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Abstract

Key words

Background and Aims: Although many animal experiments have confirmed that remote ischemic
preconditioning (RIPC) can significantly improve the early tissue perfusion and oxygenation of the
residual liver after hepatectomy, reduce the hepatic ischemia-reperfusion injury (HIRI), accelerate the
surgical prognosis, and improve the survival rate. However, there is still controversy over the role of
RIPC in relieving HIRI in clinical studies. Therefore, this study was conducted to evaluate the efficacy
and safety of RIPC in hepatectomy through Meta-analysis to provide evidence-based information for
clinical decision-making.

Methods: Randomized controlled trials (RCTs) evaluating the efficacy and safety of RIPC strategy were
collected by searching several national and international literature databases. The search spanned the
period from the inception of each database to May 2022. After data extraction and quality evaluation of
the included studies, Meta-analysis was performed using RevMan 5.3 software. The main evaluation
indicators were postoperative liver function parameters, operative time, intraoperative blood loss, length
of postoperative hospital stay, and the major postoperative complications.

Results: A total of 11 RCTs were included, involving 851 patients, with 422 cases in the RIPC group
and 429 cases in the control group. The results of Meta-analysis showed that there was no significant
difference in each liver function parameter before operation between the two groups (all P>0.05); the
levels of alanine transaminase (ALT) and aspartate transaminase (AST) on postoperative day
(POD) 1 were significantly lower in RIPC group than those in control group (WMD=-74.92, 95% CI=
-126.18--23.67, P=0.004; WMD=-66.37, 95% CI=-106.47--26.27, P=0.001), but significant
heterogeneity existed among the studies (I’=98%; I’=95%), there were no significant differences in ALT
and AST levels on POD 3 and 7 between the two groups (all P>0.05), and there were no significant
differences in levels of total bilirubin and albumin on POD 1, 3 and 7 between the two groups (all P>
0.05); no statistical differences were noted in other evaluation indicators between the two groups
(all P>0.05).

Conclusion: The application of RIPC in hepatectomy offers limited clinical benefit and cannot alleviate
liver injury caused by HIRI after hepatectomy. However, more high-quality multicenter RCT studies still
need to verify the above conclusions. In addition, all current clinical studies are performed under
propofol anesthesia or propofol combined with inhalation anesthesia, which is also a hot topic of debate.
Hepatectomy; Reperfusion Injury; Ischemic Preconditioning; Meta-Analysis
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Figure 1 The literature screening process
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Table 1 The baseline characteristics of the included studies

P e 7;&% i %L (n) AR (%) P (F i)

isf i) RIPC4]l  XFHRZL RIPC 41 XFHEZH RIPC 41 X REZ
1 Kanoria, 2211 2017 | 8 8 70+2.0 67+4.7 7/1 6/2
2 Bx, &2 2014 ERIEE] 10 10 52+8 49+7 ARULH A
3 7, A 2015 | 30 30 38.5+8.5 40.1+7.2 17/13 17/13
4 = 2021 i 30 30 34.7+9.1 37.5+11.0 11/19 8/22
5 Frifg, A5 2019 ] 102 106 30 30 37/65 38/68
6 4Rk E 2021 o [ 20 20 47.35+11.03 51.80+8.22 713 9/11
7 Rakie, 4520 2018 ML 20 20 63.8(48~79) ESTL ESUL]
8 Liu, 21 2019 i 69 67 52411 52411 59/10 59/8
9 Teo, 21 2020 B 24 26 64x11.2 67+8.4 20/4 19/7
10 Wu, %0 2020 i 34 39 50.7+9.9 49.7+10.4 29/5 31/8
11 Jung, %17 2020 i 75 73 29+8.1 28+7.4 54/21 51/22
i e FBEAAY A E)aiE oy

(ERAL, BRI, R ))

1 Kanoria, 5 JiF46# T 2x10 min/10 min 2), 6), 20), 23)

2 Rz 55 K 4i FJ3%5 min/5 min, 200 mmHg 1), 2), 3), 4), 5), 6), 7), 8), 9), 10), 11), 12), 17)

30 ZEE AP M HRASESE A5 FJR3X5 min/5 min, 200 mmHg 1), 2), 5), 6), 17), 18), 19), 20), 22)

4 Eoe FFEREE 22 i 3%5 min/5 min, 225 mmHg 1), 5), 6),9), 10), 17), 18), 19), 20), 21), 22), 23)

5 Sk, A JFRS A 4 FJH 35 min/5 min, 200 mmHg 1), 2), 3), 5), 6), 7), 9), 10), 11), 13), 14), 15), 18)

6 Ak FFIREESE A 78 FJK3X5 min/5 min, 200 mmHg 1), 2), 3), 4), 5), 6), 7), 8), 9), 10), 11), 12), 13), 14), 15), 16), 17), 18)
7 Raki¢, 2520 S5 EARE IR 47 L 3%S min/5 min, 200 mmHg 2), 6), 12)

