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Implementation of Regional Cerebral Blood Volume Map Using Perfusion
Magnetic Resonance Image Process Algorithm
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Abstract

Quantitative analysis compare to dynamic characteristic change of the regional cerebral blood

volume(rCBV) after development of cerebral fat embolism in cats using perfusion magnetic
resonance(MR) Imaging. Twenty cats were used. Linoleic acid (n=11) were injected into the
internal carotid artery using microcatheter through the transfemoral approach. Polyvinyl alcohol
(Ivalon) (n=9) was injected as a control group. Perfusion MR images were obtained at 30
minutes and 2 hours after embolization, based on T2 and diffusion-weighted images. The data
was time-to-signal intensity curve and ARz curve were obtained continuously with the aid of
home-maid image process algorithm and IDL(interactive data language, USA) softwares. The
ratios of rCBV increased significantly at 2 hours compared with those of 30 minutes (P< 0.005).
In conclusion, cerebral blood flow decreased in cerebral fat embolism immediately after
embolization and recovered remarkably in time course. It is thought that clinically informations
to dynamic characteristic change of the cerebral hemodynamics to the early finding in cerebral
infarction by diffusion weighted imaging(DWI) and perfusion weighted imaging(PWI).

B Keyword : | Magnetic Resonance Imaging | Cerebral Blood Volume | Cerebral Fat Embolism |
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DICOM - Pi view
Post image processing
Visual C++
Radio-frequency coil "J\//L_
tEOv Transform
{} time—signal intensity curve
to time-relaxation curve
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— Mean 1CBY ratio
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post —enhancement

iDL software
relative perfusion rate map
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//CMRView drawing
z’oid CMRView::OnDraw(CDC+ pDC)

CMRDoc* pDoc = GetDocument();
ASSERT_VALID(pDoc);

int x,y;

unsigned char temp

for(x=0; x<256; x++){
for(y=0; y<256; y++){
temp=imagel[x][y};

temp) ),

Jump=255+20;
for(x=0; x<256, x++){
for(y=0;, y<256;, y++){

termp=image2(x][y];
temp, ter}np) )

}
int x1, yl;
x1=0;
y1=0;
for(x=0; x<256; x++){
for(y=0; y<256; y++){
temp=Result_ADC[x][y};

pDC->SetPixel(x1+jump,
RGB(temp,temp,termp) );
pDC->SetPixel(x1+jump,
RGB(temp,temp,temp) )
pDC->SetPixel (x1+jump+1,
RGB(temp,temp,temp) );
pDC->SetPixel(x1+jump+1,
RGB(temp,temp,temp) );
if(y1==510) y1=0;
else yl=y1+Z

x1=x1+2;

}
if(R==1}
CPen pen, *oldPen;

256, 295));

pDC->MoveTo(X1, Y1);
pDC->LineTo (X2, Y1),
pDC->MoveTo(X2, Y1),
pDC->LineTo (X2, Y2);
pDC->MoveTo(X2, Y2);
pDC->LineTo (X1, Y2);
pDC->MoveTo(X1, Y2);
pDC->LineTo (X1, Y1);
pen. DeleteObject();
R=0;

pen, CreatePen(PS_SOLID, 1,

// TODO: add draw code for native data here

pDC->SetPixel( x, y, RGB(termp, temp,

pDC->SetPixel( x, y+jump, RGB(temp,

vl
yl+1,
yl,
yi+],

RGB(235,

}
//TODO: add draw code for native data here

o2 Mask= YualE
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//CMean dialog
({:lass CMean: public CDialog

// Construction
public:
CMean(Cnd* pParent =
constructor
// Dialog Data
//A{AFX_DATA(CMean)
enum { IDD = IDD_MEAN_DIALOG };

NULL);,  // standare

int m_Mean;
//}JAFX_DATA
// Overrides

//ClassWizard generated virtual function overrides
//YYAFX_DATA(CMean)

protected:

virtual void DoDataExchange(CDataExchange*
// DDX/DDV support

//MAFX_VIRTUAL

// Tmplementation

protected:

//Generated message map functions

/{AFX_ MSG(CMean)

//MAFX_MSG

DECLARE_MESSAGE_MAP()

5

//H{AFX_INSERT_LOCATION}}

//Microsoft Developer Studio will insert additional
declarations immediately before the previous line.

