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Wl1en looking at the estimated flows presented in Table VI the most obvious 

change to be seen, under hyperthen'1ia, is a very large increase in splanchnic 

blood flows in three cases to sm~ or 1110re of the cardiac output. It is :nost 

unlikely that splanchnic blood flOIIJ would rise to these levels under conditions 

of hyperthemia in view of the large increase in skin blood flow that is known 

to occur (Wyss et al. 1974). This increase in skin blood flow, which is 

partially mediated by a decrease in venomotor reflex tone. (Zitnik et al. 

1971), may reach large- proportions and the flow IJlay be such that there is 

virtually no difference in blood gas concentrations between blood in the radial 

artery and that in the forearm vein once body temperature has reached 38oC 

(Lees et al. 1980). 

Further discussion of splancf1nic blood flow will be given in a later 

section~ but it shoutd be noted that in a11 cases ICG extraction had decreased 

by the tin1e midplateau {marker 4) had been reached, indicating decreased 

ability of the liver to excrete the drug. 

There were no significant differences in the blood concentrations of 

sodium, potassium, SGOT, SGPT, ammonium ot' lactate between blood drawn from the 

general systemic ci rcul ati on and hepatic venous blood i n the nine patients in 

whom the values were estimated. 

Oxygen saturation of hepatic venous blood was followed during WBHT in seven 

treatments. There was a significant {PL.OS) fan at marker 3 {beginning of 

plateau). This fan becarne nonsignificant when the one patient in the group 

who had a marked rise of SGOT at 48 hours, was excluded. He had a 48 hours 

SGOT value of 336 units as against the other six with a mean value of 35.8 

units (SE~I + 3.2). His values for both SGOT at 48 hours and oxygen saturation 

of the hepatic blood at rnarl<ers 3 and 4 ( beginning and r1id plateau) were all 

more than 2 standard deviations outside the mean of the group. 

In view of the unreliability of ti1e estimated tota1 splanchnic blood flow 

in these patients, it is almost impossible to dra'.-J any finn conclusions from 
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the arterial and hepatic venous saturation values. It can only be stated that 

in the one patient referred to hepatic venous oxygen content ~~as very 1 ow and 

amounted to 5.6 ml /100 ml of blood. 

It became clear that, in man, estif'lation of total hepatic blood flow under 

hyperthennia using ICG clearance methods was unreliable and it was decided that 

animal experiments should be performed. 

EXPERII~EIHAL STUDIES OF HEPATIC BLOOD FL011 

Dye Clearance Methods 

Immature female Yorkshire pigs weighing between 24 and 26 kg were used in 

the study. Anaesthesia was induced with an intraperitoneal injection of sodium 

thiopentone ( 30 mg per kg body weight). After intubation with a cuffed endo­

tracheal tube the animals were ventilated using a Bennett anaesthesia venti­

lator with a gas mixture of 33% oxygen and 67% nitrous oxide. The expired 

carbon dioxide was measured with a Goddard type 146 capnograph and the ventila­

tion was adjusted to maintain an expired concentration of carbon dioxide 

between 4 and 5~b. Pancuronium bromide was used to maintain muscular relaxation 

and this was administered intravenously using a Braun ~1e1sungen Perfuser 

adjusted to administer the drug at a rate of approximately 0.5 mg per kg per 

hour. 

A 5 mg loading dose of indocyanine green was injected intravenously and it 

was then administered using a continuous infusion with another Braun r~elsungen 

Perfusor appartus at a rate of 4.75 mg/hr. Through a skin incision in the 

groin a 7 French 80 em cordis femora- renal A2 catheter was introduced into the 

femoral vein and advanced under x-ray control till its tip lay in one of the 
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main hepatic veins this position 1-1as checked by injection of radio-opaque 

dye (Urografin-Schering AG). This catf1eter was used to sarnp1e hepatic venous 

blood. Arterial blood was samp1ed through a 1.85 mrn bore catheter introduced 

into the femoral artery through the sav.te incision. 

After a minimum of 30 minutes of indocyanine green infusion, heparinized 

hepatic venous and arterial blood samples were withdra~tJan and centrifuged. The 

concentration of indocyanine green in tr1e supernatant plasr:1a was estimated by 

absorption spectometry at 796 nanometers wave1 ength using a Vi tat ron UC 200S 

photomometer and comparing the extinction so obtained with a calibration curve 

previously constructed using freshly prepared indocyanine green solution. 

