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Clinical aspects of severe subarachnoid hemorrhage in peracute stage

" Kazuo Isayama

Department of Neurosurgery (Director : Prof. Shozo Nakazawa), Nippon Medical School

The clinical outcome of 53 patients with severe subarachnoid hemorrhage (SAH) [grade 4
or 5 according to Hunt and Kosnik] was analyzed by computerized tomographic (CT) findings,
auditory brainstem response (ABR) and intracranial pressure (ICP) monitoring. All the patients
were admitted to our hospital within 3 hours after the first aneurysmal rupture. Fifteen patients
were dead or nearly dead on admission. Seventeen patients were subjected to immediate direct
surgical treatment of the aneurysm. The overall mortality was 83% (44 cases). In all cases,
SAH visualized on CT were located in the basal cisterns surrounding the brainstem. ABR was

recorded in 39 cases.

The ABR patterns on admission were classified into 4 groups : normal (Group 1), slight
prolongation of interwave latency (Group II), severe prolongation of interwave latency (Group
II) and disappearance of second to fifth waves or no response (Group IV). Patients in Group IV
were dead. Three patients whose ABR returned to normal survived, suggesting that they had
reversible brainstem failure. ICP was monitored in 18 cases. Patients whose ICP did not increase

during the monitoring survived.

The major mechanism leading to death or deterioration after acute SAH appears to result
from brainstem failure arising from subarachnoid hematoma in the basal cisterns surrounding
the brainstem and by acute brain swelling following secondary cerebral ischemia due to cardiac

and respiratory failure.

Key words : severe subarachnoid hemorrhage, computerized tomography, auditory brainstem
response, intracranial pressure, brainstem failure
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HEE 7 T T Ml BE OBEEE, CTR*+vy, B
8RS (auditory brainstem response, BLF ABR
LEET), TEENIE (ntracranial pressure, BLF ICP
L) L oiBERIEOVWTRA L

MANRB LV FE

SHERIZIEFN 59 48 3 5 ~60 42 8 A & Iz Ytz
SRR L OB E L & — & EERTE R HHE AR
ABE L 72 AB%8% Hunt and Kosnik® Grade 4, 5 @
HE7 =ETHIMAES 53 §]T, £k 34~86 &
T CFER 55.4 5D DB 35 @, ik 18 T
b5 (Fig. 1). Zhd OEFIIOIEIFEES 3 B
PICYHERR~RA S, DT OEE ORENLR Sh,
Zh bt & - TEE 7 € BETHMLOKER L OTHRF
fEIZDWTHREF L 72
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Fig. 1 Total cases with severe subarachnoid hemorrhage

(1), ABthsEiEE

MHEEZ R < Hunt and Kosnik 43 Grade
4,5 ¥ 2 LREFIBo 0, ZOREENHEER
BESFHENESE grading 21T-> 7. BEREEO
SETEBRHICESFERHESNTYS Glasgow Coma
Scale (LI GCS LIEP)O LA CILL FHEA T
% 3-3-9 EHR (Japan Coma Scale, LAF JCS LB&
PIPEick o7z, GCS 12~8, JCS 20~100 % Grade

4 L, GCS7 LU'F, JCS200~300 % Grade5 &L \

7. ZOEHICEY Graded i3 22 45, Grade5 i
3L Pl& 727228, Grade b DHIZiX 15 F DIEkEIZ%E

RO IRIE 3 & O MABERLIEIL & & 729

DOA (dead on arrival), near DOAPEEHI# 2 AT
V3.

(2) CT Fikk _

CT =% L idRiER 4REENCHETSh, #E
H% TCT-60A & ¥ SCT 100-N iz X -7z, CT
ST 7 BETHILOE 7 TETRICB I3 RELE
P A IEPR M, BNMER & CEETIE Rz o
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THV, T EEEHNL L zh et et Lz,

(3) ABR

ABR 3=2:02% Signal Processor 7S11 BXI
HAGE Neuropack I & v THIE L7z, BRI
I ), REMFLER G, JFEREMLZEE
BHHEREE L, T8 4 kHz/BH o clic ¥ 90
~110dB SPL & fiv:, FHHIBHIFRE 75 msec CEA
ODHERZIZHIBL 7. 7 B, BEK58EX Signal
Processor 7 S11 ¢ 80~1,200 Hz, Neuropack II ¢
100~3,000Hz & L7=. 1 ElOHAEE 2,048 EHHE
L, SFEROFRELHEETZEHT, P2t 2
B D EITo . = d ABR BT THE
% 6 FEHILANICRESR S h, RIEFIOFIETED 5 bk
BROLDOEMIOME L Lic. Table | ARERTES
THHEZ LB LIBERA 001, HI0, 55
VEETOFE—r OBEEL, [-V EROER 02
DWHE L BERE TR Ule. Tk HICU iR o6t
REDERLTWB08EY 2 HELL 4BcHiEL
7z (Table 1B). f4tix ABR JEFI4ETdH - 7z 39 41
DEEFITH B0, BERL LTRIER 24 BRI
IR E e Grade 1~3 @ 18 ] & & FESHB L7z,

