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Background: Meta-analysis was used to compare the difference between 3D reconstruction technology and 
2D computed tomography (CT) before surgery for primary hepatic carcinoma (PHC) and to systematically 
evaluate the application value of 3D vascular reconstruction and 3D navigation technology in guiding 
precise liver resection for PHC. However, there are still many controversies in this aspect, and there are 
no clear conclusions on the effectiveness and safety of three-dimensional vascular reconstruction combined 
with three-dimensional navigation in laparoscopic hepatectomy. Therefore, it is necessary to systematically 
review the results of previous studies with meta method in this study to determine their clinical efficacy and 
complications and guide clinical treatment.
Methods: We used the Cochrane Library, PubMed, Embase, Chinese Biomedical Literature Database 
(CBM), China National Knowledge Infrastructure (CNKI), Chinese Science and Technology Periodicals 
Full-Text Database (VIP), and Wanfang database to conduct an online search for data from randomized 
controlled trials of preoperative 3D reconstruction versus conventional CT in hepatectomy published up to 
October 2021. Relevant literature was selected based on the inclusion criteria, data was extracted, and quality 
evaluation of the included literature was carried out. I2 test was used to evaluate heterogeneity among the 
studies, and Cochrane risk of bias 2.0 was used to evaluate the studies. 
Results: A total of 16 studies were included in this study. Meta-analysis showed that there were statistically 
significant differences between the 3D vascular reconstruction group and conventional surgery group in 
operation time [mean differences (MD) =−40.10, 95% confidence interval (CI): −74.94, −5.26, P=0.02, 
I2=78%, Z=2.26] and intraoperative blood loss (MD =−50.40, 95% CI: −62.93, −37.86, P<0.00001, I2=9%, 
Z=7.88), but no statistically significant difference was found in total days in hospital (MD =−0.39, 95% CI: 
−1.81, 1.03, P=0.59, I2=76%, Z=0.54), and postoperative complications rate (OR =0.98, 95% CI: 0.64, 1.50, 
P=0.91, I2=0%, Z=0.11).
Discussion: Preoperative 3D reconstruction plays an important role in preoperative evaluation and 
surgical planning, which improves the operation time of PHC and reduces the intraoperative blood loss, but 
no effect to length of stay in hospital or complication rate comparing to conventional 2D techniques.
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Introduction

Primary hepatic carcinoma (PHC) is a malignant tumor 
occurring in liver cells or intrahepatic bile duct cells (1).  
Ranked fifth for incidence among global malignant tumors, 
PHC is one of the most common malignant tumors 
clinically and the third leading cause of cancer-related 
death. The annual number of new PHC cases in China 
accounts for more than 50.0% of the global number of 
cases (2). With an increasing number of PHC cases, the 
optimization of PHC treatment planning has become 
a focus of research at home and abroad (3). At present, 
individualized comprehensive treatment based on PHC 
stage is the main principle for managing PHC, with surgery 
the most important method (4). However, only 10–20% 
tumors are resectable at diagnosis, and 5-year survival is low 
in patients with PHC compared to other gastrointestinal 
malignancies. Despite this, surgical treatment remains 
the main treatment method for PHC. In recent years, the 
concept of precise liver resection has been undergoing 
continuous development. Its goal is to completely remove 
the lesion while minimizing intraoperative bleeding and 
maximizing the remaining liver volume and function (5). 
In liver surgery, complicated liver structure and anatomic 
variation, anatomical location, size and number of tumors, 
and tumor invasion of the portal vein, hepatic vein, and 
other blood vessels increase the difficulty of PHC surgery. 
Therefore, it is particularly important to plan and evaluate 
the safety of liver cancer surgery before it is performed (6).

