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Prognosis and Clinical Significance of Traumatic Subarachnoid Hemorrhage

Keun-Wook Kim, M.D., Kyeong-Seok Lee, M.D., Suk-Man Yoon, M.D.,
Jae-Won Doh, M.D., Hack-Gun Bae, M.D., II-Gyu Yun, M.D.,
Soon-Gwan Choi, M.D., Bark-Jang Byun, M.D.

Department of Neurosurgery, Soonchunhyang University Chonan Hospital, Chonan, Korea

cause of subarachnoid hemorrhage. Recently, traumatic subarachnoid hemorrhage(TSAH) has been considered

as a major prognostic factor. Some suggested that a certain vasodilating agent may be effective to treat or
prevent the secondary brain injury due to vasospasm from TSAH. The role of TSAH is not yet fully solved. The pro—
gnosis and clinical significance of the TSAH was evaluated.

Methods(] A retrospective study was performed. A total of 573 consecutive patients with head injury admitted to our
institute from January 1996 to December 1997 were examined with respect to outcome and clinical features. In all
patients, computerized tomographic scanning was done within 2 days after the injury.

Results] TSAH was found in 68 patients(11.9%). The outcome at discharge of the patients without TSAH was
favorable(good recovery and moderate disability) in 84.8%, unfavorable(severe disability and vegetative state) in
8.6%, and the mortality rate 6.7%. However, the outcome was favorable in 51.5%, unfavorable in 20.6%, and the
mortality rate 27.9% in patients with TSAH. Although the outcome of the patients with thick TSAH was worse than
that of the patients with scanty TSAH, the difference was not statistically significant. The difference of the outcome
in patients with TSAH according to the location also lacked statistical significance. TSAH was more common in
patients with age of 40 years or more, and patients with low Glasgow coma scores. Patients with TSAH had abnormal
pupillary responses, diffuse axonal injuries, intubations and operative interventions more frequently than patients
without TSAH.

Conclusion ] These results strongly suggest that the TSAH per se did not worsen the prognosis. However, it
represented the injury to be more severe.

O bjectivesl] Head injury is one of the common causes of death in the industrialized countries, and it is a common

KEY WORDSU Traumatic subarachnoid hemorrhage- Clinical significance- Prognosis, Computed tomography:
Head injury.
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with mass lesions)I0. 0 OO0 OO0 O00O0O0O0O, O
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00 2,40 D000 DODOo.
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000 000 000 0000 00 000 00 oooo
O0.00 OO0 00000 oOooOo0 Ooooo (Glasgow
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000 O 000 OO0 OoO0o ooo ooo oo (favo—
rable outcomeO FO), 00 000 O0O0OO0O O0OO O
O (unfavorable outcomeJ UO)O O, 0000 DOOOO.
0000 000 chi-square OO0 OO0O0O0O, p<0.05
0 000ooooooood.
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0 3760 (745%), OO0 OO 520(10.3%), OO OO 24
0(@4.8%), 0000 190(3.8%), 00O OO 340(6.7%)
O 000 OO0 84.8%00(Table 1). OOOO OOO
000 6800 OOOOO OO 210(30.9%), OO0 OO
140 (20.6%), 00 00O 90(13.2%), 0000 50 (7.4%),
000 00 190(27.9%)0 000 000 51.5%0 00
0.0 000 0000000 00000 (p<0.001).

2. M} oY Ex

00000 200 000 1760(30.7%)0 00 000,
610 000 990(17.3%)0 0O 0OOO, 000 OO
00 000 00 D000 0000 OO0 4106000 28
0(@12%)0 00 000, 200 000 110 (16.2%)0
00 00O(Table 2). 0 000 0OOOOOOO 0OOOO
0(p<0.001). OO0 000 0000 D00 0000
0 200 OO0 6.3%, 2104000 88%00 00, 410
6000 20.1%, 000 600 OO0 OO0 152%0 000

Table 1. Outcome at discharge

GOS TSAH(-) TSAH(O)  Total(%)
Good recovery 376(74.5) 21(30.9)  397(69.3)
Moderate disability 52(10.3) 14(20.6) 66(11.5)
Severe disability 24( 4.8) 9(13.2) 33( 5.8)
Vegetative state 19( 3.8) 5(7.4) 24( 4.2)
Death 34( 6.7) 19(27.9) 53( 92.2)
Total 505(100) 68(100) 573(100)

