











































































































































































































































































































































































































































































































800
810

820

880
890
900

150

PRINT #2, WTIME";TAB(10);"1%;TAB(18);%2%; TAB(26);"3"
TAB(42);"S5"; TAB(50);"6"; TAB(58) ; 7"

NA=(360/DTHETAD)
DTHETA=DTHETAD*3.14159/180
NZ=INT(ZLENGTH/DELTAZ+0.5)
INCREM=TOTAL/DELTAT

AA=VEL*CB*DENB/DELTAZ \ BB=DENB*CB/DELTAT \ CC=AA+BB

;TAB(34);"4"; &

HS=(1.08*KB/(2*Rv))*((DENB*CB*VEL*4*Rv"*2)/(KB*ZLENGTH) )" (1/3)

KEFF=4*KT1SS*KV*KB/(KB* (KV+KTISS)+KTISS*(KB+KV))

SL=P/(22-21)
INTCON=SL/(4*3.14159)
MUTP t=MUSPt+MUAt

Kot=SQR(3*MUAt*MUTPt)*(1-(2*MUAt)/(5*MUTPt)) \ MUPt=5*MUTPt/4
Dtiss=MUAt/Kot"2 \ BETAt=(2*MUAt/MUSPt)*(MUTPt"2-Kot”"2)/(Kot"2-MUAt*MUTPt)

MUTPb=MUADb

Kob=SQR (3*MUAb*MUTPb)*(1- (2*MUAb)/(5*MUTPb)) \ MUPb=5*MUTPb/4

Db=MUAb/Kob*2 \ BETAb=0

TNR=0

THETA=0

FOR J=1 TO NA
R=R1
GOsuB 2000
TNR=TNR+NR(J)-1
FOR I=1 TO 45

RR=R

IF I=IFLAG AND J=JFLAG THEN !Omit BHTE coefficients at light source.

I=1+1
END IF
GOSUB 3000

IF J=JFLAG AND I=(IFLAG-1) OR J=JFLAG AND I=(IFLAG+1) THEN

GOsuB 4000
END IF

IF J=NA AND I=IFLAG OR J=(JFLAG+1) AND I=IFLAG THEN

GOSUB 5000
END IF
R=R+DELTAR1
NEXT 1
THETA=THETA+DTHETA1
NEXT J

IF VEL > O THEN

TNGP=(TNR+1)*(NZ-1) !Fof flowing blood.
ELSE

TNGP=(TNR)*(NZ-1) IFor stationary blood.
END IF

ZM=DELTAZ
FOR K=1 TO (NZ-1)
THETA=0
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910 IF VEL > 0 THEN
A=21 \ B=Z2 \ RESULT=0 \ ERREST=0
MUA=MUAb \ MUP=MUPb \ Ko=Kob \ BETA=BETAb \ D=Db \ R=0
CALL FORIGIN (R,THETA,ZM,Ko,BETA,D,MUP,DT,A,B,RESULT,ERREST)
QLB(K)=MUA*INTCON*RESULT !Absorbed light in flowing blood along
Ivessel axis.

END IF
920 FOR J=1 TO NA
930 R=R1
940 FOR I=1 TO (NR(J)-1)
950 RR=R
960 IF I=1FLAG AND J=JFLAG THEN !Omit light absorption at source.
GOTO 1020
END IF
970 A=Z1 \ B=Z2 \ RESULT=0 \ ERREST=0
980 IF RR < Rv THEN
MUA=MUAb \ MUP=MUPb \ Ko=Kob \ BETA=BETAb \ D=Db
ELSE
MUA=MUAt \ MUP=MUPt \ Ko=Kot \ BETA=BETAt \ D=Dtiss
END IF
900 CALL FORIGIN (R,THETA,ZM,Ko,BETA,D,MUP,DT,A,B,RESULT,ERREST)
1000 QL(I,J,K)=MUA*INTCON*RESULT !Absorbed light in tissue and
Istationary blood.
1010 IF RR = Rv THEN ISet absorbed light at vessel to zero.
QL(¢rI,J,K)=0
END IF
1020 SELECT RR IDistributed radial increments due to
CASE < Rv 'nonuniform differencing at vessel.
DELTAR1=DELTAR
CASE = Rv
DELTART=EVENR
CASE ELSE
DELTAR1=DELTAR
END SELECT
1030 R=R+DELTAR1
1040 NEXT I
1050 THETA=THETA+DTHETA
1060  NEXT J
1070 ZM=ZM+DELTAZ
1080 NEXT K
[ i smmmis o o s v o s INITIALIZE ALL GRID POINTS TO 310 K-=--=-==-=c-c-cccccncon-

1090 FOR K=0 TO NZ

1100  TPB(K,O0LD)=310

1110 FOR J=1 TO NA

1120 FOR I=1 TO 45

1130 TP(1,J,K,0LD)=310
1140 NEXT I

1150  NEXT J

1160 NEXT K

1170 T=1

1180 IF NEW=1 THEN
NEW=2
ELSE
NEW=1
END If

IDue to implicit differencing, reset all temps. at start of new time interval
Ito 310 K.