Although traditional 2D computed tomography (CT) 
images can provide rough image data on PHC lesions and 
the duct system, they cannot provide sufficient detailed 
information of the resection scope and surgical path for 
PHC surgical planning. For complicated PHC cases, the 
surgical plan can always be determined during surgery. In 
3D reconstruction technology, the CT images are used to 
build 3D models. Compared with traditional 2D images, 
3D reconstruction can present an individualized liver 
structure model which clearly shows the liver anatomical 
structure and spatial relationships, providing multiangle 
observation of the intrahepatic vascular system, the anatomy 
construction of the tumor, anatomical variations, the extent 
of the lesion, and accurate measurement of the spatial 
relationships with adjacent vascular anatomy. Further, 
3D construction displays accurate positioning of lesions 
and the estimated resection area, as well as postoperative 
residual liver volume and volume on the edge of the surgical 
site. Multiangle analysis of the surgical situation and 

preoperative simulation of surgery plays an important role 
in the pre-evaluation of precision hepatectomy, providing 
an anatomical basis for the planning and implementation of 
precision PHC surgery.

Meta-analysis refers to the application of statistical 
methods to research data collected for analysis and 
summary. Meta-analysis can be used to determine the 
average effect of the combination of independent research 
results and objectively evaluate the evidence to provide 
more accurate curative effect evaluation as well as explain 
the heterogeneity among individual studies. Meta-analysis 
is based on the PICO (patient/population, intervention, 
comparison, outcomes) framework to identify research 
issues, develop search terms, retrieve relevant evidence, and 
evaluate the quality of literature for each included study in 
accordance with recognized standards for implementation 
and extract key research data for systematic analysis. 3D 
reconstruction can improve the efficacy and safety of PHC, 
but most of the studies are single-center and small-sample 
studies, which have certain selection bias and sample bias. 
Therefore, it is necessary to review and analyze previous 
relevant studies in this study to clarify the efficacy and safety 
of 3D reconstruction in improving PHC.

By comparing the 3D reconstruction group with the 
non-3D reconstruction group, it was found that there 
were statistically significant differences between the 3d 
reconstruction group and the non-3D reconstruction group 
in operation time [(141±36) vs. (207±66) min] and blood 
loss [(274±88) vs. (418±189) mL] (7).

Another  s tudy inc luded 30 pat ients  in  the  3d 
reconstruction combined with laparoscopic precision 
hepatectomy group (combined group) and 30 patients in 
the laparoscopic precision hepatectomy group (control 
group). The comparison between the combined group 
and the control group showed that: Compared with 
the control group, the amount of intraoperative blood 
loss in the combined group was significantly decreased 
[(214.49±35.28) vs. (379.57±42.89) mL]. The overall 
incidence of postoperative complications (13.33% vs. 
43.33%), recurrence and metastasis rate (3.33% vs. 20.00%) 
and mortality rate (3.33% vs. 26.67%) were significantly 
decreased (8).

At present,  the application of preoperative 3D 
reconstruction in PHC surgery (9). However, most of 
the published clinical studies are single-center and small-
sample studies, and there is a lack of multicenter and 
large-sample randomized controlled trials. Therefore, it is 
difficult to draw accurate and definite conclusions on the 
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clinical efficacy of preoperative 3D reconstruction (10).  
In this  study, meta-analysis  was used to compare 
postoperative indicators of preoperative 3D reconstruction 
and preoperative 2D CT. Multiple single-center clinical 
studies were comprehensively analyzed, providing more 
reliable evidence on the basis of the expanded sample 
size. We systematically evaluated the application value 
of 3D reconstruction in PHC surgery and explored its 
effectiveness in improving postoperative survival rate and 
reducing postoperative recurrence rate. We present the 
following article in accordance with the PRISMA reporting 
checklist (available at https://jgo.amegroups.com/article/
view/10.21037/jgo-22-198/rc).

