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Abstract 

Background Intermittent Pringle maneuver (IPM) is commonly used to control bleeding during liver resection. 
IPM can cause ischemia–reperfusion injury, which may affect the prognosis of patients with hepatocellular carci-
noma (HCC). The present meta-analysis was conducted to evaluate the effect of IPM use on perioperative outcomes 
and long-term survival in patients with HCC.

Methods A systemic literature search was performed in the PubMed, Embase, Web of Science, and Cochrane 
Library databases to identify randomized controlled trials and retrospective studies that compared the effect of IPM 
with no Pringle maneuver during liver resection in patients with HCC. Hazard ratio (HR), risk ratio, standardized mean 
difference, and their 95% confidence interval (CI) values were calculated based on the type of variables.

Results This meta-analysis included nine studies comprising one RCT and eight retrospective studies and involved 
a total of 3268 patients. Perioperative outcomes, including operation time, complications, and length of hospital 
stay, except for blood loss, were comparable between the two groups. After removing the studies that led to hetero-
geneity, the results showed that IPM was effective in reducing blood loss. Five studies reported overall survival (OS) 
and disease-free survival (DFS) data and eight studies reported perioperative outcomes. No significant difference 
in OS and DFS was observed between the two groups (OS: HR, 1.01; 95% CI, 0.85–1.20; p = 0.95; DFS: HR, 1.01; 95% CI, 
0.88–1.17; p = 0.86).

Conclusion IPM is a useful technique to control blood loss during liver resection and does not affect the long-term 
survival of patients with HCC.

Keywords Pringle maneuver, Liver resection, Hepatocellular carcinoma, Long-term survival, Meta-analysis

Introduction
Liver resection is the most widely used curative treat-
ment approach for hepatocellular carcinoma (HCC) as 
recommended by several guidelines [1–3]. The control of 
bleeding during liver resection is an important aspect to 
ensure surgical safety and reduce complications [4]. Cur-
rent evidence shows that massive blood loss during liver 
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resection and blood transfusion are the risk factors for 
poor overall survival (OS) and disease-free survival (DFS) 
of patients undergoing liver resection [5, 6]. Intermittent 
Pringle maneuver (IPM) is the most common vascular 
occlusion method used worldwide to control bleeding 
[7]. The clamping pattern of IPM included 15  min of 
ischemia followed by 5  min of reperfusion. However, 
blood flow occlusion inevitably causes ischemia–rep-
erfusion injury in the liver, resulting in liver function 
damage [8] and contributing to HCC recurrence [9, 10]. 
Therefore, a part of hepatectomies was done without the 
Pringle maneuver.

The utility of IPM in reducing bleeding during liver 
resection was evaluated [11]. The effect of IPM on the 
long-term survival of patients with liver malignancies 
was assessed [12]. However, these studies did not focus 
on the effect of IPM on short- and long-term outcomes 
following hepatectomy specifically for HCC patients. It 
is known that patients with HCC usually have hepatitis 
or cirrhosis or other chronic liver diseases as coexist-
ing illnesses. Consequently, the effects of IPM on these 
patients may differ from those on patients with normal 
liver [13]. Hence, we conducted a meta-analysis to eval-
uate the effect of IPM on perioperative outcomes and 
long-term survival of patients with HCC who underwent 
liver resection.

Methods
This meta-analysis was performed using the Preferred 
Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA). This systematic review is reg-
istered in the PROSPERO database (registration no. 
CRD42023411488).

Article search strategy
A systematic search was independently performed by two 
researchers to identify the relevant studies published on 
this topic in the PubMed, Embase, Web of Science, and 
Cochrane Library databases from conception to March 
26, 2023. The following MeSH terms and keywords 
were used for search in PubMed: liver resection, hepa-
tectomy, hepatic resection, hepatocellular carcinoma, 
Pringle maneuver, and blood occlusion. The details of 
search strategies are provided in Supplementary Mate-
rial 1. Manual retrieval was performed to identify eligi-
ble studies from the included studies, meta-analyses, and 
reviews.

Selection criteria
The inclusion criteria were as follows: (1) studies 
involving patients with HCC; (2) studies on compari-
son between the use of IPM and no use of PM (non-
Pringle maneuver [NPM]) during liver resection, both 

randomized controlled trials (RCTs) or retrospective 
studies published in English; and (3) studies report-
ing perioperative outcomes (including blood loss, blood 
transfusion, and complications) and/or long-term out-
comes (including OS and DFS).

