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ARTICLE INFORMATION ABSTRACT

Original Research Paper Nowadays, use of modified compartmental model in order to estimate the transmission of tracer to the
Received 18 June 2016 cells or cancerous tissues is used extensively. The modified compartmental model includes two parts,
Accepted 18 September 2016 one to predict the mass transfer from vessels and a compartment to describe metabolism occurring

Available Online 26 October 2016 inside the tissue. In the modified compartmental model, the kinetic rate constants can be obtained by

estimating the parameters between the compartments. The tracer uptake is the main method used to

Keywords:

Modified Compartmental model diagnosis of cancerous tissues from other tissues. Today, most physicians use the standard uptake value

Patlak graphical analysis (SUV) to study the amount of tracer uptake in cancer suspicious regions in order to have a more

standard uptake value accurate recognition of cancerous and normal tissues. In this paper, the comprehensive evaluation of

positron emission tomography different uptake methods based on experimental data is performed. The Patlak graphical analysis
method and standard uptake value method are used to predict the tracer uptake into the tissue. A
comparison between the uptake parameter resulted from the two mentioned methods with the uptake
parameter obtained by modified compartmental model in a rat shows the appropriate degree of accuracy
of the Patlak method in distinguishing the cancerous tissues from the normal ones.

anld o ey Q_‘éao\f‘s';)ya 59 “_g)'L.'JM@.;.‘;.nLng)}.ngLmJAA o) Ao -1

(= Sl Sl ke Ol LLIL Wl el ails > 5 (55le e Sl olate 4 Canl Sde (il ) 5 solitwl b e (3le e
a8 63)lse 51 (o [2] wiS Wl ) s oS e By 5l GBs Sledlol 51 ool 1] el saal o T Céiny 3 (Sip ple Cuwds [0 SaS
Please cite this article using: “lod odlul Jod wryle 1 dlio ol s gla (51

M. Ahmadvand, M. Mafi, M. Sefidgar, M. Soltani, Comparison of quantitate 18F-FDG uptake methods by using compartmental modeling, Modares Mechanical Engineering, Vol.
16, No. 11, pp. 61-68, 2016 (in Persian)


https://dorl.net/dor/20.1001.1.10275940.1395.16.11.10.3
https://mme.modares.ac.ir/article-15-2455-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-04-25 ]

[ DOR: 20.1001.1.10275940.1395.16.11.10.3 ]

O 9 33930al g34e

oy Sy S e jl o Slaiwl by @S 3985 b Algs 2SS S8 395908 L) 394 (ST (b))l ilike Sl i) dumlie

250 4 Glaeiod Sgame ;o el 48T 18 c 0550 (LB aBlioggy
el o o )Lal ond ol Jae Sy olsedy iy siledoe o S,
sl alil <l 5,0 4 S 5l ST Jasl gl Jow o) Sen g o)L
4,5 54y 05 it Jae ol (sl (S ge 45ad aizren [19,18]
[20] el oo
5 Junl oy bogy i Joo o bl o e ol
Ot d Jold Joo (pl 098 oo 03l dagi coniy CBl 4o oole pedgilie
53,5 i 3l o0l JUEST oatiS Ui ol i ool Sy ez 5
ol 50 a5 ol 2l TolsT Al 00t oy iy il 5 cdl 4 05>
Jain Guan Jolo as b ools dalsl 045 oS > 4 wlolyl b, JoSUge
Sl gy ot ds aslsl 13 s [21] 59,5 oo piislio 5 Don
3 Sl e slagty, pleds SWL (SIS Joe 9 S9d
S 3 ol slacdl Sl ol & Syt ol gy 2 it
ooliisl L SWL a5 e e s (sl o 295 oo 4251y PET sl
KA g 8 dnlie 355 oo il iy aiblhosegy Jao gl
AP S (o) ]y oS Tee 45 =Sk s laibial B, b YL
by m2wsl PET pslai LS 5 plle lacdl I glaglb (>l
5] el ol i Lol g alSlef] sl Jae
2 dEile;l sleesls b Sl Es Slowle sl bs, mls «ds ;lime

