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Abstract

Background: Two systematic reviews summarized the efficacy and safety of pharmacological prophylaxis for ver@
thromboembolism (VTE) after hepatic resection, but both lacked a discussion of the differences in the pharmacological prophylaxis
of VTE in different ethnicities. Therefore, we aimed to evaluate the efficacy and safety of low-molecular-weight heparin (LMWH) or
unfractionated heparin (UFH) for VTE prophylaxis in Asian and Caucasian patients who have undergone hepatic resection.

Methods: \We searched PubMed, Web of Science, Embase, China National Knowledge Infrastructure, Wanfang Data, and VIP
databases for studies reporting the primary outcomes of VTE incidence, bleeding events, and all-cause mortality from January
2000 to July 2022.

Results: Ten studies involving 4318 participants who had undergone hepatic resection were included: 6 in Asians and 4 in
Caucasians. A significant difference in VTE incidence was observed between the experimental and control groups (odds ratio
[OR] = 0.39, 95% confidence interval [Cl]: 0.20, 0.74, P = .004). No significant difference in bleeding events and all-cause mortality
was observed (OR = 1.29, 95% ClI: 0.80, 2.09, P = .30; OR =0.71, 95% CI: 0.36, 1.42, P = .33, respectively). Subgroup analyses
stratified by ethnicity showed a significant difference in the incidence of VTE in Asians (OR = 0.16, 95% CI: 0.06, 0.39, P < .0001),
but not in Caucasians (OR = 0.69, 95% CI: 0.39, 1.23, P = .21). No significant differences in bleeding events were found between
Asians (OR = 1.60, 95% Cl: 0.48, 5.37, P = .45) and Caucasians (OR = 1.11, 95% CI: 0.58, 2.12, P = .75). The sensitivity analysis
showed that Ejaz’s study was the main source of heterogeneity, and when Ejaz’s study was excluded, a significant difference in
VTE incidence was found in Caucasians (OR = 0.58, 95% CI: 0.36, 0.93, P = .02).

Conclusion: This study’s findings indicate that the application of UFH or LMWH for VTE prophylaxis after hepatic resection is
efficacious and safe in Asians and Caucasians. It is necessary for Asians to receive drug prophylaxis for VTE after hepatic resection.
This study can provide a reference for the development of guidelines in the future, especially regarding the pharmacological
prevention of VTE in different ethnicities.

Abbreviations: Cl = confidence interval, LMWH = low-molecular-weight heparin, NOS = Newcastle-Ottawa quality assessment
scale, OR = odds ratio, UFH = unfractionated heparin, VTE = venous thromboembolism.
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1. Introduction

VTE which is characterized by deep venous thrombosis
(DVT) or pulmonary thromboembolism, is a significant cause
of morbidity and mortality in patients who have undergone
open abdominal surgery.!'l The incidence of VTE is associ-
ated with increased age, obesity, malignancy, and extensive
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and prolonged resection. Patients undergoing hepatic resec-
tion often have most of the aforementioned risk factors and,
therefore, have a higher incidence of VTE.*3 Currently, there
is a lack of authoritative guidelines for VTE prophylaxis fol-
lowing hepatic resection. Previous studies have indicated
that extended anticoagulation therapy after hepatic resec-
tion is both effective and safe.'*’! However, some studies have
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proposed different perspective.*%” Furthermore, a meta-anal-
ysis including 5 studies in which most patients were from the
US and Europe, indicated that the application of perioperative
chemical thromboprophylaxis reduces the incidence of VTE
after hepatic resection without a significantly increased risk
of bleeding, but a recent systematic review including 16 stud-
ies showed that the efficacy of VTE prophylaxis after hepatic
resection has not been proven in Asian patients.®! UFH and
LMWH are recommended as VTE prophylaxis after major
surgery.” 'l Many studies have reported the efficacy and
safety of UFH or LMWH for VTE prophylaxis after hepatic
resection.[>®712-141 However, these results are controversial,
particularly regarding the use of pharmacological prophy-
laxis for VTE after hepatic resection in Asian populations.!®!!
Additionally, 2 systematic reviews summarized the efficacy and
safety of pharmacological prophylaxis for VTE after hepatic
resection,'®'”! but both lacked a discussion of the difference
in the pharmacological prophylaxis of VTE in different eth-
nicities. Therefore, we aimed to conduct a meta-analysis to
quantitatively compare patients undergoing hepatic resection
prophylaxis for VTE with UFH or LMWH among Asian and
Caucasian patients.

