38

[%ﬁEK% 5T %8%]
E 844~853 HEFI62T 8 B

PR EhEAR AT O TEIRE)RE
—Dynamic CT, &5 2 — & — 1T L HIERENRED #IT—

FRLTERRE BHEAREEE (EF  ESNF-E88D
LA I¥ ==

b
oM B
(ZA+ BA625 5 A12H)

Hemodynamic Study of Arteriovenous Malformations
—Analysis of Hemodynamics by dynamic CT—
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Department of Neurosurgery (Director: Prof. Koichi KITAMURA)
Tokyo Women’s Medical College

Various methods have been reported for the purpose of hemodynamic measurements of the
cerebral arteriovenous malformations.

In this paper, using a TCT-60A-30 scanner, dynamic computed tomography was performed
on 29 cases with arteriovenous malformations. A series of 24 rapid-sequence images (CT-
angiography) was generated.

The time-density curve by use of Thompson’s methods was analyzed with multiple ROIs’
which were bilaterally set up for the nidus, surrounding areas of the nidus and its contralateral
symmetrical areas corresponding to each arterial supply.

The flow parameters, such as the peak height (PH), the mean transit time (MTT, first
moment transit time), the arrival time (AT), the peak time (PT), the wash out time (WOT), and
the PH/MTT were calculated.

The correlation between MTT and the mode transit time (the interval of the flexion points
of the time-density curve) was also evaluated.

It was suggested that under normal blood-brain-barrier and stable conditions such as the
cardio-pulmonary function, systemic blood volume, viscosity of the blood, PH, MTT, PH/MTT
indicated vascular beds of ROIg’, brain circulating time, blood flow respectively.

In the ROIs’ of the nidus, high value of PH, PH/MTT and reductance of MTT, AT and WOT
were noted in comparison with surrounding areas. However, these transit times of the nidus were
not significant statistically compared with those of contralateral areas of the surrounding nidus.
The ROIs’ of the nidus showed increased vascular beds and blood flow and reductance of transit
times. However, transit times were equal in the nidus and contralateral areas of the surrounding
nidus. On the other hand, the transit times except for PT of the surrounding nidus were decreased
compared with its contralateral symmetrical areas, and PH and PH/MTT were equal in both
areas.

These results suggested that steal phenomenon was noted and disturbed venous returns in the
surrounding nidus occured, and there was no difference between both hemispheric vascular beds
and blood flow except for the nidus.

In cases accompanied by low density areas surrounding the nidus, MTTs’ and ATs’ of the
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nidus were prolonged. These suggested a possibility of spontaneous embolizations of the nidus of

AVM.

On the basis of the above results, hemodynamic measurements by use of dynamic CT are
very useful to evaluate hemodynamics of AVM and its surrounding areas.
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Fig. 1 Mode of dynamic CT
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time : time-density » — 7 Db LD L hKT
FCOHEREER, [tChdt/[CHdt)

PT (peak time: # —7 Db ENDH L b,
v — 27 ¥ CoORHE), WOT(wash out time : ¥ —
Inb A —T7ORT EToER), AT (arrival
time . BEEFEARL DY, »—-7HETTOR
DB XY, PH/MTT loowTHis Lz, F1,
Fx DFEGTAEELE T, tracer 230 {ER
ROEERYFZ T 50, EMICETSHE TR
bolus & LCToMERES Z &b, ThEFHIE
3 % 7z Oldendorf 523293 £ 18 L 7z mode
transit time (RFBBEFR | time density 7 — 7
OETHE I OTTHOEH SoREER &
Fx 23HVTV 5 mean transit time & OB
Kb, Fx HHVTB mean transit time O %
B o Tk L (Fig. 2).
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BTN FNFRE L e, nidus AR IO
7 O RRHAXFRER A2 > ROI DERSELE, MRSIHIRE
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X Cdrainer % T ¥ % 218 1 £ & Wi sT
7z -7 (Photo 2),
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7o, Fie, HIMRBEFL, FWhARERTE,
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PH : peak height
PT : peak time
AT : arrival time

WOT : wash out time
MTT : mean transit time
TT : mode transit time

Fig. 2 Gamma variate fitted time-concentration
curve and parameters
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Table 1 % X O° 2 29fEFI AVM @ nidus,
nidus A B ¥ X 8% @ Kl o X FR I AL o ROT
5 PH, MTT, PH/MTT, PT, WOT,
BIXUCAT#ERL 7z, AVM @ nidus T i,
nidus BHE & e, PH 33¥85117.46+61.1 (CT
number) & BEXRL, MTT I2F#48.42+2.03
¥, WOT 135F357.00+1. 918, 3 L OV AT 3%
6.32£2.678 & B L, PH/MTT Tt ¥ 5
15.08+8.01 (CT number/sec) &AL Ty 7z,
T 723>, nidus 4T, nidus BB ROI & ik
~, HBEW PH OEE, MTT, WOT 3k AT
DOEHE, PH/MTT 0B X% /R LTz, 42, PT

