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Abstract 

Background Recent advances in ultrasound technology have led to widespread adoption of ultrasonic energy 
devices in liver resections. While various studies have assessed the comparative advantages of ultrasonic devices 
and traditional clamp-crushing, their findings vary. Moreover, a specific systematic review on this topic has not yet 
been conducted.

Objectives This study aims to present a comprehensive, up-to-date analysis comparing outcomes between ultra-
sonic devices and conventional clamp-crushing methods in liver resection, based on currently available literature.

Patients and methods We conducted a systematic literature search in databases such as PubMed, Embase, Web 
of Science, and CNKI up to November 2023. Studies that compared the efficacy or safety of ultrasonic devices 
against traditional clamp-crushing methods in hepatectomy were included. The analysis covered intraoperative out-
comes like operating time, blood loss, and transfusion rate, as well as postoperative outcomes such as complication 
rate, mortality, postoperative bleeding, and bile leakage. Review Manager version 5.3 (Cochrane Collaboration, Oxford, 
UK) and Stata 17.0 (Stata Corp, College Station, TX, USA) were used for data analysis.

Results Thirteen studies, involving a total of 1,417 patients (630 using ultrasonic devices and 787 using clamp-crush-
ing methods), were included. The clamp-crush method resulted in a shorter operation time. Contrarily, the ultrasonic 
device group experienced reduced blood loss and lower transfusion rates. Postoperatively, there was no significant 
difference in mortality or postoperative bleeding between the groups. However, the ultrasonic group had a lower 
overall complication rate, particularly a reduced incidence of bile leakage. Overall, the ultrasonic devices were associ-
ated with improved perioperative outcomes.

Conclusions The findings suggest that ultrasonic devices provide better outcomes in hepatectomy compared 
to traditional clamp-crushing techniques. Nonetheless, large-scale randomized controlled trials are needed to con-
firm these results due to potential heterogeneity and biases. The choice of using ultrasonic devices should consider 
the surgeon’s experience and individual patient circumstances.
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Introduction
Hepatectomy remains the most effective treatment for 
patients with benign or malignant liver tumors and those 
requiring liver transplantation. Over the past two dec-
ades, substantial advancements in liver resection tech-
niques have enhanced patient outcomes. Methods for 
liver parenchyma division have evolved, including clamp 
crushing, ultrasonic dissection, and other innovative 
technologies.

Successful hepatectomy demands a thorough under-
standing of liver anatomy and effective techniques for 
parenchyma dissection while safeguarding critical vas-
cular and biliary structures [1–6]. To meet diverse clini-
cal needs, various methods have been developed, such as 
the clamp-crush technique, Cavitron Ultrasonic Surgical 
Aspirator (CUSA), radiofrequency dissecting sealer, rad-
iofrequency-assisted liver resection, waterjet dissector, 
and vascular stapler techniques [7]. Each method offers 
unique benefits: bipolar cautery reduces blood loss by 
fusing the collagen matrix of vessel walls; CUSA utilizes 
ultrasonic energy combined with aspiration to minimize 
damage to liver structures; and clamp-crushing effec-
tively isolates vessels and bile ducts, thereby reducing 
surgery time and cost [1, 7].

Despite these technological advances, liver resection 
still poses significant risks. Studies show that the mortal-
ity rate has declined to around 5% in high-volume cent-
ers, thanks to improved perioperative management and 
surgical techniques [4, 8–11]. However, morbidity rates 
remain elevated, ranging from 23 to 56%, depending on 
the surgical indication [10–13]. Therefore, selecting the 
appropriate technique is crucial to minimizing morbidity.

Numerous meta-analyses have compared different 
parenchymal transection techniques to identify the most 
effective methods. One previous network meta-analysis, 
which included 12 studies involving nearly 1000 patients, 
compared the TissueLink and LigaSure dissecting sealers. 
However, blood loss during parenchymal transection was 
not reported, even though it is a critical factor influenc-
ing both short-term and long-term outcomes [13, 14]. 
Another meta-analysis, which examined ten parenchy-
mal transection techniques, found bipolar cautery to be 
the most effective for minimizing blood loss and the har-
monic scalpel to be the most effective for reducing overall 
and major complications [7]. Despite the growing range 
of hepatectomy techniques, comprehensive evaluations 
of perioperative outcomes comparing ultrasonic devices 
to traditional clamp-crush methods are still needed. Our 
study aims to address this gap by systematically reviewing 
evidence from RCTs, focusing on which technique offers 
superior intraoperative and postoperative outcomes, par-
ticularly regarding intraoperative blood loss and postop-
erative bile leakage.