The estimated hepatic blood flow (EHBP) was calculated from the formula: 

Hhere: 

and 

EHBF (ml mi n-1} ICG infusion rate (mgmin-1) 
II:Ga\mg ml-1)- !CGhv (mg ml 1) 

!CGa = Arterial concentration of ICG 

!CGhv = Hepatic venous concentration of ICG 

Hepatic extraction percentage (E) was calculated using the fomu1a: 

E ICGa - ICGhv 
ICGa 

In two of the six pigs a further estimation was performed after at least 

one hour 1
S pause to check the reproducability of the measuring r.Jethods. 

Using a i'later circulating blanket and a Chut·chill thermo-circulator LTCM 

thermostatically cantrall ed heater ci rcu1 a tor four of the pigs were heated to 

the temperature range of 39c to 40oC and the EHBF estimations repeated. The 

blood temperature in the pulmonary artery was taken as core temperature and 

this was measured using the themi star tip of a 7 Frenc11 gauge KMA thermo-

dilution Swan Ganz catheter. Two of the four pigs were further heated till 

their temperatures \Here above 40oC and again EHBF estimations were repeated. 
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TABLE VII Indocyanine green clearance studies in pigs 

Pig number Before Warming 39° - 40°C ~·lore than 40°C 

I CG ICG ICG 
EHBF Extraction EHBF Extraction EHBF Extraction 

1 48,1 16,6 

2 61,1 25,57 
55,1 26,3 

3 52,4 11,3 137,5 3,5 

4 57,9 16,1 550,0 2,1 

5 40,7 18,0 112,0 2,6 infinite zero 
40,7 22,4 

6 47,0 19,9 39,2 22,7 infinite zero 

Estimated hepatic blood flow (EHBF) in six yorkshire pigs (24-26 kg body weight) 
at various temperatures measured by indocyanine green {ICG) clearance 
techniques. Blood flow is expressed in mil per kg body weight per minute and 
I CG extraction as percent. 
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The tesults of the hepatic blood flow estimations and ICG extraction rates 

are presented in Table VII. As can be seen, at nonnotherr:ria, there is little 

difference between the various animals in tems of estimated flow, but in the 

range of 39o to 40o an enonnous range of calculated flmo,~s INere obtained. Some 

of the flows are clearly incorrect. In both animals above 40oC body temperature 

there was no rneasureable difference between ICG concentrations in the hepatic 

venous blood and the arterial blood. Calculations thus yielded 'infinite' blood 

flow and zero extraction. 

Discussion 

EH8F in pigs has been measured by various authors using ICG clearance 

techniques. Lucke and Hall (1978) using Pietrain pigs with a mean body weight 

of 67,3 kg obtained average flo>~s of 16.3 ml l<g-1 rnin-1 -whereas Imamura and 

Clowes (1975) employed pigs with a mean body weight of 25,8 kg and estimated 

mean f1 ows of 44,2 ml kg-1 mi n-1. The weights of their pigs compare well with 

those used in the present study (mean body weight 25,2 kg), as do flows 

obtained. The pigs in this study had mean flows of 50,7 ml kg-1 min-1. 

Imamura and Clowes (1975) obtained good correlation (correlation coefficient 

of 0,8) between their flo'>I/S measured by indocyanine green clearance and direct 

measurements obtained by a method employing two Swan Ganz thermodilution 

catheters positioned in the inferior vena cava above and below the openings of 

the hepatic veins. ~~lean flows of 43,6 ml kg-1 min-1 were obtained using this 

method. 

In view of the clearly incorrect estimations made by ICG clearance methods 

under hyperthermic conditions it was decided to further pursue the study using 
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other methods. 

Thermodilution Techniques 

It was decided to employ the dual Swan Ganz catheter method of measuring 

total hepatic blood flow as used by Imamura and Clowes(1975). Pigs of similar 

body weight to those used in the ICG clearance studies were anaesthetized as 

described above. 

Via an incision in the upper right side of the throat of the animal, a 

seven french gauge swan ganz thermodilution catheter was inserted as high as 

possible into the right internal jugular vein. This was advanced under pressure 

monitoring through the right atrium and right ventricle until its tip lay in 

the pulmonary artery. It was connected to a KMA thermodilution cardiac output 

computer model 3500. Cardiac output could then be measured by injection of 5% 

dextrose solution through the proximal line of the Swan Ganz catheter. 