(4) ICP

ICP JIEZ 7 €T H 5 —F MEPIC X Y Stetham
#t strain gauge transducer, Siemens #-#! pre-
amplifier #AWTHE L. BEBKEED ICP %

Table 1A Mean and standard deviation of auditory
brainstem response in normal subjects

(1) by Neuropack I (n=10)

Wave I ) m Vv V-1
Mean 1.49 3.70 5.64 4.17
SD 0.05 0.07 0.10 0.07

(2) by Signal Processor 7811 (n=10)

Wave I m v V-1
Mean 1.49 3.56 5.45 3.96

SD 0.15 0.19 0.15 0.24

Table 1B Classification of auditory brainstem response

Group I normal pattern (<2SD)

Group II slight prolongation of Ist-Vth

) © ° interwave latency (<3SD)

Group I severe prolongation of Ist-Vth
interwave latency

Group IV disappearance of IInd-Vth waves or

no response
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initial ICP & U, BIE+HEEED ICP % maximal
ICP (W7 &b 15 LR W IE) & UTTHEE
ERH I

23, THIZFER 3 » A LKED Glasgow Outcome
Scale (2T ® good recovery X (¥ moderate disabi-
lity # good outcome (n=4), severe disability 33 &
(¥ persistent vegetative state % poor outcome (n=
5), &5z Dead # (m=44) D 3FICOHE LML
7.

B R

1. AKRKERERE (Table 2)

Grade4 25 22 5, Grade5 % 3L BIfEFEL, FHi
1% Grade4 ¢ 16 #], Grade5 -T1#ififT&hiz.
Grade 4 OFHFEFTHITIVYT Good 4 #1, Poor4 4
< 8 kA S e s, mortality iX 50% #R L7z,
&bz Graded OFFMIETFTH LML 5L,
Grade 4 =33 1) B mortality i% 63.6% Tdh - . Gra-
de 5 CIRRAEFFIX L FOH T, %@ mortality (X 96.8
% L7 Graded, 5 3 &b ¥7=LE D mortality i
83% LVWOIEMRTHoM. LA, Gradeb iTBIT 3
Dead 30 fFdizix 15 #]0DOA, near DOA JEFI%
ATV ZOXIREEEORY, KMOERER
2HTHEITTE Y, EiETHORIZET T T non-
filling » 445 b 7F7E L, REHEIRE RS FIZGESIIR
12 5, PEEBIAR 8 4, WFRMMBNAR 11 41, RTAHNENR
RIS L, MEERNESRL o 33 FlamE LD
CBE o Tz

Table 3A Relationship between CT findings and outcome

Table 2 Correlation with Hunt and Kosnik grade and

outcome
Outcome
\\\\\\\\\\ Good  Poor Dead Total
Grade
404 4@ 148 | 2236
5 1) 300 | 31D
4(4) 5() 4@ | s3an

Good : Good recovery, Moderate disability
Poor : Severe disability, Persistent vegetative state
Dead : Dead, ( ) : operated cases

2, CTw R

7 BB THILORE R Fisher & 0o % HKific
LC4riF 3 L 44 Fisher 433H® Group 3 3 5\ iX 4
LY, FSREREDy = ETHLFTho e =
DRFER LUEIHNERLE & Tk L OBfRE Table 3A
WRLER, PREOBEEREDRRP Tz TR
TEDOREEZ 5 L HERE, Wfl sylvian fissure T
OFFEIRZERMCED bR, NRHEROEENE
HTHEBATH -7z (Fig. 3B). FHENHMIIX 95%
23w, ventricular reflux 12X % b ORLko 74%
ol FBNMER 0% D, 2074
BRFEEANE TS - 2. DOA, near DOA JEfHiC
DWCHD L7 EBTME, reflux type DRNERNM
eI BBUIRTRO LRV TH - 7228, RAIMED
AT 16 Bl 2H LR, TRENREERZED
3 THIRHFEELZ (Table 3B, Fig. 3A).

