurate ¢4,e to the te pera.ture& 

of the vital ~· (Figure III, l.7) ('fe-rbla.ncbe 

and llarnard, 1960) . 

. ' 

variation in rectal "t8Xllperatnl"e ~ dll:l"i.D.g 

t bnasses in the 19 dogf.J .in this series. 

~ fir demonatrated b.f' g N • l5 
(Figure III. 13), where the rectal t pe tttre 
~"'Cd relat-i,reJ.y far behind th oeso.J,U-.i.,6._.c:_ 

t: pera ture - and bsace th vit ori 

peratu.,re - t.md only d~ to 22 -rees 

ti e. During rewarmi.nB the rise was 
sl.ov and the· t'.inal temperature a t.a1ned t th& 

·f the por'fusic fl was under 32 de(P"l)es 
oentigrade. ~ pat.tern occurred i:n 9 f the 

l.9 d gs. 

second pattern.. in the rema!nder 0£ ~e 

dogs, shoved the tall and r1e of t"C·ctal. 

temperature %olloring that~~ low mid-

oe: pha.guo / .. t,, . 



oesaphagils JD'QCh mare eloael.3, as demonstrated 

by S Of!. l.7 alld 19 (F4~ llI, l4 and 16)~ 

It did, ho11cver. 14g be..~ind the oesophageal 
p?rature ta some extent~ A llti.L-.-..r picture 

was found in some of the earller experimental 

work (~ III. 17). 

file re n for the varia.t1on in rectal 
ter!tperaturee iS not at all. cl.ear, but its 
presence phaaises well. the fallacy of" the 

bel.i.ef" tba t the rectal. t pe-rature can be used 

as guide to Vita1 orgau t ~tut-e., It is 
possible that the rectal 1ead was not inserted 

to exactly the ea.mo depth in all the do , and 

that in some--it vae, imbedded in faeces., which 

would e0tm.t for the variation { ·¥eringhans, 
19S9}. 

(c) Bm&D 'tm1Pm-,: fhe temperature recorded 

in the brain in dog No. 19 (l11g'ure III, ~) 

followed fairly closely t:t.ia. t o-r the low mid­

oesopbagus. !bis was tdmi lar to the findings 

ill the past (Figu.re III, 17). It tend.a to 
con'firm the previous opinion that the bJ.l'e.in 
t r.rature, like that of other vi taJ. organs,. 
i:a accura-tely indicated by the temp:er-a.ture 

recorded in the lov m.id-oeeopbagu.s. 

In doe; No,. 18 {figure III, 15) • ho ever_. 
the fall and rise 'WaS a little slow. r tbanwa.s 

expected.. It is interesting that the brain 
t perature ill this dog c.orreeponcled more 
cl.osel.y to the :rectal temperature than to the 
oesophageal.. (~ was one of the dogs in 

whJ.ch / •••• 
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DOG 17. 
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"\ '·,·------, 

I '-•, / / 

\ ' , •• ..;_ I 

' '···-... ! ... 
·-•.. _______ ./ 

WARMING. 

/-
/ 

/ 

--·-------

---- IN DOG. 
---- OESOPHAGUS. 
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DOG 18. 

BYPASS. 

COOLNG- STATIC. WARMING. 

-- IN DOG. 
- C£SOf'H.Al:;US 
- I. V.C. 
- - - POST-l'ElllCAR!X.M 
- IN COQER. 
- BRAN. 
- RECTW. 
- L. THGH. 
- IIECK !.f.JSCLE. 

10 20 30 40 50 60 eo 
TIME N MNUT[S 

• 



DOG 19. 

COOLING. 
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tb~eassl Pump off ,~z:::1 L. b eass. 
45 

DOG NO 12. 
~ ~ • 

40 ~ I. 

: ~ 35 
/ . -<> 

I ~ ~ 
I I . --~ I 
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a: WATER BATH • ---• 
~20 

\ ARTERIAL &--& 
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in vh1ch a llaJD<I fall in rect 
occurred) . 

Although tre reason for thia, agaui., i not 
-~ , it is impcrtan"t to real.ice that it miBht 
occur. ~us, total eeesa.tion ~ ci~cula tion at a 
fairly high mid-oesopba.gea.l temperature for any 

l.ength of ti.me might be ba£ardous, shOuld 'this 

delayed fall 1n brain tanperatu:re ocour. 'rhis 

is another indicaUon for maintaining a't least 

al flow 0£ o~genated blOOd throu.gh ut th 
couroe of a. cardiopultllona.ry bypass with hypo-thel.'mia, 

and for the use of the teolmique described in this 

chap-ter in preferentto to that described. bJ Drew 
{Drew et al., 1959, a .and b),, and the au.th r 
('i~bl.anche and .J3ar.rlard, 1960). 

(dl l!2§Jierm .Pm:.s~.im:rs.,ma=- !he 
vo.riatio that occur.red in the posterior 1 .. icardial 

(and therefore in the heart) t peraturea a.re ab.own 

in F re III, 15. A wry ol.Oee correlation to the 
1ow mid-o .... sopbageal temperature was observed. 

fhi.a asain demonstrates the value of the -
oesopbageal temperature as guide t<> th v.i.tal 

organ t r. ture . 

(e} InfSSW VW. .0,&Y§J. .P.b!W\ '?~mmtft: In 
d Bos. 18 and 19p this temperature eorrel:at-ed 

cl.OS ly to that of the bl.ood leavJ.ng e dQ8S. 

~s indicates that the temperatm~ of the blood 

in lower half of the body was eim;JJar to tbat 

in the entire body.. In bOth these cases the ctal 

te.nperature fell fa.trly l.ov. It is ponsible that. 
in the cl gs in llhi.ch th! reetal tem ·ra.tur did 

not fall so low• th$ inferior vena caval U.ood 

11.'om / .. • • ·---·-----~----------~ 



fm the lotter half Of the body wa t as cool 
a.a that coming from the upper .f of the bOdy. 

tt} •• em Left ~ l\JA91@ ;.i:,mwa:wmv, .A 
al.ow .fall and rise oecurred in these tempera'bl.res 
1n dog o. 18 (Figure III,_ JS}. ibis cle ly 

illustrates the point that, during this method 

of hypother.nia., the temperature Of the non-vital 
organs 1ags wel.l. behind that of the "Vital organs. 

A considerable .•atter drop .. occurred in tho 
neck muscle temperature. A similar 9 a.fter <U."OP 

takes pl.ace 1n surface hypothe .- but it is 

the n tal organs that con tiJwe to 00&1 here 

(Sellick. 1960) . 

(4) 99P&:lsson,: 
1n this ction. the ten1peratur. sradie nts that wer,~ obSGl"Yed 

in 4 d s out of the total. nf 19 dogs su.bjected to t!l1e praeedu:re. 
are discussed. ~ey a.re a:tso compared with th temperature 
gradients 'Which occurred duri»g u eruent in a pzeviotl.O 

series. usuig a different technique. In concludi.lJ8, the im.~t 

faetora that have been; broW,{ht to light will be reiterated. 

(a) The 1o mid•.oeaophageal. tempera'ttu"e .is a unetul. 

and suffi.oi.erri1y a.eeurate guide to the vital 

o!'gan t _ para.tu.re (i.e. heart and brain). 
-· 

(b) A wide variation occurs in the rectal. t _ pera'tu.N 
durixlg this tho.ti of hypothermia. At times 
tbe reotal temperature c -n"esponds fairl.y 

c1osely to the oea pbageaJ. :pere.ture, hut 
at ther times 1t lags behind con.si.derabl.y. 

put t'o~. 
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dero ;ue rec 

t d the t 

o:f the tal organs. 

(o} b aJ. temperature is weJ.l indicat b the 

t :perature in 'the low mid- e .Pbao"'US. e 

t rature of the brain • how er, b 

follXid lltt1e behind that Of th 

oeso gu , and therefore total ce s tion f 

circulat.1on for any le of time, at 

fairly high mid-oesophageal t :ture, 

• be dangerous . · The perfusion f t e b 

with xygonated bl.ood (ev n t "l fl.ow 

rats~ during the by tbe ie pha 

theref e. safer c ure. This is 

further indication for the use of r:fusion 

teclm:iqll.e desorib in this chapter in reference 
to th · autogenous or:, tion tecbnique. 

(d} Dur this typ!! ai' h th~mia, the 

tu.re of tho non-vital o?gans 

well behind the t per tu.re of vi . 

• na1ter drop" int peratur 

in the :f'orme:r. ... ttaeues occur after ; ive 
ling has been disc ntinued, in contra-

etinot1on t su:r:f' c cool r the 
"aft r dro tt oooura in the vital. !?" • 

The y •s reaction to certain non us infl.uenc sis fli)t 
al l>lc and al.th-proscrving. An e ple of this is 

s.een in the dr . tical.ly sharp roduction ill renal bl od 11•• 

~ten/ .... 



82 

often to e?OUSly l0l1 level.a, 'ffhich !-re u.ent f<>l.lmrs 

td.ld ~ . erate blo loas. 

tech.: uo empl:oyod for t.b i:.uprov nt of 

perative onditi ns in certain rgans may evoke NEri>-OM&B 

in other which are perhaps detrililental. and a enund knowledge 

of such concomitant responses is essential.. Onl,y when it is 
clear thnt tho benefiaial effects 0£ these techniq11e outweigh 

the dangerous effects can their use be justified. 

ln this study, th uaefulneas of pro ound hy)?o~ 

in improving OI,erative oon~tiollS in the heart was investigated. 

l't vs.a .fel.t to be importan:t to determ1.ne whether the reactions 
evoked by thin surgical technique in th ld.dney were detrimental.. 
fhus,, :tn is section-, the clumges which were noted in certain 

renal i\ino1i1ons during and after profound hypothermia with a 

cardiopulmonary bypa.oa will. he diac'W!sed.-

this cti n l:1t.'1.S been made a. distinct part of this chapter 

pbasi e the changes that oecu:r- in rena1 funeti<>n as. even 
todq, despite the \tea.1th of ll tera.-tu.re on profound liypotlmrmia 

associated with extra.corporeal. cirou.l.ation. n report r4 a. study 

ot renal hnoti.on ia avaUable. !th1s ,wo~k is fdl.t to fill au 
impor'tant gap in preoent-de;v lmo.JDd&e. 

(l.) ·@tilaal t 
1:en healthy, ru:tult, mongrel doge, weighing between. 15 am 

2l. kilograms, were incl.uded in this aeeti.on ( igure llI. l..8) . 

Seven of t 1e 8 in which profound hypothermia was induced were 
al.so included in the general series { igurc III, 4} .._ :be 

terial. used was thcr'ffiae the e as t already described 
(Section ) • :J:he reason dog No. 10 wa ot illcl.udod in tbe 

general series .vas that the oxperim.ent a.a pe:rfomed after most 
of' this thesis been coinpl.-eted. 

I 
I • ·•• " 
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DOG NO. BYPASS DETAILS TOTAL IXJRATION PLASMA LO\IEST OESOPH. liBLL 24 HRS . RENAL 
& llEIGHT. EXPERIMENT IN MINUTES. OF BYPASS IN Hb . TDIPERATORB POST- BYPASS FUNCTION 

MINUTES. 0 c . STUDIED. 

l 15 kg llypo thermic '.50 cooling 60 + ,o oft 11 Tes Tee 
Renal !unction ,0 o!! 

30 warming 

2 21 kg Hypotherm.ic Normo 106 54 mg• ·" 9 . , Tee Tee 
Renal !unction cooling 

static 
wanidng 

' 17 kg Hypothermia ig ~~!i~ 89 48 mg• · " 11 Tee Tee 
Renal !unction 

10 10° c 
warming 

4 20 kg Hypotherm.ic do . 71 112 mgs." 10 . 2 No Yee 
Renal :tune ti on 

5 17 kg Hypothermia do . 86 228 mgs . " 11. 4 Tes Yee 
Renal :tune ti on 

6 20 kg Normothermic ,0 normo ,o 40 mgs . " Tes Yes 
Renal !unction 

7 15 kg Hypotherm.ic 24 ieoo l ing 77 60 mgs . " 11 Yes No 
Renal !unction 15 static 

'.58 warming 

8 16 kg Normotherm.ic 44 normo 44 '.55 mgs." Yes Yes 
Renal function 

9 17 kg Hypotherm.ic 14 normo 90 87 mge." 9 . 2 No Tee 
Renal ~ction '.57 c ooling 

8 static 
'.51 warming 

10 20 kg Hypothermia 10 normo 124 ll. 7 Sacrificed Tes 
Renal !unction 62 c ooling 

20 static 
44 warming 

III, 18. 



(2) 

{ ) • .:-:.-..1:&~..;.:u:;;;....:~~ ........ ~:.l11!1,,~· 

io dogs wer3 divided ill two grou; • In 8 o:f them 

profou.nd bypothe · was induced,. as bo..s already been deacr1bed. 

( ction O}. a control, the- tber 2 dogs were su.bjttt.lted to 
tt:high now norm.otoorlllic complete bypias.. ?he only ditterenc: s 
in the p cedure for these 2 dogs were that a right ti'ioracotc>my 

ap ch used; t..'1-za.-t both venae cav. w re can.nu.lated through 

tle right atrial appendage; tr~t the byrasa mm complete from 

the beginnin.g; ond that the dogs were not cool.ad. 

es foU0118. A ne.ed1e 'tla$ insert into a vein in one of the 

forelimbs nd a second into a vein 11'1 the right hinclJ imb. for 
iet ~ us illfusioo.s during the exper nt • Ona or bo-th ureters 
were cannula.tad to obtain urine spec na. :1!11& ureters Vel~ 

exposed throng,tl a. small flank inciai and dissected Ollt retro­
periton.eall.y. The tip of a polyeteylen catheter was ins~rted 

via the ureter into the renal pel.rla Uild tied :fimly in pl.ace. 

in all the dogs 1n this chapter. the rectal and mid.­

oesophageal. tempera.tu.res were noted, as were the blood pressure 

ftr.l&t.ions * 

(b > ~. Fun;;!eiqn .Ill1l!@£itmti9M• 

Renal. funeti studies were undert en in only 9 of -the 

1 dogs. The a.ini.ng dog was not inVestigated beecuse o~ . 
fau1ty ureteric catheteriaation w.i.oh resulted in blood-staineti 
urine. 

divid.ed into 

~ from a few minute to half au hour. 

2. this , ••• 



2 . ~ was followed b7 a iariod of: cooling 

to about 10 d~s centigrade. tea 
in stages, 

3.. thetl ceme a static per10d td.thout acti.w 

cOO]J.ng or ~ ., :fol.lowed by 

4. a per.I.ad of oottve ~ . 

!he urine collecti.ons we-n obtained from tll.e polyethyl.el1e 

:theter lth1ob bad been tied in cne or both ureters~ the ooll.eet1ons 
w obtained over aocora.te:ly timed intervals. !hes were b98'flll 
at l.ea&t 20 minutes after the ut.ravenous intaoiona bad been begun. 
GD1 from 7 to 6.0 mirmtee before by1'8SS was commenced , to ecable 

pre-bypass ocmtrol ~t.u.ms to be made. After tbD c<nplet:1an 
of the bypass_. ~ f.uuot1on was followed in S of the dogs 

far furtl1er 10 to 19 minutes,- so that t-bYJB88 est1ma:1dozm 

could be peri 4. 

each experiment. uouaUy at the ad.4-point. ot 
per!.od. 

ch dog received 1;t,J mtmveno\18 infusions th:rou.shout th 

eqerilnent. 1!be one. wbieh 'ff81J. given into the fOrelimb. 

col'lSietod of a 10 percent sol.u.t!.ml o-f de:xtroae ia nter. and th:1s 
was run. a a rate to •~e a urimr:, now of l. to 6 ml. per 
minute. prior to byptss~ Bo a-tternpt was male to otab111se the 

urit1017 fl.ow~ !he othar infusion. which was given through the 

n edl.e 1n 'the v 111. 1n the 1'16bt lt1ndleg,. conn1ated 1a each .case 
of 1 . S G. creati.nine, di:$SOl.ved in .litre o'Z 0. 9 normal. sbl.inih 

fh1B was l'lm at a . ut 4 mls., per mimlte VI.a .coMta:nt rate drip 

apparatus. d reeei.ved a~ dose ot o,.5 G,. cwatlnino._ 



:ty m1m.1$ee w~ allowed for equilibration etore the uri:ne 
or 14.ood collections were made. 

drip" aud a prlmtr1g dose ~ 1.e G. PAR was a.dmill1.a-tered. For 
cartaui technical. reaaou, 1ncl.ud1:ng the high dosage wsea. ttie 

PAIi Hmationa were,, to some- extent. inaccurat • and hav,e 

themfore . been om:1.tted bent the discussion. 

1th~ i.nstitutlon ~ bypass, the s:erwn oreatilline l.e"l'el. 
vae iatel.y lowend as the dog*s ereatinined blood we.a 
diluted vi.th tbe besh donor bl.ood used to prime the by];aae 

machine. converse.11 * ae n,pothemia prc,ceeded am the uri'!lal7 

excretion of creatinine dimSn1nbed-. the serum l.evel. tended to 
nee.. 1'hus tbe COJUJtnnt 1ttf'us1on r>f crea.t1:n1ne not, in 
itself, f£icient to ensun a cotlGtent 80%'UDt 1.evei.. !or th1s 

reason. bl. samples vere teketl f!1Ver:, 10 to lS minutn f~ the 

estima.t1on or serum crea.ti:nine. 