2. Method

2.1. Ethics statements

This meta-analysis was conducted according to the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses.!'!
The protocol for this meta-analysis was registered with
PROSPERO (registration number: CRD42022349271, http://
www.crd.york.ac.uk/PROSPEROY/). This study was based on the
published literature. Ethical approval and patient consent were
not obtained.

2.2. Search strategy

Two researchers independently completed the literature
search for this meta-analysis, and discrepancies were resolved
through full discussion. Eligible studies were searched in
PubMed, Embase, Web of Science, China National Knowledge
Infrastructure, Wanfang Data, and VIP databases. The retrieval
time limit was January 2000 to July 2022. The language used
was limited to English and Chinese. The following search terms
were used: (heparin OR UFH OR UFH OR low molecular
weight heparin OR LMWH OR LMWH OR enoxaparin OR
lovenox OR nadroparin) AND (venous thrombus OR venous
thrombus embolism OR VTE OR deep vein thrombosis OR
deep venous thrombosis (DVT) OR pulmonary embolism OR
PE OR pulmonary thromboembolism OR PTE OR portal vein
thrombosis OR PVT OR mesenteric venous thrombosis OR
hemorrhage OR hemorrhagic complication OR thromboem-
bolic complication OR bleeding) AND (hepatectomy OR hepa-
tectomies OR liver resection OR hepatic resection OR hepatic
craniectomy OR hemi-hepatectomy OR hepatolobectomy OR
surgery for colorectal liver metastases OR hepatic metastases
of colorectal).

2.3. Inclusion and exclusion criteria

The inclusion criteria were as follows:

(1) patients who had undergone hepatic resection;

(2) patients in an experimental group who were treated with
UFH of LIWMH for VTE prophylaxis after hepatic resec-
tion and, patients in a control group who were not treated
with pharmacological prophylaxis (the control group
could receive nothing or conventional therapy such as
mechanical thromboprophylaxis);
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(3) the outcomes of the study included at least 1 of the fol-
lowing: VTE, bleeding events, and all-cause mortality;
and

(4) studies were cohort studies, case-control studies, random-
ized controlled clinical trials (RCTs), or quasi-experimen-
tal studies.

Exclusion criteria were as follows:

(1) case reports, reviews, editorials, animal studies, or repub-
lished literature;

(2) studies without a control group;

(3) studies in which data research could not be extracted or
the full text was not available; and

(4) studies missing primary outcome.

2.4. Data extraction

Two researchers independently completed the data extraction
process, and discrepancies were resolved through full discus-
sion. The following data were extracted: the article title, first
author, publication year, study design, patient ethnicity, inter-
vention, patient characteristics, and outcomes.

2.5. Quality assessment

Two researchers independently performed the quality assess-
ment of each study. The Cochrane risk-of-bias tool 2.0 was used
to assess the risk of bias in RCTs and quasi-experimental stud-
ies.”l The Newecastle-Ottawa Quality Assessment Scale (NOS)
was used to assess the quality of the cohort and case-control
studies in this meta-analysis.?! The NOS has 3 domains: selec-
tion of study, comparability, and outcome evaluation, with 8
items and a total score of 9 points. Except for item 5, which
counts as 2 points (1 point for controlling age confounding fac-
tors and 1 point for controlling other important confounding
factors), all other items count as 1 point. Scores < 3 are regarded
as low-quality studies, scores between 4 and 6 are considered
as medium-quality studies, and scores >7 are regarded as
high-quality studies.

