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Demonstration of Blood Brain Barrier Injury by
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No accurate method has been available to detect easily and quantitatively the injury of blood brain barrier
(BBB) in vivo. Computed tomography (CT), characterized in its excellent density resolution, seems to provide a
new possibility in the detection of the small amount of contrast media leaked into the brain parenchyma
through injured BBB. The purpose of this paper is to study experimentally in dogs on the ability of CT to deteci.
BBB injury by contrast CT scan.

BBB injury was evoked by the injection of hypertonic solution, 50% glucose or 80% sodium iothalamate,
through the catheter placed in the common carotid artery of the adult mongrel dogs. Plain CT and then
contrast CT were performed at 30 minutes intervals until 3 hours to determine the relationship between the
degrees of contrast enhancement (CE) and the amount of injected hypertonic solution, and to examine the
diminishing rates of CE according to time elapsed after the intravenous contrast injection. Another four groups
of dogs received contrast CT immediately, at 1, 2 and $ hours after the injection of hypertonic solution to
examine the degree of repair of BBB injury. Influence of hydrocortisone, administered immediately after the
injection of hypertonic solution, on the degrees of CE was also studied.

Contrast media, which was leaked through BBB injured by the injection of hypertonic solution, was
recognized by CT, and the area of CE coincided exactly with the dyed area by Evans blue, injected in-
travenously after induction of BBB injury. Degrees of CE were found. to correlate linearly to the amount of
hypertonic solution within a certain range. These results indicate that CT can demonstrate BBB injury
qualitatively and quantitatively. In sequential CT after the artificial injury of BBB, degree of CE diminished
linearly with a half life of about 3 hours. Hydrocortisone accelerated this washout of leaked contrast media.
Repair of BBB itself, determined by contrast CT which were performed at 1, 2 and 3 hours after the induction
of BBB injury, has been accomplished until 3 hours, and not affected by the administration of hydrocortisone.

These experimental results suggest that CT is the most promising method to detect quantitatively and non-
invasively the degree and the extent of BBB injury in clinical cases.
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CT) T ChieXBRIEE REE D, 4
CHSENREORMHR ki ch 5. B
v BBB RS AIEERC CT R34 vy
75, VWb 3% contrast CT A% 4 v&IE{T3h
W, EYHIDMEEPINEH L hat CT fex
FRTIRfED |- 5 (contrast enhancement) } 1T L
bxBaLFE2, ByEH%ET, BBB o
TEBRYIEIR TR & O R EIZR CT B A% ch
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(2) MmEEMA S5 —5 2 : Becton-Dickinson
L8 No. 7644 (4£20.140cm, 444%0.191cm)

(3) A EBIEALER : Medrad #80 Mark
v

(4) ¥ERH| : 80W/VY% sodium iothalamate
(Angioconray), 60W/V% methylglucamine iotha-
lamate (Conray)

(8) JEER] : sodium pentobarbital (Nembutal)

(6) SOW/VZ 7 ¥ v Ewsik

(7) B+ = v 1 hydrocortisone sodium
succinate (Solu-Cortef)

(8) CT &% 49— : EMI 1010

(9 a3 2% = v AT -

2) B

(1) iy MBI TR DR

HMAER R sodium pentobarbital (Nembutal)
ZEHE kg BHich 20mg MRS X Rl
v, v ZEYIBC T ARBEIIRD: 52 7 — 5 A%
EAL, XEER T —ARHEBIIRAICE D%k
ZREE Ll R KRERIR & b TAMIRC S 7
=T NEEAL, contrast CT ki) B iEHAlk
LURIBEEA v E v BEDRE & Ui,

REBRNCER L BB LI 7 —F 1 XD &
HHBENEAKE ¥ H T, &K G0% 7 ¥
v R B 5\ X80WIVY sodium iothalamate
(Angioconray)) % 1 #RJic 3ml OETHEAL
7o, AR T VO ERROG A IAE ke bic
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Fig. 1 Carotid angiogram of the dog. 1 ml/kg of
Angioconray is infused into the common carotid
artery.

