Supplementary Figures to Meta-Analysis

Supplementary Figure 1: Bleeding Volume

Robot Control Mean Difference
Studies Mean SD Total Mean SD Total Weight MD 95% ClI IV, Random, 95% ClI
Endoscopy
Wu 190.10 25.60 21 21540 28.30 32 44.7% -25.30 [-40.00; -10.60]
Frame Surgery
Liang 42.65 10.65 71 4564 11.78 71 553% -299 [-6.68; 0.70]
Total (95% CI) 92 103 100.0% -12.96 [-34.70; 8.78]
Heterogeneity: Tau? = 218.9743; ChiZ = 8.33, df = 1 (P < 0.01); I? = 88%
Test for overall effect: Z=-1.17 (P = 0.24) -20 0 20
Test for subgroup differences: Chi®=8.33, df = 1 (P <0.01) Favors Robot Favors Control

Supplementary Figure 2: Funnel plot for last follow-up Mortality
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Supplementary Figure 3: Early Mortality



Study or Robot Control Odds Ratio
Subgroup Events Total Events Total Weight OR 95% CI IV, Random, 95% CI
Conservative

Xu 2 16 7 23  438% 033 [0.06; 1.84) ————

Test for overall effect: Z=-1.27 (P = 0.204)

Craniotomy

Han 1 77 1 56 16.8% 0.72 [0.04; 11.82] =

Jin 3 77 2 61 394% 1.20 [0.19; 7.39] i
Total (95% CI) 4 154 3 117 56.2% 1.03 [0.22; 4.73]

Heterogeneity: Tau® = 0; Chi® = 0.09, df = 1 (P = 0.77); I = 0%

Total (95% CI) 6 170 10 140 100.0% 0.62 [0.20; 1.95]

Heterogeneity: Tau® = 0; Chi® = 1.04, df = 2 (P = 0.59); I> = 0%
Test for overall effect: Z=-0.81 (P = 0.416)
Test for subgroup differences: Chi® = 0.95, df = 1 (P=0.33)
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Supplementary Figure 4: Leave one out sensitivity analysis for mean mRS

Study Mean Difference
Omitting Zhang ——
Omitting Tang —
Omitting Wu —a
Omitting Wang —a
Omitting Han —s5—
Omitting Jin —e—
Random effects model <:Z>-
I I T T | 1
-2 -15 -1 -05 0 05 1

Favors Robot Favors Control

MD 95%-Cl 12
-0.85 [-1.13; -0.56] 75%
-0.69 [-0.91; -0.48] 43%
-0.81 [-1.12; -0.49] 77%
-0.80 [-1.23; -0.37] 77%
-0.91 [-1.19; -0.63] 61%
-0.78 [-1.10; -0.47] 76%
-0.81 [-1.08; -0.53] 71%

Supplementary Figure 5: Patients with mRS score equal or smaller than 3

Study or Robot Control Odds Ratio
Subgroup Events Total Events Total Weight OR 95% CI IV, Random, 95% CI
Conservative :

Tang 10 51 0 74 13.1% 37.70 [2.15;659.81] —a—
Zhang 8 26 5 25 266% 178  [0.49; 6.43] ——

Total (95% CI) 18 77 5 99 39.7%  6.20 [0.33; 117.53] ———

Heterogeneity: Tau? = 3.3826; Chi’ = 3.64, df = 1 (P = 0.06); I> = 73%
Test for overall effect: Z = 1.21 (P = 0.224)

Endoscopy

Tan 26 37 23 37 29.9% 1.44
Zou 11 26 46 68 30.3% 0.35
Total (95% CI) 37 63 69 105 60.3% 0.71

Heterogeneity: Tau® = 0.7617; Chi® = 4.25, df = 1 (P = 0.04); I = 76%
Test for overall effect: Z=-0.49 (P = 0.621)

