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Combined vascular resection in surgical treatment of hilar
cholangiocarcinoma: a Meta-analysis
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Abstract Objective: To systematically evaluate the effect of combined vascular resection (VR) in surgical treatment of hilar
cholangiocarcinoma (HCCA).
Methods: The literature of studies comparing surgical treatment of HCCA in combination with VR versus
that without VR was collected by searching several national and international databases. The safety and efficacy
of combined VR were evaluated, and the subgroups analysis was also performed according to the types of the
simultaneously resected blood vessel.
Results: Twenty seven studies with a total of 3 218 HCCA patients were included, of whom 888 cases underwent

combined VR treatment (VR combination group), and 2 330 cases had no combined VR treatment (control
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group). The results of Meta-analysis for overall group showed that the safety profile was unfavorable (mortality:
OR=2.83, 95% CI=1.80-4.44; postoperative complications: OR=2.48, 95% CI=1.44-4.28) and the efficacy was
less favorable (1-, 3- and S-year overall survival: OR=0.60, 95% CI=0.49-0.73; OR=0.57, 95% CI=0.47-0.69;
OR=0.61,95% CI=0.41-0.91) in VR combination group compared with control group (all P<0.05). In portal vein
resection subgroup compared with control group, although the incidence of complications was increased (P<0.05),

no difference was found in other variables (all P>0.05); in hepatic artery resection subgroup, all the pooled results

Conclusion: In HCCA patients, surgical treatment combined with VR is feasible for those with portal vein

2 3]

were consistent with the overall findings (all P<0.0S).

invasion, but VR should be made cautiously if the hepatic artery is involved.
Key words Bile Duct Neoplasms; Vascular Resection; Meta-Analysis
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R A X TFAREKEAEVRE RKEKA VRIAIFHCCA
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FEXT R PE . AL AT et . B ER R M o 45
W, oGy 1~35r TR BN, 4~64r KR i
HRAE, TR T e ks RO .
1.4 SitEAbE

K HCochranep VE W #E 7 ) Stata 12,0847
Metasi#7 . THECERER A LA G (odds ratio,
OR) KH95% {5 X [H] (confidence interval,
CI) X & %00 & #1790t 40 Fr K 58 /K 1
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Figure 1 Process of literature screening

F1 MANBHEREERREITS

Tablel Basic information and scores of quality assessment of the included articles

X . AL E S , FEASL st [n (%) ]
Sk Gy ER SR i TR g v T VR nonVR
Emond, %5 " FE IR 1985-1988 PVR+HAR 5/6 — —
Klempnauer, 5 TEE EEEEATSE 1971-1995 PVR+HAR 34/71 7(206) 6(85)
Madariaga, % !'® EE PEETR 1981-1994 PVR+HAR 9/19 — —
Neuhaus, %5 ' TEE S FEETY 1988-1998 PVR 14/24 4(173) 2(47)
Nimura, £ ¥ HA sy 1977-1997 PVR+HAR 43/99 — —
Gerhards, 25 " far>% WY 1983-1998 PVR+HAR 12/98 6 (50.0) 14 (143)
Mufloz , % P EE  BEIEPENTIE 1990-2001 PVR 10/18 2(200) 0(00)
Ebata, %5 1°! HA [R5 1979-2000 PVR 52/108 2(38) 5(46)
Shimada, %5 * HA WY 1991-2000 PVR+HAR 10/16 — —
Kondo, % HA [P 1999-2002 PVR+HAR 14/26 — —
Dinant, % ™ far>% WEERFSY 1988-2003 PVR 7/30 2(286) 6(200)
Miyazaki, &5 1) HA  [EEHArsE 1981-2004 PVR+HAR 43/118 6(140) 5(42)
Baton, & RE EEPERRSY 1984-2003 PVR+HAR 7/52 — —
R, 45 BT E BB 1998-2003 PVR 11/36 — —
koA, AP E BT 1998-2006 PVR+HAR 30/33 — —
Konstadoulakis, £ ' 5[E  [IE{HATSE 1988-2006 PVR+HAR 16/33 — —
JEISLHT A5 E EIEER T 1997-2007 PVR+HAR 31/65 3(97) 1(15)
Song, % B EE TS 19892005 PVR 51/208 5(98) 6(29)
Nagino, % 1!l HA  FIEEMZE 1997-2009 PVR+HAR 50/211 — —
Lee, % 1 HEE O BEERFSY 2001-2008 PVR 38/264 — —
Igami, % Y HA [EEHEarsE 2001-2008 PVR+HAR 122/176 — —
Hemming, % EHE  EIEERTS 1999-2010 PVR 42/53 1(24) 4(75)
de Jong, %5 1 FHE RS 1984-2010 PVR 51/173 — —
Tamoto, 2 HA Wi 2005-2009 PVR 36/13 1(28) 1(7.7)
Yu, % E EEEERFSE 1998-2010 PVR+HAR 72174 — —
Hoffmann, &5 7 fEE WA 2001-2012 PVR 21/39 4(190) 5(12.8)
Oguro, & P HA  FEHERTSE 2000-2011 PVR+HAR 57/167 — —
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MANXHNEREERRETS (£)