Methods

Search strategy

We conducted an online search in Cochrane Library, 
PubMed, Embase, Chinese Biomedical Literature Database 
(CBM), China National Knowledge Infrastructure (CNKI), 
Chinese Science and Technology Periodicals Full-Text 
Database (VIP), Wanfang database and research institutions, 

et al. for relevant literature. In addition, literature that met 
the inclusion criteria but was not included in the above 
databases were obtained using the literature traceability 
method. All randomized controlled trials on preoperative 
3D reconstruction versus conventional CT before PHC 
surgery published up to October 2021 were retrieved from 
the databases. The final retrieval strategy was determined 
according to the PICO framework, along with the guidance 
and suggestions of third-party personnel. The key words 
were “3D reconstruction”, “liver cancer” (or primary liver 
cancer, hepatocellular carcinoma, HCC) and “hepatectomy”. 
The literature was searched by combining keyword retrieval 
with free word retrieval. During the retrieval process, the 
search terms are adjusted according to different databases 
(Figure 1).

Inclusion criteria

The inclusion criteria were: (I) randomized controlled trial 
(RCT) or cohort study design types; (II) study subjects were 
patients with pathological diagnosis of PHC who underwent 
surgical treatment for the first time and did not have distant 
metastasis found through preoperative examination; (III) 
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Figure 1 Flow chart of literature screening.
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the intervention of the experimental group was preoperative 
CT 3D reconstruction, and the control group was examined 
by 2D CT; and (IV) outcome indicators were: intraoperative 
blood loss, operation time, postoperative hospital stay, liver 
function-related indicators [aspartate aminotransferase 
(AST), alanine aminotransferase (ALT), and total bilirubin 
(TBiL)], postoperative complication rate, postoperative 
early recurrence rate, and postoperative short-term survival 
rate; (V) All the studies included in this study strictly 
comply with PICO principles. PICO is a formatted retrieval 
method based on evidence-based medicine (EBM) theory. 
Interventions, outcomes. PICO divided each question 
into four parts: participants who participated in the 
interventions, or outcomes.

Exclusion criteria

The exclusion criteria were: (I) single-arm studies, case 
reports, and systematic evaluations; (II) repeated published 
versions of studies; (III) conference abstracts without 
full text or incomplete data and clinical trial studies with 
incomplete data for key studies; (IV) the research object was 
a special population; and (V) studies that we failed to obtain 
complete data for after trying various retrieval methods and 
contacting the authors.

Literature screening and data extraction

The literature was separately screened according to 
the inclusion and exclusion criteria by 2 experienced 
researchers. The screening results of the 2 researchers 
were summarized to obtain the final selection of included 
literature, and the data were then extracted. If there was any 
disagreement in the literature screening and data extraction 
processes, it was resolved through consultation with a 
third-party expert. If the included literature lacked key 
data content, an attempt was made to contact the author to 
obtain the data, and if the data were still unobtainable, the 
study was excluded.

Literature quality evaluation and bias analysis

Cochrane risk of bias 2.0 was used to evaluate the trials. 
The literature quality evaluation was conducted separately 
by 2 people, and the evaluation results were checked. If the 
evaluation opinions differed, the final quality evaluation 
grade was determined through consultation with a third-
party professional researcher.

Statistical analysis

We performed combined statistical analysis of the included 
data using RevMan 5.3 software, provided by the Cochrane 
Collaboration. I2 statistic was used to test the heterogeneity 
of each research indicator. The value of I2 ranges from 
0% to 100%. When I2 equals 0, it indicates that there 
is no heterogeneity among the research results, and the 
heterogeneity between the research results is positively 
correlated with the value of I2. When the value of I2 is less 
than 50%, slight heterogeneity between studies can be 
considered. When I2 is above 50%, it can be considered 
that there is high heterogeneity among studies. If the 
heterogeneity was low (I2<50%), the fixed effect model was 
used for data combination and analysis. If the heterogeneity 
was high (I2≥50%), subgroup analysis, sensitivity analysis, 
and other methods were used to reduce the heterogeneity 
and analyze the source of heterogeneity, and a random 
effects model was used for combined analysis of the data.

