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A New Scale(NS) Score System to Predict Outcome of
Intracranial Aneurysm Using TCD
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rosurgical techniques and intensive care unit management, we speculated that grading systems based only on

clinical condition or CT finding after admission failed to provide a significant stratification of outcome between
individual grades of patients, because these systems did not include the factor for postoperative vasospasm. We hy-
pothesized that postoperative blood flow velocity could have a significant impact on outcome prediction for patients
surgically treated for intracranial aneurysms.

Methods[] We conducted a analysis on patient— and lesion—specific factors that might have been associated with
outcome in a series of 55 aneurysm operations performed with measurements of blood—flow velocity with transcranial
Doppler ultrasonography(TCD). In the new scale(NS) score system, 1 point is assignhed additionally for the case with
Hunt and Hess(H—H)/World Federation of Neurological Surgeons(WFNS) Grade O or O, Fisher Scale(FS) score 3
or 4, aneurysm size greater than 10mm, patient age older than 60 years, blood—flow velocity higher than 120cm/sec,
and posterior circulation lesion. By adding the total points, a 6—point scale score(score 0—6) is obtained.

Results[] Age of patient, size of aneurysm, clinical condition(H—H grade and WFNS), FS score, and blood flow
velocity(TCD 1day after operation) were independently and strongly associated with long—term outcome. When NS
scores were applied to 55 patients with at least 6 months follow—up, the correlation of individual scores with outcome
was strongly validated the retrospective findings.

Conclusion[] It was speculated that TCD could be used to assess postoperative vasospasm and to monitor non-
invasively the patients with aneurysmal SAH. This NS score system is easy to apply, divide patients into groups with
different outcome, and is comprehensive, allowing for more accurate prediction of surgical outcome.

O bjective] By conducing a review of clinical outcomes for patients with aneurysm treated using current microneu-

KEY WORDS[ Aneurysm- Transcranial doppler ultrasonography: Outcome: Grading system.

0ooo Oob0 00O 0ob oo oo obbo oo go

A‘l % Odoo0 grading systemOO0O Hunt & Hess(H-H)

grade™, WFNS grade®, Fisher scale(FS) score” O

gooo 0ooo b boob oo b0 obo boo o 000 000, OO0 unruptured aneurysm 0000 O
OO0 000 00 00 0000 000 00 000 Ooo. 000 grading systemdO OO0 OO OO OO0 O
0000 000 00 0000 00 O 000 00 00 00 00™2Y. 00 0000 0000 000000 O
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0 000 00000 0000 0000 ooooo oo
O Transcranial doppler ultrasonography(TCD)O 00O
0ooo 00992, satomura”0 ultrasoundd OO0
00000 0000 000 00oO0oOo oooooo, oo
00 000 0O 000000 0000 0000 oo o
0 0000 000000, 5~10MHz probe 0 OO OO
000 D0O0O00 U000 000 0000 ooo oo
0 000. Aaslidd0®0 2MHz probel OO0 0OOOO0 O
00 0O 00 00 000 0000 oooOo willis 00
000 00000 OD0O000 000 O 00 ooo.

000 000 00 0 0000 000 000 ooo o
OO0 O 00 0O grading systemd OO OO0 0000
00 000 00 000,00 0 00 000 Oo0O o
OO OO O TCD OO0 O0OOCO OO0 scale score
0 0000 000 00000 ooao.

oy L W

1.9 %

19960 1000 19990 6000 OO0 O0OOO OO
O 00 000 00 0O 7200 000 000000, 00
0O 100 TCDbO 00000, e0d OO 0OOOO0 OO0
00O 5500 000 0000 0ooo oo ooo.

2.% H

U0 ooo obodb oboob oboo, oo O H=-
H grade, WFNS grade, FS score, 00, 0000 OO
0 0ob 0oodbb. oobo ooo 0ob bodg oo
1-20 000 OO0 OO0OOO. 00000 000 O
00 000 00 EMEDO TC2-64BO0O OO 2MHzO
probed] OOOO0O ultrasonic burst lengthd 10y sec,
high—pass filter] 150Hz, low—pass filterd 9kHz, pulse
repetition frequency 4.96~10.26kHzO0 00 OO0 ul-
trsonic power] 10~100mW/cm?0 0 0.

00000 000 00 0O 000 oooooo, ooo
000 000000 0000 (transtempora)d O0OO0O
0,00000 OO0 OO 0000 (peak systolic), 00O
0O OO0 0000 (peak diastolic)D 00O 0000 (time—
mean flow velocity)d 400 O0O0O0O OO0O0O OOO
OooQg, 00 printer(Sony video graphic)d OO0 OO
O00. Ringelsteind'®0 000 0000 OOOO OO
00 000 probeD OO0 5.0~6.0cm0 OOOOO, O
00 0D00000 probed OO0 OO OO0 OOOO
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Fig. 1. Spectral display of the Doppler signals from the middle
cerebral artery(MCA) in the patient without vasospasm. The
flow velocity in the MCA was 59cm/sec(within normal range).

