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Background: Application of hemihepatic inflow occlusion (HIO) and total hepatic inflow occlusion (TIO) are two common
approaches for hepatectomy. However, their efficacy and safety remain controversial.
Methods: Randomized control trials (RCTs) published before 15t January 2023 were included by a systematic literature search,
which compared the clinical outcomes between HIO and TIO. The primary outcome was the estimated blood loss (EBL). Three
independent authors screened and extracted the data and resolved disagreements by consensus. The ROB2.0 tool was used for
evaluating the risk of bias.
Results: A total of 1026 patients (511 TIO and 515 HIO) from 9 studies were analyzed in the meta-analyses. The EBL between TIO
andHIO groupwas similar, while HIOwas associatedwith a lower proportion of patients required transfusion (P=0.002), less units of
blood transferred (P< 0.001) and a lower overall complication rate (P= 0.008). There were no significant differences between TIO
and HIO inmortality (P=0.37), length of stay (P=0.97), bile leak rate (P= 0.58), liver failure rate (P=0.96), reoperation rate (P= 0.48),
postoperative haemorrhage rate (P=0.93) and incidence of postoperative ascites (P=0.96). The operative time of HIO was usually
no more than 15 min longer than that of TIO (P<0.001).
Conclusions: Comparing with the TIO, HIO increased the operative time and failed to further reduce the EBL in patients with liver
surgery. However, despite the complexity of the operation, HIO was recommended due to the similar effect on the consumption of
blood products and the postoperative complications.
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Introduction

Hepatectomy is recommended as a well-established therapeutic
option for benign and malignant liver disease[1]. One of the
major issues in liver resection is the intraoperative control of
bleeding due to the abundant blood supply, and a systematic
association has been found between increased blood loss and
transfusion during hepatectomy and increased morbidity[2,3].
When hepatectomy is scheduled, an ischaemic period is often
required to prevent bleeding or blood transfusions by Pringle

manoeuvre, while the liver function is often compromised by an
excessively long ischaemia time and ischaemia/reperfusion (I/R)
injury[4]. Therefore, alternative modes of therapy are required
in order to avoid these complications.

Hemihepatic occlusion (HIO) was first reported in 1987[5].
HIO entails occlusion of hepatic vascular inflow and outflow
of the half liver by Pringle manoeuvre and extrahepatic
clamping of major hepatic veins rather than the whole
liver. Although HIO may reduce the complications caused
by hepatic ischaemia and I/R injury, it is controversial because
of the potentially increased risk of bleeding during
hepatectomy[6].

The debates about HIO fail to reach a consensus through the
current randomized control trials (RCTs) andmeta-analyses. The
safety and effectiveness of published RCT studies were reviewed
and compared between HIO and total hepatic inflow occlusion
(TIO) by systematic review and meta-analysis to resolve the
above controversy.

HIGHLIGHTS

• Hemihepatic inflow occlusion (HIO) and total inflow
occlusion (TIO) are optional.

• The validity of HIO in hepatectomy showed similar effects
as TIO.

• HIO showed a lower incidence of postoperative complica-
tions than TIO.
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Methods

Literature search

The search strategies to be used in this systematic review and
meta-analysis for PubMed database will follow the recom-
mendations of the Cochrane Handbook for Systematic
Reviews of Interventions, and this research was complied with
the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA, Supplemental Digital Content 1,
http://links.lww.com/MS9/A489) statement and Assessing the
Methodological Quality of Systematic Reviews (AMSTAR,
Supplemental Digital Content 2, http://links.lww.com/MS9/
A490)[7–9]. Randomized control trials (RCT) published before
15 January 2023 were included, and the search strategy was
developed in collaboration with an expert in the field of evi-
dence-based medicine. The search strategy was as follows:
(liver resection) AND (selective portal triad clamping OR
pringle OR hemihepatic inflow occlusion OR total hepatic
inflow occlusion). Moreover, the reference lists of all identified
research were screened for additional relevant literature.
Titles, abstracts, and full texts were screened independently by
two authors following the inclusion and exclusion criteria, and
disagreements were resolved with advice of the third author.

