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OF THOSE PATIENTS who have an mtraeramal haemorrhage from an aneurysm, 
approximately half survave Of the surwvors, appl oxlmately one thxrd are neuro- 
logmally well It is always possible, and indeed piobable, that haemorrhage from 
the anOurysm wdl recur m a surwvor It is f, 
mlhal mtracramal haemorrhage w~th httle or 
an w h o m  an a n e u r y s m  as d i s c o v e r e d  m m d e n t  

exammatmn, that advanced measures of treat~ 
Many neurosurgeons prefer to wrap the an, 

some place a clip precisely about the ba, 
trapping or reduetmn of the flow by carotid 
tuque of reduced hypotensmn for the actual 
as hazardous because of poor tissue perfumq 
that, during the period of reduced hypoten 

)l patmnts who have smvwed their 
m neurological deficit, and for those 
ally during a complete neurologteal 
aent have been devised 
mrysm m muscle, plastics, or fascia, 
,e, and others attempt permanent 
hgatmn Many surgeons use a tech- 
permd of repaar, but thas teehmque 
m due to hypotensmn Some think 
,ran, the body should be protected 

against reduced hssue perfusmn by apphcahon of moderate surface hypothermm 
Of the many methods used m the treatment ot aneurysms of cerebral vessels, 

none is as controversial as hypothermla The ipnmary oblechve of hypothermla is 
protection of vital cerebral structures from hypo~la during the period of repmr 
of the aneurysm By reducing their oxygen consumption, vlablhty of tissues is 
preserved during a period of dummshed oxygen supply The choice of techmque 
of hypothermaa must be predicated on the skill and dexterity of the surgeon 
The surgeon should utilize that teehmque whmh best serves his surgical skill 
for the treatment of a specific aneurysm at a spemfic locatmn consadered m the 
light of the patmnt's neurological status and prognoms 

In the early 1950's, when surface hypothermm or hypotensmn, or both, were 
utlhzed at the Mayo Chine, it became evident that, in a number of patmnts, 
neurological deflmts developed as a result of' the operahve procedure The time 
required to repam the aneurysm often exceeded the safe period ,of 8 to 12 
minutes mthout carculatmn affolded by surface hypothermm of 29 ~ to 30 ~ C 
With this an mind, we began to, look for olIlher methods of treatment of these 
patmnts 

TECHNIQUES OF PROFOUND HYPOTHERMIA 

The primary oblectwe of profound hypolEherm a is the l eductlon of oxygen 
consumption to a level such that prolonged periods-30 minutes or more-of  
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Indaeatlons for the use, of complete circulatory arrest may be maposed sa~?ely i 
profound hypothermla m the treatment of mtraceamal aneurysms vary wath each 
surgeon In general, they are 1 (1) multaple ane~ys~s with involvement of pne 
or both carotid arteries, (2) large, broad-based aneurysms winch appear to be 
repairable easdy only by collapsmg the sac, (3) anticipated difficult exposure 
~uad mcreased risk of rupture, (4) anomalou~ vascular configuration m the 
central nervous system 

At the Mayo Chine, since 1960, three methods I hav~ been used for the pro~uc- 
laon of profound hypothermm These are the Drew techmque, the closed-c!aest 
techmque, and isolated cerebral perfuslon 

Drew Method 

The Drew technique, or open-chest techmque, ~ hons~tsts of substituting two 
pumps for the heart whde the patient's lungs are acting as the oxygenator During 
1960 and 1961, we utd~zed the Drew technique m 

Anaesthesm usually was reduced by means of a 
such as halothane or cyclopropane Parenterally ad 

18 surgical procedures a~ 
fast actang inhalation agent 
ministered agents were, not 

used because we dad not know the fate and duration c~f actaon of intravenous d~gs  
m the presence of profound hypotherrma No prer~edieatlon was given for the 
same reason Everything possible was done to mmlgalze coughing and straining 
durmg induction of anaesthesm i 

After Induction of anaesthesm and posxtaonmg of ~he pataent on the operating 
table, dewces to monitor arterml pressure, venous pressure, oesophageal tempera- 
ture, and electroencephalogram were attached and protectave devices to guard 
against dlslodgang of the endotracheal tube and mo~ltormg equipment wer e set 
up Anaesthesm was maintained with 0 5 to 1 per c~nt halothane m a mixture of 
mtrous orade and oxygen (3 2) flowing at 5 htres per minute m a semi-closed- 
circle absorbing system Resptratlon was controlledlby the depth of anaesthesm 
and hyperventalatlon by means of a mechamcal ventilator 