Tablel Basic information and scores of quality assessment of the included articles (continued)

IFRAE [n (%) ]

HiAf [n (%) ]

SCHk CAEY) 14 34F 5 4F NOS
VR non-VR VR non-VR VR non-VR VR non-VR
Emond, 2§ ' — — 3(60.0) 3(50.0) 1(20.0) 1(16.7) — — 5
Klempnauer, %5 [ — — 25(735) 53 (74.6) 11 (324) 31(437) 11(324) 23(324) 6
Madariaga, % ' 5(55.6) 4(21.1) — — — — — — 5
Neuhaus, 25 1" — — 140100.0) 20 (833) 9 (643) 10(41.7) 9(643) 6 (25.0) 6
Nimura, 25 ['® — — 22 (512) 75 (758) 8 (186) 37(374) 3(7.0) 27(273) 6
Gerhards, 25 10 (83.3) 62 (63.3) — — — — — — 7
Mufioz , 2§ 3(300) 4(222) 6(60.0) 11(61.1) 1(10.0) 5(278) 1(100) 3(16.7) 7
Ebata, £ 44 (84.6) 85 (78.7) 28 (53.4) 87 (80.6) 12 (23.1) 48 (444) 3(58) 20(185) 7
Shimada, %5 — — 6(60.0) 11(688) 3(300) 7(438) 2(200) 4(250) 7
Kondo, % — — 8 (57.1) 17 (654) 1(7.1) 4(154) — — 6
Dinant, % 7 (100.0) 18 (60.0) — — — — — — 6
Miyazaki, % 20 (46.5) 42 (35.6) — — — — — — 7
Baton, % — — — — 3(429) 24(462) 1(143) 10(19.2) 6
X, 4 27 3(272) 8(222) 9(818) 31(86.1) 3(273) 11 (30.6) — — 5
JRARA , B 11 (36.7) 6(182) — — — — — — 5
Konstadoulakis, %5 "' — — 12 (75.0) 25 (758) 7(43.8) 15(455) 5(313) 11 (33.3) 6
JE ST, A P — — 10 (323) 38(585) 5(161) 22(338) 2(65) 10(154) 6
Song, %5 131 24 (47.1) 82(39.4) 31(60.8) 166(79.8) 16 (31.4) 73(351) 9(17.6) 56 (269) 7
Nagino, % P! — — 31 (62.0) 157(744) 6(12.0) 72 (341) 2(40) 34(161) 7
Lee, %5 1 — — — — — — 12 (31.6) 109(413) 6
Tgami, 45 — — 78 (63.9) 131(744) 20 (164) 59 (335) 7(57) 25(142) 6
Hemming, 45 — — 42 (100) 47 (88.7) 26(61.9) 32(603) 18 (429) 23(434) 6
de Jong, % U — — 33 (64.7) 116(67.1) 20(39.2) 65(37.6) 16 (31.4) 35(202) 7
Tamoto, 25 1*°! 21 (583) 10 (76.9) 26 (722) 9(692) 12(333) 4(308) 5(139) 0(0.0) 7
Yu, & P 26 (36.1) 21 (12.1) 31 (43.1) 109(62.6) 14 (19.4) 44 (253) 3 (42) 38(218) 7
Hoffmann, £ °7 21(100.0) 11 (282) 20(952) 31(79.5) 6(286) 16 (41.0) 4(170) 7 (179) 7
Oguro, %5 — — — — 17 (29.8) 96 (57.5) 12(21.1) 79(473) 6

