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No. patients 
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No. patients 
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months 
median 
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months 
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Status 
No. pa-

tients (per-
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Scott et al. – 19491 Case report – V 1 / 
0 (0%) 

50 IX, X, XI, XII IX-X-XI R JF & HC I, ID SC + CL 
(C1-C3 

PTR 0 (0%) 0 (0%) 1 (100%) IX, X, XI, XII 0 (0%)  36.0 1 Alive 
(100%) 

Morelli et al. – 19662 Case report – V 1 / 
0 (0%) 

22 XII XII R HC I, ID SC + CL 
(C1) 

GTR 0 (0%) 0 (0%) 0 (0%) XII 0 (0%)  0.1 1 Dead 
(100%) 

Strang et al. – 19673 Case report – V 1 / 
0 (0%) 

51 IX, X, XI, XII XII R HC I-E, ID-ED SC + CL 
(C1) 

GTR 0 (0%) 0 (0%) 1 (100%) XII 0 (0%)  3.0 1 Alive 
(100%) 

Bartal et al. – 19734 Case report – V 1 / 
1 (100%) 

36 X, XI, XII XII L HC I-E, ID-ED SC PTR Hydrocepha-
lus 

0 (0%) 1 (100%) XII 0 (0%)  12.0 1 Alive 
(100%) 

Sumra et al. – 19785 Case report – V 1 / 
1 (100%) 

46 0 (0%) C2 R C1-C2 F E, ID-ED CL (C2) GTR 0 (0%) 0 (0%) 1 (100%) 0 (0%) 0 (0%)  1.0 1 Alive 
(100%) 

Conrad et al. – 19796 Case report – V 1 / 
0 (0%) 

46 0 (0%) C2 L C1-C2 F E, ID CL (C2) GTR 0 (0%) 0 (0%) 1 (100%) 0 (0%) 0 (0%)  1.0 1 Alive 
(100%) 

Fujiwara et al. – 19807 Case report – V 1 / 
0 (0%) 

45 XII XII R HC I, ID SC GTR 0 (0%) 0 (0%) 1 (100%) XII 0 (0%)  3.0 1 Alive 
(100%) 

Ulsø et al. – 19818 Case report – V 1 / 
0 (0%) 

28 V, VII, IX, X, XI, 
XII 

XII L FM I, ID SC GTR 0 (0%) 0 (0%) 1 (100%) XII 0 (0%)  4.0 1 Alive 
(100%) 

Berger et al. – 19829 Case report – V 1 / 
0 (0%) 

17 XII XII R HC I, ID SC GTR 0 (0%) 0 (0%) 1 (100%) XII 0 (0%)  3.0 1 Alive 
(100%) 

Dolan et al. – 198210 Case report – V 1 / 
0 (0%) 

24 VII, IX, X, XI, XII XII L HC I-E, ID SC PTR CSF leak 0 (0%) 1 (100%) IX, X, XII 0 (0%)  3.0 1 Alive 
(100%) 

Hakuba et al. – 198411 Case series – IV 2 / 
1 (50%) 

55 0 (0%) 2 C2 (100%) 1 L (50%) 
1 R (50%) 

2 C1-C3 F 
(100%) 

2 I-E, ID-ED 
(100%) 

2 CL (C2) 2 PTR 
(100%) 

0 (0%) 0 (0%) 2 (100%) 0 (0%) 0 (0%)  21.0 
(12-30) 

2 Alive 
(100%) 

Tuck et al. – 198412 Case series – IV 2 / 
0 (0%) 

57 
(52-62) 

1 XI, XII (50%) 
1 VIII, IX, X, XII 

(50%) 

2 XII (100%) 1 L (50%) 
1 R (50%) 

2 HC 
(100%) 

1 I, ID 
(50%) 

1 I-E, ID-ED 
(50%) 

2 SC (100%) 1 PTR (50%) 
1 GTR 
(50%) 

0 (0%) 0 (0%) 2 (100%) 1 XI, XII (50%) 
1 XII (50%) 

1 (50%) 36.0 30.0 
(12-48) 

2 Alive 
(100%) 

Bettoni et al. – 198513 Case report – V 1 / 
0 (0%) 

62 VII, XII XII L HC I, ED SC GTR 0 (0%) 0 (0%) 1 (100%) XII 0 (0%)  24.0 1 Alive 
(100%) 

Lesoin et al. – 198614 Case report – V 1 / 
1 (100%) 

55 0 (0%) C2 R C1-C3 F E, ED CL (C2-C3) PTR C2 anesthesia 0 (0%) 1 (100%) 0 (0%) 0 (0%)  3.0 1 Alive 
(100%) 

Shearman et al. – 198615 Case report – V 1 / 
1 (100%) 

4 XI, XII XII L JF I-E, ED SC GTR 0 (0%) 0 (0%) 1 (100%) XI, XII 1 (100%) 8.0 12.0 1 Alive 
(100%) 

Solymosi et al. – 198716 Case report – V 1 / 
1 (100%) 

48 VIII, IX, X, XII XII L JF I, ID-ED SC GTR 0 (0%) 0 (0%) 1 (100%) XII 0 (0%)  3.0 1 Alive 
(100%) 

Nakashima et al. – 
198817 

Case report – V 1 / 
1 (100%) 

