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Minimally invasive hepatectomy versus open hepatectomy for
hepatolithiasis: a Meta-analysis

LEI Jiao', HUANG Junmin?, YANG XiaoBo', ZHANG Yuan'

(1. Department of General Surgery, The People’s Hospital of Three Gorges University, Yichang, Hubei 443000, China; 2. Operating Room,
Jingzhou Central Hospital, Jingzhou, Hubei 434000, China)

Abstract Objective: To evaluate the safety and efficacy of minimally invasive hepatectomy for hepatolithiasis.

Methods: Literature regarding studies comparing minimally invasive hepatectomy and open hepatectomy for
hepatolithiasis was collected through searching several national and international online databases. After data
extraction, Meta-analysis was performed by using Stata 12.0 software.

Results: Twenty-four studies were finally included involving 2 051 patients, of whom, 993 cases underwent
minimally invasive hepatectomy and 1 058 cases underwent open hepatectomy. Results of Meta-analysis
showed that minimally invasive hepatectomy had significantly reduced intraoperative blood loss (SMD=-0.867,
95% CI=-1.261--0.472, P<0.001), blood transfusion rate (OR=0.475, 95% CI=0.330-0.683, P<0.001),
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incidence of postoperative complications (OR=0.493, 95% CI=0.382-0.638, P<0.001), postoperative fasting
time (SMD=-1.845, 95% CI=-2.609--1.082, P<0.001), length of postoperative hospital stay (SMD=-0.983,
95% CI=-1.323--0.643, P<0.001) and stone recurrence rate (OR=0.513, 95% CI=0.322-0.816, P=0.005)

compared with open hepatectomy, while no significant differences were noted in operative time, initial stone

clearance rate and final stone clearance rate between the two approaches (all P>0.05).

Conclusion: Minimally invasive hepatectomy is a safe and effective approach for hepatolithiasis, and is superior to

open hepatectomy in most intra- and postoperative variables. However, more randomized controlled trials are still

needed to verify these differences.
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Figure1 Literature screening process
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Table 1 General information of the included studies
1E# R RRERK Gl g (%) B4 OIS (n)  WFSEEEL SCERITS:

Jin, %5 10 2016 hE RSB 51.7+10.9 27/69 96 gt 8
IR IR 528112 26/79 105

Lee, %1 2016 i HLER AR 56.0+11.0 3/12 15 HiREs 8
FEERTFYIRR 58.0 £ 10.0 12/30 42

Zhou, %5 14 2013 el B IFIBE 49.5+11.5 19/25 44 [ Jegi 8
TS FDIBR 455+ 125 12/32 44

Cai, 45 1'° 2007 G| MBI 479+ 142 5124 29 HHEE 7
TR IER 519+11.9 7/15 22

Tian, & " 2013 h MEIEBRTIIRE 494119 34/82 116 (o s 7
FEE TR 493+ 112 29/49 78

Kim, %" 2015 G I B AT 60.6 5/12 17 [ g0 P 6
FEERFYIIRR 63.5 6/11 17

Tu, & 1 2010 el WA 47.0+9.50 10/18 28 [ Jegi 7
TSV 49.0+9.20 12/21 33

Namgoong, % ** 2014 G MBI 53.0+10.8 9/28 37 RiTREE 9
FIEITIER 59.1 + 8.40 40/72 112

Ye, 45 121 2015 i W 54.0£9.25 16/30 46 (B e 7
IO 55.0+8.25 18/33 51

Shin, % 2016 i [ JEIEEEATUIBE  56.8 £8.20 8/32 40 RSP 8
TS DI 55.6 9.60 19/35 54

TR, % 2 2016 i J Fe e D085 — — 37 M)t 5
HIEIHIIER — — 49

B Y 2016 Cx i e A DI — — 40 pes 5
FEEITFYIRR = — 37

Bt 2106 o ST 50.1£20.6 12/20 32 JB 6
IR IR 49.7 +19.7 9/23 32

X1 1260 2015 i WEIEEEAFIRR  53.2+6.30 12/14 26 HiHETE 5
FEERTFYIBR 54.3 + 6.80 13/13 26
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Table 1 General information of the included studies (continued)
=3 KM RRERK Gl RS (%) B FUIREC(n) WA SCERPESY

