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[Abstract] Objective To systematically review the risk of shunt-dependent hydrocephalus after
treatment of ruptured intracranial aneurysms by microsurgical clipping versus endovascular coiling.
Methods A comprehensive literature search from January 1990 to September 2015 was conducted in
electronic databases, such as PubMed, EMBASE/SCOPUS, Cochrane Central Register of Controlled Trials
(CENTRAL), China National Knowledge Infrastructure (CNKI) and Wanfang data, for randomized controlled
trials (RCTs) or observational studies. Key words were defined as hydrocephalus, shunt, clipping, coiling,
surgical, endovascular, embolization, treatment, intracranial aneurysm, cerebral aneurysm, subarachnoid
hemorrhage both in Chinese and English. Manual search was also conducted on several relevant journals,
such as Chinese Journal of Neurosurgery, Chinese Journal of Contemporary Neurology and Neurosurgery,
Chinese Journal of Cerebrovascular Diseases, and so on. Data were extracted and evaluated by two reviewers
independently. Jadad Scale was used to assess the quality of RCTs. Newcastle-Ottawa Scale (NOS) was
used to evaluate the quality of nonrandomized controlled trials. RevMan 5.3 and Stata 13.1 were used for
Meta - analysis. Results Eighteen observational studies were finally included, involving 15 920 patients
with ruptured intracranial aneurysms, among whom 10 038 patients underwent clipping and 5882 underwent

coiling. The result of Meta-analysis indicated that there was no statistical significance on the incidence of
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shunt-dependent hydrocephalus between clipping and coiling (OR = 0.860, 95%CI: 0.720-1.030; P =0.110).

However, the findings showed low stability as the results of fixed effects model and random effects model

were different. The result of Egger’s test indicated no publication bias (P = 0.795). Conclusions The

frequency of shunt-dependent hydrocephalus was not significantly different between clipping and coiling.

However, the conclusion still needs to be further verified by high-quality studies.
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Table 1. Baseline characteristics of 18 included studies
N
Zaidi, et al " (2015) Clipping 280 85(30.36) 195 (69.64) 53.21%12.80 Random allocation Prospective RCT
(retrospectively reviewed)
Coiling 128 38(29.69)  90(70.31) 54.30=12.00 Random allocation Prospective RCT
(retrospectively reviewed)

Rincon, et al ' (2010) Clipping 309 Not available Not available Not available Retrospective study
Coiling 95 Not available Not available Not available Retrospective study

Bae, et al ™ (2014) Clipping 157 58 (36.94) 99 (63.06) 56.94 By a vascular neurosurgeon Retrospective study
Coiling 58 17 (29.31) 41 (70.69) 55.67 By a vascular neurosurgeon Retrospective study

Dehdashti, et al “ (2004)  Clipping 180 68 (37.78)  112(62.22) 49.00 By a neurosurgeon and a neuroradiologist Prospective nonrandomized study
Coiling 65 20 (30.77) 45(69.23) 52.00 By a neurosurgeon and a neuroradiologist Prospective nonrandomized study

Dorai, et al " (2003) Clipping 684 Not available Not available Not available Retrospective study
Coiling 34 Not available Not available Not available Retrospective study

Gruber, et al ™ (1999) Clipping 125 Not available Not available By a neurosurgeon and a neuroradiologist Prospective nonrandomized study
Coiling 62 Not available Not available By a neurosurgeon and a neuroradiologist Prospective nonrandomized study

Jartti, et al ' (2008) Clipping 102 48 (47.06) 54 (52.94) 52.00 By a neurosurgeon and a neuroradiologist Retrospective study
Coiling 107 44 (41.12) 63 (58.88) 53.00 By a neurosurgeon and a neuroradiologist Retrospective study

Koh, et al ™" (2013) Clipping 33 15 (45.45) 18 (54.55) 54.10+13.90 Not available Retrospective study
Coiling 22 8 (36.36) 14 (63.64) 52.80+11.60 Not available Retrospective study

