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The state of cerebral circulation in subarachnoid hemorrhage, which varies according to the
duration from onset, is an important factor in selecting treatment and deciding the timing of surgical
intervention. Based on the analyses of 82 serial carotid angiograms which were performed within one
month of onset on €65 consecutive patients with ruptured aneurysm (37; aneurysm of the internal carotid
artery. 28; aneurysm of the middle cerebral artery.), this paper describes the incidence and its time
relationship of angiospasm and other angiographically obtainable informations of circulatory. disturbance
after subarachnoid hemorrhage. They are summerized as follows.

1) Cerebral angiospasra was most frequent and intense during the second week after onset as shown
in Fig. 1 and 2. Although angiography had been performed in 9 cases within 20 hours of onset,
angiospastic process could not be found in any of them. Thus, the concept of the early appearance of
spasm was not confirmed in our series.

2) Circulation time, as determined by angiography, is an easily obtained indicator of circulatory
disturbances. As shown in Table 1, prolongation of the circulation time was noted within 2 days and
then during the second week after onset, biphasically, The initial circulatory delay was observed bilater-
ally in the brain, even if in the cases without any space-taking sign and angiospasm. The later cir-
culatory delay, from the results shown in Fig. 3 and 4, was considered to be associated with marked
spasm of the major cerebral arteries to less than 40--50%, of those normal caliber.

3) The angiographic findings of cerebral infarction, accompanied by intense angiospasm, was
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recognized in 8 cases in all of which the examination was carried out during the second week.

Moreover, some points of clinical and pathophysiological aspect in subarachnoid hemorrhage are

discussed herein in detail.
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TRZAREBIIRR X % < T H il e 75 H 1 F
Bz B Lic BT M BN e bh T
WA F ok, < HIETFH e > RNES
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FiRHOWRE, FHRHUESCTH h BEELRFT
wicd & Bbh %, BKIETREE OB NoOF:™,
188X e-clearance P:I®4x 1z X b i i A JIET
HTEMDIEY 5 BH, MMEEGHREECX 5
Circulation Time(CT) & 138Xe-clearance ¥z k
B EE & Ol A OB B 5 = L A
ERTEDH®, CTEAVGCUMEREESE O B 4
BIVCIEET 2 2 LA TREE B R b,

< SERETF M angiospasm ISz HiH]
52 LIXFMOERELPOOI N 2o KB
TREFC L Dl h BoTwB. Fh, angio-
spasm A IEER BN R TSI o\ T o RIg
H—F LTWigh.

Pk, ¥-3°, angiospasm o HHEIEEE &5 L O
T ORI OV TR Y 200, ®ic, CT
R LT b T fF 5 iEsRkEE o f%
FEZE b2 it L, © OBE, angiospasm 234G
BB T o ThEEYINL . &
2 DPF~FMEHE T, < QBT Ik 5 iEse
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BRI RSB DT-0T, BBICFDEICDWT
DEHE LI

X% U & E IR ik

19694E11 H A B19734E 8 A % T iz M 1o ARz
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17 Ui 24 mhREg6sm (MBBIIRES7HI, ik
IEBhIREE28 ) Ex g Lic. Hizs@BhiRigic -
W (BRI OFFAERD) & (BRRE D
FEFLER) DEBDY, 416 O Bitn b Bt L
Tz, W E65FIHhS3FILA0~60F & TF DA R
BTGk OfE L AZiin . ok, FiiokE

w2 [ LB QA7 0 8 ik Y o 20 BRE L
ThHa. Fiz, LR2FNCEAHNICRE 1 B _EoE
BEAE AT LCw 5. Blic, EHEERM (P
FE453F) BRI E LT L.

R B E e s B LT, — i hh T
WEBAEE R B E e v By, REENRY
EPIEEBIRD B 7~ 9ml oA (conray WX
conraxin-L) # HEljE A% (CISAL-I) —T©1 L
RIZEEA L, #1900 4% 0. 58, Fic 4~
THx 1 BHFEO 7 » 75 A CHE Lk,

RESERUES

D %7, £RMmEEY C angiospasm D E
ZH|%E L, angiospasm o HFIAE I FRIEAY 138
B U7ofg 4, Fig. 1 1w7xd. angiospasm & LT
XHEANBIRO BT B b ciBs bh,

z% AFFECTED S1DE

::?' E:' UNAFFECTED S1DE -
1/ /:
10417 ///;
_ %
50 5/11 "
3!‘9 é' 1/3
5 ol g ve é'
7 A7
n-2 3-6 7-13 14 - 30 RERUPTURE

{owrs}
TIME FROM RUPTURE TO ANGIOGRAPHY

Fig. 1 Freqnency of angiospasm related to the
timing of angiography (No. of angiograms with
angiospasra/Total angiograms during each period).

