[image: ] Figure S1: The overall pooled incidence of postoperative CSF leakage in spine surgery, stratified by population.

[image: ]Figure S2: The overall pooled incidence of postoperative infection in spine surgery, stratified by population.
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 Figure S3: The overall pooled incidence of reoperation rate in spine surgery, stratified by population.

[image: ]
 Figure S4: The overall pooled incidence of CSF leakage-related complications in spine surgery, stratified by clip type.
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 Figure S5: The overall pooled incidence of CSF leakage-related complications in spine surgery, stratified by population.
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Figure S6: Meta-regression assessing the association of clip type, age, and follow-up duration with CSF leakage rates
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Figure S7: Meta-regression assessing the association of clip type, age, and follow-up duration with infection rates
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Figure S8: Meta-regression assessing the association of clip type, age, and follow-up duration with reoperation rates
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Figure S9: Meta-regression assessing the association of clip type, age, and follow-up duration with CSF leakage-related complication rates
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Figure S10: Funnel plot for postoperative CSF leakage in spine surgery.

[image: ] Figure S11: Funnel plot for postoperative infection in spine surgery.
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Figure S12: Funnel plot for reoperation rate in spine surgery.
[image: ] Figure S13: Funnel plot for CSF leakage-related complications in spine surgery.
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Figure S14: Funnel plot for postoperative CSF leakage in skull base surgery.
[image: ] Figure S15: Funnel plot for postoperative infection in skull base surgery.

image7.png
Age

Co

aqenEn

Estimate with 95% Confidence Interval




image8.png
Nitinol U-clip

Non-penetrating titanium clip

Variable

Follow_up.

2

P
‘H
;

0 2
Estimate with 95% Confidence Interval




image9.png
Penetrating titanium clip |

Non.penetrating titanium clip }

Variable

age H

5 0 5
Estimate with 95% Confidence Interval




image10.png
Standard Error

10 05 0.0

15

Funnel Plot for Publication Bias

Proportion





image11.png
Standard Error

10 05 0.0

15

Funnel Plot for Publication Bias

Proportion





image12.png
Standard Error

10 05 0.0

15

Funnel Plot for Publication Bias

Proportion





image13.png
Standard Error

08 06 04 02 00

Funnel Plot for Publication Bias

Proportion





image14.png
Standard Error

10 05 0.0

15

Funnel Plot for Publication Bias

Proportion





image15.png
Standard Error

10 05 0.0

15

Funnel Plot for Publication Bias

Proportion





image1.png
Study or

Subgroup Events Total Weight IV,Random,95% Cl IV, Random,95% CI
Age = Adults

Patel 2024 2 51 81%  004[000,0.13] ®W—

Anselmi 2024 32 272 148%  012[008:016]

Heo 2022 0 5  31%  000[000,052] =——

1t 2015 1 31 54%  003[000,0.17] #—

Song 2011 0 7 32%  000[000,041] - ———

Kuppan 2020 1 5 48%  020[001,072] ——@——————

Oljnyk 2025 0 12 33%  000[000;026] =+—

Nicoletti 2020 0 1 27%  000[000,0.97] #H—————
Timothy 2007 8 58  124%  014[006,025] H—

Cheng 2014 0 1 27%  0.00[0.00;0.97]

Laut 2018 0 50  33%  000[000,007] =

Park 2010 0 2 29%  000[000,084] =H——
Ferroli 2008 0 1 27%  000[000,0.97] ®H——————
Park 2020 0 2 29%  000[0.00;0.84]

Takenaka 2019 1 5  48%  020[001,072] ——®——

Beier 2009 1 5 48%  020[001,072] ——®——————

Total (95% CI) 508  819%  0.11[0.09;0.14]  #

Heterogeneity: Tau? = 0; Chi® = 11.07, df = 15 (P = 0.7475); ¥ = 0%
Test for overall effect: t;z = . (P =)

Age = Children
O'Neill 2024 0 9 32%  000[0.00;0.34] ®H—
Shields 2025 0 200  34%  000[000;001] ®

Kaufman 2010 0 26 33%  000[000,0.13 ®—
‘Shahrestani 2022 2 15 82%  001[000;005 B

Total (95% CI) 477 181%  0.01[0.00;0.07] &

Heterogeneity: Tau® = < 0.0001; Chi* = 3.04, df = 3 (P = 0.3862); ' = 12%
Test for overall effect: t, = (P = )

Total (95% CI) 985 1000%  0.07[0.04;012] @
Heterogeneity: Tau® = 0.5453; Chi® = 31.26, df = 19 (P = 0.0378); I = 39.2%
Test for subgroup differences: Chi® = 17.29, df = 1 (P < 0.0001) 0 02 04 06 08




image2.png
Study or

Subgroup Events Total Weight IV,Random,95%Cl IV, Random, 95% CI
Age = Adults

Heo 2022 0 5  51%  000[000,052] ®————

1t 2015 0o 3 54%  0.00[0.00;0.11] mwi—

Song 2011 0 7 52%  000[000,041] E——

Oljnyk 2025 0 12 53%  000[000;026] ®——

Glenn 2017 6 53 183% 011004023 H—

Timothy 2007 6 58  184%  010(004;021] H—

Ferroil 2008 0 1 43%  000[0.00;097] #—————
Takenaka 2019 0 5  51%  000[000,052] E———