1190 FOR K=0 TO NZ
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1200 TPB(K,NEW)=310
1210 FOR J=1 TO NA
1220 FOR I=1 TO 45
1230 TP(I,J,K,NEW)=310
1240 NEXT I
1250  NEXT J
1260 NEXT K
1270 CTR=0 lInitialize the iterative counter.
1280 GPC=0 lInitialize number of converged grid points
1290 FOR K=1 TO (NZ-1)
1300 IF VEL > 0 THEN
IF CTR > 20 AND RESIDB(K) < CRITER THEN

GPC=GPC+1 ICount number of converged grid points in
GOTO 1320 Iflowing blood.
END IF

ICalculate blood temperature and residual if blood velocity > 0.

OLDTPB=TPB(K,NEW)
TPB(K,NEW)=(QLB(K)+(AA*TPB(K-1,NEW))+(BB*TPB(K,0LD)))/CC
RESIDB(K)=ABS(OLDTPB-TPB(K,NEW))*2/(OLDTPB+TPB(K,6NEW))

END IF
1320 FOR J=1 TO NA
1330 FOR I=1 TO (NR(J)-1)
1340 IF CTR > 20 AND RESID(I,J,K) < CRITER THEN
GPC=GPC+1 1Count number of converged grid points in
GOTO 1530 Itissue, vessel and stationary blood.
END IF
1350 TEMP1=0 \ TEMP2=0 \ TEMP3=0 \ TEMP4=0 \ TP1=0 \ TP2=0 \ TP3=0
1360 IF I=IFLAG AND J=JFLAG THEN !Omit temp. calculation at source.
I=1+1
END IF
1370 IF J < (NA/2)+1 THEN
JINCREM=J+(180/DTHETAD)
ELSE
JINCREM=J-(180/DTHETAD)
END IF
1380 TEMP1=TP(I+1,J,K,NEW)
1390 IF VEL > O THEN
TEMP2=TP(I-1,J,K,NEW)
ELSE
IF I=1 THEN
TEMP2=TP(1, JINCREM, K, NEW)
ELSE
TEMP2=TP(1-1,J,K,NEW)
END IF
END IF
1400 IF J=NA THEN
TEMP3=TP(I1,1,K,NEW)
ELSE
TEMP3=TP(I,J+1,K,NEW)
END IF
1410 IF J=1 THEN
TEMP4=TP(I,NA,K, NEW)
ELSE
TEMP4=TP(1,J-1,K,NEW)
END IF
1420 IF J=JFLAG AND I=(IFLAG-1) THEN
TEMP1=TP(1+2,J,K,NEW)
END IF
1430 IF J=JFLAG AND I=(IFLAG+1) THEN
TEMP2=TP(1-2,J,K,NEW)
END IF
1440 IF J=NA AND I=IFLAG THEN



1450

1460

1470

1480
1490
1500
1510
1520

1530
1540
1550
1560
1570
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TEMP3=TP(I,JFLAG+1,K,NEW)
END IF
IF J=(JFLAG+1) AND I=IFLAG THEN
TEMP4=TP(I,NA,K, NEW)

END IF
IF T > DIV THEN 1End light absorption after a
aL(1,J,K)=0 Ispecified time.
END IF
OLDTP=TP(I,J,K,NEW) !Rename temperture of previous interation

Ito calculate residual.
TP1=B(I,J)*TEMP1 + C(I,J)*TEMP2 + D(I,J)*TEMP3 + E(I,J)*TEMP4
TP2=F(I,J)*TP(I,J ,K+1,NEW) + G(I,J)*TP(I,J,K-1,NEW)
TP3=H(I,J)*TP(I,J,K,OLD) + L(I,Jd) + M(I,J)*TPB(K,NEW)+(QM + QL(I,J,K))/N(I
TP(1,J,K,NEW)=(TP1 + TP2 + TP3) / A(l,J) lUpdate temperature.
RESID(I,J,K)=ABS(OLDTP-TP(I,J ,K,NEW))*2/ &

(OLDTP+TP(I,J,K,NEW)) {Calculate residual.

NEXT 1

NEXT J

NEXT K

CTR=CTR+1

IF GPC < TNGP THEN 1Are all grid points at the time
GOTO 1280 linterval converged.

END IF

PRINT #2, T;TAB(8);TP(10,10,19,NEW);TAB(16);TP(5,1,19,NEW); &
TAB(24);TP(15,1,19,NEW); TAB(32);TP(20,1,19,NEW); &
TAB(40);TP(10,28,19,NEW) ; TAB(48);TP(5,19,19,NEW); &
TAB(56);TP(10,19,19,NEW)

IPrint blood temperatures.

1590
1600
1610

FOR K=1 TO (N2-1)
PRINT #1, MTPB(";K;",";T;")=";TPB(K,NEW)
NEXT K

IPrint radial temps from vessel to source at plane of interest.

1620
1630
1640
1650

1660
1670
1680

1690

1700

1710
1720
1730

FOR J=1 TO 19 STEP 18
FOR I=1 TO 10
K=19
IF I=1 AND J=1 THEN
PRINT “TPB(™;K;", ";T;")=";TPB(K,6NEW)
END IF
PRINT WTP(U;I;u, w;J ;0 uaKyn uaTouy=u-Tp(,J,K,NEW)
NEXT I
NEXT J

IF OLD=1 THEN
oLD=2

ELSE
oLD=1

END IF

IF T < INCREM THEN !1s the modelling time complete?
T=T+1
GOTO 1180

END IF

CLOSE #1
CLOSE #2
GOsuB 10000
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RL1=DT*COS(THETA)+SQR(DT"2*( (COS(THETA))"2-1)+LAMBDA"2)
RL2=DT*COS(THETA)-SQR(DT"2*((COS(THETA))"2-1)+LAMBDA"2)

IF RL1 > O THEN ICalculate distance from vessel axis to boundary
RAY=RL1 tof cylinder defined by lambda.

