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Calculation of effective diffusion coefficient of tracer in tumor tissue with
microvasculature using inverse method
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ARTICLE INFORMATION ABSTRACT
Original Research Paper In this paper, a numerical algorithm based inverse method is used to estimate effective diffusion
Received 22 June 2017 coefficient by using experimental tracer distribution. The Algorithm uses factitious experimental data

Accepted 11 September 2017

Available Online 27 October 2017 which are produced by adding noise to numerical data obtained from direct problem. A comprehensive

model (Diffusion-Convection-Reaction) is used to derive PET tracer distribution in tumor tissue with

Keywords: microvasculature network. This model was used because of considering all transport phenomena in

Comprehensive spatiotemporal model tissue. In this work to achieve accurate distribution of tracer in tumor tissue, convection diffusion
tumor tissue reaction equation which is a PDE is implemented. The proposed tracer in this work is
tracer Fluorodeoxyglucose (18F). Solution of inverse problem for estimating effective Diffusion Coefficient is

Fluorodeoxyglucose (18F)

based on minimization of least squares norm. In this work Levenberg-Marquardt technique is applied.
Inverse problem

Solution of parameter estimation problem require calculation of sensitivity matrix which elements are
sensitivity coefficients. Sensitivity coefficients shows differentiation of Tracer concentration with
respect to Effective Diffusion coefficient variation is calculated using first derivation of concentration
equation. The equations of concentration distribution and sensitivity coefficients are solved using Finite
volume method. The results show that the numerical algorithm is able to estimate the effective diffusion
coefficient in tissue.

Jols Wlgoo jeeg JLSle (Sazmn Jdoar ook, sladse ol doude -1
3 oBFws sdes dlis cpl o d1] sl 8L b JeShe 5 slagmlic axgi 3550 45 el (60L5 oley Bae ol slaanTi Lol slaJos

Please cite this article using: s lod o3l 113 ©)le 5l o opl @ glayf (gl
M. Sefidgar, R. Sijanivandi, M. Soltani, M. H. Hamedi, Calculation of effective diffusion coefficient of tracer in tumor tissue with microvasculature using inverse method, Modares
Mechanical Engineering, Vol. 17, No. 10, pp. 405-410, 2017 (in Persian)


http://mjmec.ir/

Oblas 9 )5 Juduw ikuos

OP9520 Y9y Jl 03wl b (5 jag0 S b Yl juw a3l S LSy yEge d9di oy 36 Az

SolS Wslas Wllie ol ,o [17] Wilesy IS4 FDG s, Gloj 5 SlSa
o ;0 095 Lawgs cnl I iy 9 Sl 25Ty - ey —39& ot a5
e At (g5lotrnd (gl el ou oolinul [24] o Ken 5 Sllals
o 5l Gan el a3, LS4y esSae alies > gl o] 5l ool
"> osle Jige Sek cupd e 0D o)Al &S jsbilen sSas alis
SaS a4 el ol oS el JLdgl gl onl sl (FDG Cls)) (God
Sk S¥olas (e esSae slagty, by by clile e il
el 55 5y ol S s 055 e 035 a5y el
aelsl jo o ls Conlonds gy [24] a2 e 0 a5 Ol mje 0 a5 Col
Tro oosSae gy e 9 3980 o)L pelites Joo 4 (5 patiee lal

20,8 oo Sl b Ll yo g alales ools

o b Yol -2
JGsl ol (Jodsee oole) cdl jo Jad o ool Jlal gl mol> Joo

[25, 28l e (Ao Jshos & 35 b JLat) 25Ty 5 38t sleo (5L o
Aws o ol |y 1S le- ploailo—3sa Jue dlalas (1) aoles 24]

ac;
E = DeffVZCi - Ui.V(Ci) + q)V - k3Ci + k4Ce
ac,
E = k3C; — kyCo — ksC,
m .
e fsCe M