loads ool Gadai ¢ ol o Sige Gl i

Joe oy -2

e [22,8] ol oads L oy St 5 002 sl 4l » 850 Jae
JEl osay 09l o0 s (i 4 (i Sl esle Uil 4y e oy
Gk 5l ead A5y osls padplin 00l hrogi &S A5y )98 4l »
5 eisd pudplie (23 50 [23] cenl oud ool L il S,
33,5 oo odliinl Cdl 25 3 e il ciosi sln (S sla el
B9 g0 ooliinl ilaie Lol odigd sole (6,3 4w 3l (g3l Jow cuz [24]
Locdl o o [FIBIFDG s, (See 5 woleiSy qush Jol 4003
s S5 bles 9 Gl a5 Ceatil ped a8 alloe (95 slewdly
Sy clle a4 o) @l ISl s Gloj 4 pgw (238 50 S (o0
e Sla Sz e 5 Sl Soled ;e 0gb s o)la) (9 Sl
[26,25] 54 o0 (2,

s Jow jlsle -1-2
51,8 eolatwl 550 PET Salis (6 u505lal chogs (gl (s oo
S5l ledbl pols e e aibeRiny @y08 b ae ol [27] 005
U Y PO I VON- S C7 X Y D P W S STV Ve i FRLIX-
05,5 0 0,Lil £abge cpl 4y dlol jo0ps 938 4 g, Lo Jow ol 51 eslasl
5 e S 4 plgion | oz (S3lnred e o, 955 &S
PET L ouds i35 5o (uSe (58,5 a5 )0 1 .[28] s5a5 oyl
30 a5 Obo, guSTgsl) slo Jsge ol o ools oyl "1 JS&" jo aS
Ay g 03,5 jgue BT 3l xe jo laml Wilowds ools lid (g34) & jgoas IS
S, 5l Al b sSse cpl oy co jre il slaceond 4 ol

W e S e L8 ol Glad o g el iy s slaceend

° Free region
*Bind

11 olesis A6 0,95 1395 (yaus (puide Swlfe wire

9 Ol ais Cou 038 Gl 093 ]y ook axg w3l sl Lo
@ly ol sl e cnl o [3] cul ol b ke slaossy
slo Jlo ol 4B Sjso o b b je gy 5 ol s5leoe
555 o S,398 Tl b s JeeS b s
JAS 5 s sy, ciskel §l S olsie  [F18] FDG
[5.4] ool 0 2k (o yos

g Sol 0ud LS5 oz (S5l 5 e (i Sl Ol o
by oS 258 o aSlil (JU pics G lsreas (93 395 per
Ay slge Jo g o pled 4 o il 5 (238 Slse 5 Gt JUEST )
ool g SIS L (5081 aile (138 olga [7,6] wilion G5
fodslie o 055 slo ok 51 60855 5 5551 Sl e loariion
IRCELY g

o T sildae wole medslia 5 (gilodae adlhe o
S o o poSe 5o Soloimn Jao 5l 5 luie Sl K olsiea;
Ol 0953 JeeS b )95 wiile 1) Slaisjee (I L g gie 3 Shee
09,8] ogin 0 485 ISy dins o

R D50 e e gt (Sl e 5 Db, S g3l 5o
el Slee G 5a g 305 (o el e i (g09uoe el &
oS JL0] sl P loghie SIS 57 Ken (St i 31 oS ool (s o
ol i Sy o sgrge Db aled o5 Csline oyl 4y Seitpes
s SS1Ss i b bylie YalS Ll 5 wijls 1) s ol S5 sl
390 o3le Al (e 098 18,5 A5 Sl Wges g3 ploy Ko s S
Ak ojlail SO ay diged g0 o 4o (u\.wl.‘so by oole byl jo as) gy

o ol s, S il SlaSSS it slaoy S
o [y [12] o 5 [12] apale ISl plozsbs [11] e wiile (L]
Wl » o Sl Sleiew ool (i ln (S350 sladoe sl angi
Fo g 03k Lo a8l oo s Jo3 JB (Sojelnud Dled b ell
3 peddplie Sz Sl esle JUl wlp cinogs sl Lol el &l
aipej ol o 1) (et e 5 55 el [13] weslpos (S 2L
ol C8L 4 5, 5l s, JUl eaisS ol o5 lls) Jdo Hlsie co
ol ity ablogs Joe olyieas T 51 Gdss opl j0 a8 wilesls sl
LS Joe Jelos 4 Sen 5 (LB (izmen [15,14] w9 e
Sloy S5k et Cur Seileiw By, S plyeay [16] SOL
J17] azzls yy ylais jg0 ab 0 [F18]FDG

bli)l s o 405 @ ataly Gl (uiday Slisios el o
S50 4>l p0 Sloy FEAs azye e (el Sz Sudae b ol
Wes S8l o35 (o slhme (0 SzeS e pse el suile (o
OS] atile SIAE olge 53l ce oole Jols 4y 055 yslome il b oS
LS ahegt g jolipm Gl & JsSlse Spgots (02 9 555
o JgSdge (nl (s 9 Wigdioo Jiiie (95 B35 4 dhnly Slopiass
Al gl &5 xS 28l Ggy0 @ S pige b 5l Wil e
Joe jheslanal b SWlEes (i omay Gedod )5 Wgd iy il o

