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Intraarterial Digital Subtraction Angiography
Analysis of Cerebral Circulation by Intraarterial Digital
Subtraction Angiography

Hiroshi Tsukamoto
Department of Radiology, St. Marianna University School of Medicine
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To evaluate cerebral circulation by intraarterial digital subtraction angiography (IADSA), a transfer
function of each hemisphere was derived from the input and output curves observed at the internal
carotid arteries and the cortical cerebral veins. Fourteen controls and 40 patients with cerebrovascular
ischemia (37 cerebral infarction and 3 transient ischemic attack) were analyzed. Intraaterial digital
subtraction angiography was obtained with the catheter tip placed in the ascending aorta. Twenty ml of
Metrizamide (280 mgI/ml) was injected at the rate of 7 ml/sec.

APT, the peak time discrepancy of transfer functions in hemispheres, of control group was no longer
than 0.3 sec, and diseased group was (.69 + 0.40sec. There was close relaticnship between the APT and
a number of attacks, severity of symptoms, and the size of lesions on CT. Nine cases with ischemic
symptoms without definite abnormalities on CT showed delayed peak time on the symptomatic side.

As a conclusion, this method is useful for evaluation of impairment of the capillary beds of cerebral
hemispheres.
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FIERCTOBEOR R —REMREAB S hic
DT, S BITEERKM (transfer function) %
WEAKBERR B 5 BHEE o MM K
(capillary bed) ®DIfZ & LT D peak time & #
DEREERRD, B L EMEREER S %
HeUre, i, IADSA TR L BEIRAER, 3 L O°CT
iR & DUBHRELIT-, KB > TRDE
K 1 P B 8 BB D 25 KB 3R DR E B D peak
time DEFHZE (LLF APT & M3 BRI
LAEL, 4PT LBtk EEROEEE & O/
CAEBOHEBE R R bR, - TAEIR X »THE
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FEIMTRCS T 2 ERBBERT—2D 5
A=F =+t LTERLELLRIZOT, ET0E
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2. % R

BRFNS0E 6 A X b, MEFI61FE 1 T, ¥~
7V FERRERB AR Ll BEGI R IR &
U, XFEBEE & f it i A & i K5I L 7= (Table
D. ¥, ZhbHgicaGRIXEIk: L oMESHY
BABRIh-T,

i) MERE . MEFNRESLALhT, CT i
hEEYE LTI REORLALh - BET, H
EABENREOTED BRI T, MOEHRFITT
IADSA 2Ttz 14fl% 68 & Uiz, FDHER
X Table 1 DI T, D5 bHEMIT4H, ik
E1060C, FERI228E D HR0IR ¥ T, FI549.28%
ThH-Te.

ii) REMPERNER BB BRIRFERE O CT TR
THRMERER BB S h, BOEHREICT
TIADSA ofThhfcd0fl 58 & L1z, i, IAD-
SA BRFH 1 2 ALURBRCRKET L, £fchE
wm¥E, BHEBIRKE L 0N AR O BAZE-IHE O
BREEGNLI B N Teh - T, PRI Table 1R+
< BEEZE3TH, TIA 3BITH-7c. TDHHH
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Table 1 Materials

Control group 14 cases
(No objective neurological abnormality)

Vertigo T
Convulsion attack 2
Headache 1
Transient amnesia 1
Diabetic ptosis 1
Neurosis 1
Benign neck tumor 1
Cerebrovascular ischemia 40 cases
Cerebral infarction 37
TIA 3
Total 54 cases

TIA : Transient ischemic attack.
(May, 1984 -~January, 1986)