R A A 2015 gl AR 46.5+10.0 20/25 45 [ st 5
TS FDIBR 45.5+8.90 21/14 35

A 7e | A DS 2014 i MBI 48.6£10.2 16/19 35 [ 6
FIETIER 47.5 £ 9.60 18/22 40

X, 45 ) 2014 I MR 50.3+£8.50 17/23 40 [ 5
FEETFYIR 49.6 +7.20 11/15 26

XL, & 20 2013 | i s DI — — 24 [ g 5
TERE IR — — 23

TRy, &0 2013 i Ji Fe e DI85 — — 52 [ i 5
HIEIHIIER — — 32

JRAERE , 45 B 2012 ex i B AU 405+79 16/13 29 [ g 5
FEERTFYIRR 42.1+94 14/11 25

(iR /A 2012 i i s e DB — — 41 [ g 5
TR 1R — — 30

XIS, 4 Y 2011 [ RIS — — 26 [ 5
FEERTFYIRR = — 16

firfEl g o 2011 EE MRS 522+11.8 — 69 [ g 6
TS FDIBR 51.8+11.0 — 107

7 phpz B9 2008 i MEREGATOIRE  47.9+ 142 524 29 [ml e 5
TS D15 519+11.9 7/15 22

2.2 Meta 3R -1.26~-0.47, P<0.001) ( 2), B I% B H

221 FARFMIEAT WA 24T CHIIRE TFAR 0 M % K (OR=0.48, 95% CI=0.33~0.68,

Hj‘ rETJ ﬂlﬂi ':P ll:lj Jf[[i;%( j:}:', 11 /)% [10, 13-14, 17, 19-22, 25, 32, 35]
$2 4L T 5 i AH O B UE . Meta 43 AT 45 B R 6]
FE 0 B Uk 2 AR o i & ( SMD=-0.87, 95% Cl=

P<0.001) ( KW 3) . A5 I E MU Bx F A 6t
G G 4 if % 2 /% (SMD=-0.06, 95% CI=
-0.43~0.31, P=0.746) (K 4) .

Study ID SMD (95% CI) Weight %
Jin, 251 2016 | -0.41 (<0.69, -0.13) 4.48
Lee, 4P 2016 —_ -0.60 (~1.20, —0.00) 4.14
Zhou, % " 2013 L -0.09 (-0.51, 0.33) 436
Cai, % " 2007 - -0.10 (~0.65, 0.46) 4.20
Tian, 25" 2013 L -0.07 (-0.35, 0.22) 448
Kim, % " 2015 5 — 0.12 (-0.56, 0.79) 4.04
Tu, %1 2010 | — ~0.08 (~0.58, 0.43) 427
Namgoong, 25 ™ 2014 et -0.27 (-0.64, 0.11) 4.40
Ye, %1 2015 et -0.23 (<0.63, 0.17) 438
Shin, % ™' 2016 ——t -0.36 (-0.77, 0.05) 437
HRM 22016 L — 0.22 (-0.21, 0.65) 435
A 2 2016 5 —— 0.55 (0.09, 1.00) 432
Bt 4P 2106 ——t -0.32 (-0.81,0.17) 4.28
XIS = 2015 —_— i —4.54 (-5.59, -3.50) 3.47
R, 2 BT 2015 —_— -0.92 (-1.38, =0.45) 431
B 4 P 2014 | —— 0.88 (0.40, 1.35) 4.30
XUk, 45 2 2014 —_— ! —4.82 (-5.79, -3.85) 3.59
XL, 45 B 2013 — -1.39 (-2.02, -0.75) 4.09
TRIT, %P 2013 — ! -4.53 (-5.35, -3.71) 3.82
JRHERE | 45 P 2012 — ~1.61 (-2.23, -1.00) 4.12
TR, 45 B 2012 [ S 0.02 (-0.45, 0.49) 4.30
XUHTSC, 25 B 2011 —_— : —4.56 (-5.74, =3.38) 3.26
A ™ 2011 . —0.35 (=0.66, —0.05) 4.46
Z55 B 2008 D —— ~0.10 (-0.65, 0.46) 4.20
Overall (I-squared=94.0%, P=0.000) < ~0.87 (~1.26, —0.47) 100.00
NOTE: Weights are from random effects analysis E
T T
-5.79 5.79