In tins double operation, while the cramotomy was being performed by the 
neurosurglcal team, the cardiovascular team perfor~ned the median sternotomy 
and prepared the inguinal region for the arterml c~nnulataon Then the patient 
was hepanmzed with 90 mg of heparm per squar~ metre of body surface, and 
cannulatlon was completed 

To begin the perfuslon, blood from the left atrmm was pumped through a iheat 
I 

exchanger into the external dlac artery (Fig 1, nghl:) Perfuslon and coohng I was 
accomphshed utlhzmg flows from the perfuslon app~tratus of 2 5 htres per minute 
per square metre of body surface When the right 
catmg right ventncular failure m response to the cc 
right atrmm and pumped into the pulmonary art, 
oesophageal temperature of 15 ~ C was reache~ 

trial pressure increased, mdl- 
ld, blood was taken fror~ the 
~ry (, Fig 1, left) Whela an 

after periods of perf~lslon 
ranging from 13 to 28 minutes, 4 periods of complete~ ctrculatory arrest or peJrlods 
of low flow (less than 1 0 L per mm per M 2) were reduced, during winch the 
aneurysm was repatred After testing the repair at Varyang rates of flow of blood, 
rewarmmg was mstatuted by heating the blood pas,;mg through the heat exqhan- 
ger A gradient of 12 ~ C was always maintained between the blood leavmg the 

I 
i 
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Fm~r~E 1 Cmrculatmn m the Drew (open-chest) perfusmn for profound hypothermla 
(Reproduced with permlssmn from TnrmY, H R, JR, DAw, E F,  & MICtlENFELDE~, 
J D Hypothermm by Extracorporeal C~reulatmn for Neuro,,urgery An Anesthetic 
Teehme Anesth & Analag 41 241 (1962)) 

heat exchanger and that entering the body to pIevent the possible development 
of gas emboh After rewarmmg, the perfuslon was stopped and the heparmzed 
state was reversed by admmlst~atlon of protamme or hexadnnethrme bromide 
(Polybrene), 135 mg per square metre of body surface 

It is interesting to note that, ~, the 18 operations with the Drew teehmque, 
only three repairs were complet~ m the time usually considered to be safe at 
temperatures used m surface hypothermm The great disadvantage of the Drew 
teehmque has been the large volume of fresh whole blood needed to pnme the 
perfusmg apparatus and to maintain the blood volume of the patmnt after 
perfuslon The average amount administered to these patients during the opera- 
twe and lmmedmte postoperative period was app~oxlmately 10 htres In the post- 
operative period, pare and d~seomfort at the site of the medmn sternotomy and 
pulmonary eomphcatmns following thoraeotomy added to the over-all morbidity 
and mortahty 

Of the 18 surgmaI procedures performed ut~hzmg the Drew teehmque, the over- 
all mortahty was 27 7 per cent Mean arrest trine was 25 minutes Of the 18 
patmnts, l l  had no defie~t or minimal deficit m the postoperatwe permd 4 
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Closed-Chest Technutue 
Because of the disadvantages of the Drew teclmlqtle (the large amounts 6f 

blood required and the mo~bl&ty due to mtraca~&ac cannulatlon and me&an 
sternotomy), a dosed-chest techmque was developed s/mllar to the method af 
Patterson and Ray 5 In this method', a Mayo-Glbbans v~rhcal-sheet pump-oxyge- 
nator provides the perfuslon and e• coohng wlt]hout requmng thola- 
cotomy 

Anaesthesia is reduced with either eyclopropane, lalothane, or small lntra- 
veneous doses of tknopental o~ methohexltal Intubahon is aeeomphshed after 
administration of large doses ok a muscle relaxant to plevent coughing and 
straining which might rupture the aneurysm As mth ,  Dl,ew teehmque, anaes- 
thesm is maintained wRh halothane m a mtrous o~lde- ~xygen mixture Resplra- 
hen is controlled by means o[ a Bud Anesthesl, Asslstor-Controllel An 
respiratory pressure of approxnnately 18 to 20 em of wai ~r and explratoly pressure 
of --4 to --6 cm of water are uhhzed 