FH20mIEA L, HA7 €4 = 2 2 Angioimager
A, BT - VI TESEESLZ B L,
T4 wENAE Y --DMM4A0IZ, BH3 =2, §
40= =, #WISHEEE L, EbhiEg b,
B.OEER (ROD % Wl N SRBINR S 530 B O'EH TR
WSRO MFELELR ORI S ICREL
7o (Fig. 1), EfNEEE TVIP2000Z B 0% O
RAPaVEa—2—Eclipse AT, 2hbd
BOBERTcoEFHOBEZE L b ERREEED
R — B R 2 ER L 7= (Fig. 2). B bh
RSB L X b, NEBIRE AD, SEETE
BERZH P L LAEMOER (capillary bed)
—2o0XkE L TRERBE KD (Fig. 3), £F
@ peak time & APT & %z, % b i peak
time & APT & iz-2\ T, fBHE & 5 I $4 4 e
BRELOEBERO NG LERER RS mFREE
DEE, Fiz CT ikl 2 ERRBHRED K &
ZroBfeovtE L, ¥, CTIRBE—
NEEHRIETClem BRlem 2 5 4 AfICTA
¥y vk Iiobhi, ERIUSHREDKE XD
SR LS E T OERBIBUSIRZEO R B X U ET R
T A AEANDELSD FREL A, X, APT 2o
T, WIBECIXAF D peak time DE DX E A
i, X, EAEAhH—RAloKBERFBEDOR
EFERIERE O CT TR HHEL, AEET
DT O peak time 2> HRHAlD peak time
HOWTRdTe, 3L, WHKEEIRICHRZED H 5
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Fig. 1 ROISs for petrous portion of ICA (1 and 2), and cortical cerebra] veins (3

and 4).
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Fig. 2 Time-density curve of vessels. 56 years old
male with It. hemiparesis, but no definite low
density lesion on CT.
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Fig. 3 Transfer function of capillary bed of cere-
bral hemispheres. These curves was derived from
time-density curve (Fig. 2). 4PT is 0.4sec, peak
time of the right side is longer than the left.

4, & R

XPRBE & H I P AR B o Fo A5 AR BR R B
B D FH peak time % (Table 2) 1T, AA=E
(4PT) D F#HfE% (Table 3) iwi$., F peak
time & O SD i, X XA M54.10+0.78
B, ZAI234.18+0.808THh 525, Heil M RNE S
BECTW, ARRZEMNZ5.13£1. 228, ZRIHFZERAI
5.49+0. 908 T X REf I H LEEE LT\ 7= (Table
2). ¥ APT iwo\\T, BRI, 0.14+0.108
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Table 2 Mean peak time of transfer function of cerebral hemisphere

mean peak time:£SD(sec)

Control (n=14) Right 4.10%+0.78
Left 4.18+0.80

Cerebrovascular ischemia
Right hemispheric lesion (n=14) Right 5.13+1.22
Left 4.48+0.75
Left hemispheric lesion (n=15) Right 4.77+1.16
Left 5.4940.90
Both hemispheric lesions (n=11) Right 4.89+0.86
Left 4.81+0.73

(Detection of affected side by clinical symptoms and CT findings.)

Table 3 Mean APT of transfer function

group mean  APT+SD(sec)
Control (n=14) 0.14%0.10
Cerebrovascular ischemia
Right lesion (n=14) 0.66+0.65
Left lesion (n=:15) 0.72+0.55
Both lesions (n=11) 0.4640.28

APT: (Rt. peak time—Lt. peak time) for Rt. lesion,
(Lt. peak time—Rt. peak time) for Lt. lesoin,
(Peak time of severe side—peak time of the
other side) for both lesions.

(Detection of affected side by clinical symptoms and

CT findings.)

LEDTEGY, BMmEMEEF TR, HURE
T0.66+0.65%), ZMHFZET0.72+0.558CH b
AN LERZRL, HBHF LD & 4PT pik ¥
otz (Table 3), # 8D peak time D EH=E
(ER—ERD D5 25 &, HBEFEELF—0.4
o+ 4B oricgEdr LT (Fig 4). Fio,

R MR EFEO R ARE T —0.4B Ty
ML, EMRETR0ABU Eegfml Ttk h, &
fil> peak time 23%HAlC L UBEE L T\ 7o (Fig.
4), Fig. 5a-5b (3%} f@RF & — {3l B - 3R 1z g 1 4
REDODLFHD APT 0 RMMERE T, 4PT
D=0 AL T ROH0. 4 EXRE L T5 &,

+0. 4B RV —0. 4B OB D false positive
B—fd R bhinh - 7z(Fig. 5a-5b), 2h kb,
APT DHEXHEH0 4R % ERTHE & LT &8
58 LT (Tables 4-9), WEEZERED 4PT 13,

3THIF27TH] (72%) 0.4 ETH ofe, —Bi:
PR MFEPE (TIA) B 3H &b 5 s 14

FEFI614E12 A25H

(37)

