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ABSTRACT 

The goal of heat therapy in the treatment of malignant disease is to raise the 

temperature of all neoplastic tissue to a cytotoxic temperature for a predetermined period 

of time. This seemingly simple task has proved difficult in-vivo, in part because of non

uniform power absorption and in part because of nonhomogeneous and time varying 

tumour blood flow. We have addressed this difficulty first by utilizing the conceptually 

simple technique of conductive interstitial hyperthermia, in which the tumour is warmed 

by multiple, electrically heated catheters, and second by implementing on-line conu·ol of 

minimum tumour temperatures near each catheter, estimated on the basis of the steady

state ratio of catheter power to catheter temperature rise. This report presents an analysis 

of the accuracy, precision, and stability of the on-line minimum temperature 

estimation/conu·ol technique for 22 patients who received 31 separate courses of 

conductive interstitial hyperthermia for the treatment of malignant brain tumours, and in 

whom temperature was monitored independently by 12 to 16 independent sensors per 

patient. In all patients, the technique was found to accurately and precisely estimate and 

control the local minimum temperatures. Comparison of measured and estimated 

temperatures revealed a mean difference of 0.0 ±0.4 °C for those sensors within 1.0 mm 

of the expected location for minimum temperatures. This technique, therefore, offers an 

attractive method for controlling hyperthermia therapy -- even in the presence of time 

varying local blood flow. 

Key Words (not in title): algorithm, blood flow, heat therapy, glioma, glioblastoma, 
minimum temperature, intracranial tumour, perfusion 
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temperature distribution appears as shown in Figure 2. 

When the catheters are implanted in arrays, having interior and exterior elements, the 

valleys near interior probes are isolated from one another by thermal ridges that prevent 

conductive heat transfer from one valley to another (Figure 2). As a result, heat flowing 

"down" from adjacent peaks accumulates in each valley and, as modeled by the bio-heat 

transfer equation, is carried away only by blood perfusion. As a result, the steady-state 

minimum temperature of the interior valleys is determined solely by the balance between 

conduction from surrounding hot sources and blood perfusion. This simplified scheme of 

heat transfer in conductive interstitial hyperthermia makes the estimation of minimum 

temperatures a tractable problem. 

In recent publications (DeFord et al. 1990a, DeFord et al. 1990b, Babbs et al. 1990, 

Patel et al. 1990), we have described the theoretical basis for minimum temperature 

estimation and control during conductive interstitial hyperthermia. In brief, the essential 

features of the peak-and-valley temperature profile between implanted heating elements 

may be described by a dimensionless parameter called "droop". Droop is defined as: 

dr 
T catheter - T minimum 

oop = 
T catheter - T arterial 

and represents the relative fall in tissue temperature from the thermal peaks to the 

thermal valleys between hot sources. A rearrangement of equation (1) in the form, 

T minimum = Tcatheter - droop(Tcatheter - T arterial) , 

provides an expression for local minimum tissue temperature in terms of catheter 

(1) 

(2)
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