Table 1 PH, MTT and PH/MTT in AVM (29 cases)

PH(CT number) MTT (sec.) PH/MTT
(CT number/sec.)
No. | Mean+SD No. | Mean#+SD No. | Mean+SD
Nidus 24 | 117.46+61.1 24 | 8.42+2.03 = 24 |15.08%8.01
p<0.01
Affected side 97 10.22i3.74—-| 97 9.191‘3‘48=]‘J N.S. 97 1.2410.65—|
N.S. p<0.01 N.S.
Non-affected side | 97 | 9.95+3.71- 97 |8.57+2.51= 97 | 1.25+0.61—
PH : peak height
MTT : mean transit time
No. : number of regions where each parameters were measured
SD : standard deviation

N.S.: not significant
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Table 2 Transit Time in AVM (29 cases)
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PT (sec.) WOT (sec.) MTT (sec.) AT (sec.)
No Mean+SD No. | Mean+SD No. | Mean+SD No. | Mean+SD
Nidus 24 | 7.5611.54= 18 | 7.00+1.91= 24 | 8.4212.03= 24 |6.3212.67—
p<0.01 p<0.01 p<0.01
Jp<0‘05 ‘J J p<j05
i +
Affected side 97 6.9512.11—‘ 82 8.05i2.86j N.S. 97 9.19i3.481 N.S. 97 7.16,3.42—| N.S.
N.S. p<0.005 p<0.01 p<0.005
Non-affected side | 97 |7.08+2.12= 82 |7.47+2.33= 97 8.5712.519——] 97 |6.73%£3.13 —J——J
PT: peak time
WOT : wash out time
MTT : mean transit time
AT : arrival time

No.:
SD:
N.S.:

standard deviation
not significant

number of regions where each parameters were measured

Table 3 Correlation between low density area on CT and Transit Time, PH of Nidus

MTT<sec.) PT(sec.) WOT (sec.) AT(sec.) PH(CT number)
No. Mean+SD No. Mean+SD No. Mean+SD No. Mean+SD No. Mean+SD
Nidus with '
low density area 12 9.45i1.13—| 12 8A35i1441—1 10 7.67i2.00—l 12 6.83i2.87—] 12 1 113.99+70.88
p<0.01 p<0.01 N.S. NS. N.S.
Nidus without low 1 ] | ] 1
o 12 | 7.40+2.25- | 12 | 6.7521.277 | 10 | 7.26x1.73- | 12 | 5.85£2.54~ | 12 |111.59:61.02

MTT:
PT:
WOT:
SD:
AT:
PH:
No.:

mean transit time
peak time

wash out time
standard deviation
arrival time

peak height

VISEIT.56+1.54F & RORHIC L L T, 0,
nidus @ B H & £ 0 K& BRER AL 0 76 4 RO
o, MTT 11, nidus FFSE#9.19+3.48
b, XHAISE#8.57+2.51%, WOT i, nidus EH
SE8.05+2.86%, XFRIEHT. 472,338, AT
(¥, nidus FEBEHT.16+£3. 428, SHAISEH6. 73+
3.138 7, dAlictb<FE K, nidus A ROI
TOBER DI, PHIZ, nidus BE¥H
10.22+3.74 (CT number), x4l F ¥9.95+
3.71(CT number), PH/MTT %, nidus BHEF
#91.24+0.65(CT number/sec), *HAIFE#1.25+
0.61 (CT number/sec), PT ¥, nidus BSFEH
6.95+2.11%, & {IFE¥T7.08+2.128 ©, PH,

PH/MTT & & O'PT D{ElX, nidus BHEF IO
ST AEE RO kBB i AR ZE RS e h - Tz,
¥ 7z, nidus kit 5 AT, WOT, MTT ©7E3R

number of regions where each parameters were measured

WERTIE, nidus AR RO & ITRIFHIRAL T H % il
ROIoTERFHE L HitF I EEZ XD /it
o iz,

CTArR 25, AVM @ nidus B B i & B I
ZESBE L HDIVWEIC O, O nidus IZ
¥+5 MTT, PT, WOT, AT & L 0°PH % [t
35 L, FBECRBIRUR A 5 # O nidus IR
T, MTT 33¥359.45+1.13%, PT 23F#58.35+
1.41%, /s WEECik, MTT 35E#H57.40+£2.25
#, PT 5E356.75+1. 278 C, nidus BB /EKR
I3 A £E 5 B nidus ©MTT, PToEEE
ENRD RS, 2FHTWOT, ATRI U
PH (o BB E X Ioh » 1o, nidus B HEIIC K RIR IR 2
HSRE, 26, HMEFOREOHLHTH -
72 (Table 3).

b, HARHEVTV A mean transit time
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mode transit time
(sec.)