8 Ly 2511 iR/ 47 EJi% 3%5 min/5 min, 225 mmHg 1), 2), 3), 5), 6), 7), 9), 10), 11), 13), 14), 15), 17), 18), 19), 20).21),22),23)
9 Teo, 251! iR [ Ji 4%5 min/5 min, 200 mmHg 1), 2), 5), 6), 17), 18)

10 Wu, %! iR/ 47 FJi% 3%5 min/5 min, 200 mmHg 1), 2), 3), 4), 5), 6), 7), 8). 9). 10), 11), 12), 13), 14), 15), 16), 17), 18)
11 Jung, %7 N2 EJBE3%5 min/5 min, 200 mmHg 1), 2), 3), 4), 5), 6), 7), 8),9), 10), 11), 12), 17), 19), 20), 21), 22)

7 :1 mmHg=0.133 kPa; 1) .2) .3) \4) 3 H AN AR S5 ARG 1.3.7 K ALTKF55) .6) .7) 8) B F A ARFT S AIEH 1.3.7 K ASTKF;9) .10)
1) 12) 73 B ARTT G ASFH 1.3.7 K TBIL/K-513) \14) 15) \16) 73 AT 5 ARSG 55 1.3.7 K ALB/KT-517) (18) (19) FARMFA] A 1l
i AEBEISIA]520) \21) ,22) (23) ARJF YIRS JEHRS SRR A R e

Notes: | mmHg=0.133 kPa; 1), 2), 3), 4) standing for ALT levels before and 1, 3 and 7 d after operation; 5), 6), 7), 8) standing for AST levels before
and 1, 3 and 7 d after operation; 9), 10), 11), 12) standing for TRIL levels before and 1, 3 and 7 d after operation; 13), 14), 15), 16) standing for ALB
levels before and 1, 3 and 7 d after operation; 17), 18), 19) standing for operative time, intraoperative blood loss and length of hospital; stay; 20), 21),

22), 23) standing for postoperative wound infection, bile leakage, intra-abdominal bleeding and pulmonary complications
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Figure 2 Assessment of risk of bias of the included studies  A: Risk of bias graph; B: Risk of bias summary
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riT. AR NIR, WA R F ARHT ALT KF L4 it
27 L (WMD=-0.17, 95% CI=—1.49~1.16, P=0.81)
(E3) o 11 IR FR14R4E T R JE 55 1R ALT K
S, 6T AT T BRI TR A 3 K ALT K,

o g B B A S8 L (P0.05, P=
99% ) , R FH Bl HL AN 45 A HE 4T Meta 43 87 o 45 SR

BoR, REH1IRALTKFERABESIT#E X
(wm40:—7492, 95% Cl=-126.18~-23.67, P=0.004) .
B3, TRALTK P ERETRIT¥EXL (KRG
%3 K. WMD=-477, 95% CI=-20.47~10.94, P=
055; RJGH 7K. WMD=227, 95% Cl=-2.61~
7.16, P=0.36) ([K4).

43 PR S T ORIE S T R ALT K P, 4
RIPCH pagie:| Weight Mean Difference Mean Difference
Study or Subgroup Mean SD Total  Mean SD Total (%) 1V, Fixed, 95% CI 1V, Fixed, 95% CI
Jung, 55 4072020 18.3 39 75 19.3 45 73 1.6 -1.00[-11.36,9.36] —
Liu, 251912019 391 296 69 41 285 67 1.8 -1.90[-11.66,7.86] —
Teo, 25192020 35.7 20.4 24 29.7 102 26 2.1 6.00[-3.05, 15.05] T—
Wu, Z°12020 37.29  20.03 34 43.67 28.82 39 1.4 -6.38[-17.66,4.90] —
=, &312014 39 15 10 36 15 10 1.0 3.00[-10.15,16.15]  —
#OCH 2021 20.2 85 30 20.2 85 30 9.5 0.00 [-4.30, 4.30] -+
ZRET, 45220015 80.27 4.34 30 81.78 535 30 28.9 -1.51[-3.98, 0.96] 1
ARk E 2021 20.65 4.1 20 21.37 3.66 20 30.2 -0.72 [-3.13, 1.69]
Fik, 41812019 18 11 102 16 9 106 23.4 2.00[-0.74, 4.74] i
Total (95% CI) 394 401 100.0 —-0.17 [-1.49, 1.16]
Heterogeneity: Chi’=7.07, df=8 (P=0.53); I’=0% f } f {
Test for overall effect: Z=0.25 (P=0.81) -100 =50 0 50 100
RIPC 4 Xf HRZH
3 ARBTALT KFLLE Meta 477
Figure 3 Meta-analysis comparing the preoperative ALT levels
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RIPCAH Xof BE2H Weight Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total (%) 1V, Random, 95% CI 1V, Random, 95% CI
ALT lever on POD 1
Jung, 251712020 1463 587 75 151.4 56.5 73 6.3 -5.10 [-23.66, 13.46] —
Kanoria, 252112017 412 244 8 698 137 8 1.5 -286.00[-479.91,-92.09] +—
Liu, 25112019 4119 3511 69 393 244 67 34 18.90 [-82.47, 120.27] _
Rakié, 2522018 844.5 15008 20 9783 17386 20 0.1 -133.80 -1 140.38, 872.78] ¢ }
Teo, Z£'%1 2020 243 2302 24 1952 1442 26 32 47.80[-59.69, 155.29] e
Wu, 21512020 680.8 291.5 34 10407  649.5 39 1.2 -359.90 [-586.07, -133.73] 4
Bz, 551014 212 68 10 413 104 10 4.0 -201.00 [-285.84, -116.16]
WL 2021 2782 476 30 375.2 529 30 62  -97.00[-122.46,-71.54] ——
ZEEE, 4220015 12845 889 30 27273 16.18 30 6.5 -144.28 [-150.89, -137.67] |
ARk E 2021 16276 1439 20 20594  12.17 20 6.5 —43.18 [-51.44, -34.92] -
FEIk, 5182019 308 219 102 271 197 106 5.1 37.00 [-19.68, 93.68] —_
Subtotal (95% CI) 422 429 439  —7492[-126.18,-23.67] -l