67 VIII, IX, X, XI, XII XI R JF I, ID-ED SC-RS PTR 0 (0%) 0 (0%) 1 (100%) IX, X 0 (0%)  10.0 1 Alive 
(100%) 

Crockard et al. – 199118 Case series – IV 2 / 
2 (100%) 

39 
(32-46) 

0 (0%) 2 C1 (100%) 2 R (100%) 2 FM 
(100%) 

2 I-E, ID 
(100%) 

2 Transoral 
(100%) 

2 GTR 
(100%) 

2 Dysphagia 
(100%) 

0 (0%) 1 (100%) 0 (0%) 0 (0%)  54.0 
(36-72) 

2 Alive 
(100%) 

Kratimenos et al. – 
199319 

Case series – IV  4 / 
 1 (25%) 

30.5 
(24-34) 

0 (0%) 4 C1 (100%) 3 L (75%) 
1 R (25%) 

2 C1-C2 F 
(50%) 

1 FM (25%) 

4 E, ID-ED 
(100%) 

4 FL (100%) 4 GTR 
(100%) 

0 (0%) 0 (0%) 4 (100%) 0 (0%) 0 (0%)  3.0 4 Alive 
(100%) 



1 FM-C1 
(25%) 

Krauss et al. – 199320 Case report – V 1 / 
0 (0%) 

49 V, VII, IX, X, XII XII R HC I, ID SC-TC PTR Dysphagia, 
pneumonia 

0 (0%) 1 (100%) IX, X 1 (100%) 2.0 3.0 1 Dead 
(100%) 

Kamitani et al. – 199421 Case series – IV 2 / 
1 (50%) 

50.5 
(48-53) 

1 VII, VIII (50%) 
1 XII (50%) 

1 IX-X-XI 
(50%) 

1 XII (50%) 

2 L (100%) 1 JF (50%) 
1 JF & HC 

(50%) 

2 I-E, ID-ED 
(100%) 

1 SC (50%) 
1 SC + CL 
(C1-C2) 
(50%) 

1 PTR (50%) 
1 GTR 
(50%) 

1 Hemiplegia 
(50%) 

0 (0%) 1 (50%) 1 VII, VIII 
(50%) 

1 IX, X, XI, XII 
(50%)  

1 (50%) 24.0 14.5 
(3-26) 

2 Alive 
(100%) 

Okura et al. – 199422 Case report – V 1 / 
 0 (0%) 

59 XII XII R HC I-E, ID-ED SC GTR 0 (0%) 0 (0%) 1 (100%) XI, XII 0 (0%)  2.0 6 Alive 
(30%) 

Smith et al. – 199523 Case report – V 1 / 
1 (100%) 

47 IX, X, XII XII L HC I-E, ID-ED TC GTR 0 (0%) 0 (0%) 1 (100%) IX, X, XII 0 (0%)  3.0 1 Alive 
(100%) 

Kobayashi et al. – 199624 Case report – V 1 / 
0 (0%) 

46 0 (0%) XII R HC I, ID SC GTR CSF leak 0 (0%) 1 (100%) IX, X, XI, XII 0 (0%)  3.0 1 Alive 
(100%) 

Sato et al. – 199625 Case report – V 1 / 
0 (0%) 

59 XII XII R HC I-E, ID-ED SC-TC + CL 
(C1) 

PTR CSF leak 0 (0%) 1 (100%) XII 0 (0%)  1.0 1 Alive 
(100%) 

Sairyo et al. – 199726 Case report – V 1 / 
1 (100%) 

64 0 (0%) C2 R C1-C2 F E, ED CL (C1) GTR 0 (0%) 0 (0%) 1 (100%) 0 (0%) 0 (0%)  3.0 1 Alive 
(100%) 

Bunc et al. – 199827 Case report – V 1 / 
1 (100%) 

53 IX, X, XII XII R HC I-E, ID-ED SC-TC GTR Dysphagia 0 (0%) 1 (100%) IX, X, XI, XII 0 (0%)  12.0 1 Alive 
(100%) 

Gilsbach et al. – 199828 Case report – V 1 / 
1 (100%) 

48 IX, XII XII R JF & HC I, ID SC GTR 0 (0%) 0 (0%) 1 (100%) IX, XI, XII 0 (0%)  12.0 1 Alive 
(100%) 

Spinnato et al. – 199829 Case report – V 1 / 
0 (0%) 

49 0 (0%) XII R FM & HC I-E, ID-ED SC-TC + CL 
(C1-C2) 

GTR 0 (0%) 0 (0%) 1 (100%) 0 (0%) 0 (0%)  3.0 1 Alive 
(100%) 

Kachhara et al. – 199930 Case report – V 1 / 
1 (100%) 

24 XII XII R HC I-E, ID-ED SC PTR 0 (0%) 0 (0%) 1 (100%) XII 0 (0%)  3.0 1 Alive 
(100%) 

Hoshi et al. – 200031 Case series – IV 2 / 
2 (100%) 

55.5 
(48-63) 

1 IX, XII (50%) 
1 VII, IX, X, XI, 

XII (50%) 

2 XII (100%) 2 R (100%) 2 HC 
(100%) 

2 I-E, ID-ED 
(100%) 

2 SC (100%) 1 PTR (50%) 
1 GTR 
(50%) 

1 SAH (50%) 0 (0%) 2 (100%) 1 XII (50%) 
1 IX, X (50%) 

0 (0%)  1 
(0.1-2) 