The exclusion criteria were as follows: (1) studies that 
included patients with liver cancers or benign tumors 
other than HCC; (2) studies that compared other blood 
occlusion methods, including continuous PM, selective 
hepatic flow occlusion, or hemihepatic blood flow occlu-
sion; and (3) studies with duplicate data.

Quality assessment and data extraction
Quality assessment and data extraction were conducted 
by two independent researchers. The Cochrane risk 
assessment tool was used to assess the quality of RCTs. 
The Newcastle–Ottawa Scale with a score of up to 9 
points was used to assess the quality of retrospective 
studies; the scores were assigned as follows: 5 or less, 
low quality; 6–7, moderate quality; and 8 or more, high 
quality.

Predesigned and standardized forms were used to 
extract relevant details from the included studies (first 
author, country, year of publication, patient informa-
tion, and tumor characteristics). The survival outcomes, 
including OS, DFS, and recurrence rate, and periop-
erative outcomes, including operation time, blood loss, 
blood transfusion, and complications were extracted. 
Survival data were collected directly from the original 
reports or indirectly from estimation with the Kaplan–
Meier curve using the Engauge Digitizer software 
(version 4.1). Any disagreements between the two inde-
pendent researchers were resolved by a third researcher.

Statistical analysis
The inverse variance method was used to determine the 
hazard ratio (HR) and 95% confidence interval (CI) val-
ues. The Mantel–Haenszel method was used to deter-
mine the risk ratio (RR) and 95% CI values. The Hedges 
method was used to calculate the standardized mean 
difference (SMD) and 95% CI values. Heterogeneity was 
assessed using the χ2 method (I2 values of 25% and 50% 
indicated low heterogeneity and moderate heterogene-
ity, respectively) [14]. The test model was selected based 
on the heterogeneity level, and the random-effects model 
was used for I2 > 50%. Sensitivity analysis was performed 
to assess the robustness of the conclusion. The publica-
tion bias was determined using funnel plots. The trim 
and fill method was used if an apparent publication bias 
was noted. A p value of < 0.05 indicated statistical signifi-
cance. All statistical analyses were conducted in R pro-
gram (version 4.2.3).



Page 3 of 10Hu et al. World Journal of Surgical Oncology          (2023) 21:359  

Results
Study search and selection details
Our database search yielded 1007 records after duplicate 
studies were removed. The titles and abstracts of these 
records were screened for their relevance, and 35 articles 
were retained for further evaluation. Of these 35 articles, 
26 articles were further excluded because of incorrect 
comparison (n = 8), mixed liver tumor (n = 8), noncom-
parative study (n = 4), lack of detailed data (n = 4), dupli-
cate data (n = 1), or study presented as an abstract (n = 1). 
Thus, 9 studies were selected for the meta-analysis [15–
23] (Fig. 1).

Study characteristics
The included 9 studies comprising one RCT and 8 retro-
spective studies and involved a total of 3268 patients, of 
which 1703 patients underwent liver resection with IPM 
(Table  1). Five studies reported OS and DFS data and 
eight studies reported perioperative outcomes. The mean 
or median occlusion time varied among the studies and 
ranged from 19.5 to 50 min.

Quality assessment results
The risk of bias for studies reporting RCTs was low. The 
details of the quality assessment of these studies are 
shown in Supplementary Materials 2 and 3. Among the 

eight retrospective studies, seven had high quality and 
one had moderate quality (Table 1).

OS and DFS analysis
The HR values of OS and DFS were available for five stud-
ies (one RCT and four retrospective studies). Because 
there was no significant heterogeneity among the studies, 
the fixed-effects model was used. Because of the larger 
sample size, the two studies by Xia et  al. and Famularo 
et al. carried the highest impact on the analysis of OS and 
DFS. The meta-analysis showed no significant difference 
in the OS and DFS between the two groups (OS: HR, 
1.01; 95% CI, 0.85–1.20; p = 0.95; DFS: HR, 1.01; 95% CI, 
0.88–1.17; p = 0.86) (Fig.  2). The results of OS and DFS 
of subgroup analysis of the retrospective study was con-
sistent with the primary analysis (OS: HR, 1.07; 95% CI, 
0.89–1.28; DFS: HR, 0.99; 95% CI, 0.85–1.16) (Supple-
mentary Material 4).