b 2ml, 4ml, 6ml, Angioconray D& 1L{EE lke
H 7-00.3ml, 0.5ml, Iml, 2ml, 4ml 2 L #-

(Fig. 1),

(2) CT i X % Mk MBAFIHEL Ol

RRREAR, A BRAESLHICREAPEAALE 1o
EIBML BEL, B0 CT A%y v {75
o, RoOPFEEOMELE "WRAR o CT A%
v YEBTL, MR- v X, 7% F T
T=7 4777 OBBCBD. XEEREE
12120kVp, EBH33mA, A%y v i 1 A80F TH
w7z, Plain CT =% 4 viEfTHEBHIZE0W/ VY
methylglucamine iothalamate (Conray) ##Zfx1z
#HEL, contrast CT A& 4 v#4T,7-. Conray
DRER X7 ¥y R A Ll A AR
lkg #H7-b 4ml L L, Angioconray #JEA L7
BEWR, = FEROLEN 7 ¥y BERRIRY
HLRAURRS XL OSTFELARS% Conray 1=
THl - 7.

7 FUBBRAHE kg Hich 4ml FEA LI
KA AT, [l—HT contrast CT A4 v =
NYAT N—BRHRAR G 2T - 7. bbb
2% =R VAT N — B IEE lke Fi-bh 3ml

AFEZRHESYERE B42% £35

BSISDBRCERL, EbicBEI) MLt
REAZSUEAT T % 38 % RN % IR EREZ 1,
[ CHEATD CT L oxtba 1T - 1.

# 7z, plain CT £, contrast CT iz %135 X
FRRAAE D7Eh & contrast enhancement  DFREE
BRD, ThEFEARREGE & OBIRERD .

Wiz, contrast CT & 4 V{7, 304, 60
a 904, 12047, 15097, 18043 CT R4 v
% HE1T L, contrast enhancement &[S A FEMHY
CZE L. RS F o BERyr A8 ke b
fob dml AR ET, Bl Lok % 8
FM o7y a2 ART CT A% 4 V&2 4T
(Fig. 2), M= — FEREOBRIEHRD %5 X
7.

Control & L THHBIIRIC AFMRIEKE
H lkg Hich 4ml AL RO plain CT =%
» v L contrast CT A%, w#HifF1L, contrast
enhancement DA 4z, Contrast CT 1kl

water phantom (after intravenous injection of
Conray at the dose of 4 mlfkg)

1. Control 2. 0 minute 3. 30 minutes

4. 60minutes 5. 90 minutes 6. 120 minutes
7. 150 minutes

8. 180 minutes after intravenous contrast injection
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5iEWA L LTk Conray % {kifi kg 7 b 4ml
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BRI 253~ Y v 27 ABRSL, ETHAI
5%tV y2A, KAKACA~LY v 7 ADE
Jilo ROI gL (Fig. 3), &§k20~ 1Y
v 7 AOH CT {fi% R, contrast CT & o
CT {tisne plain CT &0 CT fli # X LB T
contrast enhancement OFEEC A Rebtz. ToedkiM
e — FEREOS AL, Bk Y oo
R4 x 4~ 1Yy 2 AD ROI #FHEL, 16
<Yy 7 ADN CT {lix i,

(3) CT bt MBI O EH

7 VBRI R AE kg Hich dml EAL
REAT, HEARRIC plain CT A 4 v 4T
W, o, 1 REHIE, 2%, 3 RREhc
FRFNLLSHT contrast CT 2% 4 v &1T5 4
PEAERL L, £&#fc s 5 contrast enhancement
DR % Rad e,

(4) FIBEE A v o MikhkBErHR s
bz L8

7N BERTCR (AT kg Hichdml FTEAL, T
OEE kT kg 720 100mg ¢ hydrocortisone
sodium succinate Z#Z{RICHIRAIEE G- L, EHBiIC
plain CT == 4 v, contrast CT A& 4 v & JlifT
Lic. £o#30%, 604, 9047, 12077, 15047,
180471z CT A% 4 v # {7\, hydrocortisone @
contrast enhancement OFEFFAYZE(LIZ T XIT 35
B L.