A seven french femororenal catheter was inserted into the left femoral vein 

in the groin and advanced under fluoroscopy until its tip lay in one of the 

hepatic veins as described earlier. Into the other femoral vein two further 

seven french Swan Ganz thermodilution catheters were inserted. One was 

advanced until its thermister tip lay in the thoracic part of the inferior vena 

cava half way between the openings of hepatic veins and the exitus of the vena 

cava into the right atrium. The other Swan Ganz was positioned with its tip 

just distal to the exit of the hepatic veins into the inferior vena cava. The 

position of these catheters was checked under fluoroscopy by injection of a 

radiopaque dye (U rografi n-Scheri ng AG). 

Using 

dilution 

tips of 

this experimental 

cardiac output 

both catheters. 

arrangement in conjunction with the KNA thermo­

computer, it was possible to measure the flow at the 

Hence, by subtraction, total blood flow from the 
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hepatic veins, and hence total splanchnic blood flow could be estimated. 

It was found that this technique was only applicable to pigs of 24 kg or 

more bodyweight. Otherwise it was not possible to insert sufficient length of 

the 1 ower catheter to enable measurements to be made. This was due to the 30 

em distance between the proximal injection opening of the Swan Ganz catheter 

and the thermistor measuring tip. A standard catheter was used to ensure a 

good mixing of the i njectate. 

Two flov1 measurements were taken at two phases of the respiratory cycle 

fifty per cent apart and the Bennett ventilator was set to deliver a 1:1 

inspiratory/expiratory ratio. Recent work by Janssen et al. (1981) waul d 

indicate that the mean of the two results so obtai ned should have a good 

correlation with the mean flow during the respiratory cycle. In total, for 

each measurement 3 paired r'.1easurements were made and the results averaged. 

In order to determine the reproducibility of the method, paired estimates 

of liver blood flow (separated by 15-45 minutes) were perfonned on six pigs. 

The pigs were then heated as described in the previous section on dye 

dilutional methods. Measurements were perfomed at the fol1owing points: 

normothermia (between 3r and 38oC); between 39° and 40oC body temperature; 

between 40o and 41 oC; and above 41 °C. Body temperature was again taken as the 

temperature measured by the thermistor tip of the Swan Ganz catheter positioned 

in the pulmonary artery. 

At"terial and mixed venous blood samples were taken at the time of estima­

tions of liver blood flows, and blood gas and acid/base values were estimated 

using a Radiometer ABU acid base laboratory. The oxygen saturations of the 

blood and haemoglobin concentrations were measured using a Radiometer OS~12 

f1emoxirneter. 

From the above measurements the total sp1anchnic oxygen consumptions were 

calculated using the formula: 
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TABLE VIII Splancnic blood flow in pigs 

Paired thermodilution estimations Indocyanine green clearance 
of total splancnic blood flow estimations of total splancnic 

blood flow 

64.2 41.8 
63.8 

61.1 

52.5 55.1 
44.6 

52.4 

50.4 57.9 
48.8 

40.7 

52.4 47.0 
52.4 

40.7 

60.7 
53.5 

46.2 
48.5 

si gni fi cance using 
Student 1 s T test 

Mean 53.2 50.4 

SE +6.5 NS +7 .6 

n (6) (8) 

Paired thermodilution estimations of total splancnic blood flow and 
estimations of total splancnic blood flow using ICG clearance techniques. 
Pigs at normal body temperatures. 
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Splanchnic oxygen consumption ( C a02 - Chv02) x CO 

where: 

Ca02 =oxygen content of systemic arterial blood in ml/100 ml blood 

Chv02 =oxygen content of hepatic venous blood in ml/100 ml blood 

and CO= cardiac output in litres per minute 

Ca02 was derived from the formula: 

Ca02 = Hb x Sa02 X 1.306, 

and Chv02 was determined from the equation: 

Chv02 = Hb x Shv02 x 1,306 

where: 
Sa02 = percentage oxygen saturation of systemic arterial blood 

and Shv02 = percentage oxygen saturation of hepatic venous blood. 

Results 

In Table VIII results are presented of the paired thermodilution 

estimations of liver blood flow. Also presented from comparison are the 

(largely unpaired) estimations of liver flow using the ICG clearance tech­

niques. It should be noted that these <~ere performed in a different group of 

animals, and hence no comparison can be made between the individual figures in 

the two columns. 