Sensitivity analysis was performed by excluding each 
study at a time and combining the HR values for the 
remaining included studies (Supplementary Material 5). 
Sensitivity analysis showed that excluding studies by Xia 
et  al. and Famularo et  al. changed the CIs considerably, 
but the results of OS and DFS were still stable. Publica-
tion bias was considered significant for both OS and DFS 
because of the presence of asymmetry in the funnel plots 
(Supplementary Material 6). The trim and fill method 

Fig. 1 Flow chart of study selection
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was used to evaluate the effect of publication bias on the 
results of OS and DFS (Supplementary Material 7). The 
OS and DFS results before and after trimming and filling 
were similar (OS: HR, 0.98; 95% CI, 0.83–1.16; p = 0.84; 
DFS: HR, 0.99; 95% CI, 0.86–1.13; p = 0.83) (Supplemen-
tary Material 8).

Recurrence rate
Four studies reported the tumor recurrence rate. Because 
of significant heterogeneity among the studies, the ran-
dom-effects model was used. The meta-analysis showed 
no significant difference in the tumor recurrence rate 
between the two groups (RR, 1.22; 95% CI, 0.85–1.74; 
p = 0.28) (Table 2).

Operation time
Operation time was reported in six studies. The random-
effects model was used because of significant heteroge-
neity among the studies. The meta-analysis revealed no 
significant difference in operation time between both 
groups (SMD, 0.23; 95% CI, − 0.40 to 0.86; p = 0.47) 
(Table 2).

Blood loss
Seven studies reported blood loss during liver resection. 
As there was significant heterogeneity among the studies, 
the random-effects model was used. The meta-analysis 
showed no significant difference in the volume of blood 

loss between both groups (SMD, 0.02; 95% CI, − 0.30 to 
0.33; p = 0.92) (Table  2). However, sensitivity analysis 
showed that the study by Fumularo et al. [18] had a great 
influence on the results including heterogeneity and sig-
nificance (Supplementary Material 9). The meta-analysis 
after omitting this study showed that IPM significantly 
reduced blood loss (SMD, − 0.20; 95% CI, − 0.28 to − 0.12; 
p < 0.01) (Supplementary Material 10). Sensitivity analy-
sis indicated that the result was stable (Supplementary 
Material 11).

Blood transfusion
Four studies reported blood transfusion. The random-
effects model was used because of significant hetero-
geneity among the studies. The meta-analysis showed 
no significant difference in blood transfusion between 
both groups (RR, 1.02; 95% CI, 0.47–2.20; p = 0.97) 
(Table 2).

Total complications
Total complications were reported in five studies. 
Because of significant heterogeneity among the studies, 
the random-effects model was used. The meta-analysis 
revealed no significant difference in total complications 
between both groups (RR, 0.91; 95% CI, 0.70–1.20; 
p = 0.52) (Table 2).

Fig. 2 Forest plots for overall survival and disease-free survival. A Overall survival forest plot. B Disease-free survival forest plot
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Liver failure
Liver failure was reported in six studies. The fixed-
effects model was used as there was no significant 
heterogeneity among the studies. The meta-analysis 
showed no significant difference in liver failure between 
both groups (RR, 0.73; 95% CI, 0.35–1.52; p = 0.41) 
(Table 2).

Pleural effusion
Four studies reported pleural effusion. The random-
effects model was used because of significant heteroge-
neity among the studies. The meta-analysis showed no 
significant difference in pleural effusion between both 
groups (RR, 1.27; 95% CI, 0.61–1.64; p = 0.52) (Table 2).

Ascites
The occurrence of ascites was reported in three studies. 
Because of significant heterogeneity among the studies, 
the random-effects model was used. The meta-analysis 
showed no significant difference in the occurrence of 
ascites between both groups (RR, 0.85; 95% CI, 0.46–
1.58; p = 0.61) (Table 2).

Hospital stay
The length of hospital stay was reported in four studies. 
The random-effects model was used as the studies exhib-
ited significant heterogeneity. The meta-analysis showed 
no significant difference in the length of hospital stay 

between both groups (SMD, 0.01; 95% CI, − 0.28 to 0.31; 
p = 0.94) (Table 2).

Subgroup analysis for perioperative outcomes
Subgroup analysis based on the proportion of patients 
with Child A, the proportion of patients with liver cir-
rhosis, the proportion of patients receiving major liver 
resection, and the proportion of patients with multiple 
tumor resection to explore the sources of heterogeneity 
for perioperative outcomes.