GOS0 Glasgow otcome scale
TSAHO traumatic subarachnoid hemorrhage
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Table 2. Age distribution

Table 4. Causes of head injury

Age(yrs) TSAH(=) TSAH(O) Total(%) Causes TSAH(=) TSAH(O) Total(%)
-20 165(32.7) 11(16.2) 176(30.7) Pass.TA 197(3%.0) 20(29.4) 217(37.9)
21-40 145(28.7) 14(20.6) 159(27.7) Ped.TA 107(21.2) 25(36.8) 132(23.0)
41-60 111(22.0) 28(41.2) 139(24.3) Slip/Fall 100(19.8) 7(10.3) 107(18.7)
60 < 84(16.6) 15(22.1) 99(17.3) Bicycle 49( 9.7) 7(10.3) 56( 9.8)
Total 505(100) 68(100) 573(100) Others 52(10.3) 9(13.2) 61(10.6)
TSAH=traumatic subarachnoid hemorrhage Total 505(100) 68(100) 573(100)
L Pass.TAO passenger’s traffic accidentd Ped.TAD pedestrian
Table 3. Glasgow coma score on admission traffic accidentd TSAHO fraumatic subarachnoid hemorrhage
GCS TSAH(-) TSAH(O) Total(%)
3_ 5 40( 7.9) 14(20.6) 54( 9.4) Table 5. Pupil on admission
6— 8 47( 9.3) 24(35.3) 71(12.4) Pupil TSAH(-) TSAH(E) Total(%)
9-12 49( 9.7) 9(13.2) 58(10.1) Normal 446(85.3)  45(66.2) 491(85.7)
13-15 369(73.1) 21(30.9) 390(68.1) Abnormal 59(14.7) 23(33.8) 82(14.3)
Total 505(100) 68(100) 573(100) Total 505(100) 68(100) 573(100)
GCSO Glasgow coma score GCsU Glasgow coma score
TSAHO traumatic subarachnoid hemorrhage TSAHDO traumatic subarachnoid hemorrhage
Table 6. Frequency of diffuse axonal injury
00 0 000 bOobob O0oboo O ooo.obooo oo
DAl TSAH(=) TSAH(O) Total(%)
00 000 OO0 O0@730132)00 OO00O0O oog O Absent 412(81.6) 32(47.1) 444(77 5)
0 o(@GoOd1s), 00O 28010 O0OOO OO0 OOO Present 93(18.4) 36(52.9) 129(22.5)
(Table 2). Total 505(100) 68(100) 573(100)
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o000 3670(73.4%)0 GCs 13015000, 0000
000 000 0000 0000 380(55.9%)0 GCs 8
oo0 0000 00O 00O 000 oobo oo ogo
000 O0OO(Table 3). 0 OO0 OO0O0OOOO ODOO
O0(@(<0001). OO0OOO OOOO OO0 OOO0O0O 6Cs
308000 30.4%, 9012000 15.5%, OO0 13015
000 54%0 000 o000 000,

4. QY9 HOE X

U0 00 00 000 0ob oooboo ogo 37.9%
(2170)O 00DO0OO, 0 OO0 0O0O0O 0000 (@320,
230%), 00 O 001070, 18.7%) OO0 0OO0(Table
4). 000 0000 0000 000 Oo0oOoo ooo
000 0o o gobogd ggd 9.2%, 65%0 000 00 O
0,000 00000 000 000 00 189%0 12.5%
0 0d0 ooog, 0 0bo oboooob ooboo
(p<<0.03).
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oo bood 0ooo ooob 000 000 11.7%
OO0 OO0 0000 000 000 33.8wb oooo od
O 00 0O 000 OD0OD OoO0O0 000 Oood(Table
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DAIO diffuse axonal injury
TSAHO traumatic subarachnoid hemorrhage

Table 7. Method of treatment and frequency of intfubation

Treatment TSAH(=) TSAH(O) Total(%)
Methods
Conservative 435(86.1) 49(72.1) 484(84.5)
Operative 70(13.9) 19(27.9) 89(15.5)
Infubation
No 431(85.3) 32(47.1) 463(80.8)
Yes 74(14.7) 36(52.9) 110(19.2)
Total 505(100) 68(100) 573(100)

GCSO Glasgow coma score

TSAHO fraumatic subarachnoid hemorrhage
5.0 000 0000000 O0DOO00((p<0.001). OO
U 000 O 0000 Ob Oobooog 92%000 Od
00 oo 28.0%00 0000 OO0 OOOoao.