ELSE
RAY=RL2

END IF

MLENGTH=RAY-.2 ISubtract region at vessel with nonuniform radial

Idifferencing.
NR(J)=INT((MLENGTH/DELTAR)+0.5) + 2 !Add number of increments in this
lregion.
RETURN

DTHETA1=DTHETA \ DTHETA2=DTHETA
SELECT RR
CASE < Rv
DELTAR2=2*DELTAR \ DELTAR1=DELTAR
A1=1/(DIFFB*DELTAT) + 2/(DELTART*DELTAR2)
A2=(DELTAR2-DELTAR1)/(R*DELTART*DELTAR2) + 2/(R*2*DTHETA1*DTHETA2)
A3=2/DELTAZ*2
AC1,Jd)= A1 + A2 + A3
B(I,J)=(2*R*DELTAR2+DELTAR2"2)/ (R*DELTAR1*DELTAR2* (DELTAR1+DELTAR2))
CCI,J)=(2*R*DELTART-DELTAR1~2)/(R*DELTAR1*DELTAR2* (DELTAR1+DELTAR2))
DCI,Jd)=2/(RA2*DTHETA1*(DTHETA1+DTHETA2))
E(1,d)=2/(R*2*DTHETA2*(DTHETA1+DTHETA2))
F(I,J)=1/DELTAZA2
G(I,J)=1/DELTAZ"2
H(I,J)=1/(DIFFB*DELTAT)
LC1,d)=0
M(I,4)=0
NCI,J)=KB
CASE = Rv
IF VEL > O THEN
DELTAR1=EVENR
A1=DENV*CV/(KEFF*DELTAT) + 2/DELTAR1*2
A2=2/(R*2*DTHETAT*DTHETA2)
A3=2/DELTAZ*2 + (2*R-DELTAR1)*HS/(R*DELTAR1*KEFF)
ACT, J)=A1+A2+A3
B(I,J)=2/DELTAR1"2
c(1,4)=0
D(I,J)=2/(R*2*DTHETAT*(DTHETAT+DTHETA2))
ECI,J)=2/(R2*DTHETA2*(DTHETA1+DTHETA2))
FCI,J)=1/DELTAZ*2
G(I,d)=1/DELTAZ"2
H(I,J)=DENV*CV/(KEFF*DELTAT)
L(1,d)=0
M(1,J)=(2*R-DELTAR1)*HS/(R*DELTAR1*KEFF)
NCI,J)=KEFF
ELSE
DELTAR2=Rv \ DELTAR1=EVENR
A1=DENV*CV/(KEFF*DELTAT) + 2/(DELTAR1*DELTAR2)
A2=(DELTAR2-DELTAR1)/(R*DELTAR1*DELTAR2)
A3=2/(R*2*DTHETAT*DTHETA2) + 2/DELTAZ*2
ACI,d)= A1 + A2 + A3
B(I,J)=(2*R*DELTAR2+DELTAR2*2)/(R*DELTAR1*DELTAR2* (DELTAR1+DELTAR2))
C(I,J)=(2*R*DELTAR1-DELTAR1%2)/(R*DELTAR1*DELTAR2*(DELTAR1+DELTAR2))
D(I,J)=2/(R*2*DTHETA1*(DTHETAT+DTHETA2))
EC1,J)=2/(R2*DTHETA2*(DTHETA1+DTHETA2))
F(I,J)=1/DELTAZ*2
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G(1,J)=1/DELTAZ*2
HCI, J)=DENV*CV/ (KEFF*DELTAT)
L(I,d)=0
M(1,d)=0
N(1,J)=KEFF
END IF
CASE = (RV+EVENR)
DELTAR2=EVENR \ DELTAR1=DELTAR
A1=1/(DIFFT*DELTAT) + 2/(DELTAR1*DELTAR2)
A2=(DELTAR2-DELTAR1)/(R*DELTART*DELTAR2) + 2/(R*2*DTHETAT*DTHETA2)
A3=2/DELTAZ*2 + WB*CB/KTISS
ACI,J)= A1 + A2 + A3
B(1,J)=(2*R*DELTAR2+DELTAR2*2)/(R*DELTAR1*DELTAR2* (DELTAR1+DELTAR2))
CCI,J)=(2*R*DELTAR1-DELTAR1~2)/(R*DELTAR1*DELTAR2* (DELTAR1+DELTAR2))
D(I,J)=2/(R*2*DTHETAT*(DTHETA1+DTHETA2))
E(I,Jd)=2/(R*2*DTHETA2*(DTHETA1+DTHETA2))
F(I1,J)=1/DELTAZ2
G(I,J)=1/DELTAZ*2
H(I,d)=1/(DIFFT*DELTAT)
LCI,J)=WB*CB*Ta/KTISS
M(I,J)=0
NCI,J)=KTISS
CASE ELSE
DELTAR2=DELTAR \ DELTAR1=DELTAR
A1=1/(DIFFT*DELTAT) + 2/(DELTAR1*DELTAR2)
A2=(DELTAR2-DELTAR1)/(R*DELTARI*DELTAR2) + 2/(R*2*DTHETA1*DTHETA2)
A3=2/DELTAZ*2 + WB*CB/KTISS
ACL,J)= A1 + A2 + A3
B(I,J)=(2*R*DELTAR2+DELTAR2"2)/(R*DELTAR1*DELTAR2* (DELTAR1+DELTAR2) )
C(1,J)=(2*R*DELTAR1-DELTAR1~2)/(R*DELTAR1*DELTAR2* (DELTAR1+DELTAR2) )
D(I,d)=2/(R 2*DTHETA1*(DTHETA1+DTHETA2))
E(I,J)=2/(R*2*DTHETA2*(DTHETA1+DTHETA2))
F(1,J)=1/DELTAZ*2
G(1,J)=1/DELTAZ*2
H(I,d)=1/(DIFFT*DELTAT)
L(I,J)=WB*CB*Ta/KTISS
M(I,J)=0
NCI,J)=KTISS
END SELECT
3800 RETURN

