
ANAESTHETIC EXPERIENCES USING EXTRACORPOREAL 
CIRCULATION FOR OPEN HEART SURGERY* 

E. A. CAIN, I~.D. ~, 

As A V0SSULT of the rapid advances in cardiac diagnosis in recent years, most 
centres have established diagnostic cardiovascular units. These units have c lag- 
nosed a large number o[ remedial congenital lesions and consequently trained 
cardiovascular surgeons have been attracted to these centres. Initially, they 
operated only on those lesions which could be remedied ~ t h o u t  stopping or 
opening the heart, and 'which did not require a bloodless field. Most of these 

I 

procedures were blind procedures and the result often left much to be desired. 
The demonstration of the feasibility of operating in a bloodless field using 
hypothermia was a major advance. Hypotl~rmia, however, carries its own 
hazards; the main drawbacks were the severe time restriction placed on the 
surgeon and, when operating upon ventricular lesions, the ever-present possi- 
bility of ventrieular fibrillation. 

PUMP OXYGENATOIR 

In recent years a few centres have reported an increasing number of successes 
using the low-flow bubble oxygenator pump for open-heart direct-vision surgery 
(1,2). Many modifications of this pump oxygenator have been developed, but 
mostly in the oxygenator, and these so-called low-flow systems are now in use 
in many cerrtres. This indicates that anaesthetists must shortly become familiar 
with this technique. 

The low-flow pump oxygena tot waLs developed ( 1 ) on the basis of the principle 
of azygos-flow which had proved that flows of 8--14 cc. kg./min, would keep 
dogs alive. This principle allowed the development of this simple low-flow 
machine. With the low-flow there is less coronary bleeding during cardiotomy; 
therefore, there is less blood loss and less blood is required to prime the pump. 

With the original flow rates of 85--40 cc. kg./min, in humans there was little 
evidence of cardiac hyper-irritability. Most workers are now using higher flows 
ranging from 60-100 cc. kg./min. The newer pumps will dehver up to 8 litres/ 
rain. as compared to a previous 2 litre/min. 

This bubble oxygenator provides a normal oxygen saturatiom Since it is an 
open system, the blood leaving the pump has lost a great deal of its COs and 
has a PCOo. of 20--30 ram. Hg because the CO2 is blown off by the oxygen stream 
m the oxygenator. Some believe that this should be prevented and so use a 
CO2-O2 mixture in the oxygenator. We prefer the respiratory alkalosis which 
results. We have not encountered any of the deleterious effects which Mendel- 
sohn (2) attributes to carbon dioxide washout. 

*Presented at the Annual Meeting of the Canadian Anaesthetxsts' Society at Saskatoon, 
June 25, 1957. 
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During the perfusion the mean brachial artery pressure is about 50-60 ram. 
Hg. There is occasionally a rise in venous pressure which is usually the result 
of mechanical obstruction from the use of eaval catheters which are too small. 
Some (2) prefer to give vasopressors to raise the ,arterial pressure during the 
perfusion. We have not attempted this With the flows now used there appears 
to be adequate cerebral perfusion as shown by the lack of any change in the 
postoperative electroencephalographic pattern or in the postoperative clinical 
condition of the patient. This pump oxygenator is not the ideal desired as the 
blood flows and arterial pressures are far below normal, and considerable trauma 
to the blood occurs, this results in considerable metabolic change. 

ANAESTHESIA 

The anaesthetist who is familiar with the anaesthetic problems of today's 
routine cardiac surgery will not find any particular anaesthetic problem with 
these eases. The same prinelples must be adhered to: exceedingly light levels 
of anaesthesia, perfect controlled ventilation (which is often difficult to achieve 
because of a large heart, bilateral pneumothorax, and frequent surgical retraction 
of the lungs); and adequate but never excessive blood replacement. This latter 
is essential and is one of the most trying problems 

Anaesthesia has been induced by thiopentone with suecinylehohne, or cyelo- 
propane oxygen with sueeinylcholine, followed by endotracheal intubation and 
controlled respiration using a circle "absorber with high gas flows It has been 
maintained either with nitrous oxide-oxygen 60:40 with intermittent suecmyl- 
choline, or with ether-oxygen analgesia The latter is preferred by many of us. 
We prefer to avoid intravenous agents as much as is possible in these patients. 
The anaesthetic agent chosen is not of great importance as long as it is used 
correctly. The only respiratory complications which occurred were in four 
patients anaesthetized with nitrous oxide-oxygen and sueeinyleholine. Two of 
these patients had exceedingly high right ventrieulal piessures and this type of 
ease is prone to develop respiratory complications (1,2). YVe cannot agree with 
Mendelsohn's (2) opimon that ether causes a greater incidence of respiratory 
complications, as yet we have not encountered any ,a6th ether. 