Control
° cof P oo

XX Y X ¥ ¥
Lt lesion of cerebrovascular
ischemia

Rt lesion of cerebrovascular
ischemia

L ol ‘7 ® 8 Both lesions of
cerebrovascular ischemia
-3 -2 -1 ™ lo™ 1 2 sec

peak time (It-rt.)
Fig. 4 APT of transfer function of cerebral hemi-
sphere,

0.4 LD APT 2R L7 (Table 4), Tl
BEYBREAROCEAMEERCIE, Zhih
136141061 (77%) THMD A4PT »30. 48 LA %
A~L7c (Table 5), X, RiimFEIEEIS & DR
Thb &, REEH 2 @OBE TR 4 FIEHIT APT
R04WLLETHy, 3ELUEOR T 3L
T APT 230.68 LA 72 572 (Table 6), X, EEERAE
K& DBAGRCW, EBHE, MEEE, BEEED
I iER X OB CIE, 176IFR1361(66%) ©
APT 230 ABLI E2RL, ZERETRFORT
%3 PIEBIH0.68 L LD 4PT 27~ 17z (Table
D. CT eB} 2 EBRBUBFEOK & X L OB
T, FEEORE I LFOHTXTHP S H
(72%) @ APT 23048 F&RL, [K#ilcimE
RO TIL 5 FIEF30.68 L LD 4PT 7R L
7z(Table 8), X, CT i\ CERNIERED R,
DTS o oM RGEEBRELLF D 5 B 9 (82
%) T, BRRAYC B b - A BRIl peak time
P30. 430 Lo BIE A 7R L7= (Table 9).
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O— CONTROL
O RT. LESION

Fig. ba Comparison of control and patients with
right hemispheric ischemia.

O— CONTROL
O LT. LESION

Fig. 5b Comparison of control and patients with
left hemispheric ischemia.

Fig. 5a-5b Relation between 4PT and cumulative
frequency, comparison of control and patients
with cerebro-vascular ischemia, except for both
hemispheric lesions.

TR B BR 12 B R A D B 5 BT, peak
time (X BEICH LERSZ R ON 55, 4PT i
E350.46+0.28% ¢ (Table 3), APT d Azt
Ho &4 bhic (Fig. 4), Fig. 6a-6¢c (%2 B0
IR ZEFIF R RRR U I E AR L B EEE 2 R
LT 568 BT, CT I CAEREEYSEHEHE
ECHT TR WERRIRA & b hic, GRESHIR
WY T, AP KBRS L 0% 05 iEefkic

Table 4 APT of transfer function of materials

group APT<0.4 sec 0.4 sec=4PT total
Control 14 cases (100%) 0 case 14 cases
Cercbrovascular 13 (30%) 2 (0%) 40
Leshidl 0 (8% 7 @% ¥
TIA 2 C67%) 1 (33%> 3

TIA : Transient ischemic attacks.

Table 5 APT of transfer function of patients
with cerebral infarction

affected side APT <0.4sec 0.4sec= APT Tuotal
Right 3 cases (23%) 10 cases (77%) 13 cases
Left 3 (23%) 10 (77%) 13
Both 4 (36%) 7 (64%) 11
Total 10 @7%) 27 (73%) 37

(Detection of affected side by clinical symptoms and CT
findings.)

M, BELIRATWED, BorkERER
bhithotc, TOREFD APT 32.78 L H/lD

peak time DEBENEW TH - 1z,

5 % ¥
Fe M e B B T, RS o M IR D B K
G E O, BEHREDETARDL
W3, B, B e, AEImLT A 350
Fic X - UREHOBEMIh TV EE XD
W, RIS o M A 5 AR TT #E o R
PEHE & 7 529, EBEOHEREEORIE, M,
5 7o QU B 1T B o> F5 e B4 o K I BE ) B A A
RoREER MBS L TERATH B, ELEBEEDE
TH5HKENE s - FREEAZ AV TORBERD
L, Greitz 12 & b BpNciisE Sh, RmER
By BV CTHEEAERIE L HE 2 hit?,
=& o ERBREOETIco Tk, Dynamic CT

Table 6 Correlation between 4PT and number of ischemic attacks

attack APT <0.4sec 4 Q]Tts’%c %s e 0.6sec= APT Total
Single 6 cases (32%) 5 cases (26%) 8 cases (42%) 19cases
2 times 0 1 (25%) 3 (75%) 4
Over 2 times 0 0 3 (100%) 3
Total 6 (23%) 6 (23%) 14 (54%) 26

(Patients with cerebral infarction, except for both hemispheric lesions.)