Study selection and data extraction

Eligible studies were RCT studies which compared the clinical
outcomes between HIO and TIO. The studies were excluded if

the estimated blood loss (EBL) was not reported. If the studies
were overlapping in population, the most recent studies were
remained. Studies with a population fewer than 10 patients in
any group were excluded to avoid the unreliable estimates. A
data extraction sheet was designed to extract the data by the
two designated researchers independently. The discrepancies
and missing data were resolved by reaching a consensus in
discussions. Mean and standard deviation were estimated
using the median and interquartile (IQR) or median and
range[10,11].

Outcomes

The primary outcome was EBL. The secondary outcomes were
patients required transfusion, units of blood transferred, mor-
tality, overall complications, length of stay, operative time, bile
leak, liver failure, reoperation, postoperative haemorrhage, and
postoperative ascites.

Risk of bias

All studies were critically appraised according to the revised tool
for risk of bias with ROB2.0, which addresses bias arising from
randomization, exposure measurement, blinding, completeness
of outcome data and selectivity of reporting[12]. The risk of bias
was assessed by two authors independently and adjudicated by
the third when required.

Figure 1. PRISMA flowchart. PRISMA, Preferred Reporting Items for Systematic Reviews and Meta-Analyses.
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Table 1
The basic characteristics of the included studies

No. participants Age

Study Country TIO HIO TIO HIO Outcome measures ROB 2.0 bias

Peng et al., 2022[13] China 129 129 52.4 52.7 1, 2, 4–9, 11, 12 Low
Tongsiri, 2020[14] Thailand 20 20 57.4 61.1 1, 3, 4, 7–9 Low
Si-yuan et al., 2014[15] China 80 80 48.3 49.2 1–11 Some concerns
Ni et al., 2013[16] China 60 60 55.2 56.1 1–5, 7–9, 11, 12 Some concerns
Yuan, 2010 China 60 60 49.6 49.3 1–11 High
Liang et al., 2009[18] China 40 40 49.55 49.40 1–12 High
Figueras et al., 2005[19] Spain 39 41 61.8 62 1–10, 12 Some concerns
Smyrniotis et al., 2003[20] Greece 55 55 62 61 1–12 High
Wu et al., 2002[21] China 28 30 57.5 53.2 1, 2, 4–10, 12 High

1 Estimated blood loss; 2 Patients required transfusion; 3 Units of blood transferred; 4 Mortality; 5 Overall complications; 6 Length of stay; 7 Operative time; 8 Bile leak; 9 Liver failure; 10 Reoperation; 11
Postoperative haemorrhages; 12 Ascites;
HIO, hemihepatic inflow occlusion; ROB 2.0, risk of bias Cochrane tool version 2; TIO, total hepatic inflow occlusion.

Table 2
Summary of the pooled effects

No. patients

Outcomes No. studies TIO HIO Findings (95% CI) P 2, %

Estimated blood loss 9 511 515 MD, 13.63 (− 1.21, 28.48) 0.07 94
Patients required transfusion 8 491 525 OR, 1.76 (1.22, 2.53) < 0.01 52
Units of blood transferred 7 447 416 MD, 0.21 (0.11, 0.32) < 0.01 48
Operative time 9 604 575 MD, − 13.86 (− 17.80, − 9.93) < 0.01 88
Overall complications 8 584 555 OR, 1.44 (1.10, 1.89) < 0.01 0
Mortality 9 604 575 OR, 1.90 (0.47, 7.78) 0.37 0
Length of stay 7 524 495 MD, 0.01 (− 0.42, 0.44) 0.97 88
Bile leak 9 604 575 OR, 0.86 (0.50, 1.48) 0.58 0
Liver failure 9 604 576 OR, 1.02 (0.50, 2.07) 0.96 34
Reoperation 6 395 366 OR, 0.63 (0.18, 2.26) 0.48 0
Postoperative haemorrhage 6 517 484 OR, 0.96 (0.37, 2.50) 0.93 0
Ascites 6 351 355 OR, 1.02 (0.53, 1.96) 0.96 0

HIO, hemihepatic inflow occlusion; MD, mean difference; OR, odds ratio; TIO, total hepatic inflow occlusion.

Figure 2.Meta-analysis of estimated blood loss in randomized controlled trials comparing total hepatic inflow occlusionwith non-total hepatic inflow occlusion. TIO,
total hepatic inflow occlusion.
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Figure 3. Meta-analysis of patients required transfusion in randomized controlled trials comparing total hepatic inflow occlusion with non-total hepatic inflow
occlusion. TIO, total hepatic inflow occlusion.