Total (95% ClI) 55 140 74 204 100.0% 1.52
Heterogeneity: Tau? = 1.2307; Chi® = 12.37, df = 3 (P < 0.01); I = 76%
Test for overall effect: Z =0.63 (P = 0.527)

Test for subgroup differences: Chi? = 1.72, df = 1 (P = 0.19)

[0.55; 3.79]
[0.14; 0.89]
[0.18; 2.81]

[0.41; 5.60]
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Supplementary Figure 6: Stress ulcers events

Study or Robot Control Odds Ratio
Subgroup Events Total Events Total Weight OR 95% ClI IV, Random, 95% CI
Conservative ;

Tang 22 51 37 74  582% 0.76 [0.37; 1.55] ==

Wang 4 35 8 49  21.9% 066 [0.18; 2.40] —

Total (95% Cl) 26 86 45 123 80.0% 0.73 [0.39; 1.37] -
Heterogeneity: Tau? = 0; Chi? = 0.03, df = 1 (P = 0.86); I> = 0% 1

Test for overall effect: Z =-0.97 (P = 0.334)

Craniotomy :

Jin 3 77 9 61 20.0% 023 [0.06;091] —&—

Total (95% Cl) 29 163 54 184 100.0% 0.58 [0.31;1.10] =
Heterogeneity: Tau® = 0.0450; Chi® = 2.29, df = 2 (P = 0.32); I = 13% ! ' ' '
Test for overall effect: Z=-1.68 (P = 0.094) 01 051 2 10

Test for subgroup differences: Chi? = 2.25, df = 1 (P=0.13)

Favors Robot Favors Control

Supplementary Figure 7: Leave one out sensitivity analysis of GOS score

Study Mean Difference MD 95%-Cl 12
Omitting Wu 0.69 [0.08; 1.31] 95%
Omitting Han : 0.82 [0.26; 1.38] 88%
Omitting Xu - 0.41 [0.23;0.58] 0%
Omitting Bao = 0.68 [0.16; 1.20] 92%
Omitting Jin 0.73 [0.01; 1.45] 94%
Random effects model _ ——— 0.68 [0.16; 1.20] 92%
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Supplementary Figure 8: Hospitalization duration (days)



Robot Control

Studies Mean SD Total Mean SD Total Weight MD

Mean Difference
95% ClI IV, Random, 95% CI

Conservative

Xu 19.69 2.93 16 29.35 3.14
Test for overall effect: Z = -9.83 (P < 0.01)

Craniotomy

Han 9.30 270 77 11.10 4.80
Jin 11.41 490 77 14.56 7.78
Total (95% Cl) 154

23 20.4% -9.66 [-11.59;-7.73] -}

56 21.2% -1.80 [-3.19;-0.41]
61 19.9% -3.15 [-5.39;-0.91]
117 41.0% -2.18

Heterogeneity: Tau® = 0.0062; Chi’ = 1.01, df = 1 (P = 0.32); > = 1%

Test for overall effect: Z = -3.59 (P < 0.01)

Endoscopy

Tan 16.46 8.43 37 16.08 5.73
Wu 11.10 2.80 21 13.80 3.30
Total (95% CI) 58

37 17.8% 0.38

69 38.6% -1.50

Heterogeneity: Tau® = 2.9824; Chi’ = 2.69, df = 1 (P = 0.10); I? = 63%

Total (95% Cl) 228

209 100.0% -3.47

Heterogeneity: Tau? = 11.4040; Chi? = 51.36, df = 4 (P < 0.01): I = 92%

Test for overall effect: Z = -2.19 (P = 0.03)

Test for subgroup differences: Chi® = 44.95, df = 2 (P<0.01)

[ -3.37; -0.99]

[-2.90; 3.66]
32 20.8% -2.70 [-4.36:-1.04]
[-4.44; 1.44]

[ -6.58; -0.36)
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Supplementary Figure 9: Leave one out sensitivity analysis of hospitalization duration

(days)
Study Mean Difference
Omitting Wu
Omitting Han
Omitting Tan :
Omitting Xu P
Omitting Jin
Random effects model —ﬁ—-
I I I I
-8 -6 -4 -2 0

Favors Robot
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Supplementary Figure 10: Pulmonary infection.