6. O|2HY FAlEY SHIE

000 00000 000 000 000 0000 OO0
0 000 184%00 0O 0000 000 000 529%
0 0000 000 00 O 0OOO(Table 6), 0 000
0000000 00000 (p<0.001).

7. A2YH2| 0|
00 00 00000 0000 000 0000 000
000 147%00 00 0000 OO0 000 53%0
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Table 8. Outcome of the patients with TSAH

Variables FO uo Total(%)
CT Grade
1 16 10 26(38.2)
2 11 18(26.5)
3 8 6 14(20.6)
4 4 6 100(14.7)
Location
Basal 10 6 13(23.5)
Convexity 22 14 35(52.9)
Mixed 3 4 7(10.3)
Other 6 3 9(13.2)

TSAHO traumatic subarachnoid hemorrhage O FOO favo-
rable outcomel UOO unfavorable outcomel CTO compu-
terized tomography

0000 000 00 O 00O0(Table 7). 0 000 OO
00000 00000 (p<0.001).

0000 0000 000 000 139%00 00 OO0
00 000 000 27.9%0 0000 000 00 O O
00.0 000 000000 00000 (p<0.005).
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0000 000 000 6800 0OOOO 00 0000
000 00 000 00000, 00000 00 000 O
000 000 00 000,00000 000 000 00
00 000 00 00O0(Table 8). 1000 3000 OO
0 000 0 000,2000 4000 000 000 OO
000,0 000 000000 00000 000 (p=>0.05).

000 000 0000 00 000, 0000 0000
00 00 000 OO0 0O00(Table 8). 000 00 OO
0000 000 000 000 0o0.
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000 0000 000 00000 00 000 000
00 0D00.000 0000 000 000 0000 00
00 00 5730 O 68000 0000 OOOOO 00O
00 119%00. 000 00 00000 000 000
51%00 000 0000 OO0 000000 0000
0,000 0%®0 00000 0000 O 0000 10.8%
0 000 0000,0000 000 00000. De Vill-
asante 00 OO0 OOOO OO 1000 O 2%00 00O
000 000, Demircivi 0®0 D000 2,0560 O 89
0@3%)00 00000 00000, Jeret 020 00
0000 000 0000 O 0000 28%0 000 O

J Korean Neurosurg Soc/Volume 29/February, 2000

212
oc

=2 .
=

2AOH S - WE2 - B - H2 - BYE

K

0184 -

000O0. 00 00 000000 0000 O 00000
23.4%% 00 386%°0 OO0 OO, Martin 030 O
000 000 25040%00 00000 OO. Levi O3
0 CTO 00 000 00 000 00-00 O 0-00
000 (corticomedullary and nuclear—medullary junction),
00 00 000 000 000 0000 000 0000
0 00000 20%00 0D00000 00. 00000 O
0000000000000 00,00000000
00000 GCS 308000 31.1%, 9012000 15.5%,
000 13015000 54%0 00 0000 0000 O
0 D00 000. OO0 Kakarieka®O OO0 00 OO
0 OO0 0000 000 00000 8059%0 00 O
000, 0 000 00 OO0 000 CTO OO0 000,
0000 CTO OO0 OO0 00 0000 000 00
gooo ooo.

000 D000 000 000 0 000 000 84.8%,
000 86%, 000 OO0 67%00. 00 0000 O
00 000 OO0 000 51.5%, 000 20.6%, OO0
000 279%0 OOOO0 000 OO0 O OO0 0O00.
000 0O0OO0O0 000 000 000 000 00 OO0
000D 0000 00 000, 0000 000 OO0
O 000 O DOOO0 Oggo99emeen g oo, g
0 19950 OO OO0 OO0 OOOOD O 000 OO0
0 OO0 00000, 0000 000 000 00O O
000 0000 000 00 0O 000 000.0 00 0
00 00000 00 O 00 000 00 O o0.

