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Abstract
Background Chronic hydrocephalus is one of the major complications following aneurysmal subarachnoid
hemorrhage. The incidence and attributing factors in different series are variable. The authors
investigated the incidence of shunt dependent hydrocephalus and the factors associated with it.

Methods During the 6-year period, 341 patients with aneurysmal subarachnoid hemorrhage were treated.
The following parameters were analyzed retrospectively; age, sex, Hunt—Hess grade, Fisher grade,
preexisting hypertension, intraventricular hemorrhage, rebleeding, vasospasm, location of aneurysm,
treatment modalities, timing of surgery, lumbar drainage, external ventricular drainage, and prognosis.
Results Overall, 26.4% of the 341 patients developed shunt dependent hydrocephalus. Statistically
significant associations between the following factors and hydrocephalus were observed; age, Hunt—Hess
grade, Fisher grade, intraventricular hemorrhage, vasospasm, location of aneurysms, timing of surgery,
lumbar drainage, external ventricular drainage and prognosis.

Conclusion In a multivariate logistic regression analysis, the aneurysms of the vertebrobasilar system,
lumbar drainage and external ventricular drainage were associated with developing chronic
hydrocephalus.
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Table 1. Age and gender distribution

Age & gender No. of cases(%) Shunt operation(%) p value
Age < 0.05
< 40 60(17.6) 6(10.0)
40-49 79(23.2) 18(22.8)
50-59 91(26.7) 28(30.8)
60-69 82(24.0) 28(34.1)
70 > 29(8.5) 10(34.5)
Gender NS*
Male 125(36.7) 37(29.6)
Female 216(63.3) 53(24.5)
* NS : Not significant
Table 2. Clinical and radiological characteristics
Parameters No. of cases(%) Shunt operation(%) p value
Hunt-Hess grade ’ < 0.01
1 3209.4) 4(12.5)
I 124(36.4) 20(16.1)
m 124(36.4) 42(33.9)
v 50(14.7) 19(38.0)
\2 11(3.2) 5(45.5)
Fisher grade 5(16.7) < 0.05
1 30(8.8)
o 75(22.0) 11(14.7)
il 162(47.5) 50(30.9)
v 74(21.7) 24(32.4)
Hypertension NS*
+ 140(41.4) 43(30.7)
- 201(58.9) 47(23.4)
vyt < 001
+ 127(37.2) 49(38.6)
- 214(62.8) 41(19.2)
Rebleeding NS*
+ 30(8.8) 12(40.0)
- 311091.2) 78(25.1)
Vasospasm < 0.01
+ 139(40.8) 50(36.0)
- 202(59.2) 40(19.8)

* NS : Not significant
+ IVH : Intraventricular hemorrhage
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Table 3. The location of aneurysms

Aneurysm location No. of cases(%) Shunt operation(%) p value
A. com artery* 124(36.4) 37(29.8) < 0.01
ACAT 20(5.9) 5(25.0)
MCA% 86(25.2) 11(12.8)
ICAS 95(27.9) 26(27.4)
Vertebrobasilar 16(4.7) 11(68.8)
Total 341 90(26.4)
* Anterior communicating artery
T Anterior cerebral artery
¥ Middle cerebral artery
§ Internal carotid artery
Table 4. Treatment modalities and timing
Treatment modality No. of cases(%) Shunt operation{%}) p value
Clipping 293(85.9) 75(25.6) NS*
Early operation 158(53.9) 31(19) < 0.05t
Late operation 135(46.1) 44(32)
Coil embolization 44(12.9) 11(25.0)
Shunt only 41.2) 4
Total 341 90

* NS : Not significant, p value between clipping and coil embolization

+ p value between early operation and late operation
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Table 5. Modalities of cerebrospinal fluid drainage

Lumbar drainage(%)

Ventricular drainage(%)

No. of cases
+ - + -
Shunt operation
+ 90 19(40.4) 71(24.1) 43(74.1) 47(16.6)
- 251 28(59.6) 223(75.9) 15(25.9) 236(83.4)
p value < 0.05 < 0.01
Total 341 47(13.8) 294(86.2) 58(17.0) 283(83.0)
Table 6. Lumbar drainage amount and duration
No. of cases Shunt operation(%) p value
Duration of drainage(days) < 0.05
0-3 34 10(29.4)
4-7 10 6(60.0)
8-13 3 3(100)
Total volume removed(ml) NS*
< 500 23 7(30.4)
500-1000 17 7(41.2)
> 1000 7 5(71.4)
Average daily volume removed(mf) NS#*
< 100 8 2(25.0)
100-200 26 12(46.2)
> 200 13 5(38.5)
Total 47 19(404)
* NS : Not significant
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Table 7. External ventricular drainage amount and duration

No. of cases Shunt operation(%) p value

Duration of drainage(days) NS*
0-7 30 20(66.7)
8-14 14 10(71.4)
15-33 14 13(92.9)

Total volume removed(ml) NS*
< 1000 20 14(70.0)
1000-2000 16 10(62.5)
> 2000 22 19(86.4)

Average daily volume removed(ml) NS*
< 100 7 3(42.9)
100-200 24 19(79.2)
> 200 27 21(77.8)
Total 58 43(74.1)

* NS : Not significant

< A YudA oFrt A ek p<001), &
ArRESE ol TdEres WA &2 oA o gt 3
(Table 8).

Table 8. Prognosis
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p value < 0.01
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Table 9. Binary factors considered in relation to shunt operation

95% CI*

Positive frequency (%) Shunt operation (%) Odds ratio
Age (= 60) 111 38 1.782 1.081-2.933
Hunt-Hess grade 4, 5 61 24 2.105 1.174-3.774
Fisher grade 3, 4 236 74 2.538 1.396-4.629
IVHY 127 49 2,651 1.6184.342
Vasospam 139 50 2.275 1.394-3.713
Timing of operation 135 44 1.992 1.209-3.278
Vertebrobasilar 16 11 6.849 2.309-20.408
Lumbar drainage 47 19 2.131 1.123-4.045
Ventricular drainage 58 43 14.394 7.396-28.015

* CI : Confidence interval

t IVH : Intraventricular hemorrhage

Table 10. Summary of the logistic regression analysis

Odds ratio 95% confidence interval
Age(= 60) 1.259 0.685-2.314
Hunt-Hess grade 4, 5 1.268 0.589-2.730
“Fisher grade 3, 4 1.563 0.757-3.229
IVH* 0.970 0.501-1.877
Vasospam 1.734 0.966-3.112
Vertebrobasilar 6.684 1.874-23.836
Lumbar drainage 2.794 1.293-6.037
Ventricular drainage 12.005 5.704-25.265
* IVH : Intraventricular hemorrhage
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