After reduction of anaesthesm and mtubatlon, eleetrocal,~hographle elechodes 
are placed A venous catheter is passed through an antecubxtal veto rote the 
region of the right atrium A Cournand needle el Rochester plastic needle no 
16 or t7 is placed m the ra&al altely, pereutaneously or thlough a small eutdown 
Primary momtormg of these pahents has been based on the electrocardiogram 
and on centa'al venous pressure and arterml pressure measured dneetly by strata- 
gauge manometers As with the Drew technique, prot~etlve devices are used to 
ensure that intravenous tubings, corrugated rebleathmg tubings, and monitoring 
dewees are not disturbed whde the pahent is being pqslhoned on the operating 
table During the eramotomy the pahent's temperatul.e is 1educed to approxi- 
mately 30 ~ C by surface eoohng with the Thelm-O-Rltelblanket 

While the aneurysm is being e~posed, the pump-ol~ygenator ~s primed w~th 
~5()0 nfl of blood, 1500 ml of 5 per cent glucose m 0 2 per cent sahne, and 240 ml 
of a serum albumin soluhon As m the open-chest methlod, total body hepanmza- 
t~on ~s aeeomphshed by gwmg 90 mg of heparm p~  square metre of body 
surface The venous hnes from the patient to the perfusl~on apparatus are inserted 
through the femoral veto and are threaded up rote the~ vena eava to the level of 
the d~aphragm (F~g 2) An a~tenal eannula ~s placed ~r~ the femoral artery Perfu- 
s~on ~s instituted by drawing venous blood from the patwnt and supplying an 
equal amount of arterial blood to hun After adequate pe~fus~on ~s estabhshed, 
eoohng begins The temperature gra&ent (12 ~ C ) ~,I maintained between the 
heat exchanger and the pahent to prevent bubble fort~ahon and gas emboh or 
~nduet~on of premature ventneular fibrillation by the cold blood 

The maximal perfusmg rate of b~ood flow has been '~ 5 to 3 0 htres pe~ minute 
or about 1 3 to 1 8 hhes per minute per square metre of body surface for the 
average adult patient Th~s flow ~s inadequate for whole body perfus~on, but 
the patient ~s protected by pno~ ~eduehon of body temperature to 30 ~ C by h;~s 
own ear&ae output Thus, m~hally, t~ssue ~s perfused by the pahent's eardmc out- 
put and by the machine During th~s period, eoohng ~s slow because perfus~0n 
from the pump-o• works against the ea~dme output When ventneular 
fibnllahon of an ~neffeehve heartbeat occurs, pe~fu,,,~on ~s enhrely from the 
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FIGUaE 2 Clreulahon m closed-chest techmque with Mayo-Gibbon verhcal-sheet pump- 
oxygenator and peripheral cannulataon (Reproduc ed with perm~ssmn from Mlchenfelder, 
Terry, Daw, MacCarty, and Ulhlem 4) 

machine, and the patient's temperature is such that the oxygen demand is s a n s -  

fled by perfuslon at 1 3 to 1 8 htres per minute per square metre After ventncular 
fibnllahon, pulmonary ventl]ahon is terminated and coohng progresses rapidly to 
the desired oesophageal temperature of 13 ~ to 15 ~ C Circulatory arrest or low 
flows are then produced to allow repair of the aneurysm 

During the period of perfusaon, a mixture containing 7 per cent CO2 and 93 
per cent 02 as metered into the oxygenator While on bypass, but before ventncu- 
lar fibrfilahon occurs, the same gas mixture as administered to the pahent from 
the gas machine The purpose of the carbon daoxlde is to protect the brain from 
masswe vasoconstnchon due to the cold pelfusate, at the 7 per cent concentra- 
hon at has not caused vasable increase m brain size 

During periods of eareulatory arrest, the venous lines are letlt open to dram 
blood from the patient to the machine, This leduces venous pressure and thus 
greatly reduces bleeding at ~he operahve site The volume of this blood is usually 
1000 to 1500 ml and frequently as m excess of 1500 ml Thas volume of blood 
is rapidly retransfused to the pahent at the onset of mltmtmg bypass 