1) 0000 00 000 000 000 0O0. 0000
000 000 000 000000 0000.

2) 0000 00 OO0 000 000 00 004, O
0 000 0000 0000 0 00.000 0000 O
00 00 000 0000 000 00 000 000 O
0 000 00 000 OO0 000 000 0000 00
oo.

0 OO 000 000 000 0000 000000 O
0 000 00 00 000 000 00 0000 000
00 0000 000 000000 000 000 000
00 000 0000 0000. 0000 0O 0000 O
0000 00000 000 CTO 0000 000 000
000 000 0O0O0OO0 00 000 g Ogheseas
00 000 0000 000 0000 00 00 0000
0O 00000 000 00 0OO099%¥39%g gg oo
0O 00. 0000 0000 00000 O 0O 0000
00, Taneda 0“0 OO0 0OOOD OO OO0 O OO
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00 000 000 24%00 000 000 000 OO0
000 00O, Gaetani 00 0000 OO Fisher OO
O 000 O0O0(basal cistern)D OO0 (convexity)O
00 000 000 000 0000 ooo.

000 OO0 0000 000 000 000 00 00
0 0000 0000 000 000 000 00 000.
0000 D000 000 0000 0000 00 00 O
0O 00O 000 00™ 00000 00 000 000 O
00, Freytagd OO0 000 000 D000 OO
0 00000 00 00 000O0Og, 000 000g O
00 1,3670 O 120(0.9%)0 OO0, 0000 OO0
00000 OO0 000 10000 000 0O 0000 O
0.000 0000 000 0000 OO0 0000 (circle
of Willis) 0000 00 0000 0000 OO0, 00
00Oo0O, 0 00 00000 00 000 00 000
00 0O0™. 00 Fukuda OO0 OO0 0OOO OOO
00 000 OO0 00000, 0000 O OO0 00 00
00000 0000, 00000 000 0000 000
0000 0000 0000 0O0. 00 0000 000
000 0000 000 0000 O 00 O 00 000
00 00 0000 0000 0000 000 00 000
O 000", Fukuda O™0 OO0 OO 0OODOO O
00 000 00 000 0000 0000 000 85%
00 00000 00000 00 00(@O)00 00,0
000 0000 000 75% 00 00000 00000
10% 00 000000 00.000000 0000 00
000 0OO0OO0OO0 D00 0000 000 00 00 OO0
00 00 0000 000 0000 000 0 00 00
00 OO0 OO0@win peak)D 0000 0OO0. OOOOO
00 000 000 0000 000 000 0000 OO0
(vascular territory)l OO0 OO0O0O OO0O, OO0OO
000 0000 000 00 00 000 0000, 0000
000 CTO 000 D00 00000 00oOo, 00, 00
00 (gliding contusion)(10 O O OOO0O OO. 00 St—
eiger 0“0 00000 OO0 00000 OO0 (subcri—
tical) 000 OO0O0O OO0 OO0 0000 000.

00 00 OO0 OO0 000 000 0000 00O
000 000 000 00 00O0Og, 00 0000 OO0
0 00 000 00 000 00000 000 000.

0 00 000 0000 000 00 00 000 00
0 00 000 00 0000 000 00000 0000
000 0O0OO00.0 00000 000 000 00000
0000 OO0 O 000.
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000 0000 000 400 00, 000 OO0 00O
000 00 00DOO0. Vollmer 090 00 000 OO
0000 (traumatic coma data bank)J OO0 OOO 0O
000 000 0000 000 550 000 000 OO0
0 00 0000, 560 0000 61.3%0 0000 OO
00 000 00 000 OO0 OO0 00 0 0000 OO0
0.00 000 00000 0000 00 00 000 O
000 000 00000 000 0000 000 goog*.
000 0000 000 0O000D 00000 00 OO0
0O 000 00 00000. Gaetani 000 Kobay—
ashi 0®0 0000 OO0 0000 OO0 OO 00O
0000 00 Greene 00 0000 OO0 OO0 OO
00 000 000 00 0O 00 000 0O 0000 OO0
gooo.