EYBE TR ORE RN ZE L THb0kED |
e, BREEL X3 B bhs b0, HEHN}
NEBIR b SD&EMCERIEY LicHIg 2 S
Z 50, RS 2RSS Okt Li.
Fig. 10z L, 8 1BEBE»BE2BE et
T angiospasm D MBUAEED G Ieo T 5. |
H T 8 fsh 7 iz angiospasm % 3, 1
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bEEECHBT A, LaL, angiospasm &4y
Bf Lic 7 flr 6 G Clrizg L B H O RE b 4 ~14
H Hofzd angiospasm o B L3\ IREHTIC AN
MEFEA TS TRl b, BHAMACE VT
angiospasm O H BT (XN T/ EE L Z 2 5
ha.

2) EHNRMIEFE CTHFEE)IR terminal segment
(Cy) Eoreh-k4EpR initial segment (M;) D
REEY XBREE L2, FA%AT 0.1m
¥ CEHAIL, TR MIfE (zhEh Do kUt Dyy
E35) ZHNHER initial segment (C;) DL
FHEHE(De;) Tl Licfii (Dey/Des J ot Dyy/Dey)
T angiospasm OFLER i Lic. T ORERAYZE
bRt UicksaiFig. 2 TH %, angiospasm

[ Dcl.l’]ks [o— ]MUDL'S

b

0.5 H :

0-2 iI-6 r-13 1 - 30 RERUPTURE  CONTROL
(pavs)
TIME FROM FUPTURE TO AKGIOGRAPHY

Fig. 2 Degree of angiospasm related to the tim-
ing of angiography. (Dg,; minimal diameter of
the terminal segment (C,) of the internal ca-
rotid artery. Dyy;; minimal diameter of the initial
segment (M,) of the middle cerebral artery. Dcs;
diameter of the initial segment(C;)of the internal
carotide artery).

B L & FfoRRT, ToBRELH2H
BeiRiicie s or k5. A TRRE e
{Tesn%, & ERE O BRI Z 7R L
.

3) C Tz 2Tk Leeds JF ¢ Taveras!® &
DFEwEHEL Arterial Circulation Time(Art.CT)
BT B BEt 2177, Siphon ¥ o ERHIMLEE
DR ie AR 2 Y, ARRBMEIIRRIE
DOEREKT 5 E COREZRD Art. CT L L

AR SR &M B3R $128

fo. Tods, Art. CT O FIH{CHE U4 B BREECR4IM
BRI 2 AT URRERIL B LT 5. Art. CT
DR % Biit T 5 &, Tablel D= & < %
fiE 2 HEAA 3 X UREIE 2 BB AR (p<<0.01)
DRERA Bz, FEIE 2 HEAO C TIERIFH IR
DR O HIRERRIC RS Bhichd, FE2EE
JEFQIRAICIRR Lo, BEE 2 BN ORA
ORMAESY T anglospasm P [fiiff % 70\ 16
e 7 T Art. CTR3 BRI TH Y, RIE2
A LA\ OB BRI X angiospasm < [fi[fE A4+ 0
HAFLHEELTWS E#Ex bRt

Table 1. Arterial circulation time related to the
timing of angiography.

days Affected side Unaffected side
after onset | Case Art, CT Case Art. CT
No. (sec) No. (sec)

0— 2 20 2.81:0.97% 18 2.7+0.69*

3— 6 15 2.1+0.68 | 15 2.140.49

T7—13 22 3.64:1.08% 11 2.240.91
14—30 9 2.44:0.49 4 2.1£0.28
rerupture 6 3.54:0.96 3 2.430.26
control 20 | 1.9640.48

#* The differences between these and control values
are significant at the 1% level by t-test.)

Apt, CT

7.0
(sec.)

6.0 .

5.0+ .
r=-0.6
4,04 s e

3.0 A

2.0 ®  es e aw

1.0 .

6.5 1.0
D#1/Deg
Fig. 3 Correlation between the degree of angio-
spasm and the arterial circulation time. The
correlation coefiicient, r, is —0.66 (p<0.01).
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4)  FEAE 3 ~13H B IIE o B iR 4 Hi 1T
X RIEEFIIC DT, angiospasm & f{EERIEE D
Bl M Lic. Lotk »ohis Art.
CT & Dm/Dos oBifR% i<tz 5, O
FRENT—0.66 THEOMBY (p<<0.01) Ab5BE
EHVH Lz (Fig. 3). VonRuden £ 3 TIR 5%
WCIRFEFOL 2 AT b BBA, FOFRM O Mk
&0 CRAEIRL ORI L D IRES RSB &

Aat. (T
7.0 -
(sec.)