Subgroup analysis based on the proportion of patients 
with Child A showed that different proportion of patients 
with Child A is one source of heterogeneity for opera-
tion time, blood loss, blood transfusion, pleural effusion, 
and hospital stay (Supplementary Material 12). For those 
studies with a proportion of patients with Child A > 90%, 
meta-analysis showed that IPM may prolong operation 
time (SMD, 0.16; 95% CI, 0.01 to 0.37).

Subgroup analysis based on the proportion of patients 
with liver cirrhosis showed that different proportion of 
patients with liver cirrhosis is one source of heterogene-
ity for operation time, blood loss, blood transfusion, total 
complication, and hospital stay (Supplementary Material 
13).

Subgroup analysis based on the proportion of patients 
who received major liver resection showed that differ-
ent proportions of patients who received major liver 
resection are one source of heterogeneity for operation 
time and blood loss (Supplementary Material 14). For 
those studies with a proportion of patients who received 
major liver resection > 60%, a meta-analysis showed that 
IPM may reduce blood loss (SMD, − 0.23; 95% CI, − 0.41 
to − 0.05).

Subgroup analysis based on the proportion of patients 
who received major liver resection showed that differ-
ent proportion of patients received major liver resection 
is one source of heterogeneity for operation time, blood 
loss, blood transfusion, total complication, pleural effu-
sion, and hospital stay (Supplementary Material 15). For 
those studies with a proportion of patients with multiple 
tumors < 25%, meta-analysis showed that IPM may pro-
long operation time (SMD, 0.16; 95% CI, 0.01 to 0.37). For 
those studies with the proportion of patients with mul-
tiple tumors > 25%, meta-analysis showed that IPM may 
reduce blood loss (SMD, − 0.17; 95% CI, − 0.34 to − 0.00).

Discussion
Our present meta-analysis comprehensively analyzed 
the long-term survival and perioperative effects of IPM 
on HCC patients undergoing hepatectomy. The results 
demonstrated that perioperative outcomes, including 
operation time, blood transfusion, and postoperative 
complications, except for volume of blood loss, were 

Table 2 Details of perioperative outcomes and tumor 
recurrence

RR risk ratio, SMD standardized mean difference

Outcomes Included 
studies

RR (95% CI) p value I2 Model

Blood transfu-
sion

4 1.02 [0.47; 2.20] 0.97 89% Random

Total complica-
tions

5 0.91 [0.70; 1.20] 0.52 71% Random

Liver failure 6 0.73 [0.35; 1.52] 0.41 0% Fixed

Pleural effusion 4 1.27 [0.61; 2.64] 0.52 62% Random

Ascites 3 0.85 [0.46; 1.58] 0.61 57% Random

Tumor recur-
rence

4 1.22 [0.85; 1.74] 0.28 69% Random

SMD (95% CI)

Operation time 6 0.23 [− 0.40; 
0.86]

0.47 97% Random

Blood loss 7 0.02 [− 0.30; 
0.33]

0.92 95% Random

Hospital stay 4 0.01 [− 0.28; 
0.31]

0.94 78% Random
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comparable between the IPM and NPM groups. Addi-
tionally, IPM did not improve or worsen the long-term 
survival of HCC patients who underwent liver resection 
as compared to NPM.

Regarding perioperative outcomes, we found no sig-
nificant differences in the volume of blood loss, blood 
transfusion, operation time, and postoperative compli-
cations between both groups; this finding indicated that 
both IPM and NPM were safe for liver resection. How-
ever, the heterogeneity among the included studies was 
relatively high. Subgroup analysis showed that the pro-
portion of patients with liver cirrhosis, the proportion of 
patients with Child A, the proportion of patients receiv-
ing major liver resections, and the proportion of patients 
with multiple tumor resections are the source of hetero-
geneity. These results suggest that the implementation 
of IPM should take into account the patient’s liver back-
ground, the number of tumors, and the volume of the 
liver removed. For blood loss, we found that the study by 
Fumularo et al. [18] was one source of heterogeneity. The 
obvious differences between this study and others were 
that the relatively short time of PM, the lowest propor-
tion of patients with multiple tumors and patients who 
received major live resection, and the highest proportion 
of patients with liver cirrhosis in the study by Fumularo 
et  al. After omitting this study, we found that IPM sig-
nificantly reduced blood loss compared with NPM. These 
results may indicate that for these hepatectomies that 
do require a longer hilar occlusion time, IPM can sig-
nificantly reduce the volume of blood loss. These results 
for blood transfusion and postoperative complications in 
our study were similar to another meta-analysis assessing 
the value of IPM in reducing bleeding during hepatec-
tomy for both HCC and colorectal liver metastasis [11]. 
Although several RCTs have studied the effect of IPM 
on blood loss [24–27], RCTs specifically focused on the 
effect of IPM on HCC patients are required because these 
patients often have cirrhosis as a coexisting condition.