Fig. 2. Spectral display of the Doppler signals from middle
cerebral artery(MCA) in the patient with vasospasm. The flow
velocity in the MCA was markedly elevated(171cm/sec).

Doppler0 00 OO0 OO0 OO0 OO0 0O00O0OO(Fig.
1). 00000 100cm/secd O, 101~120cm/sec, 120cm/
sec0000 O0O0O0O0O. 00 ODODOO 0DOOOO 120
cm/sec00000, 00 OO OOOOO 25cm/ secdO
000 00 0 00000 00000 (Fg. 2).

OO0 O 000 Glasgow Outcome Scale(GOS)O 00
0000, Excellentd Goodd OO OO0 OOO, Fair,
Poor, Deadl] 00O OO0 OO0 OOOOO.

O OO0 000 ANOVA with multiple comparisons
(Scheff's method)D OO0O0O0O0O, 00 OO0 pOO
0.05 000 OO0 DOoO.

2 14
1. 98 R 135

00 00 000 00 1s02700og, oo ooo o
00 000 000 0000(@=0.34). OO0 29000
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Table 1. Outcome expressed as good or poor* for variables
studied and for other factors

No Good Poor
Hunt and Hess grade(WFNS grade)
| 12(10) 12(10) 00)
Il 16(17) 15(17) 1(0)
Il 22(18) 19017) 3D
1\ 4( 6) 1(3) 303)
\ 1( 4) 0( 0) 1(4)
Fisher
1 12 12 0
2 26 26 0
3 11 4
4 6 4
Size
<10 mm 44 41 3
10—<25 mm 7 5 2
> 25mm 4 1 3
Age of patient(yr)
<60 43 40 3
Hypertension(—/+) 31/12 31/11 0/1
DM(=/+) 39/ 4 39/ 3 0/1
Lung dis.(—=/+) 53/ 1 53/ 1 0/1
> 60 12 7 5
Hypertension(—/+) 7/ 5 6/ 4 1/1
DM(-/+) 10/ 2 9/ 2 1/0
Lung dis.(=/+) 8/ 4 7/ 3 1/1
Location
ICA 6 5 1
P-com 13 12 1
A-com 15 13 2
MCA 17 16 1
Pcal' 1 0 1
PCA 2 1 1
VA 1 0 1
TCD(cm/sec)
<100 40 40 0
101-<120 7 5 2
> 120 8 2 6
Total 55 47 8

*O good0 excellent or good in GOS
poorll fair or poor or dead in GOS
1t Pcald pericallosal artery

7300 00 OO0 500(49.8+ 10.61)000, 000 2
0(600 00,600 00)IO 00000, 600 0000
0 30(7%), 600 0000 50(41.7%)00 00 OO
0 00O (Table 1, p=0.001). 600 0000 00000
0000 00 000 120, 600 0000 500 00O
0,00 0 000 000 0000,00 00 0 000
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O 00 00000 00O 000 ooog((Table 1), OO
oooo 0o oooo ooo goo.

2. Hunt and Hess % WFNS grade

H-H graded OO0 OO OO graded OO O0O0O
gradel 00O OOOO0O OOOO, 00000 OO O
O graded OO0 OO0OOO ODOOO, WENS graded
goo 00 0dbO 0bob Oobbo oo obo boo
(Table 2, p<0.001).

H-H grade 0-00 OO 0O 5000 40(8%)00 O
0 000 OO0 00 grade 0-00 OO 500 4(80%)
000 OO0 OO0 OO00O. WENS grade O0-00 0O0O
4500 10(2%)00 00 000 0000, grade O —
00 00 1000 70(70%)00 OO OO0 DOO0O. O
OO0 H-H graded WFNS grade00 00O OO OO0
00 OO0 (Table 1, p=0.001).

3. SUR 37 % 9N

0000 000 30(<10mm, 10~<25mm, =25mm)0
O 00000,<10mmO OO0 4400 OO 30(6.8%)
0O 00 000 0000, 10~<25mmO 00 20 (28.6%),
25mm 00000 30(75%)0 00 000 000 (Table
1, p=0.004).

gobo odbo 0b 0o b0 0bob Oobo boog
(p=0.28), 00 0O0O0OOO OOOO ODOOO OO OO
000 000 O O OO0O(Table 1).