2.2 Meta D& R
2.2.1 A MIEiF

2211 JmmE A 12 5 Sk U T 10 24020 29730,
WSO BB WA TRRER, B A
VR 4 K. 13.7% (43/313) , X B 4H H. 6.4%
(55/864) . Meta 73 HT 45 SR IR, B4A VR 4 &
HRRIE R TR AN EE, ZRA%KITEE

© WA )T i [ & F I F 2P H

. (OR=2.83, 95% CI=1.80~4.44, P<0.001)
(FE2) o WAL RER , 75 PVR W2

2124725, 2930, 3435 3 5 PVR 4 B 9% A R 5 X R
MG % % % (OR=1.71, 95% CI=0.99~2.96,
P=0.054) ([ 3), iiff HAR W41 >, g5 5
SRS BT — 3 (OR=12.76, 95% CI=3.22~50.52,
P<0.001) (K 3) . FE40EHRE B 2.
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Study %
ID OR (95% CI) Weight
Klempnauer, % ! i . 2.81 (0.86,9.13) 14.92
Neuhaus, 46 & i mem 4.32(0.73, 25.65) 5.57
Gerhards, %5 17 6.00 (1.69, 21.26) 7.39
Mufioz , % ™ 10.88 (0.47,252.21)  1.37
Ebata, 25 < o 8.24 (1.27, 53.43) 2.10
Dinant, é’ff el ————— 1.60 (0.25, 10.36) 7.84
Miyazaki, 25 : 3.66 (1.06, 12.71) 11.11
JEISEHT 4% - —— 6.86 (0.68, 63.83) 2.82
Song, 5 10 4.01 (117, 13.75) 9.56
Hemming, % ¥ : 0.30 (0.03, 2.78) 16.70
Tamoto, %5 s - 0.34 (0.02, 5.92) 691
Hoffmann, % P <> 1.60 (0.38, 6.74) 13.70
Overall (I-squared=4.8%, P=0.398) : 2.83 (1.80, 4.44) 100.00
T T
0.00397 1 252
BA VR 41 XfHEZH
B2 BEVRASWRABERILERLE
Figure2 Comparison of mortality between VR combination group and control group
Study %
ID OR (95% CI) Weight
Neuhaus, % "7 4.32(0.73, 25.65) 6.20
Mufioz , 45 2%  memw: 5.84 (0.22, 157.58) 1.71
Ebata, 45 ! _— 0.82 (0.15, 4.40) 16.83
Dinant, 45 2 S - — 1.60 (0.25, 10.36) 8.73
Miyazaki, 2 > 2.19 (0.50, 9.66) 10.99
JE ST, P 3.20 (0.19, 53.52) 2.51
Song, 45 P 3.66 (1.07, 12.51) 11.48
Hemming, %5 B 0.30 (0.03, 2.78) 18.60
Tamoto, %5 1 — = 0.34 (0.02, 5.92) 7.69
Hoffmann, 45 &7 <>~ 1.60 (0.38, 6.74) 15.26
Overall (I-squared=0.0%, P=0.570) : 1.71 (0.99, 2.96) 100.00 A
0.001 05 1 10 500
A VR 4 X HRZH
Study %
ID OR (95% CI) Weight
Miyazaki, %5 > 11.30 (2.17, 58.85) 68.89
JEST T, e ) _ 16.00 (1.30,196.97)  31.11
Overall (I-squared=0.0%, P=0.820) 12.76 (3.22, 50.52) 100.00 B
0.001 05 1 10 500
4 VR 4 Xif B LH
B3 mIERMITASTH  A: PVRIE4L; B: HAR W4
Figure 3 Meta-analysis of mortality for subgroups A: PVR subgroups; B: HAR subgroups
2.2.1.2 RBHFAE A 12FCHS 2T SERE KRR @ T4 (PVR: OR=1.77,
20 IR TE AR JG I RAE (B U RE 08 | 95% CI=1.29~2.43, P<0.001; HAR: OR=6.39,