IPM could affect the long-term survival of HCC 
patients in two ways: (1) reduction in intraoperative 
blood loss and (2) induction of ischemia–reperfusion 
injury. Increased intraoperative blood loss during HCC 
resection is an independent prognostic factor for tumor 
recurrence and death [6]. The subsequent blood trans-
fusion can promote HCC recurrence and reduce long-
term patient survival [5]. However, our study found that 
IPM reduces blood loss for these hepatectomies that do 
require a longer hilar occlusion time, but did not the 
need for blood transfusion in HCC patients who under-
went liver resection. The amount of blood lost between 
the two groups did not affect survival, possibly due to the 
large differences in blood loss values among the included 
studies. Earlier studies have found that blood loss greater 

than 1000 ml compared to less than 1000 ml may affect 
long-term survival in patients with HCC after surgery 
[6, 28]. However, the average blood loss in most included 
studies was less than 1000  ml. When blood loss is less 
than 1000 ml, whether blood loss affects long-term sur-
vival is controversial [17, 18]. The choice of cutoff value is 
important when assessing whether the amount of blood 
loss affects prognosis. And this value may be different 
in different studies, so the conclusions will be contro-
versial. On the other hand, different measurements for 
the amount of blood loss may influence the conclusion. 
When bleeding occurs and blood transfusion is unavoid-
able, an allogeneic blood transfusion may also lead to a 
worse prognosis [29]. Studies on liver transplantation 
have provided conclusive evidence that ischemia–rep-
erfusion injury affects the long-term survival of patients 
with liver cancer [30, 31]. Alleviating inflammation 
caused by ischemia–reperfusion injury can reduce HCC 
recurrence [9]. However, the time of ischemia occurrence 
and its characteristics are not completely similar between 
patients with liver resection and those who have under-
gone liver transplantation. IPM, continuous PM, selec-
tive hepatic flow occlusion, and hemihepatic blood flow 
occlusion are selected based on tumor characteristics 
and the preferences of surgeons. The duration of blood 
flow disruption also varies, which can lead to different 
survival outcomes for HCC patients [32, 33]. Hence, we 
compared IPM with NPM in our present study; however, 
we did not find a significant difference in long-term sur-
vival between both groups.

Lin et  al. conducted a meta-analysis and concluded 
that IPM increased the risk of early HCC recurrence 
but did not affect long-term survival [11]. However, this 
study had some limitations. Most 1-, 3-, and 5-year OS or 
DFS rates were extracted from the Kaplan–Meier curve 
because these data were not reported in the original arti-
cle; this may have affected the calculated results. Addi-
tionally, an inappropriate study was included because the 
comparison was conducted between NPM and hepatic 
inflow occlusion (including IPM and selective hemihe-
patic occlusion) [22]. Wassmer et  al. also conducted a 
meta-analysis on this topic and concluded that PM nega-
tively affected OS and DFS [34]. However, they combined 
the cases of IPM and continuous PM rather than com-
paring IPM alone with NPM, which could lead to hetero-
geneity. Compared with these previous meta-analyses, 
ours is more homogeneous in terms of inclusion criteria.

The present study has several limitations that should be 
acknowledged. First, only one RCT was included in our 
study. Second, relatively high heterogeneity was observed 
among the studies used for the comparison of periop-
erative outcomes. Third, regarding long-term survival, 
publication bias was detected despite low heterogeneity 
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among the studies used for comparison. However, sen-
sitivity analysis showed that the results of OS and DFS 
were stable; moreover, the trim and fill method revealed 
that the unpublished studies did not affect the results. 
Fourth, the number of studies included in the meta-anal-
ysis was small.

Conclusion
Our meta-analysis showed that IPM was a useful tech-
nique to control bleeding during liver resection and did 
not affect the long-term survival of HCC patients.
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