Materials and methods
Literature search
This evidence-based analysis adhered to the PRISMA 
2020 guidelines and was registered in PROSPERO 
(CRD42023482892) (https:// www. crd. york. ac. uk/). The 
PRISMA 2020 checklist is available in Supplementary 
Material S1. We conducted a comprehensive search of 
PubMed, Embase, Web of Science, and CNKI databases 
up to March 2024, focusing on studies comparing the 
efficacy and safety of ultrasonic devices versus clamps 
for liver resection. Search terms included “human,” 
“method*,” “hepatect*,” “ultrasonic,” “liver resection,” 
“clamp,” and “prognosis,” with the detailed strategy out-
lined in Supplementary Material S2. References from all 
eligible studies were also reviewed manually. Two inves-
tigators independently conducted the search and study 
selection, with any disagreements resolved by consensus.

Identification of eligible studies
Studies were included if they met the following crite-
ria: (1) randomized controlled trials, cohort studies, or 
case–control studies; (2) hepatectomy performed on 
patients with liver neoplasms; (3) comparison of ultra-
sonic devices with clamps; (4) evaluation of at least one 
perioperative outcome, such as operating time, blood 
loss, hospital stay duration, complication rate, or transfu-
sion rate; and (5) sufficient data to calculate odds ratios 
(ORs) or weighted mean differences (WMDs). Excluded 
were reviews, letters, editorials, case reports, confer-
ence abstracts, and unpublished studies. Ultrasonication 
was defined as using ultrasonic devices like the Har-
monic scalpel or Cavitron Ultrasonic Surgical Aspirator 
(CUSA), while clamping referred to the exclusive use of 
clamps for liver resection. Studies focusing only on clamp 
hepatectomy or ultrasonic devices were excluded.

Data extraction
Two investigators independently extracted data, with any 
discrepancies resolved by a third investigator. Extracted 
data included demographics (sample size, sex, age, BMI), 
publication details (first author, year, study period, loca-
tion, design), and operative and postoperative outcomes 
(e.g., operating time, transfusion rate, blood loss, length 
of hospital stay, complication rate, bile leakage, and 
postoperative bleeding). For continuous variables pre-
sented as medians with ranges or interquartile ranges, 
means ± standard deviations were calculated using vali-
dated methods [15–18]. Missing or unreported data were 
requested from corresponding authors where possible.

Quality assessment
The quality of studies was evaluated using the Newcas-
tle–Ottawa Scale (NOS), with scores of seven to nine 
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indicating high quality. We also assessed the level of evi-
dence using the Oxford Centre for Evidence-Based Medi-
cine criteria, employing Review Manager version 5.3 
(Cochrane Collaboration, Oxford, UK). Quality assess-
ments were conducted independently by two investiga-
tors, with disagreements resolved through discussion. 
Detailed results of the quality assessments are provided 
in Supplementary Material S3.

Statistical analysis
Data synthesis was conducted using Review Manager 
version 5.3. WMDs were used for continuous variables, 
and ORs for dichotomous variables, both reported with 
95% confidence intervals (CIs). Heterogeneity was eval-
uated using the chi-square (χ2) test (Cochran’s Q) and 
inconsistency index  (I2) [19], with a χ2 p-value < 0.05 or 

 I2 > 50% indicating significant heterogeneity. A random-
effects model was applied when significant heterogeneity 
was present; otherwise, a fixed-effects model was used. 
Sensitivity analyses were conducted to assess the impact 
of individual studies on outcomes with significant het-
erogeneity. Publication bias was assessed visually using 
funnel plots and through Egger’s regression tests [19, 
20] in Stata version 17.0 (Stata Corp, College Station, 
TX, USA) for outcomes involving five or more studies. 
A p-value < 0.05 was considered indicative of significant 
publication bias.