Badl urine ad blood sem.pl.e ·was analysed tor ~tty, 
ere ;tiuSne,, sodium and potaeatum. end each uritm swupl.e for 
protein cont:-ent-. Urine volumes w~re asured to the neueet 
0.1 . • Osmola.lity was determiDed by . ske Osmometer1 

accurate to 2 percent,. Oreatm!ne am. qll81'ltitive ·~ 

protein were a.sured following the methods a.e-r1be4 by D.ng 

e.nd Wootton ( and Wootton. 1956)1• 1Um and potaasitml 

concentrati Rf!e d~ed. by flame photomet..,-. !he gl.omerular 
filtration r te was equated with the creatbdne clearances, 
which were oalcula:ted ~or the peri.ods during which ach wine 

sampl.e was collected.- Where the appt'l')pri te bl.ood sample had 



not 'b en taken at the nd.apo1tlt of the urine colleotiot1 penOd, 
the serum crea:ti:rlt:ne l.ev~l for, this point has beon celt:Ulated 
b,- simple proportion-. the percerrtage of filtered Sbdim 

. . . 
~ted ealculated 

.. v . 
X 100 

Pna '<:or 

am the percentage of f'iltered wa:te~ xcreted vaa calculated 

u ' ---z 100 

(3) lll!MJia r 
~ m. is. presents a ~el outline of the experimeat:s. 

i'1re ~ III~ 19 to 22. ~t the resu.l.ta ld.th regard: to 
Nllal. ft1nction in grapbl,c ~om~ 

(al ,lfs'iRtrhtm&G . P1d.Vl&a Bf.UO: 
!be reau.'te obtalned in the two no therm:Lc cont:J:ol 
dogs were identical. Figure III., l.9, depic.ts the 

evenu oc~ in dog Bo. a. It ean be seen 
that, with the institution f no tbemic b;pa.BS, 

a oontlliuat1on o:r .e~tton t sre-bype.ss 

ti-ends oco1l.'l"J."ed. Tb& ~ oa:nc>la.litf am! the, 

tassia comemration cont!tmed to rise. end 

the e.reatinme elearance am urJ.m volllme 
continued to £all, !he ~on th1s 

co:ntiaua tion of' pra-bne,ao trends the tall 

which Obsena 1n tne urine SOdi· conceta,-
t1.011. Calculntion ob.aw& that in 1hi , dog ·tho 
percmto.ge · f f11'tered water ,acx-eted. :tell :tNll 

bout 1J percent to 1 percent as a result of bJ"pa,mi. 
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DOG 8. NORMOTHERMIC RENAL FUNCTION. 
I I BYPASS. I I 
CONTROL PERIOD. CONTROL 

PERIOD 

500 

m.Osm./L. 

200 

20 
C.cr. 10 

ml./ min . 0 

5 
4 

VOL./ 3 
ml. min. 2 

I 
0 

130 ... .--\ 
B. P 

110 

'--.__ --m.m. Hg. 90 ·~ • ~ 70 

60 

URINE Na. 40 
m.eq./L. a) 

0 

20 
URINE K. 10 

m eq/L 

54 98 120 
TIME IN MINUTES 

II J.; • 



DOG 10. 

VOL. 
ml/min. 

4 

30 
C. cr. 
ml./min. IS 

140 

B. P. 
10 

mm. Hg. 
60 

20 

4 

30 
OCSOPH. 
TEMP "C 

20 

10 

BYPASS. 

control. normo. cooling in $toge!. !tat le. worming in 
!toge!. 

36 46 108 128 
TIME IN MINUTES. 

IX , • 

f e 
• 10, 

160 



DOG 4. 

VOL.­
ml. /mn. 

40 

OESOPH. 30 
TEMP. ·c.2 

10 

110 

B.P. 90 
mm. Hg. 70 

50 

100 

Na. - 75 

m.Eq,/L. 
5 

warming. control. 

,---- .. 
' --
' ' 

400 

12 

OSM --­
m.05m./L 

9 K. ---

6 m.Eq;/L. 

3 

15 24 46 55 86 93 
TIME IN MINUTES. 

III, 2l 



PROTEINURIA IN HYPOTf-ERMIC DOGS. 

I I ~§ I 
CONTROL

i-' ---,-1 ---T"""I ----T"J ---CONTROL 
COOLING STATIC WARMING. 

90 

80 

70 

~ 60 
e 
"' E 50 

~ 
5 40 z 
w 
b 30 
Cl:: a.. 

20 

10 

NORMO­
Tl-£RMIC 

r··----·-- 1 

i I 
I 

r-· 
I 
I 
j 
! 
I 
; 

!30• !20· !10• t30• C 
PERIODS OF URlf\E COLLECTION AT DFTERENT ~S. 

DOG2-
DOG 3 -- (no protein.) 

PROTEINURIA IN NORMOTI-ERMIC CONTROL DOGS. DOG 4 -
DOGS-
DOG 9----x I 11-__ s_vR_~_s_. __ ..,,.clON1 . 

e CONTROL. TRQ 

i :J I 11 
PERIODS OF URINE COLLECTION. 

DOG 6. ----- (no protein.) 
DOG 8 - (trace only. < IOmgm "-) 

, 22. 

Cf I 



pereentag t fllte di'W!l e•h .. liD-+..:.n· 

.~c..i.iY fell. fro ap tei, 5 percent 
0 . 2 rcent during QaS , to ris t 
approldmately 2. 2 perc nt dia..tely- after-­
wars. 

completion ol -tbe by • 
ebal'p OCCurl"ed in creat:lnine clearance. 
in urine vo1 and in urinary. eodi 

c ncentrat.ion. !he lallq, o~ the urino 
d1m1n1shed .. 

(bl Uxmaumis Pta'B&a ~tgi 

·o. 4 (Figure III, 21) was sel.e-cted for 
discussion, as -the f1ming were represent tiv 
of the ole sroup f hypothe-rm.ic d • ~e 

find 1 f.l88 1n this dog wwe as 'follow: 

(1) 

to 
e insti tu.ti, of byp.ss. prior 

Ung. a ~all curred in the urine 

vol: and creat;tni no cl.earance • 
normothe"?'Ud..c doge, de&p.i te t fa.ct 

that th& blood preasure latively 

1ately activ coolinlJ vas 1nstit ted,-

over the course of ~irSt three 
collecti.on peri s, - re was 
rise 1n tte oreatinine clearatlce 

urine volume. took plac de i 

a fall. in blo sure. 

coo and bypass continue • the bl.o 

pressure fell ssivel.y, in sp1 te of 

/ ..... 

92 



cone t fl.ow dusio rat • 
d with this . all in 

the croati.xdne c1e ce and urine 
volume occurre4 .. 

cm.t.imrll.1G byiaas, tor 
rtllra:riinu~ . no drop occU;tTed with e 
oreatinine clearance. At 1.hia 

the unue vol inc1"eased to level.a 
xceed~ the initial co tro1 1 • 

Wit nt ct£ active .~,-15 
uv.u...w.u level. 1n e urine 

rose to app l vel.. 
Oalcula:t1on that the re t 
o£ f1l:tered a excrete rose 

p zimately 1 C . t 13 porcent at 
coldest s • fall. again to 

proxima.tel.y l rcent wi aeti' 
rewa.:rmh)g, In addit.ton. th po . 1um 
1evel. in the urine :tell to . :pp ch 
AA,~ level.a . 

:.ter 
zimatel.y 6 excreted roe ~ 

to 16 ~t. returned 
6 rcent on rew ...... L ..... A.£:tL<., 

creatsnsne ·cle~<pa·~PA• 

'<£L,LL·~ CMlitJS in 

and / .. ._. 
-----~~~-------~-~--- ------··-



aDd !)Otasaiwa coneent:ra.tions w~ 

z;evorsd with re~. 

t111.> Vz:tnm,: 2aJe21vi 
1th the commencement tJ.f actJ.ve cooling 

on by-plas, the urinary oamol.ality f~ 
to approaeh serum l.eve · this ~ 
1l88 reversed with active rowarmtng. 

T.limrod:1a-tely after the bypi.sa. there 

ns a ~» in ~ oamol.al i:ty due to 
the diuresis (increa.sed urine "i'Ol.um&} 

which oc~; 

(el Al ."'4~ Jla!tM iU _dM 81 .Qt 

file reauita o'btaineo. in mg .• 1.0. aa in the ther 
hypotbermic dogs" were s::tm1 lar those shotm. :In 

F1&Ul"e III. 21. ~- dog Bo. 4. In add1:tion~ as 
CO'tl be seen in Pip.re Ill. 20,. 14 minutes a.tt~ 
the: COmtnen)emellt Of acuve c.ool.ine;. a ~nt 
abrupt ria• in arte~J.al. 1)%'8$aur& was brought about 

JreSttlt of an ace1d.ental. incnase Ul the Jer1osion 
f'low nte. fhie was immediately re:flected bf a 
marked rise in both vine vol: and ~ · 

filtmU.on ate {creatim.:ne ole-arance ). 

Calculs:ti~ ill thJ.s· &lg reveal.a that the 
percent.ase ot fi.1tere4 water ~reted rose bom 
appwn. · :tely 23 percent to 72 i,ercent sben. the 4og 

rendu-ed prof~ hypothe'l'Ud.o. 

(d) Patd!Uiat 
An estimation tsf proteinur.ta was de 1n all the dogs,, 
•xc pt cos o~ 10. concentration ·of. \ll"imry protein 

duri:!'>8 these experiments can be 1n ~ m. 22. 

In / ,.,.. 



In the ~tbemic dogs :t 10 de e"8 centignul.e, 
th-e Urine was J1X"Otein-free, but te1y on 
co t o£ ~. protein ppeared. fids. 
reached levels ot bet.we 10 and 90 • per~ent. 
Only one of the hypotherlnic gs te failed to 

evel.op a pro1: · 1nur1a ( dog • ,>. or the 

U simplicity, dog • i, in which the cirUUlatioa 
stopped during t hypo ntd.c ee. end which 

also devel.o].)ed teinuria, was · t J.ncluded in 

III,. 22. 

tJ."Ol. .. In :tact. no protein 
prcsont in the o do& •o urine arJl on1y a 

trace tein w pre t in the ther •. 

(4) Rua&fJU 

Bmt"mOthemic con~1 d~ were · includ to demon.st.rate that 
the additional es wh:lcb ocattr'J:"ed. with the addi:ti af' 
pro£oun1 h1' themie to cardlopulmonary t,nasB, were du.e t:o the 

found h i'ibermia per se, and not to differenee 1n the 
b as technique. fhe elt'ect on ren ful1ct1. n cd, 

b o. both ntI1 "b.igh" and 1d:th low" fl.ow rates. en 
tud1ed in past {Andersen, 1958; l3eall., Cooley, Morris . 

er, l.959; Morris., Awe. r, Cool.ey an Bakey• l.958). 
enn1ng etated that• vea v:1.th "h.18h"' n.ow rates, ei"f ctive 

renal p fl.ow and eJ.omeru.18.r filtration rate- were 1:.'1.gnif'.1oa.n ~ 
depreased ( res,. Bornst 1n. bel:"g and And :r ~ 1960) . 

esthesla alone bas beeft shown to e c d pre in renal. 
fmlction, but "Id.th llgb:t anaea esie. as used itl these xper . :ts. 
this t be at 1 ke (Papper. l.953) .. 

/ ..... 



To contrast the events whLc too place duri:ng bJPlff& 

only,. wi.tb those which occ\U'red during by~ ass.ociated with 

therniia, peri d of bypa.a without active cooling was 

undertaken m moat of the dogs, pr.ior to the indueti;on f 

hypothermia. y this stage, J.n of the dngn, than=1 had 

however teen s fall f body t . peratu:re. 

A grosal.y "ini.shed glotl8.l"U!.ar filtration rate. 1n the 

presence o:r active renal tubu:Lar functi , must lead to a rise 

1n urinary sm.ol.a!.ity and a fa.11 1n the percen e:m:tetion 

of filtered ~ ater and sodiuni, ~hist in fact. was seen in the 

ormothet e contr l dogs, and in the control by s period 

before act.ive coolillg in the r..ypothermic doge ( igt't.ree III, 19 

to 21). This vn.s a constant finding 1n all t,,_l-ie d gs here it 

as studied. Thua the <ihe ... "lges 1icli ccurred iuring this period 

y readily be ace ted for by the drnp in G].omerul.a:r filtrati.on 

rate which was observe!! :!J:1 e presence of unimpaired tubttlar 

function, and the-re is no need to J.. o f r a. more oomplex 

explanation .. 

The marked drop in glomerula.r :til tra tion rate lfhich occurred 

in the presence 0£ a rel..atively well maintained blood pressure 

was cOl'lSist.ent with the finding :f Cordey. tbet one of the earliest 

mechanisras utili.sed to maintain systemic presnure is x-ena.l vaso­
constricti.on (Oord.ay and ,il.liams, 1960). 

!heso findingo ntraated arpl.;' wit th se o erve4 vb.el'! 

profoum ~hermia was added to the cardi v. !l1ll'Y b3-paes (see 

Pigu.rea I.II• 20 and 21}. 

!be percentage of excreted oodi.um and wata- in the urine 

inc-reased progressively with conl.ing. This ind3..cated ~ 1ng 

fa1lure of tubular re-absorption. and was refl.ected in the decl.ine 

of urinary osmolallty tmmrds serum levels. A 'f u.1 int.he urinar.Y 

potassium / •••• 



potaes.. similarly reflected failing ·active tubular ~port .• 
1be pattern of event uaa silntla:r tbro.ughotit tbis series. It 
v, Utltwo:rtb.J' that as much as 72 percerrt of the filtered water 
w.ae excreted • -u.r....ne in dog. ?lo. l: (F.1gure Ill. 20} wen tt 
bad been rend;e-red prof'OWldl.J bypothe:rmic • 

............ ,..a In., 20 and 21. ind1cattl the progresat drop ir1 

blood P1'e o tch1ch took plaqe m. th cooling, despite the 

coastant high'" t.l pel"f(lsion mte. fh1B was an 1.nVariabl. . 
find!DS and vas felt to be.- at l.ea.s$ in part" ctu.e to 'th& 
im];ain:lent of the ·autonomio neni us system ttmcti.on which 

oc~ with coo1tng and. wtoh vas aceomi:,a.n1ed by a shift Of 

blOOd Ao.· tbe byp\88 apparatus into the dog (oee SecUon G). 

du:rizJg the nomothermio parftud.on. th• bJ.ood mJ'\U'e 

vu low red (bllt ot proszeaai"Vely ao:) desp1t th& ~*' flow 

}lerfueion rat ( ~ III. 19). fhia,. 'too. was f lt to be due 
to an altered ntnnomic respo:nsein the f'om or peripheral. 
vasodilatati . (~, llobiesek1 ~lor. ·· ea and s;;am ... 1960) • 

. 
· th the 1n8ti tution of active . cool 1.ng,. the gJ..ome%"'tll.a.r 

1iltration mte and the urtne wl..U!ne ros promptly, despi.te a 
concomi taut fall !n bl od ,pte soure (see Figtu.'es Ill,. 20 tlllf\ 21). 

fl» emmenon 'i18S pl'e'bent 111 all th dogs. • (Segu, 
RUey am Baril.a, l.9501 ~. 1956).· and others,,. have ·sb.Own 

tbat bypothefflia Ulduces a B).rked, · 41uresis 1n the dog. 13.le 

f1J241.ng ot a d.i.lU'eeis immedla"tely on cooJ.iDG c ni'irmed th1s1 

d also revealed th.at a.t least t wei-e at pln, .. 

Qnec vae tb.e traltaient increase in gl.omerular :f'iltmti.on rate. 
which l.e4 to an diate m¥1 ~ke4 incn in urine vo1ume; 

the the~ m-ecbanisn was the progreasi-ve fe.Uure tubular 
~ f water. which l'"esul.t-ed 1n a diureai during 
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no,~s:rnua. out of n pro ti th 

erolar t'iltrati rate. SllCe 

. ...-...-.1w1.... in bn.K>t rmic di~ s1a not 
hitherto been generally appreciated. 

A re ob-vi relationehip b 'tve gl. rular filtration 
te. urine :lume am blood pressure than appe ed dwin8 the 

normothemio b s was present dur active cooling and 

re • a.a evidence by: 

(1) . 'the fall and rise which occurred in glt.>merular 

filtration rate and urine voiume. assoe1a.te4 with 

the fall rise 1n bl.O pressure (~ lU. 
20 and 21), 

(!) the id tal. mere 1n perfuui. rt hioh 

occ in dog No. 10. o 1 a transitory 

rise in bl pressure. which was ciated 
td.'th an immediate rise in glomerula.r ~il.t tion 
rate urine vol ( 1gu.11e m. 20}. 

e te reversal, on r·ews~:i1.ng. f 

e.bOut 'Y prof hypoth . • 

-In th~ lidl t of this, if t d gree of re- l>sorption O'! 

filtered wa't r,. sodium and taast , and the eln.bora.tion of' 
concen t-rat d r dil.ute urine• w re u:,ed as indl.ces f tubular 
function, i.t e ident · that tublllar fuaction returned pt1y 

to control 1evi 1 on reva.rm.ing. only one f' 6 h.ypoth mic 
dogs in which t-bypaea f'uncti n v studied did glamcrul.ar 

1'11tration rate not return diatel.y to pre-bypass levels. 

after the te inatiGn of bypass. 

Five of the 6 by_po.thermic d s 1n which the urine was tested 
fOT protein d elo d proteinuria n re • If proteinuria 
per is indic ti n o~ renal t it t e nolutled that 

hy thermia / ••• 



bypothem!a" or the rapid rewa.rming of the cold organ, can 
dmoa&e the c ine kidney. in the ~eaenee of a "bi&h f'lOlf 
perfu.sioo. rate. It iB the autho.r•a opinion. however, that 
proteinuria per se is not necessarily an indica:ti of renal 

damage (cf. 1n athletes) • 

. It thus appears that the use of the teclm1que of' profOUfld 

hJpothe=:ia, which a · prov.ing such a useful aid 1n certain 

bflmChea of mod rn surgery; is justified, as the extreme 
~es 1n renal function which take place during its 

appli.1:ati.on are promptly reversed on rewamin8• 

Tho effect of cold on the 'ktdney in both dog and 1n m.an. 
in the conditions UtiuaJ.1.1 'induced by SlU"!ac · cooling, has been 
extensively .studied (AnderGett and Nielsen, 1955; Bergstmnd 

and Sterky. 195:4; m.atteis and Horvath • .1958; Hong, 1951; 
l:Iong- ar.ul Iioyl.en. 1959; Kanter, 1959; Miles and Churchill-
Davidson, 1955; oral.es,. Carbery• .Fiorello and i oral.es. 1957; 
Hoyer. · rrJ.e and Dellakey, 1957; Moyer, 1959;; Page, 1955). 
Even at these 'bemperature level.a Se.gar 1tas abl to detect some 

distur'ban.ce of renal. tubular f\lncti.on (aegar, Biley and Barila, 
1956; eaar, 1958}. 