0000 0000 000 00 000 000 00 00
00 0 00 000 0000 000 0000 0 000
0000 D000 000 OO0 0O 000 0000 000
000 000, 000 00000 000 000 000
0000, 00 00 00000 0000 000 000.
Greene 00 OO0 0OOOD D00 OO0 OO0 OO
00, 000, 00,00 0000, 0 000 00 000
0000000000000 000000000.o
0 Eisenburg 0”0 OOD 0000 00O OO OO O
00 00 0O OO0 000000 20mmHgd OO0 00O
% time)J 0D0O00 O0. 000 OODOO 0000 O
00 00000 000 000 00 0 000 O 000 O
0 00,000 00000 000 000 O 000 000.
000 000 000 00 000 0000 00 00000
0 00 D0O0000 00000 000 0000000 O
0O 0000 0000 000 00 0000 00 000
000 00 00000, 000 D000 000 00 000
0 000 00 000 00 000 000 000.

00 0000 000 000 0000 OO0O. Greene
00 ooD0O 000 00 000 000 00 00 O
0 000 OO0 OO0 O 00,000 000 000 15
00 0000 ooo.

000 0000 0000 000 0000 000 OO
000 000 000 00 000 00 00 0O 0000
00 0O 00000 00000, 000 0000 000
000 000 000 000000 000 000 000
00 00,0000 000 000 000 000 00,0
00 00O, 000 000 00,000 00000 00
0,00 00 00000 0000 000 00,000 O
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000 000 0000 oo.

00 000 0000 000 000 0000 000 O
0O 000000 00 000 OO0 00000 0000 O
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000D Ooo9@e298389n og, ggo 00000
000 D00 000000 000 000 00000 O
0 000O0?®9, 0o o000 0000 000 OO0
OO0 0ODO0OO0 000, 0000 000 D000 000
000 0O0 OO0 0O 0000 0D00%, 00 0000 O
000 O 000. 0000 000 000 00000 O
0O 0O0D0O0 000000 0000 0000 00000
00 OO0 OO0 O o0.

4 B

000 0000 000 00000 11.9%00. 000
0000 00D 000 0 00 0000 000 000
0O 000 000. 000 00000 000 00 0oO0
000 000000 00000 000. 00,000 OO0
OO0 000 400 OO, OO0 00 DOOO OO0 OO0
00000, 00000 00000 00 000 000 O
0O D0000. 0D 0000 000 00 0 000 OO0
00 00D 00D 000, 000 00000 000 O
OO0 00D 0000, 00 00 00000 0000 O
00 DO0O0.0000 000 000 0000 000.

00 000 0000 000 0D 000 000 000
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0000 000 D00 000 0000 oO0.
e[10000OO19990 60 40
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000000 0000 0000 ooooooo

0000417) 570-2182, 00 00417) 572—-9297
E—maild kslshi@sparc.schch.co.kr

J Korean Neurosurg Soc/Volume 29/February, 2000

oy
Y]
Ho

01 - X0 TS - BiED - B - HEE -

K

=13
1o

References

1) Arseni C, Maretsis M, Horvath L, et all Posttraumatic intra-
cranial spasm[] repore of three cases. Acta Neurochir 24[]
25-35, 1971

Bailey 1, Bell A, Gray J, et alll 4 trial of the effect of nim-
odipine on outcome after head injury. Acta Neurochir Wien)
110 097-105, 1991

Bakay L, Glasauer FEO Head Injury. Little Brown, Boston,
1980, pp175-262

Compton JS, Teddy PJO Cerebral arterial vasospasm follow-

[9%)
=

=
=

ing severe head injuryl]a transcranial Doppler study. Br J
Neurosurg 1[1435-439, 1987
Demircivi F, Ozkan N, Buyukkececi, et ald Traumatic subar-

wn
=

achnoid hemorrhagel] analysis of 89 cases. Acta Neurochir
(Wien) 1220 45-48, 1993

de Villasante MJ, Taveras MO Computerized tomography in
acute head trauma. Am J Roentgenol 126[]765-778, 1976
Eisenberg HM, Gary HE Jr, Aldrich EF, et alll Initial CT
find-ings in 753 patients with severe head injury[] A report
from the NIH Traumatic Coma Data Bank. J Neusurg 73[]
688-698, 1990