(o ple 4 0ad 0)ly b, cale €, wlyl Obo, cdalé € (1) dolas o
et i osle JEl slag 5 K g Jsho & ond o s Sls, clalé €,y
ool alizes g3

09 S, 3l e axly p Godde esle Jal 2, @y (1) aoles o
ol il (sLab &

iy 4 o (Blogles L3S 51 13 5 5, 5l i S ool JUas
Sz w2ly (Gt osle JUl £ 5 .08 p0n o8 5 090 o0 plonil 3585
D9 o e (2) olre aliwg 40 (8Ll slad 4 5

Js S Pe
% =5 =56~ 6T+

Lpé[(P,, - P) —a(m, —m)](1 - 0f)C, %)
il L8 T (s SLiE Py (Bl g0 JLis Py (2) ol 4o aS
Sgyen (Selan) (le) Ly ((Bliosys pbyr el JLad m dendly
O owdy uB9n lp bawgie Shenl Sl copo 0 de lpo
osle wbale Cp daS 9o (5 233985 po Py (ygeml ild QUL oy
a5 (3) doles Ojgody a5 coul Gl sac Pe g Lewdy o Sud >

Rt
_ 81—V
T TR
LyS
9 =— P — P —oi(m —m)) ®)

W3 oo i 1y (63e JUl a4y Cond  £8 00 JLil Coenl IS sue
ldl sly J5dsee oole doles 3,k 5l Pilade 358 OVolee o

59 Py jlade faiores 098 oo dmuloes ([27,26] ow)ls dlolas) (So58lsm
el oy 423§ by o 2ol [14] azlie (wloly aslas oyl

Sl el 00 )] 05,5 (g (51,15 0 533 Volas J> s>
T oud Jlicd o e Jor 097 ety jl g0 (b (SYsb ) xS sl

10 opless 17 095 1396 (5o (o) Sulle Swaie

Yoles 5 (225 )5 G bLI) 185 ae) jo el (8L bk
b aSlydei o¥olee o blsyl [2] lhge ool ooty plowl oL,
Sloads ool Codgaze Jdoay wiz o Lob, sloJow 0,5 1B, elas
SR 9 pads 4 08 lase cul & aed e LA oo Iy
16-3] ol (8L slaolisio 40 jg0q5 0]
Lol 9095 Sl oe axgi 8,90 laarie; 3l llews 5l ool Cawoas
1355 (g ypmil gl 118 olen 5 55 5 7] ) Ken g (gl
230,5" oolitul jga95 Ay (sla el b ues jelate 4 (DT