Heterogeneity: Tau’=5 101.12; Chi’=502.12, df=10 (P<0.000 01); I’=98%
Test for overall effect: Z=2.86 (P=0.004)

ALT lever on POD 3

Jung, 251712020 862 267 75 86.8 278 73 6.5 -0.60[-9.39, 8.19] +

Liu, %2019 261 1733 69 2654 1778 67 5.0 ~4.40 [-63.43, 54.63] _
Wu, 251512020 4336 2086 34 6162 3641 39 25  -182.60[-316.67, -48.53] +——

Bz, 1014 177 77 10 225 56 10 5.0 -48.00[-107.01,11.01] ———
%M@“” 2021 7832 13.15 20 88.59 425 20 6.5 -10.27 [-16.33, -4.21] -

FFk, 41812019 197 130 102 163 114 106 5.9 34.00[0.72, 67.28] ——
Subtotal (95% CI) 310 315 314 —4.77[-20.47, 10.94] L 2

Heterogeneity: Tau’=162.58; Chi’=17.43, df=5 (P=0.004); I’=71%
Test for overall effect: Z=0.60 (P=0.55)

ALT lever on POD 7

Jung, 21712020 547 237 75 492 113 73 6.5 5.50 [-0.46, 11.46] e

Wu, 211512020 166 951 34 204.1 1193 39 5.4 -38.10[-87.33, 11.13] _
=, 21014 75 25 10 81 18 10 6.3 —6.00 [-25.09, 13.09] —

ARk E 2021 3559 518 20 33.78 5.33 20 6.5 1.81[-1.45,5.07] .

Subtotal (95% CI) 139 142 247 2.27 [-2.61,7.16] ]

Heterogeneity: Tau’=8.10; Chi*=4.51, df=3 (P=0.21); I’=33%
Test for overall effect: Z=0.91 (P=0.36)

Total (95% CI) 871 886  100.0 —38.80 [-65.77, —11.83] i
Heterogeneity: Tau’=2 899.20; Chi’=1 757.42, df=20 (P<0.000 01); I*=99% — —
Test for overall effect: Z=2.82 (P=0.005) -100-50 0 50 100
Test for subgroup differences: Chi’=9.21, df=2 (P=0.01); I’=78.3% RIPCH]L  XFHRZ

4 ARFALT 7K F LA Meta 547

Figure 4 Meta-analysis comparing the postperative ALT levels

2.2.2 ASTK-F  9HUMFFE"" 2 4 T F R R % 7 K : WMD=027, 95% CI=-0.49~1.02, P=
AST KV, S WP A R R LGt 2: 3 L (P= 0.49) (l6),

021, P=26%), K FE E %% 0 AR Y JE 4T Meta 43 2.2.3 TBIL K-F 7 IWAFFD TS EHRE T FR
Br o éﬁ%ﬁﬁ, P 40 R R AT AST K 4832 Hi TBIL K-, 25 01 58 25 2R (8] 5% oo 1 A 48 32 5 X
= X (WMD=-033, 95% CI=-1.08~0.42, P=0.39) (P<0.05, PP=100%) , K B HL &0 A Y 3 17
(E5) o 11 T 5214 45 7R 5 55 1 K AST K Meta 53 M1 o 25 7R, W41 B 5 R T TBIL 7K °F- 22
L 6 TSR TP TORIE 5 3 R AST K-, REG ¥ E X (WMD=-17.36, 95% CI=—56.30~
AR5 17 BT R IG5 7T K AST K-, 44 21.58, P=0.38) ([&7)., 7IimFsI" 7127 46T
Frel b 5 A g E L (P<0.05, P=99% ), AJE5 1 R TBIL K, 6T ffF o702 45 7R
Hike SR FH BE HIL SO0 A5 D E 4T Meta 0 o 45 9 R, J5 %5 3 R TBIL K F, 5350 > 720 2R 5 TR
RIGH 1 RASTKFEZRA S IT%E L (WMD= J5 55 7T R TBIL K-, & #9845 SR 8] 5= Bk A 42 it
-66.37, 95% CI=—106.47~-26.27, P=0.001) . ’“’“3\ X (P<0.05, P=76%), R E AL 5 A
TRASTKFEZRTEGITFE L (RS Pk 4T Meta 43 #7 . /%ﬁ'%ﬁ/% RIEH 1, 3. 7K
WMD=-5.33, 95% CI=-24.73~14.07, P=0.59; ﬂi}ﬁ TBIL /K FEZR¥LGEITFE XL (REH1XK:
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WMD=-093, 95% Cl=-4.73~2.87, P=0.63; K J5 RIGH 7K. WMD=0.13, 95% Cl=-0.67~0.93, P=
% 3 K. WMD=-0.07, 95% CI=—191~1.78, P=0.94; 0.75) (K&18) .
RIPCHAH hapiiEe Weight Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total (%) 1V, Fixed, 95% CI 1V, Fixed, 95% CI