6.0 .
5.0 - .

4.0 J . .

3.0 .

2.0

10 20 30 un 50 60 0 m
PERCENT DECREASE OF DIAMTER
Fron Cp 1o My

Fig. 4 Relationship between the arterial circula-
tion time and the percent decrease in the dia-
meter of the narrowest portion from the distal
internal carotid (C,)to proximal middle cerebral
artery (M,)

EEHELTCND, £2T, HBHOEEY 100
% LG L, RBEEL Ol b Cp 3 X UMy
BT ARRMOEEBIR L HEEL . £D5
HERBMARR L Y REWHOfEL Art. CT Y
FRERDOIAEEN Fig. 4 THD., SREFLIER N
40~50%5 < Te b ¥ ik Art. CT 113 g IF i
LB, FEITRY BT 5 L Art. CT 3
BUCIERT 5.

5) IR MmAERY MR ERT R A 2 Ui kES
IZoWTE ke (Table2), JuEZERTR & LT
LB B A BRI AR i Uk i it o7
< ST HMn65FI 8 Flc M ZERT R ARl T &
7. Zff angiospasm A3 3 BN T B RIES 2
HETHE T, 1HRERGTEREDRIT0Y %
AT, 10 B0 R MEDIR IR o R e
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Table 2. Cases with angiographical signs of
cerebral infarction.

X _ Date of
Site of | Time of )
Case Aneu- | Angio- Ey) Agfpel\a‘[i?t:;ie
. ‘o
rysm graphy Disturbance

Female, 43y. | MC A | 10days 60 | 10days
Female, 62y. | MC A | 8days 45 | 1days
Male, 43y. | MCA | 10days 54 | 8days
Female, 49y. | 1 C A | 12(1)days | 39 | 11(0)days
Male, 37y.| I CA | 10(3)days | 64 | 7(0)days
Female, 45y. | I C A | 10days 43 | 0doys
Female, 44y. | I CA | 8days 45 | 8days
Male, 42y.| I CA | 8days 72 | 7days
MCA; middle cerebral artery.
ICA; internal carotid artery.
Dd; percent decrease of the diameter at the narro-
west portion from C, to M,.
( ); days from the last bleeding to angiography
in cases with multiple subarachnoid hemorrhage.
T, e Fig. 5 DRk BABHIR AR O BELETR
Reg Uk, 84l 7 I CrRRRBIIRSFIRIC 3517
5 RPN BR S FE O E BEMERE (local slowing or
stasis), 8 Bl 3 B C Hilds & O KIMBIRAAE D
retrograde filling % Zic, 7, 2 fCIXEk
v v XEBIRSBE R PRS2 R L, TRIE
I X % space taking signt fBi-h B Y B L
7z. angiospasm T capillary blush L RS
Bl w &0F LIciERI D# i R X h B 3
AR C L RO R A2 Lic 1 G4 R L.
T, FRIKEEIR & XTIk, 8 Bilrh 6 B THIR

JBSEOMERER & A _E O RERFERT 72 B

Rz R T < LT,
C -

1) angiospasm @ H{H I

BB X B < b T H i £50 vec iod i /P
WA T U 728, 40~60% OUfifE ¢ angiospasm
PRRS b b M, ToBENEREE Ly
ML WES T v B, X<<F[HE h B Allcock?
FoHe L, FE3S IR, FiE4~10
H, FE10HLIE o &Rz IsiT % angiospasm
DOWBERE e hXThds%, 41%, 25%T ik
B MR ¥ Co B 5\ 72, angiospasm
DHBIAEL B e DG v 52 5. Fi-,



884—(24)

duBoulay 5 % FHERRFRHILIA T35k angio-
spasm PRHEITB &L LTwWb, L L, AT
VRFEEE20W ] LA P e B 2 WA S e 9 Bilic
1% angiospasm F BB = LN TERL,DM. K

b 5w angiospasm % FR0 1oHER] T b FAED B
HRIFHEGR LTh D, T ORE LBMKE
BTE HREDOEFMI, anglospasm THotz, B
WEBRCIRBIIRERIC X 5 < ST HM305 5
b 1 Rpfl OB C angiospasm HEERHHRBH T &
DB T B PP FEGED B 1 BREES 1 1
B2 WifT LIcfEGC b angiospasm (378 B
highote, ApEHER (Fig. 1) aTae,
< BT HMEIC angiospasm SR I HBLT
D0ty LA FIEES 1 BB B E28E ©H
5. % -, angiospasm o BES FFEEHE L 01X
FRIEZHBE CER Kb LELbhD (Fig
2). < BT H Ml crh R REIIR B O N ERB R D
ERAE LT Kagstrdm!® 5 f Bergvall® 5o