1 Alive, 
1 Dead 
(50%) 

Kalavakonda et al. – 
200032 

Case report – V 1 / 
1 (100%) 

52 0 (0%) C1 L FM-C1 E, ED TC GTR 0 (0%) 0 (0%) 1 (100%) 0 (0%) 0 (0%)  3.0 1 Alive 
(100%) 

Mariniello et al. – 200033 Case report – V 1 / 
0 (0%) 

20 0 (0%) XII R HC I-E, ED SC GTR 0 (0%) 0 (0%) 1 (100%) IX, X, XI, XII 0 (0%)  24.0 1 Alive 
(100%) 

Kyoshima et al. – 200334 Case series – IV 2 / 
0 (0%) 

65 
(57-73) 

0 (0%) 2 C2 (100%) 1 L (50%) 
1 R (50%) 

2 C1-C2 F 
(100%) 

2 E, ID-ED 
(100%) 

2 CL (C1-
C2) (100%) 

2 
GTR(100%) 

0 (0%) 0 (0%) 2 (100%) 0 (0%) 0 (0%)  24.0 2 Alive 
(100%) 

Leal Filho et al. – 200335 Case series – IV 2 / 
1 (50%) 

51 
(43-59) 

1 IX, X (50%) C1 2 R (100%) 2 FM-C1 
(100%) 

2 E, ID-ED 
(100%) 

2 FL (100%) 2 GTR 
(100%) 

0 (0%) 0 (0%) 2 (100%) 0 (0%) 0 (0%)  6.0 2 Alive 
(100%) 

Passacantilli et al. – 
200336 

Case report – V 1 / 
1 (100%) 

44 0 (0%) XII L HC I-ED FL PTR 0 (0%) 0 (0%) 1 (100%) 0 (0%) 0 (0%)  3.0 1 Alive 
(100%) 

Tatebayashi et al. – 
200337 

Case report – V 1 / 
0 (0%) 

46 XI XI R JF I, ID SC + CL 
(C1) 

GTR 0 (0%) 0 (0%) 1 (100%) XI 0 (0%)  24.0 1 Alive 
(100%) 

Aihara et al. – 200438 Case report – V 1 / 
0 (0%) 

72 XII XII R HC I-E, ID-ED FL PTR 0 (0%) 0 (0%) 1 (100%) XII 0 (0%)  3.0 1 Alive 
(100%) 

Ho et al. – 200439 Case report – V 1 / 
1 (100%) 

39 XII XII R FM & HC I-E, ID-ED SC-TC GTR 0 (0%) 0 (0%) 1 (100%) XII 0 (0%)  12.0 1 Alive 
(100%) 

Kadri et al. – 200440 Case series – IV 6 / 
3 (50%) 

31 
(23-42) 

6 IX, X (100%) 
4 XI, XII (66.7%) 

2 VIII (33.3%) 
1 V, VI, VII 

(16.7%) 

3 X (50%) 
3 IX-X-XI 

(50%) 

4 L 
(66.7%) 

2 R 
(33.3%) 

6 JF (100%) 6  I-E, ID-
ED (100%) 

6 TC + SJ 
(83.3%) 

1 TC 
(16.7%) 

6 GTR 
(100%) 

0 (0%) 0 (0%) 6 (100%) 6 IX, X (100%) 
4 XI, XII 
(66.7%) 

2 VIII (33.3%) 
1 V, VI (16.7%) 

0 (0%)  30.0 
(2-66) 

6 Alive 
(100%) 

Kim et al. – 200541 Case report – V 1 / 
0 (0%) 

60 0 (0%) C1 R FM-C1 E FL + CL 
(C1) 

PTR 0 (0%) 1 (100%) 1 (100%) 0 (0%) 0 (0%)  2.0 1 Alive 
(100%) 

Takumi et al. – 200542 Case report – V 1 / 
1 (100%) 

35 0 (0%) C1 R FM-C1 E, ID SC-RS GTR 0 (0%) 0 (0%) 1 (100%) 0 (0%) 0 (0%)  48.0 1 Alive 
(100%) 

Sato et al. – 200643 Case report – V 1 / 
0 (0%) 

54 XII XII L HC I-E, ID-ED SC PTR 0 (0%) 0 (0%) 1 (100%) 0 (0%) 0 (0%)  24.0 1 Alive 
(100%) 

Ueda et al. – 200644 Case series – IV 3 / 
0 (0%) 

54 
(50-79) 

0 (0%) 3 C1 (100%) 3 R (100%) 3 FM-C1 
(100%) 

3 E, ID 
(100%) 

3 SC-TC + 
CL (C1-C2) 

3 GTR 
(100%) 

1 CSF leak 
(33.3%) 

0 (0%) 1 (100%) 0 (0%) 0 (0%)  79 
(38-88) 

3 Alive 
(100%) 

Kikkawa et al. – 200745 Case report – V 1 / 
0 (0%) 

36 VII, IX, X XII L FM-C1 I, ID SC + CL 
(C1) 

GTR 0 (0%) 0 (0%) 1 (100%) XII 0 (0%)  3.0 1 Alive 
(100%) 

Kim et al. – 200746 Case report – V 1 / 
0 (0%) 