There was no statistically significant difference (using the Student's 

t-test) between the results obtained by the two methods. The correlation co­

efficient between the two measurements making up the pairs of the thermodilu­

tion measurements was 0.81 (P<..OS). 

Figure 9 is a histogram representation of the changes of total splancnic 

blood flow against temperature. As can be seen, statistically significant 

reductions in flow occurred at all temperatures above 39°C. 

In figure 10 these changes are plotted as a proportion of the cardiac output 

- again, all falls are significant. 

In figure 11 sp 1 ancni c oxygen consumption per kilogram bodywei ght is p 1 otted 
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against temperature. Significant decreases occurred when the animals 1 
body 

temperatures were raised above 39°C. 

In figure 12 changes with temperature of both systemic arterial oxygen 

saturation and hepatic venous oxygen saturation are presented. \~hereas the 

arterial saturation fell significantly on raising body temperature, there were 

no significant changes in the hepatic venous oxygen saturations. 

Discussion 

Investigations of hepatic blood flo;, under hyperthennic conditions have been 

carried out in a number of animal models and also in man. In the latter case 

the rise in body temperature was not nearly as much as is induced during I<BHT. 

Trai<S and Sancetta (1959) have studied the effects of raised body 

temperature in nomal human subjects using bromsulphalein (BSP) clearance and 

found no change in estimated hepatic blood flow. It should be noted that the 

average body temperature was only raised by 0.8°C. Using the same techniques 

under conditions of induced pyrexia, Bradley and Conan (1947) found that EHBF 

increased si gni fi cantly with concomitant reduction in BSP extraction. 

Using ICG clearance methods, Rowell et al. (1970) have recorded decreases 

in EHBF in spontaneously ventilating human volunteers. The blood temperature 

in the right atrium was between 39.05'C and 39.44'C and the mean decreases in 

flow amounted to 34%. This compares quite well ;,ith the percentage fall that 

was observed in the pig (29,2%) between nonnothermia and 39'- 40'C. Rowell et 

al. (1970) noted that the splancnic blood flow began to decrease near the time 

that the blood temperature began to rise. They stated that the hepatic 

extraction remained constant at 85% and they postulated that splancnic vascular 

resistance might have been increased vi a central baroreceptor reflexes in the 

presence of a decreasing mean arterial pressure. However, in a further study, 
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Rowell et al. (1971) demonstrated that falling mean arterial pressure or aortic 

pulse pressure were not major causes of the splancnic vasoconstriction in 

response to heating in the human subject. 

Using radioactive microspheres to study the splancnic blood flow in 

unanaesthetised baboons Hales et al. (1978) have demonstrated a 35% reduction 

in flow when the body temperature was raised by a mean of 1.7'C. The study 

further revealed 

tions. This is 

output are found 

that there is no rise in cardiac output under these condi­

in contrast to man~ in whom very large increases in cardiac 

(Rowell et al. 1970). The baboon would appear to differ from 

man in a number of its thennoregul a tory mechanisms as a 1 ack of human 1 ike 

active skin vasodilation under conditions of hyperthermia was demonstrated in 

heat stressed baboons by Wyss and Rowell (1976). 

In a study using radioactive microspheres, Hales (1973) has studied blood 

flow changes in the splancnic area of hyperthermic sheep. Hyperthermia at mean 

temperatures 

flow of 20%, 

of 40.2', 40.7' and 42.3'C resulted in mean decreases in splancnic 

42% and 53% respectively. In this study there were no marked 

changes in cardiac output. 

In experiments in anaesthetised cats and rabbits, Walther et al. (1970) 

have demonstratEd that local heating of the spinal cord causes decrease in 

activity in cutaneous sympathetic effects with corresponding increase in 

vi seral sympathetic outflow. Similar effects were 1 ater demonstrated in 

decereberat.ed rabbits by I riki and Kozawa (1976a). These results waul d indicate 

that thermoregulatory responses of the sympathetic nervous system are capable 

of functioning after loss of hypothalamic integration. In addition it has been 

shown that vagal activity is decreased during spinal chord warming (lriki and 

Kozawa 1976b). 

Local heating of the spinal cord has also been shown to decrease blood 

f,low the in superior mesenteric and splenic arteries of anaesthetised dogs, 

with concomitant increase in flow in the dorsalis pedis artery (Hales and 
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Dampney 1975). 