Wy H . IR, BERE AL, s ), dt
AN 1 338 IR E, KA VRAKEFN: 53.6%
(195/364) , XF M4 Jy: 36.2% (353/974) .
Meta 73 HT 25 R 7R . BEA VR AR5 I & 9E & £
RS TX A, 22451178 L (OR=2.48,
95% CI=1.44~4.28, P=0.001) (K 4) ., #47L
WM e, siRARKAEWRA, PVR g 02022
27, 29-30, 35-37] ﬂ:ﬂ HAR E'Eéﬂ [25, 29, 36] EP , E}F?‘Eéﬁﬁ)ﬁ

O MR o F B FAEPH

95% CI: 345~11.82, P<0.001) (K 5) . #H4l
A5 B
ﬁ EF‘ %%Uﬁ“- [21, 29-30, 35] 3}F?’H [21, 25, 39]

2R3 GR P P g B AR HGE TR RS )
REXEME . ARJE W& 1B ARSI AR 5 R Ik
W, ZSFHIEG I E S (B¥P>0.05) o H
PRI S e TR AT 5 PP 080 A BR AR AT M2 473 #r
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Study %
D OR (95% CI) Weight
f
Madariaga, % " il Sl 4.69 (0.84, 26.08) 6.20
Gerhards, 25 " N P I 2.90 (0.60,13.99) 6.88
Mufioz , &5 2% - 1.50 (0.26, 8.64) 6.05
Ebata, &5 2" : 6.66 (2.98, 14.93) 11.92
Dinant, 4§ ¥ Hs=t 10.14 (0.53,193.89)  2.81
Miyazaki, & 1.57 (0.78, 3.19) 12.68
M, AR 1.31(0.28, 6.14) 7.04
TR, 2 B —_— 1.71 (0.55,5.25) 9.56
Song, % PV ——— 1.37 (0.74, 2.53) 13.38
Tamoto, &5 ™ T 0.42 (0.10, 1.79) 7.53
Yu, %: B9 : 4.12(2.12,7.99) 13.03
Hoffmann, 25 17 <= 106.57 (5.94, 1 910.28) 2.92
Overall (I-squared=61.8%, P=0.002) H 2.48 (1.44,4.28) 100.00
T T T T
0.001 05 1 10 500
B VR 41 papiistil

4 EB& VRASWRARGHLE]RE

Figure4 Comparison of the incidence of postoperative complications between VR combination group and control group

Study %
D OR (95% CI) Weight
—lmin
Mufioz , %5 P71 S 1.50 (0.26, 8.64) 3.54
Ebata, % " 1.49 (0.62, 3.60) 15.06
Dinant, % 9 B 10.14 (0.53, 193.89) 0.84
Miyazaki, &5 —— 1.12 (0.51, 2.46) 20.56
A, & 2 o 1.31 (0.28, 6.14) 4.83
JEISEHr , S 2 — 1.53 (0.46, 5.07) 7.25
Song, % B - 1.37 (0.74, 2.53) 30.29
Tamoto, % —— 0.42 (0.10, 1.79) 10.85
Yu, % P : > 3.00(1.12, 8.03) 6.44
Hoffmann, %P7 0 106.57 (5.94,1910.28) 0.33
Overall (I-squared=44.9%, P=0.0.60) 2 1.77 (1.29, 2.43) 100.00 A
0.001 05 ; 100
B VR 41 papiicEa]
Study %
D OR (95% CI) Weight
Miyazaki, & > 6.33 (1.26, 31.88) 18.29
JE ST, A ) = 19.64 (3.66, 105.32)  8.11
Yu, 45 B9 > 4.94 (2.36, 10.36) 73.59
Overall (I—squared:S.Z.%, P=0.337) . , . 6.39 (3.45,11.82) 100.00 B
0.001 0.5 1 10 500
B4 VR 4 X R4