68 XII XII L HC I, ID SC-RS GTR 0 (0%) 0 (0%) 1 (100%) XII 0 (0%)  6.0 1 Alive 
(100%) 

Tucker et al. – 200747 Case report – V 1 / 
 0 (0%) 

31 XII XII L HC I-E, ID-ED SC PTR Dysphagia 0 (0%) 1 (100%) XII 1 (100%) 15.0 27.0 1 Alive 
(100%) 

Ciappetta et al. – 200848 Case report – V 1 / 
0 (0%) 

44 XI C2 L C1-C2 F I-E, ID CL (C1-C5) GTR 0 (0%) 0 (0%) 1 (100%) 0 (0%) 0 (0%)  6.0 1 Alive 
(100%) 

Garg et al. – 200849 Case series – IV 1 / 35 XII XII R HC I-E, ID-ED SC-RS PTR Hemiplegia 0 (0%) 1 (100%) XII 1 (100%) 1.0 2.0 1 Dead 



 0 (0%) (100%) 
Kuo et al. – 200850 Case report – V 1 / 

0 (0%) 
25 XII XII R HC I-E, ED FL-SC PTR 0 (0%) 0 (0%) 0 (0%) XII 0 (0%)  6.0 1 Alive 

(100%) 
Chibbaro et al. – 200951 Case series – IV 16 / 

3 (18.8%) 
41 

(16-71) 
5 IX, X (31.3%) 

3 IX, X, XI (18.2%) 
2 X (12.5%) 
1 V (6.3%) 

1 V, X (6.3%) 
1 VIII, IX, X, XI 

(6.3%) 

7 IX-X-XI 
(43.7%) 

7 IX (43.7%) 
1 X (6.3%) 
1 XI (6.3%) 

9 R 
(56.3%) 

7 L 
(43.7%) 

16 JF 
(100%) 

13 I (81.3%) 
3 E (18.7%) 

16 TC 
(100%) 

13 GTR 
(81.3%) 
3 PTR 

(18.7%) 

4 Dysphagia 
(25%) 

1 CSF leak 
(6.3%) 

1 Aspiration 
pneumo 
(6.3%) 

0 (0%) 16 (100%) 5 IX, X (31.3%) 
2 IX, X, XI 

(12.5%) 

0 (0%)  94 
(24-252) 

16 Alive 
(100%) 

Heiroth et al. – 200952 Case report – V 1 / 
0 (0%) 

23 XII XII R HC E, ED FL GTR Hoarseness 0 (0%) 1 (100%) X, XII 0 (0%)   1 Alive 
(100%) 

Ichimura et al. – 200953 Case series – IV 7 / 
3 (42.9%) 

50 
(38-71) 

3 IX, X, XII 
(42.9%) 

2 XII (28.6%) 
2 IX, X, XI, XII 

(28.6%)  

7 XII (100%) N/A 7 HC 
(100%) 

6 I-E, ID-ED 
(85.7%) 
1 E, ED 
(14.3%) 

7 SC + CL 
(C1) (100%) 

4 PTR 
(66.7%) 
2 GTR 
(33.3%) 

1 Venous 
thrombosis 

(14.3%) 

3 (42.9%) 7 (100%) 7 XII (100%) 0 (0%)  6.0 6 Alive 
(85.7%) 
1 Dead 
(14.3%) 

Mathiesen et al. – 200954 Case series – IV 2 / 
1 (50%) 

53 2 XII (100%) 2 XII (100%) 2 L (100%) 2 HC 
(100%) 

2 I-E, ID-ED 
(100%) 

2 RS + CL 
(C1) (100%) 

2 GTR 
(100%) 

1 CSF leak,  
dysphagi 

(50%) 

0 (0%) 2 (100%) 1 IX, X, XII 
(50%) 

0 (0%)  15.0 
(6-24) 

2 Alive 
(100%) 

Watanabe et al. – 200955 Case series – IV 9 / 
6 (66.7%) 

54 
(22-68) 

0 (0%) 5 C2 (55.6%) 
4 C1 (44.4%) 

N/A 9 C1-C2 F 
(55.6%) 

9 E, ID-ED 
(100%) 

9 SC (100%) 9 PTR 
(100%) 

1 CSF leak 
(11.1%) 

0 (0%) 9 (100%) 0 (0%) 2 (22.2%) 12.0 30.0 
(7-180) 

9 Alive 
(100%) 

Edizer et al. – 201056 Case report – V 1 / 
0 (0%) 

34 0 (0%) XII R FM E, ED CL (C1) GTR 0 (0%) 0 (0%) 0 (0%) XII 0 (0%)  3.0 1 Alive 
(100%) 

Ishikawa et al. – 201057 Case report – V 1 / 
1 (100%) 

54 X, XII XII L HC I, ID SC-TC PTR 0 (0%) 0 (0%) 0 (0%) X, XII 0 (0%)  12.0 1 Alive 
(100%) 

Ji et al. – 201058 Case report – V 1 / 
1 (100%) 

44 0 (0%) C1-C2 L C1-C2 F E, ID CL (C1-C2) GTR 0 (0%) 0 (0%) 1 (100%) 0 (0%) 0 (0%)  3.0 1 Alive 
(100%) 

Li et al. – 201059 Case report – V 1 / 
0 (0%) 

36 0 (0%) XII R FM & HC I, ID SC PTR 0 (0%) 0 (0%) 1 (100%) XII 1 (100%) 20.0 24.0 1 Alive 
(100%) 