2.6. Statistical analysis

Meta-analyses were conducted using RevMan$.3 software
according to the Cochrane Manual for Systematic Evaluation
of Interventions. The pooled effect size of the meta-analyses was
assessed using the OR and 95% CI. I? statistics and the Cochran
Q test were used to assess statistical heterogeneity. The Mantel—
Haenszel method for the fixed-effects model was applied when
no significant heterogeneity was detected (I> < 50% or P-value
for heterogeneity > 0.1). The Der Simonian-Laird method for
the random-effects model was used when significant heteroge-
neity was detected (I > 50% or P-value for heterogeneity < 0.1).
However, if obvious variation in the included studies was found,
a random effects model was used. Subgroup analyses of the
Asian and Caucasian patients were performed. Sensitivity anal-
yses were performed to evaluate the reliability of the results
by excluding studies individually. The publication bias of the
included studies was assessed using funnel plots. Statistical sig-
nificance was set at P < .05.

3. Results

3.1. Literature search and study characteristics

The initial literature search yielded a total of 610 articles. After
removing duplicates, 136 articles remained. After screening
titles and abstracts, 450 articles were excluded. Then, 24 arti-
cles met our inclusion criteria and were eligible for full-text
evaluation. Finally, a total of 10 studies were included in the
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analysis.3571221-25 Among these studies, 4 were in Chinese, 232
and 6 were in English.1356122L221 The flow diagram is shown in
Figure 1.

All the included studies were cohort studies. A total of 4318
patients underwent liver resection, of which 2551 and 1767
patients were in the experimental and control groups, respec-
tively. The main characteristics of the 10 studies are summa-
rized in Table 1. The NOS was used to evaluate the quality of
the eligible cohort studies, and the scoring details are shown in
Table 2.

3.2. VTE events

All studies reported the incidence of VTE events in 4318 pati
ents,>71221-551 including 2551 in the experimental group and
1767 in the control group. There was no significant hetero-
geneity between the studies (I? =44%, P =.08); however, the
variation in the included studies was significant, and the ran-
dom-effects model was used for this analysis. The results showed
a significant difference in the overall rate of VTE between the
experimental and control groups (OR =0.39, 95% CI: 0.20,
0.74, P = .004) (Fig. 2).

3.3. Bleeding events

Seven studies reported the incidence of bleeding events in 3074
patients,!®7-1221:23-25] including 1709 in the experimental group
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and 1365 in the control group. There was no heterogeneity
between the studies (I? = 0%, P =.68); however, the variation
in the included studies was significant, and the random-effects
model was used for this analysis. The results showed that there
was no significant difference in the overall rate of bleeding events
between the experimental and control groups (OR =1.29, 95%
CI: 0.80, 2.09, P = .30) (Fig. 3).

3.4. All-cause mortality

Five studies reported all-cause mortality,>*71222! 1 of which
only reported the total number of deaths in both groups,® and
4 studies included a total of 1484 patients in this meta-analy-
sis,!>71222l including 874 in the experimental group and 610 in
the control group. There was no heterogeneity between the stud-
ies (I = 0%, P =.48) but the variation in the included studies
was significant, and the random-effects model was used for this
analysis. The results showed that there was no significant differ-
ence in all-cause mortality between the experimental and con-
trol groups (OR =0.71,95% CI: 0.36, 1.42, P = .33) (Fig. 4).

3.5. Subgroup analyses and sensitivity analysis

Using a random-effects model, subgroup analyses stratified by
ethnicity showed a significant difference in the overall rate of VTE
between the experimental and control groups in the Asian sub-
group that included 6 studies®”1223251 (OR = 0.16, 95% CI: 0.06,
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(n=1)
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Records after duplication removal

X
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analysis
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Studies included in meta-

Figure 1. The flow diagram of the literature search.
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Characteristics of included studies.