Results
Literature search and study characteristics
The systematic search process is depicted in Fig.  1. We 
identified 1,736 relevant articles through searches in 

Fig. 1 Flow diagram of the systematic search and selection process
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PubMed (n = 1331), Embase (n = 885), Web of Science 
(n = 1387), and CNKI (n = 311). After removing dupli-
cates, 2,584 titles and abstracts were screened, resulting 
in 13 full-text articles being included in the pooled analy-
sis [21–33], involving 4,493 patients (630 Ultrasonic vs. 
787 Clamp). The studies comprised 3 prospective cohort 
studies [23, 25, 27], 1 retrospective cohort study [33], 1 
comparative study [21], and 7 randomized controlled tri-
als [22, 24, 26, 29–32]. Table 1 provides details on study 
characteristics, evidence levels, and quality scores, with a 
median quality score of 6 (range 5–7). Eight studies were 
deemed high quality [22–26, 28, 32, 33]. Quality assess-
ment details are in Supplementary Material S3.

Demographic characteristics
No significant differences were found between the 
ultrasonic and clamp groups in terms of age (WMD: 
0.78; 95% CI: -1.07, 2.62; p = 0.41), gender distribution 
(OR: 0.79; 95% CI: 0.60, 1.04; p = 0.10), BMI (WMD: 

-0.05; 95% CI: -1.39, 1.29; p = 0.94), cirrhosis prevalence 
(WMD: 1.05; 95% CI: 0.79, 1.41; p = 0.73), major hepa-
tectomy rates (WMD: 1.08; 95% CI: 0.85, 1.38; p = 0.53), 
or malignancy rates (WMD: 1.01; 95% CI: 0.71, 1.45; 
p = 0.95) (Table 2).

Intraoperative outcomes
Operating time
Nine studies including 928 patients (404 ultrasonic vs. 
524 clamp) were analyzed for operating time [21–23, 
25, 26, 28, 29, 31, 32], showing no significant differ-
ence between the groups (WMD: 2.28; 95% CI: -6.95, 
11.50; p = 0.63) but with high heterogeneity  (I2 = 88%, 
p < 0.00001)(Fig. 2A). A funnel plot suggested potential 
publication bias(Fig.  3A), though Egger’s test did not 
confirm this (p = 0.363). Sensitivity analysis indicated 
that excluding Amad (2019) [31] and Sun (2015) [25] 
resulted in shorter operating times in the clamp group 

Table 1 Baseline characteristics of include studies and methodological assessment

Authors Study periods Country Study design Patients（n）
ultrasonic/clamp 
crushing

Level of 
evidence

Quality score

Ahmad 2015-2016 Egypt Randomized Controlled Trial 36/36 A 6

Bon N. Koo 2003 Korea Randomized Controlled Trial 25/25 A 7

H. G. Rau 1990-1993 Germany Randomized Controlled Trial 28/61 A 5

Doklestić 2008-2010 Serbia Randomized Controlled Triall 20/20 A 7

Luca 2002-2004 Italy Comparative 100/100 C 5

Lesurtel 2003-2004 Switzerland Prospective 25/25 C 6

Nanashima 2005-2012 Japan Retrospective 24/118 B 7

Gotohda 2011-2012 Japan Randomized Controlled Trial 107/104 A 7

Qiao 2008-2010 China Randomized Controlled Trial 17/20 A 6

S.-T. FAN 1989-1994 China Prospective 69/96 B 7

Sun 2012 China Prospective 80/80 B 7

Tadatoshi 1998-1999 Japan Randomized Controlled Trial 66/66 A 7

Zhu 2013-2018 China Retrospective 33/29 B 7

Table 2 Demographics and clinical characteristics of included studies

a BMI Body mass index
b Major Hepatectomy(≥3 segments hepatectomy)

Outcomes Studies No. of patients WMD or OR 95% CI p-value Heterogeneity

UR/CC Chi2 df p-value I2 (%)

Age(years) (8) 304/454 0.78 [-1.07,2.62] 0.41 7.16 7 0.41 2

Gender(male) (11) 536/617 0.79 [0.60,1.04] 0.10 4.90 9 0.84 0

BMIa( kg/m2) (2) 69/65 -0.05 [-1.39,1.29] 0.94 0.89 1 0.34 0

Cirrhosis(yes) (7) 463/584 1.05 [0.79,1.41] 0.73 5.02 5 0.41 0

Major  Hepatectomyb(yes) (12) 613/767 1.08 [0.85,1.38] 0.53 19.97 10 0.03 50

Malignant（yes） (8) 606/669 1.01 [0.71,1.45] 0.95 6.30 7 0.51 0
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(WMD: 33.52; 95% CI: 19.33, 47.72; p < 0.00001) with 
reduced heterogeneity  (I2 = 39%, p = 0.13).