Total (95% CI) 172 674% _ 010[0.07;0.14] @

Heterogeneity: Tau? = 0; Chi® = 3.07, df = 7 (P = 0.8787); I = 0%
Test for overall effect:t; = (P =)

Age = Children
O'Neill 2024 0 9 52%  0.00[0.00;0.34]
Shields 2025 6 200 188%  0.02[0.01:0.04]
‘Shahrestani 2022 1152 89%  0.01[0.00;0.04]
Total (95% CI) 451 329%  0.02[0.00;0.08] #

Heterogeneity: Tau® = 0; Chi’ = 1.66, df = 2 (P = 0.4356); I = 0%
Test for overall effect:t; = . (P =)

Total (95% CI) 623 1000%  0.05[0.03;010] &

- - - - T T T 1
Heterogeneity: Tau® = 0.5789; Chi’ = 18.77, 0 (P =0.0433); I° = 46.7%
Test for subgroup differences: Chi” = 20.27, (P <0.0001) 0 02 04 06 08





image3.png
Study or

Subgroup Events Total Weight IV, Random,95% CI IV, Random, 95% CI
Age = Adults
Patel 2024 6 51 146% 012[0.04;024]  —H—
Anselmi 2024 7 272 165% 006[0.04;0.10] W
102015 0 31 55% 0.00[0.00;0.11]  B=—
Kuppan 2020 1 5 75% 020[0.01;0.72] ——@—
Timothy 2007 3 58 128% 005[0.01;0.14] H—
Park 2010 0 2 49% 0.00[0.00;0.84] ®H————
Beier 2009 1 5 75% 020(001;072) ——@—————
Total (95% CI) 424 692%  0.08[0.05012] @
Heterogeneity: Tau® = 0.0355; Chi® = 6.04, df = 6 (P = 0.4184); P = 0.7%
Test for overal effect t; = . (P =)
Age = Children
O'Neill 2024 0 19 55% 0.00[0.00;0.18]  B=——
Shields 2025 2200 114% 0.01(0.00; 0.02]
Kaufman 2010 0 26 55% 0.00[0.00;0.13] ®—
‘Shahrestani 2022 1 152 8.4% 0.01[0.00;0.04] B
Total (95% CI) 487 308% _ 0.01[0.00;002] +
Heterogeneity: Tau? = 0; Chi® = 1.03, df = 3 (P = 0.7941); I = 0%
Test for overall effect: t, = . (P =)
Total (95% CI) 911  1000%  0.05[0.02;010]
L N B B

Heterogeneity: Tau® = 0.9188; Chi® = 23 38, df = 10 (P = 0.0094); I = 57 2%
Test for subgroup differences: Chi® = 36.75, df = 1 (P < 0.0001)




image4.png
Study or

IV, Random, 95% Cl

IV, Random, 95% Cl

Subgroup Events Total  Weight
Subgroup = Aneurysm Clip

Patel 2024 6 51 215%
Subgroup = Non-penetrating titanium clip
Kuppan 2020 3 5 145%
Kaufman 2010 4 26 199%
Timothy 2007 5 58 211%
Total (95% CI) 89 554%

Heterogeneity: Tau”
Test for overall effect: t, = . (P =)

Subgroup = Penetrating titanium clip
Shields 2025 10 200 230%

Total (95% CI) 430 100.0%

0.12[0.04; 0.24]

060 [0.15; 0.95]
0.15[0.04; 0.35]
0.09[0.03;0.19]
0.20 [0.01; 0.88]

2986; Chi® = 7.29, df = 2 (P = 0.0262); I = 72.6%

0.03[0.02; 0.06]
0.12[0.03; 0.40]

Heterogeneity: Tau® = 1.1265; Chi® = 20.22, df = 4 (P = 0.0005); I* = 80.2%

Test for subgroup differences: Chi® = 9.09, df =

2(P=00106)

-
. e
i
-
et ——
————
LI R
02 04 06 08




image5.png
Study or

Subgroup Events Total Weight IV,Random,95%Cl  IV,Random,95% Cl
Age = Adults

Patel 2024 6 51 215%  012[004,024 —H—

Kuppan 2020 3 5 145%  060[0.15095] —a——
Timothy 2007 5 58 211%  009[003019] -

Total (95% CI) 114 570%  0.18[0.01;0.88] -~ ———

Heterogeneity: Tau® = 1.3949; Chi® = 7.42, df = 2 (P = 0.0245); I = 73%

Test for overall effect: t, = . (P =)

Age = Children
Shields 2025 10 200 230%
Kaufman 2010 4 26 199%
Total (95% CI) 36 43.0%

Heterogeneity: Tau” =
Test for overall effect: t, = . (P =)

Total (95% CI) 430 100.0%

0.03[0.02; 0.06]
0.15[0.04; 0.35]
0.07 [0.00; 1.00]

1248; Chi* = 6,64, df = 1 (P = 0.0100); I° = 84.9%

0.12[0.03; 0.40]

Heterogeneity: Tau® = 1.1265; Chi® = 20.22, df = 4 (P = 0.0005); I = 80.2%
Test for subgroup differences: Chi” = 0.87, df = 1 (P = 0.3497)

02 04 06 08




image6.png
Variable

Penetrating titanium clip ~ ——+———

Non-penetrating titanium clip }—'—1
Nitinol U-clip )—._.—1
-
Age (years) j“
o aswa

Estimate with 95% Confidence Interval