AARB Rt #946% 125
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Table 7 Correlation between 4PT and grade of symptoms

grade APT <0.4sec 4 13{[I‘4§?)C ésec 0.6sec= APT Total
I 2 cases (33%) 2 cases (33%) 2 cases (33%) 6cases
11 4 (24%) 4 (24%) 9 (52%) 17
1 0 0 3 (100%) 3
Total 6 (23%) 6 (23%) 1 (54%) 26

Symptoms : Paresis, sensory disturbance and aphasia.

grade I : Patients with one of symptoms.
grade II : Patients with 2 of symptoms.
grade III : Patients with 3 of symptoms.

(Patients with cerebral infarction, except for both hemispheric lesions.)

Table 8 Correlation between APT and size of low density lesions on CT

size APT <0.4sec AI’()T4‘~§.%C ga - 0.6sec= 4PT Total
Negative 1 case (11%) 2 cases (22%) 6 cases (67%) 9cases
Small 3 (60%) 2 40%> 0 5
Medium 2 (28%) 2 (28%) 3 44%) 7
Large 0 0 3 100%) &

Total 6 (23%) 6 (23%) 12 (54%) 24

Negative : No definite low density lesion in intracranial space.

Small ; Diameter of low density lesions<1lcm.

Medium : Diameter of low density lesions= lem.

Large : Diameter of low density lesions:z3cm.

(Patients with cerebral infarction, except for both hemispheric lesions.)

Table 9 Correlation betseen 4PT and CT finding

AFT
Total
(=2 +)
CT(=) 2 cases (18%) 9 cases (82%) 11 cases (38%)
CT(+) & (33%) 12 (67%) 18 (62%)
Total 8 (28%) 21 (78%> 29

(4PT(+) | APT=0.40 sec)

(CT(+) ;. Low density lesion in a cerebral hemisphere.)
(Patients with cerebrovascular ischemia, except for both
hemispheric lesions.)

FUDSA#HGIHENR SR 51917 DSA i1
CTictb U, WefE, 220 £ U CHRE 4 AREE & b 1B
h, ThIHVBLhIRE—REHEORBE LS
1928 UL, DSA L BBMOERENED fRT
ICOWT O A g { 10718260 s B 0 (IR E)
REOEHTIY, Kwan, Seeger /7' IVDSA # -
THT - 72h497, TADSA % v T O NEE 0GR
B BT T hbh T vz, IADSA I3,

fEfn614E12 A 250

(39)

IVDSAIE L& DEFFNED S h T 519~
®Mn, ERSEETHY, fERomEREIC
HLZEMSMETERRE 5L 00 lmm L ED
ME DTS5 HFITTETH D, R,
BESRECER D IDIC, VEBOESEHTRIF
R —RE MRS E bR, BIAEETH £
DIEELE D, ZhooEMEFIBELTELRS
& IADSA % T, MEEBIIR, Ta# AR BE.O 3RS
RREL, HEATFHRERMZIE LT\ 519,
CnbLOREFITL, FEEHEYE & L CER
BWETHBA A ks — FREFHHEGB,
ChLEFANRCEEY 525 LEbh T\
B0 Lie s T, BRI REmB D b
FRELRIFTEEDRD, KETEH, 1404
KB = — FREFHICH LOE~0FIBo X b
DISAFEA A v KBS R AP 0% 6 L,
IADSA iz X b {ER X RIcREBE o i\ B Rl — L B
ghig A, EiEE# (Transfer Function) #
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Relative transfer

[ADSA i X » B IRENRE O i HT

(40)

Fig. 6a-6c 68 years old male with It. hemipar-
esis and aphasia.

(6a); Large low density lesion of rt. temporal
to parietal area on plain CT. (6b); No oc-
culusion of branches of rt. MICA, but slow flow
of contrast material and diffusely narrow of
branches of rt. MCA, on rt. carotid angiography.
(6c); Marked delayed peak time of transfer
function of rt. hemisphere, APT=2.7sec.