5 AREHEEMLHSHT

Figure S Meta-analysis of the incidence of postoperative complications for subgroups

2.2.2 AT
2221 A4K%K

19 17718, 2072220295581 (10 700 1] ) HRAE T 1 4E, 3 4RI
SAEETER, B VR4 N 63.9% (435/681) ,
27.1% (201/743 ) F116.6% (125/751) , X} HE4
H: 73.4% (1137/1 550) , 38.5% (676/1 755)
1 26.7% (520/1 949) . Meta 43 A7 45 R 1 IR
EPA M AT, BA VRAM 1A, 34F

© WA )T i [ & F I F 2P H

ﬁ‘%”ﬁ 19 %j(fﬁj( [5. 7. 14-15, 17-18,
20-23, 27, 29-31, 33-37] (2 231 ﬁﬂ ) 21 % X Tﬁk [5. 7, 14-15,
17-18, 20-23, 26-27, 29—31533—38]( 2 498 Wﬂ )Y FI 19 %I@( [5.7.

A: PVRE4H; B: HAR W4
A: PVR subgroups; B: HAR subgroups

5 AR A AE R B AR T X4 (1 4E. OR=0.60,
95% CI=0.49~0.73, P<0.001; 3 4F: OR=0.57,
95% CI=0.47~0.69, P<0.001; 5 4: OR=0.61,
95% CI=0.41~0.91, P=0.015) ( E 6-8) ., X4 4
9 191 B 7 S PVR WE 2 B, 45 13 G SCHR 20 51l i
iﬁ 1 ﬁg [5. 7,17, 20-21, 27, 29-30, 33737]’ 3 ﬁg [5. 7,17, 20-21, 27, 29-30,
PR 5 AR A AR R 712002029580, 253 gk
¥R W & it % 2 % (1 4F: OR=0.87, 95%
CI=0.51~1.46, P=0.593; 3 4E. OR=0.89, 95%
CI=0.57~1.40, P=0.622; 5 4£:. OR=0.79, 95%
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$25%

CI=0.60~1.05, P=0.108) . T 4E9% B FR % & HAR
WALEY, TR 3 ke Sk P B RGE 1, 3. 5 4R
TR, SRS B SH—2 (145. OR=0.43,

95% CI= 0.29~0.90, P=0.131; 3 4F:. OR=0.43,
95% CI= 0.25~0.75, P=0.003; 5 4F. OR=0.24,
95% CI=0.10~0.59, P=0.002) ([ 9-11)(F2).

Study %
1D — OR (95% CI) Weight
1 |
Emond, Z¢ 'Y = 1.50 (0.14, 16.54) 0.46
Klempnauer, 2 [ - - 0.94 (0.37, 2.39) 3.82
Neuhaus, 5 ['" —_— 6.37 (032, 127.63) 022
Nimura, 25 ' B e e — 0.34 (0.16, 0.71) 9.33
Mufloz , 25 2 —_— 0.95 (0.20, 4.64) 1.32
Ebata, 4 21 —_———— 0.20 (0.09, 0.47) 9.53
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Figure 7 Comparison of 3-year overall survival between VR combination group and control group
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Figure 9  Meta-analysis of 1-year survival for subgroups
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Figure 10 Meta-analysis of 3-year survival for subgroups A: PVR subgroups; B: HAR subgroups
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Table 2 Results of combined VR in surgical treatment of hilar cholangiocarcinoma from overall group and subgroups
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