Cavalcanti et al. – 201060 Case series – IV 36 / 
19 

(52.8%) 

43 
(17-68) 

5 X (13.9%) 
1 XII (2.8%) 

1 VII, VIII (2.8%) 
1 XI, XII (2.8%) 

1 V, IX, X (2.8%) 
1 VII,VIII,X (2.8%) 
1 IX, XI, XI (2.8%) 
1 VII, VIII, IX, X 

(2.8%) 
1 VIII, IX, X, XII 

(2.8%) 
1 IX, X, XI, XII 

(2.8%) 

17 IX-X-XI 
(47.2%) 

13 C1-C2 
(36.1%) 

6 XII (16.7%) 

14 L 
(38.9%) 

9 R (25%) 

17 JF 
(47.2%) 

13 C1-C2 F 
(36.1%) 

6 HC 
(16.7%) 

16 ED-ID 
(44.4%) 
15 ID 

(41.7%) 
5 ED 

(13.9%) 
10 I (10 
(27.8%) 

4 I-E 
(11.1%) 

2 E (5.6%) 

20 FL 
(55.6%) 

13 CL (C1-
C2) (36.1%) 

8 RS 
(22.2%) 

25 GTR 
(69.4%) 
11 PTR 
(30.6%) 

8 Dysphagia 
(22.2%) 

3 Aspiration 
pneumonia 

(8.3%) 
3 CSF leak 

(8.3%) 
1Hydrocepha-

lus (2.8%) 
1 Meningitis 

(2.8%)  

8 (22.2%) 19 (52.8%) 7 X (19.4%) 
3 XII (8.3%) 
3 IX, X, XI 

(8.3%) 
1 IX (2.8%) 
1 VII,VIII 

(2.8%) 
1 VII, IX, X 

(2.8%) 

1 (2.8%) 12 25 
(0-110) 

35 Alive 
(97.2%) 
1 Dead 
(2.8%) 

Takami et al. – 201061 Case series – IV 8 / 
1 (12.5%) 

49.5 
(19-65) 

0 (0%) 7 C2 (87.5%) 
1 C1 (12.5%) 

N/A 8 C1-C2 F 
(100%) 

8 E, ID-ED 
(100%) 

8 CL (C1-
C2) (100%) 

8 GTR 
(100%) 

0 (0%) 0 (0%) 8 (100%) 0 (0%) 0 (0%)  3.0 8  Alive 
(100%) 

Gopalakrishnam et al. – 
201162 

Case report – V 1 / 
1 (100%) 

40 0 (0%) C1 M FM-C1 
(100%) 

I-E, ID-ED SC GTR 0 (0%) 0 (0%) 1 (100%) 0 (0%) 0 (0%)  1.0 1 Alive 
(100%) 

Ramzan et al. – 201163 Case report – V 1 / 
0 (0%) 

14 0 (0%) C1-C2 L FM-C2 I-E, ID-ED SC + CL 
(C1-C3) 

PTR 0 (0%) 0 (0%) 1 (100%) 0 (0%) 0 (0%)  3.0 1 Alive 
(100%) 

Nonaka et al. – 201164 Case series – IV 13 / 
8 (61.5%) 

44 
(13-71) 

6 XII (46.1%) 
3 IX, X, XII 

(23.1%) 
1 IX, X (7.7%) 

13 XII (100%) 11 R 
(84.6%) 

2 L 
(15.4%) 

13 HC 
(100%) 

7  I-E, ID-
ED (53.8%) 

5 I, ID 
(38.5%) 
1 E, ED 
(7.7%) 

13 ELITE 
(100%) 

10 GTR 
(76.9%) 
3 PTR 

(23.1%) 

4 Hoarseness 
(30.8%) 

3 Dysphagia 
(23.1%) 

1 CSF leak 
(7.7%) 

0 (0%) 13 (100%) 6 XII (46.1%) 
4 X (30.8%) 

3 IX, X (23.1%) 
3 IX, X, XII 

(23.1%) 
1 VII (7.7%) 

1 (7.7%) 48 6 
(9-168) 

13 Alive 
(100%) 

Wang et al. – 201165 Case series – IV 18 / 
10 

(55.6%) 

47 
(24-72) 

0 (0%) 16 C2 (88.9%) 
2 C1 (11.1%) 

N/A 18 C1-C2 F 
(100%) 

14 E, ID-ED 
(77.8%) 
4 E, ED 
(22.2%) 

18 FL 
(100%) 

15 GTR 
(83.3%) 
3 PTR 

(16.7%) 

2 CSF leak 
(11.1%) 

1 Infection 
wound (5.5%) 

0 (0%) 12 (66.7%) 0 (0%) 1 (5.6%) 48 43 
(3-110) 

17 Alive 
(94.4%) 
1 Dead 
(5.6%) 

Zhang et al. – 201166 Case series – IV 3 / 
1 (33.3%) 

59 
(58.61) 

2 XII (66.7%) 
1 IX, X, XII 

(33.3%) 

3 XII (100%) 3 R (100%) 3 HC 
(100%) 

3 E (100%) 3 Endo-
scopic Tran-
soral (100%) 

3 GTR 
(100%) 

1 Dysphagia 
(33.3%) 

0 (0%) 3 (100%) 2 IX, X, XII 
(66.7%) 