BAREREHE $46% H12T
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Fig. 7 Illustration of mechanism of transfer func-

tion.
f (t); input function. g (t); output function.
h (t); transfer function. t; time.

T, FEAIBEIROBISEE OEMMERDOIGE &
LT ® peak time ¥ i, EEENIL, EIREY
AN, BREHED ETH—2DRITE T, EDOR
DEMMERDOIGER K LR T 0 L LT (Fig.
7304z ¥ -Hippran, *"Tc-DTPA % i\ T D
BB oM, FHMICAV LTV A2 Bk
D LBIRICE 2 BB (MER) #REELD

&, Bk X OEIROSREEERR, Thih
FADANEBL() X OF%h b g t)
TH Y, FEEELG) ESRENLME K CTo&EEA
DEBFFE OSSO LE 2 bh b (Fig.
. AP, HEEIRE A, HESLES
WRER A ) & LT, ABERICI VT, FELT
BIKB4EHNR, HKBEED IR B O B M PR D JEE
Bt d R, Fo peak time L EAZE APT 1o
WM, BELI,

Kwan, Seeger & X 5 I2idszE izl < BAC»
PR BRE L TRITZ 1T 5 Ba9, I 287
THERERLZTOBEAOBRELELEEH Z &Ik
AARETH Y, T D RFfE—EREE phR LB O IR
A OB, BEIROIEFZEL DI T A AT,

EF614E12ZA 250

(41)
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AERHAGAZ L b MREOF MM R » 55
HRDBRBAT 2 IEHMEE LTHECHL SR
ENTEDH, WBIICKIT 5 4PT 130,14+
0.108<(Table 3), 1414 TH0. 4K TH b
(Table 4) (Fig. 4), ZBEMERFE (Fig. 5a-5b)
2B peak time DIEA 2= O MENHEA0. 4B R %
IEH# & Lz, IVDSA # iz Kwan & 0 IE# &
DFELZEL, B ARMEIIRHEIK T0.140:£0.119
B, P RBIIREE T0.152+0. 1468 TH b 17, &
ETHLRIELEL LT, HELERRL
RIEBOITEI ELIL T T, MEWRE, b
FRF, HERFPMPETE LA B RE
FOEBYZ 5 peak time TR, EAD
peak time DEZDWTHRH Liclodizz bo
peak time IZHE % RIFTEZO XTSI R h
felfcdd &#E 2 bha, Dynamic CT V1284
T b IEH RO RNEE o R — B EE iR X E A X
T»H H'O, IEH O KBk © BFTROm 3 &2, i
CHRLbTFEREDOE - Z EWRFE I TE
b, KEEIROBMERICERZEN TS S EHIL o
hoDEE—HT 5,