After the aneurysm as repaired and tested at various rates of flow, lewarmmg 
is begun, the 12 ~ temperature gradient prewously menhoned is maintained VVhen 
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the oesophageal temperature as 28 ~ to 30 ~ C ,  the 1~ 
through the chest wall wath the Morns external d, 
tmued to 32 ~ to 34 ~ C ,  at whach tame the perfUsaon 
carculataon takes over, the blood volume is mcreas~ 
the pump-oxygenator Arterial transfusion from t]l 
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cart as electrwally defibr!llated 
~fibnllator Rewarmmg aS con- 
as ended As the pataent's own 
~d by arterial transfusaon from 
ae machme is continued until 

arteaml pressure is adequate or until central 
15 to 18 cm of water The hepalmlzed state is re~ 

Up to the end of January, 1964, 40 surgacal pr~ 
by the closed-chest techmque The over-all mortal 
pataents, 26 had no or mlmmal neurological deficit 
m the postoperatwe period, two of these had aph~ 

venous pressure is approxamately 
ersed as m the Drew method 
,cedures have been performed 
.ty was 20 per cent Of the 40 

Three had slgnfllcant deficats 
sla but were nnprovmg m the 

late postoperative peraod 
The mean arrest time was 13 7 minutes with a ralnge of 0 to 50 minutes, periods 

of low-flow perfuslon ( 0 6 to 1 0 L per mm per M ~) ranged from 8 to 55 minutes 
with a mean of 29 minutes The mean cooling tame, for the closed-chest technique 
was 32 8 minutes, and the mean rewarmmg time '~lzcas 38 8 minutes 

Cerebral Perfuswn 

A thud method ~or the productaon of profound 
been used m our laboratory and on one patient 
a method of isolated cerebral perfuslon after the 
assocmtes, 6 and eonsasts of taking blood from an ar 

hypothermla m the brain has 
in the operating room qS'Ins as 

techmque of Knstmnsen and 
tery, usually the common caro- 

tld, pumping it through a heat exchanger, and returning it into another ~ artery, 
usually the internal carotid By proper placement ~If catheters and by cross-clamp- 
mg the isolated internal carotid, cooling of one he.mlsphere can be acbaeved The 
rate of cerebral perfuslon (150 to 250 ml / ram ) c~an b,e regulated by controlling 
the speed of the pump Carculatory arrest to the pelfused hemisphere can be 
accomphshed by stopping the pump, during which tmJe bleeding from collateral 
vessels is minimal Cerebral temperatures of 15 ~ C have been achaeved The 
venous drainage of the cooled hemisphere as through the usual channels into the 
superior vena cava and right atrium Inadvertent whole body hypotherrma to 
temperatures of 30 ~ to 32 ~ has been common, but thrs has not caused any d~ffl- 
cultaes 

During the period of isolated cerebral perfusron an the operating room, the 
patient was placed on a Therm-O-Rlte blanket warmed to 40 ~ C to minimize 
the anadvertent whole body hypothermm 

The problems of total body hepanmzatlon m operating under these condataons 
are similar to those an the Drew and the closed-chest techmques Meticulous care 
m haemostas~s must be exerted It remains to be seen whether th~s more simplified 
method of achaevmg profound hypothermm of the brain for repaar of aneurysms 
wall achaeve results similar to those of the two prev~ousl Y described methods 

COMPLICATIONS AND CONTBAINDICATIONS 

Coohng takes a greater length of tame with the closed-chest techmque, m our 
experience, the shortest interval was 18 minutes and t]he longest was 72 minutes 
Rewarmmg time has been comparable to the cooling tlrne 
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There have been no sa~nmcant msturDances m acid-base balance m these 
patmnts, and no drugs have been gaver~lfor ~djustment of acid-base balance It is 
thought that the development of metabol m actdosas m hypothermm perfuslon 
is not due to the hypothermm per se but, to inadequate perfusing flow rates 
Acidosis as conelated wRh the duratmn of circulatory arrest and not with the 
duratmn of perfusmn when perfusmn is two oa more latres per rmnute pel squale 
metre 7 

Mild metabohc acidosis has occurred re,the evening of the day of opeiatlon 
and was charactellzed by low or low nori~l~al pH values associated with low or 
low normal buffer ba~,e concentratmn Thp degree of amdosis was related to 
duration of perfuslon and periods of low I~ows This would mdmate that total 
body peafuslon of 1 3 to 1 8 L pet mm pet M 2 was not totally adequate Usually, 
by the second day the pH and buffer base doncentratlon have returned to normal 
without treatment s 