During by-pass gaseous agents are eliminated and the patient awakens, if the 
patient does not awaken then, we are concerned. It is often necessary to give 
a very small dose of barbiturate or meperidine and sueeinyleholine to control 
the patient during by-pass. We have not attempted to anaesthetize the oxygenator 
(2,4) and as this is such an open system we doubt if it would be effective unless 
very high concentrations of anaesthetic gases were used. This we consider to 
be too dangerous when this open system and a pump which is not explosion 
proof are used. 

This problem of awakening rarely occurred when flows of 85-40 ee. kg./min. 
were_used as the cerebral hypoxia was flsually sufficient anaesthesia. Now, with 
flows of 60 ee. kg/rain. ,  the patient invariably awakens and commences to move. 
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Only minute doses of barbiturate or meperidine are required in most instances 
in spite of the high dilution of the drug by the patient's blood plus the blood 
in the pump. 

The electroencephalograph is used constantly and is belie*ed to be one of 
our most valuable monitors (3,4). It tells us the depth of anaesthesia, the state of 
the cerebral circulation and the operating efficiency of the extracorporeal circula- 
tion If there is deep anaesthesia, obstruction to the arterial or venous flows, or 
a shunt as with an unrecogmzed patent ductus, the electroencephalograph will 
immediately give a gross easily recognized warning. An occasional complication, 
which the anaesthetist must walteh for, is cerebral congestion; it is usually the 
result of mechanical obstruction and is readily detected ff the eleetroencephalo- 
graplqic record and the congested appearance of the head are noted. Other 
monitors which help the anaesthetist are the electrocardiograph and the intra- 
arterial and intravenous pressure tracings. The latter are of considerable help 
as an aid in regulating blood replacement. 

During the extraeorporeal circulahon no anaesthetic gases other than oxygen 
are given. The lungs are maintained partially inflated to prevent complete 
collapse, but respiratory exchange is not necessary during this. period. 

Blood loss is often considerabJe when the heart is opened. No serious attempt 
is made by the anaesthetist to replace this loss, which can be done much more 
9fficiently by the pump. Before by-pass is commenced blood loss is replaced as 
accurately as is possible by the anaesthetist, using eitrated b~od.  When by-pass 
and cardmtomy and repair are commenced, two suction s~t-ups, one for the 
heart and one for the chest cavity, are used, all blood lost ~s suctioned and 
measured in sterile calibrated containers. The blood from the heart suction is 
returned to a special pump and can be recirculated ff necessary. The fall in 
blood level of the pump hehx approx3mates closely the blood lost through the 
suctions. This is replaced by adding blood to the pump and all replacement is 
carried out by the pump until the catheters are removed when the anaesthetist 
again assumes this duty. 

The patient is weighed before and after surgery as a check on blood replace- 
ment, and recently radioactive chromium eslamations are being done when 
possible It is believed that, if heart action is good, the intra-arterial and intra- 
venous pressures, plus the anaesthetist's estimate of the patient's condition, are 
the best indicators of the adequacy of blood volume regardless of measured 
loss and replacement. 

The use of cardiac arrest greatly reduces the blood loss since there is no 
coronary flow. Cardiac arrest produced by acetylcholine was used routinely for 
a few patients, but the surgical team did not feel that the advantages outweighed 
the possible rislks, especially during long perfusions; the surgeon's diffieuhies 
created by a moying heart have decleased with experience and cardiac arrest 
is seldom used now. It is not known how long the arrested heart without coronary 
circulation can survive without damage to myocardium and conductive tissue. 
At present cardiac arrest is only produced when the surgeon believes that it is 
necessary for technical reasons 
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Surgical Procedure 
Briefly the surgical procedure is as follows. The inferior and superior venae 

cavae are catheterized through the right atrial appendage for the pump inflow, 
and the femoral artery is catheterized for the pump outflow. The patient is 
previously heparinized with heparin 1.5 mg./kg. The base of the aorta is cleared 
and an exploration for a patent duct-us is made routinely. 

