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Abstract

Key words

Background and Aims: The incidence of liver cancer is on the rise worldwide, which seriously affects
human health. Hepatectomy is usually the first choice for the treatment of liver cancer, but its incidence
of postoperative complications remains high and long-term efficacy needs to be improved. Pleural
effusion is a common complication after hepatectomy. Studies have found that serum albumin level,
alcohol consumption, right liver resection and other factors are closely related to the occurrence of
pleural effusion after hepatectomy, but there is no unified conclusion at present. This study was
conducted to investigate the risk factors for pleural effusion in patients with liver cancer after
hepatectomy by means of Meta analysis, so as to provide a framework for reducing the incidence of
pleural effusion after hepatectomy.

Methods: The studies concerning the influencing factors for pleural effusion in patients with liver
cancer after hepatectomy published from the inception of databases to October 2020 were searched in
several national and international databases. The literature was screened according to the inclusion and
exclusion criteria, and the data extraction table was developed. Meta-analysis of each variable was
performed using RevMan 5.3 software.

Results: A total of 13 case-control studies were included, involving 5 422 patients. Results of Meta-
analysis showed that the main risk factors for pleural effusion after hepatectomy in patients with liver
cancer included advanced age (MD=5.03, 95% CI=1.85-8.21), low serum albumin before surgery (OR=
-1.28, 95% CI=-2.14-0.42), history of alcohol consumption (OR=1.46, 95% CI=1.03-2.06),
concomitant chronic obstructive pulmonary disease (OR=3.15, 95% CI=1.15-8.59), hepatitis B virus and
hepatitis C virus infection (OR=0.98, 95% CI=0.72-1.34; OR=2.17, 95% CI=1.18-4.00), ascites (MD=
7.13, 95% CI=3.53-14.40), large tumor diameter (MD=1.30, 95% CI=0.27-2.33), prolonged hilar
occlusion (MD=3.24, 95% CI=1.65-4.83), large intraoperative blood loss (MD=482.99, 95% CI=183.24~
782.74), long operative time (MD=67.14, 95% CI=47.49-86.79), right liver tumor resection (MD=10.29,
95% CI1=4.60-22.99), high postoperative total bilirubin (TBIL) level (MD=19.83, 95% CI=6.17-33.49),
long prothrombin time after operation (MD=2.15, 95% CI=0.19-4.10), and low postoperative albumin
(MD=-4.06, 95% CI=-7.07-1.06). The uncertain factors included preoperative TBIL, cirrhosis, and
diabetes mellitus.

Conclusion: A total of 14 risk factors for pleural effusion after hepatectomy are identified in this study,
and corresponding preventive measures against these risk factors are helpful for reducing the occurrence
of pleural effusion after hepatectomy. The conclusion still needs to be verified by larger sample size and
more rigorous multicenter randomized controlled trials in the future.

Hepatectomy; Liver Neoplasms; Pleural Effusion; Risk Factors; Meta-Analysis
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1 ABMEFE

1.1 TR 5 R g

2% % M Pubmed. Web of Science. Cochrane
Library . CNKI. J7 7 888 %6 . VIP £Hls 2 DL
DIBR AR o B . BT RO M B L MK
Hepatectomy .  Liver Resection, Hepatic Resection
Hepatocellular Carcinoma ., Hepatic Carcinoma ., Hepatic
Liver Carcinoma. Liver

Cancer ., Hepatic Tumor ,

Cancer ., Liver Tumor, Pleural Effusion. Hydrothorax .
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Table 1 Main characteristics of the included studies
R BAEE RRER B S REE MEBURAGIE XIRABE MEBRARRE BTy
(n) (n) (n) (%) 4r)

1 4, A 1996 JH-20 s 1 92 33 59 35.87 6

2 Je e, St 2001 DR SR 195 678 87 591 12.83 8

3 JliARAR, S50 2002 DR I g i 130 61 69 46.92 7

4 ok, 500 2005 JHF R e YL 213 29 184 13.62 6

5 Yan, 2 2005 B RN E IR S 523 20 503 3.82 9

6 Chu, 45012 2007 JER MR a2 228 58 170 25.44 9

7 N7 H, FF 2007 i ] 256 53 203 20.70 7

8 BE g, S04 2009 JiHes IR 1915 526 1389 27.47 8
9 5, A 2010 S TR 124 50 74 40.32 7

10 £ 2014 SRR AL Wil 183 40 143 21.86 8

11 e, A 2015 JiFi IR 247 58 189 23.48 7

12 Cheng, %% 2016 JiF e rivel'd 470 171 299 36.38 9

13 Tsai, 29 2018 igiiiea T A7 363 76 287 20.94 8

F2 MVIBRAREKERKEREREER Meta T4 R
Table 2 Results of Meta-analysis on risk factors for pleural effusion after hepatectomy
P HOESCHR S _— G BUE R
(%) (P, P) OR/MD(95% CI) P OR/MD(95% CI) P