Kong, etal " (2014) Clipping 55 Not available 52.90+12.40 Not available Retrospective study
Coiling 51 Not available 54.30+11.90 Not available Retrospective study

Hoh, et al "> (2011) Clipping 6593 2044 (31.00) 4549 (69.00) 53.00 +13.00 Not available Retrospective study
Coiling 4306 1378 (32.00) 2928 (68.00) 55.00+15.00 Not available Retrospective study

Premananda, et al " (2012) Clipping 204 Not available Not available Not available Retrospective study
Coiling 64 Not available Not available Not available Retrospective study

Nam, et al ™*' (2010) Clipping 498 191 (38.35) 307 (61.65) 54.18 By a neurosurgeon and a neuroradiologist Retrospective study
Coiling 238 71(29.83) 167 (70.17) 57.03 By a neurosurgeon and a neuroradiologist Retrospective study

Natarajan, etal ¥ (2008)  Clipping 105  37(35.24) 68 (64.76) Not available By a physician Retrospective study
Coiling 87 29 (33.33) 58 (66.67) Not available By a physician Retrospective study

de Oliveira, et al ' (2007)  Clipping 212 Not available Not available By a neurosurgeon and a neuroradiologist Prospective nonrandomized study
Coiling 173 Not available Not available By a neurosurgeon and a neuroradiologist Prospective nonrandomized study

Sethi, et al '™ (2000) Clipping 50 14 (28.00) 36 (72.00) Not available Not available Retrospective study
Coiling 50 23 (46.00) 27 (54.00) Not available Not available Retrospective study

Shen, et al "™ (2015) Clipping 291 Not available Not available Not available Retrospective study
Coiling 266 Not available Not available Not available Retrospective study

Taha, et al ™’ (2006) Clipping 25 Not available Not available Not available Retrospective study
Coiling 28 Not available Not available Not available Retrospective study

Varelas, et al ™ (2006) Clipping 135 46 (34.07) 89 (65.93) 53.00 +14.00 By a neurosurgeon and a neuroradiologist Retrospective study
Coiling 48 21 (43.75) 27(56.25) 51.00+15.00 By a neurosurgeon and a neuroradiologist Retrospective study

RCT, randomized controlled trial , Ffi L X H& i 56
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Table 2. Results of quality assessment on 18 included studies by NOS (score)
Selection Comparability Outcome
Study Tt it Select the Ascertain lProve‘ lhal<0utcomev of C?n!rols for Contro.ls' for Assess Was follow-up Bl ol Total
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Clipping Coiling Weight OR OR
Study or subgroup Events Total Events Total (%) M-H, Random, 95%CI M-H, Random, 95%CI
Bae, et al " (2014) 24 157 6 58 3.000 1.560[0.600, 4.050] —
Dehdashti, et al " (2004) 25 180 13 65 4500  0.650[0.310, 1.350] —_—
Dorai, et al "' (2003) 136 684 16 34 5.000  0.280[0.140, 0.560] ——
Gruber, et al ™* (1999) 29 125 11 62 4300 1.400[0.650, 3.030] —t—
Hoh, et al " (2011) 610 6593 454 4306  18.400  0.870[0.760, 0.980] =
Jartti, et al ' (2008) 30 102 33 107 6.300  0.930[0.520, 1.690] —
Koh, et al " (2013) 9 33 4 22 1.700  1.690[0.450, 6.360] ———
Kong, et al''" (2014) 4 55 4 51 1.400  0.920[0.220, 3.900] —_—
Nam, et al "' (2010) 93 498 52 238  10.600  0.820[0.560, 1.200] —r
Natarajan, et al "' (2008) 14 105 13 87 3.900 0.880[0.390, 1.980] —
de Oliveira, et al'* (2007) 37 212 34 173 7.600  0.860[0.520, 1.450] —
Premananda, et al "' (2012) 28 204 4 64 2.400  2.390[0.800, 7.080] +—
Rincon, et al *'(2010) 38 309 16 95 5700 0.690[0.370, 1.310] e
Sethi, et al "' (2000) 3 50 3 50 1.100  1.000[0.190, 5.210]
Shen, et al "™ (2015) 91 291 104 266  11.400 0.710[0.500, 1.010] —=
Taha, et al ™' (2006) 6 25 6 28 1.180  1.160[0.320, 4.200] —_—
Varelas, et al ™ (2006) 6 135 6 48 2.100  0.330[0.100, 1.060]
Zaidi, et al'" (2015) 104 280 38 128 8.900  1.400[0.890, 2.190] +=—
Total (95%CI) 10038 5882 100.000  0.860[0.720, 1.030] &
Total events 1287 817 L 3 & i
Heterogeneity: Tau’ = 0.040; x*=27.080, df=17 (P=0.060); /> = 37.000% 0010 0.100 1000 10.000 100.000
Test for overall effect: Z=1.600 (P=0.110) Favors (clipping) Favors (coiling)