ISUBROUTINE #3: RECALCULATE COEFFICIENTS ONE INCREMENT ABOVE AND BELOW
! THE LIGHT SOURCE.

4000 DTHETA2=DTHETA \ DTHETA1=DTHETA
4002 SELECT I
CASE = (IFLAG-1)
DELTAR2=DELTAR \ DELTAR1=2*DELTAR
CASE = (IFLAG*+1)
DELTAR2=2*DELTAR \ DELTAR1=DELTAR
END SELECT
4100 A1=1/(DIFFT*DELTAT) + 2/(DELTAR1*DELTAR2)
A2=(DELTAR2-DELTAR1)/(R*DELTART*DELTAR2) + 2/(R*2*DTHETA1*DTHETA2)
A3=2/DELTAZ*2 + WB*CB/KTISS
ACI,J)= A1 + A2 + A3
B(I,J)=(2*R*DELTAR2+DELTAR2*2)/(R*DELTAR1*DELTAR2* (DELTAR1+DELTAR2))
C(1,J)=(2*R*DELTAR1-DELTAR1*2)/(R*DELTAR1*DELTAR2*(DELTAR1+DELTAR2))
D(I,J)=2/(R*2*DTHETA1*(DTHETA1+DTHETA2))
E(I,J)=2/(R*2*DTHETA2*(DTHETA1+DTHETA2))
F(I,J)=1/DELTAZ*2
G(I,J)=1/DELTAZ"2
HCI,Jd)=1/(DIFFT*DELTAT)
LT, J)=WB*CB*Ta/KTISS
M(1,4)=0
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N(I,J)=KTISS
4800 RETURN

ISUBROUTINE #4: RECALCULATE COEFFICIENTS ONE ANGULAR INCREMENT ON EITHER
! SIDE OF THE LIGHT SOURCE.

5000 DELTAR2=DELTAR \ DELTAR1=DELTAR
5002 SELECT J
CASE = NA
DTHETA2=DTHETA \ DTHETA1=2*DTHETA
CASE = (JFLAG+1)
DTHETA2=2*DTHETA \ DTHETA1=DTHETA
END SELECT
5100 A1=1/(DIFFT*DELTAT) + 2/(DELTAR1*DELTAR2)
A2=(DELTAR2-DELTAR1)/(R*DELTART*DELTAR2) + 2/(R*2*DTHETA1*DTHETA2)
A3=2/DELTAZ*2 + WB*CB/KTISS
ACL,J)= A1 + A2 + A3
B(I,J)=(2*R*DELTAR2+DELTAR2*2)/(R*DELTAR1*DELTAR2*(DELTAR1+DELTAR2))
CCI,J)=(2*R*DELTAR1-DELTAR1~2)/(R*DELTART*DELTAR2* (DELTAR1+DELTAR2))
DCI,J)=2/(R*2*DTHETAT* (DTHETA1+DTHETA2))
ECI,J)=2/(R2*DTHETA2* (DTHETAT+DTHETA2))
F(1,4)=1/DELTAZ"2
GCI,J)=1/DELTAZ"2
HCI,J)=1/(DIFFT*DELTAT)
LCI, J)=WB*CB*Ta/KTISS
M(1,4)=0
N(I,Jd)=KTISS
5800 RETURN

10000 END



BIBLIOGRAPHY

Anderson, A.E., 1989 "Flow mediated and reflex changes
in large peripheral artery tone in humans”
Circulation 22 pp. 93-100.

Arnfield, M.R., Tulip, J. and McPhee, M.S., 1988,
"Optical propagation 1n tissue with anisotropic
scattering” IEEE Trans. Biomed. Eng. 35 pp.
372-381.

Astrahan, M.A., 1979 "Concerning hyperthermia phantom”
Med. Phys. é p. 235.

Blechinger, J.C., Madsen, E.L. and Frank, G.R., 1988
"Tissue-mimicking gelatin-agar geals for use in
magnetic resonance imaging phantoms” Med Phys. 15
pp. 629-636.

Borrelli, A., 1986 "A direct correlation between
hyperthermia induced membrane blebbing and survival
in synchronous Gl CHO cells"”, J. Cell. Physiol. 126
p-181-190.

Boulnois, J., 1986 "Photophysical processes in recent
medical laser developements: a review” Lasers in
Med. Sci. 1 pp. 47-66.