Age, year Intervention
Sample
Study Ethnicity Study design  Experimental Control size Experimental Control Duration of intervention Outcomes
Meng Asian Retrospective study 49.42 56.8¢ 30 LMWH CT 7 days (1-7 d after surgery) 0]0]
2006211
Vivarelli Caucasian  Retrospective study  65.0 + 9.8° 63.0 9.5 229  Nadroparin calcium or CT >7 days (From day after surgery [0]0)
201008 Enoxaparin sodium until normal activity)
Reddy Caucasian  Retrospective study 58 (20) © 58 (21) ¢ 419 UFH or Enoxaparin CT Not mentioned [0]6)
2011019
Ejaz 20148 Caucasian Retrospective study 58 (50-68)¢ 57 (47-64) ¢ 592 LMWH or Levonox CT Not mentioned [0]6]
Nathan Caucasian  Prospective study 60 (50-70) ¢ 2147 UFH or LMWH CT Median 5 or 6 days [0]0]6)
20140
Yamashita  Asian Retrospective study 69 + 10° 65+ 12° 281 Enoxaparin CT <14 days (Within 24-36h after [0]0]6)
201402 surgery or 12 h after removal of
epidural catheter)
Shan Asian Retrospective study 58.71 + 8.60° 56.79 + 10.9° 105 LMWH CT 6 days (2—7 d after surgery) [0]0)
20170
Wang Asian Prospective study 58.52 + 8.71° 57.69 + 8.38° 233 LMWH CT 6 days (2—7 d after surgery) (0)
20180
Ma 20217 Asian Prospective study  52.7 +12.9°  50.9 = 13.0° 192 Enoxaparin sodium CT Median 19 days [0]0]6)
Xu 20214 Asian Prospective study 50.67 = 5.31°  52.44 + 6.10° 90 UFH or Enoxaparin CT  Average 10.37 + 2.71 days (00
Table 2
Quality assessment of included studies.
Selection Comparability Outcome
Study 1 2 3 4 5 6 7 8 Score
Meng 2006 * * * * * 5
Vivarelli 20100 * * * * b * * * 9
Reddy 201 1 9] * * * * *%k * * * 9
Ejaz 20140 * * * * * * * 7
Nathan 20146 * * * * * 6
Yamashita 201411 * * * * *x * * 8
Shan 201710 * * * * *k * * 8
Wang 2018 * * * * *x * % 8
Ma 2021 ul * * * * *%k * * 8
Xu 202122 * * * * " . N Z

0.39, P <.0001), but no significant difference was observed in the
Caucasian subgroup that included 4 studies’®>*2??l (OR = 0.69,
95% CI: 0.39,1.23, P = .21) (Fig. 5). No significant difference in
the incidence of bleeding events with UFH or LMWH for VTE
prophylaxis after hepatic resection was found in the Asian sub-
group that included 5 studies” 2?21 (OR = 1.60, 95% CI: 0.48,

5.37, P = .45) or the Caucasian subgroup that included 2 stud-
iest®?!1 (OR = 1.11, 95% CI: 0.58,2.12, P = .75) (Fig. 6).

Using a random-effects model, sensitivity analysis showed a
significant difference in the VTE incidence between the exper-
imental and control groups in Caucasians when Ejaz’s study!!
was excluded (OR = 0.58, 95% CI: 0.36,0.93, P = .02).

Experimental Control

ud ubgroug n ota N ota :
Ejaz 2014 23 450 5 142 17.5%
Ma 2021 2 96 5 96 9.9%
Meng 2006 0 15 2 15 3.7%
Nathan 2014 28 1295 27 852 245%
Reddy 2011 6 275 9 144 16.5%
Shan 2017 0 48 5 57 4.2%
Vivarelli 2010 1 157 1 72 4.5%
Wang 2018 1 117 16 116 7.5%
Xu 2021 0 45 4 45 4.1%
Yamashita 2014 1 53 23 228 7.5%
Total (95% CI) 2551 1767 100.0%