# - [k hydrocortisone ¥ 4.4 plain CT
AF v VA RATL, £ OEE, 1REE  2E
M#, SEFEEBIc T ZhX U T contrast CT
AF oy vuATH 4B R L. AT kT2
contrast enhancement OFEE A s, BBB {5{5
f&1ic 5.2 % hydrocortisone A L1z,
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D

(b)
Fig. 3 Region of interest (ROI)
(a) Location of ROI in the brain CT scan of dog.
(b) Location of ROI in the print out data.
R: right L: left U: up D: down
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i # 2
1) MR HAMIC BT 5 CTHR E =+
AV A—{BECLEHELOMNE
FFY EEREAR I T LR
By At EEABICRRENEER & b 0N IS o — &)
M=A v AT —Hciih L, BBB gilEoflE

(k)
Fig. 4 BBBE injury in experimental animal.
(a) The area of injured BBB is dyed by Evans
hlue.
(b) CT scan of the same dog. The n‘gjun of in-

jured BBB dyed blue corresponds with the high
density area on CT scan.

AHESAWEESNE 428 BIFH

fE4m L, eRafofgEsigsT, ket
AT WL, ST A FIE B
otz #1f—AO contrast CT @TIZ, 7 F
o BT A DEARRE R O IREE, IR % L8
SHFTERNE o — 45 contrast cnhancem=nt % 5
HTEh, =AvA7L—f s Wi+ 50 &
contrast CT {7 contrast enhancement % 5 45
MEN—FT B Lot (Fig. 4],

2y WoAEEHETE A NG & contrast enhancement k&
6

FRERE A WA BEE, contrast enhzncement &
FipE# CT fiff (Hounsfeld unit, HU) T34 LEE
WicA Ui b ot Fig. 5, Fig. 6 ¢hs. 7F
o SR OW S (Fig. 5), (#H LARRER ke
Fi-b 2ml FARS IE, 4ml FEAREA S EA,
6l FEABEY 1 BT, 4ml {3 F T ARG
BEir L, Oml TOEEE-RE WS Lis. Angloconray
oG (Fig. 6), W ke H1=00.3ml, 0.5ml,
Iml, 2ml OFFEARCE VT 3P0 Al

HU
a0
w
dead
30
5 /
{ 20 {
@
3
2
5
Yo
0 adfkg i M W5
2 mbfigin el
4 mlfiy o5
6 mlfig inag
L 7 i 6 =ine

Injection dose af 50% glucose solution

Fig. 3 Correlation between injection dose of 50
2 glucose solution and degrees of contrast enh-
ancement.
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70 dead
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Omi/kg : n:5
20 / 0.3m/kg : nsd

5 .
0.5mé/kg : N3
1.0mé/kg : n=3
2.0mé/kg : n:3

%

(]

4.0mifkg 1 e

0.5 1.0 2.0 30 70
Injection dose of Angioconray mi/kg

Fig. 6 Correlation between injection dose of An-
gioconray and degrees of contrast enhancement.

AL, dml FAL1FHTHoT. ZOBHE, 0.3
ml fEBifEs B Y, FhElkT2ml f58ET
EREENE SR, 4ml TERAIFET L.

FEC LickizvWTh b REEAER 23T
WhAZBEZ L, BEAREEE Y, HREKE
AR5 CIEE L e,

Fig. 5, Fig. 6 r LI EEREAED 0 0BE
@ contrast enhancement DffELL, AEAYEIEK
A D control FE5BHOFH{HE (Table 1) #
Wiz,

3) contrast enhancement FREFAYEHZE

Fig. 7, Fig. 8 o Bl L&A ORFE,

Table 1 Degrees of contrast enhancement after
injection of physiological saline solution.