B2 N 5 2R Bl KOG e AT AR 5 e AR I AR A R K 2 A 4 L A ) RR AR TR
Figure 2 Forest plot of the incidence of shunt-dependent hydrocephalus after treatment of
ruptured intracranial aneurysms by clipping versus coiling.

Clipping Coiling Weight OR OR
Study or subgroup Events Total Events Total (%) M-H, Fixed, 95%ClI M-H, Fixed, 95%ClI
Bae, et al " (2014) 24 157 6 58 0.900  1.560[0.600, 4.050] —
Dehdashti, et al * (2004) 25 180 13 65 2.000  0.650[0.310, 1.350] —
Dorai, et al "' (2003) 136 684 16 34 2.900  0.280[0.140, 0.560] —_—
Gruber, et al* (1999) 29 125 11 62 1.300  1.400[0.650, 3.030] | —
Hoh, et al "' (2011) 610 6593 454 4306  59.500 0.870[0.760, 0.980] 1]
Jartti, et al ' (2008) 30 102 33 107 2.700  0.930[0.520, 1.690] ——
Koh, et al"* (2013) 9 33 4 22 0.400  1.690[0.450, 6.360] s
Kong, et al "' (2014) 4 55 4 51 0.500  0.920[0.220, 3.900] —_—
Nam, et al " (2010) 93 498 52 238 6.800  0.820[0.560, 1.200] —
Natarajan, et al ' (2008) 14 105 13 87 1.500  0.880[0.390, 1.980] —_—1
de Oliveira, et al '* (2007) 37 212 34 173 3.700  0.860[0.520, 1.450] ——
Premananda, et al " (2012) 28 204 4 64 0.600  2.390[0.800, 7.080] t—
Rincon, et al* (2010) 38 309 16 95 2.600  0.690[0.370, 1.310] S
Sethi, et al " (2000) 3 50 3 50 0.300  1.000[0.190, 5.210]
Shen, et al'"™ (2015) 91 291 104 266 8.900  0.710[0.500, 1.010] -
Taha, et al ' (2006) 6 25 6 28 0.500  1.160[0.320, 4.200] —_—
Varelas, et al ™ (2006) 6 135 6 48 1.000  0.330[0.100, 1.060] -
Zaidi, et al'" (2015) 104 280 38 128 3.900  1.400[0.890, 2.190] —
Total (95%CI) 10038 5882 100.000  0.870[0.790, 0.960] 4
Total events 1287 817
Heterogeneity: x* = 27.080, df =17 (P =0.060); I* = 37.000% o RO, 0 10000 100'0;')0

Test for overall effect: Z=2.800 (P =0.005)

Favors (clipping)

Favors (coiling)
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Figure 3 Forest plot of the incidence of shunt-dependent hydrocephalus after treatment of ruptured intracranial aneurysms by
clipping versus coiling after exchanging effects model.
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