Blood loss
Five studies [23, 26, 28, 29, 33] involving 456 patients 
(168 ultrasonic vs. 288 clamp) found significantly less 
blood loss in the ultrasonic group (WMD: -85.45; 95% 
CI: -154.20, -16.70; p = 0.01) with moderate heterogene-
ity  (I2 = 50%, p = 0.09)(Fig. 2B). Funnel plot analysis indi-
cated slight publication bias(Fig. 3B), but Egger’s test did 
not (p = 0.489).

Transfusion rate
Data from 9 studies, including 1,102 patients (494 ultra-
sonic vs. 608 clamp) [21–25, 27, 28, 31, 32], showed a sig-
nificantly higher transfusion rate in the clamp group (OR: 
0.67; 95% CI: 0.48, 0.94; p = 0.02)(Fig. 2C), with substan-
tial heterogeneity  (I2 = 75%, p = 0.0001). Neither Egger’s 
test (p = 0.828) nor visual inspection indicated significant 
publication bias(Fig.  3C). Sensitivity analysis suggested 
that excluding studies by Luca (2006) [21] and S-T-FAN 
(1996) [23] revealed a lower transfusion rate in the ultra-
sonic group (WMD: 0.42; 95% CI: 0.26, 0.69; p = 0.0006) 
with reduced heterogeneity  (I2 = 15%, p = 0.31).

Fig. 2 Forest plots of operative outcomes: (A) operating time (B) blood loss (C) transfusion rate

Fig. 3 Funnel plots of operative outcomes: (A) operating time (B) blood loss (C) transfusion rate
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Sensitivity analysis
We performed one-way sensitivity analyses for oper-
ating time and transfusion rate to assess the impact of 
each study on the combined weighted mean difference 
(WMD) by sequentially removing individual studies. 
Sensitivity analysis indicated that removing the stud-
ies by Amad (2019) [31] and Sun (2015) [25] affected 
the WMD for operating time (Fig.  4A), while exclud-
ing Luca (2006) [21] and S-T-FAN (1996) [23] impacted 
the WMD for transfusion rate (Fig.  4B). Excluding 
Amad (2019) [31] and Sun (2015) [25] reduced the het-
erogeneity in operating time  (I2 = 39%, p = 0.13), sug-
gesting these studies contributed significantly to the 
heterogeneity. Similarly, removing Luca (2006) [21] 

and S-T-FAN (1996) [23] resolved the heterogeneity in 
transfusion rate  (I2 = 15%, p = 0.31).

Postoperative outcomes
Complication rate
Data from 11 studies involving 1,195 patients (536 ultra-
sonic vs. 659 clamp) [21, 22, 24, 25, 27–33] showed a sig-
nificantly lower complication rate in the ultrasonic group 
(OR: 0.67; 95% CI: 0.51, 0.89; p = 0.005) with moderate 
heterogeneity  (I2 = 58%, p = 0.008)(Fig.  5A). Although 
visual inspection and Egger’s test did not detect sig-
nificant publication bias (p = 0.628), high heterogene-
ity led to a sensitivity analysis(Fig.  6A). Excluding the 
study by Nanashima [28] revealed a lower complication 

Fig. 4 Sensitivity analysis of (A) operating time (B) transfusion rate
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Fig. 5 Forest plots of postoperative outcomes: (A) complication rate (B) bile leakage (C) postoperative bleeding (D) mortality

Fig. 6 Funnel plots of postoperative outcomes: (A) complication rate (B) bile leakage (C) postoperative bleeding (D) mortality
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rate for the ultrasonic group (WMD: 0.59; 95% CI: 0.44, 
0.80; p = 0.0005) with reduced heterogeneity  (I2 = 35%, 
p = 0.13).

Bile leakage
Eleven studies with 1,320 patients (585 ultrasonic vs. 735 
clamp) were analyzed for bile leakage [21, 23–25, 27–33], 
showing a significantly lower rate in the ultrasonic group 
(OR: 0.57; 95% CI: 0.35, 0.93; p = 0.03)(Fig. 5B). The het-
erogeneity was low  (I2 = 11%, p = 0.34), and no signifi-
cant publication bias was found (Egger’s test, p = 0.172)
(Fig. 6B).

