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after Treatment of Ruptured Intracranial Aneurysms :
Surgical Clipping versus Endovascular Coiling
According to Fisher Grading System
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Objective : The amount of hemorrhage observed on a brain computed tomography scan, or a patient's Fisher grade (FG), is a powerful risk factor
for development of shunt dependent hydrocephlaus (SDHC). However, the influgnce of treatment modality (clipping versus coiling) on the rate of
SDHC development has not been thoroughly investigated. Therefore, we compared the risk of SDHC in both treatment groups according to the
amount of subarachnoid hemorrhage {SAH).

Methods : We retrospectively reviewed 839 patients with aneurysmal SAH for a 5-year-period. Incidence of chronic SDHC was analyzed using
each treatment modality according to the FG system. In addition, other well known risk factors for SDHC were also evaluated.

Results : According to our data, Hunt-Hess grade, FG, acute hydrocephalus, and intraventricular hemorrhage were significant risk factors for
development of chronic SDHC. Coiling group showed lower incidence of SDHC in FG 2 patients, and clipping groups revealed a significantly lower
rate in FG 4 patients.

Conclusion : Based on our data, treatment modality might have an influence on the incidence of SDHC. in FG 4 patients, the clipping group
showed lower incidence of SDHC, and the coiling group showed lower incidence in FG 2 patients. We suggest that these findings could be a
considerable factor when deciding on a treatment modality for aneurysmal SAH patients, particularly when the ruptured aneurysm can be

occluded by either elipping or coiling.
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INTRODUCTION

Hydrocephalus after aneurysmal subarachnoid hemorthage
(SAH) is a well known complication, and has been reported
to range from 6 to 67%"”. Suggested risk factors for develop-
ment of shunt dependent hydrocephalus (SDHC) include
location of the aneurysm, Fisher grade (FG) on computed to-
mography (CT) scan, inwraventricular hemorthage (IVH), and
so on™>>1729_Similar to vasospasm, development of hydroce-
phalus has a strong association with the amount of blood
spilled into the subarachnoid space and ventricular system™>®,
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Due to technical advancement in performance of the endo-
vascular procedure on aneurysmal SAH patients, a compari-
son of SDHC rate in patients treated using microsurgical
dlipping with those who underwent endovascular coiling is
important. Whether or not incidence of SDHC differs signi-
ficantly between surgical dipping and endovascular coiling is
currently unknown. However, several authors have reported
results that demonstrated fewer occurrences of SDHC in the
surgical treatment group®>'? Another study revealed no dif-
ference between the two groups®.

Early evacuation of cisternal clots during surgery is a possi-
ble mechanism for lowering SDHC in the surgical group®;
however, this is hypothesized only under thick hemorrhagic
conditions. In SAH patients with scanty hemorrhaging, the
merit of an open surgical procedure is decreased due to the risk

of hydrocephalus.
Therefore, we retrospectively analyzed the incidence of
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SDHC between the dipping and coiling groups according to
the FG system. In addition, we analyzed other risk factors for
development of SDHC after aneurysmal SAH.

MATERIALS AND METHODS

Patient population

A total of 839 patients with confirmed SAH who were
admitted to our hospital from January 2004 to December
2009 comprised the basis of the present study. Fifty-five pati-
ents with angiographically negative SAH were excluded.
Twenty-eight patients who died during the acute stage and
20 patients who refused treatment were also excluded. Fin-
ally, the present study was composed of 736 patients diag-
nosed with aneurysmal SAH by brain CT scan; the ruptured
aneurysm was confirmed by 3D CT angjography and digjtal
subtraction angjography. Age of patients ranged from 21 to
86 years. The female to male ratio was 1.8 : 1. Clinical charac-
teristics of the patients were obtained from their medical re-
cords and imaging studies. Our institutional review board did
not require approval or patient informed consent for this study:

Determination of treatment modality

Treatment modality was determined according to the pati-
ent’s clinical state, location of the aneurysm, and the angioar-
chitecture of the aneurysm by a vascular team composed of a
vascular neurosurgeon and an interventional neuroradiologist.

A total of 497 patients underwent clipping of aneurysms
by pterional or posterior fossa craniotomy. Most patients un-
derwent surgery by the prerional approach (467/498, 93.8%).
If necessary, hematoma evacuation was undertaken during
the procedure. Clot removal was performed only to the extent
that it was possible. Aggressive means of clot removal®*!"?,
such as cisternal lavage, cisternal drainage, and use of throm-
bolytic agents were not used with our patients.