One of tbe moot intex-esting mll.)(!cts o.f' this study WWJ 'the 

effect of PJ'Ofound hypothermia on the tubular tnnspo:rt mechan1sins 
of the Jd.dney. Further 'tJOrk on th1a aspeet. which is being done 

at present-. is beyolld. the scope Of' thin thesis. It is suf.fi.cient 
to point out here that the ebang.ea trhich occurred 1n the wJ.nary 

t:onsti tuent ooncen trat.ions w1 th the prosresa1on of cool.1ng 
indi~ate that tbe specifi.e enzyme q ·tams re.spcm.s.ible tor the 

re-absorption and see.ration of these substances 1n the k1clney 

tubul.eat- wore being 'bl.ooked by the cold. 

. I ... . .. . 
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( 5) Q9nw P61 sm,u 

ln this section, the results wore discusaed of the 7 doge 
vh1ch were used to study the variati ns in renal. fwletion that 
occurred <lur and immediately ~ter profound hypothermia in 

association v1 th the bubb1e oxygene.tor system, and of the 2 dogs 

used 'l> study the va:r1.at1ons that occurred during .. full now• 
nor.mothermic c plate bypaee. In concl.udir.g • the rel.evant 

important factors which bave been brought to light duriDg these 

experiments will be listed. 

{a) b changes in renal f\mction which occur duril'lg 

bypass, w.1.thout hypothermia, ere those associated with a fall 
1n gl.omerular filtration rate in the presence of normally 
fu.nctioning renal :t:ubules. Th.is fall in glomeralar filtration 
rate i8 apparently out of all proportinn to the relatJ.ve1y well 

maintained blood pressure. bsequent to bn,ass. when the . 

gl.ouaerular filtration rate retur.ne to control values, these 

changes a:re reversed. 

(b) ?h& changes in renal. function which occur duririg 

bypass with profound hypothermia, contra.st sharply with the 

abOve-. 

(1) Tubular f1..'!llCtiOn (as evidenoed by the changes 

1n the urinary osmolality, the urlne eodiW!l and 

potassium concentrations. an:! the .increase o.f 

excretion of filt ered water and sodium), becomes 
progressively paralysed. 

(11) A pro soive d:rop in bloOd pressure occurs despite 
the main:tenance o:f' a constant "high now• rate 

peri\181.on .. 

(UJ.) In11.1ati.C)n of hypothermia induces a. trenai:tory 

1.ncreaee in g:tomerul.ar filtration rate and urine 
vol.um&. 

{J.v) / ..... 



(iv) A more obvious rel.ationshi-p between glomerulnr 

filt tion rate. urine 1ume and bl.Ood 

pre sure CU3:'8. 

l.01 

(c) ~ after profound hypothermia l.ea.da to a 

(d) !i!his reversal is maintained in th 

bypass periOd • 

(e) During the induction 

hypothermia• the1'3 is no prote1nuria. l!li th rewa:rming • proteilli­

uria immedia.tely occurs. The nignif1canee of this fa not yet 
certain. 

{f) In th autho.r•s opiru. n. the use of the technique of 

profouni hypot I whieh is pr o valuab1e Bll aid 1n 

various branclles of surgery today, baa been justif· ed as, despite 

the ext.re changes in renal funeti. that occur dur' its 
applleati. , the a.re reversed promptly on reYa.rmill6• 

· er aillce Claude BeJ.'llaZ'd emphasised th:::rtr in spite of the 

wJ.de ranse of variation that occurs in the co si 'lion o:t the 

extemal. envuonme11t of man. the "milieu intetie~t' b . con'tra*t 
is kept bly constant by the interventi n f 
compensatory cb.ani • sci.e :tiste ve realised t 1mpc,rtenoe 
of maintain.in this constant st.a • •If the stre se imposed n 
the system beco too ~.at, the co positi n t t intemal 

environment uay alter eiBJllf'icantly, often with disaaterous 
effects ... ... vine cell.a are al.way undergoing change, butt 

survt e / •••• 
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Sllrrive and fumti n normal.J.r. their integrity· all respects~ 

1.e. t 1r ro , o cal. c 1tio d chemical organisa.ti.m, 

mu.a~ be comt tl.y aJld tully restored and pre :rve4• (Wright, 
1952). 

The inducti 

reducing the 
of pro-found hypot _ :rm1a. by eliberately 

y te perature in do and in • itepresents just 

uch at stress, which st alter the cmnl>Ce.i tion of the 

internal envir nment. Thu.a the occurrence variati.on& in 

.....,..L-;a.&ift:l"ters studie durtng su.cb a procedure t surpri.sUlg. 

1th the tr ndoue advances m science in recent years, 
the understam of no.i'mal pby-siolog:, has inc ed beyond the 
widest dreams f n like Ola:ude rd. Bevertheless, hy 

reducing oo y t r ture, is cmatinz a. l toly n w 
field of ~ pl siol.OQ in ich a diff'crent internal 

Vironment exists. This inte2"nal ~mvironment ill have to be 

inVestiga e before its implications can be tully 

comprehended. 

~•-r.,...,,....... been shown at d gs tolera: profound 

well for shOl'"t peri s, With return apparent 
normality rewarming• and that, although their ren :tuncti. n 
varie-s, this al retums to normal. !his safety will alSG 
be shown to apply to lDan, in later Sectton~ and t . teclm1que. 

will be cl onetrated to be . use.ful aid in perf'i rm1M cerdlac 

surga-ry. !b se f cte in tbemee.lve-s are inauffioien t. When man 
applies su · teohn.iqU& to ther human beings_. he ti1oot strive 

to o.ttain l1 t l.edge of the impllc tions o.£ what he 1s do • 
An eratandu,g of the pbyaiolog f profound hypothennia, b ever. 
can onl.y be :ttained by auhieV1D,s full co-operation betweet1 workers 

1n ~ branches ;£ scienc and dicine tb1'G 

During/ ••• 
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llB'liBOLIC TOTAL DUIU.TION LOVEST OESOPH, LOVEST ART, BLOOD INTO .AMOUlff OP nHL l'LASllA. DOG BO, OF BYPASS. TEMP, IN oc, PRESSURE DOG lraHCO' HilllOGLOBD. 
DURING COLD liHB1I COLD, 

PHASB GIVEJJ. 

]. 60 llinutee J.0,0 50 mm.Hg. ,oo CC, ,0 cc. 78 age." 
2 49 minutes u.o 50 cc. 

pl.ue 
26 lline,ott 

' 60 minutes 9.2 68 mm.Hg. 40 cc. l.00 age·" 
4 66 minutes J.0.9 75 mm.Hg. 300 cc. 40 cc. l. 76 age." 
5 62 minutes 9,8 60 mm.Hg. 200 cc. 40 cc. 47,2 llgBo" 

6 65 llinutee J.0,0 l.l.0 mm.Hg. 400 cc. Nil 85 age." 
7 6l. llinutee l.3,8 70 mm.Hg, 500 cc. Bil 76 i.ge." 
8 56 ain:utes io.o 60 mm.Hg. 850 - Bil 3l. 7 age." pl.ua 900 cc. 

l. 7 llinutes 

• 
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Dur. th s experiment , th 1 eu J.nterieur" t d 
cbanged. A study o'f few parameters en to determin.& 

t occur with a Vi to incre the kn -1 
f this nev technique, and thereby ul.t tel.y increasing the safety 
'f ita applic tion in • 

In this ection, 1 of the B dogs in wlu.ch the vn.riationo that 
occurred in the ven us pressure. t e.rt rial pressure,. the bl 

blo oxygen and carbon dioxide concentrations, t 
ttem. and the pJI•s. were tudied, wJ.11 discus ed. 

blood deetNction that took la durinS the 
ntioned. 

(l) 

t 4oga ( III , 23) in t · r1e of 19 subjected 
to hypo1.0etJ."mJi.8. (:Pigu.re III_. 4) a:re inc1Ud in this 
section. As a technical h.1.tch occurred with the bypass duriog 
the rfueio in the- Di d ( e n1n f ml seri s) 

ce eita.t the evitcb.ing off t the by tus, the 
collecti of plec in this d continued. 

us, detailed 1nveat1gat1ona we ert n 1n only 1 of 
the 8 g , and tbe tudy of their re pons a to t induction 
of pr f.ound hypothermia will be di8cnssed. 

(2) 

A d tail.ed descr1.ption f the bypt and t-bypasa pert a 
in these dogs been &tven 1n lion C: of this Oh.apt r . 

In each o the d gs en unva:ried rou'tine procedure s adopted. 
llI, 24, 0,1 in outline plan ~ llowed.- h o rative 

d s details shown n th le t, while t s at which 
the op,:cim we taken in relation to these are own Qn tb . right . 



MET .l B O L I O D O O S' BY PA S S PLAN 

OPERATIVE & BYPASS DETAILS SPECIMENS 

.lnaeethetic ......._ ~------ .l 

Operation --. 
Insertion of venous and 

arterial catheters~ 

Bype.ee and cooling 
commenced~ 

B 

----0 
15 mins. on Bypass ~ .. ~--- D 

Cooling stopped---,.. 
( 
( 

(Static phase)(~ 
( 
( 

Warming commenced --. 

45 mine. on Bypass ~ 

Sodium bicarbonate given 
in Expts. 1 to 5---;., 

-~--- E 

----F 

------ 0 Bypass and Warming off ~ 

End of operation and 
anaesthetic___.. 

3 hours after end 

~---H 

of Bypass ---+ • I 

• • 
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cormectod to the 1.nforior vena c and the 'femoral 
ans ot lycthylene cannuJ.ae (Fipre III, 10). 

pbageal tampemture recon«l 1ng a aped.al 
a-cure lead a'ttached to eotr.t.c Universal 

1:J:Je1rw,meter (Figu.re Ill, g). 

Venous mid arterial. bl.OOd sample were \lS to- teat -tor th 
foll.oltingt t 02:Y&en s:a.tu.l'ation, cl using the 11

~ 

~:tmerefiee r••, s.na the caz-bon di.on e ntent. ool.ng 
the th of van Slyke ( ten and van S1yke. 1932). 

Art J:'ial. bl.ood samples were used to d termi.na the pH ' s• 
~..,.g the "Me lll.ectrodes r-or Bl.ood pR•M. These pl.es 

"lrSN co.llected in BJ)e,CiaJ. bottles. 

V us bl.o s pl.es weJ"e used to determine the follow1ng: 
the ser .and potaso1u.m levels" using the " ckman flame 
photomete~"••. the chloride level. as d-eocribed by Varley 
( arl.&y, 1954) • and the plasma hae · globin pre t • by the metbm 

desert ·4 by eby (~07 8llil Furth. l.$6} . ·· 

. e f the bl.ood 

balanca of bypass apparatus at var10us tages, ~ 
pa.:rticular attention to bl.ood aooutmla'Ung in · dog and not 
returned to the pa.ratue. 

c,> ltal.~s 11¥1 Purauuiiaai 
tgw:e III. 23. presen.to a general. outline of 0£ the . 

d tails · f the experiment&. Pt.pres III, 25 to '1, show the 

resul.ts. of the tud.1ee ot Vllrious paramJ"ters 1n 7 qt t.bo 8 do& • 

~r stwliecbd.ll be dealt with eparetely. 

(a)/ ••••• 



/07 

METABOLIC 1 

VP 10 --------~ t---------....;..._------1 

40 160 • 
Oe,opli 

30 120 

2)8.~ 
Temp. ...._ nwnHg 

10 40 ·- 'C 

\O..S" -!~-----........_____....__ ___ .___ __ _ 

Pot. 4 
n£q 

:?A~ lij~ 

Plasma l60 

Hb 80 

A B C D E F GH 



METABOLIC 3 - - 20r----------------, 
VP io -·-------

~!---------------, 
4(1 160 

~l20 

BP 
2<1 60 

Te~ ..._. mmHg 
K1 40 -·c 

(1 0 
100 

80 ~; 
"Slli"N 

~ 

50 

~ 30 

pH 

POT 4 nC4I 
~1~,.. 

l60 

Plaama 
Hbso 

• 

" 

• 26. 

,os 
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(a} pmis m~t In 4 Of the cases almOst no ~ation 
occurred in the venous pressure through.out the procedure. In 2 

(dogs * 4. Figure lll• 27. and 8, Figure ID,)].), a rise 
occurNd at or just after going on bype. , but 1 t was marted 1n . . 
only one of these. In en.other dog (dotJ Bo. 5. igt1re III·. 28), 

there v a d21).P in pressure at this same po-int.. In these :; d-ogs 

e p%essure remained steady after this change. fbus. 1n .all t-he 

dogs the central venous pressure remained constant throuSl)but the 

remainder o:r the period of coollbg end ~. 

It J.s fel.t that the 1lalt1at1.ons in venous prefJStlre are not 
aign1£ioant. at1d. that this pe.ft\meter requires no further study. 

• < 

It 1a not su:rprlsi.ng that, 011 the three ot:casions when a cbange 
took place, it occur.red at. or j t a.fter going on bypass, 'e.s it 
was at th.is point that a change in the circulat-0%7 baemodyna.mics 

took place. when et o1 the venoue return enced to drain 
1nto the bypass apparatus,, through the sinGle catheter in the 
right atri'Wll. 

It is not~ that no cbage was "tound during the remainder 
of cooling and dur.tng rewarming, de&pite -· rked changes in such 

parameters as blood pressu:r& and bl.ood: balance. 

(b} Alli.a. PfflUR'.ll 
(1) Qsin;r_ 929UJE, a tm,p in arterial pres.sure ocC11J.'ftel 

1n all the ca.see_. despite the maintenance of cODStant and rda.tively 
"hiGh now• per.fusion rate&. Some .t.a:11 had al.l!leady occurred in most 

f the doge prior to commencement of' bypass, probably b&ce.use the 

bl.ood 1ost t1Urtng the opening ot the eh est was not replaoed promptly. 

b fall that took place during cooling was uaua:uy· progressive 
unt1_i the 1ower temperature ranges were reached,. but the actual 
degree of drop was widel.y varinb1e, beirJg much in some than in 

others / y••• • 



20 

V.P 10 

METABOLIC 4 

---- -------
~l------------------1 

4(1 l60 

Oeaopti 
3()" 120 

BP 
2<1 60 

Temp 
2<1 40 

50 

~ 30 

l60 
Plasmo 

Hb so 

• 

27. 

110 
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METABOLIC 5 

VP 10 ... 
~!-------------~ 

4,0' l60 

Oesoph. 
31)' 120 

BP. 
2(J 80 

lemp. 
10' 4,0 ·- IMIHg 

·-· ·c 

ltt.S" ,<s1--------------~------i 

160 
Platma 

Hb eo "'9" 

A 8 C D E F GH I 

I COOLN:, tJ \V>.RMNG I BYPASS ,___ __ 

2 • 
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others. It w. h.Owove:r. drop to bel.ow so ~ of rcuq 1n 

al.l&cept l dog. In additton. th1e sive drOp 1mS. marked 

ill , of the s 1>J e. traueie?tt rise in pre sure soon d"ter 
cenent ot bypass 8Z3d cool.ing. . 

It 1s not quite cleu wey this progNSsive dlop in pressure 
during oooUng occurred., It is known that I when dog J.s put 

on n othermic bypass us.tng similar f1ow rates. some· dnp 1D 

blood pressure &>es, occur. fh1s bas been shown to be due to an 

altered vasomotor responae (~atlBWfl ai •. l.960). · During surface 
hypotbe-1a the fa.1l1ng h1fa?'t causes a dz'Op in blood pressure 

(lligel.ow al,- 1950~ b) • but 1n the t1 . in this section, the , 

eirculatiftn 1l8S maintained td.th an utracorporeal pmnp. ot 
cours ~ the sibillq, elti&ts that , unk::now f'a'Ctor • . brought 

about by the col.ti iteeli,- causes th1a drop. file probabl.o 
impOrtance ~ the role p1a,ed by the pa.ral.yei.a of the e.utonomic 

~ drop·in blood presoure whioh ·oceurs so consistently 
during the 1nducti0n ot this type of hypot rmia l felt to be 

tbe resul.t of tbe mtwpl.Q' of m.cmy :tac-tors, the paral.y11ia ot the 

tonomic ·nervous syatem being the most important,, 8l'Jd. i.t does not 
represent a ~ as the protecti "Ye action of the bypotheaia on 
the tissues is operative. · !lie' tact. tba't the rau. 1n bl.oOd presaure 
occurs dee te constant venous pressure,, .is also of lntereat. 

(il) l5d,m JPA!;VrlPS• In 4 of the dOgs a 4e:t1nite 
n. 1n the arteriel pre~ oce'Uft'ed as on cts.Ye ~ 
wan need. (doge os:..- l:, ,._ 4 sad 6). In dos · -• 5. a rise 

commenced as soon as active oooling was .clisoenttnued, but 1t ~ 

to fell again as vamtng p."OgNssed. In lf0r. 7 # th r.J.se was 
sligtlt and also began - t'all toward& the reva:rmlng. In 
dog '1t a, the- pr.)ssure· ~ low ·during ~ mad only 

rose at the ctn of the ,procedure~ wen in , ot the 4 doge in 

uhich / . .. . 

·..r...:..,. . ( 
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which 1:he pressure rose. 'there was a later i'all. Just before ~-w~ off bYJ.BSS. 

Once the bne.ss had· been diacootinued am the bl balance 

r.rec-ted• the arterial pessure returned to satistactor..y 
le l in all the dogo. 

!he relativel.y low ·level. of arterial pressure present in 

tot these dogs at the end of the oypaas and ·during th,& phase 
imediately followlng bypa.es was probably the J:efN.lt of 

inadequate attention to the COl"'!'eet1on of bl.ood balanoe• promptl.y. 
at this stage. (In tbe patients, where th.is 1a cardully atc:he«. 
a low blood pressure · does not occur · t this ) . In t'aot,. in 

. of the doS1J1 whel'l the bypass we.a stop , it was noticed t-hat 

ood bad ccumulated 1n: the pparatus. at the expense of the d.og. 

(~in« eypothemi.c phase the revel'\ e occurs - Figure IZI, 
23 (c) below. ) 

tter what the oau.ee of the 1 blood pressure. ttrs\1.y 

dur1ng oool.ing and subaequentlf at the enti of bypass. tbe 

e arterial. p.ressur-e al:way-s re~ to a ati~actory level S0'°11 

atter completion of' the p)rtu.s:imi,. once the 'bl ·balance, bas beea 
corrected. 