0
2 AR imELLR

Figure 2 Comparison of intraoperative blood losses
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Figure 4 Comparison of operative times
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45 8 1] FE, F: AR 5T E IR 677 T4 A B Meta AT 1011
Study ID SMD (95% CI) Weight %
Jin, 251 2016 _— 0.21 (0.09, 0.48) 18.98
Lee, 25 2016 : 3.08 (0.39, 24.08) 3.12
Zhou, 25" 2013 _ 0.71 (0.22, 2.25) 9.95
Tian, % "7 2013 P—— 1.01 (0.48, 2.13) 23.70
Tu, 25 " 2010 ! 0.38 (0.01, 9.70) 1.26
Namgoong, 25 * 2014 : 0.13 (0.01, 2.28) 1.61
Ye, %1 2015 : 0.26 (0.03, 2.43) 2.66
Shin, 45”2016 : 1.01 (0.21, 4.80) 5.46
BeFt 45 P 2106 — = 0.66 (0.19, 2.36) 8.20
JBIHERE , % ™ 2012 ; 0.16 (0.03, 0.83) 4.77
A ™ 2011 —_— 0.30 (0.13, 0.66) 20.28
Overall (I-squared=39.8%, P=0.083) <> 0.48 (0.33, 0.68) 100.00
NOTE: Weights are from random effects analysis E

0.007 44 1 134
E 3 #HimelEteis
Figure 3 Comparison of cases requiring blood transfusion
Study ID SMD (95% CI) Weight %
Jin, %5 " 2016 e 0.01 (=0.26, 0.29) 4.44
Lee, 5P 2016 —-'._ 0.05 (-0.54, 0.64) 4.08
Zhou, % "™ 2013 : —_— 1.31(0.85,1.77) 4.25
Cai, %" 2007 —_— 0.15 (=0.41, 0.70) 4.13
Tian, 25" 2013 V] —— 0.56 (0.27, 0.85) 4.42
Kim, % "™ 2015 L |——— 0.76 (0.07, 1.46) 3.92
Tu, %5 " 2010 D —— 0.64 (0.12, 1.15) 4.18
Namgoong, % ™ 2014 | — 0.28 (-0.09, 0.66) 435
Ye, % 1 2015 [ N 0.35 (-0.03, 0.75) 4.32
Shin, 25 ™ 2016 — —0.67 (-1.09, -0.25) 430
ERM 2522016 L 0.07 (-0.35, 0.50) 429
Bl P 2016 ; —_— 1.15 (0.66, 1.63) 422
Bt 4 ™1 2106 D —.— 0.75 (0.25, 1.26) 4.19
XU 5 2015 —_— ; —3.58 (-4.46, -2.69) 3.61
R, 4527 2015 v —— 0.90 (0.43, 1.36) 4.25
A7 4 P 0014 | —_— 1.49 (0.98, 2.01) 4.18
XUk, % ™1 2014 —_— ~1.21 (-1.74, -0.67) 4.15
X, 45 B 2013 —_— 5 ~1.89 (-2.58, -1.20) 3.93
FRIL, 4B 2013 —_— ! -2.38(-2.95, -1.81) 4.11
JRIERE , 45 B 2012 —— 0.23 (-0.31, 0.77) 4.15
BRAS 25 B 2012 L —— 0.41 (-0.07, 0.88) 4.23
XUHTC, 45 B9 2011 —_— : —2.26 (-3.06, —1.47) 3.76
A ® 2011 b 0.32 (0.01, 0.62) 441
Z072 " 2008 —_—— 0.15 (-0.14, 0.70) 4.13
Overall (I-squared=93.5%, P=0.000) {} -0.06 (-0.43, 0.31) 100.00
NOTE: Weights are from random effects analysis E
T
-4.46 0 4.46

http://pw.amegroups.com



1012 HE S AR 4 5506 %

7!

000 R GIFMNISAT AT 22 5 SCih 10 114 16293132, 3430
W3l T ARG I KAE, 6 G 1022 2 A TR
Ak fr B[], 21 1013714 16-26.30, 32233, 35-36] g e
ARG A AR ] o & IF 45 28 WoR o) D0 BR &

P<0.001) ( Kl 5), K J5 % & B[ & (SMD=
-1.85, 95% CI=-2.61~-1.08, P<0.001 )
( ®We6), 4i%m & 3F K5 B B [ (SMD=
-0.98, 95% CI=-1.32~-0.64, P<0.001)

#H ARG I KAED (OR=0.49, 95% CI=0.38~0.64,

(E7).