Ulhlem and associates ~ performed ple0peratave and postoperative psycho- 
metne studms on patmnts before and after iprofound hypothermm Fhese studms 
showed that, ff no psychometnc abnormahly existed m the preopeaatIve permd, 
none appeared m the postopmahve penod |If  the pataents exhibited a preopera- 
ttve psyehomemc abnolmahty, this defer: 

/ 

opeiahve period and, in some cases, was / 
psychometrm findmgs tended to levert tq 
postoperative period 

t persisted m the nnmedlate post- 
moae severe ~11 of these abnormal 
the preoperatave status in the late 

Some have suggested that an mtravascular agglutlnatlon due to profound 
hypothmmla may be responsible ior neulologmal deficits There is evldence that 
this mtravascular agglutination or sludge fo~matJLon may in fact be due to low flow 
rates of perfuslon and not due to the low tempexature ~0 

One absolute contramdmatlon to the closed chest techmque is aortm msuffl- 
cmncy Aftra fibrlllatmn occurs, blood can flow into the left ventn;le m a aetlo- 
grade fashmn and cause acute ventncular ddatlon Diseases whmh would restrmt 
retrograde aoatic flow also are eontramdl(atmns A patent duetus would allow 
aortic flow and pressme to be transmitted to the pulmonary bed All of our 
patmnts are examined preoperatively by a ca~dmlog~st to rule out contramdmatmg 
cardmc &sease 

Relative contramdmatmns are severe pulmonary, renal, or hepatm disease 
winch may be affected adversely by perfnslon and levels of hypotherm~a and 
mrculatory arrest 

In general, cmdlac defibrfllatmn has not been difficult Defibrillation usually 
occurs after one or two ~mpulses of 450 vollCs for 0 '25 second On several occasions 
we have had to use mght to ten sho&s of 450 volts and several shock s at 750 volts 
W~th ploper placement of the paddles, use of moderate pressure m applying the 
paddles, and apphcatmn of electrode idly between the paddles and the chest wall, 
burns have not occurred Of the 40 patmnts undergoing closed-chest perfusion, 
36 reqmred defibrdlatmn, three defibldlated spontaneously on reaching tempera- 
tures ot 26 ~ to 28 ~ C,  and one leqmred open-chest defibrfllatmn 

During closed-chest perfusmn, there is a potentml hazard of pulmonary vascu- 
lar damage If the flow m the bronehml arterms is great, some blood returns to 
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the left atrium and could result m high pressures in tt~e pulmonary vascular bed 
with membrane damage and pulmonary oedema No such problem occurred an 
the 40 patmnts We belmve that the period of perfusmn, from fibrdlatlon to deft- 

brallatmn, should be as short as possible immediate 
Control of bleeding m these patmnts in the postperfuslon and post- 

operative period is very difficult Metmulous haemostasls is needed to avoid the 
development of mtracerebral haemorrhages, subduralihaematomas, and epldmal 
clots Profound hypothermia, extracorporeal clrculatmni and prolonged heparlmza- 
tlon do alter the coagulation mechamsm m a manner Whmh as not entirely under- 
stood 

There IS evidence that exeessw'e formatmn of fibrxr~ 
sequence of perfusmn ~ The reasonmg is that some 
destroyed and mlcroclots of fibrin form m the body a~ 
tus This presence of fibrin stimulates productmn oJ 
levels of fibrmolysm persist into the postperfusmn 
bleeding We attempt to retard this by the admmlst. 
hepann (one half of the ongma| dose) 1 hour after 

olysm can occur as a con- 
of the original heparm is 

~d m the perfusmn appala- 
fiblmolysm and elevated 

period, causing excessive 
atlon of a second dose of 
~erfusmn as instituted 

In addition to meticulous attentmn to haemostasls dullDg operation, our 
management of postoperatwe bleeding has included i the admmistratmn of (1) 
epsllon-ammocaprom acid, (2) antlhaemophahe plasma whmh contains the 
antflaaemophlhc factor ( Factor VHI ), and, occasmnally, (8) fibrmogen 

OTHER APPLICATIONS OF PROFOUND HXlPOTHEI~MIA 
J 

The technique of profound hypothermia deserves c0nsld[eration for procedures 
other than the repair of lntracramal aneurysm ,~ 