Bowman, H.F., Cravalho, E.G. and Woods, M., 1975
"Theory, measurements and applications of thermal

properties of biomaterials” Annu. Rev. Biophys.

Bioeng. 4 pp. 43-80.

1357



158
Bibliography (continued)

Bowman, H.F., 1882 "Thermodynamics of tissue heating:
Modelling and measurements for temperature
distributions” in Physical Aspects of Hypthermia,
G.H Nussbaum Ed., New York: Amer. Inst. Physics,
pp. 511-548.

Bown, S.G., Salmon, P.R., Storey, D.W. et al, 1980,
“"Nd:YAG laser photocoagulation in the dog stomach”
Gut gi pp. 818-825.

Brandts, J.F. et al., 1978, "Calorimetric studies of the
structural transitions of the human erythrocyte
membrane -- Studies of the B and C transitions”,
Biochem. Biophys. Acta. éig pp. 566-578.

Bruns, P., 1877 "Die Heilwirkung des Erysipels auf
Geschwulste"”, Beitr. Klin. Chir. 3 p.433.

Busch, H. and Smetana, K., 1970 The Nucleolus, Academic

Press, New York.

Bush, W., 1866 "Uber den Einfluss weichen Heftigere
Erysipelen Zuweilen auf Organisierte Neubildungen
Ausuken Verhandl”, Rheinisch-Westfael. Akad. Wiss.
Nat. Ing. Wirtschaftswiss, Votr. 23 p.28.

Carslaw, H.S. and Jaegar, J.C., 1959 Conduction of heat

in solids, Oxford: Clarendon Press, an ed.
Cavaliere, R. et al, 1967 "Selective heating of cancer
cells: biochemical and clinical studies” Cancer 20
pp. 1351-1381.
Chen, M.M. and Holmes, K.R., 1980 "Microvascular
contributions in tissue heat transfer” Ann. N.Y.

Acad. Sci. 335 pp 137 - 150.



159
Bibliography (continued)

Christensen, D.A., 1979 "Thermal dosimetry and
temperature measurements”, Cancer Res. 39 pp 2325 -
2327.

Coley, W.B., 1893 "The treatment of malignant tumors by

repeated inoculations of erysipelas with a report
of ten original cases” Am. J. Med. Sci. 105 p.487.

Cravalho, E.G., Fox, L.R. and Kan, J.C., 1980 "The
application of the bioheat transer equation to the
design of thermal protocols for local hyperthermia”
Annals NYAS §§§ pp. 86-96.

CRC Handbook of Chemistry and Physics, 1983-1984 64,'h
edition, CRC Press Inc., Boca Raton, Florida.
Crile, G. Jr., 1961 "Heat as an adjunct to the treatment
of cancer; experimental studies” Cleve. Clin. Q.

gg p.75-89.5-89.

Daikuzono, N., Suzuki, S., Tajiri, H., Tsunekawa, H.,
Ohyama, M. and Joffe, S., 1988, "Laserthermia: A
new computer-controlled contact Nd:YAG system for
interstitial local hyperthermia” Lasers Med. Surg.
§ pp. 254-258.

Davies, M., Dowden, J., Steger, A., Kapadia, P. and
Whiting, P., 1989, "A mathematical model for
interstitial laser treatment of tumors using four
fibers"” Lasers Med. Sci. 4 pp. 41-53.

Dewey, W.C., 1989 "Mechanisms of thermal
radiosensitization”, in Hyperthermia and Oncology,
M. Urano and E. Douple, Eds.), Vol. 2, pp. 1-15.

VSP, The Netherlands.



160
Bibliography (continued)

Dewey, W.C., 1988 "Cell cycle effects: Killing, division
delay, and chromosomal aberations, Symposium
Lecture”, Proceedings of 5th International
Symposium on Hyperthermic Oncology, Kyoto, Japan,
in press.

Dewey, W.C.; Hopwood, L.E.; Sapareto, L.A. and Gerweck,
L.E., 1977 "Cellular responses to combinations of
hyperthermia and radiation” Radiology 123
p.463-474.

Dewey, W.C., Saparetto, S.A.and Bretton, D.A., 1980
"Hyperthermic radiosensitization of synchronous
Chinese hamster cells: relation between lathality
and chromosomal abberations” Radiat. Res. 76
p.48-59.

Divrik, M.A., Roemer, R.B. and Cetas, T.C., 1984,
"Inference of complete tissue temperature fields
from a few measured termperatures: An unconstrained
optimization model” IEEE Biomed. Eng. BME-31, pp.
150-160.

Doss, J.D., 1985, "Simulations of automatic temperature
control in tissue hyperthermia calculations” Med.
Phys. ig pp. 693-697.

Dowden, J., Davies, M., Kapadia, P. and Matthewson, K.,
1987, "Heat flow in laser treatment by local

hyperthermia” Lasers Med. Sci. 2 pp. 211-221.



161

Bibliography (continued)

Dowden, J., Jordan, T. and Kapadia, P., 1988,
"Temperature distribution produced by a cylindrical
etched fiber tip in laser treatment of tumors by
local hyperthermia” Lasers Med. Sci. 3 pp. 47-54.

Drew, T.B., Hottel, H.C. and McAdams, W.H., 1936 "Heat

transmission” Trans. Am. Inst. Chem. Eng. 32 pp.
271-305.
Duderstadt, J.J. and Hamilton, L.J., 1976, Nuclear

Reactor Analysis, Wiley and Sons Inc.