From the above discussion, it may be concluded that the thennoregulation 

responses of the splancnic circulation in response to hypertl1ennia is basically 

similar in all manmal ian species. Cardia-cutaneous responses to heating may 

vary but it would appear that splancnic bloorJ flow is almost always reduced 

under these conditiones. It is tempting to suggest that similar reductions in 

total splancnic hepatic 

the present study, may 

physi ol ogi cal responses 

flow and oxygen consumption to those found in pigs in 

be occuri ng in man undergoing ~JBHT and that these 

might be,in part, responsible for the hepatic toxicity 

that was observed fallowing treatr.1ent. 

It would appear that estimated hepatic blood flows obtained under 

hyperthennic conditions employing dye clearance methods are unreliable and 

there is a need for the development of alternative clinical methods directed 

towards this end. 

Future Possibilities 

If the assumption is accepted that changes in liver function follo>ling WBHT 

are, at least partially, caused by decreases in total splanchnic blood flow 

during treatment, it would see,n logical to attempt to block the increase of 

sympathetic discharge that is taking place. This has been demonstrated in 

experimental models (as mentioned above) by \Jalther et al. (1970) and Iriki and 

Kasa<~a (1976a). 

If spinal epidural 

sympathetic discharge from 

Epidural anaesthesia has 

blockade with loca1 anaesthetics is perfonned 

the thoraco-lumbar outflow wi11 be decreased. 

been employed by both Pettigrew and Ludgate (1977), 

and Blair and Levin (1977) in order to increase cutaneous vasodilation and 

hence by, increasing heat flux from the s!<i n surface, to speed the vJanni ng of 
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the patient. The latter have demonstrated a mean rise of body temperature 

during the first hour of heating of 1.7'C (in three treatments) without 

epidural blockade, as opposed to a rise of 3.1'C per hour (in 32 treatments) 

after blockade. Unfortunately the temperatures at which the patients were held 

at plateau and also the duration of treatments vary between the two groups and 

no conclusions can be drawn as to the prevention of rises of serum enzymes or 

bilirubin levels following treatment. 

Alpha-adrenergic blockade of the sympathetic nervous system might also be 

expected to decrease sympathetic tone in the splanchnic vascular bed. Hence 

less decrease of blood flow to the liver should occur during WBHT. This treat­

ment might, indeed, have other advantages than the increase of splanchnic blood 

flow. 

It has been shown that platelets can take up circulating catecholamines 

from plasma and that this effect is both time and temperature dependent (Born 

and Smith 1970) and it has recently been confirmed by Zweifler and Julius 

(1982) that patients with pheochromocytoma have greatly increased platelet 

levels of catecholamines. Zwiefler and Romero (1975) have shown that platelets 

from patients with pheochromoacytoma exhibit greater sensitivity to adenosine 

diphosphate (ADP) aggregation than do those of normal controls. They have 

further demonstrated that this effect can be prevented by the alpha-adrenergic 

blocking agent phentolamine. 

As already mentioned, Kim et al. (1979) have confirmed the presence of 

increased concentrations of circulating catecholamines in patients undergoing 

WBHT. In some cases the concentrations, that they measured~ were comparable 

with those found in patients suffering from phaeochrornocytoma. It might there­

fore be postulated that alpha-adrenergic blockade during WBHT might prevent 

catecholamine release. Uptake of these substances by the platelets, which may 

take place at an faster than norroal rate at raised temperatures, would then not 

occur. In this way the occurance of disseminated intravascular coagulation 
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following WBHT might be diminished or prevented. 

SUNMARY OF THE EFFECTS OF HYPERTHERei!A ON THE Ll VER 

Rises in serum enzymes, indicating both rnuscle damage and hepatic 

impairment have been seen following whole body hyperthermia treatment. The most 

useful enzymes to follow as indicators of liver damage ·would appear to be SGOT 

and SGPT, which tend to reach their highest 1 evel s at 48 hours fol owing 

treatment. 