(,c) R,98!1 IN@na• A 110-te was made ot the bl · balame 

Of the bypaee apparatua durblg the. p~oednre in 6 of the a doga 
(FJ.gure m. 2,). A prog:reae1ve sb1ft ot bl.Ood from the •cb:J.ne 
into the dog va noted 1n a.U caeea. Dur:l.ng the •sta~tt phase 

tt.e l.eve1 of blood in~ bypass ehhe had fallea to its lowest 

point. which varied m output from 200 to goo oc •. of blood.. 

Duri!lg actJ.• wamiilg, ·the bl.ood rt1turned fi:om the dog, however. 
and,. ae already mentioned. by 1.;he end f the perfw.d.on ezcess bl.ood 

was uaua1l.7 present in the machine. 

On the / •••• 
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~ff;JWJr."t:I• !b t in d 

rt bl od ~sure fall 

400 cc. of b.l :into t d g during . cold 
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in d • 5 ( III. 28) t :tall 1n pressu:re 
f'airly · 200 co. was lost m the apparatus. 

• with this extra blood ter the do • 
erial suree nt1ght hav been ezpected. 

the arter· s s tell wile 
l'W\ t"t.er'f"~lll'I"> t • 

-IU\4 in . dog? others 

RObard• in 1951, ~ t 

is at~ 
b100d t chine in'to 

the d en 
.&.U.UVIIU.1eld• 196 ) • Lindb ~6 t 
d\lll''lftl:P ~~~ with an ar1~.l!l'),~'J"IA,1.1 circulat 

ol. of bl 
1959} . It 

t fomation 
the exp · for this phenamen.on 

bsequen.tly ~ tbat, 
'tOlllOWI.C nervous cry.· firBt J.U11,.a..1L~ 

(<l,a,\I .. ~~, 1961.). 

• au1:0XM:mu..c nervous 
pOOlS 1n ~,-+:ai Hrl:iHB (4. th 8 " , 

basis of this al that hift Of bl.ood 

into/ ... ~. 
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into I d 

the arterla.1. pressure was disC\ISsed. the possibility 
that the _po.ral.3aL.s ot th.e autonomic nervous system played an 

iaportant pu-t 1n causing the variat.iOus th&.t occu:r:red in U1e 
arterial pressure, ne mentioned. ~ ie. hotreVer. no ob.S.OttS 
corre1at1on between the ·1:t1ood pressure l.eTel and the blood 

bala.noe~ am ·1n addition, the blood pressure does not regol.arly 

ri.ae as the blood 'bel.anc:e r1gb. · itself dur~ ~ . !bi& . 
pro 11' ind1catea that the variati.on J.n blood pres81aa• 1m.l:tke 

tba t ot e blood bal.ance, 1a due tbe combined effects of' a 
number f 1'act()rs. 

A t'urther point o'f importance that arlsea is that, wi.th a 

prior - . ¥ledge of this J.ose Of blood -rro the bypass apparatus 

(up to 900 cc. in one dog)• the pump tecbn:1.cian ~au be prepm,d 

by . ring Sllfficient: donor bloOd a.'t'ailable 't mee't a ~n~ 
ot this GD! twie. 

<c1> VfDRUQ a Ad.I~ &m O&t~a. ratuattau= h 
oqgen saturation of the arterial. blood ( the blood 1ea.ving the 

ca:ygenato.r) was 1'tlUl¥1 to be cansisten'Uy bigh throughout all the 

bn,a a. 

the reason for this ht.gh artel:'1al. 021gen a:turation i8 

Ulldoubtedl.y that the bubb1e oxy~a.tor. by Virtue of its method 

of 0%Y88llat1.on. is mor than adequate 1n oxygenating the bl.oOd 
passing thl?mgh j.t. 

In the 4 doge in which the pre-bypass arter1al. oxygen 
aa.'tQrat1 was tested .it was ~oUJld to be n · In 2 ot tbe 

, dog.a wh re pre-bspa.ss venOW1 pl.es were eolleoted• they were 

f'ound to ha'V'e normal oxygen. eaturatl.:ons as well. fbo excesa.lwly 
low venous OXiJge?t saturation of 42 volum&s per cent in dog No. 8 

I ••••• 
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9 

e d s ( cept 
&elllarB~ 13), the ven.ous 

ld pMU,000 

ppro arter~l levels·. In one • '• 
jgure m. 26) et t d venous le · · er 

the arterial. li ivel. nt this • ( can be · counted for 

fe.ll.ing within the accepted el.'TOr of~ experimental. 
techn:iq\1$ o~ e tion). !he turat1. t 
specimen C ( ) l ill 2 

of tbeae 6 s 

cent probably 

ppreciable ling 

tissue till. bad high.ly ctiv. 

reaseu ti 

e eat ty of induced bypo.'thefrml~, 

of his pio · er article ( ol.ov t al, l.9 5 , 

ind 

~ other d s. 
r 1st d thrOUBlu)ut e cOle 

preoence f arterial oxyg 

the fa.ct t cold. hi&b fl 

2e11~~Mi bl i.ts tiss s~ fhie 

.ind.10 tee/ •••• 
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e co1d b1ood .in large , and ndly, 

-oesophageal t rature .tta in thin 
c ti.grade) , the tissues ttilised a J.arge amount 

been shown that the temper ture f tbe in 

well beh:Jnd that o£ the vital organs 
ssi t o plac 1n 

1n this <log. but why til uld occur in "this 

particular not cl.ear. On .~ ther , there is t10 proof' 

:t the high oxygen d«nand s not due to act!~ tabol 1sm 

tald ng place in Vital organs. 

tever reason for ±s do wo .. l.Lltf, -h-, the rac-t that 
one dog in this . . ll se?"ie did ~ de pita~ und 

~ 1a in ign:t:ti:c t. cl 

c ld am ua 

been daa.sero • The need £or at le 

sibl i 11 dem ll&trated. 

n i.t 

tely WOUl.d have 

rates wbel'I.ev.r 

During the and e by in 

Of the dogs, the a.rteri enous ors. erenoe 1flC oa. 
evidenced ?>y the fall. in v ous ge1 ti 11. fh1o 

ind1 te t there ·was demand for oq in th 

tissues in the · • with active tabollSll\ taking place. 

It' the uton m1c nervous ayst ~is which occurred 

causes intravaocular pooling of bl · • then 1t 18 ible that 

during the ey thermic pbas the ~genated bl. bypasses 

th . am the versal f the autonomic 

av\....,.. be pre 1n the tissues 

d ~d would ace unt :,t, r the . OJCT&en 

re nt of dy du.ri.ng retirarim.ti:B: 
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Diese studies, of ox,gen satUl"at:ion durine bJpother:rtitl 
ind:lcate tm't, ~ the a.etunl. hypothernd.c phase• with 
exceptions* there 1e very little. demand 1'or oxygen by the 
body. ~, in moat ca.son,, switching off the ai~tion 
completel,y ESee~ to ·be juo.tit'ied. Unf ortu.n.ate1y • as the case 
imlh1ch ~ n requirement in go~ to be 1r~ent ~ 
hypotherrrda ca.n..."'lOt bo prcdioted, .it is. o'bviousJ.y preferable 

to continue to i:ierfuee 'the: patient with oxygenated b100d 

rates. l'h11sa fl.-nwe will sa-rve two funeti.cms:. :f'irStly _, they 

will. cover tho eventoo.aty -01' n large oxygen require~nt being 

preoon~ during bypoth~1 and 13'e®ndl.t. they will ~e oxygen 
available to meet the t:m'ltill t1etab lie requirement usu.ally ~aent. 

Du.ring ~..g, there is undoubtedl.y a fairlJ' high; o.~gen 

requlre!r~nt i.n all anaea,i; ~a iS i'el t to be an in<U.cati.on f r 
higl~er flow rwt.tea during rewarming,. particularl.y at the end at 
thi.s pb.a.3a ~ than · are general.1-y tt"tlllood .. 

(e). V9l)Oµa N.1'1 4.BrW B)a;oofA f!a;1?9A o,a. r&10e Jatµralj.9.m: 

Arterial ~wn di.old.do estir::a. tiorm ero only per-.formed in the 

las:t 3 dogs m this aeries. 

It ia o. wel.l-kno11n and. · accepted fact tba.t the bu.bbl.o oqgenator 
e11 minatoo c :-bon di.oxide eff icic"lltl.y. The tau~ly high v-onou.a 

carbon di.onde cn~tent that ms present in . e blood C¥! these does 
throue\lOUt the h,Ypaoo&s, 'thue indieataa 'that carbon dinrlde Wa8 

being produced in the bOdy.. lt can be ini'er red from this that 

ranges. In the la.st :, experimtmt$. arterio-venous cnrb 11 dioxide 
di:.tferences SJO:r-e p1'"00EU-tt , even dur~.g the cooling end cold phasoa, 

'tfith / •••• 
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cation of 

phases in at 1 dogs,. than 

th arterial. 
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tly 

that 
stronger 

.. and cold 

diozide 1-awer than bet ter. w:t.th 

the est t occurring at co1dest phase. s probably 

to factor •. irstl: t t: effi 't e · ti.Otl of 

,.0 ,~,'ll't diJ x1d b the 023"genator. d secomll , the .low st 
li curring at the coldest p • 

the nee asi 
throu :t 

b~&S. 

(t} 

f c.arbon z1 cont 

bypothe.ftda. f'urther co~i 

ti ~ a now t -qe 

b1 d 

pinion of 

b 

by thezmic pba e f a MQ<I~- })U]UUOJnai"? 

o 1 in the ntainer, 

the t a i er t rature it a'lkal1ne 

in the rel tionship pB ,a• pit - O.OJ.47 (,S..t) ( thal. 1948) . 
~mln for this change 1 t t bl quill :tea. 
re-equ1li ti does not occur inside t cooled animal, 

and duri t 

cm1n.flftuie,- 1:t tho ' call"bon d1o~e pre~ same 

lie 1 r alkeloBie · not d ~ lo d'" (Btllmic. 



h the 

no unif it in lite t 
q stion i£ e 
re orded - me 

of o blo t the time of sampllllg, and t?lers a.re 
pe tur r t ,a de s c t 

emDe:rature 

corded t 
pB is 

cord a 38 de ea e tigrade, i' 1s al. not cle hetb 

this should be xpre Geel ucb:, or · corrected to tape . ture 
of ampl!ng, using the above f,orimlla. 

pl!• at w 

t al, 1959). 

' ntil t · tt r i~ cl 1ed, it ditficult t 

co lus1 th aults f pH es 
ypothermia. In the e doSS'" the pB ape.a; llected at 

i.Ous -ce:11l)eratures, wa.me to ,a d grces eentiKi.~, their 

cl.Os n :r f road t that ~-l'lT\~,-·nl'l'"A e gr 
Cid dur.i.Dg the t: S pll ' a slight :fall to C 

rfusion in t of ¥ re corrected 
to ti!m1>er~1tu:res of the ., ... LAIUU-

u .... -..... ...,..,.,,., t e value 

with al. afterwards. in ev ry d • 

terwa.rds, 

conati ditf ren:t mat.tar. 
the rmal ac c using 

dog, i th tion 

amc>:un't M 4 re nt sod1tua bicar . te behee 

III., 24). and in £i 7. 3 or higher,. 
e .. 4 ( 1gu,re II, 27) re t · 7 . 29. ~ 

1n41ca.te t t. despit variali ns that occur d tbe 

th& d are n 1n th.is respect t th end f 

last , s. no i b~ te li'aS 

Cl',&I.IJ!.U,W.:t::Jtered and pil .f&ll ao l 7 . 17 and 7 .-20 in 2 d~s 

while in the thud it was 1.:, .. 
:us / ••• ., 
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'flt a SU't8.l l shi'ft to the acid OcC"Jrred -s a result of the 

procedure, but, as is 1ndica,ted b;y the aarller experilnenta, this 
is readily oorrec ed by the addition f l. ount o£ dium 
bi.carbonate. 

of tb procedure, doeo occur in °tw.l fl. n n rmothemic bypaea,-
here i.t is fel:t to be du& to an inadequate perfusion~ despite 

a "high fl.ow" rate {Xolf't, E.ffley am. v · ,. 1960). In the aogs 
subject, to r:.t¥l)Otbermia, $he sllgbt drop in pB that occnrs when 
BO<U.um bicarbonate is not administered y also be due t,., 
inade-qttate rf'usi , occurring eapite *high fl.ow ,. as ~ 
takes cs. On the other hand. if there .a of bl.ood 

wi:th s areas (d.'u& to paralysis 

nervo sys ) the a.naerobtc metabolis , '8V01'" 

would occur ou.ia: possibl.y acco'tmt 1or this. 

'rhe studies have led to the belief that tho e.dinin1atrat1on 

of a t of aod1Wll bica:rbonate durl.Dg such a prooedure 

ie desira.bl, if not essential.. 

(g) Jmat1om, 3,n ;£Im §sdiSlh 9Mofi9& a fttw&m 
,kmY.P ill tllt .!&Vil iJ1924:. 

~e l.svel. f ~ in the plasma ?emai:ned · tant. bef"o.N,, 

during and aftei- the procedure. cbatl€e was expected. aa M 

change occurs in this parameter during normo byJasa 
(Call.tlgban et al., 1958),, and d'tlrl.ng surface bypothermla el.on& 

( ed and Gavrllescu, 1958,) • 

~""-L-.JuL,__ or after the proced\ll'e. 

no -cbruJee ~ in either of the pa.nmetetiJ. i.t 19 
felt that f\J.rt r stuc:11' 01 t · tabollsm o'f sodium and c'lll.orl.de 

during~ o£ -ttd.e a-tu.re becomes llml8cossa.ry. 

ln, .... 
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ency 

le ~ng 

o. , 7 t er rise fo1loved 

t fall. fh1s drop occurred d s i te sa1ve 

l.n()NJase 1n e O'f ba.emolysed Nd bl c -le present, ao 

evidenced by the rise 1n plasma ha gl.obill. In 2 of tbe 

experiments initial control cimen (marked with an asterisk) 

1ra& found to :ve ha l.yai _ pre 9 this must have been 

due to the technique of' coll cti • !he illitial level in theae 

2 dOgs wa 'therei"ore ~ than normal. 

A f'a1.1 inthe taasium level 1n the pla ala occurs 1n 
ttents Sllb j eted to pro:tound by the with card! pulmonary 

IMi~d . to ass ciated 

rise 1n glucose levels ( e pter our). similar 

nruum occurs dur nomotheim.c bype.s ( al.1 et al, 1957, b) . 

n !- r this fall 1e not clear, but it t be due 

to potassi: shifting from the plasm into the cell.a dur3.nG 
as with ut .... c tase1 loss from the y, a.a it 

subsequentl,y corrects it.self, without the rulm:in1strati n of" 

s1um. c heart cl.e cell t siw P...as been 

d t-ratecl dlll'1.ng auriace thermia (Spurr and ar.low, 1959; 
I»!'!~1'""A end R ers. 19591 b). Further investignti in this 

.field 1a ne asary before its trlle significance will. be me clear. 

(h) Pl&PJ llaemo&\9bi;Q effl+lj An abnormal. rJ.se in pl.a 

moglob.in le ls occurred 1n all these doge during the course of 

byi:e. • tbs graphs it :c ooen that tit ri e progres 

ao bnnss was continued. but the extent t th rise varied 

from dog to ~ In addi.tion_ the low l.evel. present in tho donoi-

~ , ..... 
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t first specimen. indic te4 
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in the graphs). 

t t subnequettt 
t due to -exce oive bae ysi presettt m the 

donor blood. 

:ve DB.ture rf the increas 
:fj in 

tbe tus in " but w1 thout e:rtliicial 
' 

( erbl anche · 

UW:i!UKJ,'J:y: s present 1n the 

do must due to the 'bu.bbl.e .o~·amm:tor it ell, and not I<> the 

pumps o.r the protowxl ~ •. In olinicaJ.. :0, where the 

tor t.>tbe nary 1,V'1'Wi::u:t 

1'ou:nd t 
van d :fairly conotantly wi ot the rerrua1.o.n 

t.1nal. 1eve1. y 1n th Vic1 n1t7 at 1 pla · 

emoglobin for every minute of bypas {peroo: .. ca:tion)" 

---• am . 
nru·#MlAtm- 1n pref renc 

t4) ScanstJumans: 

c e of exce 

In this cti n, the reS\il.ts :f studies n ·r U th 8 dogs 

to ib rv t variat-iona in certain paramet rs which occur.rod 

d: ing and just after prof"ouml hypothe in socJation with the 

tor syat we • In conc1uding. the 

rtant factors vhi bave been b t lisht during 
nto w.ill be point ut ool.ow. 

( ) O ling -cauaos a. p'l'ift'l:lMN'iaei' e dro-p in bl pre ·sure, 
babl.y due tot intet"})l.83 t - ...... -re. ·!Jm 



utommic NOp:onae. It i .not haza.l'dOUG aa 

the -tisffllo· are p,ro'tected by hS:POthemla• 
drop occurs in the proecncc of a cono-tant: 

ous P'NSSU,Te and toes not con-ea nd to 
the blood bal.aflco. Ia addit,ton, it. occurs 
despi.te a eonaten't *.hiah f'J..owfl perfuoion 

rate. !he factors eausing bl pre sure 
changes dur.llllJ these perfttsions arc not 
important 1n the loug Jlmt. s sa.tis~acwq 
level.a are- soon a.t.tai.ned attei- tho~. 