Profound hypothermla has been a valuable adjunct 1,Io whole body perfusaon JFor 
certain types of cardiac defects which cannot be repmred even with whole body 
perfuslon The patient's temperature is reduced to 15 ~ to 20 ~ C and the repair 
is effeeted during circulatory arrest Examples are ,(1) ,complete transposition 
of the great vessels, (2) aortlcopulmonary fistula, and (3) closure of a Ports ana- 
stomosis as part of the complete correction of tetralogy of Fallot Othel types of 
car&at surgery are possible, but difficult, with high-flow whole body perfuslon 
In severe tetralogy of Fallot, the greatly increased ]bronchial flow complicates 
vlsuahzatlon and repair of the defects Profound t~ypolhermm as induced to 
allow safe reduction of perfusmg flow, or periods of cnculatory arrest, during 
whmh the mtracardmc procedure is done i 

Carotxd msufllcmncy, although a neurological dmgn0sls, ~s sometimes amenable 
to surgical treatment In many cases, a ]oeahzed plaque or stenosas may produce 
sufl~clent nem ologlcal disturbances to be a severe handmap Caiotad endarterec- 
tomy ol bypass graft may permit these patients to return to an active life Of|en 
at ~s Impossible to insert a graft or bypass at the distal end of the carotid because 
of ~ts proximity to the foramen ]acerum A short period of circulatory arrest 
would allow ample tame for anastomosis of the graft 

The massive haemorrhage usually encountered m hepateetomy ol m ereatmn of 
splenorenal shunts suggests the possible apphcatmn of profound hypothermm to 
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these surgmal procedures Anottmr possible apphcatlon ~s m the problem of trans- 
pIantataon of organs Profound hypothermm and circulatory arrest may slmpll~ 
the mampulataons of transplantatmn and ana 

Total body perfusmn with profound hyp 
arrest combined with administration of cytot( 
ment of mahgnant d~seases Dr Temple Fay 
adverse effect on malignant tissues, possibly 
thermia to protect normal tassue and potent1 
abnormal ttssue maght be developed 

, tomosls 

othermIa and permds o~ c~reulatory 
~x~e agents may be useful m the treat- 
showed, years agor that cold had an 

a technique utflmng profound hypo- 
ate the effect of a toxin substance on 

R~su~ 

Parmi les nombreuses techmques utflls6e 
des vmsseaux c6r6braux, aucune n'est plus 
principal de rhypothermm est de prot6ge 
durant la r@aratmn de l'an~vrisme Le eh( 
dolt s'appuyer sur l'haNlet6 du ch~rurgmn ( 
(par refroid~ssement, par hypotensmn, ou 
neurologiques qu'un ce~tam nombre de n 
l'op~ra~on La duroc  de la r@aratmn d~ 
p6node de s6cunt6 sans ctrculatmn prod~ 

dans le trmtement des an6vrismes 
dascut6e que rhypothermie Le but 
r de l'hypoxae les tassus c6r6braux 
~x de la technique de l'hypothexmm 
)n a assocl6 rusage de l'hypotherm~e 
~ax les deux ~ la lois ) aux troubles 
talades ont pr6sent6s ~ la state de 

l'an6vnsme a souvent d@ass6 la 
ate par le refro~d~ssement ~ 29-30 

degrds C 
L'oblectlf principal de l'hypothelmle pro~onde est de r~dulre ~ un tel point 

la consommatlon d'oxyg~ne que le sujet I peut subtr, sans meonv6nlent, des 
pSnodes assez prolong~es d'arrSt clrculat0ue complet Ces p~nodes peuvent 
durer trente minutes et mSme davantage En g(n~ral, les indications de l'hypo- 
thermle profonde sont les smvantes 

1 ) Les an~vnsmes multiples anteressant Une artbre carotlde ou ]es deux 
2) Les gros an~vnsmes, ~ large base, qm semblent n'Stre r6paIab]es faefle- 

ment qu'en vadant le sac 
3) La dafflcult6 probable de wsuahser l'an6vnsme, et le risque de le rupturer 
4) Les anomalies vaseulmres du systeme nerveux central 
Depuas 1963, k la chnique Mayo, on a utflls6 dlverses techmques pour produtre 

l'hypothermle profonde Ce sont la technique de Drew, la teehmque ~ thorax 
fermi, et la perfusion c~r6brale asol6e 

