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The assessment of tumor blood flow factors using dynamic CT
—Comparison with positron emission tomography —
Eimiko Miyakawa

Department of Radiology, Chiba University School of Medicine
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The dynamic computed tomography (CT) was performed by using rapid-sequence scanning
following an intravenous bolus injection of contrast material. Time-density curve was applied for
Gamma variate curve fitting and CT attenuation values were applied for two compartment
model. The value of 1/CM, k, and k: were defined as the blood flow factors in this study. The
inhalation of C"™0, using positron emission tomography (PET) can be useful for determining
regional tumor blood flow (rBF).

CT and PET were perfomed in twelve patients.

The diagnosis was malignant lymphoma in four, and others; two liver metastasis, one focal
nodular hyperplasia of the liver, one dermatofibrosarcoma, one hepatocellular carcinoma, one
malignant melanoma, one malignant meningioma, one bone metastasis.

The correlations among rBF, 1/CM, and k, were good, and better correlations were obtained
among tumor blood flow factors and rBF in the case of the tumors which existed far from air way
and/or had low blood flow. The distance from air way effected both the value of rBF and tumor
blood flow factors. Both the distance from air way and pathology caused conflicting results
between rBF and tumor blood flow factors. Dynamic CT was particularly useful for evaluated the

blood flow of tumors that had contact with air way.
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THY, PETIcBIT2MEEMOLHESI LT
5, 72, PET Iz & % M faHiIE, Migks L oo
HHMIR SN, & DVESLREIC X 5 FkEHiz:
PEENDL, 2T, IF— FEEH 2 &EIRGIC
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2 & NS LN 2R CT iz, v B
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#7717 o RIZFAL, LikdFEEESD CT #
WEEIZ T, a—FERIcL 3 CT linZ{b %l
L7, RICEBARDR DD Ic AL Z HW T, [

Table 1 Patient data
No. Age/sex Disease Site Treatment
1 26/M  Focal nodular hyperplasia Liver before therapy
2 41/M  Malignant lymphoma Neck LN before therapy
3 44/F  Dermatofibrosarcoma Chest wall before therapy
4 61/M  Malignant lymphoma Inguinal LN before therapy
5 72/M  Meta (Bronchogenic Ca, SCC) Liver before therapy
6 72/M  Hepatocellular Ca Liver before therapy
7 75/F  Malignant lymphoma Upper arm before therapy
8 79/M  Malignant melanoma Inguinal LN before therapy
9 45/M  Malignant meningioma Brain before therapy
10 after 40Gy irradiation
11 56/F  Meta (Adenoca of breast) Sacrum before therapy
12 after 42Gy irradiation
13 2 month after 46Gy irradiation
14 59/F  Meta (Adenoid cystic Ca of Parotid) Liver before therapy
15 after 42Gy irradiation
16 65/F  Malignant lymphoma Neck LN before therapy
17 Tonsil before therapy

LN: lymph node, SCC: squamous cell carcinoma, Ca: carcinoma, Meta: metastasis

Adenoca: adenocarcinoma
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Program of Dynamic-CT
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Fig. 2

Time-density curve obtained by y-fitting.

M (First Moment), TA (Time of Appearance), CM (Corrected Mean).
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Fig.3 Two compartment model

B: Iodoconcentration of circulating blood.

T: lodoconcentration of tumor tissue.

k,: Transition coefficient from blood to tumor tissue.

k,: Transition coefficient from tumor to blood.
(Early compartment)

kst Transition coefficient from tumor to blood.
(Delayed compartment)

ke: Excreting coefficient from blood.

T(t)=A-exp(—ka-t)+B-exp(—k;-t)—C-
exp(—k; * t) (2)
72720, A, B, Clk,, ki, ks, kedb & USSR
FlfGRTYIct > Tk 2 8dliTh b, F72,
kPG BR ML e & TSR~ D), kB & °k, i3
ML & IER I P ~ DA, ke (315ER
M & OFFMRE TH 2. CT Hmmeiid &
FHREARMG L D S6HHTH D, Z o EE T
tiks, keDfllzIER IS (BB L2 T, &
NG e WEHZ 52 LHTE B,
T(t)=A - exp(—k; * t)+B—C - exp(—k;t)
(3)
Fht=00 ¢ 5, T(O)=0LHNC=A+B+ 7%
D, @)L, T HIc@RIcHEHRZ B LHTES,
T(t)=A - exp(—k:-t)+B—(A+B) -
exp(—ki - t) (4)
Dynamic CT 1o & D #5417 CT flion #1511
6%, B 2 Feikic & D @RIz B TEd, ky, ke,
A, BERILZ, 2N sD ) BRI
FLTEET B EH 2 b bkB & Uk, 2 510
W& 7z,
2. PET 8%
PET %My, CR0. #fEE AT N L 2 M55
MG PGE 1T 72, BE2ET 12 B4 5