Total events 62 97
Heterogeneity: Tau? = 0.37; Chi? = 15.47, df = 9 (P = 0.08); 12 =42%
Test for overall effect: Z = 2.88 (P = 0.004)

Odds Ratio

Odds Ratio

Random, 9 and
1.48 [0.55, 3.96] ®
0.39 [0.07, 2.05] -
0.17 [0.01, 3.96]
0.68 [0.40, 1.15]
0.33[0.12, 0.96] "
0.10[0.01, 1.83]
0.46 [0.03, 7.38]
0.05[0.01, 0.41]
0.10 [0.01, 1.94]
0.17 [0.02, 1.30] -

>

0.39 [0.20, 0.74]

Il I

0.005 0.1 1 10
Favours [Experimental] Favours [Control]

200

Figure 2. Forest plot comparing the efficacy of the experimental group vs. the control group on VTE events. VTE = venous thromboembolism.
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Experimental

Control

Study or Subgroup  Events  Total Events Total Weight M-H, Random, 95% CI

Odds Ratio
M-H. Random, 95% ClI

Odds Ratio

Ma 2021 19 96 14 96 40.8% 1.45[0.68, 3.08]
Meng 2006 0 15 0 15 Not estimable
Nathan 2014 22 1295 14 852 51.2% 1.03 [0.53, 2.03]
Shan 2017 0 48 0 57 Not estimable
Vivarelli 2010 5 157 1 72 5.0% 2.34[0.27, 20.36]
Xu 2021 0 45 0 45 Not estimable
Yamashita 2014 1 53 1 228 3.0% 4.37 [0.27,70.94]
Total (95% CI) 1709 1365 100.0% 1.29 [0.80, 2.09] >
Total events 47 30 . . . .
Heterogeneity: Tau? = 0.00; Chi* = 1.52, df =3 (P = 0.68); I’ = 0% J ! ! !
Test fo? uvertsll effect: Z=1.03 (P = 0.30) ( ) 0.01 0.1 . 1 10 100
Favours [Experimental] Favours [Control]
Figure 3. Forest plot comparing the safety of the experimental group vs. the control group on bleeding events.

Experimental Control Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random. 95% CI M-H, Ran % Cl
Ejaz 2014 10 450 3 142 288% 1.05[0.29, 3.88]
Ma 2021 0 96 0 96 Not estimable
Nathan 2014 0 0 0 0 Not estimable
Reddy 2011 13 275 1 144 71.2% 0.60 [0.26, 1.38] —
Yamashita 2014 0 53 0 228 Not estimable
Total (95% CI) 874 610 100.0% 0.71 [0.35, 1.42] -
Total events 23 14 { . . .
Heterogeneity: Tau® = 0.00; Chi* = 0.51, df = 1 (P = 0.48); I = 0% ! ' ' '
Test fo? overtgll effect: Z =0.98 (P = 0.33) ( ) om 01 . ! 10 100

Favours [Experimental] Favours [Control]
Figure 4. Forest plot comparing the safety of the experimental group vs. the control group on all-cause mortality.
Experimental Control 0Odds Ratio Odds Ratio
udy or Subg Even ota e dom, 95% CI
1.4.1 Asians
Ma 2021 2 96 5 96 306% 0.39 [0.07, 2.05] - =1
Meng 2006 0 15 2 15  87% 0.17 [0.01, 3.96] v
Shan 2017 0 48 5 57  9.9% 0.10[0.01, 1.83] -
Wang 2018 1 117 16 116 20.4% 0.05[0.01, 0.41] - =
Xu 2021 0 45 4 45 97% 0.10[0.01, 1.94]
Yamashita 2014 1 53 23 228 20.7% 0.17 [0.02, 1.30] .
Subtotal (95% Cl) 374 557 100.0% 0.16 [0.06, 0.39] N
Total events 4 55
Heterogeneity: Tau? = 0.00; Chi? = 2.48, df =5 (P = 0.78); 1= 0%
Test for overall effect: Z = 3.95 (P < 0.0001)
1.4.2 Caucasians
Ejaz 2014 23 450 5 142 245% 1.48 [0.55, 3.96] T
Nathan 2014 28 1295 27 852 491% 0.68 [0.40, 1.15] —
Reddy 2011 6 275 9 144 223% 0.33[0.12, 0.96] - =
Vivarelli 2010 1 157 1 72 41% 0.46 [0.03, 7.38]
Subtotal (95% Cl) 2177 1210 100.0% 0.69 [0.39, 1.23] -
Total events 58 42
Heterogeneity: Tau? = 0.10; Chi? = 4.20, df = 3 (P = 0.24); 1= 29%
Test for overall effect: Z = 1.26 (P = 0.21)
0.005 0.1 1 10 200