. contast enhancement
animals ‘ (HU)

1 4.0
2 4.8
3 . 2.4
4
5

3.9
2.2

3.5 £ 1.0

gi
i
[}
[~}
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Time after intravencus contrast injection

Fig. 7 Diminution of leaked contrast material (B
BB was injured by 509 glucose solution.)

HU

Ry
i

.

\\f-\.

Kjﬂ“‘*

(=]
D

Contrast enhancement
o

\ ““‘-i Znifkg (N3
10 H“ “‘-i Intfkg (n:3)
[ ——3 0.5a8/xg (n:3)
st = .
—'—i--—-“]
[—

"“-I 0.3ad/kg (n=3)
1 2

v 30 60 90 120 150 180 minutes
Time after intravencus contrast in jection

Fig. 8 Diminution of leaked contrast material (B
BB was injured by Angioconray.)

#Efhi L contrast enhancement DEEHFEH L,
47 5713 contrast enhancement DFEFFRYZEL
ERLTWA. 7 FUEBRREA O ¥54a (Fig.
7) fhE 1kg BHich 2ml FEARF TIL3FH 4ml
AR TS HOREHH L, Angioconray A
&, (Fig. &) {8 lkg H»7-90.3ml, 0.5ml,
Iml, 2ml OEFEAFECE T ST OOEE{E
BlLi., F-£Bcs\ T, contrast CT A 4
v ii{T1E# @ contrast enhancement DFEREEA 100
%&ELT, £DBROWYOEIERYS TRbLICH
DHs Table 2 T %.
Contrast enhancement OEEIIFRFHE L & 123
EERENCBA L, & OWMAFILERIE O,
EAR BRI < 13iE—E T (Table 2), 3
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Table 2 Diminution rate of leaked contrast
material (% +min™")

0~3 | 0~1]1~3
hr hr| hr

(4 ml-kg™") [ 0.28 ] 0.27 | 0.28
(2 mlskg™) | 0.33 | 0.49 | 0.25
(2 ml-kg™) | 0.24 | 0.26 | 0.23
Angioconray| ( 1 ml-kg™) | 0.28 | 0.10 | 0.37
(0.5ml-kg™*) | 0.31 | 0.32 | 0.30

m 0.29 | 0.29 | 0.29

(S.D.) €0.03)1€0.13).(0.05)

Glucose
solution

HU

=
(=3

Contrast enhancement
w
=1

ﬂ\f*\%\kﬂ

30 60 80 120 150
Time after intravenous contrast injection

180 minutes

Fig.9 Diminution of blood iodine

ML b & DIEOL/2 & 75 5 fe.

Fig. 9 137 F Y WBWEAR 8 HoMmp =2 — ¥
DZEALERLIcb DT, SR EPHRER O
M, ftlh:F R contrast enhancement O#R
B (b= — FEREIEHE) 2RbLTw5. Mm
rha - FERIIERBBIMA R L. 2% D
contrast CT A 4 VIEfTEE, S 1 HEHR £ ©
EEBICES L, oKD DB ERL
b

4) CT b 47 MBI OB 1

7 oS EAR OZ RNk 5 contrast
enhancement MFERE X b, BBB o EE E
bLlich o Fig. 10Ths. ¥k~ ¥ s
Ve A OEERE, #ElihiE contrast enhancement ¢
BEYERDLLTWS. FHLLRIES FYBEK
HEAEH T contrast CT =+ 4 V& fF- 7-BiL 5
B, 1FREER, 205, MM hFh
U®Teontrast CT A% 4 v % 1T o3& 4 3

AREFRFRESER 54028 B8

HU

5 0 hour :rug
1 hour :@n:3
2 hours  n.3

2 \ 3 hours : ma3

Contrast enhancement

Time after BEB injury

Fig. 10 Repair of BEB injury (BBB was injured
by 50% glucose soluticn at the dose of 4 ml/
kg.)