La m6thode de Drew est une techmque ~ tthorax ouvert et elle conslste /k 
substatuer au cceur deux pompes, alors que les poumons du malade servent 
d'oxyg~nateur En utihsant cette technique, on a prataqu6 rinductmn de 
l'anesth~sm ~ l'mde d'agents ~ action rapade par voie ~esparatoare, tels que l'halo- 
thane ou le cyclopropane, on a 6wt6 la voie vemeuse pour la pr&~16dmation et 
pour ranesth6sae, parce qu'on agnoraIt le sort et la dur6e d'aetmn des agents 
mtravemeux chez les sujets soumls ~ rhypothermie profonde On a mamtenu 

'1 ranesth6sle ~ l'mde de l'halothane ~ 0 5 ,i 1 pour cent dans un me ange de 
�9 e protoxyde d'azote et d oxygen , on a fa~t la resplratmn contr616e ~ cause de la 

profondeur de l'anesth6sm, et un ventllateur m~camque a servl ~ l'hyperventlla- 
tion Lors de cette double op6ratmn, l'6qlmpe neurochlrurgmale prat~quait la 
cramotom~e, pendant que l eqmpe cardm-vasculmre prat~qumt une sternotom~e 
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m~d:ane et pr~parmt la r6gmn mgumale pour la can 
adm:mstra:t de l'h~parme au malade Pour comn~enc( 
le sang de ore:llette gauche vers rart~re lhaque ex 
par rapparefl qm en varm:t la temperature Lorsqu~ 
dro:te augmentmt, ce qua s:gnffa:t une d~fadlance d 
du refro:d~ssement, on pompa:t le sang de l'ore 
pulmonatre Lorsqu'on atte~gnalt une temperature oes( 

ulatmn art~nelle Alors, on 
'r la perfus:on, on pomPla~t 
terne, en le fa~sant pas~er 

la pressrun de l'ore:ll6tte 
ventncule drolt ik cause 

:llette droxte vers l'art~re 
,phag:enne de 15 degr~s C ,  

on eommenqmt ~ ralenhr ou ~ arrSter compl+tement la e~rculat:on pendant 
certames p~nodes au cours desquelles se prahqumt la r6parahon de l'an~vnsme 
Durant la p6rmde de r6chauffement, on gardmt tou 
degr6s C entre le sang qua sorta:t de l'appared refro 
clans la c:reulahon du malade, tee: avast pour oble 
gazeuses Nous avons trouv6 que le grand d6savantag 
est qu'elle n6cess:te une quant:t~ cons:d6rable de 
rappare:l b. transfusmn et pour mamtemr le volume 
transfus:on La douleur et les mala:ses cons~cutffs 
m~me que les comphcatmns de la thoracotom~e ont 1o 
et la mortaht6 moyennes 

ours, une d:ff6rence de 12 
d:sseur et celm qm entrmt 

de pr6vemr les embohes 
e de la techmque de Drew 

sang frals pour amo:cer 
angum du malade apr6s la 
la sternotom~e m6dmne, de 
t6 un r61e dans la morb~d~t6 

A cause des mconv~ments de la technique de Dlew, on a m:s au point une 
techmque ~ thorax, ferm6, le tube qm amine le sang vemeux du malade ~t 
l apparefl est msere dans la veme f6morale et reJInont6 dans la veme cave 
]usqu'au mevau du dlaphragme, pendant qu'une cjanule art6nelle est plae6e 
dans t'art+re f6morale La transfusion est m:se en marche en souhrant du sang 
vemeux du malade pour le remplacer par une quarlt:t6 6gale de sang art6rlel 
On n'a pas d6pass6 la vltesse de 2,5 h 3 htres par minute, c'est-~-dlre environ 
1,3 & 1,8 htres par m6tre carr6 de surface corporelle delI'adulte moyen 

A cause de l'msuflqsance de ce courant sangum pou,r une transfusmn de tou~ le 
corps, on prot6ge le malade en aba:ssant d'abord sa temp6ratme a 30 degr6s C 
Par la state, fl est prot6g6 par son propre d6b:t cardmque Lorsque apparait de la 
fibr:llataon ventnculmre ou une lnsufl~sance des battements du occur, la pel.fu- 