Dynamic CT iz & 2 B4 i i K -2 Al

K3 b v CT %% HEADTOME I ¢, 23 4
Z UGB MEI 15mm, 2T 4 RT3 & e Zefiis
B I AfE (FWHM) T% L #1116.5, 10.4mm
Tdh 5, #if%ix, Dynamic CT & [@—@ L~ Lps
AD LI IR EADERE, F TGz &
DRIAHIED 72> F T > 2 2 w3 > %7
72, R T, C®0.#5300MBq/min % Fefs il A &
&, MABOBHGEZ €2 L, EHhiEIcEL
72tk GRHS—1040%) 1E 6 5D A ¥ % > % 2 [il
WATL 72, Hoh LoOMEBIRICHBE L 227 =2
—UL X0, 2% >niEd T3 EERII L AR
HE#EIE & Wi5E U7z, PET 1o X 0 4% b 4072 Jfi 35 mifse
12, Dynamic CT & [al—» ROI % @5 L, I
it (rBF) #3keH7,
3.8 W

CTIZENHFEN21/CM, ki, ko0 5055 il 7
W&, PET ic Lk 2 rBF & Do HBIEE % 5%

Table 2 Classification of Six factors influence for
tumor blood flow.

Classification Case(%)

Site

Head & neck 6(35.3)

Chest & abdomen 6(35.3)

Pelvis 5(29.4)
Pathology

Lymphoma 5(29.4)

Malignant Tumor 11(64.7)

Benign tumor 1(5.9)
ROI

Central 12(70.6)

Margin 5(29.4)
Distance from trachea

Contact 2(11.8)

Near 2(11.8)

Distant 13(76.4)
Size

<Bem? 5(29.4)

9~36ecm? 8(27.1)

36cm?< 4(23.5)
Primary/Meta

Primary 10(58.8)

Meta 7(41.2)

ROI region of interest, Meta: metastasis

HAP M 2W® W53k 535
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ML, 25l #4Tv, KIEHIZ & oKl
WK MsENE & HEEfE & DEEEFHEL 72, [6
B, ARSI GG 7 THBI R B koA A
L,

B 5z, EMEEIMEK T, 1BF OZES 2 HET
LENE W T 5720, Foaafb 1 Bk 247 -
7. PET & X tF Dynamic CT |z & % 45 ifin 750
SEIT R BT L HEE S N AN, Rl b
e, AL & o 6 M AT & 3L (Table
2), ZHb &R, KILENFB L rBF %

(T attenuation Value
300

00
600. .
500

400

o
Q = "0 15 0 = o

mgl,/ml

@

saline

(7 avienuation Yaiue
50,

mgl/ml blood

B)
Fig. 4 Correlation between iodoconcentration and CT
attenuation value.
Contrast material diluted by water () and human

blood (B).
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Fh ey L7z, £72, rBF & Dynamic
CT & 0S5 & 7z £ 155 i i 4 f- & oy 2,
Wi BRI L VAT 2 2B 28, 1BF &
S e R R S Y P A QU 2 g W
Fed ey, bFakod 6 o R & SR S L
THEAEAL 1 BioAr 247 72, kicZ s rBF L JiE
W51 FE R RO 35 & R TSR L Y,
fEf & Rt L, mMRat 247 - 72,
# F

migHl OB ARSI —- FEite CT
oK, i rb b @Bt eA-TE ), m
#ETidImgl/ml %722 ) CT 29 2HU i A3 L
7> (Fig.4).

rBF 3 L tF Dynamic CTIZE D SHEHE 1%
iR 455 afn 5 Rl - % g = & 12 Table 31273 ¢, = h