MD

-3.64
-3.89
-4.30
-2.13
-3.53

-3.47

95%=Cl 12

[-7.85; 0.56] 94%
[-7.93; 0.15] 93%
[-7.74; -0.87] 93%
[-3.19; —1.08] 19%
[-7.44; 0.37] 94%

[-6.58; -0.36] 92%



Study or Robot Control Odds Ratio
Subgroup Events Total Events Total Weight OR 95% ClI IV, Random, 95% CI
Conservative :

Wang 3 35 14 49 111% 023 [0.06;0.80] —m—

Xu 9 16 16 23 11.2% 056 [0.15;2.12] —
Total (95% CI) 12 51 30 72 22.2% 0.36 [0.14; 0.93] ~—
Heterogeneity: Tau® = 0; Chi = 0.83, df = 1 (P = 0.36); I> = 0% §

Test for overall effect: Z=-2.10 (P = 0.035)

Craniotomy :

Han 27 77 36 56 36.5% 030 [0.15;0.62] ——

Jin 4 77 13 61 14.1% 020 [0.06;0.66] —@——
Total (95% Cl) 31 154 49 117 50.6% 0.27 [0.15; 0.50] -
Heterogeneity: Tau® = 0; Chi? = 0.31, df = 1 (P = 0.58); I = 0%

Test for overall effect: Z=-4.18 (P < 0.001) :
Endoscopy

Wu 1 21 4 32 3.9% 035 [0.04;3.37] -

Zou 11 26 32 68 23.2% 0.82 [0.33; 2.05] i
Total (95% Cl) 12 47 3 100 27.1% 0.73 [0.31;1.71] j
Heterogeneity: Tau® = 0; Chi® = 0.47, df = 1 (P = 0.49); I> = 0% 3

Test for overall effect: Z=-0.72 (P = 0.470)

Total (95% CI) 55 252 115 289 100.0% 0.38 [0.24; 0.59] -

Heterogeneity: Tau® = 0.0085; Chi® = 5.13, df = 5 (P = 0.40); I> = 3%

Test for overall effect: Z = -4.27 (P < 0.001)
Test for subgroup differences: Chi = 3.51, df =2 (P = 0.17)

0.1 051 2 10
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Supplementary Figure 11: Leave one out sensitivity analysis of pulmonary infection.

Study Odds Ratio
Omitting Wu :
Omitting Wang —
Omitting Han ——
Omitting Zou —
Omitting Xu —
Omitting Jin —a
Random effects model _
I T 1
0.1 0.5 1 2

Favors Robot Favors Control

OR 95%-Cl 12

0.38 [0.22; 0.64] 22%
0.40 [0.24; 0.67] 13%
0.42 [0.23;0.77] 11%
0.30 [0.18;0.49] 0%
0.36 [0.21; 0.60] 16%
0.42 [0.26;0.67] 0%

0.38 [0.24; 0.59] 3%

Supplementary Figure 12: Digestive Track Hemorrhage



Study or Robot Control Odds Ratio
Subgroup Events Total Events Total Weight OR 95% ClI IV, Random, 95% ClI
Conservative :

Xu 10 16 15 23 36.3% 0.89 [0.24; 3.35] ;

Craniotomy

Han 7 A 20 56  46.4% 0.18 [0.07;0.47] —l—

Endoscopy ]

Wu 1 21 2 32 17.3% 0.75 [0.06; 8.83] ®

Total (95% Cl) 18 114 37 111 100.0% 0.41 [0.12; 1.36] ——i——
Heterogeneity: Tau? = 0.5640; Chi’ = 4.13, df = 2 (P = 0.13); I> = 52% ' T ' '
Test for overall effect: Z = -1.46 (P = 0.145) 0.1 05 1 2 10