1 XII (33.3%) 

0 (0%)  6.0 3 Alive 
(100%) 

Helms et al. – 201267 Case report – V 1 / 
0 (0%) 

29 0 (0%) C1 L FM-C1 I-E, ID-ED FL + CL 
(C1-C2) 

GTR 0 (0%) 0 (0%) 1 (100%) 0 (0%) 0 (0%)  36.0 1 Alive 
(100%) 

Nakamizo et al. – 201268 Case report – V 1 / 
1 (100%) 

49 0 (0%) C2 R C1-C2 F E, ED CL (C1-C2) GTR 0 (0%) 0 (0%) 1 (100%) 0 (0%) 0 (0%)  3.0 1 Alive 
(100%) 

Ohba et al. – 201269 Case report – V 1 / 
1 (100%) 

37 V, IX, X, XI, XII XII L HC I-E, ID-ED SC PTR 0 (0%) 0 (0%) 1 (100%) V, IX, X, XI, 
XII 

1 (100%) 24.0 108.0 1 Alive 
(100%) 



Oyama et al. – 201270 Case report – V 1 / 
1 (100%) 

25 XII XII R HC I-E, ID-ED TC PTR Dysphagia 1 (100%) 0 (0%) XII 0 (0%) 25.0 37.0 1 Alive 
(100%) 

Santarius et al. – 201271 Case report – V 1 / 
0 (0%) 

9 VII XII L HC I-E, ID-ED SC GTR Hemiparesis 0 (0%) 1 (100%) XII 1 (100%)  12.0 1 Alive 
(100%) 

Wan et al. – 201272 Case series – IV 8 / 
4 (50%) 

49 
(31-58) 

4 VII, VIII, IX, X, 
XI (50%) 

2 IX, X, XII (25%) 
1 X (12.5%) 

1 VIII, IX, XII 
(12.5%) 

8 IX-X-XI 
(100%) 

N/A 8 JF (100%) 8  I-E, ID-
ED (100%) 

8 RS-SJ 
(100%) 

7 GTR 
(87.5%) 
1 PTR 

(12.5%) 

2 CSF leak 
(25%) 

1 Aspiration 
pneumonia 

(12.5%) 
1 Dysphagia  

(12.5%) 

1 (12.5%) 8 (100%) 4 VII, VIII, IX, 
X, XI (50%) 
2 IX, X, XII 

(25%) 
1 X (12.5%) 

1 VIII, IX, XII 
(12.5%) 

0 (0%)  38 
(23-60) 

1 Alive 
(100%) 

Zhang et al. – 201273 Case series – IV 3 / 
0 (0%) 

42 
(16-43) 

1 X, XII (33.3%) 
1 VII, VIII, XII 

(33.3%) 

3 XII (100%) 2 L 
(66.7%) 

1 R 
(33.3%) 

JF & HC 3  I-E, ID-
ED (100%) 

3 Endo-
scopic Tran-
soral (100%) 

3 GTR 
(100%) 

0 (0%) 0 (0%) 3 (100%) 1 X (33.3%) 
1 XII (33.3%) 

0 (0%)  4.0 
(2-6) 

3 Alive 
(100%) 

Baghel et al. – 201374 Case report – V 1 / 
1 (100%) 

40 XII XII L HC I-E, ID-ED SC-RS + CL 
(C1) 

PTR 0 (0%) 0 (0%) 1 (100%) XII 0 (0%)  2.0 1 Alive 
(100%) 

Chowdhury et al. – 
201375 

Case series – IV 14 / 
7 (50%) 

31 
(10-53) 

0 (0%) 11 C1 (84.6%) 
2 C2 (15.4%) 

8 L 
(57.1%) 

6 R 
(43.9%) 

11 FM-C1 
(84.6%) 

2 C1-C2 F 
(15.4%) 

6 E, ID-ED 
(46.2%) 
5 E, ID 
(38.5%) 
3 E, ED 
(23.1%) 

14 SC + CL 
(C1-C2 
(100%) 

14 GTR 
(100%) 

2 CSF leak 
(15.4%) 

1 Aspiration 
pneumonia 

(7.1%) 

0 (0%) 14 (100%) 0 (0%) 0 (0%)  8.0 
(3-12) 

13 Alive 
(92.9%) 
1 Dead 
(7.1%) 

Xiao et al. – 201376 Case series – IV 11 / 
3 (27.3%) 

50 
(31-59) 

6 IX, XII (54.5%) 
2 VII, IX, XII 

(18.2%) 
2 VIII, IX, X, XII 

(18.2%) 
1 XII (9.1%) 

11 XI (100%) 7 R 
(63.6%) 

4 L 
(36.4%) 

11 HC 
(100%) 

11 I-E 
(100%) 

11 FL 
(100%) 

10 GTR 
(90.9%) 
1 PTR 
(9.1%) 

2 Pneumonia 
(18.2%) 

1 Meningitis 
(9.1%) 

0 (0%) 11 (100%) N/A 0 (0%)  14 
(3-25) 

11 Alive 
(100%) 

Nowak et al. – 201477 Case series – IV 10 / 
6 (60%) 

38 
(25-54) 

2 IX, X, XI (20%) 
2 VII, VIII, IX, X 

(20%) 
1 VIII (10%) 
1 XI (10%) 

