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Sl S24- signal intensities of the first echo and the
second echo image at time t after injection.

S1) S2.)° signal intensities of the first and the second
echo image before injection of the contrast agent.

TE1, TEZ: first and second TES in seconds.
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K1 = k1/Ve (1/min)

K2 = k2/Ve (1/min)

Cp & Ce’ the tracer concentrations in the plasma and
extravascular compartments

Ve: the leakage space in tissue

k1 the transport constant from plasma to interstitial space

k2. the transport constant from interstitial space to plasma
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« ¥ 1. Scarff—Bloom—Richardson(SBR) "

Feature Score

Tubule formation

+ Majority of tumor (>75%) 1
Moderate degree (10—=75%) 2
« Little or none (<10%) 3

Nuclear pleomorphism

Small, uniform cells 1
Moderate increase in size/variation 2
Marked variation 3

Mitotic counts

Fewer than 10 mitoses/10 high—power fields 1

10—-20 2
>20 3
Grade 1 (well—differentiated) 3-5
Grade 2 (moderately differentiated) 6—7
Grade 3 (poorly differentiated) 8-9

CD31ell  diet ®agxAsgadNE A Arlsglon

A d#AEE  (microvascular density, MVD)E 2 53F3ith.

10



MVDx 20702 4008 o dv)Fgdola vAd#He] N4E
Ao 56~318712 =4 =t
E 7= Spearman’ s correlation®} Mann—Whitney test=

AR E
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3E 2. Y o8 FEFSY BRek AR2T W H AL
Parameter benign malignant p—value
K1 1.83%0.65 5.01=4.72  >0.1

K2 2.13+0.38 1.83%=1.09 >0.1
Toft K1 4.78+0.15 1.76*1.63  >0.1
Toft K2 4.84+0.37 2.1711.45 >0.1
Time to peak (Tml) 187.51134.8 622.5+27.8 0.056
Time to half 250.9175.6 15.5*8.3 0.056
decrease (Tm2)

Diff. AR2" 19.7£4.0 14.8£4.8 >0.1

Toft K1: calculated the K1 by Toft method.

Toft K2: calculated K2 by Toft method.

Time to peak (Tml): difference of time between base to peak
AR2*.

Time to half decrease (Tm2): difference of time between peak to
half decrease AR2".

Diff. AR2x*: difference between base to peak AR2".

13



3. e =

il

of 2 PEol AR Wke] AbpkA.

Grade MVD Tml Tm?2
K1 0.259 —0.054 -0.214 0.324
K2 0.185 —0.306 —0.786+ 0.206
Diff. AR2" —0.148 —0.577 -0.321 0.072
T ~~~ 0.563 —0.100 0.080
N ~~~ 0.479 0.000 —0.160
M ~~~ 0.844= —0.478 0.121
Grade ~~~ 0.785% 0.222 0.187
MVD 0.785% ~~~ 0.667 0.300
Tml 0.222 0.667 ~~~ 0.342
Tm?2 0.187 0.300 0.342 ~~~

MVD: mean vessel density

Tml (Time to peak): difference of time between base to peak
signal intensity

Tm2 (Time to half decrease): difference of time between peak
to half decrease AR2".

Diff. AR2": difference between base to peak AR2"

*: <0.05
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a9 3. AT .
(a) Postcontrast dynamic dual echo image images — a solid

mass (arrows). (b) Vascular volume map. (c) K1 map. (d) K2

map.
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9 5. A FEETSY d(grade 3) —F4 A7
(a) H&E staining. X100: little or no tubule formation.
(b) H&E staining. X100: Marked nuclear pleomorphism and

mitoses (arrows).

(c) CD 31 staining. X40: multiple endothelium (arrowheads).
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18 6. %A AGAE. First echo($]), Second echo(F3l), i
AR2" (o}=]) AL,
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a9 70 ARAT 24 4.
(a) H&E X100: Well developed tubule formations with
fibrovascular core.

(b) H&E X400: Microacini with no pleomorphism and mitosis.

(c) CD 31 X40: Scattered endothelium (arrowheads).
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1 9988 BAAS 458 TYTZ 34 o Fel=

AEH TIZYFY GAS 18 FUYY B o=y
AgHom wol A HoH . fuGe AwHom JFX
TIZY3% Bl PIREEFOG AARREL N

Eo UHEAdRE et Solks o AFelM 37% A

| i i v v
719 8. Diagrams showing the classification system for the subjective
evaluation of the time—signal intensity curves: Type I has essentially no
enhancement; type II, slow sustained enhancement; type III, rapid initial
and sustained late enhancement; type IV, rapid initial and stable late

enhancement; and type V, rapid initial and decreasing late enhancement.
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Abstract
Application of simultaneously acquired T1 & T2*dynamic perfusion

study using Gd—DTPA in breast tumors of the rat

Sang Hoon Lee
Department of Medicine
The Graduate School Yonsei University

(Directed by Professor Jin—Suck Suh)

Purpose: To test the application of simultaneously acquired
T1/T2" dynamic perfusion using Gd—DTPA in breast tumors of the
rat, and to test the differential diagnosis between benign and
malignant breast tumor using permeability and corrected T2

perfusion.

Materials and methods: Ethyl—N—nitrosourea (45, 180mg/kg) was
inoculated intra—peritoneally at 30—day—old female Sprague—
Dawley rats. After 3—4months later, benign fibroadenoma and
malignant carcinoma were developed in breast of the rat. In each

tumor the perfusion and vascular permeability were measured by
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using GAd—DTPA at a dose of 0.2mmol/kg. The MRI study protocol
consisted of (Philips Intera 1.5T) T2—weighted anatomic imaging;
T1, T2, and density map (TR/IR/TE = 1448/1848/20—160, matrix
= 256x192, slice thickness/gap = bmm/lmm, 5 slices, TSE
factor=8, acquisition time = 8 min 27 sec); single slice dynamic
T1/T2" gradient dual echo sequence (1000 phases, TR/TE1/TE2/a
= 10/2/8msec/30°, temporal resolution = 1.28 sec, FOV = 20cm,
slice thickness=5mm, matrix size=128x128); post—contrast T1—
weighted, fat—suppressed imaging. The Scarff—Bloom—Richardson
(SBR) method was applied for tumor grading, range from 3 to 9
points. Special stain using CD31 for the evaluation of microvessel
density (MVD) was also acquired. MVD was counted in 20 high
power fields (400X) in areas of highest MVD, range from 56 to

318.

Results: 9 rats developed mammary tumors: 2 fibroadenoma; 5 low
grade carcinoma; 1 intermediate grade carcinoma; 2 high grade
carcinoma. K1 and K2 was not correlated with SBR and MVD.
Dynamic curve pattern of AR2" was different between benign and

malignant breast tumor. Corrected AR2" curve in breast
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carcinomas showed rapid rise and fall and steady state, whereas

fibroadenomas showed gradual rise and gradual decrease.

Conclusion: The method to correct AR2" using simultaneous
T1/T2" gradient dual echo sequence could differentiate between
benign breast tumor and malignant breast carcinoma in rat tumor
model. Vascular permeability using Gd—DTPA could not
differentiate between benign breast tumor and malignant breast

carcinoma.

Key Words: simultaneously acquired T1/T2" dynamic perfusion,

permeability, mean vessel density, K1, K2.
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