Test for subaroun differences: Chi? = 7.13. df = 1 (P = 0.008). 1> = 86.0%

Favours [Experimental] Favours [Control]

Figure 5. Forest plot of subgroup analysis comparing the efficacy of the experimental group vs. the control group on VTE events in Asians and Caucasians.

VTE = venous thromboembolism.

3.6. Publication bias

The asymmetric funnel plot for the outcome of VTE suggested
publication bias in this meta-analysis (Fig. 7). No significant pub-
lication bias was found for bleeding or all-cause mortality events.

4. Discussion

Our study’s findings showed that the application of UFH
and LMWH for VTE prophylaxis after hepatic resection was

efficacious and safe, which is in line with findings of previous
meta-analyses. Interestingly, a significant difference in the inci-
dence of VTE was only observed in Asians in the subgroup
analysis.[%71223251 In 4 cohort studies of Caucasians,’®%*"*?l no
significant difference was found in the incidence of VTE. There
was no significant difference in the incidence of bleeding events
between UFH and LMWH for VTE prophylaxis after hepatic
resection in Asian or Caucasian patients. Limited by the num-
ber of included studies, subgroup analyses of all-cause mortality
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Experimental Control Odds Ratio Odds Ratio
ACl O 400 EnLs Otd eNnts Qll.ﬂﬁ%ﬁl
1.5.1 Asians
Ma 2021 5 96 4 96 17.9% 1.26 [0.33, 4.86] - 1™
Meng 2006 0 15 0 15 Not estimable
Shan 2017 0 48 0 57 Not estimable
Xu 2021 0 45 0 45 Not estimable
Yamashita 2014 1 53 1 228 4.2% 4.37 [0.27, 70.94]
Subtotal (95% CI) 257 441 22.1% 1.60 [0.48, 5.37] —~i—
Total events 6 5

Heterogeneity: Tau? = 0.00; Chi? = 0.62, df = 1 (P = 0.43); I = 0%
Test for overall effect: Z = 0.76 (P = 0.45)

1.5.2 Caucasians

Nathan 2014 22 1295 14 852 71.0%
Vivarelli 2010 5 157 1 72 6.9%
Subtotal (95% CI) 1452 924 77.9%
Total events 27 15

Heterogeneity: Tau? = 0.00; Chi? = 0.50, df = 1 (P = 0.48); I = 0%
Test for overall effect: Z = 0.32 (P = 0.75)

Total (95% Cl) 1709 1365 100.0%
Total events 33 20

Heterogeneity: Tau? = 0.00; Chi? = 1.38, df =3 (P =0.71); I? = 0%
Test for overall effect: Z = 0.64 (P = 0.52)

Test for subgroup differences: Chi2 = 0.27, df = 1 (P = 0.61), > = 0%

2.34[0.27, 20.36]
1.11 [0.58, 2.12]

1.20 [0.68, 2.13] T

0.01 0.1 1 10 100
Favours [experimental] Favours [control]

1.03 [0.53, 2.03] —!—
>

Figure 6. Forest plot of subgroup analysis comparing the safety of the experimental group vs. the control group on bleeding events in Asians and Caucasians.
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Figure 7. Funnel plot for the outcome of VTE events. VTE = venous thromboembolism.