Figure 4.Meta-analysis of units of blood transferred in randomized controlled trials comparing total hepatic inflow occlusion with non-total hepatic inflow occlusion.
TIO, total hepatic inflow occlusion.

Figure 5. Meta-analysis of mortality in randomized controlled trials comparing total hepatic inflow occlusion with non-total hepatic inflow occlusion. TIO, total
hepatic inflow occlusion.
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Figure 6. Meta-analysis of overall complications in randomized controlled trials comparing total hepatic inflow occlusion with non-total hepatic inflow occlusion.
TIO, total hepatic inflow occlusion.

Figure 7.Meta-analysis of length of stay in randomized controlled trials comparing total hepatic inflow occlusion with non-total hepatic inflow occlusion. TIO, total
hepatic inflow occlusion.

Figure 8.Meta-analysis of operative time in randomized controlled trials comparing total hepatic inflow occlusion with non-total hepatic inflow occlusion. TIO, total
hepatic inflow occlusion.
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Figure 9.Meta-analysis of bile leak in randomized controlled trials comparing total hepatic inflow occlusionwith non-total hepatic inflow occlusion. TIO, total hepatic
inflow occlusion.

Figure 10. Meta-analysis of liver failure in randomized controlled trials comparing total hepatic inflow occlusion with non-total hepatic inflow occlusion. TIO, total
hepatic inflow occlusion.

Figure 11. Meta-analysis of reoperation in randomized controlled trials comparing total hepatic inflow occlusion with non-total hepatic inflow occlusion. TIO, total
hepatic inflow occlusion.
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Data analysis

This meta-analysis will be conducted with the guidance of the
Cochrane guidelines for systematic reviews[7]. For categorical
data, the odds ratio (OR) and its 95% CI will be calculated with
the Mantel–Haenszel model. Continuous data will be expressed
as mean differences (MD) with their 95%CI and will be analyzed
using the inverse variance model. The I2 test was used to assess
heterogeneity. When I2less than 25%, the fixed-effects model will
be used. Otherwise, the random-effects model will be applied.
Statistical analyses were performed using REVMAN 5. Statistical
significance of the estimates was set at a bilateral P value less
than 0.05.

Results

The literature search yielded 893 studies. After duplicates
removed and the titles and abstracts screened, 900 studies were
retrieved, including 17 full-text articles assessed (Fig. 1). In total,
9 articles (1026 patients, 511 TIO and 515 HIO) were identified
and included in the analysis[13–21].

Table 1 summarizes the characteristics of the 9 studies. EBL
was reported in all studies. Two studies were low risk of bias,
three studies indicated some concerns for risk of bias, and four
studies were high risk of bias (Supplemental figure, Supplemental
Digital Content 3, http://links.lww.com/MS9/A491).

The summary of the pooled effects of the primary and sec-
ondary outcomes were shown in Table 2. EBL, proportion of
patients required transfusion, and units of blood transferred were
used to compare the effects of TIO and HIO in reducing blood
loss during the liver surgery. The EBL between TIO and HIO
group was similar [TIO vs. HIO, MD 13.63, 95% CI (− 1.21,
28.48), P= 0.07, I2= 94%, Fig. 2], while HIO was associated
with lower proportion of patients required transfusion [TIO vs.
HIO, OR 1.76, 95%CI (1.22, 2.53), P=0.002, I2=52%, Fig. 3],
and less units of blood transferred [TIO vs. HIO, MD 0.21, 95%
CI (0.11, 0.32), P< 0.001, I2= 48%, Fig. 4]. The operative time
of HIO was usually longer than that of TIO [TIO vs. HIO, MD
− 13.86, 95% CI (− 17.80, −9.93), P< 0.001, I2=88%, Fig. 5].