Jung, 21712020 18.3 38 75 19.7 3 73 470 —1.40[-2.50, -0.30] ]

Liu, %2019 41.4 30 69 39 217 67 0.7 2.40[-6.38, 11.18] T

Teo, 211612020 283 243 24 35.7 162 26 0.4 —7.40[-18.95, 4.15) —t

Wu, 21512020 39.67 3202 34 3959 23 39 0.3 0.08 [-12.88, 13.04] —

R, FP2014 35 17 10 40 22 10 02  -5.00[-22.23,12.23] —

#oCHH 2021 25.7 108 30 275 11 30 1.9 -1.80[7.32,3.72] -1

A5EE, 420015 70.14 567 30  68.84 423 30 8.9 1.30[1.23, 3.83] -

4R pk £ 2021 2096 393 20  20.86 202 20 152 0.10 [-1.84, 2.04]

Frik, 251812019 19 5102 18 6 106 254 1.00 [-0.50, 2.50]

Total (95% CI) 394 401  100.0 -0.33[-1.08, 0.42]

Heterogeneity: Chi’=10.80, df=8 (P=0.21); I’=26% f f f 1

Test for overall effect: Z=0.86 (P=0.39) -100 -50 0 50 100

RIPCZH popitcEsel
E5 ARBTASTKFLLEH Meta 5347
Figure 5 Meta-analysis comparing the preoperative AST levels
RIPCHH payit:| Weight Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total (%) 1V, Random, 95% CI 1V, Random, 95% CI

AST lever on POD 1

Jung, Z1712020 1463 587 75 151.4 56.5 73 6.5 -5.10[-23.66, 13.46] —

Kanoria, 452112017 316 116 8 668 115 8 1.7 =352.00 [-465.19, -238.81] |

Liu, 2112019 4602 3672 69  407.1 2699 67 1.8 53.10 [-54.99, 161.19] _

Rakié, 252912018 9103 12827 20 11143 1570.1 20 0.0 —204.00 [-1 092.55, 684.55] 4 }

Teo, %1 2020 2262 2122 24 205 1403 26 2.0 21.20[-79.38, 121.78] )

Wu, 21512020 661.7 2906 34 9359  640.7 39 0.5 -274.20[-497.75, -50.65] +——

Bx, 522014 214 77 10 530 266 10 0.8 -316.00 [-487.63, —144.37] |

HOCTH 2021 260.4 65 30 2604 65 30 5.6 0.00 [-32.89, 32.89] _—

Z5EE, 4202015 12645 813 30 22046  15.17 30 7.0  -94.01[-100.17, -87.85] 4

ARk £ 2021 19677 264 20 310.2 12.3 20 6.8 -113.43[-126.19, -100.67] |

Feik, 212019 290 196 102 250 175 106 43 40.00 [-10.56, 90.56] _4

Subtotal (95% CI) 422 429 371  -66.37[-106.47,-26.27] -im=—

Heterogeneity: Tau’=2 739.57; Chi’=188.90, df=10 (P<0.000 01); I’=95%

Test for overall effect: Z=3.24 (P=0.001)

AST lever on POD 3

Jung, Z1712020 76.5 414 75 61.9 13.3 73 6.9 14.60 [4.75, 24.45] —_—

Liu, %2019 1327 797 69 128.3 752 67 6.0 4.40 [-21.64, 30.44] —_—

Wu, 21512020 1718 995 34 2127 1838 39 33 -40.90 [-107.58, 25.78] +—————"T—

Rz, AE0014 88 3610 119 50 10 5.2 -31.00 [-69.19, 7.19] _

ARk £ 2021 403 392 20 60.3 777 20 7.0 -20.00[-23.81, -16.19] -

FFi, 4182019 76 58 102 68 41 106 6.7 8.00 [-5.70, 21.70] 4

Subtotal (95% CI) 310 315 352 -5.33[-24.73, 14.07] i

Heterogeneity: Tau’=424.53; Chi’=55.08, df=5 (P<0.000 01); I’=91%

Test for overall effect: Z=0.54 (P=0.59)

AST lever on POD 7

Jung, 21712020 57.2 88 75 55.2 206 73 7.0 2.00[-3.13,7.13] +

Wu, 21512020 513 239 34 52.5 29.9 39 6.8 -1.20[-13.55, 11.15] —

Rz, 510014 39 1310 43 14 10 6.8 —4.00 [-15.84, 7.84] —

AR vk £ 2021 2860 1.18 20 2844 128 20 7.1 0.25[-0.51, 1.01]

