Repeat Gamma Knife Radiosurgery for Recurrent Trigeminal Neuralgia:
A Systematic Review and Meta-Analysis

Supplementary Material
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Table S1. Search Strategy

Database Query
PubMed ) ) 237
(("repeat" OR "recurrent"OR "salvage") AND (radiosurgery OR "stereotactic
Scopus radiosurgery" OR "Gamma Knife" OR GKRS OR "gamma-knife" AND 142
trigeminal)
MEDLINE 996
. (("repeat" OR "recurrent"OR "salvage") AND ("Gamma Knife" OR GKRS
Peblulieenes OR "gamma-knife" AND trigeminal) 1,746
Figure S1. BNI Score After Prior Treatment Analysis. A) Forest plot. B) Leave-one-out analysis.
Events per 100
Study Year Events Total observations Proportion 95%-Cl Weight
Dhople et al. 2007 2 25 & : 8.00 [0.98; 26.03] —-%
Gupta et al. 2020 26 26 : — 100.00 [86.77;100.00] ——%
Hasegawa et al. 2002 23 27 —#— 8519 [66.27; 95.81] —-%
Helis et al. 2021 0 22 B— : 0.00 [0.00; 15.44] —-%
Helis et al. 2015 131 152 . 3 86.18 [79.66; 91.24] --%
Herman et al. 2004 14 18 —— 77.78 [52.36; 93.59] —%
Lee et al. 2018 86 108 —- 79.63 [70.80; 86.77] ——%
Loving et al. 2025 7 53 & g 13.21 [5.48; 25.34] —%
Tempel et al. 2015 17 17 . —# 100.00 [80.49; 100.00] --%
Weller et al. 2013 27 33 —— 81.82 [64.54; 93.02] --%
Random effects model 333 481 ———— 70.57 [25.81; 94.30] 100.0%

Heterogeneity: /> = 90%, p < 0.0001 I T T T T |
0 20 40 60 80 100
BNI Score I-1ll After Prior Treatment Rate

Study Leave-One-Out Meta-Analysis Proportion 95%-Cl 12
Omitting Gupta et al. = 0.60 [0.21;0.89] 91%
Omitting Loving et al. —i 0.77 [0.30; 0.96] 74%
Omitting Weller et al. = 0.69 [0.19;0.96] 91%
Omitting Tempel et al. B 0.61 [0.20; 0.90] 91%
Omitting Dhople et al. —i 0.78 [0.34; 0.96] 88%

Omitting Herman et al. = 0.70 [0.20; 0.96] 91%

Omitting Helis et al. 0.80 [0.45;0.95] 91%

Omitting Helis et al. = 0.69 [0.19; 0.95] 89%

Omitting Hasegawa et al. - 0.69 [0.19;0.95] 91%
==

Omitting Lee et al. 0.70 [0.19;0.96] 91%

Random effects model —————— 0.71 [0.26; 0.94] 90%
| | | | |

0.2 0.4 0.6 0.8 1
BNI Score I-lll After Prior Treatment Rate




Figure S2. BNI Score After Latest Treatment Analysis. A) Forest plot. B) Leave-one-out analysis.
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16 25
17 28
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23 27
18 22
101 124
14 18
42 65
156 193
16 29
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16 17
3 4
467 606
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observations

i
_._
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Proportion

64.00 [42.52; 82.03]
60.71 [40.58; 78.50]
93.10 [77.23; 99.15]
85.19 [66.27; 95.81]
81.82 [59.72; 94.81]
81.45 [73.48; 87.86]
77.78 [52.36; 93.59)
64.62 [51.77; 76.08]
80.83 [74.56; 86.13]
55.17 [35.69; 73.55]
72.00 [50.61; 87.93]
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75.00 [19.41; 99.37]
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[0.68; 0.81] 56%
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[0.69; 0.81] 58%
[0.69; 0.83] 62%
[0.72; 0.83] 51%
[0.70; 0.84] 59%
[0.68; 0.83] 56%
[0.71; 0.84] 54%
[0.69; 0.83] 62%
[0.69; 0.82] 61%
[0.68; 0.83] 58%
[0.69; 0.82] 60%
[0.71; 0.84] 57%

0.77 [0.70; 0.82] 59%



Figure S3. BNI Score After Latest Follow-up Analysis. A) Forest plot. B) Leave-one-out analysis.