4

Y=0.821X+0.308
r =0.927

n=52

T
6 8

1'0 ]'2 mean transit time

(sec.)

Fig. 3 Correlation between Mode Transit Time and Mean Transit Time
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time density # — 7% —&k# 5 L CE S i pos-
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ki, Fig. 3 oin<, BRI r=0.927, Y=
0.821X+0.308 (p<0.01) T, SEEDHEELE
7z,
Z %=

AVM O IEERENFE DL, 19484, Shenkin
BV L » THID T isbh, X0k, Fios o+
TAV =T %FBHULCERDREDH
ED-NODDINNONON T, 5 7 5 TIE, Xe-
inhalation CT ™17, PET™ iz X 5=k TRt
BRBEOBH N Tiebho25 %, —F, CT
scan DEMMRES S L OV 7 b v =7 DBFR
LD, PEROIFEIREMEERA L AW EECT
scan i~ T dynamic CT?2"% {77\, (BHREE
DEHELXPETE LS DD, O time-
density curve L Y B bhic 5 2 -2 -1 b, &
e, A oBRC BB O BT 21 T7e 2 5 X 5
WioT &7, BRema T, PAEENNERE
T~ EE AR AL 000, I A B AR, B E
B0 KEERE® 7 1 dynamic CT 2SS E I

Twb, LarLiads, Zo time-density curve
LB bRIE T A — & 1L, BEREFIOEAR
fr, BERIOE, BFHEOCHE, BFE, #Hiko
O, BREELORE, O, &2 nkE,
MEFEHEE 7 EOFBRTFICL W KEEE SRS
EVbRTEY, 54— 2 -DfE%R{E 4« DIE
B & BT 5286, TAOEETALEND S,
%72, A% dynamic study 2 {#F R+ 5 &8N,
R LD AT BIEIEBOERHITH H o5, B
I, BEREZE7e & DORMMEREECKER LTk
T, blood brain barrier D X T W 5K
ik, B OEHMEEFH MBS CIBH T
HEEZBN, REOFHLUSNOERE LB
IhbDAT A =g —DRITICR#ELES 2 & &
5,

Lo Lishih, RBIFRO29EHRITIE, FEdi,
F#932.5+13.7 (SD) BT, HEK, FH, #Hiko
B, BIREAORE £ & OB K O back
ground P —F LTV B EE2ZLRS, ¥
7o, OFTBERE R Ht ORFE R 5 o, HMlFIFe
£ ? blood brain barrier D& NE 2 bl 5
HodboieonwTid, coFEL vEsfLi, L
7255 - T, dynamic study %47 7c 5 ##&3% © back
ground # CE BT —TOREE L LT~ D
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Photo 1 CT angiography : Sequential visualization of the feeders, nidus
drainers
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Photo 2 Time-density curve and ROIs’ in arteriovenous malformation
Mutiple ROIs’ including nidus, surrounding nidus and its symmetrical areas of
each arterial supply were measured.
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MEEOETAADTRY, HMISIEALTEREL L
T, nidus 4 T spontaneous embolization®»*%
LTV HAREERYTRE T2 0LEZ bR
5.

2) Nidus @ BB & % O KIS & D1
BREPRED HLBIIC DT

R pIHEIMINT L B &, AVM OFAET S
REBCEBRIC BT, ZOMRBRNEERTS &L
TWb, 7o, nidus BARDMIGIRIEREL, nidus
PEHTARKMEEROLNERULTH D EREOL
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HEREME L EN"EBECELL T, F,
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L IEEADEREIE ST, POERRICEE
PeWRE, A KK ER ROI @ arrival time,
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WEBRELTWB, Lih o T, nidus B O
B BT 5 ERE R OEL Y, AVM © sucking
action (AVM O EFED 5tk AVM BALEEA~D
R T m®E %Y % BT 5%, steal
phenomenon®#99942) 2 venous return O EE!
s rtEZLND,

REE L b, B x oMRRIES T, AVM © B
BT LT B rCBF 2% nidus EH %I Z
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AVM o nidus & © B #% © rCBF 1%, *Xe
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D rCBF A LT w5 & DHERL LR D, B
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nidus f8 B ® surrounding ischemia % §EAfi 3 %
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