T2 ThHof. 1HEEED contrast enhance-
ment DRI 7 F 7 FERRIEAESE O #91/2
T, SHEMETIE CT fE5LTF & ic o 1o

5) BB BE+ L= v o mpkBIF R EEE
52 58

(1) contrast enhancement DFREFAHZLIC L

2 HYE

Fig. 11i% contrast enhancement DEFEAHYEAL
R bLTEY, Gl HEABES O’
Flhi L contrast enhancement DEER L.
Hydrocortisone #¥ G, JEHFER 1T 35\ T Bk
SBAD KA {FH L1z, Hydrocortisone F¥EEE o
contrast enhancement |3FEH¥S.REC I L7 O

HUl

25

E%Nﬂ\

Contrast enhancement
[ =

10 'f no stermd
\}—— su.ro.d

5 (mas)

¢ 30 €0 9 120 150 180 minutes

Time after intravencus contrast injection
Fig. 11 Effect of hydrocortisone on leaked con-
trast material (BEB was injured by 50% glucose
solution at the dose of 4 ml/kg.)
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/
/
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Fig. 12 Effect of hydrocortisone on repair of BBB
injury (BBB was injured by 50% glucose solution
at the dose of 4 ml/kg.)
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4. F 2

BBB off& TRttt o # e, iy
PR LTl R vz &, BEROK
BEREET R CMA B s hic v &, i
HBEAZRI A F v v 7 e — EIEH Ml O L G
D BN IYD I LI EDORER L 5T
B Ehi-tEL LB, Z LTEOREDCE
COWTIHER DL NS L2 HTHoel, E
FOBRTFHEMBIOMSW X D BBB OFEEYHIE
FRCRMT DR RERB XS, FO
AR LR TE R, FThebblHA
EMERN B MO T O/ o T L R

265—C21)

THD, £ZC BBB OfF VM RE SR 310
E oo, MPEME A BRI BEE T % Ak il
& Oz tight junction %4 L, WKL IEH
wAin, LCFRMEN L, PR

¥ perivascular astrocyte A% Zgfe%d H LT %+ H
PO EATHB R Lo S B, thbo
ST X > THEHEOMFEEARALILE L,
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SRR, W, BUEE, BBk 5 iR
DAL LI L h BBB JBH X BV99 | g
BWCVRINIEDS, MM, ROEEZE, N4, B4R
i, BEMAME S B e S AhERR X 5T
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BBB 23 S h 5 i A S a2
PRE A Yuad B & LAXLARTD HA1 ST e dt,
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Beififia o tight junction o PJc, WKMo 14
o, BEMED Hidic X © WRBEEZ{L) BBB
BB S TRS 2 LR IR, tracer 21F
AIEPIB % 8 L TS e 3 % = &p
b 72P, L, T BBB BEOFEY S
fediy, RBMOEMENELERL, »o%
DFIENBH N D 5 tracer HYOFE L5, B
EETHHRT 53D E LTI, Trypan blue®:
Evans blue'® J¢ Yopfasg, P¥9, I8 @ fs
7 N7 3 P EOBUERATGE, B A
12 X BHiFRIciy horseradish peroxidase!® ¢ 2%
H5. LHLohbizbFh s BiERC s\ T
JEHEh 5D & T, ERKRAC BBB B4 %E
B, EEANCIBET B AEREEA VLIV
ORHERTHES. b RI v F 757 4 —
2T, BBB N TALE2HIS RI ©
JEAER D AL FER S T VW B iIm T i 10|