{b) During the bypass# there is a. dis~ 1n 

(c) 

. the blood balance when blOOd · leaves the madline 

to enter the dog_. despj.te a concurrent drop 1n . 

bl.oOd presaure ·atld normal ven U3 pressure. fhe 
possJ.bility is discw.med al thin being caused 

by blood pooliJls in tho dog. due to paralye:le 

ot the autonomic nervou.e s:r tem by the eol4. 
ln addition, with the knowl.edge of the 

!ibility ot th1a disturbance.- n can be 

.forewarned am fo~ with suttic1ent 
donor blood on band. 

ta.bolJ.ma occu:rs int'. t1ssu.es .4urlng the 

coume of profOlllld bypott mta. and 1 t 18 fau-l.7 
marked dur.u,g th ~ peri.od.. ~o evidence 
for 'this. is tho art~ous oqgen difference 
pi-e8erlt, particularl7 4tlrirtg rewarming; the 
relati"Vel.y b1$b VIGDOUS carbon dioxide level. 

present durl..ns bJ'J888, despite -ettlci n't 

el imillatiott by the 027~t0:r. and ·tho prenen.ce 
of arterio-venous carbon dioxide dif~eMnces 
d'IJ!'ine the procedut"e; atJ4 finally. the occnrrcnce 
of so degree of ootabollc ecd.dosis after the 



procedwre. In additi.on,- 1n o dog, mrked 

'tabolism ocC\U."l'Od even d-ur.inB the cold 
per.iaa.. !his all. indicates that at least 
lo\f fl.ow of oley'genated blood are neceGQary 
t\ur±i,g proi'ound hypo~. and tbe:t total. 

cessation tl1f 'Ctrcul4tion rdght be hazardous-.. 
As a resul.t. the use of an al'tif.ioial 
o,qge tm- 1n the circuit 1e advoca 

when bl4uc"1>g profoum ~pothermia. in 

prefere11ee to the use of the au.togenous 
OQ'.geDat14n tecbm.qtie. wile total cessation 

of circulation 1s ~ ,·pJ..o,ed. 

( d.) Only lnm.gftift.oant oha.Jlg8S ocCUff8d 1ft VtJnOlJS 

p.ressure., mui no change occuned in the sodt 

and cbl.c>ride l&vela. As a reault_. it 18 f'eJ.t 

that these pa.rametere do not require further· 
investigation .. 

(e) ef'fic:1 of the bubbl.e mcy,genato~ S.S 

.indicated by the big;b arterial gen 

:tura.t.ions during ~s. One <li.sturbi!:ta 
aspect. bot.fever. .is the b18h ~1 that 
occurs wi-th the 1JSe Of this qgena'tor. 

'l'h18 is probably an indication that some other 
uygea.tor abauld be UMd in per,forming ~ 

pw.mo~ byJ&ee vi.th ~ound ~ ... tbernda. 

(f') file basis of the sai'e.ty of hypothermia - the 

~uoed os,gen raquirements by lJ.i8el.O-w -
aro again d~tmte4. .Du.ri?lg ~. ho'wever. 
th re is an tncnase in 027sen requirements,. 

the poas1.bil1~ tba.'t 'this is due to pool.ing of 



blt.lOd in certein tissues durJ.ng the. 14 phase 
is diacusaed.- lt ts · :neaq,uentlf f :t th :t. 
du.ri.rfB revamiDg. . uewhat- his}mr now fttea 
than are ~l:y used, ehmwl d. 

(g) cessi_. for adminis:teri.ng 1 d.Oses of 
so4.1um bicarbc>tulte- to counteract the m1l4 · 

( ·) Too tall that oceura 1n the potassium leve1e 

dl11"ing the ~ees is d1£Jeu&s and tho necessity 

£or .furihor 1nVest1eat1rm. ot . aspect 1s 

(i.) F1Dal~, despite the change which occ-ur 1n 
the •miJ.ieu interieur'' of doge dur!Dg prt):t.cnmd 

Jwpotheflllia. i.ts ~ eafety when as:socinte4 
\d. th an enracorr,oreaJ. cir-cu.1.atinn, ui the fon 
of 'the bubbl.& ox,senator, 1s demonstrated by tho 

return to pre-bypum 1$V81a of tho parau.ietere 
tuaie4. almost immediately ·ter the procedur.1·u 

• [Ufactured b7 Xipp_. ft, lland. 

** ~tured bJ lleUO'.h.t.a ltta • ., Herisall~ SwJ.:t:mr~ 
*** ~ 1>7 Beo1man. Inetmmonte, In.e., 

Fullertori, Cs.U.fol'Jlia. tf .s __ 
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culra:J nation of this 
on~, J.6th J1me. 1960. when the teehnique incorporating 

profound bypothel'SJd.a. Id.th the bub · ~gens.tor first used on 

a patJ.ent in Cape town. !his oCOUl"J'8d bd re t e co ple'tion of 

~ntal riee described in Chapter i1hree , a.t that 
• 1 t al.ready eat bl.c1 that th tecbnique use:tcl 

y aid to cardiac surgery. Its actual clinical. use 

subjected -to cardi.a.e surge:r,- bave 
this procedure. 

n rfo: 

difficult cases 
d with the aid of 

view it etulnesa end safety aea,in• 

the initial. clinical. appllc ti ll Of the tecbni.que- will be 

d-escdbed. prior to dmw1fl8 the final conclusion&. method 

1ch has b nol.vect oa the io of the expe tal. work 

rill e dealt with first. and the iat-1ents the elves will. then 

be brietl.y diaca ed. A ~ew that ocourred 1n varJ.ous 
pa t.ers dur t proce ure vlll ale ti<med_. . 1t 

~e1t 'that -1t 1s nJ.y by the oba ti of such variables 
workers. and the subs que!l.t e ~la.ti.on f theil" findings, 

that tte ul.t1 te aim. the c pl.ate und-entamling of rendered 

profoundly therm1c. td.ll b tt d. 

ction /., ••• 
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fll1s series includes tb first 25 co cntt patients, 
all d fro van. ital !r acquired cardiac 

defects. rated on between the 16th June .18th October.. 1960. 

vi t the aid of thi tecbni~ue. bas already n ntioned, 
the appllca'ti. ot thio tecbni.que reserved t ~ difficult 

case only. reaso-n :tor thie - that er 120 cardiac ease 
d en subject to cardi·opw.mo using bubble 

17gena'tor under normothermlc ·conditiotle 1n the past, with excellent 

:results. arid thus it did not junitiable to uee an unknown 

procedure for uwn:u such ae atrial. tel. 4 fees., tsolated 

puJ.monars stenosee, ~d of the c plloa'tod triclll.Br eeptal. 

defect. 

IV,_ l, it can b e n that the been 

divided in ups. ?hi ha.a been done to a more 

assessment f the _ a.f ty and WJ :tulne s t profound 

de. ln the ttiret gl'Oup appear . cases 1n 

llliich an f sJ.ble t oper ti 

( Group .I) • up the 25 cases:, and 1n 

tbese the def ct nd _red an 81'18. al repair 

impt)s _ i'ble by the techn1ques in cardie.c surgery available end 1n 

us& at that t. (Group lI) •. 

present in rou I wre ma1nly tetra.log 
tJ. end v tricula.r eptal defects, specialJy 

with a pulmo iatUndibular tenoais . 'thJ,e-

vul.ar dis-e 

varied been lS '1 years., with 

patient • 
rege t 

15i years., and th! weigh.ts betve n 2.3 lOJLQgraJJlS and S2 kilo-It'.- mnie_ ... 

, .... 
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0 RO U P !, 

LESI ON~ ~ATOMIC~! RJSP AM!JIB oY PRESENT TECHNI~. 
lllo. Case Race/Sn/ J.&e Weight Lesion Flow Rates Lowest cid- Duration Outcome 

in kg. ml . per min , oes ophageal of bypass 
!-Jin. Kax . temp . in C, in r, ins . 

l. J.P. KM 5t yrs . 15 Tetralogy of Fallot 880 1536 15 ll3 3urvived 
2 D.M. EM 15 . 50 v . s . D. + Pulm . infund . s tenoeis 1000 3250 18 72 
3 I . P. Ell 21 . 64 v . s . D. + Pul.m , infund , s tenosis 1000 3822 18 85 
4 P.N. El' 4 . 12 V. S. D, 800 1320 19 92t 
5 M.M. CM 14 45 v . s . n . + Pul.m . infund . s teno s i s 1672 2940 20 93 
6 B.B. CM 22 . 65 v . s . n . 1760 3700 17 67 
7 M. B. llN 23 . 50 Tetralogy of Fallot 1760 3255 17 126 
8 B. S. 61'1 1 5 mnths . 2 . 3 Tetr alogy of l'allot 600 l.150 17 41 
9 D. du P. EII 30 yrs . 82 v . s , D. + Pul.m , infund , stenosis 1200 3870 19 131 Died 
1 G.B. KM 4t . 16 v. s.D, c, pul.m , hy pertension 880 1800 16 73 Died 
ll P.>i . l!l' 31 . 53 Acquired A, d . + A, I. l C:00 2700 14 . 9 97 ~u..'"Vind 
12 A. S. Ell 8 18 Tetral.ogy - re- op. on V . J . D. 1000 2100 14 . 4 57 
13 G. T. E>l 31 . Calcific A. S, + A. I , 1269 3710 14. 8 240 Di ed 
14 J . B. El! 27 . 59 v.s.D. + Aortic incompetence 1800 3650 15 120 ~'u..'"Vived 
15 A.v.a. El' 20 mnths , 8 I deopstbi c pul.monary hypertension 700 960 24 70 
16 V. M. Cl! 3 yrs . 9 Tetr alogy of Fallot 440 1200 17 l.17 
17 11.s. l!l' 9t . 23 v . s . D. + P. D. A, 800 2U8 17 130 
l.8 C. l!cL. Cl' 30 . 50 A, S. + Mi tral I ncompetence 1000 3150 19.l 128 
19 A. C. CM l2 . 23 Tetralogy of l'allot 700 2000 18 85 . 

0 !!, 0 U P II. 

LESIONS ANATOMICALLY I RREPARABLE BY PRESENT TECHNIQUE , 

Race/ Sex/ Age Weight Le s i on Flow Rates Lowest mid- Duration Outcome No . Case 
ml , per min . Oesophageal of bypass in kg. 
Min. Max. temp . in c. i n mine. 

l. M. S. MM 40 yrs . 41 Tetralogy of Fallot . 
pulmonary artery . 

Hypoplastic 
1320 3000 19 176 Died 

2 M. C. El' 9 mnths . 2. 3 Complete E. C. D. c. both PA ' s and 
aorta arising from one ventricle. 

}00 600 16.l ll4 Died Hypopl astic pul.monary artery. 

3 S .M. Cl' 1 year 2. 4 Tetralogy of Fallot. Hypoplastic Pump 
Died pul.monsry artery . oft 480 14 58 

4 s.J. Cl' 8 yrs . 15 Tetralogy of Fallot 
of MPA and branches 

c . hypoplaeia 
600 1600 16.4 234 Died 

5 L. J:. Cl' 14 daya 3 Epstein' s anomaly o. 2 oat . sec . 
atria l s eptal defects + large 

61 Died P . D,A , 520 700 14 

6 J.s. EM · 3 mnths . 4 Tranepoait1on of great vessels 
and patent f oramen ovale 

Pump 
off 480 10 74 Di•d 

l'. 

e C • . ) 
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8COt1d gNUp inc:tudes anoma.l.i&e tnnepoei:tlOn 

of the _ t vesse1s1 Bbstei:rl. •· s anfflnaly, t · tralogy of Pellot 

vi.th puJ.rru>nary arie?"ial. hypop1as1 and mul.tiple osrclt.ac J.esJ.one. 
1lhe- ages the patients 1n this group varied between 14 ~& am 
40 years. and the weishts bet.w 11 2., ld.logr Md 41 kil~ • . 

~ cardi.o~ bna,ss appara'tus used in all thee cases 
consisted of e all-Llllehe1 hell% serwir bubbl.e O·J1'~tor. 

with nn beat exchanae units placed in tbe arterial line, 

am was exact1y tbe same as the aetup used for, the dog experimems 
( ~pter Three. ti.on alld Fi.gur, s III,c 5 to 8) * !be ~ 

. f heat mroha.nge units empl.of"en depe ed Oil the size- of the patient;, 
for pati.en.ts ~ up to 20 ld.l , a singl..e uni-t proved 

suttici~tJ 'for patients between 20 anc1. 40 kil..ograms, it was 
foua:I. that two uni.ta were reqµJ.red; for tienta vei{ll!ng O'l'Gr 

40 kilo~ tht'Ge unit.a were us 

DuriD8 the b as• temperatures were recorded in the mid­
~~' 1n the rec~ and in the bl od 1eaving the patient 

aQ4 li a"Ving the beat exchange uatt • using the Eleo\ric ilt.d'tWeal 

ffherrn ta. as in the dogs. fhe B.c.o •• and veil: arterial 
or line pressure , wre rec· rited on mul:t1channe1 reconllng unit.. 

(1) fJm .lDPAJVia 9' !be . kJmm APEm.tsa: 

In th se ~:tients. the ~ preparation of the 

apparatus, J.ts cterilisation by autoclaVing and its aembly 
the l"ll . p · cedun.,. were enc~ the same as bas been 
deecribed :tor the dogs. with the escepticm that the actual assembly 
G'f the ;pp tu.a, under sterile eon.di tio , was pert'~ ·by a 

doctor/ •••• 
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c.tor and not by a teebn1cian. a.a l,l t the initial 

Prl.ml.Xtg nth allne, tbe debubbl.iDg, callbrati pump 

t , the tin p.1.-.&Ji~f:i 

tbe donor l •wire all exactl.y the 

( Chapter Three, ti c, (l.)). 

artea al. pump was calibrate 

elivered ~ the active 

tea t d 

full flow re.'t! d l.i 

µ,.,w:,ov• while. the in~ra-•caJ:'lliaC O 

• 

(2) 

tua VS.th 

a for the 4 gs 

t ":tull fl ,. rate 

cold 
beblg 

e clinical o i briefl.y 

tollove. It ssentially ei.milar 't that in the d gs, with 

sacy ificat • 

Ans:~A·r:n sia is induced vitb. th1 ntone ium, r with fl.uothane, 

pba • 

narcosis" 

tained with ether or fluothane. Daring the hypothemic 
sthetic agents are nee ssary b cau of he *cold 

t ensues. 

table , tba .c.a. 
SOJ;~~al. and r ctal perature 

ads are in°-+_o;a. A 1eft :temaraI. ~101ln 1B r~ rmed and thin 

catheter i ins rted vi t sa1)l'J&::rtl)\l8 ve into po ethyl.e 

~erior 

and bl 
• ble the veJrious 11;reBBl.ll::1:t 'to recorded 

/ ...... 



~e expolfllN: ot 1;he heart ~or the opera.ti~. ®like tbat in 

th:e dogs, 1s obtained. by •ans of a dlau stemotomy, and the 
preparat:i.on ~ tbo heart f or byp.aea ditters 1n that both ve-.e ca'V'&.e 

a.re taped-, aa for a normo-thel!!Dlic bypass (.Ba.rnal'd et al.,, 1959)., 
After the: patient has been ~par11:d aed1 the right common t ,~ 
~is cam1w.atea, as tn th& u gs1 vtth a metal catheter of a 
size- adequate to ea:rr,f the arterial. flow, but without cree.ti»g a 

l)'reSS'tll.'e ~nt across the ca~heter f greater than 70 to 100 mms. 
of rcu:r,. (In babies of ualer eighteen months o-f aae these two 

l}l'epara.tory procedU1'88 differed. Yirstl.y ~ it was f()Wl(l that the 

-coomon femoral, the external U1ac and the common lliae arteries 
~ all too small 'tO take a cathoter of adequate internal dia.tnet"er. 
and thus the arter.ts.l catheter was inserted th1'ou.gb. ~e ascending 
ac>rt • with th& tip pointing towards the aortic valve. S&condl.T, 
1n so of these babies., the venaecavanrere not taped. Subsequently, 
b>. these 'cases. a: $1.ngle oatbeter only v e 1.noerted into the atrium 
and 1'ulJ. fl.ow partial bfpase ld.th eoollng carried out eactly as 
1D tbs dogs). 

ftle prepa.ration o£ ·tne U'terial. and venous line-s-. the counection 
of the patient the bJ1ass appua.tus and the co :eheement of the 

bypass are all s-imilar to tb.e tedm1que used in the dogs., ln the 

patients~ however, with the ·e.xceptioii of eome o--f. the bab1e• mentioned 

hove. both venae ea11ae were oa.theterised- thro~ the rlght a.trial. 
appendage (see Figure Ill,. S) and the catheters were secured bJ' means 
Of s. Rommell clamp. In add1.'t1on, aa eoon as bypass is begmi., tb& 

Y81lae ea.val. tapes are tip.ten.eel and. tbe patient"s heart i& completely 
bypassed. At this staee the bypass i.s .t the M.J.. eallbrated f10ir 

rtt:te. fhls cool.1.l'lg on compl.ete bypass 'With "high fl.ov" ates is 

quite ditterent- trom the ted'miq elllployed 1n o-tber cen~,, ee-r& 

1ow / •••• 



iow now partial Dyed. 

iy at-ages o:r ollng. th 

pened and th ;per-a.ti ve ptocodu:re eoi~!.n· 
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ually is 

the heart beg fail . ., ox- ventricular f.ibri.llation occurs • 
.... ::n...c.c,,..·£tl.7 to 'n'l¥!!Vm1 

1. e b nch1al 

collateral. veer.se.Ji.S 
eco pr,,, • .;U;t.&,V'.M. 

th-e cardio and through th defect. In ther c se 

~ the left trium by an.a of 
inserted fJ:om the ri t aide of e 

. n 

• 

~s uc andtn d 

rate thro e b.ypotllemic • unle e f 

facilitate ~ ) the bypass is etopped completeiy. th · t'lOw 1s 

wnaa.ll.y uced to one-third f the cal.culated "full fl wtt., but in 

-oases f (.11.gu:re IV, 2) or two-thirds f he full 

1 used. t this et e, ol.ina is still but t n 

desired level f hypothermia ed. the t ture 1s pt 

or :less const t by all t bload t 01 ther 'thl"<>Ul;h 

the beat ex Ul'11ts Ar through the special line naaein£ t 
be t exchanee unit.a (Figure III. 5) • . aa required.. lov fl.ow 

ret.url11ng i.llto tbs heart, T.la the c ronary sinus and bronebial 

llatera.1&. to enent vher it v. not &.cure the 

o ld d per su:tt ry. At this st 1.t is ~ 
mall in cardiac sucker. s :fl.ow i.e 

ell.owed th coronary s 1 throughout t peration. 
except during actual. tying of tu;re in :trtcul.ar ptal 

d-e:tee-t• pa.tr, whena eomp1 tely relaxed h art 1 • 

d 
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Durb,.g this ,, the rta i cro clamped.. rt . 1 also 
c oe-c pad during surgery n the rt1e val..ve, t or ldthout 

the- use f coronary arterial perlw.d.on. 