#endif

// \defined(AFX_MEAN_H__7D3828C1_B166_11D4_8118_
004005A99986_INCLUDED_)

% Mean.cpp: implementation file

#include “stdafx.h”
#include "MRh"

pDX);

#include "Mean.h”
#ifdef _DEBUG
#define new DEBUG_NEW
#under THIS_FILE
static char THIS_FILE[] = _FILE_;
#endif
a8 4. HUbE ¥ 24 HESY0| U2 1% B
v, &7 Zat
1. T2LES SUZERA| NE-ZE S W
A AFREE ADF HL F 3023} 2479)

N

M
o

o
olo
ol
F‘F

ML ERE R EE R
DWI| Al ABZEE 47 B

it

d

el
©
—
[yl
g
i

kS
>,
}O{l
ol
1

Azr.?.ﬂ

>

o

124

o

H1
o m Jm g K
M o ox md we

=
> 4
for &L

o
S
=

7 vehgon], DWIHE $9 %2 $9lo) 34 4
A B9 55 1 AEFER WS 24
A3 Fo) TOWIAE F240z £ 390 7
47 397 Fe0] FEIE T ABHEZ Yete
W, DWIA® 59 F4 $9l] 24 42 397 &
Qs T ABAEL (39 514 BaAEUT

A

{c}

I3 5. 2y MHs £ S :
T2ZZEN, (b) 308 9| SAZZ YA,
2HBO| T2ZESN, 1 2
B3 PY]

HBT Fuele) AUE F AZ-olRE

RY 4] MES (29 6 eiigie
2. B & 2R A%
M RS A-AEAE F4E AR2x FAHoE



w
o
N
rok
Hi
1]
e
[
ok
ok
rr

=X| '05 Vol. 5 No. 5

(&
g
[0
o
3]
o
j
X
Mz
ol
a8
44
p'L
32
£
1=
[
e
BN
144
ro
ot o

m_ﬂ_l?*‘
>

o o
= (o]
10 At
= H
) N
N{Q N
tjo 2
p
o e sk
ool
ook oy
w ¥ o
X
SRR
SV L
e ')
T oo o,
ol jg Ju
2o R
hu]

X
=2
R
JN
ox
rob i
X
ek
u
of
flo
ok
g3
e
Ho
lo,
i
gk
Hu
off
o>

2—1%1-‘:’_,‘]0]] ]a}]
an J7 o 3
30~39% 2 7+4H

o
P
i
xR
i+

i2)

Fo) e APTIA 0ol
thrl, 2A12belE 44~61%2 Tha:
FFo] 35He & 7 AUt 23U dhERTdME
3020 21%, 243l = 36%2 APF AHEYel vl
& dFFol HA FAHAAHNp0.0035). o9 2& 2

2

32 o

e 4A Aol 28 F § A9 AT T
7P°l solths g4dos AdHT A ded A3

F 3023 221ze] A Al M) 294 BHE F
A S48 [£ 119 Hehliid

Linoleic 30 min

Time {sec}

(@

Linoleic 2 hr -

Time (sec)

32 6. 2l MES S WHselo] AZ-AE Y
ZHZ AZ-0lYE BHoZ WK (a) 305,
(b) 2AIZt

H 1, MMz & HF EnpARI B7 5 @89
Time .
2
e 30 minutes hours
rCBV .
Group | n ratio MTT rCBV ratio MTT
Bxperi=| 1110.30+0.27|10.270.1{0.6120.24[ 11.11 202
ment
Controt | 9[0.21+0.20(10.22+0.3]0.36+0.25]10.33+0.1

3. & RO AUN BEE o
Frel Agak 2o s AP FHd] AHeS
k-3

Alg 3 3023 241 0] BatE AlRelM H5H A
7HA PWIE [28 7le dehideh AAdes Ade
F 3080 Zae AFAA 259 PWIolH [29 7.
alols AR2™ FA AgollA 2FA Y] F4E Holy] Al
2 AARH Ho A3 EY AR M-S A
12 EBAS gistet 53 solnk [19 7.
blE AR2" oA Hoige vehis Hdl 71e7)9
Atz T4 HPF PYor vehdok [28 7. c]
£ AR2" 349 raw HolHE BT AR AL 2
W B5E goz Jehdrh Ad #RE WAdA 87

o] Ho] 23 VEE JAboA BEZALo0] BRYY
-9-01, Og/g-oﬂ}\-] Z‘] /\\_]_EZ:}EE -t]"___’; % o) %Uo\iq_

BAES AP T 247k0] ZApg AFAA F5

Al 7k PWIE YeRdSih (21 7. dle #1] E%
Azke) oz vehld, Hdl AR2' 7] =2k &
KEE Ao AR ez o Aas AR B9 30
2ol Hlgtd 24170 &A= o F A BSHA
o} [28 7. e]E AR2" IAA Joge el 3
) 7)1&719 A7t g 24 HEF Woln, 44 2
ol g3 A4 dixAd BHoll= R HHz2 <
ste] 3080l H|sle] 2A1zke] Axkd AL ldelA
Aozl WolAY & o A A3AER ASHAUTH
(29 7. fI= AR2’ 3—*‘19] raw HIO|H & 25 AL}
o] A& A HHE Hold, R HHd og R
E gAllA BFAEe] g en, 30=24 vlstd