Test for subgroup differences: Chi? = 4.13, df = 2 (P = 0.13)

Supplementary Figure 13: Renal dysfunction

Favors Robot Favors Control

Study or Robot Control Odds Ratio
Subgroup Events Total Events Total Weight OR 95% ClI IV, Random, 95% CI
Conservative

Wang 5 35 17 49  81.8% 0.31 [0.10; 0.96] ——

Xu 1 16 3 23 182% 044 [0.04;4.71] =

Total (95% CI) 6 51 20 72 100.0% 0.33 [0.12;0.92] —~—
Heterogeneity: Tau® = 0; Chi® = 0.07, df = 1 (P = 0.79); I* = 0% é

Test for overall effect: Z=-2.13 (P = 0.033)

Total (95% Cl) 6 51 20 72 100.0% 0.33 [0.12;0.92] el
Heterogeneity: Tau? = 0; Chi® = 0.07, df =1 (P = 0.79): I> = 0% ' T T '
Test for overall effect: Z=-2.13 (P = 0.033) 0.1 051 2 10

Test for subgroup differences: Chi? = 0.00, df = 0 (P = NA)

Supplementary Figure 14: lon balance disturbance

Favors Robot Favors Control

Study or Robot Control Odds Ratio
Subgroup Events Total Events Total Weight OR 95% ClI IV, Random, 95% CI
Conservative

Wang 7 35 13 49  325% 069 [0.24: 1.96] —m

Craniotomy

Jin 29 72 35 55 67.5% 039 [0.19;0.79 —l—

Total (95% Cl) 3 107 48 104 100.0% 0.47 [0.26;0.84] —eegim—

Heterogeneity: Tau® = 0; Chi’ = 0.82, df = 1 (P = 0.37); = 0% f ' T !
Test for overall effect: Z=-2.52 (P = 0.012) 0.2 05 1 2 5

Test for subgroup differences: Chi® = 0.82, df = 1 (P = 0.37)

Supplementary Figure 15: Mean GCS score
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Robot Control

Mean SD Total Mean SD Total Weight MD 95% CI

Studies

Mean Difference
IV, Random, 95% CI

Conservative

Bao 448 068 29 330046 23 36.5% 1.18 [0.87;1.49]
Xu 744110 16 465065 23 33.9% 2.79 [2.19; 3.39]
Total (95% Cl) 45 46 70.3% 1.96 [0.39; 3.54]
Heterogeneity: Tau? = 1.2365; Chi? = 21.76, df = 1 (P < 0.01); I = 95%

Craniotomy

Han 13.50 2.10 77 1160 3.10 56 29.7% 1.90 [0.96; 2.84]

Test for overall effect: Z = 3.97 (P < 0.01)

Total (95% Cl) 122 102 100.0% 1.94 [0.82; 3.06]
Heterogeneity: Tau® = 0.8658; Chi? = 22.34, df = 2 (P < 0.01); 1= 91%
Test for overall effect: Z = 3.40 (P < 0.01)

Test for subgroup differences: Chi% = 0.00, df =1 (P =0.95)

Supplementary Figure 16: Intracranial infection
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Study or Robot Control Odds Ratio
Subgroup Events Total Events Total Weight OR 95% ClI IV, Random, 95% CI
Craniotomy :

Han 0 77 5 56 12.0% 0.06 [0.00;1.12) ———=——

Jin 4 77 5 61  55.0% 061 [0.16;2.39] i

Total (95% CI) 4 154 10 117  67.0% 0.28 [0.03; 2.40] )

Heterogeneity: Tau® = 1.3395: Chi* = 1.99, df = 1 (P = 0.16): I = 50% f

Test for overall effect: Z=-1.16 (P = 0.246)