HIOwas associated with lower overall complication rate (TIO
vs. HIO, OR 1.44, 95% CI 1.10–1.89, P=0.008, I2= 0%,
Fig. 6). There were no significant differences between TIO and
HIO in mortality [TIO vs. HIO, OR 1.90, 95% CI (0.47, 7.78),
P= 0.37, I2=0%, Fig. 7], length of stay [TIO vs. HIO, MD 0.01,
95% CI (− 0.42, 0.44), P=0.97, I2= 88%, Fig. 8], bile leak rate
[TIO vs. HIO, OR 0.86, 95% CI (0.50, 1.48), P= 0.58, I2=0%,
Fig. 9], liver failure rate [TIO vs. HIO, OR 1.02, 95% CI (0.50,
2.07), P=0.96, I2=34%, Fig. 10], reoperation rate [TIO vs.
HIO, OR 0.63, 95% CI (0.18, 2.26), P= 0.48, I2= 0%, Fig. 11],
postoperative haemorrhage rate [TIO vs. HIO, OR 0.96, 95%CI
(0.37, 2.50), P= 0.93, I2= 0%, Fig. 12] and incidence of post-
operative ascites [TIO vs. HIO, OR 1.02, 95% CI (0.53, 1.96),
P= 0.96, I2= 0%, Fig. 13].

Figure 12. Meta-analysis of postoperative haemorrhage in randomized controlled trials comparing total hepatic inflow occlusion with non-total hepatic inflow
occlusion. TIO, total hepatic inflow occlusion.

Figure 13. Meta-analysis of ascites in randomized controlled trials comparing total hepatic inflow occlusion with non-total hepatic inflow occlusion. TIO, total
hepatic inflow occlusion.
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Discussion

The evidences of the meta-analyses are current to January 2023, a
significant superiority of HIO was indicated in a lower propor-
tion of patients required transfusion, units of blood transferred
and lower overall complication rate. Meanwhile, HIO and TIO
were comparable in EBL, mortality, length of stay, bile leak rate,
liver failure rate, reoperation rate, postoperative haemorrhage
rate and incidence of postoperative ascites. It was notable that
longer operative time was required in HIO.

The results of our study are consistent with most studies, that
is, HIO does not significantly reduce EBL and the proportion of
patients required transfusion compared with TIO. Our studies
have found that HIO can reduce blood transfusion, although this
advantage was statistically significant in few studies[16,17]. HIO
requires more complex anatomical procedures, so HIO takes
longer than TIO in most studies, which is consistent with the
results of our study[13,18]. HIO was indicated to reduce post-
operative complications, but this advantage of HIO was only
reported in early research[16]. Paradoxically, there was no sig-
nificant difference in length of stay, biliary fistula, liver failure,
reoperation rate, mortality, postoperative haemorrhage, and
postoperative ascites in our study, which was inconsistent with
the reduction of postoperative complications.

The possible reasons for the inconsistent results are as follows.
Firstly, some of the original studies are poorly designed and have
a high risk of bias. Secondly, the difference in blood loss between
HIO and TIO is so small that the difference is of no clinical sig-
nificance. Further, the significant haemorrhage rate (≥ 400 ml)
and blood transfusion rate may be better outcomes. Thirdly, the
main manifestation of hepatic I/R injury is the abnormality of
liver biochemical indexes after surgery, and liver failure is a ser-
ious but rare complication[22]. However, some studies have
compared the speed at which alanine aminotransferase/aspartate
aminotransferase returns to normal after surgery, and the results
show that there is no significant difference betweenHIO andTIO,
suggesting that the liver damage caused by TIO ismild in a limited
time[23]. Fourthly, the explanation for the reduction of compli-
cations inHIOwas limited by the lack of original research and the
limitations of clinical outcomes. At last, although the length of
stay will be affected by the speed of liver function recovery, it is
also affected by many other factors, such as culture, health
insurance policy[24].

Our study reviewed the safety and effectiveness between HIO
and TIO through systematic review andmeta-analysis for the first
time. However, there are still some limitations in our research.
The original RCT studies comparing HIO and TIO are too few to
evaluate the source of heterogeneity. In addition, most of the
included studies had concerning or high risks of bias, strictly
designed multicenter RCT studies were needed to further verify
the conclusions of this study.

Conclusions

In summary, based on the effectiveness and safety of bleeding
control, HIO showed similar effectiveness as TIO.However, HIO
may reduce the demand for blood products caused by haemor-
rhage. Although HIO surgery usually takes longer time, the
overall incidence of postoperative complications can be reduced.
Therefore, HIO is recommended as an alternative to TIO. Strictly

designed multicenter RCT studies are needed to further verify the
conclusions of this study.
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