AR 3 0.02,74% Rt HIL 5.03(1.85~8.21) 0.002 6.34(5.16~7.52) <0.000 01
5] 5 0.41,0% EipaE 1.02(0.87~1.21) 0.79 1.02(0.86~1.20) 0.82
JFTTBEL s fi] 6 0.008 ,68% RifiAIL 3.24(1.65~4.83) <0.000 1 2.80(2.11~3.49) <0.000 01
FARK I 5 <0.000 01,98% AL 482.99(183.24~782.74) 0.002 179.32(150.79~207.84)  <0.000 01
ARETHEA 3 0.52,0% Eils -1.28(-2.14~-0.42) 0.004 -1.28(-2.14~-0.42) 0.004
ZRH TBIL 2 <0.00001,99%  BEHL 38.47(-36.40~113.34) 0.31 1.92(0.08~3.76) 0.04
J¥EE AR 3 0.1,56% KL 1.30(0.27~2.33) 0.01 1.10(0.51~1.68) 0.000 3
STtk 8 <0.000 01,96% KA 3.15(0.97~10.23) 0.06 3.20(2.64~3.87) <0.000 01
FARHF[A] 4 0.000 1,86% RifiAL 67.14(47.49~86.79) <0.000 01 80.01(74.24~85.78) <0.000 01
VEViRZIIES 4 0.06,65% Bt 10.29(4.60~22.99) <0.000 01 6.69(5.20~8.60) <0.000 01
AR J5 TBIL 3 <0.00001,98% Kl 19.83(6.17~33.49) 0.004 4.17(2.66~5.68) <0.000 01
AR 5 I it s ] 2 <0.000 01,95% B 2.15(0.19~4.10) 0.03 2.97(2.74~3.19) <0.000 01
ENEISE{=! 3 <0.000 01,96% RitiAIL -4.06(-7.07~-1.06) 0.008 -2.15(-2.51~-1.79) <0.000 01
RIGHEK 6 0.000 9,76% Bt 7.13(3.53~14.40) <0.000 01 6.72(5.01~9.01) <0.000 01
DRI 2 0.13,57% Rt 1.37(0.69~2.73) 0.36 1.36(0.87~2.12) 0.17
COPD 2 0.48,0% [ 5E 3.15(1.15~8.59) 0.03 3.24(1.19~8.82) 0.02
HBV 2 0.91,0% [ 5 0.98(0.72~1.34) 0.92 0.98(0.72~1.34) 0.92
HCV 2 0.40,0% [ 5E 2.17(1.18~4.00) 0.01 2.21(1.20~4.08) 0.01
ASA 3-4% 2 0.24,28% i 1.56(0.94~2.58) 0.09 1.59(0.88~2.88) 0.13
el 2 0.79,0% [ 5E 1.46(1.03~2.06) 0.03 1.46(1.03~2.06) 0.03

2.3.2 BANREAIFIe ARG KRR h
A2 : Meta 23 Mr 45 R0, &7 R w1 i
A -l NN
g U811 A 5f COPD!S VR HCV gk 4L U BT i g BB
FEARGRERE AR EE, 2R EA5%1%

S = I RN

() A

/el

C il %[q 14, 17-19]

FRAR L HBVI R S U) BR A i M R
RILE, ZRBYILHEITEZEL (P0.05). 2) R

% BIRAER R, B ASA MY, HFTTH
%ﬁ, HTJ. I‘E][I 9, 12, 16-18] .
1% 70 AR R 1494 P e

F A B
50 T A

X (P<0.05) ([E12) 0 ANREREE0 R R AR
ﬁﬁ TBIL|14, 17]& ﬁ jﬁ % j{F }ﬂ: 6E ,1/E‘|7—8. 10-11, 14, 16, 18-19] N )ﬁ%
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AR L DRI T KRR L TR KPR R BRI R 2 5 AT S
IR AR KT S B X (P<0.05) (B 4).