Table 3 rBF and tumor blood flow factors
rBF 1/CM
= ml/100g/min sec™! ks ke
1 199 0.051 0.127  0.106
2 112 0.041 0.106  0.086
3 36 0.032 0.064  0.035
4 173 0.039 0.198  0.053
5 105 0.059 0.124  0.072
6 41 0.014 0.031  0.026
T 203 0.146 0.269 0.208
8 63 0.049 0.106  0.069
9 101 0.056 0.160 0.133
10 200 0.078 0.217  0.096
11 40 0.028 0.075  0.069
12 57 0.042 0.058  0.054
13 45 0.047 0.080  0.069
14 17 0.001 0.019  0.016
15 30 0.020 0.077  0.012
16 85 0.049 0.081  0.047
17 99 0.061 0.240  0.207

rBF: regional blood flow, CM: corrected mean

Table 4 Correlation of rBF and each tumor blood
flow factor
rBF 1/CM K K

ml/100g/min sec”! ' :

rBF 1.00 0.72 0.77 0.55

1/CM 0.72 1.00 0.81 0.79

k, 0.77 0.81 1.00 0.84

k. .55 0.79 0.84 1.00

(53)
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& rBF, 1/CM, ki, ka2 2\ T LLUTF odaF20hEs
- T T (AN
| . AEEIRE

HREEM A F (1/CM, ki, k) & rBF Mofd
BItR#Z, ki T0.77 & b rBF S B <, #i
WT1/CMO0.72, k2Tl30.55TH - 72 (Table 4,
Fig.5). rBF—1/CM, k;—1/CM @ #HBF I35 if 77
IEEHE E BRI TH -7z, —F7, ABEE R
DOAHBIFEUT, ki—k.T0.84 L ik L HHBIAE <, 1/
CM—-k:T0.81, 1/CM—k.T0.79& % ", 1/CM
kB & Ukl T L B E AR A S Lz,
2. BEALLIEMF

BF B X 0 Z N F N0 MEE R F % L%

1/CM
16

14

Correlation coefficient;0.72

k

o
0s / .

Dynamic CT iz & % #4617 ) 5l

B Lot Table 510737, rBF # 3tif
T e L - EABIMREU30.928, b 6 fHIA
Fi2 & D rBF %o 85% A i H E LT w72, R
HHERE, v o2 L ) ZHEFH rBF I BT
BrEg Lz 22, 8, fl~OBEEnRE
DRGENRE o 72, FNEES 1M 7 K T 0> FAHPIR
¥z, 1/CMO0.96, ki0.96, k:0.94 &3 E 72 6
MTDHEFIZ LY, ZDEEOH0%H R & 1T
Wiz, 6 EOKETFH/CM, ki, kel BIT4 8280 %,
RAHBARE, v oick D k32 &, rBF *[dE
BRlz &M HERE T & L0, SUBE~OBBnfRRE |-
RKECHEEINL T,

rBF—1/CM, rBF—k,, 1/CM—k,T%7- 7z1dl

1

Correlation coefficient;0.77

3 //'/
..
15 ¥
// -
/ L]

0 0 40 60 S0 100 120 40 i 180 200 220 00 40 80 80 100 120 (40 160 180 200 2%
(a) rBE ml/100g/ min {bJ ' BE mi/ 100g/ min
ke k.,
225 28
. L] [ ] -
) . E
175 Correlation coafficient:0.55 - Comeintlon: coetficient:0A4 //
18 I //
1 . . / . . v L
1 / : ! ./ - .
078 S / 075 ‘//.
085 P / L - . o5 n/ 2 .
0z .' 028 / *
ol s nf/. o
] ] W0 60 80 100 120 40 160 180 200 2o 05 A 1% 5 3
(c} ¢BF mi/100g/min (Cl}' kl
Fig.5 Correlation of rBF and 1/CM (), rBF and k,(b), rBF and k,(c), k, and k.(d).
(54) HARER S Wm53% #35
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Table 5 Partial correlation coefficient and range for each tumor blood factor

