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Abstract

Introduction: The benefit of three-dimensional (3D) visualization for liver disease is uncertain.

Aim: To evaluate the effectiveness and safety of 3D versus two-dimensional (2D) video-assisted hepatectomy for LD.
Material and methods: We searched PubMed, Embase, Cochrane Library, Medline, and Web of Science for studies
addressing 3D versus 2D for 2D until 30 February 2020. Study-specific effect sizes and their 95% confidence intervals
(Cls) were combined to calculate the pooled value using a fixed-effects or random-effects model.

Results: Nine studies with 808 patients were included. The 3D group had shorter operative time (mean difference
(MD) = 34.39; 95% Cl = 59.50, 9.28), experienced less intraoperative blood loss (MD = 106.55; 95% Cl = 183.76,
29.34), and a smaller blood transfusion volume (MD = 88.25; 95% Cl = 141.26, 35.24). The 3D group had a smaller
difference between the predicted volume and the actual resected volume (MD = 103.25; 95% Cl = 173.24, 33.26) and
a lower rate of postoperative complications (odds ratio (OR) = 0.57; 95% Cl: 0.35, 0.91).

Conclusions: During surgery, 3D video-assisted hepatectomy could effectively reduce operative time, intraoperative
bleeding, and blood transfusion volume, and had a smaller difference between the predicted volume and the actual
resected volume and a lower rate of postoperative complications. More high-quality randomized controlled trials are

required to verify the reliability and validity of our conclusion.
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Introduction

Although the frequency of hepatic resection is
increasing, hepatectomy remains one of the most
difficult operative procedures due to anatomical
complexity and hepatic vascular variability [1]. Pre-
operative understanding of individual liver anatomy
and selection of appropriate surgical methods can
ensure safety and effectiveness of surgery. Clavien
et al. stated that, for patients without cirrhosis, to
effectively prevent the occurrence of postoperative
liver failure, the postoperative residual liver volume

should exceed 30%. For patients with cirrhosis, the
residual volume of the resected liver should exceed
50% [2]. To predict this, one needs to rely on the ex-
perience and imagination of a clinician, which will
in turn impart a certain extent of subjectivity and
inconsistency [3]. Therefore, it is necessary to adopt
a more intuitive and reliable technique in the clinic
to make up for such deficiencies of the traditional
techniques.

At present, two-dimensional imaging technolo-
gies such as ultrasound scan, computed tomography
(CT scan), and magnetic resonance imaging are usu-
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ally used in the clinical evaluation of the liver prior
to surgery. However, using conventional two-dimen-
sional displays, surgeons rely on indirect visual cues
in the form of relative and expected motion, shadows,
textures, and relative color differences to extract in-
direct three-dimensional (3D) information. This may
lead to the loss of depth perception and consequently
exert more cognitive workload on surgeons [4]. Re-
cently, with the gradual application of 3D visualiza-
tion technology in clinical practice, more and more
authors have discussed the value of this technology
in liver surgery [5-7]. Most of them believe that 3D vi-
sualization technology can produce intuitive and clear
3D images which will enable them to perform virtual
surgery, calculate liver volume, and significantly guide
them through the clinical surgery [8].

However, application of three-dimensional tech-
nology in liver resection is still in the developmental
stage, and is lacking high-quality evidence to show
that this technique can improve the effectiveness of
a hepatectomy. Therefore, the short-term outcomes
and safety of 3D images remain controversial. In the
current study, we aimed to perform a meta-analysis
to generate valid data on the short-term outcomes
and safety of three-dimensional video-assisted
hepatectomy for liver disease.

Aim
This meta-analysis was conducted to evaluate
the effectiveness and safety of three-dimensional

versus two-dimensional video-assisted hepatectomy
for liver disease.

Material and methods
Search strategies

This study was conducted in accordance with the
Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) guidelines [9]. System-
atic computerized searches were performed using
PubMed, Embase, Scopus, Cochrane Library, Web
of Science, and Science Direct electronic databases,
as well as major scientific websites for studies pub-
lished up to 30 February 2020. The following key-
words and subject terms were used in the search:
three-dimensional visualization, liver neoplasms,
and hepatectomy. All reference lists from the stud-
ies selected by electronic searching were scanned to
further identify relevant studies.

Study selections

The studies were selected for further analysis if
they met the following inclusion criteria: the stud-
ies should be either randomized controlled trials
(RCTs) or observational studies (case—control or co-
hort studies); in each study, all patients should un-
dergo a hepatectomy due to liver disease (LD); and
the most recent or complete studies were included
if they were based on overlapping patients. The
studies were excluded if they had no comparison
between three dimensional and two dimensional
video-assisted hepatectomy; case reports, abstracts,
conference reports, or experiments; and papers that
did not report any relevant data for analysis.