The endovascular procedure was performed using coil
embolization in 239 patients with ruptured aneurysmal SAH.
Due to antiplatelet medication administered during or fol-
lowing the procedure, we preferred neither stent nor balloon
assisted techniques for treatment of ruptured intracranial aneu-
rysms. For the purpose of minimizing in-hospital rebleeding,
all patients underwent aneurysm clipping surgery or coil em-
bolization of the aneurysm within 24 hours from admission.

Criteria for external ventricular drainage and
ventriculoperitoneal shunt

Hydrocephalus was defined as confirmation of a signifi-
cantly enlarged temporal horn or greater than 30% of the
frontal homn index (frontal horn to maximal biparietal dia-

meter) on brain CT scans. Patients presenting with alteration

of consciousness or radiologic evidence of acute hydroce-
phalus underwent immediate external ventricular drainage
(EVD). Patients with EVD kept the drain for at least 7 days
after SAH, and opening pressure was progressively elevated.
If elevation of opening pressure resulted in peurological deter-
ioration or deterioration of hydrocephalus on the control brain
CT, the patient underwent ventriculoperitoneal shunt inser-
tion. Asymptomatic hydrocephalus was considered for pati-
ents who revealed hydrocephalus on brain CT but showed
no neurological signs. .

Statistical analysis

In a comparison of the shunt dependent group and the
non-dependent group, we analyzed the following factors for
statistical significance using X2 -test : 1) age, 2) sex, 3) initial
Hunt & Hess grade (H-H grade), 4) initial IVH, 5) initial
FG, 6) presence of acute hydrocephalus, and 7) location of
the aneurysm. The patient’s data were then categorized fur-
ther by treatment modality (microsurgical clipping versus
endovascular coiling). Risk factor analysis for each subgroup
was performed, and, according to the FG system, shunt
dependency was assessed for both groups, also used X2-test.

Homogeneity of odds ratio (OR) in each level of FG sys-
tem about shunt dependency was assessed using Breslow-
Day test, and the result was statistically significant (p = 0.002).
Therefore, we performed logistic regression analysis for each
FG system and estimated adjusted OR according to FG sys-
tem (OR was adjusted for age, H-H grade, IVH and acute
hydrocephalus).

Data analysis was performed using the Statistical Package for
the Social Sciences for Windows (Version 18.0; SPSS, Inc.).

RESULTS

Risk factor analysis for chronic hydrocephalus
after SAH

Number of SDHC was significantly associated with old
age (> 50 years), H-H grade, Fisher grade, IVH, and presence
of acute hydrocephalus (Table 1). Of the 145 shunted pati-
ents, 22 (15.2%) patients presented with H-H grades 4 and
5. With regard to FG, 51% (74/145) of shunt dependent
patients presented with grade III. Rate of IVH in the group
of shunt-dependent patients was 47.6% (69/145). Among
the 145 patients who required shunt placement, 123 (84.8%)
patients had acute hydrocephalus on admission.

Shunt-dependent hydrocephalus according to
the Fisher grading system (clipping group
versus coiling group)

Overall rate of SDHC for all patients was 19.7% (145/736).
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Table 1. Relating factors of shunt dependency in aneurysmal subarachnoid hemorrhage patients

Total (%) -Shunt group (%) Non-shunt group (%) - palue
No. of patients 736 145 (19.7) 591 (80.3)
Age
Mean age (range), yr 61.8 (28-82) (21-86)
> 50 yr 463 (62.9) 122 (84.1) 341 (57.7) <0.001
Sex 0.4
Male 262 (35.6) 41 (28.3) 221 (37.4)
Female 474 (64.4) 104 (71.7) 370 (62.6)
H-H grade <0.001
1 99 (13.45) 20 (13.8) 79 (13.4)
2 428 (58.15) 55 (37.9) 373 (63.1)
3 145 (19.7) 48 (33.1) 97 (16.4)
4 56 (7.6) 21 (14.5) 35(5.9)
5 8(1.1) 1(07) 7(1.2)
IVH 180 (24.5) 69 (47.6) 111 (18.8) <0.001
Fisher grade <0.001
1 18 (2.5) 0(0) 18 (3)
2 171 (23.2) 17 (11.7) 154 (26)
3 369 (50.1) 74 (51) 295 (50)
4 178 (24.2) 54 (37.3) 124 (21)
Acute hydrocephalus 236 (32.1) 123 (84.8) 113 (19.1) < 0.001
Location of aneurysm 0.845
Anterior circulation* 673 (91.4) 132 (91) 541 (91.6)
Posterior circulation’ 63 (8.6) 13 (9) 50 (8.4)