Criterion variable L3 1(GH ks ke
e PCC  Range PCC Range PCC Range PCC  Range
Site 0.68 95.8 0.90 0.10 0.90 0.02 0.91 0.15
Pathology 0.40 57.3 0.49 0.03 0.62 0.06 0.43 0.06
ROI 0.67 69.1 0.94 0.07 .80 0.09 0.76 0.06
Distance from trachea 0.81 135.0 0.91 0.10 0.94 0.27 0.88 0.13
Size 0.21 19.3 0.34 0.01 0.82 0.11 0.24 0.02
Primary/Meta 0.54 55.5 0.20 0.05 .26 0.02 0.38 0.03
Multiple CC (square) 0.92(0.85) 0.96(0.92) 0.96(0.92) 0.94(0.89)
PCC: partial correlation coefficient, ROI: region of interest, Meta: metastasis
Table 6 Partial correlation coefficient and range for each residual
Criterion variable rBF-1/CM rBF-k, 1/CM-k,
(Residual) PCC  Range PCC  Range PCC Range
Site 0.54 1.00 0.47 1.06 0.50 1.47
Pathology 0.55 1.34 0.58 2.24 0.60 2.19
ROI 0.19 0.18 0.48 (.84 0.73 2.20
Distance from trachea 0.78 1.99 0.30 0.70 0.44 1.34
Size 0.69 1.23 0.13 0.21 0.45 113
Primary/Meta 0.82 1.62 0.51 1.00 0.31 0.67
Multiple PCC{square) 0.92(0.85) 0.81(0.66) 0.80(0.64)

PCC: partial correlation coefficient, ROI: region of interest, Meta: metastasis

A E VBNl REREL IR L L sy
HrfEH % Table 6 i2/R$. rBF—1/CM Rz
TR, EHPRE0.92, & ZEEN85%H HA
SN, RE~OBEOTRE, RIELIER, DEV,
WHEA AT rBEF & 1/CM & o feBEIC & { 2
L Tva 7z, rBF —ki MR ZE DS T3, EAHBIRE
120.81 LK<, TeMElc k& CHEEZRIZLTWS
DI, IWEAEE, WAL REPEBRIOENTH
- 72, 1/CM—k M #Enair i3, EHBEGEE
13, 0.80, itz % T H T, ROI
OALE, WEHE, WETho7. HlhokRk
D, WFhoBREIC LR BELS5Z TWnid
RELHIE TH - 72,
3. BAMEL R ToEREFRE

1) Y o<l FPEREEE A B 2 B
3%z, rBF—1/CM, rBF—k;, 1/CM—-k,T
DAHBIREIE, 0.87, 0.87, 0,89 %Y, Wi
NDORTA—FRTLNGEE2EKE LA L
D, BEiFatEPATS L 7z,

“ERE 5 4F 3 H25H

2) I FEEE (PET ©160ml/100g/min 2L )
% i oKl S & F s, rBF—1/CM, rBF
—ki, 1/CM—k, T & AHBI4%%130.81, 0.70,
0.81 %1, 1/CM & rBF B X vkl T4tk &t
Ric L& & L) BRIFLAHBD G Nz,

R 55 1 SR BN RE ORI, BENEEEVO-S, FLERYS,
g @ % sl PET, SPECT 7 & D[RR 47
BPCRAICHIRINTE R, LarL, ZNbn¥
B3 Ze M RRE D R A9 % 1) | 22 ifEED
BWCTH#HE#HRHL TXe#M ZAMAPTD D
AlA b LTz, TS WORERE SRR A 2 ) (IR A5,
), *“"Tc-HMPAO (W), Xesr A (W&
B T CoiEcEEAIc L, JEiEEa - FE
HElEH N CT oMK MnRA L &,
1975~1976412 »*1F T Penn'”, Phelps'® &4z L D

HEE T 5, 19804F 1213 Berninger i2 k- T
Functional image I= & % Ei{#{br#id 2 'Y, =
.13 19694F (= Kaihara & 299 #% [ 547 BF 4208
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(B¥AL 1 WI‘IQ?O’) F#:% Dynamic CT 126 H L fe
LOTH S, I, s T REIC 7
B S NI 3 - R gRlo CT 1‘!1“.0)
B & B I MR O Rl H £ { A B2,
LA L, 29 L72F3 48k, AL iHsmn £
BLT7—F 777 bHELCRBIZHEAR LN L
olz, T, HEE IO CTICBME N
TwabY 7 72Tz k) ER-CT fili % %55
(B%HE)KﬁE$<y%ﬁEMé%6:t#
‘}'H%Zbi')i: D), BUMGEZBUTw3, 33—
TR e:H—Jkn‘i miﬁuﬁrﬁlihi %, ko ke

Eﬁ,#b‘?—b-z‘l;’f . a) EEAoMAEEE, b on
B &R O B O RIE T H 2.

a) iR ORI MR~ o) i MR Y

BB PN I3k & a0l T & MRS LR AT A
T 555 40 Dynamic CT Tl3, WiEZ $ o
THEE#EE S L TROLZMEL TWd, 27