Subtotal (95% CI) 139 142 277 0.27 [-0.49,1.02]

Heterogeneity: Tau’=0.00; Chi’=0.99, df=3 (P=0.80); I*=0%

Test for overall effect: Z=0.69 (P=0.49)

Total (95% CI) 871 988  100.0 -24.38 [-41.21, -7.55] e

Heterogeneity: Tau’=1 044.26; Chi’=1 347.66, df=20 (P<0.000 01); I*’=99% | f ; ;

Test for overall effect: Z=2.84 (P=0.005) —-100 -50 0 50 100

Test for subgroup differences: Chi’=10.92, df=2 (P=0.004); I’=81.7% RIPCHZ  XJHR4H

6 RJg AST/KFLLEH Meta 4317
Figure 6 Meta-analysis comparing the postoperative AST levels
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RIPCH R4 Weight Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total (%) IV, Random, 95% CI 1V, Random, 95% CI
Jung, Z1712020 1026 342 75 10.26 684 73 143 0.00 [-1.75, 1.75]
Llu 2919019 132 6.1 69 132 42 67 143 -118.80[-120.56, -117.04] |

u, 41512020 13.1 45 34 14.3 6 39 143 -1.20[-3.62, 1.22] 1
%i, 2312014 13.3 6 10 14.7 64 10 143 ~1.40 [-6.84, 4.04] “+
HICTH 2021 10.6 43 30 11 44 30 143 —0.40 [-2.60, 1.80]
ARk 1 2021 1175 223 20 12.43 375 20 143 -0.68 [-2.59, 1.23]
Fek, 45182019 13 7102 12 8 106 143 1.00 [-1.04, 3.04]
Total (95% CI) 340 345 100.0 -17.36 [-56.30, 21.58] -q-
Heterogeneity: Tau’=2 761.35; Chi’=13 916.43, df=6 (P<0.000 01); I*=100% } . : } {
Test for overall effect: Z=0.87 (P=0.38) -100 -50 0 50 100

RIPC 4L popiiEa:N
7 ARBI TBIL 7K F LL 35 Meta 53 7

Figure 7 Meta-analysis comparing the preoperative TBIL levels

RIPC4 YRR Weight Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total (%) IV.Random,95% CI IV,Random,95% CI
TBIL lever on POD 1
Jung, Z1712020 40.19 1573 75 4429 1522 73 4.4 —4.10[-9.09, 0.89] -
Liu, 2112019 233 199 69 21.8 16.7 67 34 1.50 [-4.67, 7.67] +
Wu, 261512020 24 9 34 143 6 39 6.1 8.10[4.54, 11.66] -
Rz, 22014 145 59 10 23.3 9 10 3.0  -8.80[-15.47,-2.13] -
EOCTH 2021 24.8 46 30 24.1 32 30 8.5 0.70[-1.31,2.71]
4Rk £ 2021 2299 319 20 29.6 4.67 20 7.8 —6.61 [-9.09, —4.13] -
FFik, 25182019 21 g 102 20 g8 106 8.3 1.00[-1.17,3.17] -
Subtotal (95% CI) 340 345 415 -0.93 [-4.73,2.87] 4

Heterogeneity: Tau’=21.85; Chi’=57.28, df=6 (P<0.000 01); I*=90%
Test for overall effect: Z=0.48 (P=0.63)

TBIL lever on POD 3

Jung, 712020 221 118 75 227 13 73 5.5 -0.60 [-4.60, 3.40] +

Llu 4112019 34.9 16 69 36.6 20.2 67 3.4 ~1.70 [-7.84, 4.44] -t
u, 251512020 27 104 34 29.8 213 39 25 -2.80[-10.34, 4.74] -

%z}, 2312014 16.6 9 10 21.4 9.9 10 2.7 -4.80[-11.97,2.37] —

ARukE 2021 194 208 20 19.79 121 20 9.8 -0.39 [-1.44, 0.66]

Frik, 251812019 18 12102 15 6 106 7.6 3.00[0.41, 5.59] -

Subtotal (95% CI) 310 315 316 -0.07 [-1.91, 1.78]

Heterogeneity: Tau’=1.83; Chi’=8.24, df=5 (P=0.14); I’=39%
Test for overall effect: Z=0.07 (P=0.94)

TBIL lever on POD 7

Jung, ZE17 2020 11.8 36 75 11.5 36 73 9.7 0.30 [-0.86, 1.46]

Rakic, 25292018 175 335 20 29.8 213 20 0.6  -12.30[-29.70,5.10] —
Wu, %1 2020 183 96 34 23.2 22 39 2.5 —4.90[-12.52,2.72] —
R, ZEB12014 15.9 64 10 15.1 46 10 45 0.80 [-4.08, 5.68] T+
ARk £ 2021 1155 191 20 11.46 1.79 20 9.7 0.09 [-1.06, 1.24]