During this period the pump is being primed with heparinized blood which 
is collected the same morning and the pump is calibrated for the desired output. 
Following exploration for the ductus the pump is st arted and run for about thirty 
seconds before the venae cavae are occluded; then continued for another one or 
two minutes after total venous occlusion. If the electroencephalograph is satis-, 
factory, the pupils remain constricted and there is no evidence of venous con- 
gestion, the aorta is clamped and acetylcholine 10 mg./kg, is injected into the 
base of the aorta to peffuse the coronaries (this on]y if cardiac arrest is desired), 
when cardiac arrest occurs rapidly. 

Cardiotomy is then performed and the repair carriecl out. Following repair 
and closure of the cardiotomy the clamps are removed fiom the aorta and venae 
cavae and peffusion of the heart occurs, if cardiac arrest has been used, the acetyl- 
choline effect disappears, and a normal beat is resumed in a matter of 1-2 
minutes. The pumps are then stopped and the anaesthetist surveys the patient's 
clinical condition and estimates the need of further transfusion. If he believes 
that further blood replacement is required, he orders 'what volume he wishes 
to be given from the pump. This is done by turning on the outflow side of the 
pump only and may be repeated several times until the anaesthetist is satisfied. 
With the heart and the intra-arterial and intravenous pressures under constant 
observation, overload is easily detected and if it should occur the excess blood 
can be removed by utihzing the venous side of the pump; we prefer to be 
slightly deficient in blood replacement. 

When everybody concerned is satisfied with the clim'cal state of the patient 
the catheters are removed, protamine 1.5 mg./kg, lis given and the closure com- 
mences. The anaesthetist changes back to citrated blood and this is used until 
all evidence of blood loss ceases. This period may last 48 hours as every drop 
from the chest drains in the postoperative period is accurately measured and 
usually replaced. 

The patient should be awake before leaving the operating room, preferably 
before the last sutures are inserted. If the patient is not awake then cerebral 
hypoxia has probably occurred either from poor ]?effusion or possibly from air 
embolism. Anaesthetic overdose should not occur with the technique used. One 
can usually predict from the EEG. during and after the peffusion whether there 
will or will not be a delay in recovery. In three patients return of consciousness 
was delayed for 80--60 minutes. Early in this series one patient suffered severe 
cerebral hypoxia and did not awaken for 48 hours, then made a rapid and 
apparently uncomplicated recovery; air embolism was suspected as the EEG. 
pattern deteriorated after the aortic clamp was released. 

During and after operation arterial blood samples ~re taken frequently for 
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study. The physiological changes which occur have been presehted in detai_ 
by others (1,2,3) with much larger series. Here, it suffices zo say ~aat biochemica 
changes are infrequent until after the termination of the by-pa,;s. At this time 
significant metabolic acidosi4 often begins to manifest itself, especially with very 
long perfusions and in cyanotic patients, but rarely after short runs of ten 
to fifteen minutes. The acidosis i,; the result of an increase in lactic acid with 
a fall in bicarbonate, most likely the result of the low tissue perfusion. If severe 
this acidosis is treated with intravenous bicarbonate. If circulation and respira- 
tion are adequate after by-pass, the acidosis will correct itself in most 
patients. Hypokalemia usually occurs in acyanotic patients, but  a hyperkalemia 
may occur in those who aie cyanotic. The potassium disturbances are rarely 
severe enough to require treatment. There is a marked rise in blood sugar 
levels, but other biochemical changes have not been significant. 

Haemolysis oecurs in every ease. The amount is usually directly proportional 
to the flow and duration of the pump run. As yet no ill effects have been noted 
from haemolysis; levels under 200 mg per cent appear to be innocuous (1).  
Very little is known of other changes in the blood factors other than that severe 
platelet destruction occurs. Bleeding and clotting times have all been normal 
after protamine. Some writers have emphasized the difficulty with post-operative 
bleeding (1,4), It occurred in two patients in this group, one required operative 
correction. One patient developed a~l uncontrollable haemonhagic diathesis 
during surgery; citrate intoxmatmn was suspected. 