with UFH or LMWH for VTE prophylaxis after hepatic resec-
tion in Asian or Caucasian patients were not performed. There
could be a higher incidence of VTE after surgery in Caucasians
than in Asians, and Asians with a low incidence of VTE after
surgery often do not receive post-operative VIE prophy-
laxis.?%*”) Previous findings suggested that routine pharmaco-
logic prevention of VTE may not be necessary in Asians as a
result of the 3 times higher risk-benefit ratio of prophylaxis
than in Caucasians."* Moreover, the safety and effectiveness of
chemical thromboprophylaxis against VTE after liver resection
are still controversial, especially in Asians, and it is important
to build evidence to classify risks individually according to each
race.®! Asians have different risk factors, treatment patterns,
and a higher risk of all-cause mortality than patients from other

countries.”®! Recently, the incidence of VTE across Asia has been
increasing, which may be attributable to the aging population,
dietary changes, and increasing incidence of obesity and dia-
betes.!>! This fact reminds us that it is necessary to pay atten-
tion to the prevention of VTE after hepatectomy in the Asian
population. However, our meta-analysis indicated that UFH
and LMWH are effective and safe for VTE prophylaxis after
hepatectomy in Asians. These findings may provide a reference
for the development of guidelines for pharmacological preven-
tion of VTE after hepatic resection in different ethnicities in the
future.

To determine the reason for the inefficacy of UFH or LMWH
for VTE prophylaxis after hepatic resection in Caucasians, we
performed a sensitivity analysis on the subgroup of Caucasians.
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When Ejaz’s study was excluded, a significant difference was
found in the incidence of VTE. After reviewing this article, we
concluded that this difference may be attributed to the selection
of participants, as the history of VTE (29/454 in the experi-
mental group vs. 1/145 in the control group) was significantly
different between the experimental and control groups. A
previous study indicated that the VTE incidence was signifi-
cantly associated with a history of VTE in patients,?*3° and
confounding factors influenced the results of this study. To our
best knowledge, this study is the first meta-analysis to quanti-
tatively assess the efficacy and safety of UFH and LMWH for
VTE prophylaxis after hepatic resection. This study is also the
first meta-analysis to study the efficacy and safety of UFH and
LMWH in the prevention of VTE after liver resection in differ-
ent ethnicities.

Nevertheless, this meta-analysis has several limitations.
First, no RCTs were included, which increased the risk of bias
in the meta-analysis. Second, the studies included patients with
many risk factors for VTE, such as age, operative time, history
of VTE, and malignancies. Due to insufficient study data, clin-
ical conditions and various risk factors of the patients were
not included, which may have influenced our results. Third,
UFH and LMWH are similar but different anticoagulants in
terms of the efficacy and safety in VTE.!! The interventions of
3 studies included 2 drugs (used single or sequential but not
simultaneously), and a direct comparison of the 2 similar and
different anticoagulants (UFH vs. LMWH) for VTE prophy-
laxis after hepatic resection is lacking. Fourth, the funnel plot
indicated a possible publication bias, which may have over-
estimated the efficacy of the 2 anticoagulants. Hence, more
large-scale, high-quality studies are still necessary to confirm
the efficacy and safety of UFH or LMWH for VTE prophylaxis
after hepatic resection.

In general, our meta-analysis indicated that the application
of UFH or LMWH for VTE prophylaxis after hepatic resec-
tion was also efficacious and safe in Asians, as in Caucasians.
In the future, it may be necessary to use UFH or LMWH to
prevent VTE in Asian patients after hepatectomy. Although this
meta-analysis has some limitations that cannot be resolved, the
results are reliable. Larger sample sizes and high-quality RCTs
are needed to confirm these results. Given the lack of guidelines
for pharmacological prevention of VTE after hepatic resection,
we hope this meta-analysis can provide a reference for develop-
ing guidelines, especially regarding the use of pharmacological
prevention of VTE in different ethnicities.
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