Experimental Control Weight  Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total (%) IV, Random,95% CI 1V, Random, 95% CI
Tsai, 272018 6321 12922 76 5749 11.996 287 314 5.72[2.50, 8.94] - =
B, 2042009 53 13 526 46 14 1389 42.8 7.00[5.67, 8.33] ko
B, A7 1996 475 98 33 466 98 59 257  0.90[-3.28,5.08] e
Total (95% CI) 635 1735 1000  5.03[1.85,821] i
Heterogeneity: Tau’=5.68; Chi’=7.61, df=2 (P=0.02); I’=74% + } 3 u
Test for overall effect: Z=3.10 (P=0.002) =20 10 0 10 20
Experimental Control A
Experimental Control Weight  Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean  SD Total (%) 1V, Fixed, 95% CI 1V, Fixed, 95% CI
Tsai, 2192018 382 545 76  40.1 526 287  39.7 -1.90[-3.27,-0.53]
7, 47 1996 389 48 33 397 51 59 170 -0.80[-2.89, 1.29]
I fifer, 72015 372 45 58 38.1 43 189 433 -0.90[-2.21,0.41]
Total (95% CI) 167 535 100.0 -1.28[-2.14,-0.42]
Heterogeneity: Chi’=1.31, df=2 (P=0.52); ’=0% I : T } {
Test for overall effect: Z=2.91 (P=0.004) -100 =50 0 50 100
Experimental Control B
Experimental Control Weight Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total (%) IV, Random,95% CI IV, Random, 95% CI
Chu, 52?“" 2007 9.4659 5.109767 58 6.8994 44453 170 26.7 2.57[1.09, 4.04] —a—
Cheng, 292016 75 39 171 67 36 299 460 0.80[0.09, 1.51] - -
g, 472015 6.6 51 58 5.7 42 189 273 0.90 [-0.54, 2.34] -——
Total (95% CI) 287 658 100.0 1.30[0.27, 2.33] “"
Heterogeneity: Tau’=0.47; Chi’=4.55, df=2 (P=0.10); ’=56% U t } }
Test for overall effect: Z=2.47 (P=0.01) -10 =50 0 5 10
Experimental Control C
Experimental Control Weight Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total (%) M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Tsai, 55”1 2018 2476 66 287 36.4 1.55[0.89, 2.70] -+
Cheng, 45"*12016 46 171 62 299 63.6 1.41[0.91, 2.18] —
Total (95% CI) 247 586 100.0 1.46[1.03, 2.06] -*-
Total events 70 128
Heterogeneity: Chi*=0.07, df=1 (P=0.79); ’=0% ' ' ' '
Test for overall effect: Z=2.14 (P=0.03) 0.2 0.5 1 2 5
Experimental Control D
Experimental Control Weight Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total (%) M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Tsai, 2192018 6 76 6 287 61.7  4.01[1.26, 12.82] +—
Cheng, %2016 2171 2 299 383 1.76[0.25, 12.59] +—
Total (95% CI) 247 586 100.0 3.15[1.15, 8.59] -*-
Total events 8 8
Heterogeneity: Chi’=0.50, df=1 (P=0.48); ’=0% ' ' } '
Test for overall effect: Z=2.24 (P=0.03) 0.01 0.1 1 10 100
Experimental Control E
Experimental Control Weight Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total (%) M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Tsai, 2512018 19 76 36 287 912 232 [1.24, 4.35]
Cheng, %£"12016 0 171 2 299 8.8 0.58 [0.02, 14.32] w
Total (95% CI) 247 58  100.0 2.17[1.18, 4.00] <ifffin
Total events 19 37
Heterogeneity: Chi’=0.70, df=1 (P=0.40); ’=0% I ; } {
Test for overall effect: Z=2.49 (P=0.01) 0.01 0.1 1 10 100
Experimental Control F

2 ARBEZRERVIBRAREMERBER EH Meta ST HRWE AAFRR B ARBTHE A C MR EAR DR B 181

BHL PR i 520 5 I = T I 4% i 74
Figure 2 Meta-analysis forest diagram of preoperative factors and occurrence of pleural effusion after hepatectomy A: Age;
B: Preoperative albumin; C: Tumor diameter; D: Alcohol consumption; E: Chronic obstructive pulmonary disease;