*Anterior circulation : anterior cerebral artery, anterior communicating artery, posterior communicating artery.intemnal carotid artery, middle cerebral artery, "Posterior
circulation : posterior cerebral artery, basilar artery, vertebral artery, posterior-inferior cerebellar artery, anterior-inferior cerebellar artery, superior cerebellar artery. H-H grade :

Hunt & Hess grade, IVH : intraventricular hemorrhage

Most factors, such as age, H-H grade, IVH, and FG were
similar between the two groups. On the other hand, the inci-
dence of acute hydrocephalus and posterior circulation aneu-
rysms were more frequent in the coiling group. Among signi-
ficant variables for shunt dependency, only acute hydrocep-
halus was higher in the coiling group than in the dlipping
group (Table 2). Rate of shunt dependency was 18.7%
(93/498) in the clipping group and 21.8% (52/238) in the
coiling group, which was not statistically significant (p =
0.311).

However, significant differences in both groups were reveal-
ed according to FG. In FG 1 patients, none of the patients
needed shunt surgery; therefore, no differences were found.
In FG 2 patients, the dlipping group had a more frequent
SDHC rate compared with the coiling group [clipping :
16/123 (13%), coiling : 1/48 (2%); p = 0.043]. In FG 3 pati-
ents, there was no statistical significance [clipping : 51/250
(20.4%), coiling : 23/119 (19.3%); p = 0.81]. In FG 4 pati-
ents, a significantly lower risk of SDHC in the dipping group
was observed when compared with the coiling group [clip-
ping : 26/114 (22.8%), coiling : 28/64 (43.7%); p = 0.004].

A logistic regression analysis was shown that clipping group
showed a more frequent SDHC rate compared with the coil-
ing group in FG 2 patients (adjusted OR : 19.55, CI 1.71-

223.07) and lower rate in FG 4 patients (adjusted OR : 0.62,
CI 0.27-1.40). However, only FG 2 patients group revealed
statistical significance. Additionally, trend test for the infl-
uence of FG to SDHC demonstrated statistically significant
(p<0.001) (Table 3).

DISCUSSION

Development of hydrocephalus after SAH can result in
poor neurological outcome and cognitive deficit, which is a
well known complication of ruptured cerebral aneurysms”.
The amount of blood in the subarachnoid space showed spe-
cial significance in association with development of SDHC.
Dorai et al.” stated that 1.3% of shunt-treated patients were
in FG 1, whereas 86% of patients were reported as FG 3.
Also, the influence of the quantity of blood in the subarach-
noid space was supported by results from many other stu-
dies”*>'®. Our results showed a total rate of SDHC of
19.7%, which was consistent with results from other series
found in the literature***'®. Based on our data, 0% of shunt-
treated patients were in FG 1, with 11.7% in FG 2, 51% in
FG 3, and 37.3% in FG 4.

In contrast to clipping surgery, removal of a subarachnoid
clot is not possible during an endovascular procedure. Several
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characterislics in both treatment groups

0. of patients
Age

Mean age (Range), yr

>50yr 459 (62.4)
Sex

Male 262 (35.6)

Female 474 (64.9)
H-H grade

1 99 (13.5)

2 428 (58.2)

3 145 (19.7)

4 56 (7.6}

5 8(1)
IVH 180 (24.5)
Fisher grade

1 , 18(2.3)

2 171 (23.2)

3 369 (50.1)

4 © 178 (24.2)
Acute hydrocephalus 236 (32.1)
Location of aneurysm

Anterior circulation® 673 (91.4)

Posterior circulation 63 (8.6)

98 (67.7)

238(323) |

57.03 (23-86) 54.18 (21-80)

155 (65) 304 (61) 0.285
0.024
71(29.8) 191 (38.4)
167 (70.2) 307 (61.6)
0.723
32(13.4) 67 (13.5)
138 (58) 290 (58.2)
49 (20.6) 96 (19.3)
15(6.3) 41(8.2)
4(1.7) 4(0.8
67 (28.2) 113 22.7) 0.107
0.417
7(2.9) 112.2
48 (20.2) 123 (24.7)
119 (50) 250 (50.2)
64(26.9) 114 (22.9)
95 (40) 141 (28.3) 0.002
<0.001
183 (76.9) 490 (98.4)
55 (23.1) 8(1.6)

*Anterior circulation : anterior cerebral artery, anterior communicating artery, posterior communicating arteryintemal carotid artery, middle cerebral artery,” Posterior circulation -
posterior cerebral artery, basilar artery, vertebral artery, posterior-inferior cerebellar artery, anterior-inferior cerebellar artery, superior cerebellar artery. H-H grade : Hunt & Hess

grade, IVH : intraventricular hemorrhage

Table 3. Incidence of shunt dependent hydrocephalus in each treatment modality group according to Fisher grading system

rade 1 0/11 (0) 0/7 (0)
Grade 2 16/123 (13) 1/48 (2)
Grade 3 517250 (20.4) 23/119 (19.3)
Grade 4 26/114 (22.8) 28/64 (43.75)