F BB & 5 CT BT RO #NL Ta-
ble 3C ;R L7, Aco BhfiE (12 #) it supra-
sellar cistern % .0 IS IEFrRY I 7 & BT LB A5
AV, FRlD sylvian fissure, in-

(S‘_’__Of) (E?__Og) (nD;‘&d) (32"533!) terhemispheric fissure ~DiERE
e PRETH D, MHNIE 7 4
basal cistern 4 5 44 53 (100%) _(38%) IKRD B, j—l\wc RIS
Sylvian fissure (bilateral) 4 4 44 52 (100%) FENMECH - 7o A
interhemispheric fissure 4 4 38 46 (100%) 2FizEBy, 645105 reflux type
brain surface and sulci 4 5 44 53 (100%) T 6475 rupture type T o7e
IVH 4 (3) “43)  (50)( 95%) 2, MERALICEE U~ LS
reflux 3 1 35 39 (74%) FZ L LM O—oTh B, 6
ventricular rupture 1 2 8 11 ( 21%) B> 5 4 B ars MBS
IcH 2 2 Vo ACB R, 2 B T
SDH 0 L 2 3 6%)  MMEMNTOEELEIME~ERHL
SAH : Subarachnoid hematoma Ty iz,

IVH : Intraventricular hemorrhage
ICH : Intracerebral hematoma

SDH : Subdural hematoma

IC BhiriE (841 Tifishin
HEME D & LTS REO



Table 3B CT findings of DOA or near DOA cases

SAH
interhemispheric fissure 15 (100%)
Sylvian fissure (bilateral) 15 (100%)
suprasellar cistern 15 (100%)
prepontine cistern 15 (100%)
ambient cistern 15 (100%)
quadrigeminal cistern 15 (100%)
IVH (15)(100%)
reflux 13 ( 87%)
ventricular rupture 2 (13%)
ICH 2 (13%)
DCS 7 (13%)

DCS : Diffuse cerebral swelling

Table 3C Relationship between CT findings and site of aneurysm
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Fig. 2 Correlation with Hunt and Kosnik grade and ABR
Thole. BIEH 18 flzMr T Fig. 2 DX HIKHE

fEEE & ABR group & Mm% F#
bk, BENCRI, IVERE

MCA VA-BA ACA
(n 12) (n 8) (@=11) (@=1) (=1 FELRL, EERTI~IVERT
SAH EHIHEELTWS., Grade 1~
interhemispheric fissure 12 3 3 0 1 3k ABR 0 FfRICE LT T
Sylvian fissure {bilateral |12 8 3 1 ! SBFTH B, Oraded, 5 ek
suprasellar cistern 12 8 11 1 1 WTI~IVHETERFE LD 3
prepontine cistern 11 8 10 1 0 OB ThHoTz. =@ 3FIREH
ambient cistern 11 8 9 1 0 BB OIS [ B~ L
quadrigeminal cistern 11 8 9 1 0 - . . -
callosal cistern 4 0 1 0 1 Te. AFJHHIMETEE 73:7J< #Nﬁ
VH an ) @ D D X2PIFET LS, wdin e
reflux 6 6 2 1 0 %’C‘% 50, MEZATF bff:.
ventricular rupture 6 2 3 0 1 Fig. 3 ?C% NEROEER LI
ICH 7 2 1 0 1 EplE CT LibicRli. &
SDH 0 0 2 0 0 oHO Fig. 3D RHE R L+—

AcoA : arterior communicating artery
ICA : internal carotid artery

MCA : middle cerebral artery

VA-BA : vertebral artery-basilar artery
ACA : arterior cerebral artery distal

7 ERTMES, WEBHEHD O3 L5 2 CHE
L7z
MC il QL ) Tk =BT IERAEIR
W sylvian fissure ZH.0rc, THERH &S il
2] sylvian fissurer ¥ CRA Tz, HAMEIZEF
AL, 2 FICERTRELED