Al

Events per 100

Study Year Events Total observations Proportion 95%-Cl Weight
Franzini et al. 2024 10 18 —— 55.56 [30.76; 78.47] —%
Gellner et al. 2008 21 21 : — 100.00 [83.89; 100.00] ——%
Gupta et al. 2020 23 30 —— 76.67 [57.72; 90.07] —-%
Helis et al. 2021 12 22 —— 54.55 [32.21; 75.61] —%
Kano et al. 2010 112 193 — 58.03 [50.73; 65.08] —-%
Raval et al. 2014 6 14 L . 42.86 [17.66; 71.14] —%
Tempel et al. 2015 13 17 —— 76.47 [50.10; 93.19] ——%
Weller et al. 2013 3 3B = § 8.57 [1.80; 23.06] —%
Random effects model 200 350 ——e 61.94 [35.59; 82.74] 100.0%

Heterogeneity: I = 74%, p = 0.0003 | T | T T |
0 20 40 60 80 100
BNI Score I-lll at Latest Follow-up Rate

Study Leave-One-Out Meta-Analysis Proportion 95%-Cl 12
Omitting Gupta et al. = 0.60 [0.30;0.84] 73%
Omitting Weller et al. — 0.69 [0.52;0.82] 20%
Omitting Tempel et al. = 0.60 [0.30; 0.84] 76%
Omitting Raval et al. 3 0.65 [0.35;0.87] 77%
Omitting Kano et al. = 0.63 [0.32;0.86] 78%
Omitting Helis et al. = 0.64 [0.33;0.86] 78%
Omitting Gellner et al. -~ 0.52 [0.33;0.71] 78%
Omitting Franzini et al. = 0.63 [0.32; 0.86] 78%
Random effects model e ——— 0.62 [0.36; 0.83] 74%
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Figure S4. Pain Relief Analysis. A) Forest plot. B) Leave-one-out analysis.

Al

Events per 100

Study Year Events Total observations Proportion 95%-Cl Weight
Brisman et al. 2003 29 45 —— 64.44 [48.78;78.13] 8.7%
Dvorak et al. 2009 17 28 ——— 60.71 [40.58;78.50] 7.8%
Franzini et al. 2024 10 18 B— 55.56 [30.76;78.47] 6.8%
Gellner et al. 2008 16 21 — 76.19 [52.83;91.78] 7.8%
Gupta et al. 2020 26 30 — B —  86.67 [69.28;96.24] 9.1%
Hasegawa et al. 2002 23 27 —B—  85.19 [66.27;95.81] 8.9%
Helis et al. 2021 12 22 B— 5455 [32.21;75.61] 7.2%
Helis et al. 2015 60 152 —— : 39.47 [31.65;47.72] 9.9%
Seha et al. 2025 18 25 —— 72.00 [50.61;87.93] 7.9%
Tempel et al. 2015 8 17 L ; 47.06 [22.98;72.19] 6.6%
Wang et al. 2018 596 658 § 90.58 [88.08;92.70] 10.5%
Weller et al. 2013 27 35 ——— 77.14 [59.86;89.58] 8.7%
Random effects model 842 1078 - 68.44 [58.44; 78.44] 100.0%
Heterogeneity: I* = 94%, p < 0.0001 ' ' ' ' '
20 40 60 80 100

Study

Pain Relief Rate

Omitting Gupta et al.

Omitting Weller et al.

Omitting Wang et al.

Omitting Tempel et al.

Omitting Seha et al.

Omitting Helis et al.
Omitting Helis et al.

Omitting Hasegawa et al.

Omitting Gellner et al.

Omitting Franzini et al.

Omitting Dvorak et al.

Omitting Brisman et al.

Random effects model

0.55 0.6 0.65 0.7 0.75 0.8

Pain Relief Rate

Table S2. Pain Relief Meta-Regression Analysis.

Leave-One-Out Meta—-Analysis Proportion

0.67
0.68
0.66
0.70
0.68
0.70
0.72
0.67
0.68
0.69
0.69
0.69

95%-Cl 2
[0.56; 0.77] 95%
[0.57; 0.78] 95%
[0.56; 0.76] 86%
[0.60; 0.80] 95%
[0.57; 0.79] 95%
[0.59; 0.80] 95%
[0.64; 0.81] 84%
[0.56; 0.77] 95%
[0.57; 0.78] 95%
[0.59; 0.80] 95%
[0.58; 0.80] 95%
[0.58; 0.80] 95%

0.68 [0.58; 0.78] 94%

Variable N of studies Elstfitr‘iz‘,e p-value I? Test for Residual Heterogeneity
s o SR e | reow
h:zre(fgt K=38 8:38;2 8:;22; 80.61% P <.0001
pantime | K=6 [ ooola | oases | S61% P <0001
Lot | % [ ooosr | odops | P P<.0001
e e = T R