Study ID OR (95% CI) Weight %
Jin, 2" 2016 ——] 0.61 (0.30, 1.22) 13.62
Lee, %21 2016 : 0.65 (0.18, 2.42) 3.86
Zhou, 5" 2013 —_— 0.63 (0.24, 1.63) 733
Cai, 25 " 2007 1 0.33 (0.06, 2.01) 2.04
Tian, 2 17 2013 — 0.89 (0.4, 1.80) 13.27
Kim, %5 " 2015 : i 0.23 (0.05, 0.96) 3.17
Tu, 25 " 2010 } 0.93 (0.22, 3.87) 3.26
Namgoong, %5 * 2014 —_— 0.56 (0.18, 1.75) 5.03
Ye, 251 2015 —_— 0.55 (0.18, 1.62) 5.58
Shin, % ™ 2016 —_— 0.31 (0.12, 0.82) 6.87
HRM , 422016 : 0.14 (0.02, 1.19) 1.46
s B 2016 —_— 0.16 (0.05, 0.55) 4.40
BeSF, & ™ 2106 _— 0.62 (0.20, 1.89) 5.23
XU 2 2015 : 0.35 (0.06, 2.00) 2.18
R, 45 BT 2015 < : 0.14 (0.02, 1.23) 1.37
R P 9014 : 0.17 (0.02, 1.46) 1.40
XUk, % ™1 2014 —_— 0.33 (0.10, 1.09) 4.69
TARIT, %P 2013 : 0.28 (0.05, 1.63) 2.13
IBHFRE , 2 P 2012 : 0.34 (0.09, 1.31) 3.62
XIHSC, 2 B 2011 : 0.28 (0.02, 3.37) 1.07
ATl R B 2011 —_ 1.10 (0.40, 3.03) 6.38
Z g P9 2008 1 0.33 (0.06, 2.01) 2.04
Overall (I-squared=0.0%, P=0.689) <> 0.49 (0.38, 0.64) 100.00
T ‘ T
0.0152 1 66
5 REHERIELER
Figure S Comparison of incidence of postoperative complications
Study ID SMD (95% CI) Weight %
Cai, 22" 2007 } -1.13 (-1.73, -0.53) 16.57
Zhou, %" 2013 ! -3.79 (-4.50, =3.09) 15.94
Namgoong, 2 ™ 2014 P —— -1.29 (~1.69, -0.89) 17.56
BT, 4 2106 — -1.25(-1.79, -0.71) 16.90
Agfrgs | 409 0014 } -2.60 (-3.22, -1.98) 16.45
Z= %z P 2008 — -1.13 (-1.73, -0.53) 16.57
Overall (I-squared=91.0%, P=0.000) <> -1.85(-2.61, -1.08) 100.00
NOTE: Weights are from random effects analysis 3
-4.5 0 45

B 6 AREZERMELLE

Figure 6 Comparison of fasting times
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Study ID SMD (95% CI) Weight %
Jin, 251 2016 ! - ~0.05 (~0.32, 0.23) 5.17
Lee, 25 2016 —_— -0.39 (-0.99, 0.20) 4.60
Zhou, 25" 2013 | —— -0.33 (=0.75, 0.09) 495
Cai, 251" 2007 —_— -0.61 (-1.18, =0.04) 4.66
Tian, 25 "7 2013 | ——— -0.50 (=0.79, -0.21) 5.15
Kim, 25 "™ 2015 e 0.22 (-0.46, 0.89) 4.42
Tu, 25 "1 2010 —_— —1.08 (-1.62, -0.54) 4.71
Namgoong, 2 ™ 2014 — —1.11 (=1.50, -0.72) 5.00
Ye, £ P 2015 | —— ~0.28 (-0.68, 0.12) 4.98
Shin, % *2' 2016 _— —1.42 (-1.88, -0.96) 4.88
HRM , % P 2016 _— : —2.39 (-2.94, -1.83) 4.68
Jiki 2 2016 — i -2.87 (-3.51, -2.23) 4.50
Bt , 421 2106 —_ -0.70 (-1.21, =0.20) 479
X1 = 2015 _— ! —2.36 (-3.07, -1.64) 433
R | 45 BT 2015 — —1.34 (~1.83, -0.85) 4.82
st gs A8 0014 —_— -0.91 (-1.39, -0.44) 4.84
XL, 2 B 2013 — -1.16 (-1.78, -0.54) 4.54
JRIEAE | % B 2012 —_— -0.91 (~1.47, -0.35) 467
B, 45 5 2012 —_— 3 —2.46 (-3.08, -1.83) 453
R P 2011 ! _— 0.16 (-0.14, 0.47) 5.13
Z P 2008 —_— -0.61 (-1.18, -0.04) 4.66
Overall (I-squared=91.1%, P=0.000) <:> -0.98 (-1.32, -0.64) 100.00
NOTE: Weights are from ran(llom effects analysis : .