European Study GroupU 4 multicenter trial of the efficacy of

~
~

o0
=

nimodipine on outcome after severe head injury. J Neurosurg
800 797-804, 1994

Fisher CM, Kistler JP, Davis JM, et allJ Relation of cerebral
vasospasm to subarachnoid hemorrhage visualized by compu-
terized tomographic scanning. 61 1-9, 1980

Freytag EU Autopsy findings in head injuries from blunt for-
ces[] statistical evaluation of 1367 cases. Arch Pathol 75[]
402-413, 1963

Fukuda T, Hasue M, Ito H, et alld Does Traumatic subara-
chnoid hemorrhage caused by diffuse brain injury cause dela-

Ju—
j—
=

yed ischemic brain damage? Comparison with subarachnoid
hemorrhage caused by ruptured intracranial aneurysm. Neu-
rosurgery 431 1040-1049, 1998

Gaab MR, Haubitz I, Brawanski A, et alll Acute effects of
nimodipine on the cerebral blood flow and intracranial pre-
ssure. Neurochirurgia(Stuttg) [Suppl] 28[193-99, 1985
Gaetani P, Tancioni F, Tartara F, et alll Prognostic value of
the amount of post-traumatic subarachnoid haemorrhage in a
six month follow up period. J Neurol Neurosurg Psychiatry
5901635-637, 1995

Gill SB, Kim HJ, Hu C, et alll Prognostic factors in head-
injured patients with traumatic subarachnoid hemorrhage. J
Korean Neurosurg Soc 2501 1845-1850, 1996

Gomez CR, Backer RJ, Bucholz RDUO Transcranial Doppler
ultrasound following closed head injury] vasospasm or vaso-
paralysis? Surg Neurol 35[130-35, 1991

16) Greene KA, Marciano FF, Johnson BA, et allJ Impact of trau-

215



L8 X120l E29| ol=2f

17)

20)
21)

22)

23)

24)

25)

26)

27)

28)

29)

30)

31)

3)

OJ ALK
oo=

2/

matic subarachnoid hemorrhage on outcome in nonpenetrating
head injury. Part [J[] A proposed computerized tomography
grading scale. J Neurosurg 83[] 445-452, 1995

Greene KA, Jacobowitz R, Marciano FF, et alll Impact of tr-
aumatic subarachnoid hemorrhage on outcome in nonpenetra-
ting head injury. Part [J [] Relationship to clinical course and
outcome variables during acute hospitalization. J Trauma 41[]
964-971, 1996

Gurdjian ES, Audet B, Sibayan RW, et all] Spasm of the ex-
tracranial internal carotid artery resulting from blunt trauma
demonstrated by angiography. Case report. J Neurosurg 35[]
742-747, 1971

Harders A, Kakariecka A, Braakman RO Traumatic subarach-
noid hemorrhage and its treatment with nimodipine. J Neu-
rosurg 41[782-89, 1996

Ishibashi A, Yokokura YO Clinical analysis of traumatic sub-
arachnoid hemorrhage. Kurume Med J 4001 167-171, 1991
Jennett B, Bond ML Assessment of outcome after severe br-
ain damagel] a practical scale. Lancet i, 1975, pp480-484
Jeret JS, Mandell M, Anziska B, et alll Clinical predictors of
abnormality disclosed by computed tomography after mild head
trauma. Neurosurgery 32[19-15, 1993

Kakariekall Traumatic Subarachnoid Hemorrhage. Springer,
Berlin, 1997

Kakarieka A, Braakman R, Shakel EH, et all Clinical signi-
ficance of the finding of subarachnoid blood on CT scan after
head injury. Acta Neurochir 129[] 1-5, 1994

Kobayashi S, Nakazawa S, Yokota H, et allJ Traumatic suba-
rachnoid hemorrhage in acute severe head injury. No To Shin-
kei 4007 1131-1135, 1988

Koo TH, Kim HS, Mok JH, et alll 4 clinical analysis on the
subarachnoid hemorrhage afier head injuries. J Korean Neuro-
surg Soc[Suppl] 2815231, 1999

Korean Neurosurgical Society(] Neurosurgery. Jungangmun-
hwasa, Seoul, 1989

Kostron H, Rumpl E, Stampfl G, et alll Treatment of cerebral
vasospasm following severe head injury with the calcium in-
flux blocker nimodipine. Neurochirurgia(Stuttg) [Suppl] 28]
103-109, 1985