1 V, VII, VIII, IX 
(10%) 

1 IX, X, XI, XII 
(10%) 

1 VII, VIII, IX, X, 
XI (10%) 

5 IX-X-XI 
(50%) 

3 IX (30%) 
1 X (10%) 
1 XI (10%) 

N/A 10 JF 
(100%) 

8 I, ED 
(80%) 
2 I, ID 
(20%) 

8 SC-CL 
(C1) (80%) 
2 RS (20%) 

10 GTR 
(100%) 

6 Paresis 
(60%) 

0 (0%) 4 (40%) 5 VIII (50%) 
5 X (50%) 
4 XI (40%) 
3 VII (30%) 
3 IX (30%) 
1 V (10%) 

1 (10%) 40 28 
(6-71) 

10 Alive 
(100%) 

Suri et al. – 201478 Case series – IV 14 / 
8 (57.1%) 

35 
(15-63) 

14 XII (100%) 
8 IX, X (57.1%) 

14 XII (100%) 9 R 
(69.2%) 

4 L 
(30.8%) 

1 B (7.1%) 

14 HC 
(100%) 

13 I, ID 
(92.9%) 

1 I, ID-ED 
(7.1%) 

9 RS 
(64.3%) 

3 SC 
(21.4%) 

2 FL 
(14.3%) 

9 PTR 
(64.3%) 
5 GTR 
(35.7%) 

2 Infection 
wound 

(14.3%) 
1 CSF leak 

(7.1%) 

7 (50%) 14 (100%) 14 XII (100%) 0 (0%)  32 
(3-59) 

14 Alive 
(100%) 

Yu et al. – 201479 Case series – IV 9 / 
5 (55.6%) 

52 
(21-69) 

0 (0%) 9 C2 (100%) 5 R 
(55.6%) 

4 L 
(44.4%) 

9 C1-C2 F 
(100%) 

8 E, ID-ED 
(88.9%) 
1 E, ED 
(11.1%) 

9 SC + CL 
(C1-C2 
(100%) 

9 GTR 
(100%) 

2 C2 deficit 
(22.2%) 

0 (0%) 9 (100%) 0 (0%) 0 (0%)  34 
(5-72) 

9 Alive 
(100%) 

Feldman et al. – 201580 Case report – V 1 / 
1 (100%) 

64 0 (0%) C2 R C1-C2 F E, ID-ED FL + CL 
(C1-C2) 

GTR 0 (0%) 0 (0%) 1 (100%) 0 (0%) 1 (100%) 12.0 36.0 1 Alive 
(100%) 

Hayashi et al. – 201581 Case series – IV 8 / 
5 (62.5%) 

44 
(38-72) 

4 XII (50%) 
3 X, XII (37.5%) 

1 IX, X, XII 
(12.5%) 

8 XII (100%) 5 L 
(62.5%) 

3 R 
(37.5%) 

8 HC 
(100%) 

8 I, ID 
(100%) 

6 TC (75%) 
2 SC (25%) 

8 PTR 
(100%) 

0 (0%) 0 (0%) 8 (100%) N/A 0 (0%)  6.0 
(3-12) 

1 Alive 
(100%) 

Jiang et al. – 201582 Case series – IV 6 / 
5 (83.3%) 

54 
(37-72) 

0 (0%) 5 C1 (83.3%) 
1 C2 (16.7%) 

N/A 6 FM-C2 
(100%) 

6 E (100%) 6 CL (C1) 
(100%) 

6 GTR 
(100%) 

2 CSF leak 
(33.3%) 

0 (0%) 5 (83.3%) 0 (0%) 0 (0%)  33.5 
(24-42) 

1 Alive 
(100%) 

Oichi et al. – 201583 Case report – V 1 / 
1 (100%) 

64 0 (0%) C2 L C1-C2 F E, ED CL (C1) GTR 0 (0%) 0 (0%) 1 (100%) 0 (0%) 0 (0%)  6.0 1 Alive 
(100%) 

Puchalska‐Niedbał et al. 
– 201584 

Case report – V 1 / 
0 (0%) 

24 0 (0%) C1 N/A FM-C1 E, ID SC + CL 
(C1-C2) 

PTR 0 (0%) 0 (0%) 1 (100%) 0 (0%) 0 (0%)  2.0 1 Alive 
(100%) 

Yu et al. – 201585 Case report – V 1 / 
1 (100%) 

61 XII XII L HC I-E, ID-ED FL-SC GTR 0 (0%) 0 (0%) 1 (100%) XII 0 (0%)  24.0 1 Alive 
(100%) 

Bhatoe et al. – 201686 Case report – V 1 / 47 IX, X, XII XII L HC I, E, ID RS GTR 0 (0%) 0 (0%) 1 (100%) XII 0 (0%)  6.0 1 Alive 



 
References correspond to Supplementary File S1. 
 
Abbreviations: B, Bilateral; CL, Cervical laminectomy/laminoplasty; E, Extracranial; ED, extradural; ELITE, Extreme lateral infrajugular transcondylar-transtubercular 
exposure; F, Foramen; FL, Far-lateral; FM, Foramen magnum; GTR, Gross total resection (100%); HC, Hypoglossal canal; I, Intracranial; ID, Intradural; JF, Jugular fora-
men; L, Left; M, Midline; N/A, Not Available; OS, Overall Survival; PFS, Progression-free survival; PTR, Partial resection (<100%); R, Right; RS, Retrosigmoid; SAH, 
Subarachnoid hemorrhage; SC, Suboccipital craniectomy; SJ, Suprajugular; TC, Transcondylar. 
  