1'he details o1 the actual. aurgtcal. procedures peri nted ·m 

these cases will not be dealt with as they 

of this thesia. 

e change-over to wai.,n .ter the commenc nt 0£ ~ 

are perfonned in tbe same .-~ in the dog exper. nt • t eave 
time, · the aim .is to begin ~ the pat.tent about J.O minut s 

before the completion~ the intra.cardiac repair. During rew8.Jllling 

the fl is usually :rapidly increased aga:tn until a .. full 11.ow• 

rate is reached, thereby sb:ort-ening the t quired to rewarm. 
t this s , a 4 of 4 percent aotium icar te, -....ia,.,i:;;,v. 

w1 th an VOL of 50 re nt gl.ucose. i to count ract 
tab lie acidoais pre.sent. 

' 
-oeso:pbaseal t ture reaches between :,2 

'6- de s c , i~ spontan us reversal. to sinus rhythm 

d no cur. el.ectr1o shock d t1brillat1on is oyed and l 
usua.1.J.y ily cc .pllshed, with f ei:cepti. • heart at 

is first rEtsto before the cardi 1fOUn4 is ao pl.etel.y cl.as 
to rmi't deco press-ion f non-beating bee.rt with the card! ~ 

suckers• thus avoiUng over-diste on o£ th rel ed my~ • 

At this ata,g bypass is discontinued. as in nor thtmld.o· bypass, 

Once a.in, in the do • t tient•s bl ala.nc,e 

tima d usi the arterial. nd venou pr, su:re as moniton11n 
pr ference t the e o'f the actual estimate blo lose made •. 

blood def1c1"t ia reple.ced via the arterial thetor. ~ 

quired dose 8 p()l.ybrene • ~ neutrall the h 0in. 1s then 

adtD-'1D1 tered. 

/ ..... 



bleeding ricard.t is appl'O%imated. ..l f: s \ co.xraun1 t1on 
18 m.de be- t enter.tor tin am. the r18ht cheat and 

then the r.l 1 and. r,tght chea d.ra1h 1th theters 

:t cbed to cuu. suction • ~ e s 12nd: 1s closed in 

layers, us1llg wire for the stem 1n adul. ts ca t 1n babies. 

f arter.v catheter 1 mred, the arteri tomy 1s repaired 

vi th a continuous :traumatic 5 6 r.o• black ilk euture,. an 

f1nal.ly the r ht f-emoral wo1lltd is cl.ose4 ~ 

After pletion of the operat:ive eedure, the P3-tient 

is retlu1le to specially equipp cardiac rec wrd. A 

de l.ed t-operatl.ve care routine is institut i.s doue with 

th· .normotbermic cardiop\ll..monary by a cases. ille- tient ia 

,contimlously ~ea.• by a team couisting of a doctor and 

m:J2*8ing ataf'f until 'the ne-xt ming, am then by nursing staff 
alone for up to one week af'ter proc - • Antibiotic therapy 

is instituted tely and restr-ict :fl:uids 

.overn.1 t . lood ~ 18 rep ced. vol 
whole cit ted b1ood sit occurs~ A further 

bicarbonate is also usua.Uy given t thi stage. 
ther c iac . drugs. 

l\ttther details 

f llow up 

{4) 

the pos 

.. • 
details of the techniques used 1n the 

v1l1 be dealt vi th in the appropriate SeeU 

~ _posto :tive plasma nae~~ob1n 

described by C1"0sby (Crosby am • 1956) . 

later 
th thesis. 

ci.al J.nvostigations 

/ ...... 
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e: usi?.¥.t the n - · 1tro1Un nectrode :for Bl.~ pit • the venoua 
oarbott di.oz! saturati.ons ·were meSSIU'ed using the thod of: 

S1.y1te ( Pe-tors aft4 van SJ.ya. 19)2), and the venous 1"3gen 

s turotinns we measured uail'Ag ~he rinkman ref~oto.r"'-• 

Jiavina dealt with the ·thods used 1n these cl.inical oases, 
at of th changes that ocaurred in some parameters during the 
proc - s will .nOIT be diecusseu. !hene will · dealt with 

· r.l.efl.y • with the main object to con:.fiflli the finditlss in the 

dog experiments. 

-the resul.ts obtained 1fJ. 25 pa.ti.en"'ta that coneti tute 

this eri are tabulated 1n Pigt.u:"e IV• l., and t nature of tho 

etual lesione found at peration u eed. P.tgure IV, 21 

1s graph depicting me of the by as d ·tail.sin Oas 1,. G~p 1. 

It can be seen from Flgu.:re IV, l, that the cases have been 

diviiied into two groups (t.Jee page 1:,2).. This was done more 

accurately 

( ) Gmv.n Is !his group incluies a.U the- cases 1n which 

ana eal oorreotion ot the def.ec-"t was poos~ble by 

eurgery. In the 19 cases there 3 deaths (16. 7 
rcent) and thus the diate su.rvival rate us 

8}., pero t. 

death in c ,se 9 was to ry embolus. 
oceurTM on the 9th operattve day,, while the 

tiet1t was being tre-ated :to-r postoperative 6l.1sur1a. 
bu. t was qui to unrel.a:ted to the 0-liguri.a.. Case l.O had 

~racheototll1 peri med -ea:rly in the postap,ratlve , .... 
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od to <leal with excessive bronchial. aecret!ons. 
·iild sepsi.s ensued and tn the l.Oth t-

oper :tive dq a. fistula dev l ·i,ed tween the 

tmcheotooq 'H01md end the d1ast1n'tml. 1'he 
_, tie J. died 24 hours later from 1ltl4eteoted 
air "tamponade. Irt Case 1' mi made 
to correct a calcifio: aortic sten i with 
incompetence and the patient d.1ed 41Ui.?tg sargeey 

'fro aortic incompeten • 

It is thus evid t that none of these deaths 
_e attributable to profound bypo~e:rm1 . a 

definitely unrela.tea. cause of death being present. 
in al.l. three. !his• in conjunation with the a,., 
percent early aurvi.Val rate confima the cpini ~. 
tba't pr~uml eypotherm.ia., mdueed as described.­

ts a aaf,e procedure £or use 1n tienta at i.t 1& 

ind gs. 

{b) _msu U= ~ gmup includes tile 6 eases whBN 

th llat'Ure ot the detect rende . d su.rgl.c-al 

repah impossible by means of th tecbniques 
1n card1a.c StJ:rier'Y availabl.e and used at that 
date. !tm mortality • of course,. 100 percen"t. 

It the 
11 81 a p:te&en<k in case 2 9 5 mw 6, wtq 1hey 

are incl:aded ib this Gl!OU 1n add1t1 !llj 3 oases 

with, •••• 



with .b;Jpoplasia ot the main~ arteries 

are also incl.med. b n for this 1s that_. 
in type of oeae, the compl.e-te coaection 
in i.rlgl operation 18 t poesible. ince 

this was ~ealieed em the pro~ recommen4ed 

b7 Brock • namely a two stage taOr.l"(.~tion -

adopted (Brook, 1959). ttents have been 
subj cted to the f'irst st~ of the proc nre 
with. so far, tttcallen:t result (Oases s and l.6 

in Group I) . 

As with GJ.'OUp I., nozie t the death.a can 
attrl.bu.ted to the tecbniqUce of ~potharmie 

perfusion employed. ~ conati. ted further 
confirmation of the safety of the technique . . 

(2) l.o;t k1iU • 
igure 1V, 2, abOws a typical eumpl.e the va.riation 1n flow 

rat tha't ployed. the patient ..,. cooled using oaloul.at.ed 

"full. fl.ow" w n hypothermic, tile ~1ow was reduced to one-half'. 
~ 1 rate was kept . at thJ. val until shortly aftw rewarming 

had beg\111, en it: was again ~ased to fffull fl.ow" nte. 

!he ac~ full flow rat a and reduced flow rates that were 
used are u.la ted in Figul.'e IV~ 1. In 9 f the pati&nt-s the f'l.ow 
was reduc t bout o.ne--half', in another 9 tu about one-third,. 
in 2 to a.bout two-thirds" in l. to three-quarters. and in 1 to about 
on~ or the full cal.eulat.ed now. during the hypothemic 
phase. In addition, the now was .completel.y switch off in:, 
cases (Case e. Group 1. and Cases , and 6, roup II) . 



In C · · s,, Group I,. althoush th c1rcnlation tms completely 

mr.ttched oft, this did not see to affect the patient adftreely 

ill any~. this con.fume the 1'1.nding 1ft the ~ntal. series, 
that although i.t is preferabli to ta.in a tl.ow duril'Jg hypo~, 
compl.ete ces :tiou of ciraulation is com ti.b1e ·with aum'Val. 
1'his ability to stop circul.ati: n compl.e-tel.y is one o£ th& safety 

i>aett>zs of th teclmique. Should the bypa. appe.ratus fall tor 
any reason while tho patient ia tsypothermic. the bypass can be 

stopped 'to al.1 l:epai.rs to be 

!11 1ow f1 :rates used during the hypothermic phase reduces 

the unt at blood returned to the heart trom the bronchial. 
oollat.e1'8l.s end c<r ona.ry sil1Us to the extent where the return can 
be llandled easily by a smell intracardiac cnrdiotomy sucker. fhis 
is OM of the major advan~ Of protoum bJpothet'mia with 
extra.corporeal circulation. as the operative procedU?"O is perfom.ed 
unhurri.edl.y, in a Virtually bl.oodles field. and. surgery .is thus 
eonsiderabl.y aimplified. 

A *high f ·'* rate is \lSed duril'Jg eoollng and i-e~. This 

increases the irate of heat ~ :and is. in fact, reaporud.ble 
for the ortness of theae periods. In additiont a nhish fl.own 

te during rewarming is probably advarr eoua cause 1>t the 

(3) 

tabolism that s shown t'o occur during this phase 

sperimental aeries vi.th doge. 

: 

~ IV• 2, shows the usual varia:tions thnt occur.r:ed. 1n 

the mid-oe pbageal t , peratu.l:'e during the pr cedurea. ~ degree 

of llnOthermia eIUpl.oyed usually depended on an estimate o:f the 
compl.eld..ty of the repair. !be J. raat nd.d-oesophaaeal temperature 

recorded, .... 
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nv~1Pn.1m length of actual ae c s was 
l.06 minutes ( .JL'•£~&c]L~~ IV• 1) . 

!he fairly r!uei ne indicate tb p:L dty of 
f; ot lesi th1s pro • In 
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that d~ :normoth&mio perfuaiona Of pationttJ in the p,.wt, 
uei.n& the bubb1-e ox,genator. a haeaol:, is figm'e of .a.bOut 
l m1ll1gram plasma ba~in for ea ~e of bypaeo 

was: customa17. In th& (toge it was ehow.n that ~is haemol.Jsia 
became Pl'Osreesively higher as the · rfw.11011 ·was cont.uued.. 

the fimli.ng of a s~milarly hieh haemol.lsis f~ 1n this 
series :further coflfi.rms the op!n1on that the bubble 02;1~tor 

is tbs cauae of this ~ ha81ll0ly-s1.s. and that 80Jlle othu 

OX¥aenator tni&ht be pref'erab-1~ vb.en 12a1ng the techn1que. 

~y for pro1'f.mpd bypo.&$88. 

{8) DI l'!tltm&Jl&$ialt 

These were lUldetofiaken 1a a fev of the oaaee, on arterial 
b1ood pl.m;J. and were measured and reoolNI as 1n tho .dogs 

a-t 38 degrees cenUgmde. 

ftg,lre IV t 2,. is • example ~ a case where pR determina-tione 
wro e. Zt: can be seen tbo.t tl e pH . f the bl taken ~ 
~he and recorded at ,a degrees centigrade ~pped only 

<very slight1.7.. ftie pB of tho blObd taken after the bypass was 

110mal. fh1s was 'tho case w1 th all the timat1ons mad~.. As 

occurred in some ot the dogs1 the patients ~er~ all given a 
awl dose of $Odium bicarbonate duri.?JS rew~. 

It 1s te1t that the only significant ptI rea.dJ.n« 1s the final 

,. taken when llOrmal. body te:nperature is again preeent. fhe 

:tact t tfw3 readiilg is normal indicates two thmga: fi.Nrtly, 

tha-t n Jor distttroance nt acid-b , oqu1Ubr.1um ~s: pl.ace 
an a re.ml.t -~ the procedu:'e and• secondJ.r. tbat the emll dose 

of 80d1 bicarbonate given 18 betief'1cial, apparentl.7~, !h.18 aga!.n 
oollf1n'38 the i'ind.ing in the dog expe-rtmeuta. 

. . 



( 9) !IMlll Oli£b9p P&Pai@: 

P~ IV. 21 indic tes level.a of ous carbon diond 
duri.ng one of pertllstons. This parame-t measured in 
21 of the 25 es. DuriJlg and aftor the 'proce4ure it f'ell to 

percen.t in onlJ 6 of t oaee • 1.n onl_y 1 
these was level bel , ,5 vol: s perce.nt. :vo.raao 

nr1lwtn~ cont 1 l.&vel. waa 47.2 l.ume rcent. mid-bype..s 

level.- 44.,7 volums percent diate t-bypase 
leve1 was 42. 4 volumes pe-rc t. 

0 

the efficiency ofU:le bU'bbl& o~tor in elimina~ c~bon 
dionde has al.ready been ntenti ed. ~ fairly bi.gb. venmio carbon . ' 

di · xi.de levels during the hypothermic pbaoe of t o bypaSeea 
indicates t tabnllslll 1 1ng place in the ·t1 sues. thereby 
producing ear n di zi.de to rep ee t el2m1nated by the 
~ . · · r. flus adds cdDi"irma.t1 to e findina in e dogs 
that e ta.bolls tekee ·pJ.ace, 

emphasises th neoeauty for neint~~ a rtusion thro 
procedure. 

In , ti . final c · di :dde le¥ 1, after b • 

nlatively big It tb.1s is · d 1n conjunctien with 

t: · relatively ;pB. at that time, it indic :te t t minimal 
tabolic acido oc:ou.rs as. a l!estll. t ot the procedure and ·confirms 

this finding 1n the dogs. It c nstttutes a turther advanta.ge 1n 

1ng found hn>othermia £or d.1.fficult cases, l.cmged 

noJ:'lllOthermi.e per1\lsions ar ass cia.ted with eo-r.rence of 

itabolie ac.i.dosi ( 01:tt,- ler and Groves. 1960). 

ted 11'1 2l ·Oft 1gu.:re IV• 2, shows 

C a. hiSh 
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vetlOUS 03gen aatura.Uon that was preee.n; during the hypa.ea 

18 cl.earl.y d trated.. Similar high levels occurred &lr1Dg 

the bypasses 1a st casiis. al1CI. ill 13 of the paUGnta the 1eYel 

was a.bov 70 volumes peroent of ox,ge1h, 

fb1s contims the t!lt4ins in dogs that, nth exce.pt1o.na. 
thQe is littJ.e osygen · demano by the w, during profoum 

b;vpothermia. 

In 8 of · the cases,. however. the 1renou.s ox,~ saturation 
<htring the bypo.ss was bel• 1o ·vo1umes percent" and in3 of these 
it was below 40 itol.umea pe~t. the lowest valw being 33 volumes 
pe ... , . 

_ the bubble- o-~tor fully ~gens.tea the b1o04 paaaltlg 

~ i't. this findi,n£ of low venous ~n eatarat:lc:ma oo.nf.im& 

the &1.ng).e dog expe~intent in whi.ch a ~a:trly high demand for OX3f!JS1 
wae fo\md,. despite th.Et hypothermia. the disturbing facte is 

that these cases cannot be pretlieted.. A perfusion Of at: least 
low :flown o'f o,agenated bl.&od shou:td be maintained through the 

cours& of prof'outld hypothermia, thus, to make ~gen ava.ilabl.e 

in tbe fey cases lfhere tiler& is large demat1d. In addition. 

th1o wou.14. meet the small o~ requirement& normally present 
during b.y thermia. It u, 'further evidence aca1nst the total 

cessation Of ciJ1'.ml,ation., noept 'for short pedode when i"t is 
eseentiel to f'acllitate su:,gery. 

Ul > IIRJ lJel !mt• 
ho caoe. ill this aeries (Case 9 and 14. Group .t). dnelol)ed 

the si&ns o'f acute ~ aeczoeis postoperativel7. Case 9 died 

with a pulmonary embolus (um.-el.ated cause} beroi-e bis renal. feil.ure 

had had a chance either to rec ver o* to boco ~, and. Case 14 
has subsequently inele a complet'e re ·very .. , ..... 
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In the literature to date there i report of e.cmte 
tubt.11.ar nee1'0 . _ oo~ during sueh proc dure (Gerhode, 

o bOm end olm.ston, 1960• a). It was d onst · :tea. m tbe 
xperitnen'ls w.ith dogs that" elt-heugh renal ~ti.on is 

distU'l"bed by tht! proc:edu.re. 1t retuJ.osw :to coutro1 J.ev&l.s d~ ~.and~~. 1mmed.iately atto1"W!lirde. 1"h& 

posai.billty . ensts. of course,, that the renal f~\11"'6' in these 
patients was due to .oome cause th.er then the bypothe1tl11a.., but 

·this cannot be proven. · 

In 120 pr.tor ca.tl48 subjected to normothermic perfusion.a . 
1n Town,, case of this complication occur.red. refore, 
despit the dog ~- tho pooB1bil1tJ' of ·tubu].nr necroa1s 
being a danger Sn thie type of bypo-thermia ~ be cont · plated. 

Further wos :tn this :field is at pre ·ent being und~ It 

is the writel"t:s conVicUon. however. on tbe basis of the 
experimefl'tal work-. tbe.t hypothermia. per ae does not endanger 
the kidney. 

(12} l9JU9JND!tn m..a1u:1 

In these cases. p()S,:topera~ve bl ed1ng was a. re troublesome 
fea~ than it was with 110X'm(.)therm1c bype.oses perfortted inthe 
past_. and , patients bad to be take-n back to the theatre in order 
to contro1 the b1eed!ng. In addition, the 'bleedi.ntJ 1ntbese 5 

Na.so# f'or this is al present still obscure. -and it ta one 
et of prof, un4 eypothonu.a with cardiopulmonary bypass tha't 

sh-oul.d be investigated :further. 