* Positron emission tomography
% tracer

3 [18F] fluorodeoxyglucose

* Metabolism

® Compartmental modeling

® Kinetic model

" Kinetically homogenous

& Well mixed

62


https://dorl.net/dor/20.1001.1.10275940.1395.16.11.10.3
https://mme.modares.ac.ir/article-15-2455-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-04-25 ]

[ DOR: 20.1001.1.10275940.1395.16.11.10.3 ]

O 9 339 dwal s34

ARy S S i Jl oLl b o5 3985 b Algd ) 9IS SwS163,)95908 L) 3985 oS (b))l ilio Sla by Aulice

g g0 0Ll a3 80,5y el pienpes b T LS o YU S (go0s
[29]

s B3 gugr Jro ~2-2
"9y LS 53 el Sl 5 ool Il S plsie 4 (5 sla e 035l
by, ol gsss B Gl acis @l PET )lopngal sl
Sl Jas 31 (S oy @ aslol joules S ol 3 580 jaseis slbolas
w10y o PET jiglas 50T aice; 50 aolu (i

4 g isu 2 Jold i ciSu Jaw o eames ol M3 S
i) 8l Cand 4 Lewdl 40 99290 FDG b, lal casb oo yal,b
a5 0l [17] 255 oo pudplio 9 Cand 10 s 5 0 Jizie (sl
O e pleed wilioe (o3 lewdly Jals a5 sl (p5u a5 el
slagisy o JWl 5 sammoglisky G Ky polie [9] wpS od Sl o
i oo St sl ol b Loyl 4 a5 st Joe calisee

sl Soilul ulul g 4y (o250 Gilu]oe ol &S a5 sblen
oud (5% sl isy 3l Sopm oz sl 5 (2 Sledbl) Saliys
Lsgs glooles US54 595 sloaadly 5 s, sz el o aslys Ly
Loyl b ogi e Joe 355 o0 518 i 99 G K 5 Ky ool 5o
255 1,8 adllas 9,50 sliwl LB Jow S laicds pisn aidboguys Joo

L 4 S, laalys Gk 5l e b asSls 4 USE" o
Glhcand 4% hen Gl G g e o iy o, GLL
iy 3985 shos sLié & il nJsSlge ol watiS oo Ly JUitl Gilise
Sppots Wgge wnl ol gt adyl slo Jsko oly wilsis b oo S
3l phlbeaS by paesS n (Jld il b Jub

Joe bLa)l L5 U™ jo o, Ked g oyemSS ol Liwl, cpeed 5o
[30,28,11] scxsls

Joe SO glgrean "B S 48 oads )l Jow 4 axzlie b aslol jo
95 O3S awgs a5 lagsluosle 6,y ol b g i (Sufgln i
saimolis a5 malx Jow opl plo 4 "B JSa" 0 Cé 5 &g Ko
o975y 1y Sdol Jaw ool [28] conl oo aisls  onds Plol Jow
o2les o1 EVolae cwyp 4 aslol jo a5 was e plxl Ky acul=e

Ky ks
G, (1) purd C (1) pmd C(1)
k k~0

Fig 3. A graph for the compartment model of 18F-FDG tracer uptake.
Cpo(t), Ci(t) and Cy(t) are the tracer concentration in plasma, free
(reversible) and metabolized (irreversible, k4 ~ 0) compartments
respectively.
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Fig. 1 Schematic of the compartmental modeling process as applied to
PET images. Steps: (a) identify a region of interest in an image, (b)
conceptualize the contents of the region and the possible states of the
tracer in the region, (c) further abstract the ligand states to
compartments with a particular topology or connectedness
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a tissue. This radioactive tracer at three regions can be detectable.
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Fig 7. This one-tissue compartment model describes the bidirectional
flux of tracer between blood (C,) and tissue (C). The net tracer flux
into tissue equals the flux entering the tissue (KiC,) minus the flux
leaving the tissue (k.Cy).
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