Subgroup analysis of bile leakage
Subgroup analysis revealed differences between ultra-
sonic devices. Comparison between Cavitron Ultrasonic 
Surgical Aspirator (CUSA) and Harmonic scalpel showed 
no significant difference in leakage rates compared to 

clamps. However, CUSA had a significantly lower bile 
leakage rate (OR: 0.34; 95% CI: 0.17, 0.71; p = 0.004) with 
no heterogeneity  (I2 = 0%, p = 0.54) (Fig.  7A) or publica-
tion bias (Egger’s test, p = 0.167) (Fig. 7B), demonstrating 
CUSA’s superior performance over clamps and Harmonic 
scalpel.

Postoperative bleeding
Seven studies [21, 23–25, 30, 31, 33] with 959 patients 
(453 ultrasonic vs. 506 clamp) reported similar postop-
erative bleeding rates between the groups (OR: 0.52; 95% 
CI: 0.23, 1.22; p = 0.13). There was no significant hetero-
geneity  (I2 = 0%, p = 0.84) (Fig. 5C) or evidence of publi-
cation bias (Egger’s test, p = 0.913) (Fig. 6C).

Mortality
In 11 studies with 1,271 patients (577 ultrasonic vs. 
694 clamp) [21–25, 28–33], mortality rates were 

Fig. 7 Forest and funnel plot of bile leakage between CUSA and clamp
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comparable between the groups (OR: 0.54; 95% CI: 0.21, 
1.36; p = 0.19) (Fig. 5D). There was no significant hetero-
geneity  (I2 = 0%, p = 0.59) or publication bias (Egger’s test, 
p = 0.853) (Fig. 6D).

Sensitivity analysis
One-way sensitivity analyses were conducted to evaluate 
how the removal of individual studies affected the com-
bined weighted mean difference (WMD) for complication 
rates. The analysis showed that the WMD remained stable 
regardless of which study was excluded (Fig. 8A). However, 
removing the study by Nanashima [28] reduced heteroge-
neity for complication rates  (I2 = 35%, p = 0.13), suggesting 
that this study contributed significantly to the variability.

Discussion
Since the 1970s, various liver transection devices have 
been developed to minimize intraoperative blood loss 
and improve patient outcomes [1–6]. Among these, 
ultrasonic devices are noted for their advanced technol-
ogy and clinical use. This meta-analysis compared ultra-
sonic devices with traditional clamp methods, finding 
that ultrasonic devices were more effective in reducing 
blood loss and complications, thus improving patient 
outcomes. However, clamps were associated with shorter 
operating times, as detailed in our findings.

Blood loss is a key factor in morbidity and mortality 
after liver resection [13, 14, 34, 35]. Despite advance-
ments in surgical techniques leading to lower mortality 

rates over the past two decades [8, 9, 11], complication 
rates remain high, highlighting the need for improved 
strategies [12, 36]. Our analysis, including 13 studies with 
1,417 patients, demonstrated that ultrasonic devices are 
superior to traditional methods in reducing blood loss, 
complications, and transfusions.

A recent meta-analysis of blood loss reduction tech-
niques involved 22 studies and nearly 2,360 patients but 
did not address outcomes of ultrasonic devices versus 
clamp-crushing techniques [7]. Our study addressed this 
gap by comparing 13 studies of 1,417 patients—630 with 
ultrasonic devices and 787 with clamps—ensuring no sig-
nificant demographic differences.

Intraoperative outcomes showed that clamp-crushing 
techniques resulted in shorter operating times. While 
ultrasonic devices reduced blood loss significantly com-
pared to clamps, this raises the possibility of combin-
ing these methods to optimize both operating time and 
blood loss.

Postoperative outcomes indicated that ultrasonic 
devices were associated with lower rates of complica-
tions and bile leakage. A subgroup analysis revealed 
that the Cavitron Ultrasonic Surgical Aspirator (CUSA) 
was particularly effective in reducing bile leakage com-
pared to clamps and harmonic scalpels, possibly due 
to its combined ultrasonic energy and aspiration. No 
significant differences were observed in mortality or 
postoperative bleeding between the two groups. This 
suggests that ultrasonic devices are effective in reducing 

Fig. 8 Sensitivity analysis of complication rate
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complications, especially bile leakage, and should guide 
tool selection.