{1') Qaps}.au911,: 

in th& dtscusa.ton of the changes wh1ch took pla-ce durilla' 

the perfustmm in the f1rst 25· cases suhj:ected to profound.. 
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H T P O T H E R M I 0 B Y P .t. S S 0 .t. S E S 

latient / Veight Leaion l!'low Rates 1n ml, Lovut 11114- Duration ot Sex/ qe at operation per minute oeeopbageal B71,aH min, max, temperature 1n ainutee. 
1. P.I. 12 ltg Vmtricular septal 800 1320 19°0 92y p 4 years detect, 
2. S.J'. 15 ltg Tetralogy ot Pallot 600 1600 16,4°0 234 p 8 years with bypoplasia ot 

main pulm,artery and 
branches ,. G,B, 16 ltg Ventricular septal 880 1800 16°0 73 II 4t years detect with pulm, 
hypertension 

4. 4.S, 18 ltg Tetralogy of Pallot, 1000 2100 14,4°0 57 II 8 years Re-op. on ventricular 
saptal detect. 

5. A,T,B, 8 ltg Ideopatbic pulmonary 700 960 24°0 70 P 20 aontha byperteneion 
6. 4.0, 2, kg Tetralogy of Pallot 616 2000 15,3°0 101 II 10 years 

BORMOTHERMIO B T P .t. S S 0 .t. S B S 
1. v.o. 26 ltg Incomplete endocardial 2280 78 p 10 years cushion detect. 
2. B,G, 15 kg Oatiua eecundum atrial 1608 29 II 4t years aeptal defect ,. D.I:. 21 kg Intundibular pulmonary 1896 64 II 8 years atenoeia 

0 0 N T R O L 0 .t. SE s 
1. B.Yan B. Patent ductua 

II 5 years artet1o8118 
2. B,I:, Patent ductua p 9 years arter1o8118 
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sample (number 3) waa taken when tbe thoracic cnv:t ty had 

bec-l'l opened, btlt prior .to commencing the bypa.s.s. at the 

stage v -n the heparin ·was given. Spee en 4 we.a taken b4l.f 

an h\l't.1r after beginning the bypass, epecimen 5 just be.fore 

going off b,ypaos., and apecimen 6 in the pGat,..;.bypasa phase, 

while the chest was being ru.osed. Speeimen 7 was taken one 
hour postope:rati~ly • specilaen 8 a.t 12.00 dnight on the 

d3¥ of surgery, and spocimen 9 at 00 a.m.. the f'ollowing clay. 

In so ea.sen, however. not all. nine specimens were ootaine4. 

In S cases a sp9dmen ns also taken from the pooled 
donor blood used to pr •• .11aEt the bypass apparatu.a. The donor 

blood -f; r all the patien:tu wa.e obtained on the molming of 

oparation.. 

In the 2 control patients,. too VEmous bl.oOtl samp1oo 
(except speei!:Uans 4 and 5) were Obtained at similar times: to 
the bypaoo enaea. Specimens 4 am 5 were taken during the 

actual ropai1· o!' tr.e, pa.tent ductu.s a.l"tcrioaus. 

In all. In'tients, samplea l. and 2 were taken from the 
anterior cu.bital vein• Ql'.hl the remaJ.n1115.r were taken :from 
the c 011 ili.g.c vein t.1r lower 1nf or:Lo1. .. vena. cava, by moans 

of e. polyethyl.ene catheter,. the t:ip of which ttao inserted 

into one o:r these v~SSGln. 

Int.he hypothemio and norm.o-thermic bypaae oases. oom.e 2'5 
percen't glucose was given intravonov4-Jly 11:t th uodium bi.earbona:te, 
between the talcJ.ng o! apooimena 4 and 5.. The av-erage amount of 

glucose given in each ~ the 9 cooes was l#O. 75 g1'3.m.S. N.o potaasinm­
oontainlng 1utiooo W$l."O administered. 

Sertm eorUool mis nmaaured by the Silber-Portor mthod, as 
modified by Peterson ( Petereon. Karrcr and Guerra.. 1957). sel"tlm 

potassium by name rlhotomctry and serUut glucose ns descri.ben by 

Varley (Varley-., 1954}. 

.I ....... 



500 

400 

GLUCOSE300 
mgs per IOO m l 

200 

100 

5 

4·5 
POTASSIUM 

4·0 
fflll/1equ1v11lents per- lit l"t 

3·5 

A S HY 0 0THERMIA -

3.0,~-L.&...-L.&...-L.&...-...... _ ........ _ ......... _ ......... _ ......... _ ......... _ ..... 

60 
CORTISOL

40 

20 
01 __ .....__ ....... _..a...&_ ........ ___ __._.__ ....... ....__......____. ...... __....___. .... 

CONTR.OL CONTROL .6.NAESTHETIC MID £ND ANAESTMETtC ~Sl 

0.Y PR! ONLY BYP.t.!>, OF QHLY OP 
!HOU ANA.ESTMiT IC Pill Al !iYP.\$5 P0$T ONl 

OP(U,. ION !IYP•ss COLDEST &YM.U li«)UA. 

' 

POST 

•• ... .N 
PA_ IMI~ 

..,_OOD 

157 



/58 
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the C a ( • 0

.,. 

the:> no 
G.l:;H.>'-fO • f 6 J • 

"'""'Pl~ duri1'Ig 

thermie cardio­

~--- grltpb ahow1ng 
rrt:rol experimen~s the V :t oecurrea. du.ring t 2 

re t · a.tients were not subjected to card.1 pulmt>?Jaey bypass 
or to bypot • 

not · corres rel.at:ionsb1.ps. 
superim t ;y correspond 1n 

thenscl a. pecitlellS 1. 2, 8 and 9 
exactly he ~ e times in all se • 

11; C 

sociat wi a rise 1n gl:uo ae wxl fal.1 in potas..,... .. -. 
irrespecti f h t..ier hypother , ,.. add or n t,. th 

f th sc values retuming a pre-oper ti level.a 
by the ne s l.V, 4 a;nd 5}. . the glucose. 

l.&vel had al.re ~ commenced b the time spec 4 . takott, 
l · ore :ucooe was admin:S tered, 8?ld. the xtent and 

duraUon tlf the su eguent r:tae was greater than could be 
accounted for on the basis of the .gl ad.~.&.,11,,g 

calral. J.11,M..U.-V:n&ry bypa 8t: 

., kru!u.m (:llf;'l~t.s 1n glucose 

~,u.~ IV., 6) . 

/ ..... 
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t e other hand, the c cted rls in ~1"'llm rtisol. 

tdrl.c curs :ur· ng o r ti· n ( · ore, 1959; 

llSS s, 1960 • P ·, 1960) 

in tht>racot:omy lon (Figure IV• 6) 

o-r!i".l'n'\':t 1n th the r. th C 
' 

..._._. ......... ..,1 .......... ~A,Q,ry bypaase (Fi · rea IV., 4 

ln t e 3 sin ich 
c e le s e 65,. 77, a:rld 

± av £ 77 mgs. pe 

4. 43,. 3. 50 ar1d :,. 71 mEq. per lit • th 

litr. rti 1 l. el.s we , , lS .s and 10 

c-ro 
100 mi. 
pr 

(4) n1ac;usa1m, 

• with an ra&e of 18.6 e per 

i.nd1 te t t 

s n in 1t 

aria ons tha-t .()C(rur:r."8<1 

• 

1mlar • 1957, b) . 

!he ~act tba.t these tvc · th of 

var tion wben thel"m!a 1s. ad cai"dio b as 

f 1ntero tint light of the many pl.ex 

b bt abOut by tbe dee!)O'.'t level of hypothermia. file z-eaeon 

ftr t · similarity wUl. pr<>babl.y y t in t future 

£ in'V'estiga.tora is correlated and the umlerstan4 

of nscquent~ 1Tr0111a 

that • .in re 
J>rGl!'"O\md hypo.tbermia doe t upset patient ' s 

Vl,#1_...,nary, by ss a.l • 

It/ ..... 
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t qs d.nted out t 1at ri.:.la in gJ.u.eose l.evel h · 

lo b f glucoae inister ,. that , 

... 1 

Qf e subse t ri t 
basis rt the 

duo to di.mini 

t C ntroJ. s by the next dazy incli.c t that the upset 

1n glucos :t poro;ry event ~s not harfnful. 

e_ that ccurred regular~ 

_..,.,.,.....,....,. bypa..'lOOS is fe1t to be 

a :ft o cel.l.s, without tual 

1osa f: m the body, as the l returns towards ntrol 

:y e next d~, 'ldt :t t dminls t1on f ta.as± 
cont .. lutj.ons. In £ ct:, 111 t e t, an increase in 

n~\'.Y'T. muscl.e· pOtas :um has been n.strated during surface 

hypothernwl. (Spurr Barlo.w, 1959; Beavers .• 1959, 
). 

1111 e in corti 1 in 

(~ IV 1 6) is aa expected (f,too 

Fell::kal~tm, l.960). In the normotlle 

ri t ( IV, 5}. 
rk. h 1.oo. using · 

con 
• 1959; 
ic by 

fincl 

·ti ? 'found oisnifioarrt ri .. 

tba t 

1 ex.pori nts 
el.l. &t ai. 19601 

cases a similar 
eolitllct w1 th 

tbod of 

'f this· 1e .. 

t :t occurred dur.J.ng and · 

t 
al 

r the prc,.:toll!ld by 

t took p ce with 

cbat1ge in cort.1 l 
~.L'lll.&.C• by 8 

b e • d~ in :th oic 

Egdabl. and his co-w rs ;v 

in the mi.nut cortieotd ou J>Ut in · na1 Vi bl 1rt tb 

do dur su.rfae induced hypothermia down to between 28· Md 25 

dlgreea / •••• 



degree centignde. hy con.cll¥le from this that the oorUco1d 

respotlSe to t doe not occur in bypothemia {Egdahl., Bel.eon 

and Hume. 1955). llernhard quentl.y t t periphet:al 

blOOd corticoicl l ivels (an indication of the tissue ho_mone 

envil'otlmimt) did not fa.11,. but actually rose or remained the 

eame ,, during imll. bypotbermic xperilX»nts in dogs in 2 

human up conc1ud a. therefore. that rise in 

peripheral. cortJ.c id le 1a d'a:t'ing eypothet.mia due t 
reduced tabolic breakdown ot tbese steroid ~ rather than i;o an 

increased adrenal outpttt (l1enihardt • anong and. Lenuiban1 

1956)~ 

ear1rJg in mind t:bat re is a di.ff rence between surface 

induced hy t and t:l t ... ·. --- by means o-f enra.«>rpGNal. 
circuit, work~ these m · st1 ;tors eugg sts t t., d spite the 
similarity 1n the abne results for oorticoid level.a, different 

J:DeOhaniams · t play 1n producing th-e increased J.evels in the 

peripbel"al. blood during the h;,pothermic nnaoses on the one hand, 
and the normothermic bypasses t other. :&: ul · t.e effect 
.1a, never-tbele , to produce a r 0 tiasu h euviromnent• 

in th gJ!QUpe f Ca.ae 

(5) 99Mlwf! ope i 

fhe o nc.lusions 01'18 can draw bo these roeults are oXlly 

~ve. I is alxoad.y abundantly clear t th waan bOdy 

can stand t insul.t of Pl"O:found eypotherm:18 and return to n~ .............. 

Is lt not ble that the dy able in way strike a 

new balance, e.s curs he.re• t th1a 1s y basis of 

the satety a tecbJJ.ique which, at fi:ret glance. ppeal"S ~ be 

-extremely ouo? 

, ...... 
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1?he rise that takes place in the gl.ucose level in fe1t t.o 

in41caw d:Jminished utilisation and storage of' thi ubstanc. 

the ~all ·in potassium 1s fel.t to- be du1!t to a shift into the cells 

during the procedure, nth a subsequent return 

the plasma after the bypaso~ 

rise in the serum cortisol" espite evidence that 

?qpothermia "diminishes the output 'of tilis sutiste.nc ( ~ et 

al. 1955)., .is ap :tl.y due to reduced tabollc breakdown. 

Utile doubt that ~ further .investigations 

aw Jar to the ab:>ve will have to be undertaken in vari.ous 

p.u.-ameters during pro~ound hypothermia, before tlle ti.mate 

of a te umleratandillg of the pr fouodl.y hypo . rm.ie 

can be ttained. 
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In [DeJ:uding this study f profound hypothermia \dtli 

extracorporeal. eircmlat.1 n and the bubble rage tor, wi 

pecial reference to its application in cardiac g,.xrger:,, it is 

ttt to quote very pt ta~s · nt]s de by 

Gol.lan. a pj.on in this field Of bypotha • 

co 1cti n that hypothe f" O degrees 

D.BU,ma.JW if adequa perfusion of 

the vital. o.r88lllJ is maintained ••• ••• However. as 

-~ as ne was for ed to ly the bJ the · c 

heart of the 8ll1mal or pa.Uent to prOVide adequate 

perfusi ns, tl procedure still compassed the 

limitati ms of sur1a.Qe cooling. Only by making 

the Circula.t1 · and qg ;ti ~ of b1o 

independent 01" the baem.o4ynam1c cb.ange · f 1nduc 

by the · has the arrier to the rate• de 

d tion o£ cool1ng ot large animals b ed •·••• 

During e la.et decade, the methoel of total. body 

pe~J8ion bas perfected to such a degree that 

bl.ems t teohnical~ wt pbys.ioJ.i 1.cal 

in nature. Any t available p _7.9.gmaa,;c>rs 

can be justed o.l and the d.rcula.t.ing 

bl00d. 1t 

in/ •••• 



In bis exper:1tm.ce tt!he observed absence f carbOn 
d1 ade and pi effect on the cardie.c funcUon of rfused . 

s a.'I tern tu:res removes 1m tanc Of e1ectrolyte 

chanaes from eerioue consideration.• 111 addition. no-r all. the 

tac.tors studied, adequate am onns t perfusion the Vital 

organs w1 th ,:tty; ted bl 18 the 'conditio sine qua non• 
for sarvival f d s :dter. coollng ••• and :r~ ••• .-. 

xcept fr a sufficient so. p1J' of to the cells at all 
times, all other factors- of condary ce •••• 
!hus all attempts to achieve a mor faacinating · oophieticat.ed 

xplanation of th reeuecitation. of doge £ro deep therm.is. 

by in h rmonas,. eloctrol.yt a. carb n di xido and 

Viscosity, have failed." l. that i ne is a oircu.lnti 

to deli er O"r3gen to the tissue (Oollan. 1959) . 

Bo true these stn.tements have been to · , n -t o.nl.y 

by t-he rk pres tod inthis tbesi. u.t al.so by rec t reports 
1n the literature (oee Chapter- II, oti.on 0}! In addition. 

these statements hold true :n t only f r t al :for 

human patie.nta subj o-t:ed to cardiac 

. 
direct gical. intenention in the heart 

ace the , Olf1n& to the t&d 

heart. could only' be used for aimplo defects 
consuming. h the C heart-J.ung QypaB 

complex defects - eopeciall.y th e . :her h · fl.ow rates 

used causea large coronary and br. n.chial return to the liaart .. 

... ~-... ... ed di.ffi_e t, as did surgery f the rtic valve rd.th the 

,..,.....,_..., artery pcrfus~ • 

oircul.ation ap to be he tv-.,.._ 

l1m1 ted litentl.u: ill this i"iel.d sup rt 

t / •••• 
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:t t ' it t.it t "profi und t:hemia ill man 

bring tl ir,g new advances in e tre :tment of 
. ease ... {Coo~r. 1960), t studio"' pre ontcd in th·_ 

thode of illduc!ng proi'otmd thermia in as ciatian ttith 

the bubble oxygenator. an apparently aa:tl.sfactory thod was 
evo~ ed by inco attrJ& the Be.tmingt . heat exc:ll.ang un.it 

in t arterial line at the ib!J oxy. 

the U..'!J f a.u.to.gan.ous O.J;Ygenation dth c a bypass 

(Drew et al, J..959, a a13d b; Shields .and , 1959). lt uae 

tea,ed experlnmltall.¥ (!erblsnohe · and Barnard, 1960) but the 

tecbn:lque inc ati.ng an arti:tie.ia.l. oxygenator peare4 to 
feoJ.ina be be"tter, tho llteratut:e tended to conf 

( see Chapter II, cti 0) . 

~ tbe bubble OXJ'Bm'1ator was rea,q - trinl.. It was 01Fident 
that this surgical. tecbnique for proVifl8 e operati?e cmd.1 Uons 
1n the heart :t evoke response in th.er or s, hich cou.1d 
detriment.al.~ a souttd lgu)w.ledg o_t sueh co c mi~ J.'SSJ.) 

eemed essential.. QnJ.y Uthe bme:fieia.l ef!ects could be sno,m 

to ou:tl.~igh o.ny dangareus reap e t th1a technique 

be justi.fied. It as thereforo t on1z n ceas stlld.g the 

tecb:nical cts of tho b t al.GO atud3 the part 
played by .... t l: . t soroo of" the 1ab1 a 

tff ./ •••• 
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"term safety t the · J;)plica.t1on of this techuique. For this 
, additional studies were undertaken 1n at.id. 

when the t chnique was e-wentually applied pa.t1entst studies 
were also undertaken in them. 

b resul.ts of the experimental : stigations alld the 
aubaequent clinical appllcat.i i.ndic ted t the th.od 
is technicaJ.ly satisfactory. 

rate demonstrated both in the :'>sand in patients subjected 
to the procedure. and the deaths which occurred .-ere unrelated 
to the ap,pllcatlOl'l of proi'ound hypothermia.. Al.though its 

of 40Gs and f man, the s are ptly reversed 
~. a:nd the rever is ta:S Md imz:~. ~.le.ii-ely after th: ... 
procedure. An example is seen in the gros 
t place in renal functi n ,and, whi a.re 

alterati o which 
mptly reversed with 

e small re uiremem t e y ~ r rs. dur:l. profound 
}qpothermia than adequately t by t n itt us ~ 
oxygena t bl 0d, am. in se cases in which thi ~q · · nt 1s 
greater than expected. suf'f'i.cient oxygen is still. avai.la.bl.e. 
Only minimal tabolie upset occurs, and "tale slight metabOllc 
aoidosi.s present after the p cedure is a.sily counteracted by 
the a.dmilJiatra n of a small t o:r aodi bic bo te durillg 
Nlml'ltnlltg.. A disti t aafety margin is ed to cordiopulmOna:ry 



bypass by 'the addition of profound ~. In these 
~tances. both doge a..1\d .man can fml'"Viv without circulo:tAon 
for at least a llmited period of time, and 1n the event of some 
mishap, the machine can be stopped whi1e the trou.bL la attended. 

to and rectified. Lan&er pertusionn beco sa:fe. !ehis is 

endeneed b3' the hypothermic dot;'e in mich th ee JXt.""01one.ed. 

pertusi..ona are, associated w:f:.th a eood survival, despite the 

well-known fact that normothemio ti ns s perl'usion n~dously 

badJ.N. 
the .18'f flow rates ued in tho pi_tient safo as ·the 

Useuos are protected by ~hemia.. ~ na~nute 
pedusions, . eever,, such. l..ow fl. tea dang us. ~ 
safety is demonstrated by the~ venous %;{(!1J'fl. tu.ration 
usuaU:y present durins b J;)l'Oeedure by tho Sood snl'VJ.va.1. 

rate. In ition, uuii.ng ~ine, a higher dei:nand for 
oqgen :I.a pre tin the -tissuea., high fl.ow" rates are again 

p1oyed. · 

.Although ven.trici:tlar ~ibrillntion (one a£. th most dreaded 

hazards of surface imueted hyp)tbermia) oecurt:h i.t is no longer 

a danger but is an advantage aud · eaaUy rev~cd,. In add1Uon., 
this method f ~ · a qu.1e:t heart ie er than chemical 

arrest. ~en .etnboJ.1sm ta not a probl.em. desp1.te the pl.cciJtg 

of the heat ~ in tbc ~ line of the a .... ~tus 
~ 1d.thout using a. bubble tmp. ~ flnal. 

demonstration of its aa.i'et.y 18 the ~e .clinical applioatton 
of this teolmique which 1uw been dcsorib ., 

The ted:mique discussed bas matl;T :advr.mtoeen:.. Orie 0£ 1ta 
IDQjor advant :bOve. !be: ruiditto-1. 