Trend test for Fisher grade <0.001

0.043¢ 7.03 (0.91-54.53) 19.55 (1.71-223.07)
0.810 1.07 (0.62-1.85) 1.49 (0.76-2.93)
0.004 0.48 {0.19-1.18) 0.62 (0.27-1.40)

*p values were calculated by X>-test or Fisher's exact test, "OR and 95% Cl were calculated by simple and multiple logistic regressionanalysis. *Adjusted for age, Hunt
& Hess grade, intraventricular hemorrhage and acute hydrocephalus, SFisher's exact test. OR : odds ratio, Cl : confidence interval

studies have compared the incidence of SDHC according to
treatment modality. Most reports revealed that endovascular
coiling could be attributed to an increased rate of SDHC*'?.
However, Gruber et al.? reported that the endovascular treat-
ment group did not suffer SDHC more frequently than the
surgical treatment group.

Based upon our data, treatment modality for subarachnoid
hemorrhage does not affect overall risk of development of
SDHC (microsurgical dlipping; 18.7%, endovascular coiling;
21.8%, p = 0.31). However, when considering the amount
of hemorrhage, there were some differences in the incidence
of SDHC according to the FG system. The authors further
categorized patients according to FG and found some signifi-
cant results. The coiling group was associated with a lower

risk of SDHC in FG 2 patients. By contrast, clipping was
associated with a lower risk in FG 4 patients. In addition,
there were no differences in FG 1 and 3 patients.

Possible mechanisms have been suggested for lowering
shunt dependent hydrocephalus in the surgical clipping
group, from which early open surgery can remove blood dlots,
and lamina terminalis fenestration was possible during sur-
gery”. On the other hand, endovascular coiling can lower the
incidence of SDHC from minimal brain manipulation and
heparinization during and after embolization®. According to
the report, heparin may reach the CSF space under conditions
of blood brain barrier distuption following SAH; however,
because heparin may not have lysed previously formed sub-
arachnoid clots, the effect of heparinization on the rate of
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shunt dependency was questionable”®'"'9,

According to our data, there was no difference in the inci-
dence of SDHC in FG 1 patients according to treatment
modality. However, due to the limited number of patients in
FG 1, affirming the significance of the result was difficult. In
FG 3 patients, our data also showed no statistical significance
for the two treatment modalities. Because our center does
not advocate use of aggressive means, such as cisternal lavage
or drainage, for clot removal during surgical clipping, and we
do not perform routine fenestration of lamina terminalis, sta-
tistical significance in FG 3 patients may not be attained. In
FG 2 and 4 padents, our data showed differences in devel-
opment of SDHC according to treatment modality. In uni-
variate analysis (X2-test), a statistical significance was obtained
in FG 2 and 4 patients. And, the same tendency was observ-
ed in FG 2 and 4 patients in multivariate analysis (logistic
regression analysis), however, statistical significance was only
shown in FG 2 patients.

In FG 2 patents, minimal manipulation of the brain dur-
ing coil embolization is considered more beneficial with regard
to incidence of SDHC. On the other hand, evacuation of in-
tracerebral hematoma and drainage of IVH during microsur-
gical clipping may be an influencing factor in FG 4 patients.

Our study has some limitations. This is a retrospective study;
therefore, selection bias and protocol deviations were inevi-
table. Subjects in both groups were not similar, such that there
were 498 patients in the clipping group and 238 patients in
the coiling group. Moreover, location of aneurysms was not
evenly distributed in either group. The aforementioned limi-
tations could also have originated from the retrospective nature
of the present study. Therefore, a prospective, multicenter,
and well stratified trial will be needed for confirmation of the
effect of treatment modality on development of SDHC.

CONCLUSION

Treatment modality showed no statistical significance on
the overall rate of SDHC. However, in the FG system, treat-
ment modality could have an influence on the incidence of
SDHC according to the amount of SAH. In FG 1 and 3
patients, no differences in shunt dependency according to
treatment modality were observed. On the contrary, surgical
dlipping may be associated with a lower risk for shunt depen-
dency in FG 4 patients, and endovascular coiling may be
associated with a lower risk in FG 2 patients.

In addition, we suggest that these findings might be a
considerable factor when deciding on treatment modality in
aneurysmal SAH patients, particularly under conditions where
the ruptured aneurysm can be occluded by either clipping or
coiling.
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