This study has several strengths. Unlike other analy-
ses that combine various treatments, this meta-analysis 
evaluated and compared perioperative outcomes of two 
distinct treatment methods separately. By analyzing both 
intraoperative and postoperative outcomes, it offers 
fresh insights into the risk–benefit profiles of ultrasonic 
devices and clamp-crushing techniques for parenchy-
mal transection. We tackled the issue of inconsistent 
measurements across studies by synthesizing the avail-
able data into a single meta-analysis, reducing the risk of 
selection bias.

Network meta-analyses allow for the comparison of 
different treatments by combining direct evidence from 
individual studies with indirect evidence across various 
studies. This method enables comparisons that may not 
have been directly examined before. It also enhances the 
precision in estimating the relative effects of different 
treatments, offering greater statistical power compared 
to traditional pairwise meta-analyses, which depend only 
on direct evidence. Additionally, network meta-analyses 
provide a more comprehensive and reliable assessment, 
helping to interpret a wider range of evidence and facili-
tating the calculation of treatment rankings with corre-
sponding probabilities [37, 38].

This study has several limitations. First, the limited 
number of studies included in the analysis may have 
reduced the statistical power and introduced potential 
bias. Second, some studies provided incomplete and 
inconsistent data on intraoperative outcomes like blood 
loss and operative time [24, 30], and similar inconsisten-
cies were noted in reporting postoperative bile leakage. 
Third, there was considerable variability in the demo-
graphic characteristics of patients undergoing major 
hepatectomy, which could have affected the results. 
Additionally, the small number of high-quality rand-
omized controlled trials (RCTs) contributed to the heter-
ogeneity of the findings. We hope to include more RCTs 
in the future to better evaluate the benefits of both tech-
niques. While these limitations suggest that our meta-
analysis should be interpreted cautiously, the findings 
still offer valuable insights into the effects of different sur-
gical techniques.

We hold that systematic review and meta-analysis 
offers unquestionable advantages as a research method, 
combining multiple studies to increase sample size and 
reduce bias, thereby obtaining more detailed and accu-
rate results. This is the primary reason why it is widely 
recognized by the academic community. However, it is 
evident that this method is contingent upon the quality 
and data integrity of the original studies. In the event that 
the number of original studies is insufficient or there is 

a dearth of sufficiently detailed and accurate data, it will 
lead to difficulties in analyzing part of the systematic 
review. Consequently, although systematic review repre-
sents an efficacious research method for integrating clini-
cal evidence, the inclusion of high-quality randomized 
controlled trials is still very important, and this is one of 
the subsequent work we hope to carry out.

Moreover, the studies referenced in this analysis were 
conducted between 1989 and 2018, with many being 
over one or two decades old. Hepatectomy peri-operative 
management has likely improved significantly over this 
period, complicating the interpretation of outcome com-
parisons. Although we approached the results with cau-
tion, the possibility of misinterpretation remains. Besides 
this, actually, CUSA and Harmonic work in different way 
though both technique use the ultrasound which may 
cause the high heterogeneity of outcomes.

Another limitation is that our meta-analysis relied on 
summary statistics rather than individual patient data. 
This meant that certain patient-level covariates, which 
could impact treatment outcomes, were not included in 
the analysis, preventing their adjustment [7]. Access to 
individual patient data would allow for a more detailed 
understanding of factors influencing outcomes and 
enhance the statistical strength of the meta-analysis. 
Lastly, several factors that can increase the risk of bleed-
ing during liver resection—such as cirrhosis, neoadjuvant 
chemotherapy, central venous pressure management, and 
hepatic inflow control—were selectively reported in the 
studies. This selective reporting complicates a thorough 
assessment of their influence on the outcomes.

These limitations highlight the importance of future 
studies with larger sample sizes, complete and consist-
ent reporting of surgical outcomes, and access to indi-
vidual patient data to enable more robust and reliable 
meta-analyses.

Conclusion
Pooled analyses have shown that ultrasonic devices 
are more effective and safer than clamp-crushing tech-
niques when considering blood loss, complication rates, 
bile leakage, and the occurrence of postoperative bleed-
ing during hepatectomy. Among ultrasonic devices, 
the CUSA appears to be the most effective approach 
for reducing bile leakage, while clamp crushing is bet-
ter suited for reducing the operating time. Despite these 
findings, there was a certain level of heterogeneity and 
potential bias in the studies analyzed. Thus, surgeons 
should exercise their clinical judgment when selecting 
parenchymal transection devices, taking into considera-
tion their own experience and patient-specific factors.
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