0 (0%) (100%) 
Liebelt et al. – 201687 Case report – V 1 / 

1 (100%) 
58 0 (0%) C1 R FM-C1 I-E, ID-ED SC + CL 

(C1) 
PTR 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)  3.0 1 Alive 

(100%) 
Yoon et al. – 201688 Case report – V 1 / 

0 (0%) 
32 0 (0%) C2 L C1-C2 F I-E, ID-ED SC + CL 

(C1) 
GTR 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)  1.5 1 Alive 

(100%) 
Inoue et al. – 201789 Case report – V 1 / 

1 (100%) 
61 XII XII R HC I-E, ID-ED SC-RS GTR Hoarse, dys-

phagia 
0 (0%) 0 (0%) XII 0 (0%)  12.0 1 Alive 

(100%) 
Lee et al. – 201790 Case report – V 1 / 

1 (100%) 
57 0 (0%) C2 L C1-C2 F E, ED CL (C2-C3) GTR SAH 0 (0%) 0 (0%) 0 (0%) 0 (0%)  2.0 1 Alive 

(100%) 
Pisani et al. – 201791 Case report – V 1 / 

0 (0%) 
37 0 (0%) C1 L FM-C1 E, ED SC GTR 0 (0%) 0 (0%) 1 (100%) 0 (0%) 0 (0%)  6.0 1 Alive 

(100%) 
Goel et al. – 201892 Case series – IV 50 / 

36 (72%) 
36 

(14-70) 
0 (0%) 50 C2 (100%) 5 B (10%) 50 C1-C2 

(100%) 
50 E, ID 
(100%) 

50 CL (C1-
C3) (100%) 

50 PTR 
(100%) 

N/A 0 (0%) 50 (100%) 0 (0%) 0 (0%)  68 
(3-120) 

50 Alive 
(100%) 

Heda et al. – 201893 Case report – V 1 / 
0 (0%) 

40 XII XII L JF & HC E, ED SC-RS PTR 0 (0%) 0 (0%) 1 (100%) XII 0 (0%)  3.0 1 Alive 
(100%) 

Matsuda et al. – 201894 Case report – IV 2 / 
2 (100%) 

61.5 
(53-70) 

0 (0%) 2 C2 (100%) 2 R (100%) C1-C2 F 1 E, ED 
(50%) 

1 E, ID-ED 
(50%) 

1 CL (C1-C2 
(50%) 

1SC+CL 
(C1-C2) 
(50%) 

2 GTR 
(100%) 

0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)  3.0 2 Alive 
(100%) 

Park et al. – 201895 Case report – V 1 / 
1 (100%) 

54 0 (0%) C2 R C1-C2 F E, ID CL (C1) PTR 0 (0%) 0 (0%) 1 (100%) 0 (0%) 0 (0%)  12.0 1 Alive 
(100%) 

Jung et al. – 201996 Case report – V 1 / 
1 (100%) 

37 0 (0%) C2 R C1-C2 F E, ID CL (C2-C3) GTR 0 (0%) 0 (0%) 1 (100%) 0 (0%) 0 (0%)  1.0 1 Alive 
(100%) 

Di Pascuale et al. – 
202097 

Case report – V 1 / 
1 (100%) 

22 VIII, IX, X, XII XII L HC I-E, ED RS PTR Dysphagia 0 (0%) 1 (100%) 0 (0%) 0 (0%)  12.0 1 Alive 
(100%) 

Nakajima et al. – 202098 Case report – V 1 / 
0 (0%) 

50 0 (0%) C2 R C1-C2 F E, ED CL (C1-C2) PTR 0 (0%) 0 (0%) 1 (100%) 0 (0%) 0 (0%)  36.0 1 Alive 
(100%) 

Aftahy et al. – 202199 Case series – IV 9 / 
2 (22.2%) 

43 
(20-71) 

1 VII (11.1%) 
1 VIII (11.1%) 
1 X (11.1%) 

5 IX (55.6%) 
2 X (22.2%) 
2 IX-X-XI 
(22.2%) 

N/A 9 JF (100%) 4 I, ED 
(44.4%) 

4 I (44.4%) 
1 E (11.1%) 

6 RS 
(66.7%) 
3 ELITE 
(33.3%) 

9 GTR 
(100%) 

2Hydrocepha-
lus (22.2%) 

2 Hoarse, hear 
loss (22.2%) 

0 (0%) 9 (100%) N/A 0 (0%)  16.5 
(3-84) 

9 Alive 
(100%) 

Fachniadin et al. – 
2021100 

Case report – V 1 / 
0 (0%) 

53 IX, X, XII XII L JF & HC I, ID SC-RS PTR 0 (0%) 0 (0%) 1 (100%) XI, XII 0 (0%)  1.0 1 Alive 
(100%) 

Matsui et al. – 2021101 Case report – V 1 / 
0 (0%) 

54 0 (0%) C1 R FM-C1 I-E, ID-ED SC + CL 
(C1) 

PTR 0 (0%) 0 (0%) 1 (100%) 0 (0%) 0 (0%)  3.0 1 Alive 
(100%) 
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