Lee JH, Martin NA, Alsina G, et all Hemodynamically sig-
nificant cerebral vasospasm and outcome after head injury]
a prospective study. J Neurosurg 8701 221-233, 1997

Lee KSO Biomechanics in Head Injury, Korean Neurotrauma
Society(eds), Korea Medical Publisher, Seoul, 1996, pp13-24
Levi L, Guilburd JN, Lemberger A, Soustiel JE, Feinsod M[J
Diffuse axonal injury[] analysis of 100 patients with radiolo-
gical signs. Neurosurgery 27[1429-432, 1990

Macpherson P, Graham DI, et al0 Correlation between
angiographic findings and the ischemia of head injury. J Neu-

216

33

34

35

36

37

38

39

40

41

4

43

44

45

46

47

48

49

=

)

)

=

=

)

=

)

=

—

)

=

=

=

)

=

=

rol Neusurg Psychiatry 4100 122-127, 1978

Marshall LF, Bruce DA, Bruno L, et alll Vertebrobasilar sp-
asml] a significant cause of neurological deficit in head injury.
J Neurosurg 481 560-564, 1978

Martin NA, Doberstein C, Alexander M, et al(] Posttraumatic
cerebral arterial spasm. J Neurotrauma 12[]897-901, 1995
Murray GD, Teasdale GM, Schmitz HO Nimodipine in trau-
matic subarachnoid haemorrhagel] a re-analysis of the HIT []
and HIT [ trials. Acta Neurochir(Wien) 83[11163-1167, 1996
Pasqualin A, Vivenza C, Rosta L, et allJ Cerebral vasospasm
after head injury. Neurosurgery 1501 855-858, 1986

Prough DS, Lang JO Therapy of patients with head injuries[]
key parameters for management. J Trauma 42 5(Suppl), S10-
18, 1997

Romner B, Bellner J, Kongstad P, et alll Elevated transcr-
anial Doppler flow velocities after severe head injuryl] cere-
bral vasospasm or hyperemia? J Neurosurg 83[190-97, 1996
Sander D, Klingelhofer JO Cerebral vasospasm following post-
traumatic subarachnoid hemorrhage evaluated by transcranial
Doppler ultrasonography. J Neurol Sci 11901 1-7, 1993
Shigemori M, Tokutomi T, Hirohata M, et all Clinical signi-
ficance of traumatic subarachnoid hemorrhage. Neurol Med
Chir 300 396-400, 1990

Steiger HJ, Aaslid R, Stooss R, et allJ Transcranial Doppler
monitoring in head injuryl] relations between type of injury,
flow velocities, vasoreactivity, and outcome. Neusurgery 34[]
79-86, 1994

Suwanwela C, Suwanwela NO Intracranial arterial narrowing
and spasm in acute head injury. J Neurosurg 36[] 314-323,
1972

Taneda M, Kataoka K, Akai F,
subarachnoid hemorrhage as a predictable indicator of a
delayed ischemic symptoms. J Neurosurg 84[1762-768, 1996
Teasdale G, Jennett B Assessment of coma and impaired

et al O Traumatic

consciousness. A practical scale. Lancet 2[181-84, 1974
Vardiman AB, Kopitnik TA, Purdy PD, et allJ Treatment of
traumatic arterial vasospasm with intraarterial papaverine
infusion. AJNR 161 319-321, 1995

Vollmer DG, Torner JC, Jane JA, et alll Age and outcome
following traumatic comal] why do older patients fare worse?
J Neurosurg 751 837-549, 1991

Weber M, Grolimund P, Seiler RW, et alll Evaluation of
posttraumatic cerebral blood flow velocities by transcranial
Doppler ultrasonography. Neurosurgery 271 106-112, 1990
Wilkins RH, Odom GLU Intracranial arterial spasm associa-
ted with craniocerebral trauma. J Neurosurg 32[1626-633,
1970

Zornow MHUO Prough DS Neuroprotective properties of cal-
cium-channel blockers. New Horiz 591 107-114, 1996

J Korean Neurosurg Soc/Volume 29/February, 2000