4 angiospasm @ HBIJHEE ioo\ T #5 Li-
HA D OBETII T b B 4 OMEHER &
DORERZEL R R LT\ 5.,

i X % angiospasm o BRI F1) %
Flx, angiospasm DFEFEDAFE w R TS
EBbNh AN, MEREEEORHEIC 5 DREE
WA HHU0~50% L) EoEE D angiospasm (Fig.
4) T, FWHEES 2 BR R LTHBETS.
Fiz, fERE L BTV RAEER © angiospasm
E2oWTit, TOFELXHERTE ol

2) C T OFEERIZEE

C T & LTI Greitz! jz X 5 CTpa(Siphon #
DOIEHIILE D i s B W 550> b parietal vein
PR DW L BRI I D E COME) B—BEYTH
A5, < SETHIMCIEE angiospasa A& ff
LicHifr, WIRER D& DR T parietal veind
EHIREE D R T R SR E T 5 O EEE
s, 22T, SENE Art.CT ZHHNEE L
fe. ok, BHTETRETcflicouT CTpa 3Rk %
ORI L2 R LcfsE, At. CT LEEED
iz Lot

R4 X IEH TR EAZELS KR E W e BE

HOREZHH S SR M4 128

THMMP &R D& T 2T 5% o BEH T,
C T &Ml & oAy LAEHER S 5™
43, Cronqvist FDO|ED TILH HEE OHBIHNE
AEEhTB, Fx 23 SPETHImE ¢ #9Xe-
clearance &% FI\ BB E 2 JIE Ui 55T
EERRE T REMERE RS TR b, MR
B C TRIGER L CHERMEOBREL T
TEBHLEELD.

Table 1 iR HEIC, < BT HIMmICAE 5 RTEER
FESRIFSE 2 HEA EFE 2 BHCED b, 2
FERE DRRIERYZE (L% & B, 2 ik 138X e-clearance
PR XD B A AR VB R Lt R L
SDTIL—FL, MnEHEFRFC X5 C TIE
B3 iR R E o O W T HEETE S
LT BELITEIMTS. Lbd ko ¥8XKe-clea-
rance P X B Wi TR O Bl i B RE X
nCwineR, e ofEHE R BT 5 %
SEE Ot R & F4 X425, Schneck?
R Ut Bergvall® & D#ffiic b B HERICHEIE 2 HH
O C THERWIL angiospasm HB0ET 2 L Ebh
B, FRIEBEEOREREERIC OV TREN IR
v MECESELbhEN, RIEEHDOCT
EEFCHECEH Lin e dhicbbad. —
F, < ETH G CREL #Etai sk Lo
XA, MmEOFELE Lis\WHle  IMEITHES R
BDOLNAFETHD. HETEIEERN I ERER
TERBRT 52, RETUHER: V6 i 7 & 235 n
THDOT, ThRREEHCKTSC TEED—

Wik 2Twb e bz bRA.

BI-PAH % i\ CRIMPR 3 & 0% BEIRERIRGE
kD, T ORBHZE LR B LR T,
FAES 2 B GYELLR B) wIEFEcEE
THETHB. T OFEED LFEATEITR b FE
PHITEL B L, TEREENEE L THED
FHOFMEEI A ET A bR LTVWE. R
% OBEHER TS 1BBYEROE 3 AL
TEEEE OWEE R H M, 1 BEBEOFNHET
B3 5 FHITE LARE T2, i o
Hin LEIIRE OF MG PD X 5 LT HE LT
REEYR D 5.
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Tig. 5 Left carotid angiograms at 8 days after

onset in 42-year-old-male demonstrate an aneu-
rysm of the internal carotid artery and signs of
cerebral infarction,

(A) There is marked angiospasm of the internal
carotid at its supraclinoid portion, middle cere-
bral and anterior cerebral artery, The lenticu-
lostriate arteries are slightly displaced medially.
(B), (C) The middle cerebral artery shows slow
progress of contrast filling and emptying.