F: Hepatitis C virus
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Experimental Control Weight  Mean Difference Mean Difference

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

Chu, %2007 29.5874 14.65323 58 20.8957 13.3407 170 9.5 8.69 [4.42, 12.96] e

Cheng, ZF'%2016 12.9 8 171 9.3 69 299 240 3.60[2.17, 5.03] ——

i SR, 25912002 16.59 738 35 1374 57 69 155 2.85[0.06, 5.64] e e

B, 471996 253 144 33 18.3 136 59 5.7 7.00[0.98, 13.02] ——

4" 2014 12.7 62 40 12.5 8.1 143 181 0.20 [-2.14, 2.54] ——

e, 4172015 11 32 58 8.5 28 189 272 2.501.58, 3.42] -

Total (95% CI) 395 929 100.0 3.24[1.65, 4.83] A

Heterogeneity: Tau’=2.20; Chi’=15.56, df=5 (P=0.008); ’=68% } } } }

Test for overall effect: Z=4.00 (P<0.000 1) -10 -5 0 5 10

Experimental Control A

Experimental Control Weight Mean Difference Mean Difference

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

Tsai, Z"12018  1120.79 1734.588 76 543.79 874.052 287 15.7 577.00[174.13, 979.87] ——

Cheng, Z"2016 588.7 548 171 344.6 2546 299 214 244.10[157.04, 331.16] -

PR, 4112000 2.167 2270 526 680 830 1389 19.9 1487.00[1288.16, 1 685.84] ]

i AR A, 5912002 6472 2236 35 5873 3244 69 212 59.90 [-46.62, 166.42] -r—

fiser, %17 2015 510 105 58 365 120 189 21.8 145.00 [113.02, 176.98] e

Total (95% CI) 866 2233 100.0 482.99 [183.24, 782.74] e -

Heterogeneity: Tau’=107 177.40; Chi*=181.27, df=4 (P<0.000 01); ’=98% [ } } |

Test for overall effect: Z=3.16 (P=0.002) -1 000 =500 0 500 1000

Experimental Control B

Experimental Control Weight Mean Difference Mean Difference

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

Tsai, 12018 223.64 95109 76 183.44 77.694 287 229 40.20[17.00, 63.40] —_—

Cheng, %5'%2016 240 66 171 150 36 299 30.6 90.00 [79.30, 100.70] —p

BERGTE, 142009 308.4 68.4 526 2274 828 1389 322 81.00 [73.71, 88.29] -

e, 72015 253 142 58 223 106 189 14.2 30.00[-9.55, 69.55] B T ——

Total (95% CI) 831 2164  100.0 67.14 [47.49, 86.79] et

Heterogeneity: Tau’=298.35; Chi’=20.88, df=3 (P=0.000 1); ’=86% } t

—t ¢
Test for overall effect: Z=6.70 (P<0.0000 1) =50 25 0 25 50

Experimental Control C
Experimental Control Weight Odds Ratio Odds Ratio
Study or Subgroup  Events Total  Events Total (%) M-H, Random,95% CI M-H, Random, 95% CI
e, 282001 79 87 36 591 Not estimable
BRI, 25142009 450 526 683 1389 48.9 6.12[4.70, 7.98] -
ik, 451 2005 10 29 5 184 24.6  18.84[5.83,60.90] —_—
42014 36 40 53 143 26.5  15.285.15,45.33] —_—
Total (95% CI) 595 1716 100.0  10.29 [4.60, 22.99] ~enE-
Total events 496 741
Heterogeneity: Tau’=0.33; Chi’=5.64, df=2 (P=0.06); I’=65% [ } } i
Test for overall effect: Z=5.68 (P<0.000 01) 0.01 0.1 1 10 100
Experimental Control D
B3 AREZESHIRARMERRL SR Meta 53 5T 7R K E A: JFUIPHMTEIE; B: RififE; C: FAREE]; D: A7 fFH
JA VIR

Figure 3 Meta-analysis forest diagram of intraoperative factors and occurrence of pleural effusion after hepatectomy A: Hilar

blockage time; B: Blood loss; C: Operative time; D: Right liver resection
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Figure 4 Meta-analysis forest diagram of postoperative factors and occurrence of pleural effusion after hepatectomy

A: Postoperative TBIL; B: Prothrombin time; C: Postoperative albumin; D: Ascites
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