Subtotal (95% CI) 159 162 270 0.13[-0.67, 0.93]

Heterogeneity: Tau’=0.00; Chi’=3.79, df=4 (P=0.43): I’=0%
Test for overall effect: Z=0.31 (P=0.75)

Total (95% CI) 608 822 100.0 -0.49 [-1.87, 0.88]
Heterogeneity: Tau’=4.71; Chi*=70.04, df=17 (P<0.000 01); I*=76% } } } {
Test for overall effect: Z=0.70 (P=0.48) -100 -50 0 50 100
Test for subgroup differences: Chi’=0.31, df=2 (P=0.86); I’=0% RIPCA] apiiEE

8 ARJE TBILKFLLEH Meta 5347
Figure 8 Meta-analysis comparing the postoperative TBIL levels

2.2.4 ALBK-F 4 WAF RSO S T F R 7% L (WMD=-0.13, 95% CI=-1.12~0.95, P=0.81)
ALB 7KV, & WFos 4 Hml SRt L& it 2% B X (FE9) . 4ol > "R & TARFEH 1.

(P=0.14, P=45%), R & E 8O0 R 4T Meta ALB 7K, 2 I o2 PR T R JE 5 7 K ALB UK
oM. AR, WAL FE AR ALB K2R G F, S0 R E R B e g it A & L (P=0.10,
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o E @A A R &

532 4

P=38% ) , % H [E & % 0 B R JEFF Meta 43 7 o
EREIR, REH1. 3. TRALBKFEER LS

-0.13~0.89, P=0.14; AR J54% 3 K. WMD=-0.44,
95% CI=-0.95~0.06, P=0.09; KRJ5% 7 KX : WMD=

¥ E Y (REFE 1R WMD=038, 95% CI= —-0.81, 95% CI=-1.84~0.21, P=0.12) (k[ 10),
RIPCH Xt R4 Weight ~ Mean Difference Mean Difference
Study or Subgroup Mean SD Total  Mean SD Total (%) IV, Random, 95% CI IV, Random, 95% CI
Liu, 2112019 44.6 8 69 433 33 67 18.7 1.30 [-0.75, 3.35] ]
Wu, J;‘F 11512020 42.3 4 34 444 5.1 39 18.2 -2.10[-4.19, -0.01] #
ARk E 2021 40.03 2.02 20 40.17 322 20 24.1 -0.14 [-1.81, 1.53]
S0k, 40192019 46.8 4 102 467 29 106 39.1 0.10[~0.85, 1.05] [
Total (95% CI) 25 232 1000  -0.13[-1.22,0.95]
Heterogeneity: Tau’=0.55; Chi*=5.47, df=3 (P=0.14); I’=45% f f f {

Test for overall effect: Z=0.24 (P=0.81) -100 =50 0 100
RIPC 4L Xt R
B9 ARETALBIKFLLEE Meta 5347
Figure 9 Meta-analysis comparing the preoperative ALB levels
RIPCH STERA Weight ~ Mean Difference Mean Difference
Study or Subgroup Mean SD Total  Mean SD Total (%) 1V, Fixed, 95% CI 1V, Fixed, 95% CI
ALT lever on POD 1
Liu, 212019 343 36 69 33.6 3.8 67 7.4 0.70 [-0.54, 1.94]
Wu, 21512020 35.6 3.6 34 36.6 39 39 39 -1.00 [-2.72, 0.72] 1
ARk B 2021 3374 127 20 32.9 1.4 20 167 0.84[0.01, 1.67]
FFik, 4182019 38 32 102 379 29 106 16.6 0.10[-0.73, 0.93]
Subtotal (95% CI) 225 232 445 0.38[-0.13, 0.89]
Heterogeneity: Chi’=4.34, df=3 (P=0.23); I’=31%
Test for overall effect: Z=1.47 (P=0.14)
ALT lever on POD 3
Liu, %7 2019 35.5 34 69 36.2 3.8 67 7.8 -0.70 [-1.91, 0.51]
Wu, 21512020 34 4.1 34 342 3.5 39 3.7 -0.20 [-1.96, 1.56]
ARPKE" 2021 31.8 1.41 20 329 1.94 20 104 -1.10[-2.15,-0.05] 1
FFik, 4182019 39.1 2.7 102 39.2 2.5 106 22.8 -0.10[-0.81, 0.61]
Subtotal (95% CI) 225 232 446 -0.44[-0.95, 0.06]
Heterogeneity: Chi’=2.65, df=3 (P=0.45); I’=0%
Test for overall effect: Z=1.72 (P=0.09)
ALT lever on POD 7
Wu, 45112020 355 39 34 35.8 3.6 39 3.8 -0.30[-2.03, 1.43]
ZRPkE 2021 33.87 17 20 3496 236 20 7.0  -1.09[-2.36,0.18] !
Subtotal (95% CI) 54 59 109 -0.81[-1.84,0.21]
Heterogeneity: Chi’=0.52, df=1 (P=0.47); ’=0%
Test for overall effect: Z=1.55 (P=0.12)
Total (95% CI) 504 523 100.0 -0.12[-0.46, 0.22]
Heterogeneity: Chi’=14.59, df=9 (P=0.10); I’=38% 1 1 1 1
Test for overall effect: Z=0.68 (P=0.50) -100  -50 0 50 100
Test for subgroup differences: Chi’=7.08, df=2 (P=0.03); I’=71.8% RIPC 41 Xt 2