Endoscopy :

Tan 0 37 3 37 11.3% 0.13 [0.01;264] ——®———

Zou 1 26 6 68 21.7% 0.4 [0.05; 3.61] ——

Total (95% CI) 1 63 9 105 33.0% 0.28 [0.05;1.62] i
Heterogeneity: Tau® = 0; Chi’ = 0.37, df = 1 (P = 0.54); I = 0% ;

Test for overall effect: Z=-1.42 (P = 0.154) ;

Total (95% CI) 5 217 19 222 100.0% 0.36 [0.13; 0.98] -
Heterogeneity: Tau® = 0; Chi® = 2.48, df = 3 (P = 0.48); 1> = 0% ' ' '
Test for overall effect: Z=-1.99 (P = 0.046) 0.01 01 1 10 100

Test for subgroup differences: Chi® = 0.00, df = 1 (P =1.00)

Favors Robot Favors Control

Supplementary Figure 17: Leave one out sensitivity analysis of intracranial infection

Study Odds Ratio OR 95%-Cl 12
Omitting Han 0.46 [0.16; 1.34] 0%
Omitting Zou 0.29 [0.07;1.17] 19%
Omitting Tan 0.41 [0.14;1.19] 0%
Omitting Jin 0.19 [0.04;0.84] 0%
Random effects model —=——" ———— 0.36 [0.13;0.98] 0%

I T !
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Supplementary Figure 18: Hydrocephalus incidence

Study or Robot Control Odds Ratio
Subgroup Events Total Events Total Weight OR 95% CI IV, Random, 95% CI
Conservative ;

Bao 28 36 20 46 585% 455 [1.71;12.10] —l—
Endoscopy

Zou 1 26 6 68 415% 0.41 [0.05; 3.61] L

Total (95% CI) 29 62 26 114 100.0% 1.68 [0.17; 17.04] ———
Heterogeneity: Tau? = 2.1407; Chi® = 3.91, df = 1 (P = 0.05); I* = 74% ' T !
Test for overall effect: Z = 0.44 (P = 0.661) 0.1 051 2 10

Test for subgroup differences: Chi? = 3.91, df = 1 (P = 0.05)

Supplementary Figure 19: Hospitalization costs

Favors Robot Favors Control

Robot Control Mean Difference
Studies Mean SD Total Mean SD Total Weight MD 95% CI IV, Random, 95% CI
Craniotomy
Jin 70500.00 23300.00 77 98700.00 41400.00 61 67.4% -28200.00 [-39819.83; -16580.17] ——
Endoscopy :
Tan 50516.00 29806.00 37 89155.00 42647.00 37 32.6% -38639.00 [-55404.04;-21873.96] ——
Total (95% Cl) 114 98 100.0% —-31598.52 [-41185.78; —22011.27] -
Heterogeneity: Tau? = 328947.6926; Chi’ = 1.01,df =1 (P = 0.32); P = 1%
Test for overall effect: Z = -6.46 (P < 0.01) -40000 0 20000

Test for subgroup differences: Chi?=1.01,df =1 (P=0.32)

Supplementary Figure 20: ICU stay (days)

Robot Control

Studies Mean SD Total Mean SD Total Weight MD

95% Cl

Favors Robot  Favors Control

Mean Difference
IV, Random, 95% CI

Conservative

Xu 13.00 242 16 23.35 295 23 51.3% -10.35 [-12.04; —8.66]
Endoscopy

Tan 4.38 6.11 37 7.306.66 37 48.7% -2.92 [-5.83;-0.01]
Total (95% CI) 53 60 100.0% -6.73 [-14.01; 0.55]

Heterogeneity: Tau? = 26.1264; Chi® = 18.70, df = 1 (P < 0.01); I = 95%
Test for overall effect: Z = -1.81 (P = 0.07)

Test for subgroup differences: Chi? = 18.70, df = 1 (P <0.01)
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