Figure S5. Pain Recurrence Analysis. A) Forest plot. B) Leave-one-out analysis.
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Events per 100

Study Year Events Total observations Proportion 95%-Cl Weight
Dvorak et al. 2009 7 28 —— 25.00 [10.69;44.87] 6.2%
Franzini et al. 2024 5 18 = 27.78 [9.69;53.48] 4.9%
Gellner et al. 2008 6 21 —8— 28.57 [11.28;52.18] 5.3%
Gupta et al. 2020 2 30 = — 6.67 [0.82;22.07] 8.5%
Hasegawa et al. 2002 4 27 —W— 14.81 [4.19;33.73] 7.0%
Helis et al. 2021 10 22 ; 45.45 [24.39;67.79] 4.9%
Helis et al. 2015 40 152 —.— 26.32 [19.51;34.07] 9.1%
Huang et al. 2010 23 65 — 35.38 [23.92;48.23] 7.6%
Kano et al. 2010 73 168 - 43.45 [35.84;51.30] 8.9%
Lee et al. 2018 22 108 —— 20.37 [13.23;29.20] 8.9%
Omar et al. 2019 21 55 —— 38.18 [25.41;52.27] 7.2%
Tempel et al. 2015 4 17 - 23.53 [6.81;49.90] 5.1%
Wang et al. 2018 270 658 | 41.03 [37.25;44.90] 9.9%
Weller et al. 2013 11 35 —I— 31.43 [16.85;49.29] 6.4%
Random effects model 498 1404 - 29.07 [22.68; 35.46] 100.0%
Heterogeneity: /? = 85%, p < 0.0001 ' ' ' ' !
0 20 40 60 80
Pain Recurrence Rate
Study Leave-One-Out Meta-Analysis Proportion 95%-Cl 12
Omitting Gupta et al. == 0.31 [0.26;0.37] 75%
Omitting Weller et al. = 0.29 [0.22; 0.36] 86%
Omitting Wang et al. = 0.28 [0.21;0.34] 77%
Omitting Tempel et al. = 0.29 [0.23; 0.36] 86%
Omitting Kano et al. B 0.28 [0.21;0.34] 84%
Omitting Huang et al. = 0.29 [0.22; 0.35] 86%
Omitting Helis et al. = 0.28 [0.22; 0.35] 85%
Omitting Helis et al. = 0.29 [0.22; 0.36] 85%
Omitting Hasegawa et al. — 0.30 [0.24;0.37] 84%
Omitting Gellner et al. = 0.29 [0.22;0.36] 86%
Omitting Franzini et al. == 0.29 [0.22; 0.36] 86%
Omitting Dvorak et al. = 0.29 [0.23; 0.36] 86%
Omitting Omar et al. = 0.28 [0.22;0.35] 86%
Omitting Lee et al. I 0.30 [0.23; 0.37] 83%
Random effects model —— 0.29 [0.23; 0.35] 85%
| | | | |
02 025 03 03 04
Pain Recurrence Rate
Table S3. Pain Recurrence Meta-Regression Analysis.
. . Effect 2 . .
Variable N of studies . p-value I Test for Residual Heterogeneity
Estimate
Intercept 0.9444 0.0491 o
= <
AgeFS K=9 -0.0109 0.1632 82.93% P'<.0001
Intercept 0.6611 0.2484 o
= <
AgelS k=7 -0.0057 0.4857 73.20% P'<.0001
Intercept B 0.3110 0.0192 o
PainTime K=8 20.0004 0.7474 84.40% P'<.0001
Intercept 0.1714 0.1255 o
= <
LastGKTime K=10 0.0035 0.2653 75:12% P'<.0001
Intercept 0.2766 0.2513 o
= <
Dose K=10 -0.0000 0.9889 78.48% P'<.0001




Figure S6. Face Hypoesthesia Analysis. A) Forest plot. B) Leave-one-out analysis.
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24.00 [9.36;45.13] 8.1%
10.71 [2.27;28.23] 8.7%

80.95 [58.09; 94.55] 8.1%

26.67 [12.28;45.89] 8.2%
45.45 [24.39;67.79] 7.5%
57.89 [49.63;65.85] 9.1%
11.11 [1.38:;34.71] 8.4%
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27.59 [12.73;47.24] 8.1%
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0.39

39.04 [26.65; 51.42] 100.0%

95%-Cl 12
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Figure S7. Funnel Plots. A) BNI Score After Prior Treatment. B) BNI Score After Latest Treatment. C)
Pain Relief. D) Pain Recurrence. E) Facial Hypoesthesia.
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