E10 AR/ ALBKFELLEH Meta 5347
Figure 10 Meta-analysis comparing the postoperative ALB levels

225 Kt 9T HFIEI 20 £ T F AR
I, 5 20 L 6D 53 2% 0 S (P42,

¥ &

P=2%) , R J 18 R 280004 B 14T Meta 73 #r o &5
RER, MHBREFANEZR LTSI E X

(WMD=3.05, 95% CI=-1.59~7.68, P=0.20) (& 11),
2.2.6 R¥iifs 7G2G AT R

i, AP A R R R g i X (P=
0.15, P=36%), R H [ 8500 A 8 3 47 Meta 43
Bro S5 WoR, WA OR o i 22 R e g Tt
48 Y (WMD=-230, 95% CI=-18.33~13.73, P=
0.78) (K&l12).
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RIPCH poyiiti:y Weight Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total (%) 1V, Fixed, 95% CI 1V, Fixed, 95% CI
Jung, 251712020 424 57 75 425 50 73 7.2 -1.00[-18.26, 16.26] —4—
Liu, 2512019 1493 296 69 149.3 427 67 140  0.00[-12.38, 12.38] —
Teo, 2112020 233 1212 24 178 82.1 26 0.6 55.00[-2.85, 112.85] —
Wu, 251512020 100.6 244 34 100.7 263 39 159 -0.10[-11.74, 11.54] —
R, EBI014 158 46 10 130 2310 2.1  28.00[-3.88,59.88] .
wWOLTH 2021 256.1 263 30 2496 286 30 111 6.50[-7.40,20.40] -+
2, 4212015 172.1 205 30 1652 178 30 228  6.90[-2.82, 16.62] T
ARk E 2021 331.,5 2758 20 337.25 2489 20 8.1 -5.75[-22.03,10.53] —r
FFk, 41812019 161 40 102 159 40 106 182  2.00[-8.87,12.87] -+
Total (95% CI) 394 401  100.0 3.05[-1.59, 7.68] f
Heterogeneity: Chi’=8.17, df=8 (P=0.42); I’=2% f f T f f
Test for overall effect: Z=1.29 (P=0.20) -100 =50 0 50100

RIPC 41 X HEZH
B 11 FAREELLEE Meta 5347
Figure 11 Meta-analysis comparing the operative time

RIPCZ papicei: Weight ~ Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total (%) 1V, Fixed, 95% CI 1V, Fixed, 95% CI
Liu, 2112019 2239 2051 69 2597 251.8 67 43 -3580[-113.11,41.51] +————
Teo, 2112020 417 4477 24 582 851.7 26 0.2 —-165.00 [-538.17,208.17] ¢ }
Wu, 251151 2020 237.9 2682 34 2744 1804 39 23 -36.50[-142.95,69.95] ¢
worTH 2021 388 89.6 30 367.8 972 30 115 20.20[-27.11, 67.51] _
255, %P1 2015 206 276 30 220 501 30 613 ~14.00 [-34.47, 6.47) —3
ARpKE 2021 3315 2758 20 2825 9497 20 137 49.00 [5.66, 92.34] _
FFik, 2182019 417 222 102 418 232 106 6.8 ~1.00 [-62.70, 60.70] _—
Total (95% CI) 309 318  100.0 -2.30 [-18.33, 13.73] *
Heterogeneity: Chi*=9.36, df=6 (P=0.15); I’'=36% } } . } {
Test for overall effect: Z=0.28 (P=0.78) -100 -50 0 50 100

RIPC 41 gl

E12 ARrpHMmE B Meta 547

Figure 12 Meta-analysis comparing the intraoperative blood loss

2.2.7 ARrR A 4 TAE SR A T B
], 2% 5045 3 0] S M T gE i 3 L (P=0.09,

HWOR L WA R A B A ) 22 R RS iR R X
(WMD=-0.24, 95% CI=-1.04~0.55, P=0.55) ([¥13),

P=54%) , R H BEPLA N BRI AT Meta 70 B o 45
RIPC4 byt Weight Mean Difference Mean Difference

Study or Subgroup Mean SD Total  Mean SD Total (%) 1V, Fixed, 95% CI 1V, Fixed, 95% CI

Liu, 25112019 6.6 15 69 7.5 44 67 512 -090[-2.01,0.21]

R, 2014 13 5 10 10 210 5.7 3.00[-0.34, 6.34]

HOLTHY 2021 16.7 34 30 159 3230 220 0.80 [-0.90, 2.50]

22E, 45229015 11.1 24 30 11.7 42 30 211 -0.60[-2.33, 1.13]

Total (95% CI) 139 137 1000  -0.24[-1.04,0.55]

Heterogeneity: Chi’=6.59, df=3 (P=0.09); I’=54% f } ‘ } !