Dunlop, P.R.C. and Howard, G.C.W., 1989 "Has
hyperthermia a place in cancer treatment” Clinical
Radiology ig p.76-82.

Eberhart, R.C., Shitzer, A., and Hernandez, E.J., 1980,
"Thermal dilution methods: Estimation of tissue
blood flow and metabolism™ Ann. N.Y. Acad. Sci. 3
pp. 107-131.

Engler, M.J., Dewhirst, M.W. and Oleson, J.R., 1989,
"Stability of temperatures during hyperthermia
treatments” Int. J. Hyperthermia 5 pp. 59-67.

Freeman, M.L., Dewey, W.C. and Hopwood, L.E., 1977,
"Effect of pH on hyperthermic cell survival” J.
Natl. Cancer Inst. Eg pp- 1837-1839.839.

Gerner, E.W. and Russel, D.H., 1977 "The relationship
between polyamine accumulation and DNA replication
kinetics in synchronized CHO cells after heat
shock” Cancer Res. 37 p.482-489.

Gerner, E.W. and Schneider, M.J., 1975 "Induced thermal

resistance in HelLa cells” Nature 256 p.500-502.



162
Bibliography {continued)

Gessler, A.E.; McCarthy, K.S. and Parkinson, M.D., 1950
"Eradication of spontaneous mouse tumors by high
frequency radiation”, Exp. Med. Surg. 8 p.143-148.

Glazebrook, G.A., Jackson, F.I. and Usiskin, S.R., 1985,
"The cooling effect of tubular liquid flow during
radiofrequency heating: the "Rind"” survival
hypothesis” J. Can. Ass. of Radiologists 36 pp.
127=132.

Gordon, S., 1965 Numerical Solutions of PDE with

Excercises and Worked Solutions, Oxford University

Press, London.

Guyton, 1981, Textbook of Medical Physiology, Saunders

Publications, 6w'edition.

Hahn, G.M., Li, G.C. and Shui, E., 1977 "Interaction of
Amphotericin B and 43’c hyperthermia”, Cancer Res.
37 p.761-764.

Hall, E.J., 1988 Radiobiology for the Radiologist J.B.

Lippincott Co., Philadelphia, ZNied.

Handbook of Optics, 1978, W.G. Driscoll ed., McGraw Hill
Book Co., New York.

Hayes, L.J., Diller, K.R., Pearce, J.A., Schick, M.R.
and Colvin, D.P., 1985, "Prediction of transient
temperature fields and cumulative tissue
destruction for radiofrequency heating of a tumor”
Med. Phys. £g pp. 684-692.

Henle, K.J., 1980, J. Natl. Cancer Inst. éi p. 1479.



163

Bibliography (continued)

Hofer, K.G. and Mivechi, N.F., 1980, "Tunor cell
sensitivity to hyperthermia as a function of
extracellular and intracellular pH" J. Natl.
Cancer Inst. éé pp. 621-625.

Hynynen, K. and Edwards, D.K., 1989, "Temperature
measurements during ultrasound hyperthermia” Med.
Phys. £§ pp. 618-626.

Hornbeck G., 1984 Hyperthermia and Cancer: Human

Clinical Trial Experience Vol I and II, CRC Press

Boca Raton, Florida.

Jacques, S. and Prahl, S., 1987, "Modeling optical and
thermal distributions in tissue during laser
irradiation” Lasers Surg. Med. 6 pp. 494-503.

Jain, R.K., 1982, "Bioheat transfer: Mathematical models

of thermal systems, in Hyperthermia in Cancer

Therapy, K.F. Storm ed., Hall Medical Publishers,
Boston.

Jain, R.K., Grantham, F.H. and Gullino, P.M>, 1979
"Blood flow and heat transfer in Walker 256 mammary
carcinoma” J. of the Natl. Cancer Inst. 62 pp.
927-933.

Johnson, F.H. et al., 1954, The Kinetics Basic of

Molecular Biology, Wiley, New York.

Lagendijk, J.J.W., 1982, "The influence of bloodflow in
large blood vessels on the temperature
distributions in hyperthermia” Phys. Med. Biol.

gz pp. 17-23.



164
Bibliography (continued)

Lagendijk, J.J.W., Schellekens, M., Schipper, J. and wvan
der Linden, P.M., 1984, "A three-dimensional
description of heating patterns in vascularized
tissues during hyperthermic treatment” Phys. Med.

Biol. 29 pp. 495-507.
Lagendijk, J.J.W. and Crezee, J., 1990 "Experimental

verification of bioheat theories: measurement of
temperature profiles around large artificial
vessels in perfused tissues” Phys. Med. Biol. 35
pp. 905-923.

Lele, P.P. and Parker, K.J., 1982 "Temperature
distributions in tissues during local hyperthermia
by stationary or steered beams of unfocused or
focused ultrasound” Br. J. Cancer 45 (suppl. V) pp.-
108-121.

McCormick, W. and Penman, S., 1969 "Regulation of
protein synthesis in HelLa cells; translation at
elevated temperatures”, J. Mol. Biol. 39 p. 315.

Mondovi, B., 1976, "Biochemical and ultrasonic lesions”
In Proceedings of the First International Symposium
on Cancer Therapy by Hyperthermia and Radiation,
eds M.J. Wizenberg and J.E. Robinson, Chicago:
American College of Radiology pp. 3-15.