Evidence 

temperature 

of treatment 

from published work is available to indicate that a body 

of 41.8oC should, at the moment, be considered an upper safe limit 

temperature. 

hepatic necrosis, 

would appear that 

a case 

Hm11ever 

report 

total splancnic 

and that 

one patient in the present series died of 

of which is reported in this thesis. It 

blood flow is significantly reduced under 

hyperthermic conditions 

u nsui table for estimating 

i ndocy ani ne 

this reduction. 

green clearance techniques are 

Diminution of flow is almost 

certainly mainly mediated through sympathetic vasoconstriction of the splancnic 

bed. It would seem logical to try to block this effect by alpha blockade of the 

autonom·ic nervous system. 

Total splancnic oxygen consumption is reduced at hyperthermia. This is not 

as a result of decreased blood flow, with consequent desaturation of hepatic 

venous blood but as a result of altered hepatic cellular metabolism at high 

temperatures. 
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SUI'it~ARY AND CONCLUSIONS 

In Chapter I, the thennal sensitivity of nonnal tissues in the intact 

animal were discussed and it was pointed out the intact animal was more 

sensitive to temperature rise than some of its individual organ systems. 

The concept of critical thennal maximum was introduced and a discussion was 

presented on the relationship between hyperthermia and the duration of 

mai ntai nence of the raised temperatures. 

In Chapter I I a short review of ce 11 ul ar thermobi o logy was presented. 

It was concluded that malignant cells are probably no more sensitive than 

normal cells from the same tissue of origin. Themosensitivity of cells at 

various stages of the cell cycle under different nutritional conditions was 

discussed. It was concluded that though hypoxia per se had little effect on 

thermosensitivity, the pH of the incubation medium was of great importance. 

Low pH conditions, both during and following hyperthermia, can greatly 

increase cellular thennosensitivity and can markedly increase cell 

mortality. A snort discussion of thermal resistance and therrnotol era nee was 

presented together with 

active cellular 'defence' 

evidence that thennotolerance development is an 

mechanism. Mention was made of the effects of 

'step-dm>~n heating' and of studies of substances that may protect or 

sensitise cells to hyperthermia. 

The discussion of cellular tllermobi ol ogy VJas further expanded in Chapter 

II to include combined cellular effects of hyperthermia and radiation. Again 

the effect of low pH is of importance in cell mortality. A short discussion 

of the tirni ng of hyperthemli a and radiation was presented and the chapter 

was concluded with a few remarks on combined treatment with hyperthennia and 

cytotoxic agents. 

In chapter I I I the thennobi ol ogy of tumors was considered. Studies have 
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revealed that microcirculatory blood flow of rnalignant tumors is essentially 

i nhomogeni ous. Evi de nee is presented that flow can be greatly decreased or 

even completely obstructed under conditions of hyperthen11ia. Tumors have 

been found to be generally hypoxic and at a lower pH than surrounding nomal 

tissues. Under conditions of hyperthennia, the pH is further reduced and 

oxygenation is impaired to a greater extent than under nonnothermia. Glucose 

uptake and metabolism was discussed, as were tfle possible mechanisms whereby 

tumor circulation is comprornised under hyperthermia. 

In Chapter IV a discussion of the various heating techniques in use for 

11ho1 e Body Hypertl1enni a treatment of patients was presented. These encompass 

skin heating 11ith hot wax, water and hot air. The use of extracorporeal heat 

exchangers was mentioned. A detailed description of the apparatus in use in 

Rotterdam for \~BHT was presented together with an outline of the development 

and modification of the heating methods snployed. 

A detailed description of anaesthetic techniques in use in the present 

study was presented in Chapter v. Also included was a description of the 

pretreatment fitness criteria for inclusion of patients in the study, and a 

description of monitoring procedures during treatment. Fluid balance under 

WBHT was considered. The most important conc1usions were that a very light 

general anaesthetic shou1d be administered and that care should be taken not 

to attanpt to alter haemodynamic parameters by administering 1arge 

quantities of colloidal solutions as this may lead to oedema fomation. It 

was further noted that urine output may be greatly diminished under WBHT. 

In Chapter VI~ results were presented of studies of the reaction of the 

cardiovascular systern to lt!BH. This treat'llent is associated wittl large 

decreases in both systemic and pulmonary vascular resistance. Whereas the 

systemic pressure is reduced at the plateau temperature of 4l.8°C, pressure 

in the puln1onary artery is increased.. A considerable tachycardia occured, 

but did not cause undue problems. Though cardiac output was greatly 
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increased, left ventricular work was not raised to levels markedly more than 

those obtaining in the awake sedated patients. On the other hand, right 

ventricular work was greatly increased. The mechanisms responsible for this 

paradox were discussed. The pattern of 'normalization' of cardiovascular 

variables in the post treatment period was a1so presented and discussed. 