·· ~ty mrurttt.n Tnl'.'IP.rumt when 

. ..,_.u,..r.1.aa.%71 bY[8tts 1 cle 

1 technic 
. i'te complete cea t1on o~ cir 

minUte • while the apparatus • the 
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d to 
the .· g 

th OJ'Pl 

1a one of the 

tho- v 4 portan.t ad"Vantage ia the fact that urgery 

facilitated by t qui t heart and tiv ly 

b odl.eaB fiold produ-ced. andt roqm.red, the circu.lation 

can be completely ew1tched of'Z fir a wile, eJ.y .. 

at of l eat e:x:chari.ge is veey o:rfwient and oooling 
rm~mutt:t are rapid• when :pared t1ith olil'lg. 

s are eaaily att · ned T!Jl. t . :r: idi ty 0£ cooling 

, ... 1 ......... IJ.-=- is fn.c:Uita by the ~ no 11 
... tea used during 

-the a. In widi ti.on-. tb bubble oxyge tor is sh<hm to 

,e.tf'icient during profound hypothermia by the istenUy high 
arterial. o:qg l.e"'l'el.s present t the bypa.sse 

ve tricu.lar :f1br.Ulnti t t en.a dvnntage. 

not dis tsBe. as qu.1 t bear-t produced f'a.oill.tate 

sar, 1:7• 

Ano r jor advant ia the t perature ont produced 

during this thod Of bl.OOd etre oll.!r'~1 and 1t const.itutos 

the basis ~ t e auceeos of t technique. with the 
r.l.cbest bl pply * mid hence with the 

activity, ol.ed th,e quickest. 

suppl.led vith on adequate fl. . ~ 0%3'gena.t 

C 'r o1inio1 a c n.f:L enoo in the adv es at' thio 

tecbniq is d onotm.ted by its ear1y cllni 't pllcat! . 

co co was borne out b the results. 
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A diatu:rt31ng feature !.n both the d experiments a.al 1n 

t cl1n:1cal. cases i.s the high l.ysi :t bl od corpuscles 

_.,~ i obse ~his is fel. t be due the bubble 

oz.yg · tor itself and it extent ie. lated t t'ho lensth of time: 

of bn:ass,, usually in the relati.onship of l. • of ...-~-

ha obin esent :for- each minute of ey 
.11a11moJ.¥a.18 d.o not appear to be present int.he o r reported 

eries, it poaaib1y indication ther xyge · tar 

sh uld e used when inducing profound by thel"i ith On the 

r halld • t e ubbl.o genat r t.a een sh to highly 

fficien.t and usetu.1., -: . , ·· the tiont , the hae lysia has 

not end red ll£ • lt retent1on in the circmit miSbt, thus 

rell b justified. 

tein 1a. t ca durinB 

revar is not qU.ite cl.ear. but e possibility of this being 

an indioatio o:r renal. dama shoul.d be me in • ln the 

vr.iter s o.pinion, however, proteinuria per so is ~ necessarily 

indicati n f~ renal 1g0, and, n r function 

studies porfonned returnee to t ues n rownrming" it 

£elt t e kidney. 

O.t.. tho fir t 25 JQt.ient;.;:. devc1oped ollguria toperatlve.ty. 

e t re n or t rema1 na ertai.n may ell be due to 

so f'a.ctor unrelated to the profot.md h7Pothermia. H wever, the 

sibilit,y that is might b da.ngo sh u.ld not be 1.Gnor d-. 

first d O experiment, it as d · on trated that o 

long a peri t ta.! eessa.tio?l f circ tion :uri~ prof aund 

hypothermia. causes ~o~slbl.s Oba ea in the tissues. Thus" 

t definite indication is bt d e sa;te length 

of circnl.atory ocolusion at d1.ffere t t tur # t t!1l cessation 

of c1rcula.ti nl.y l ,r. tie.1 to taei.litate 



173 

In i,allen • an 1ncrea8 1ncid ce of t perat:lv 

bl note , but t igm.f 1ca.n.ee of this is not yet 

e1l.ear .. Althougb the length of tilll of peri'uaion 1e increased 

by the coollrlg ~. thia di. vant can be lessened 

1a .· .portance by carei'ul planntne. 

As it 1s fel.t that: no jor d1 adVant · shave ae yet 
shown• the continued us of this t chnique is justified. 

fhe alternative to the techn1q1.1e tor pioducing profound 

hypotherud 4escr1bed in this the is 1-s autogenous oxygona.tiC?Jl., 
The latter has been bri tty discussed and th ~stion is: d 

t findings im.ic te that the use r the thod 1ncorporat12:Jg 

an artit1ctal. oqgenator 1e prefera.b1e tot use of autogea.oU8 

genat10tl.? 

One o'f the j r advMtages fir autogenous org ti.on 

.is that the beat. oxygenator avallabL (i •• the patie t•s own. 

lUJJgs) is In the · sent study,, how r, t great 
fficuney o.t tbe bubble oxygenate> is cl.e rly ehown. 

It ha been demonstra that lim . our in 

th tisau. 8 even du:ring Jf found bypo~herm1a. fhe rvidence tor 
thi& 18 tb presence o~ an arterio-venoua oxygen dift'erenc, 

.high venous carbon dioltide content, and en arterio-venous carbon 
di xide dif~erenc durlng profound bypt.)t • mil.4 tabollc 

cidosie iclt is pre.sent .after the procedure is further evidenceec 

In i£ the patients ani d<>gs, more marked metab 11am th«n 

expect ooeurred. Tiles factors indicate that :t lea.st 10 fl.ows 

f azs nated bl.ood are desirabl.e duri.ng profound hy tberm1a. 
n the autogenoue oxygenation techn1que 1s pl.oy d, howev"Ol". 

/ ..... 
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.re:.ml:t of the multiple cannulat-1ons necessary. the 

circulation is \lS\lall,1 stopped completely to taoilita.te Sllrgerg., 

total cessation of circulation S'Spresmts one ot the major 
h~ of thif.J method of pro4u.ci1Jg pro.foun:l hypothermia. two 

further point.a dEl?lonstrated in the dOa experiments ale<> 1n41.c.ate 

tba.-t total cessa'tioa. ot circula:tion lili,gbt be dangerous. Die 
firs:t is that the bn.in tempt"-nitui'o tDaN" lag a littl.e beb1n4 the 

ud.d-oeso-pflagea.l at time',e_. tbereb;r indicating that o ~Uon of 

e1rcula.t1on a't fairl.y hieb t per tul'es miSbt be a danger. ~ 

aeoona. mt 1& that too~ periad ot euspended eii-culatton 

cl(ll!Uit.el.y produces ir~rsibl.e obatlges in 'the tissues:, md thi-s 

.is clearly abown o, the first dog aXpertmellt . Despite the claiins 

of worken such as Gordon. that they mow the- artibrtu'y times 
of sate ocoluaion (Gordon et a1. 1960, a). uork is 
necessary b t'ore a definite imU.cation of the sat'e length of' time 

of cirCtl.lato17 oocl'U&ion at 41ffeent temperature& can be attained. 

!beae points alone Ul41cate that the te niq_ue described in 
this th.eats. with the maintenance ·.tat le .t low flow rates of 

xygenated bl.ood dvril'l8 so.rger.y,. is preferable to the autogenous 
oxygenation technique• 

fhera is no doubt that. hy tile introduction of profou.m 
~hermia m a homeothom,. a new nmilleu inteieu.r* is promeea. •. 
flt& var.tations that~ :l.nthe f'e.w. pa.rametern studied in thul 
thesis are stl'oll8 1ndioa.t14n for further investigation al(mg 

si mi l.a.r J.irle. by vcn.-lters tn many branchee ot science an.a medie:ine 

tbrougb lllt the 1t0rld. It ia only 111 thi llfJ8 that an in.or&aae· in 

the knowledge• and ultimately the compl.e't safety of the appllcatlan 
f the tecbm._que in m8ll1, w1ll be attained. 
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c rtain ot the tudiea di rtt particular metiti • 

as the pllcations ~ th Qba»&ee found are t t. certain. 

se clud th progressive fall 1n b1ood pressure that ecnre 

vi ling. and the alterati t takes place in e blood 

...-~ .. "" during th procedure. .A. a1m1lar detailed tudy of the 

naemodynam.1o cba.nges 1s indicated t those tba.t have been 

undertaken with .no thorm.tc b1pasa {Sanger t al• l.960). 

fall in s.erum t sium and. r1so. in serum glucos that takes 

place durin& the pr cedure will al.so on1y fully \U'.tderstood 

in the ture a reso.lt of ~ inVe tigation. It ws 
also 1nted ut that the apparent rise in peril)he-ral serwn 

cortiso1 may be an indication o~ a new bal.a.nee be1%JB stnck 

by the body counter the ~ in the internal e n-t. 

!be var. ti t t occur- 1n renal funeti co titu.te very 

interesting aspect of th!a study. pr<>tein~ia that auea 

vi ctive :revarmirlg ou bypass ia et that dei'initel.y 

requires f'U..rther inve-ati :tion. b pparent bl.ockage bf the 

ld t the eyme sys reaponsi ~e for cti.ve tubul.ar 

trans rt 1n the ld.dne7s promise& 'to th opening 1n new 

fiel.d f -re 1n reno.l physi.ol · • and further study in 

thi& field 1& at PJ"esent being umerteken. 

etailed invosti&ati 

the length of time of safe 

occlusion 

are t Pl"Oeellt eva:Ue.ble 

pll1: tion ~ circul.atory 

l.y, a study of ,P?"ofOund hfpothe _ a induced emoily as 

de :ri in tb1a t sis 18 required.,but ld.th th use of an ther 

artlii.cial z;ypm:t r t if lese ned bl destmction 

would occur-.. 
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well-known bro t rs 
t is co irmed., f this 1s the ill.it1a.l 

owing of the art rate and th 

fibY.i.llati 

baequ Of ventricu.la.r 

low mid-oe phageal temperature d Mtra't&J: to b &. 

fu.l d sufi'icien.tly curat lfl.ide t the Vital n'Nmn 

rectal 
t is 

• unpredic wide tion cura in 

...--,-re.ture, foll.Olting 

~-· d nstre.ted 

,n .... -.. •. ,, ... ftlS e a rule • 

.Am.1oe-J'll.-t:tlft'! • AJ. th.o tbe-

Sll01it6 to be :fairly 

per :ture .. 
id rably 

octal tempera.tu. t and ·an 
er cooling 1s di contjnued. 

aoa;age:a that occur 
o.emonot ted to be 

n:u-m,~ters foll 

de to vital 
y 

ter rop" 

during n t rmic 

~-rular :tilt:ratiO.n 
renal tubules. A 

cur during bypass with 

of tubular function 

a transient increase 
l • b quent 

closely. Bew~ ptl.y reverses all. these cban8e ., 
ver 1 · Sni,CI· , ••• ue~ 11mneicuatel7 ter the oed • 

e1nuria .1 present d.uritlg ind 1 nnance rf 

~rm1a. but with re1rar.mu~, proteimlria im!aedtat-el.¥ 

a/ .... . . 
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A pro£!"98Sive dro» in blood pressure occurs wi'th ooo11tig, 
4e p1te a constant flow perfasion rate. and this arop u fe1t 
to be due to the tntwp.l.lQ' of many f · rs. the •et J.mpartant 

of vhich ie an al.tered autonomic response. A eb.lft of bleod 
occurs ato the aop on cooling w1 th •b1gb now• rate • amt this 
is fel.t to be due to pooling ot bl.oocl in ceriain tut-sues on 

account of the~ nervous BY' t pa1'alya.18 which enaues. 
At J.eaat some metabolism takes place 1n the tts:suee during 

profound hypothermia., with an unpredictabl.y BJ:'8S.t:er demand being 

present: in sarae cases-.- !he metabolim is mrkedl.y 1.nereased. d.ur.tmg 

rewam1ng and the pOSaibility of thio increase being due 'JO 
pooling at bl.ood in car~ t1.&cues is mentioned. the necessity 
for a4mnistering snall doeeD of sodium bicarbonote during 
~. to C01mteract the mild metabolic ·acidoeis that occurs, 
is demmmtratoo.. !he changes 1D. the ~onous pressure, and in tl'l8 

sodium and chloride level.a in the plasma I are no:t s1gnif 10tm,t, ad 

no fu.rther inVesltptiona are 1'e1t to be nee ssa:r., here. 
,, 

fhe 1~ perfns1ons in, the clin1cal. caae are felt to- be 

s ~di.cation ot the ccu11plexltJ' . Of the 1es1ons taokled 1nth1a 
series. . the rie& \bat: OCC1lr8 in the serwa. glue4se l.ev-el. with 
the 1.Dducti.on Of. flll)Otbermia is fel.t to indicate dimhtished 

utilisati-on am storage. and the fall 111 potas~i• level is f'el"t 
to be 4ue to a shift of th1e 1.on into the body eel le ~ not, to 
a loq:& of potassium f'Jiom tbe body. fM rise that OOC'tU"B in se~ 
cortisol. 1e apparentl.y due to an .even greater reduct1Bn ·of the­

metabolic bmakdDtrn ot this substance than the reduction of 011tpdt. 

iJ9iIOI· i - 9PH9i9&91. 
thus, the teohnique: o~ 1nducing p,:rofound hypether.fld.a with 

extraeorporeal ¢.rcu1at1on developed in .. the la.bOm.tory • has been 

shown to 1Je safe and useful ai.a in c iac surget'J', by its 
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succesefu1 cl.inical appll· . t1ont 011 · qll8llt t experimental 

tion. JJ. though the t qoo ta y t in i.ts i:nfance• 
•t11e er f patient bject to p hypOthermia 1e 

all" ( per, 1960) ~ it will n longer " years bofore 
can sd'el.y et er between the first e.r enthuat 

and over-biased inhibltGry naervatim" as the :tbusiaam of 

the pioneers ha& een ehown to be fully w :ted. Thus a 
and vet"y era in cardiac surgei," has est bl.ishad itself. 

spite this, many un:tmown facto st111 remain be clarified 

when man is rendered prO'foundly by thermie~ am. the ~il'la.1- prco!: 

f the ty of the a.pplic t1' of e tecbnique. v.111 co Onl.J' 
be detail know1edge of e physiology of pro~ound hyp()thermia 

is attained. ft1s will b& ed. by the colleo-Uon at the 

l"8aults of the efforts of wor rs in many branc s f science and 

medicine tb.rOughout tne, world ._. 
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SOM M. A Y. 

In this thesis it baa been attempted to shotr that profound 
hJ'.pt,tbermia. with extracorporeal. c1rculat1on, using the bubble 

O'Q fta:tor., is a safe and useful. aid :for cardiac surge27.< 

In revieving the Uteratul!"e, th historic-al. asl)eOte are 
mntiollod ~U-S"t, theD the advances made in the field of 
b,pothermia. in the l.ast decade :and,. finally. the variOU:S recent 
aspecta of profound hypothe1'mia nported disCUDSed. 

the work 1a diVided into t\fO secUoll:h, the first eons1ets 

of the experimental. 1nveot.igat1.ons ue dop, and the second. 
lbe clin:fcal ppllcat.10:n of the technique 4 eloped during the 
ezper: Gt ., 

:rh& devel.Opnent 1n tile l.aborato17 of 't technique of' inducing 

~ound hypothermia. us.h)g the bubble oxrsenator, is described­

and the .material.• apparatus Md methods us«i. and the reaul.te 

ob"to.iliecl in the dog .expc-rimente~ are discussed 1n detail. !be 

temperature gradients that were present t31J.d the variations in 

renal aw tabolio -tuutions that occurred am esorl.befl 
aapare.tely. 

!be initial. clldeal. appUcntion or this ucbn.ique to cardiae 
surg~17 is presented, Or1ce again the ~erial• apparatus and 

Ulethode used. am the x-efflllte obtoined n'th patients1: are diseusaed 
I 

in detail. An .investigation of the pl.a corti&Gl. pcta.ssium 
and glucose level.a dv19g and after the procedure .is descri.bed 
separately. 

In the final section. ad ta1~4 swnme.17 f the aipUicant 
r1ndinge o.nd conc11181ona 1s pres~nted. It is pointed out 'that the 

tecllniq is tecbtticaU.y satisfactory, 1s e. has ina.t'l1 advantages 

and/ •••• 
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and is preferable 
Al.: the-re appear to be e, it io smnm 

that no jor ones ex.1st. In add.lti • tb lines al.one IChioh 

tu:re research should proceed are itldicated. d the ditional 

interesting observations de during th course of the s~dy 

are ~pOrted. 
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