Moricca, G et al, 1977 "Hyperthermia treatment of
tumors: experimental and clinical applications”

Recent Results Cancer Res. 59 pp. 112-151.



165

Bibliography (continued)

Oleson, J.R. and Samulski, T.V., 1989, "Improved
coupling of ultrasound hyperthermia applicators to
patients” Int. J. Radiation Oncology Biol. Phys.
ié pp. 609-612.

Overgaard, J., “1977 "Effect of hyperthermia on
malignant cells in vivo. A review and a
hypothesis"” Cancer 39 p.2637-2646.

Overgaard, J., 1982 "The design of clinical trials” in

Hyperthermia Oncology: Physics and Technology of

Hyperthermia, Martinus Nijhuff Publishers,

Amsterdam.
Paglione, R.W., 1982 "Power deposition with microwaves”,

in Physical Aspects of Hyperthermia, pp. 192-208.

Pennes, H.H., 1948 "Analysis of tissue and arterial
blood temperatures in the resting forearm” J. Appl.
Physiol. £ P+ 93,

Peters, V.G., Wyman, D.R., Patterson, M.S. and Frank,
G.L., 1990 "Optical properties of normal and
diseased human breast tissues in the visible and
near infrared” Phys. Med. Biol. 35 pp. 1317-1334.

Reece, G., 1986 Microcomputer Modelling by Finite

Differences, John Wiley and Sons, New York.

Samulski, T.V., Cox, R.S., Lyons, B.E. and Fessenden,
P., 1989, "Heat loss and blood flow during
hyperthermia in normal canine brain II:Mathematical

model” Int. J. Hyperthermia 5 pp. 249-263.



166

Bibliography (continued)

Song, C.W., 1980 "Effect of hyperthermia on vascular
function, pH and cell survival"” Radiology 137 pp.
795-803.

Stauffer, P.R., Sneed, P.K., Suen, S.A., Satoh, T.,

Matsumoto, K., Fike, J.R., and Phillips, T.L.,

1989, "Comparative thermal dosimetry of
interstitial microwave and radiofrequency-LCF
hyperthermia"” Int. J. Hyperthermia 5 pp. 307-318.

Strohbehn, J.W., Curtis, E.H., Paulsen, K.D., Yuan, X.
and Lynch, D.R., 1989, "Optimization of the
absorbed power distributions for an annular phased
array hyperthermia system” Int. J. Radiation
Oncology Biol. Phys. £§ pp. 589-599.

Strohbehn, J.W. and Roemer, R.B., 1984, "A survey of
computer simulations of hyperthermia treatments”
IEEE Trans. Biomed. Eng. BME-31, pp. 136-149

Svaasand, L.0., Boerslid, T. and Oeveraasen, M., 1985,
"Thermal and optical properties of living tissue:
Application to laser-induced hyperthermia” Lasers
Med. Surg. § pp. 589-602.

Svaasand, L.0., 1989 "Dosimetry for laser induced
hyperthermia” Lasers in Med. Sci. pp. 309-315.

Turner, P.F., 1984 "Regional hyperthermia with an
annular phased array” IEEE Trans. Biomed. Eng. 31

pp. 106-114.



167

Bibliography (continued)

Waterman, F.M., Tupchong, L., Matthews, J., and
Nerlinger, R., 1989, "Mechanisms of heat removal
during local hyperthermia” Int. J. Radiation
Oncology Biol. Phys. £z pp. 1049-1055.

Weinberg, A. and Wigner, E., 1958 The Physical Theory of

Neutron Chain Reactors, U of Chicago Press,

Chicago.

Welch, A.J., 1984 "The thermal response of laser

irradiated tissue” IEEE J. Quantum Electronic
" QE-20, pp. 1471-1480.

Westra, A. and Dewey, W.C., 1971 "Variation in
sensitivity to heat shock during the cell cycle of
Chinese hamster cells in vitro”, Int. J. Radiat.
Biol. iz pp. 467-477.

Wong, R.S.L. et al., 1989, "Mechanism of killing Chinese
hamster ovary cells heated in G1: Effects of DNA
synthesis and blocking in G2" Radiat. Res, 118
pp. 295-310.

Wulff, W., 1974 "The energy conservation equation for
the living tissue"” IEEE Trans. BME 21 p. 494.

Wyman, D., Wilson, B., Swift, C. and Siwek, R.A., 1990
"Spatial distribution of light emitted from optical
fibre diffusing tips” Phys. Med. Biol. 35 pp.
561-564.

Wyman, D., Swift, C., Siwek, R. and Wilson, B., 1991, "A
control method for a nonlinear multivariable
system: Application to interstitial laser

hyperthermia” IEEE Trans. Biomed. Eng 38 (in press).