-3.51 0 3.51
B 7 ARiGEBERE
Figure 7 Comparison of lengths of postoperative hospital stay
223 % &k A B A A 15 Sk e enRsa 95% CI=0.70~3.15, P=0.308) ( K 9), W T

BEE TR R, 12 R e
e T B A 45 A G R B, Meta AT 275 . R
gk 0 W B % (OR=1.27, 95% CI=0.85~1.90,

P=0.249) (K 8) , mA% A% (OR=1.48, P=0.005) (Kl 10) .

7&7‘5‘5&: Ltﬁ% EU% ﬂ_% E‘o 22 /}%ifﬁk [10, 13-14, 16-24, 26-31, 33-36]
W T4 08 KB, 4558 5N eI 54
f B Kk # K (OR=0.51, 95% CI=0.32~0.82,

Study ID OR (95% CI) Weight %
Jin, 1 2016 0.81 (0.18, 3.74) 7.03
Zhou, 5™ 2013 : 0.63 (0.17,2.42) 9.08
Cai, % " 2007 ; 1.37 (0.25, 7.54) 5.61
Tian, 25 "7 2013 : 1.63 (0.48, 5.56) 10.87
Kim, %5 "™ 2015 : 1.61 (0.23, 11.09) 437
Tu, 2 " 2010 - 1.58 (0.38, 6.55) 8.05
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Figure 8 Comparison ofinitial stone clearance rates;
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Study ID OR (95% CI) Weight %
Lee, % 2016 2.75 (0.13, 56.33) 6.24
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Cai, 25" 2007 4.12 (0.16, 106.00) 5.40
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XL, % B 2013 8.37 (0.41, 171.55) 6.24
AR P 2011 0.63 (0.12, 3.24) 21.45
Z: P 2008 : 4.12 (0.16, 106.00) 5.40
Overall (I-squared=2.0%, P=0.425) <t:> 1.48 (0.70, 3.15) 100.00
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Figure 9 Comparison of final stone clearance rates
Study ID OR (95% CI) Weight %
Jin, 2" 2016 3.31(0.13, 82.33) 2.09
Lee, 25 ™ 2016 ‘ 0.26 (0.03, 2.27) 463
Zhou, %" 2013 —_— 0.57 (0.13, 2.55) 9.63
Cai, %5 "% 2007 : 0.24 (0.01, 6.26) 2.05
Tian, 25 "7 2013 : 1.14 (0.19, 6.99) 6.56
Kim, %19 2015 <€ j i 0.09 (0.00, 1.73) 2.39
Tu, 25 " 2010 : 1.19 (0.07, 19.86) 2.72
Namgoong, 25 ™ 2014 : 0.59 (0.03, 12.55) 231
Ye, 21 2015 : 0.73 (0.12, 4.56) 6.41
Shin, %5 ¥ 2016 - 0.44 (0.04, 4.35) 4.08
R, % 2016 : 2.74 (0.24, 31.46) 3.63
Bt B 2016 : 1.42 (0.22,9.01) 6.32
XIS > 2015 : 0.13 (0.01, 2.58) 237
R, 46 72015 —4 1.18 (0.19, 7.47) 6.33
A7 4 Y 0014 : 1.09 (0.15, 8.19) 5.31
X, 2 P 2014 _ 0.34 (0.07, 1.57) 9.24
XL, 45 5 2013 : 0.18 (0.01, 3.86) 2.26
TRIT, 255 2013 —_— 0.21 (0.06, 0.76) 13.21
XIHSC, 2 P 2011 : 0.25 (0.04, 1.56) 6.42
Z: P 2008 0.24 (0.01, 6.26) 2.05
B 45 B 2012 (Excluded) 0.00
arEE 2011 ; (Excluded) 0.00
Overall (I-squared=0.0%, P=0.840) <> 0.51 (0.32, 0.82) 100.00
I
0.00424 1 236
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Figure 10 Comparison of stone recurrence rates
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