—7, FHRORSEELEEBCHS CT 12,
M LIES e X € — & L FREZT 0K
Hdsds LRSI SOy MET 52 v e .
=2 L DiEoTkh, XEHERS ko
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WTHEAOXGRIUYE (CT {E) oiH%kiE
BLLTERTHIOTHSD. Lch,TCT I
ZDRAHDETD O b2 XRBIYED > T 2 e zE
RuSifucit 52 EXTRETH B, Ei
FERiRec = — FERAERS LT CT A% v v
#4F75, B contrast CT A% 4 v (TS
5L, MEEOZL Ly CT i\ T RE
ENEFHIND, HEHEA T MO LR gD
BBB »EfET Hinddic, contrast CT A& 4 v
21T ThHEFFPMERERN~NRHET, BED
contrast enhancement (CT {Eo F8) 23iEHh 35
DHRTH B, LirL BBE ofc\ - #fiH ¥ kiR
5 & hicify TR ER A MR R~ TR U,
78 { contrast enhancement % 57 % & T\
K=t

2213, contrast CT kit s KE=—F
EEHIIRE Xhic BBB % B LT MasME
Fe~dBIE L, BBB HEILIRGORBECE LT
contrast enhancement % 5|} A D TiLlg\ i & E
o, WE, BRI S KBRS &R B
2 OBIE CAREBIRC S B OBRRR Th 5 EW
FIRFA Lictcwie (Fig. 13 (a)), £F0\vh
Aoy BHFRE, KEESHBALLACES CT
A% VETFoTo b H, ERBEEEROBIAE L
BE O~ 2 BR IS E R & 78 » T
b, EKBEERD BBB piEfHIhic L Bbh s
EFIE AR L7 (Fig. 13 (b)), Z ofEflics\»
T, =— FiEFAIDERE BBB 2L, ME
BHRANRH LD LE2 bRz, 2% ) BERK
ThHIEYF H BBB o HBEWE ThHL LD
i, BBB R OfF{ELART tracer TLHBHT &
B UIcBREREI &\ 2 520,

Ll ko BERAF D H, contrast CT 1Tk} %
=2 — FEFS BBB B0 R T tracer
Lith18%, Lichi-T CT 13 BBB 0%
IR T Shic ikl 3% L ORBR Y BT,
R ERENCIEN T 5 BAY TAFIE R 1T - fo.

BBB {5 DR

BBB |IMMEC A Shi: HEOBEE, IF
B v B hS. ThbbBEEOLELT

AREZHHEMRFESESE H2%E HH3 5

(b)

Fig. 13 A clinical case of BBB injury (70 years

old male)

(a) A large amount of contrast media is acciden-
tally injected into left common carotid artery
during arch aortography.

(b) CT scan demonstrates abnormal high density
in the left cerebral hemisphere. A high density
spot in the right basal ganglia indicates the
focus of infarction.
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X b tight junction 23PE, ZDHEOIREMES
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LB BBB BEF LRI T 50, L
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PEOFREE L contrast enhancement R 134
BAd 5z Ldibh o,

¥ 7o ERY ALK A @ control ¥ ¢ CT
3.5 contrast enhacement HESh 7z FIT,
TEH oS T contrast CT TiEEF D contrast
enhancement #5352 L& /RLTHED, Zh
s AI & % P o CT fED EF % Kk
LTWBEEZ bR B, Lichis TAERTI
CT {ii 5 L) contrast enhancement % iRa:iT,
BBB 0 HFET S LE L.

P EME P B Mo tight junction [ TEHHE
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CHEAINI WO BERC G CT L EvWbh
TWwBH, Fuvbhis tracer OHFOKE X1
X -T BBB {50 licit BESFE T 5.
Rapoport (1973)'® L =3 v A 7 4 — BT R A v
Ba, V¥ ORI E K% Angiocontay D[
fl\%1.280smol TH o & DNTVBD, = 1y
AT =X ) b GFREDON W tracer R
WEZDERESIRNIEBE ERTBLB,
AFER-TH\ - Angioconray ¥s J. 0% contrast CT
Dicd® Conray D4FHEIL L i 1,006 F ¢
BHaT, TATIVvEFEEGE L= A VvATL—D
AFE (68,500) L BB I. Lich
ST CTR=RA VAT - THETEHABELD
LERED BBB 5ol CE SR D B L
Wz 5.