D9y onl el [95] s el eyl (pest Jgene slo i,
aly byl )l olaas 4 T U 5 cosl @l adgs gl (Mie ()l
Arwgi 5 005 Az gl 3550 g)cnl S Sslegil JLalil e Glats; !
SYoles SaS b mse slad> Lis, 51 [10] () 5 (pgmilns -ailazily
5 Wilos )8 ool Fae 3985 o b )Lnl)L: e &ly b.m.\sb—o}m
Slr s U5 698 lolp bl e G2, 1 111 Sen
ool Jge deki cwpd pmest iloo,S colaiul jeegi wl, plg> pesS
&5F Y oles 9 o..\jyi’:&cou &% ﬁsLaS u*'L“‘U:' sl o m@.&s&
5 lraly 3 Jols oo ol el alise oyl Bun Sad > eole
b el oo oolawl 9,10 3985 (g3lw Jae ;0 odes job 4y a5 coul jiiSTy
Iy o S ool Jow O [12] o)) Ken g oSS by, ol 51 oolaiwl
Sl gl A Sge 5l gl sl e olass alal ) aST wisls dswgs
w2 s Spse e srnded jeslital L) gl slad 4 TlaJsSse
Ssete 1y 095 S s [18] w0 o (i (28l sl Jise (350
2 dsSlse JSI 5385 dhaogs ln 1y st Jao Sy 5 aily
018 Arwg i S Jow Coro Cad gl uisren g S slacdl
Jew S5 51 5 S, 5 Jal gl IS 6,55 oo ez S 0g)S 0!
e eszler ol @l SYolae ilosles Lo ¢ j9a5 5o b JsSgaccd ;s
S 00 TS, 5l gl Jlail g 5 B g (Ken (slajgess
Sley Gl @5 e sl Jaw o 51 [16] o) ISen 5 pg9uKe [15,14]
ilos )8 oolazwl Sige St (:L)Jl » U’“"}"ﬂ Gy &9 ot &lp
Sl s slr Sy S @ss Joe 5L ez 5 Goglapilill
30,5 oolaiwl del> (sla 5085 10 9,0 35 Sguge slp LS, 5,5 05 dle
&35 0] Cemdts slp Sloy Se @i Joe 51 (18] o Sen 5 S
5 gesge 30,5 eolaiwl ¥ Jgslasg ey, ield 5l eoliiwl bl jo 5]
ST 3585 g 258,S solail oy e ma595 Joo 5l 5 [19] ol Ko
r 1y Joilasssees,Psld (it 4 ainly Jlasl izren 5 S8 50
w88 1,8 aslllas 5,50 (FDG) 255405 Sl 605,05618 (ISl o iles S
ool bLiI L g so 1) jaes8 Jame 9550 50 jLis,ge Sledbl ool
Glodas 0,5l Cusoy 5055 (S3daid 4 28l Sloy ansaST st
P Gl le s gadde esle JU! Jghe iy
5 Swies [21,20] 5 sad Jolis [y s cilides Sy cocdse
Gy Sloy e mys Jow 3 [23] oSen 5 Slbls g [22,15] o San

29 ol il dae sl |y Jow ol 09,8 ol wilos )8 eolaul gls 3445

! Diffusion Tensor Image

2 Macromolecules

3 Extravascular binding

4 Fluoromisonidazole (FMISO)
5 Fluorodeoxyglucose (18F)

6 Time Activity Curve

406



Oblas 9 )5 Juduw ikuos

OP9520 Y9y Jl 03wl by (5 jag0 S b YU paw 3L S LSy HEge 9di oy 36 duwlxo

A \ /
NN

Fig. 1 A schematic of computational domain obtained from real model
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Table 1 Parameters of the model

&r e Falily
[15] 0.9 v
[15] 20000 sIV(m)
[15] 15.6 Py
[15] 2670 m, (Pa)
[15] 2000 w; (Pa)
[15] 2.1x10%  Lp(m/Pas)
[15] 0.82 o
[34,35] 1.23x10°  Der(m?/s)
[18]  7.83x10°  Pn(mis)
[36]  8.2x10% ka(1/s)
[36]  6.7x10%  ke(l/s)
[36]  5.3x10* ks(1/s)

———| P=0 for Darcy Equation

Open boundary for
Diffusion-Convection-
Reaction Equations

|

Vessels with
Pv=15.6mmHg

)

Fig. 2 boundary condition used in this problem
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Calculation of concentration distribution
using  comprehensive  spatiotemporal
model and an initial guess for Dqs¢

v

Calculation of least squares S

v

Calculation of sensitivity matrix J

Y

Calculation of new D¢ <

v

Calculation of spatiotemporal
distribution of concentration using new

Deffr Ctotal

v

Calculation of new least squares Sy ew

Checking
stopping
criteria

Fig. 3 Algorithm of inverse solution
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Fig. 2 Comparison of average of C; in tissue for considered parameter
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Table 2 Values of effective diffusion coefficient errors derived from

inverse solution in comparison with its real value, for differenr values
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1.47 0.001296 1
0.001
1.69 0.001303 15
1.48 0.001296 1 o1
1.69 0.001303 15 '

* Normal Distribution
2 Standard Deviation
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