Test for overall effect: Z=0.59 (P=0.55) -100 =50 0 50 100

RIPC 4 X HRZH
13 {EREET B LB A Meta 5347
Figure 13 Meta-analysis comparing the length of hospital stay

228 EEFRKHFLE S5TP LUK 95% CI=0.35~2.83, P=099) ( |¥ 14A) . 3 Li ©f
EH T ARG Y DR E B, 45 B 5T A5 R A S i v el 7 O A TR JE AR T AR G %Eﬁ%%%l‘ﬁﬂ%’u
TGt 8 L (P=0.63, P=0%), iR M HE E R BTG X (P=051, P=0%), %M

7 BT GE AT Meta 20 #7 o S5 R Bon, MALAR G
O g kR R 2R TGI8 X (0R=099,

mmf&ﬂLTMmﬁﬁo%%ﬁﬁ,Wﬁ*
MR AR RER LG T2 L (OR=1.65,
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58 ] S AR e 5532 %
95% CI1=0.39~7.02, P=0.50) ( [¥l 14B) . 4 i #f GEUs 021G 45T R S Bl O ARE T DL, A5 F Y 45 R

GEU O RIS TR JE IS N B, 25 RS A

) 5P g E L (P=0.75, P=0%), R H
SE SN B AL HE AT Meta 43 M7 o S5 R BN, B4R
Jo W i A AR R 22 S g it i L (OR=0.79,

] 5 o Mk JC g it 2 = L (P=0.78, IP=0%), (R
FH 1 52 250 7 B T80 5 4T Meta 207 . 25 B, P4

A5 Bl 3 I A RE K R E R TG L (OR=
1.24, 95% CI=0.33~4.66, P=0.76) (¥ 14D).

95% CI=0.21~298, P=0.72) ( ¥ 14C) . 3 Hi #f
RIPC 4 pagicei:| Weight 0Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total (%) M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Jung, 712020 2 75 0 73 7.0 5.00 [0.24, 105.95] _—
Kanoria, 252112017 1 8 2 8 25.0 0.43[0.03, 5.98] _—
Liu, 212019 1 69 0 67 7.1 2.96[0.12, 73.86] -t
#OLTH 2021 2 30 3 30 39.9 0.64[0.10, 4.15) —
2, %1015 0 20 1 30 21.0 0.32[0.01,824] — &+
Total (95% CI) 212 208 100.0 0.99[0.35, 2.83] i
Total events 6 6
Heterogeneity: Chi*=2.58, df=4 (P=0.63); I*=0% f f f {
Test for overall effect: Z=0.02 (P=0.99) 0.01 0.1 1 10100
RIPCA] xRzl A
RIPCH payiche: Weight 0Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total (%) M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Jung, 2172020 3 75 1 73 333 3.00[0.30,29.52] —
Liu, %2019 1 69 0 67 16.9 2.96[0.12,73.86] _—
HOTTH 2021 0 30 1 30 50.1 0.32[0.01,824] ————f———
Total (95% CI) 174 170 100.0 1.65[0.39,7.02] -
Total events 4 2
Heterogeneity: Chi’=1.36, df=2 (P=0.51); I’=0% } ; ; |
Test for overall effect: Z=0.68 (P=0.50) 0.01 0.1 1 10 100
RIPCZH  XHIE4 B
RIPCH SR Weight 0Odds Ratio 0Odds Ratio
Study or Subgroup Events Total Events Total (%)  M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Jung, 21712020 0 75 1 73 30.7 0.32[0.01,7.99] — 8
Liu, 2512019 0 69 1 67 30.7 0.32[0.01,797] — ¢+
HOTTH 2021 2 30 1 30 19.0 2.07[0.18, 24.15] _
A, %2212015 1 30 1 30 19.6 1.00 [0.06, 16.76] N S
Total (95% CI) 204 100.0 0.79[0.21, 2.98] e
Total events 3 4
Heterogeneity: Chi’=1.23, df=3 (P=0.75); I’=0% } | | |
Test for overall effect: Z=0.36 (P=0.72) 0.01 0.1 1 10 100
RIPCAL xR C
RIPCH payichi: Weight 0Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total (%) M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Kanoria, 252112017 4 8 4 8 50.7 1.00 [0.14, 7.10] —
Liu, %2019 3 69 2 67 493 1.48[0.24, 9.13] —
HOLTH 2021 0 30 0 30 Not estimable
Total (95% CI) 107 105 100.0 1.24[0.33, 4.66] -
Total events 7 6
Heterogeneity: Chi’=0.08, df=1 (P=0.78); I’=0% } } ; ]
Test for overall effect: Z=0.31 (P=0.76) 0.01 0.1 1 10 100
RIPCHL  XHHA4H D
E14 FEFRFLELLER Metasrth A YIHEY; B: HHE; C. BEHML; D JlF&LE

Figure 14 Meta-analysis comparing the main surgical complications

bleeding; D: Pulmonary complications
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A: Wound infection; B: Bile leakage; C: Intra-abdominal
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Figure 15 Funnel plot based on the postoperative liver function parameters
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