FH DT T Angioconray & i\ oA,
{AHE 1kg B7=90.3ml {FITICRREN FEEEL 72,
T Of% R L EBIIR DI EBIR X b K\
ANE, SFAEAEER S &R LTHTIED
5 &, 2 XEEOkg oA TiEFy18ml P Lo
Angioconray ZiREBIIRICIEAT 5 & BBB
ZRTERESD L2 5.

L B 6, BBB #fifFoiEEnL CT ok
I+ % contrast enhancement DRI kb EEL
CHETEDLZ bbb,

R4S PO VR HH s B2 A o RERS D 1 2%

EEA DML bETHEL O Lin -
Tk Y, HEIHREERE R A R TR AN <
b ER X D R 2 h b, = OMRsAE

Dfth bulk flow 2 \5. ZAMPAO BRI

WD 5P EOBRECHEL - THD, ZOfF
Fi% sink action EFR[F R T\ 35930

23 24%] contrast enhancement @ GEIHFIIT
W (Fig. 7, Fig. 8) %, M BBB JU{FRLH
o contrast CT iz kT, MEER~IEE LS
EH|D sink action 2. X AEEEHLL T3 &
Ex i, Lo LEHNCE, BBB »MEHihs
¥ CHEfEXhi BBB #BLT, P = — K
FRCACTIRE LTVv5 & W S ARtk R BRI A
highudie b, 2¥ 0, EEFIOMESRRN
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ADTA EFH &5 oD ERERE L Fridhug
b, WEAHET 5L 0l sink action
BB, WMALHET B0 LTz Mmbo=—
F&E L BBB BBEOBHE L5 Zo0EFNE
zbh b,

Mo = — PR 1 EECES TR L
Tkh (Fig. 9, Effliwi>#- - T BBB 1B
DIMFEEA~IRE LIET 20 & 5 1 EERTH 5.

¥ f contrast enhdncement YA EEEL 44
0.29% (Table 2) LiziF—%ET, LadZ0El4
X b INEME O EEEES (turn oven rate, (.25
% = min™) Rl 3 B, Lichio T contrast
enhancement DOFERFAYINANL, FOIELHIEH
A D sink action 12 X B L Bih 508,
BBB B OB\ TH 5 BHEN B 5.

BBB {0l

BBB B OBEI BEIRAEE LD X 5 7 B
el B fo & B Oy MBHET, Hicl £
#{Tolc. Tiedb BBB BE/ERERS, 1 HR
®, 2B, 3RFREEOK 2 DRI THT
contrast CT A& 4 VEATHFEEIED, £KHCEH
I} % contrast enhancement DFEEZRRMHFI., =
hExhZholiiicsi 5 BBB BEORER
ExmTh0T, 05k LTHE bhi Fig.
100 fE e BBB i EE oM IMRE:B LR
ThDr x5, HEEDFHHETER LI BBB ]
#31%, CT |, 3R C contrast enhancement $3%
CT {5 T & bDT, oS TIEBE IR
TWwasbDEELX b3,

Lichio TR Lk S ie, m=— FoRL
ICisi) % HR, 5587z BBB I_RIFOEH s & OV Y
B OB WIS 5 —EOWAEE & v %
E+% %, Fig. 7, Fig. 8 ® contrast enhancement
DRERFEITRA & D KIS 7 IWHAEFH] © sink
action [T X BEREFFEHLLTWB EELBRD.

BBB 2wy il cHiff Shicob, B
b EDRMBIZD £ B F CORRICOWTIIAE~ D
& 22 b %, Rapoport (1976)*01% 5 X ¥ o
B 2mol DR A A LT BBB % {5
TR, =AVART - L W BB LEE, 304

HAEZERERE Y %425 H35

Bk BBB 2 BE ShicboxTw 5. %k
Studer & (19747 D F v FRFAT, Hhid=
— VAT VT VR tracer 1T LB T,
BECARMZELLLBELTWS. chbo
RO EB S BBB ORIEREC & ) &
50, HEHRIHECEC LB L ANk E WL
Zxzbh3b, LihoT CT ik BBB 50 ik
BRECRWT="Av27r =2 F ¢ hTVS
P, Bt — FRSA T AT I vREL g B
EBbh 5.