4, Fisher scale score ¥ @RS

FS scored 0 score 30 OO 1100 40 (36.3%), sc-
ore40 0 600 40(66.7%)00 OO OO0 OO OO,
Score 1~-200 OO OO 0OODO OOO. Score 300
0 000 1700 8000 49%00 OO OO0 O0OO
(Table 1, p=0.001).

00000 3000 0ooooOd. 100ecm/sec OO OO O
0 OO0 000 0000, 100~120cm/secl OO 70
0 20(28.6%)00, 120mm/sec OO0 OO 800 60
(75%)0 OO0 000 00000 (Table 1, p=0.005).

5. TCDE ©I&%t new scale(NS) score

00, H—H grade, WFNS grade, FS score, 000 O
00 oodobo obb 0b 0 ooboo oooo, o
0O 600 OO, H-H grade 00 WFNS grade 00O,
FS score 300, 0000 OO 10mmQO 0O, TCDOO O
00000 120cm/secC 00 OO 100 OO 0O O 5
00 0ob 0boo oob bbdo 100 0 gdo o
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Table 2. Outcome correlation with two grading schemes, assessed at admission, at best and at worst pretreatment, immediately

before treatment, and posttreatment

Scale At admission At best pretreatment At worst pretreatment Immediately before treatment Post treatment
H-H r=0.1 p=0.28 r=0.1 p=0.68 r=0.4 p=0.001 r=0.4 p=0.05 r=0.3 p=0.53
WEFNS r=0.4 p=0.005 r=0.4 p=0.04 r=0.4 p=0.001 r=0.4 p=0.04 r=0.5 p=0.001

Table 3. New Scale Score system*

Age H-H/WFNS FSscore Size(mm) Velocity(TCD) Point
<60 o-1Il 0-2 <10 <120 0

= 60 V-V 3-4 210 2120 1

*[0 Add 1 additional point for posterior circulation lesion
For our scale scoring, no additional point was added for vaso-
spasm or systemic disease

Table 4. Oufcome expressed as good and poor* for Our and
Ogilvy's New Scale score system

Scale score No Good* Poor*
0 5( 5) 5( 5) 0(0)
1 12(12) 12(12) 0(0)
2 15(15) 15(15) 0(0)
3 12(13) 11012) (M
4 5(10) 3(3) 2(7)
5 5( 0) 1 0) 4(0)
6 1 0 1

*0 good0 excellent or good in GOS

poor fair or poor or dead in GOS
()OI Numbers of patients using Ogilvy's new scale score sys-
tem

00O (Table 3). Ogilvyd Carter™0 OO0 scale score
system O0O0O0O0O O score 40 OO 1000 70 (70%)
00 OO0 000 0000, O score 40 OO0 NS score
0 0dooog O score 4,5.600 O0OO O OOO, O
000 000 000 0O 0 0O00. NS scoe 400 40%,
NS score 500 80%0 U0 00O OOOO, 000 O
0 0000 000 O00O(Table 4).
» =

0000 000 00 0 000 0000 00 000
grading systemd 0O0%®Y 00 0 D000 OO O
OO0 00O 000,00 OO0 OO0 grading systemOd
o0 o0 0bbbbO 0000 00 oog ooo oo
0 00 00.000 0Oboooo oooo og, H=-H
grade, WFNS grade, FS score, 0000 OO 0O O00O0O

0O 000 OO0 scale score systemOOOd O OO0 O
0O 000 0oooo ooo.
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00 000 000 D00 0000 00 0000 O
00 000 000 000 D00 0O 00 000 00
000 0000 go99992 Qogilvyd Carter™®0 O
00 DDODOO0 000 00 00 000000, Khanna
00 000D 000 0000 400 ODODO 94.1%
0O 00 000 00 00,600 0000 722%0 OO
O0O0.0 00000 000 000 00 000 00 O
000D DO 000(Table 1). 000 0000 6000
000D 0O 0000 O 0000 00000, 600 OO
0 0000 100 0O00.

2. SUF 3T|<} QA

00 0000 0000 00 000G 25mm)0 OO0
000D 00 O0 000 00D 000 00 000, 0
00 0000 0000 0000 10~25mm0 0000
OO0 OO0 000 0000, 0000 000 o000
00000 ODOoOoO oo99™® ggog o000 00
OO0 O0OD 00 000 0000, 10mm 000 000
0 1o0mmO0 0000 100 000.

Ogilvy Carter™0 0OCODO OO0 OO 00O OO
0 0000,00 0000 OO0 0000 00D 000 O
000 0OO0OD0.0 00000 0000 000 000 O
000 000 000 (p=0.38).

3. Grading scales? Hlu!

Bailes0®0 H-H grade 0-00 00 00O OO0 O
o 77%, 00 000 OO0 000 54%00 Doodo
0, Chiangd®0 H-H grade OO WFNS graded OO
0 00ooo O 21%, 23.7%000 00O OO0 OO0
00.0 0000 H-H grade 0-000 20%, WFNS
scaleDld 30%000 OO OO0 OOO(Table 1). H—
H graded WFNS graded 00 grade OO O0O0O0O O
O00O,grade O OOO OO 100 O0O0O.