&, iR L IESIn T S L CEML TH
o %\ EE T o MG (X RE S 2

b) A — R ] 5 B AR

XeZr A % v 72 JEEGHLER - 3517 2 S Feie i
0.72~1.37 L E b, Hlz DIEETL#ELDH D,
&9 D EME 2 A BB BUI A L T e v, 4l
DN Tl 2 DIEBE R E L TBY), T
SEAEE 1 EEEL T3

% 72, PET (CPO.% 2 Fifit kA L) 13 Kety &2
DETNERERICLZLDTHY, AL 72CP04i2
il THL Ol #ATL, Mm% 4~ L CHLEkIC B+
5, ZORROMAE P MHED 5 IEESH AR~ D4
FRBL 1 EMEEN TS, k) IicHE M
MENHEIZ BT %utﬁ’ﬁ): ENTw3PET T
Z{OMBERENEIN T EDHHKTH
%)5}10].

TniCL b T, &CKRNBIBORY S
I— FE# A (Dynamic CT) & C¥0,7# z #l
(PET) # Hiv»7z L icatfili CHIBE R0 v BIsuR
. (1/CM) T0.72, 2a>sv—} 2> FETFNL
(ki) T0.77, 1/CM—k:T0.81% BIFTH - 7=,
ZHZEL, BELLZA N~} Ay 2T
NDIESENFEi S B, 72, PET B L
Dynamic CT & & iz MES5iMmifg I KA L 72 I/ F %

(56)

Dynamic CT = & 2 BE455 i i 4 -1 -l

#LTHN, 1/CM, ki, rBF T i ) ue % 55

fili L 5 & W HetEAvREE X L7,

LA L, 1/CM & rBF, kilH B3 w i i

Bz B W CaREEATH 37 5, 160m1/100g/min (rBF)

g EMIBIR BT 120,81 L 1)
RO ERL T3, ZolKEL T, PET T
R L 72 & ) et E 1 EEL T3 &
ENFHZ LA, WM B W T EC R
LENRELC LR EnbNTEY), ZoOfT

LI oy 4 s

Bk,

Fig.6 65 year-old, fem.ile.

Malignant lymphoma of the tonsil.
Functional image (A) and PET (B). Left tonsil is shown
as a bright tumor(arrow) protruding to the air way on
CT.
Left tonsil is obscured by inhalated radioactivity of
the air way on PET.
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I IEME S MR IR 2 3F i L T v F L b
A, F72, DynamicCT Tlg 2 2> 73—} A > |
ETN, vy BIEOEELE i & ) IEMEZ RER-CT il
thig 2 e 51212, E— 27 F Tzl Eoill
EMHFBETHE, LrL, SEEHL 2 CT #
T OWSREE (Beiei 2 &, HcERbEL.88) 1
WZIRFEAH D, S ifEEs 3 & iR -CT fEihit o

(B
Fig.7 41 year-old, male.

Malignant lymphoma of the neck node.

Functional image (A) and PET (B). Right jugular lymph
mode(arrow) is shown as a slightly brightened area on
functional image, and high blood flow tumor(arrow)

on PET.

“ER 5 4F 3 A25H
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B EAD DL E— 7 F THREER, B8 THY,
FoOMONERL L OB TH S, ok
& Dynamic CT Tt fIEES IC BT 2 I ikE)
EE TG LF T nwEEHzZ Lhb,

Bl I Eolcbsw T, PET TIF LN
rBE (2 Z228h % B33 W7 % Bl LIRGET L 724528,
WL EEL LOIITGES S DMEMETH - T2, EE
FROED SONBEC LY, RO L DB L T
50, B >R L SREISEW L 0,
IJE B IR 7 &R B & DI T 7ok

B OREZZRTL o UH135.08 bk E
Ar =7z (Table 5), EE, MEDCU0 2 H3 5,
F 550 % - T ET B SalicE L2
Fidk (Fig. 6 ) ic B 5 HEEIXT—F 77 7 @

Fig. 8 26 year-old, male.
Focal nodular hyperplasia of the liver.
Functional image (A) and PET (B).

Tumor is shown brightness on CT and high blood
flow on PET.
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FzOEBMEIIGC, HEHENIC b 2 DR EH TR
ansz, 2612 rBF—-1/CM, rBF —k,, 1/CM —k,
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