	whelan_william_m_1991Aug_masters0001
	whelan_william_m_1991Aug_masters0002
	whelan_william_m_1991Aug_masters0003
	whelan_william_m_1991Aug_masters0004
	whelan_william_m_1991Aug_masters0005
	whelan_william_m_1991Aug_masters0006
	whelan_william_m_1991Aug_masters0007
	whelan_william_m_1991Aug_masters0008
	whelan_william_m_1991Aug_masters0009
	whelan_william_m_1991Aug_masters0010
	whelan_william_m_1991Aug_masters0011
	whelan_william_m_1991Aug_masters0012
	whelan_william_m_1991Aug_masters0013
	whelan_william_m_1991Aug_masters0014
	whelan_william_m_1991Aug_masters0015
	whelan_william_m_1991Aug_masters0016
	whelan_william_m_1991Aug_masters0017
	whelan_william_m_1991Aug_masters0018
	whelan_william_m_1991Aug_masters0019
	whelan_william_m_1991Aug_masters0020
	whelan_william_m_1991Aug_masters0021
	whelan_william_m_1991Aug_masters0022
	whelan_william_m_1991Aug_masters0023
	whelan_william_m_1991Aug_masters0024
	whelan_william_m_1991Aug_masters0025
	whelan_william_m_1991Aug_masters0026
	whelan_william_m_1991Aug_masters0027
	whelan_william_m_1991Aug_masters0028
	whelan_william_m_1991Aug_masters0029
	whelan_william_m_1991Aug_masters0030
	whelan_william_m_1991Aug_masters0031
	whelan_william_m_1991Aug_masters0032
	whelan_william_m_1991Aug_masters0033
	whelan_william_m_1991Aug_masters0034
	whelan_william_m_1991Aug_masters0035
	whelan_william_m_1991Aug_masters0036
	whelan_william_m_1991Aug_masters0037
	whelan_william_m_1991Aug_masters0038
	whelan_william_m_1991Aug_masters0039
	whelan_william_m_1991Aug_masters0040
	whelan_william_m_1991Aug_masters0041
	whelan_william_m_1991Aug_masters0042
	whelan_william_m_1991Aug_masters0043
	whelan_william_m_1991Aug_masters0044
	whelan_william_m_1991Aug_masters0045
	whelan_william_m_1991Aug_masters0046
	whelan_william_m_1991Aug_masters0047
	whelan_william_m_1991Aug_masters0048
	whelan_william_m_1991Aug_masters0049
	whelan_william_m_1991Aug_masters0050
	whelan_william_m_1991Aug_masters0051
	whelan_william_m_1991Aug_masters0052
	whelan_william_m_1991Aug_masters0053
	whelan_william_m_1991Aug_masters0054
	whelan_william_m_1991Aug_masters0055
	whelan_william_m_1991Aug_masters0056
	whelan_william_m_1991Aug_masters0057
	whelan_william_m_1991Aug_masters0058
	whelan_william_m_1991Aug_masters0059
	whelan_william_m_1991Aug_masters0060
	whelan_william_m_1991Aug_masters0061
	whelan_william_m_1991Aug_masters0062
	whelan_william_m_1991Aug_masters0063
	whelan_william_m_1991Aug_masters0064
	whelan_william_m_1991Aug_masters0065
	whelan_william_m_1991Aug_masters0066
	whelan_william_m_1991Aug_masters0067
	whelan_william_m_1991Aug_masters0068
	whelan_william_m_1991Aug_masters0069
	whelan_william_m_1991Aug_masters0070
	whelan_william_m_1991Aug_masters0071
	whelan_william_m_1991Aug_masters0072
	whelan_william_m_1991Aug_masters0073
	whelan_william_m_1991Aug_masters0074
	whelan_william_m_1991Aug_masters0075
	whelan_william_m_1991Aug_masters0076
	whelan_william_m_1991Aug_masters0077
	whelan_william_m_1991Aug_masters0078
	whelan_william_m_1991Aug_masters0079
	whelan_william_m_1991Aug_masters0080
	whelan_william_m_1991Aug_masters0081
	whelan_william_m_1991Aug_masters0082
	whelan_william_m_1991Aug_masters0083
	whelan_william_m_1991Aug_masters0084
	whelan_william_m_1991Aug_masters0085
	whelan_william_m_1991Aug_masters0086
	whelan_william_m_1991Aug_masters0087
	whelan_william_m_1991Aug_masters0088
	whelan_william_m_1991Aug_masters0089
	whelan_william_m_1991Aug_masters0090
	whelan_william_m_1991Aug_masters0091
	whelan_william_m_1991Aug_masters0092
	whelan_william_m_1991Aug_masters0093
	whelan_william_m_1991Aug_masters0094
	whelan_william_m_1991Aug_masters0095
	whelan_william_m_1991Aug_masters0096
	whelan_william_m_1991Aug_masters0097
	whelan_william_m_1991Aug_masters0098
	whelan_william_m_1991Aug_masters0099
	whelan_william_m_1991Aug_masters0100
	whelan_william_m_1991Aug_masters0101
	whelan_william_m_1991Aug_masters0102
	whelan_william_m_1991Aug_masters0103
	whelan_william_m_1991Aug_masters0104
	whelan_william_m_1991Aug_masters0105
	whelan_william_m_1991Aug_masters0106
	whelan_william_m_1991Aug_masters0107
	whelan_william_m_1991Aug_masters0108
	whelan_william_m_1991Aug_masters0109
	whelan_william_m_1991Aug_masters0110
	whelan_william_m_1991Aug_masters0111
	whelan_william_m_1991Aug_masters0112
	whelan_william_m_1991Aug_masters0113
	whelan_william_m_1991Aug_masters0114
	whelan_william_m_1991Aug_masters0115
	whelan_william_m_1991Aug_masters0116
	whelan_william_m_1991Aug_masters0117
	whelan_william_m_1991Aug_masters0118
	whelan_william_m_1991Aug_masters0119
	whelan_william_m_1991Aug_masters0120