Results

Literature retrieval results and research characteristics of 
included studies

The meta-ana lys i s  inc luded 249 pat ients  in  the 
preoperative 3D reconstruction group and 283 patients in 
the traditional 2D CT group. There were 8 studies (11-18) 
included comparing the operation duration of the 2 groups. 
The selection flow was shown in Figure 1. The basic 
characteristics and quality evaluation of the 16 included 
studies are shown in Table 1. The risk of bias of the 8 
studies were evaluated by Cochrane ROB 2.0, as shown in 
Figure 2.

Operation time (min)

A total of 7 studies were included in this analysis, and 
statistically significant difference was found between the 
3D vascular reconstruction group and conventional surgery 
group in operation time [mean differences (MD) =−40.10, 
95% confidence interval (CI): −74.94, −5.26, P=0.02, 
I2=78%, Z=2.26; Figure 3].

Intraoperative blood loss (mL)

A total of 7 studies were included in this analysis, and 
statistically significant difference was found between the 
3D vascular reconstruction group and conventional surgery 
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group in intraoperative blood loss (MD =−50.40, 95% CI: 
−62.93, −37.86, P<0.00001, I2=9%, Z=7.88; Figure 4).

Total days in hospital (d)

A total of 6 studies were included in this analysis, and no 
statistically significant difference was found between the 

3D vascular reconstruction group and conventional surgery 
group in total days in hospital (MD =−0.39, 95% CI: −1.81, 
1.03, P=0.59, I2=76%, Z=0.54; Figure 5).

Incidence of postoperative complications

A total of 7 studies were included in this analysis, and 

Table 1 Basic clinical features of the 16 included studies

Study Age, years Gender (male) Disease type E C Research type

Kawai et al., 2018 (11) 63.71±12.2 41.25% Primary liver cancer 30 45 Cohort

Wang et al., 2017 (12) 54.65±12.4 61.11% Primary liver cancer 48 42 RCT

Lim et al., 2021 (13) 63.12±14.5 45.72% Primary liver cancer 49 44 Cohort

Zhang et al., 2020 (14) 55.7±11.2 81.25% Liver cancer 30 34 Cohort

Velayutham et al., 2016 (15) NR 55.00% Primary liver cancer 20 40 Cohort

Zhu et al., 2016 (16) 53.7±13.3 67.39% Primary liver cancer 22 24 Cohort

Park et al., 2019 (17) 57.25±16.0 66.34% Donor 6 13 RCT

Zhang et al., 2021 (18) 68.12±2.5 66.22% Primary liver cancer 44 41 Cohort

E, experimental group; C, control group; RCT, randomized controlled trial; NR, not reported.

Bias arising from the randomization process

Bias due to deviations from intended interventions

Bias due to missing outcome data

Bias in measurement of the outcome

Bias in selection of the reported result

Overall risk of bias

High risk of bias Low risk of biasSome concerns

100%75%50%25%0%

Figure 2 Literature quality evaluation chart: risk of bias summary. 

Figure 3 Meta-analysis of operation time. CI, confidence interval.
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no statistically significant difference was found between 
the 3D vascular reconstruction group and conventional 
surgery group in incidence of postoperative complications 
(OR =0.98, 95% CI: 0.64, 1.50, P=0.91, I2=0%, Z=0.11;  
Figure 6).

Publication bias

For the funnel figure of blood loss, the studies distributed 
evenly under the funnel, which present there was little 
publication bias, as shown in Figure 7.

Discussion

At present, surgery is the main method to treat PHC. 
Guided by the concept  of  precis ion surgery,  3D 
reconstruction is used to accurately determine and measure 
the anatomic relationship between PHC lesions and 
adjacent vessels, providing an anatomic basis for accurate 
preoperative evaluation, accurate surgical decision, and 
precise surgical planning of PHC (19). At the same time, 
the means for obtaining maximum residual liver volume 
with minimum trauma under precise tumor resection has 
become a focus of current research (20). However, PHC 

Figure 4 Meta-analysis of intraoperative blood loss. CI, confidence interval.