2A17b0] ZTe A BN B o HE Bl
A 92 27974 A WERED BRI



pktime manp Moy slape (CBF: rHY mop

@ (b) {©

Max slope (CBF)

pktime map

{d (e) U

a3 7. MHES AlgEt £ 3020| ZnE AIHA (a) 4
R2™ ZM MollM RTX| ZHAIZFS FASISH o,
(b) B4 L2 W, (c) M REZ Y. 240 2
BHE AJES] SAOIA (d) Z|TX| SEAIZIS| M, (o)
2A GHE W (1) A BRE W

rie
>
o
=
)
i
)
o

>,

o off

E I tlo o
3o
o Il

Y

)

o

fot

-3
4y
zl
_?’."4

2
ojN
fiio
n
ofs
o
2

oy o
=2
=}
e of uk

ek
Hu

i) i% = X
ofrt
B
It

o ox Ho
gj ok

o,

tlo
)
>
_0|L
2
o

K

o o

o e
5!
woJ

o o2
o
S
=
o =
tlo T?—'ﬂ
[o]
&
o M
b
i)
N
ol

b i
X
o
=
[N

o ngt
Nlo JIN
ol
3
o

32 4 a o2 ¥ o & -

~
™
=
e
)
=
N
i)

-

o2 o
__O‘_I"

SR EIE S E Y
A €3 MR
ow, 1 A} A9
BAZ 29 9 ¥

Fol AR 3

L
1B

W YRS gete] ]
e

3

of
o,
S
Lo

2

2
o [t}
ol 2
©

o
T
©
G o
w g
Y
o ‘-},]
N
A

Ee)
e

0.

gl 3
e}

Fes

o

o
Y

2,
s
i
=2,
el
Hu
2
Lo
Ja
oxt
o
N
by

f

R S I

e
LN
X

{11 H. J. Aronen, J. Glass, and F. S. Pardo,
"Echo-planar MR cerebral blood volume

mapping of gliomas: clinical utilit, Acta
Radiol, Vol.36, pp.520-528, 1995.

[2] H. J. Kim, Y. S. Pyeun, and Y. W. Kim, "A
Model
Barrter Disruption Induced. by unsaturated
Fatty Acid Emulsion,” Invest Radiol, Vol.40,
pp.270-276, 2005.

[31 H J. Kim, J. H Lee, and C. H Lee,

"Experimental cerebral fat embolism: Embolic

for Research on the Blood-Brain

effects of triolen and oliec acid depicted by
MR imaging and electron microscopy,” AJNR
Am ] Neuroradiol, Vol.23, pp.1516-1523, 2002.

[4] W. Reith, S. Heiland, and G. Erb, "Dynamic
contrast enhanced T2+ weighted MRI in
patients with  cerebrovascular disease,”
Neuroradiology, Vol.39, pp.250-257, 1997.

[5] P. A. Drew, S. Eric, and P. D. Thomas, "Fat
distribution and changes in the blood brain
barrier in a rat model of cerebral arterial fat
embolism,” J Neurol Sci, Vol.156, pp.138-143,
1998.

{61 T. Villafana, Physics and instrumentation
magnetic resonance imaging. In H. L. Lee,
KCVG. Rao, and R. A. Zimmerman, Cranial
MRI and CT. 3rd. McGRAW-HIill, Inc.
pp.39-62, 1992.

" [7] K. Kuppusamy, W. Lin, G. R. Cizek, and E. M.



304 sat2R2EIXsHE|=2%] '05 Vol. 5 No. 5

Haacke, "In vivo regional cerebral blood
volume: quantitative assessment with 3D T1
weighted precontrast and postcontrast MR
imaging,” Radiology, Vol201, pp.106-112,
1996.

[8] K. Iwata, "Alternative method for calculating
right ventricular ejection fraction from
first~pass time-activity curves,” J Nucl Med,
Vol.29, pp.1990-1997, 1990.

X xF A Y
¥ ¥ #l(Byung-Rae Park) Haly
19929 29 AdAWEE o4&
BEH(FEY
+1994d 29 - Fodizta AA
FaH(FEA)
] -2002d 89 Rdiskm o3
[ e azans@aeny
3

+20034 38~ 3 : FAFEUUS R YA 0
<BAEoR 1 ARG, GlRAd

P
e