Arrhythmias after repair of the defect have been a frequent problem. One 
patient with supraventricular taehycardia was effectively treated with methoxa- 
mine. Four patients (one with Eisenmenger's Complex, two with Tetralogy of 
Fallot, one with an atrial-septal defect) developed an A.V. conduction defect. 
All except the one with the atrial-septal defect died suddenly, 9, PA, and 2 
hours postoperatively. All had apparently recovered and were maintaining an 
adequate circulation, when presumably complete block developed. Sudden, 
unexpected, unexplained death in the first 24 hours is not a rarity. This has been 
the experience of all workers in this field and it has been suggested that post- 
operative oedema from the repair interferes with the conductive tissue of the 
heart causing sudden cardiac standstill. Conduction defects are frequent with 
some ventrieular septal defects and with atrial ostium primum defects. Isopropyl- 
arterenol has been used for the treatment of these conduction defects, but with 
little success in our eases. 

There has not been any clinical evidence postoperatively of any damage to 
vital organs attributable to the pump oxygenator. None of the deaths could be 
attributed to the pump or anaesthetic agent or method of administration. 

Table I shows the perfusmn and anaesthetic times and some of the more 
important biochemmal changes. More extensive details of this nature are to be 
found in Buckley's (1),  Mendelsohn's (2) and Matthew's (8) papers. 

The following tables show that a. wide variety of lesions have been treated. 
No attempt was made to select the patients; all were treated as they were brought 
to the cardiovascular unit. Ma~y patients had multiple cardiac defects and all 
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defects were repaired except one. (case #5). Four patients had undergone 
previous palliative cardiac surgery with poor results; none suzvived this pro- 
cedure. The over-all mortality was 44 per cent. For twelve patients with Single 
defects the mortality was 83 per cent. 

The fatalities are listed below. 

Lemon 

Interventncular septal defect 
Interatrial septal defects 

Ostmm pnmum 1 
Ostaum secundum 4 

Pulmonary stenosis 4 
Trilogy of FaUot 1 
Tetralogy of Fallot 5 
Interventncular septal defect with pulmonary sten~sxs 1 
Pulmonary stenosls with tncuspxd stencs:s and regurgxtahon 1 
Interatnal septal defect w:th interventricular 

septal defect and anomalous drainage 1 
E:senmenger's complex 1 
Transgortahon and mterventncular seFtal defect 2 
Mltra_ stenos:s with regurgitahon and tricuspid stenos:s and 

aorhc regurgatatmn 

Number of each Deaths 

:3 0 

1 
25 

1 
0 
0 
0 
3 (i*) 
1 
1" 

1 
1 
2 (1") 

1" 
11 

Comment 

Previous commlssurotomy. Cardiac cripple Severe 
haemorrhage, died m operating room. Autopsy 
revealed aort:c regurgltataon and tricuspid 
stenos:s also present 

D:ed four hours postoperahvely. Severe ~ac:dosis, 
hypotenslon, hy:povolemm Autopsy negative, 
Bundle of H :s poss:bly mv01ved :n repair 

Exploratory cardmtomy only. D:ed twelve hours post- 
operahvely. Climcal cardiac failure Autopsy 
negalave. 

Suspect a~r embolus. Coma two days Good recovery. 
Wound disruphon eighth day and cor pulmonale 
developed Carchac failure during closure 
Autopsy. incomplete closure of defect. 

Post repair conduction defect Sudden death nine 
hours postoperatavely. Autopsy negatxve 

Post repair conduct:on defect. Suclden death twenty- 
four hours after operation. Autopsy. sutures 
pulled out of septal defect Outflow patch in- 
correctly placed. 

9 Exsenmenger's Complex 

13 Tetralogy of Fallot 

5 Common ventricle (large 
I.V S D ) and corrected 
transposmon 

6 Interven~ncular septal 
defect and pulmonary 
sten6s:s 

Atrial septal defect, 
ostaum pnrnum type 

Patient Lesion 

2 Mitral regurg:tahon 
and stenos~s 

Mortahty-44 per cent 

*Indicates previous cardiac surgery. 

It will be seen that most of these were patients with multiple lesions and those 
patients who had undergone previous unsuccessful surgery using other methods. 