�9 I s:on s'op6re enherement par l'apparefl, et la temperature du malade est telle que 
cette perfusmn suttqt pour assurer l'oxyg6nat:on Apr6s ]a fibnllahon venhmu- 
talre, on cesse la ventdat:on pulmonalre et le ~ehold:ssement progresse rap:de- 
ment pou: attemdre la temperature oesophaglenne de ]13 & 15 deg:6s C On 
arr6te alors la circulation ou on la d~mmue consldl~rablement pour permettre 
la r@arahon de l'an6vnsme Pendant ]a transfusmn, on admlmstre au malade 
~m m~lange conshtu6 de 93 pour cent d'oxyg6ne et de 7 pour cent dc 
CO_,, ce melange est mesur6 ~ l oxyg6natem Le r61e de l'aclde carbomque est 
de prot6ger le cerveau contre une vasoconstrmtmn mass:ve provoqu6e par la 
perfus:on fro:de Durant le r~chauffement, on mamtlent la dlff~rence de 12 degr6s 
dont nous avons parl6 ant6neurement, lorsque la temp6rature cesophaglenne 
attemt 28 ~ 30 degr6s C,  on d6fibr:lle le c~eur 2~ l'~;lectx~c:t6 ~t travers la paro~ 
thorac:que et on continue ~ ~chauffer le malade }usqu'h 32 i~ 34 degr4s C La 
transfus:on art~r:elle est eontmu~e au moyen de l'appared ]usqu'a l'obtenhon 
d'une press:on art6nelle suflqsante ou d'une pressrun vemeuse centrale d'env~ron 
15 h 18 cm d'eau 

Une troas:4me techmque d hypothermm profonde du cerveau est la perfusmn 
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�9 r~l ver ile san d'une art~re, n6ralement c6r~brale ~solee, elle cons~ste a p r g g~ la 
carotlde pnm~hve, ~ le pomper vers rapparefl  qm en change la temp6rature, et 
de lh ~ une autre artbre, g6n6ralement la 
blement les eondmts et en elampant la c, 
un h6m~sph~re c~r6bral On peut r~gler 
la v~tesse de la pompe On est amy6 
degr6s C L'arr~t c~rculato~re de l'h6m~sp 
pompe Le drainage vemeux des hc~m~sph, 

carotlde interne En pla~ant convena- 
rotade interne ~sol6e, on peut refro~d~r 

v~tesse de la perfusmn e6r~brale par 
des temp6ratures ,c6rl6brales ,de 15 

h~re perfus6 se prodmt en arrStant la 
.,res refro~d~s se fret vers la veme cave 

sup6neure par les voles usuelles 
mvoluntmre de tout le corps, mals cette 6ve 

L'msutBsanee ao~t~que est une eontre 
thorax ferm6 Dans ce cas, lorsque la fib 
dans un mouvement r6trograde, vers le 
tmn ventneulaue a~gue Les maladms 
aorhque rdtrograde sont auss~ des contre 
trmt au eourant et i~ la pressrun aorhques d 

Les troubles s6neux des poumons, des 
hons relahves 

I1 s'e,!,t plodmte souvent une hypothermle 
P t t ntuaht6 a ere sans consequence 

md~catmn absolue ~t la techmque 
nllatmn survmnt, le sang peut refluel, 
entr~cule gauche et eaus, el une dflata- 
qua peuvent restnen&e le courant 

.mdlcatmns Un canal art6rlel permet- 
se transmettre au ht pulmonmre 

eros ou du fore sont des contre-mdlca- 

t ! f Durant la penode immediate posttran,~fus13nnelle et postoperatolre, le con- 
tr61e de l'h6morragle est tr~s dlflqcfle chez ces malades I1 faut prahquer  une 
h6mostase m6tmuleuse I1 est 6wdent qu d peut se former un excSs de fibrmo- 
lysme ~ la state de la perfusmn 

On dolt penser ~ la teehmque d'hyp0thermle profonde pour la r@arahon 
de ee~tames anomahes cardmques, pour les endart6nectomms de la earotlde ou 
pour les greffes de dSnvatmn, et pour le} eas off une h6morragle masswe est 
eramdre, comme dans les h@atectomms ou les anastomoses spl6no-r6nales De 
plus, on pourra~t uhhser cette techmque assoc~de ~ ]'admmlst~atmn d'agents 
eytotox~ques dans le trmtement du cancer 
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