Figure 5 Meta-analysis of total days in hospital. CI, confidence interval.

Figure 6 Meta-analysis of incidence of postoperative complications. CI, confidence interval.
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patients generally have no obvious symptoms in the early 
stage, and many PHC patients are in the compensatory 
or decompensated stage of liver failure at the time of 
diagnosis, with reduced liver function reserve capacity, and 
the remaining liver volume cannot be accurately estimated 
before surgery (21,22). Therefore, obtaining fine liver 
anatomy preoperatively is an important condition for the 
safety of liver surgery. However, it is difficult to obtain the 
visual information and images of liver anatomy because 
of the complex anatomical structure and many anatomical 
variations of liver vasculature. In addition, complicated 
PHC is often accompanied by compression and deformation 
of intrahepatic large vessels and formation of intravascular 
tumor thrombectomy, which deviates the normal position of 
liver vessels. Hepatectomy under the guidance of traditional 
imaging increases the risk of postoperative complications 
such as liver failure, which is not conducive to rapid 
recovery after hepatectomy. Therefore, more refined 
preoperative imaging is a prerequisite to ensure safety and 
good prognosis in hepatectomy (23).

With the development of digital medical technology, 
Han et al. (24) reported in their study for the first time 
that 3D liver reconstruction technology was superior to 
traditional 2D liver imaging technology and could be better 
used for preoperative PHC location, preoperative disease 
assessment, and surgical planning. Okumura et al. (25) 
described the clinical use of 3D techniques in liver resection 
and evaluated the accuracy of 3D visualization techniques to 
estimate the volume of liver resection.

At present, the use of 3D reconstruction technology in 
liver surgery is becoming more common. 3D reconstruction 
technology can create a 3D liver model from CT images, 

describing the anatomical relationship between liver 
vasculature and PHC more intuitively and vividly. More and 
more studies have shown that surgeons can obtain accurate 
anatomical location information that cannot be obtained 
from traditional 2D images that more clearly display the 
blood vessels and bile duct system of the liver, providing 
an anatomical basis for accurate preoperative evaluation, 
surgical planning, and selection of surgical approach in PHC. 
The reduction of blood vessel damage during the operation 
and rapid recovery post-operation are beneficial for PHC 
patients. However, clinical studies published to date are 
single-center and small-sample studies with low reliability, 
and there is a lack of multicenter, large-sample studies to 
guide clinical work. This meta-analysis is expected to further 
evaluate the clinical effect of 3D reconstruction-guided 
precision hepatectomy for PHC by combining current 
published studies to obtain more reliable evidence (26).

This paper had some limitations. The included studies 
were all RCTs controlled studies with a greater probability 
of selection bias, which may have affected the value of the 
meta-analysis conclusions. Most studies did not directly 
report the hazard ratio (HR) and its 95% CI, and data 
extracted from survival curves may have been biased from 
the real data, which may have biased the merged results. 
The operation level and operation mode of the operator 
were not completely consistent, which may also have 
affected the reliability of the results.

Through preoperative 3D reconstruction technology, 
preoperative planning is undertaken to guide precise 
liver resection and provide accurate understanding of 
liver structures and precise tumor localization, offering 
the advantages of minimal trauma, high safety, and quick 
postoperative recovery (27). Preoperative 3D reconstruction 
of PHC resection showing surrounding anatomical 
structures is beneficial for reducing damage to liver blood 
vessels during the operation, avoiding intraoperative 
bleeding during the operation, achieving accuracy of the 
tumor resection, promoting rapid recovery, reducing 
postoperative complications and postoperative recurrence 
rate, and improving long-term survival. It is hoped that 
more high-quality studies will further explore the clinical 
value of 3D reconstruction.
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