3. ABR R
EHEEEETS IR 1 fiboids, TOHRD
712 Dead TH Y, D9 b 6 Flidflieh o E HE
PREATH o D~VHTEFLLXIOE 3H0H

CHRIMEHD 1A~ U R ER
T, FRIEZRFCTH o7

4. ICP (Fig. »

ICP W&k 18 flicie &h, 11 fliEMNIFHE
ICP FIEZBAMEL, fho 7S OEER <, ICP
DHE=F Y I & {Fole. FHHET 11 FIFET 7
B, EFE A T H o 2. FERHH T HRLHFETL
7e. PIEMER 1~9 B (B 5.4H) Thoto IE
F61 7 4 541k initial ICP 40mmHg [l
maximal ICP % 50mmHg LI k&% Y, 24 BEEA
KHFERIBL o T3, =20 3 b 2 4ix DOA FEH]
Td Y, initial ICP iz#h#h 90 mmHg, 100 mm
Heg Tholc. FREFT L 740 initial ICP T
10~26 mmHg T& - 7228, 1 )% k& % maximal ICP{%
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Fig. 3A A 49-year-old femalé m Group IV
CT shows diffuse cerebral swelling.
. o

&

Fig. 3B A 52-year-old malevin Grou;;m
CT shows subarachnoid blood in the basal cisterns surrounding the
brainstem and ventricular reflux into the fourth ventricle.

-
i

Fxg.m 3C A 79-year-old male in‘droup i
CT shows Sylvian and intracerebral hematoma and brain shift.

Fig. 3D A 54-year-old rt;al;inmdro‘;pl following Group II )
CT shows subarachnoid hemorrhage and acute ventricular dilatation.

50mmHg DA L& Y FBicE - 7o £ DI
FELTiE, FHeL-o-T—HRBES
nicbon, 7ERTHMICHERE T 55HE
ENETEREBICL, MEREOEE
Tholz. 4£TF 4 ® maximal ICP i3
22.4+3.00mmHg CHEZBEAEZ T B
v—)Lx7
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T CHRERHE LT city morgue 1ZIY
AEh 3 7€ BETHLOKTFRMHMIC
New York KZICAPET % 7 EBTH
MAEFHD 1/3 YT 5L,
AR 1325 1ER 24 RN ICINA D
BMERNSRE D 5 H, Grade 4, 5 1
# 60% & EDDLBELTNS. &b
AR L 725 L 2D 50% Wil E
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BT 2FMie R & 7 5 ISR 12 2 0
55% ThollWHiEL—HKL T
5. bhvbh ORER'™ T L RINMETH I
149 i 83 ] (65.7%) & [RIERDHEH:
EHTW3.
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expired (n=14) survived (n=5)

mmHg . mmHg

100 — 100
—

50 50

="

T T
initial  maximal initial  maximal
icp icP icp IcP

@O : surgical case, a4 :non-surgical case
Fig. 4 Correlation with initial and maximal ICP levels
and outcome

2. CTHRIZDIT

CT 2F % itk 72K THILOBER L URE
D & U EEEEORE Y MRS h,
Fisher'® o3 ER—ICEED LA THSE. Zhik
WEOEEFICER 5 L, 24 group3 it &
7Y, SOCHMARRNENLEL Lie. L LEE
CHEBEBLTWERDZ L, RRAREOBEL &I
BEEVWDERID O L )R TOERL, 20
BHeRolky TETFILBOFETH - . HENH
fioEftix 9%B% LERTeHY, ventricular reflux
2k 5 b OREEICE 2o 2. reflux Tk 3 HER
M AEMTRICER2EEN Ry LidiE
B2 DML TH L 2 TH B35, ventricular reflux %
Br+Elos e FHMo impact &7 OKEMEZ
P T 37 ERTIEOHEENRTELHELTNS
Lo LEEIND. HE L BBUERIRRMEIRE
BIF38FOFRICHSNWT, — 23— kiEMSREET
Y, MEXHRMER L X Y ERBEN M~ V=T
&3 RMIMBREE T 5 LB, KiFOo—K
PR IOV, REEAKE O 7 =T EIC
LYVEBShEEDOFONB T L, &b IINEBIRNS
fMEMT X VBl X134 &N B neurovascular friction??
2 & ZEEFEEOHF L HRFTR IV REL T
%. Cromptom®® { IMERICiTE Lic KB DOMENZE
WEEEBRL, 61% ICHETHORESZ RO LRE
L, Nishijima & § 342 5 KB OMER 7 B
TMEZERT 5 b OXBERREZ L 5 BRI T v
3. WAMEOAHHT 40% LERT, 287 b
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EANV=T 28 7. MC iR R MNILES &
Bt L, MC Bl 0 F# & HiET 5 B F i3 Mg
X 5 =RkpyEREEE L v 2 5.