BBB I k1 BREIBBE A & v DS

PMIEE .13 vasogenic edema } cytotoxic edema
DZ2DRAFHH D, RiFEIL tight junction o
FAX LIRSV R OB e 58k L T 5 0w LT,
BEMBAE ORI T E T 5. Lk,
T vasogenic edema % BBB D54 {E5 + &
h-—c L Z)SSJ .

vasogenic edema, -3iri-% BBB $H{Eic %1
T, BIREHE AL VARERC S BRI b E
BTHD & S METES V129930 2 pgepe
DWTIE, AEMIEOW & 2iEH L, HEE
% astrocyte DEREHET 5 L v TEDH®,
TR MIIER % 5% 35 L b vbh T
BRI E A T,

¥\ BBB i T 2RI EEA L E VO
fER%M5 BT, ¥ 3IMSE PRSI OW
JRIT hydrocortisone 3¢ Dk 5 & vk 2 2
P e, oI Fig llikim e
T, hydrocortisone #E5FE CILIERERIIC 2T
contrast enhancernent MJAH3 <, WEECILAY
B ENES bR, T7d s hydrocortisone
DEEL PEE RS O BEy (R 3¢
%, 2% b sink action Z{pit X2 AH EHRRL
7l

—75, BBB {E# D& iz hydrocortisone 7L
DS EEY L2 D0kl N, fEFE Fig.
121774 Z & £, hydrocortisone e L JEfv s
HEOMICEROERRED bt st

AR BT 2L EOREN S, HEBAYERRE
TEET 5 R < X 5 BBB #Hfic ;LT
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hydrocortisone |%¥p1 %A sink action Z{fEF L
fast e R U i a E S e BT 5 L&
zbhs.

e (1976)°7 1% hydrocortisone AR E 1T
X o TRREMEL P Sh, BmEES Y BT
L, RmifEOMmHs’ RS bhicoXTWw35.
EIr - o BinfiEo $#hn % hydrocortisone o
sink action {RAEZN RS § fo T O Tlkin b L&
2 TWaH, HL E TR TETSEORNE
Hibicuo.

HE, CT %M\ C BBB i3 st
fT\v, CT % BBB AffoRE, Rk XUZoD
R ZE LA B 5 - L DT 2D THMA
ERELETHD Z et SHIRFERE, B
ERSHAERC ST 5 CT Off LWk %
ETbokEzbhb.

5. # B

CT o XFBIUEES REEAHED TR T &2
b, BBB HEHIT contrast CT A% 5 v & ifT
THhE, EEADRREERAANREL, Thri@mk
ke LTEbrbhsb, Tishh BBB g%y
BILS55E%F%, BBB EARIFHRL, £k
IR 2TV IR ORER 2 18z,

contrast CT = k) BBB #E{EX#HEHE LY 52
EDbhole. ¥ic BBB REOBEIMITEA
WibEFA R (CT f{EnLkA) LLTHEEZ
h, WEL--FEE@GAACESBEGRE R L. HE
BRI U@ s iE—7E o HEE TR
FEah, IHHETIRHERD H1/2L 785 kb,
BBB G E S (X 3 TEE Shi. b
hydrocortisone D413 BBB 180 B 4 £
TRBHLO TS, WEEFAOKRERRES
BB Lo,

Ll EopigEs s, CT 1% BBB R{FOERE, fi
il ds X ORERFIZE L A flf B WD TERRY 1 B
ZEDTELHRARBELETH S LR Sh

To.

Firfrdedich, WiEY, HEHZB -/ NEFL
WABBCEROMEL LT, ¥k FREEETR
B v e RERAEN B R EEN R SRR B
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