We believe that this method for open-heart surgery will :soon become as 
commonplace as pulmonary and neurosurgery, and it is necessary that anaes- 
thetists familiarize themselves with the physiology of these cardiac lesions, with 
the surgical procedures involved, with the anaesthetic problems which occur, 
and with the constant changes and advances in this branch o~E surgery. 
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Patient 

14 

16 

Lesio~ 

Tetralogy of Fallot 

Pulmonary stenosis with 
tricuspid stenosis and 
regurgitation 

21 Interatrial septal defect 
with interventneular septal 
defect and anomalous 
drainage 

22 Tetralogy of Fallot 

23 Interventrlcular septal 
defect and transposition 
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Comment 

Post repair conduction defect Sudden death two 
hours postoperatively. Autopsy negatave. 

Previous repair pulmonary stenosls at six months 
under hypother~aia. Died in operating room. 
Severe haemorrhage during attempted insertmn 
of plastic trxcuspll valve. Pulmonary stenosis 
corrected. 

Preoperatave history of epilepsy. Well for 82 hours 
postoperat~Lvely, then had two seizures and ched 
Autopsy negattve, except one suture pulled out 
of vaatricular septal patch 

Prevaous Brock Procedure. Uncontrollable haemor- 
rhage from tears in left lung Dmd m operating 
room. Autopsy negative, good repair 

Previous Port's procedure ~ Developed haemorrhagIe 
dlathesis before by-pass, suspected citrate in- 
toxiealaon Put on pump and baffle lnsertmn at- 
tempted Died in operalang room Autopsy 
negative. 

B~sv~d~ 

Nous avons fait part  de notre exp6rience en anesth6sie acquise au tours de 
25 eas off l'on a employ6 la pompe de Lillehe et Dewall,  oxyg6nateur barboteur  

faible d6bit. Au eours de ce travail un des probl6mes les plus diffieiles ~ 6t6 
r6valuation de pertes sanguines et de leur remplaeement  pour maintenir  
l '6quilibre de la masse sanguine eireul/mte. 

L'auteur est d'avis que d'ici ~t ee que nous ayons aequis plus d'exp6rience, il 
est essentiel que, dans ees eas, nous enr6gistrions les pressions veineuse et 
art6rielle de m4me que l '61eetroene6phalogramme afin d'4tre renseign6s ~ tous 
les instants sur les pertes sanguines et leur remplaeement ,  sur le niveau d'anes- 
th6sie et sur l'effieaeit6 de la circulation artifieielle. 

Comme techniques et agents anesth6slques, nous avons employ6 les bar- 
bituriques intraveineux et les paralysants museulaires avee le protoxade d'azote 
et l 'oxyg6ne ou Fanalg6sie ~t l'6ther. Nous pr6f6ron,; eette derni6re technique.  
Quand nous le pouvons, nous laissons de cot6 les barbituriques intraveineux qui 
d iminuent  le d6bit cardiaque et s'61iminent diffieilement et lentement.  En anes- 
th6sie, toutes les m6thodes sont bonnes si l'on respeete les prmelpes essentiels: 
une anesth6sie tr6s 16g6re et un eontr61e parfait de  la ventiltation. Dans quelques 
eas, nous avons provoqu6 rar r& eardiaque avee de l 'aeetyleholine: eette fagon 
d'agir ne pr6sente pas d'avantages et nous l 'employons seulement  quand  le 
ehirurgien l'exige pour eertaines raisons techniques. 

I1 est apparu f r6quemment  des troubles de conduction, signature d'tm pro- 
nostie sombre. I1 n'a pas 6t6 rare de eonstater des morts subites durant  les 24 
premi6res heures. Selon toute apparenee, les organes vitaux n'ont subi aueun 
dommage  ni par l 'anesth6sie ni par la circulation extraeorporelle. 

Nous n'avons pas tent6 de ehoisir les eas, nous en avions une grande vari6t6: 
on trouvera dans les tables, les r6sultats obtenus et les causes de mort. L 'auteur 
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a l'impressior~ que cette technique va devenir bient6t  d'usage courant dans les 
centres importants et que les anesth~sistes devraient  se s avec les 
probl~mes anesth6siques et chirurgicaux que pose cette section de la chirurgie. 
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