KHE B IIFEE 3 AU D 7 B TFHMEI O 70%
12 CT e & D R RBARIE AL DHEE S FTRETH - 12
EREL T2, FIE 4L © CT o b AR
EOWERTHS 5. WEOHEENER Y € F T HiL
DIEFIIFAEV DDA, BEIEF] G T > Hirg
RPN L IR ER & h, BEHMHEED D i
WY HE TLTEOMEREZERSE20EERT
&, CT X 3EpiE i 3.

3. ABR [ZDINT

Greenberg 5272 13 EEFEHIME © FHRIE I
multimodality evoked potentials A3FFH Cd 3 & i
LTl EEMEERLOEMEHII oS DL
RS DHEFFRIREE SR A B, iz ABR of Ak
PEISH TS, LaL, 20REALESEEER
SMEIKHARL TR Y, SNl =BT s ikrgag
B ERA T L ) FEITIFNI, 8 IOFH 520
BHICBEE RV BRI RN RS A e o EE R
i LT, ABR & Stovring®® D5 Fy hajbz=
7 D stage Xt &, actual~advanced hernia.
tion EEMTEhhE I-VEROEES I I~V
DL D pattern F5R L, WNMIER M5 HE D&M
AR OFERILMN LIE 12 & 2 R~ 0 kBE O
BECIIVRESRZL0L LT, ABR oBFEM:E
L TWS. FHEORIFEL ABR #ifT 39 4+,
TRV =TERLELOIX 13 FIBHY, FD5L
IPIBRU~IVHEHOEFEHZEL, ZRMEEED
EITERLTW. L2528 CT LS vk hernia-
tion sign %3RO FRMBREELZ R TEFASFEL
VER AT YR NSEESER TR A TR, Starr
B3 DL LRIRINGE & a2 LN TE B0, IVEE
10 e 8 it B & A2 herniation sign DT,
BT HREIINEROHRR 7 = M TLETH Y,
FERERF D—RPERNEREE B B VDA 145 R f
S K HREEISRR S ie. TR, MEEoHicidd:
BRI D 3 Bl & BRI EEREE » 4, ke ABR
T I BB Uiz 4IEFIBTFEIE LTz, Seales B, [k
O EBETHIMEN 5 T PREE LD ABR 0
MR DR OREMEZREA L, JMEEHD ABR 0&
ORISR O, BRI Y ERET
B ERNTV B 7 EBETHME C bRRIC, RER
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BEMBICESRLEE L L LI ABR 0B bR E LTS
DL, 7 EETHLE: O ATERNERTAE © 77
W ERM LTS, Umansky 583 ERE 7 €
THIlLT, S2EHoRFMLERS{LE & bx, ZiE
B IR CRE A NBERTAR0EL TS L E
SEB LTY 3. %7 Shigeno 53z oAMEH DR
fE% neurogenic shock LPEUY, 7 ERTHM#E
adrenal overactivity' MRETHBH L LTS, D
AN HEERR Y SO MEIIcT, shock &b
I3 ERRERAEN EL TV BT Lt b 2
{, reversible, irreversible PR FHEHEL TV S
LBbh3. ZoHEDD, Ak T Hig
IRy Ic ABRIIEEZRAZZ LIIBRATH D LR
F¥3.

4, ICP I2DIWT

s e ETHOLBICEHREENELEL ST L
¥, Asano H*P 0 7 EETHIIEF 2 HOIERER,
%7z Nornes®® OEEERFICORELORHEIDHLN, B
TP TREE P ORE OHEENETLE, AR D
ETHAEL, SHEMEERZDORZ ESh TS,
FIEF TIRFER O ICP 0%z L b2 TRV,
FIERBEH D initial ICP 55 maximal ICP (% CE
IR THPROREER & b 2 7c. DOA EFITIRLME
koS L e kB R MR L B S  TEENETLE
RBOFED, SOCEFBRO—BLAR-TVEESE
z BB, ETFEEO initial ICP % 14.2+2, 64 mmHg,
maximal ICP % 22.4+3.00mmHg ¢4 1, BTHO
initial ICP % 36.6%29.1 mmHg, maximal ICP i
69.1+24.0mmHg & = 2 BEICIXH b A RS
N (p<0.05), ICP 75 O FHIEMIITETH S
LBbhz. :

Dk, MRS X OEBEZMREN O OfRER
BN~ 7223, RPEHSMPH 72 —=17 I 2
BXLHLETIELVEFORBEGREL TS T
Lhmbh TRy, 4%, £FHN7T 7 r—FbER
L, &dti 7 e THicHT 3 BgRgor Lz B
Bl LT, SHEHE LR IRIERME & Zhic kS ak
~OHIEREELEZZ BN 3.
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