In Chapter VI I detai 1 s were presented of whole body oxygen consumption 

and of the oxygen flux to the tissues under conditions of hyperthermia. 

Factors affecting the oxygen supply were discussed and it was concluded that 

there was no evidence of the occurrence of tissue hypoxia. Increases of 

oxygen consumption were modest, {34.6% increase over normothennic anaesthe­

tized controls) and it was shown that 37% of these increases could be 

accounted for by increases in cardiac work. 

In Chapter VIII, a number of side effects and complications that 

occurred following WBHT were described and discussed. These included haemoto­

logical and electrolyte changes. The occurrence of a mild intravascular 

coagulation syndrome in a number of patients was discussed. The 

complications occurring did not cause undue anxiety. 

In Chapter IX the~ sometimes severe, changes in serum enzyme levels were 

discussed and it was postulated that these were caused by a mixed post 

hyperthermic syndrome. Skeletal muscular damage was reflected by raised CPK 

1 evel s, whereas rises of SGOT and SGPT 1 evel s (which tend to be most severe 

following a patient's first hypethermic exposure) weYe indications of liver 

damage. A case report was presented of a patient who died in hepatic 

failure following hyperthennia treatment. The etiology of this tragedy and 

the possible hepatoxicity of the halothane anaesthesia used in this case 

were extensively discussed. lJo finn conclusions could be drawn as to the 

cause of this fatality. 

Results of estimations of total splanchnic blood flow under hypertherrnia 

in patients and in experimental animals (pigs) were presented. It was 
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concluded that the technique of indocyanine green clearance gave unreliable 

results under these conditions. Further studies in pigs of splanchnic blood 

flow and oxygen consumption were presented and it was seen that both values 

were significantly decreased above a body temperature of 39°C. The cause 

and possib1e prevention of these changes was discussed. 

On the basis of the data obtained froo1 patients and experimental animals 

it was concluded that the liver was the limiting organ with respect to the 

safety of Whole Body Hyperthenni a Treatment. Further methods to closely 

monitor liver function during any hyperthennia treatment involving either 

WBHT or large volume local heating must be refined. 

As a final conclusion, it may be stated that this thesis has 

demonstrated that Whole Body Hyperthenni a Treatment under general 

anaesthesia is entirely feasible. Provided that certain precautions and 

adequate monitoring regimes are observed, morbidity can be kept to an 

acceptable minimun. Once the problems of liver toxicity can be overcome~ it 

may be possible to raise treatment temperatures and provide vastly improved 

c1 i nica1 results from this fonn of treatment. 
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Mean Systemic Arterial Pressure 

A radioisotope of Carbon 

Content of oxygen in hepatic venous blood 
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Cardiac Output 

Creatine Phosphokinase 

A radioisotope of Chronium 

Critical Thermal Maximum 

Content of oxygen in the mixed venous blood 

Optical Density 

Deuterated water 

Desoxyribo Nucleic Acid 

2,3, Diphosphoglycerate 

Optical Extinction 

Estimated Hepatic Blood Flow 

Haemoglobin concentration in the blood 

Haematocrit 

A radioisotope of Iodine 

I ndocyani ne Green 

Arterial Concentration of lndocyanine Green 

Hepatic Venous Concentration of Indocyanine Green 

Kilowatt 

Lactic Dehydrogenase 

Left Ventricular Work Index 

Megahertz 

A radioisotope of Sodium 

Whole body oxygen consumption per m2 of body surface area 

Oxygen Enhancement Ratio 

Statistical probability of chance occurence 

Partial pressure of oxygen at which haemoglobin is 50% saturated 

Partial pressure of oxygen in the arterial blood 

l~ean Pulmonary Artery Pressure 

Partial pressure of carbon dioxide 

Concentration of hydrogen ions in a solution 

Partial pressure of oxygen 
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Standard Deviation 
Standard Error of the i-~ean 

Serum Glutamate Oxol oacetate Transaminase 

Serum G 1 utarnate Pyruvate Transaminase 

Saturation of oxygen in hepatic venous blood 
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Saturation of oxygen in mixed venous blood 

Systemic Vascular Resistance Index 
Oxygen consumption 

Whole Body Hyperthermia Treatment 

A radioisotope of Xenon 
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