fE 0 B BB TR APT 1388k L, 404927
%1 (70%) 730. 4 L) LB h %R L7 (Table 4),
BRKBEAERFE O FEH APT 120.66+0.555
T, ERIKBEERFBEEDFY 4PT 120.72+0.55
B & RO B ER Ul 0 peak time VEEE 1 b
LBAE U7z (Table 3), i e B i
DOMEEFIIIEAL, BMOKEIEITE EED
i, B CRERIEIMETL, B\mEE
BLoGIEImTTE % /3 5 M X b iREEROHEE
DRIz T WA 2 otew, FFTOERIMmE
ECRBMETT 209, 2 LT, FHEM DR
—WEE R ARILSEHEAL L, peak time 1 BET 5 &
Zz2 bR TnBIN RECHWT, MERDIE
EEBUL, REDHEMMAFR 2 88T 5 EEH O
FREEO S ER L, mERB D peak time
&, SEROROBEBREEORKRMELE 2 b
53 X, ROFITIIEE  ORBVEET HH,
B I 1 AR R R 35 1 B EARMAE IR DEEE L & DAE
Bz — R EEIE LB TIRIRL, B
TEEHEREANRBETWD, ThbExDiE
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B D D L1 & R B $ D peak time 2R
BRLTW5EE2bID, AEBIRICHE %%
P XPAZED B B il O B ER D peak time 135 il
WL, PR EIIRGEEL T130.653+0.379%, #i
KBBIRBK T120.158+0.159%, X SifERD
B HRECIIPAMEIIRFELLL.310+0. 1378, #ik
4 B R B532K0. 525:0. 079 TH R O BN B &
h, EERODHBEHETORMADOEBEN L b EHT
B oto & Kwan H13388 Lo, Ao fic
NEEBIRDSRE DIRFAECHAEY b ORI E T hT
Wi\, BRIREER D&\ FETIX APT i L,
EBIE, AREE, BEEECLTYEONT
13 3 B4 BiA30. 68 LI kD APT 7= L#=(Table 7).
X, CTERO5BEEDOXEWFITRMEED
BT, BHEAEHEREOIEE HE ST
18 ABROKERTH CT TOREDOK X\ 2 APT
AT 2EMICH D, R ERIERZ A
O 5 BlEBlD APT #30.68LL 172 5 7= (Table
8)., X, BRMmAEIEL 3B LRSS LicBE3fl4
B1230.68 U LD 4PT %7K L7z (Table 6). Fig.
6a-6¢ (3. 2 [B1 D RiFE ZEFEIF 2 AR BR U 7 &2 H- R &
BEREELERY LD, CTIRTERAHEENSE
BRI 2 TR MERIUE 2 2% & Wi fEF T,
CDIEGID APT 13278 & 58D peak time D&
EDEHTHY, ZOEERBEEO C — 7 13E
SHEV, 2o LifEERB MG EEY 3
T BMIMAE R D SR B K LT\ 5 & E %
bhiz, ZLTChbLOKERR, Al -TaE
biic peak time (%, BMSEE DOREEORE ¥ Kk
L, APT BRAloFEMMEROBEORESY H b
bLTWwbEEZLRS, LT, CTRTHEE
D H B IILhs - T MRS B R 0 114615 9 6T
FBRREC B bR M0 APT 230.4BL ETH -
7z (Table 9). & OERITEBRES, CTizT#
HTERIMERREOEEY DO LT\ B EE
zbhsd, X, RWEHENZE (Fig. 5a-5b) X b
PURHE 22 B < BXAEZE T T D APT 230.4B K i
%75 L7z false negative 1226% 7 5 30% 1z 7z %
B, Zh OO TCIFEEIBOEMMER DR
Pie T 7 MBIM TR A3 FE L T B ATHEM AL
Erxbhn, —iBbkREmIER T3 36T 2

(42)

TADSA iz X 5 IETR BB o i b

D APT 230.4%TH - 7c % (Table 4), FER OB
B, BEMREER—EOR, CT COREMNEL
RIS ECEET APT 0. 4805k i o
B0\ (Tables 6,7,8) 2°Z OWHEM: XIS
HTuwi,

MRIARERR I EE D 584, peak time I
Tl & HBEST DT APT 204 ERTH -
THIEFTIRR, fE-T, BRIKRYER - e
DB HPE peak time D HZAFHEDOBRHL & 72 5,
HE I 4 B4R BB BE oD peak time (LFE 21 oF BB &
hHEBIENED BB S DD (Table 2), BEEH
ERCZERTF, ERT, MBERHELEE« o0
HFA3 R 5 1018 4 OFHEIL RS 72 5 & B
bh s, L LEENFHERIR, Dynamic CT
IS AR —RE MR &0 X 5wine ey
HITeBERDOFHM D <5 4 — 2 — L LTHATH
55,

RETR D peak time 1%, HBINMEMESRICES
T HRKRE O EMMER O KA, RAIEIM TR D3
EOBEYDbbTL0EELLA, 2 5ITER
PERBNYERSLZ L b, 95k, Bk
REOFHPLABHFEROBILOELE L LTHH
wwith 55LE26h05,

6. $ & ®»

1) ABFQ, JELHME TH B + v kB
ta— FRE&EFH LA\, IADSA I X b BRI
—WEMRYE, XSoIEERSYBAVES AR
HEROFEMME R OTEERENAE L peak time & L
Tebz, TDELE (UPT) #ROTABREL
HE M PR PEFERE & ks 1) A IR IR B RE & e L e,
i, APT LIEEE & BRI DT HBET L1,

2) WEBED APT OFH130.14+0. 10T, R
WHERFE (Fig. 5a-5b) X b APT O#EXHEH0.4
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