(D) A branch of the angular artery remains
opacified, while most of the arteries have already
emptied completely and the middle cerebral
and deep veins are beginning to fill.
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3) < HPETHMcPE S angiospasm L JRATEHE
fis 5 o |38 3

< ST H M chm ity WA T 5 L%
{ DEEPINE B B0, IMIERE 2T
L bibhb angiospasm L {EHRR S o B
DT RM\EI—F LTuiny, EheBE L, M
FETU#ESE D angiospasm LAt O JE BRI A T2 bR
AL Tuwigwnz &, angiospasm OFEEE I DT+
NRBEBEN L Eh oW i vz Dl &
Fxbhb, ABECL, METEOEE R <
#y, FAE 2 HEAN OFEGI% Bist Lic | T angios-
pasm » iRl E ORI A/ HF Lic. % 7c, angio-
spasm. DR & i IS EI 35 BT, FhIKMiED
Wk & HEBIIR OB A TBIC FHll L. £ o #
. Fig. 3128 LicfEic angiospasm (112D
Dl sBEREEER T b b E L bR, { bIE
T & % i A R A o BN e i E R T
I ASRE P e 4 O i A ST I sk & 5% £
JibdaPH, TRt S THmEERL
50— 100 p OHKIEBIR A @145 L5 T80 T, B4
s & MR OFRE & OiciE—E LBtk
# [T ufgys, Schneck® %A g AR 5 &
HLEGTT B A bl U -4 -Cll, angiospasm [T X
D AN 6095 Lh I U fiE BN IR B |- o i 2e
it B BT ERD T 5. By I CLINERE)
PREG X AR RIREIIR DERE 25 B LUF w2 i Lic
IRF, DRI & 30 7o (KR RR L, R off
RGN 1T 2 Bt (Fig.4) &—8T5. —
)7, BRI b X b S o N EBIRY g 5
BVTIL, PAEH—E ORI E Ui Fricif s Tl
T b L, B MR BUE T
E—E D IMATSIFRNRERNCHE S b D L BRI T
WA, fx ofGHER (Fig. 4) 1 angiospasm
b EREE (LSS X 5 SREIRSE & B o 1fT))
HWEHEE O LERURT A, Lo L, IHfRER
ARV HENTE A 28 b 4 T b i i e e — i i
L5 LT B e (autoregulation) 3 {7 4% &
ExbhTE D, Pk 5 MMk R~ By
BRI BBk, 2 S ORI o
oW THHf TR T 208 H 5.

HARESEHA et S MERE B34 B12%

angiospasm | L b JRTEEREE 0 B o i
e L, €0 MmERE L o FILL LT
local slowing, retrograde filling, space taking sign
FOPrRA 5. < b BT < £F S ERE
L OREEZERT R e o\ T Labte i 2 R4 b
2D T, JBBC SRS, AR TIY
THHERT FL & U-CHRJA L= local slowing 73RE#
o BEFERT R @ M43 50 B2 W Tk
MGROFMS B2 RS, mE R LR ERT R
ELTED EFBRZ local slowing 13, [
[ 27y 7 fila oz bis X 0N A E g o blebds:
XD R E P RIET B A BT BT R &
2T\ %. angiospasm (Zff 5 local slowing |1
spastn DEEI & & HICHETHEEE LB, vl
AR O A2 381 B BgE R PR fno T
WHHISRA 5T 5. LA LigE o angiospasm |2
I hEEOZMERE Lo, KB
PO B o ka4 U s LB 2 bh b,
% 7z, Schneck Bz X iuE, Art. CT 23
3 WL EOREFI261d 9 BIVCIHEEMLARAT . C/4GR
FEARRER LT3 b, angiospasm (4 f)f L7z local
slowing 7 [ 4iY b O MFERT A & LT L
ThIuvs&Ezi.

E: S

< BT HMmABMEAN s 1) 2 BE TR RS o HE]
IRV FE R SR AT oo e v i LB B PN
TielhebEZE2 b5, UEOBENORIEL S
A DA i it o0 i i e i Y & a7 S hoic < b
R H M6 (PEABIIRR37HI, rhKMBhRRE28
i) Zxf4uc, angiospasm L AJEEREIRE D FEM
b O BRI R AT, Toks, MM
OREEYFHLTRE L LT, M bt E» b
sk B A Arterial Circulation Time % {fFf L
7.

1) angiospasm (JSEAIEHE 1 BE 2B 47 2 51
B CRsE i B % FEED D20 LA
PRI B IR B A 7T & A7z 9 Bl 1k angiospasm
%R BH I ENTERPON. NEBIRGE O
KIABIIR OEFF A [ L7={ifiT angiospastn DFE
Ji e SR L7235, HABUBREE & 76 X RIER RN
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