4. Grade assessmente At

00 O GradeD 0000 OO0 OO0 0OOO. 00 O
00000 OO0 000 0000 00 00000. 000
gradingD0 OO0 0OO0O0O OO0 0000 00O O O
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00, Chiangd®0 H-H graded OO0 O 000 OO
00 scaled OO0 OO0 OOOO, WENS graded O
00 0 000 000 0000 000 000 oood
0oo0dOo.do oooo oo oo, bb0 oo,o0 o0 o
0O 000 00 00 000 00 gradedl OO OOOO
OO (Table 2), H—H grade OO O0OQC OO0 OO O
OO0 grade, WFENS graded OO0 OO0 OO0OO OO
0 0000 OO0 000 OD00O(@p<005). 0 OOOO
00 000 O graded OOO0O OOODOO.

5. Fisher scale score

0000 0000 grading systemd OO0O0O OO0O
000 00 00972, 000 00 0000 0000 O
00 0000 0000 000 000, 00000 00
00 OO0 OO0 O OO0 000 OO0 grading system
000 00 OO0 000 0O0. 00000 0000 O
000 00000 0000 0000 000 000 00
O 0 00 0007, Ogilvyd Carter™0 FS score 30
0 17%, FS score 400 49%%00 00 000 0OO
000, 0 0000 FS score 30 OO 36.4%, FS score
40 000 66.7%0 OO 000 OOO. FS scored O
0 score 30 OOOO OOOO, FSscore 3000 OO
100 0Ood.

6. 23R4

Aaslidd?0 TCDO 0OOO O 000D OOODO
0 000 00000 00000 000 0 00 0000
OgO0. TCDO 0O0OO0OD 000 000 00 00, 00
00 000 00 00 00000 00 000 0000
0 00000 0000 OO0 O 000 000 000 O
00 0O0O0OO0 OO0 0000 000 000 000 00
0 O 00, calcium channel blocker OO0 00 OO0O
000 000 O 00,0 00 0000 00 000 O
00 0 000,00 0 000000 000 0D 000 O
D D D D 1)2)10)19).

00000 00000 00000 000000 000
OO0, O000d (collateral blood flow)O OO, OO0 O
00 0O0O0OO0 OO0 000 00000 0000 00 O
00 000O0Y, GrolimundD P00 sensitivityd 80%0 O
000 0000, SleanD?0 TCDO ODO0OO0OO OO0
sensitivty] 58.6%00 00000 120cm/secd00 O
0 00000 OO0 00 0 000,00000 000
0000 00D 000. NewellD™®0O 00000 120
cm/sec OO 00 OO0 25% 000 000 OO0 O
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0 00000 OO0, 120~200cm/secd 00 25~50%
0 0000 000 0000 00 000 004d, 200em/
sec000 OO 0ODDOOD 50% 000 0OOOO0 OO O
0 000 000, 00000 00000 0000 000
00. Seiler0'™0 OO0 O OD0OOO OO0 OO0 OO
0 25%00 00000, 200 200cm/sec0 00 OO0
00 00000 00 00000 00000 000.0 O
0000 00000 000000, 00 O 00 0000
00 120cm/secO 0, 0000 25cm/secO00d OO0O O
00 O00000 000ooo,100 ooo.

7. New scale(NS) score

Ogilvy Carter™0 new grading systemd OO0 O
O grade 300 51%, grade 400 82%0 OO OO0O O
00000, 0 0000 Ogilvyd Carter™0 new grade
O O0OD0O0O O grade 40 OO 1000 70 (70%)0
OO0 OO0 O0O0O0, NS score 40 OO 40%, NS scoe
500 80%0 OO OO0 ODOO0OO(@=0.05). 0 OO
O NSscorel OO OO O O0ODO O O O0O0O,00
00 00 000 oodo b 0o 0o bbb ooododgd,
0o 00O ooo ooodobo obo oo boo od.

-
2

oooooo, 00 Ooo0do 000 0o O ooo,
sensitivityDl OO TCDO 0000 OOO0O OOO OO
00, grading systemd OO0 O, 000 O0OO O 0O
0000 UO00 00 000 000000 00 0oo
oo.

eJ00I0OO20000 110 90O

e 000020010 70 110

eJO0O0OOO O O
461-192 000 OO0 OO0 OO0 40 7336
00000 ODooo oooo ooooooo
000O031) 720-5836, 5391, [0 [010031) 753—1363
E—maill]l nspco@Inha.ac.kr
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