Data extraction

Search and screening of retrieved records at the
title and abstract level were independently performed
by two reviewers. The same two reviewers assessed
the full-text eligibility of the identified trials, and dis-
crepancies were resolved by consensus under the
supervision of the other two investigators. Two au-
thors independently reviewed all included studies and
assigned a judgment of “high”, “low”, or “unclear”
based on the risk of bias considering the following
parameters: random sequence generation, allocation
concealment, blinding of participants and personnel,
blinding of outcome assessment, incomplete out-
come data, and selective reporting [10]. Data from
original reports were collected into specific electron-
ic spreadsheets. Data were carefully extracted from
these studies using a standardized data collection
method. The following data were extracted from each
study: first author, year, country, study design, tumor
size (cm), age, lesion type, sample size, and outcomes.
The outcomes for analyses included operative time,
intraoperative blood loss, blood transfusion volume,
the difference between the predicted volume and the
actual resected volume, hospital stay and postoper-
ative complications. For quantitative data without
means or standard deviations (SDs), if the missing
information was unavailable from the authors, an al-
ternate method [11] was used to estimate the mean
and SD based on the median, range, and sample size.

Quality assessment

The quality evaluation of RCTs was based on
the Jadad scale, where randomness (0-2 points),
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blinding (0-2 points), and extraction (0-1 points)
were used. The study was defined as high quality
when the mass fraction was greater than 3 points.
The quality evaluation of observational studies was
evaluated by the Newcastle-Ottawa scale (NOS)
[12, 13], which is made up of three factors: patient
selections, comparability of the study groups, and
assessment of outcomes. The total score of each
observational study was 9 stars, and a high-quality
study was defined as a study with a quality score of
> 7 stars. Disagreements were resolved by common
consensus among the researchers.

Statistical analysis

The study-specific odds ratio (OR) for categori-
cal variables, the mean difference (MD) for contin-
uous variation, and the 95% confidence intervals
(Cls) were combined to calculate the pooled value
of each study using Cochrane Review Manager soft-
ware (RevMan; version 5.3). Cochran’s chi-square
test and /? were used to examine the heterogeneity
among the effect estimates. Statistical heterogene-
ity among studies was defined as /? statistic > 50%
[14]. The fixed-effects model was preferred to the
random-effects model when there was no statisti-
cally significant heterogeneity and vice versa when
there was significant heterogeneity [15]. If the num-
ber of studies was > 10, the study bias was detected
using the methods of the funnel plot and Begg’s and
Egger’s test [16]. Sensitivity analysis was performed
by excluding the studies with the lowest quality
score. When possible, subgroup analyses of lesion
type (malignant lesions (ML) or benign lesions (BL))
were performed to determine whether these factors
affected the conclusion. Statistical significance was
set at p < 0.05.

Results

Eligible studies and quality assessment
and risk of bias

Based on the pre- designed strategy, nine ret-
rospective cohort studies (RCSs) [17-25] with a to-
tal of 808 patients for final analyses were selected
(Figure 1). Table I lists the main data extracted from
these studies. The baseline data of the patients in
each study were comparable or well matched. Ta-
ble I lists the quality assessments of these studies.
Nine retrospective cohort studies were evaluated
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Figure 1. Flow diagram of the literature selec-
tion. PubMed, Embase, Cochrane Library, Med-
line and Web of Science were searched for the
literature with designed searching terms. After
screening the titles, abstracts, and then the
full text for relevance step by step, nine stud-
ies were considered suitable to conduct the said
meta-analysis in the end

by NOS. Quality evaluation of the retrospective co-
hort studies indicated a low risk of bias since the
studies were ranked as studies with high quality.

Meta-analysis of primary outcomes

Five studies directly compared operative time.
Patients showed significantly shorter operative time
in the 3D group than in the 2D group (MD = —34.39;
95% Cl: —59.50, —9.28; p = 0.007; I = 72%, Figure 2).
In subgroup analysis, two BL showed that the 3D
group had significantly shorter operative time than
the 2D group (MD = -56.07; 95% Cl: —96.82, -15.32;
p = 0.007; I? = 79%), but three ML showed that
the operative time did not differ between the two
groups, Figure 2.

Six studies reported detailed data about intra-
operative blood loss. Patients in the 3D group had
significantly less intraoperative blood loss than the
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Table I. Characteristics of included studies

References Year Country Study Tumor size [cm]*  Age [years]? Lesion Sample size NOS
design type
8 YP¢ tota 3D 20
Yamanaka et al. 2007 Japan RCS NA NA ML 226 113 113 7
Pianka et al. 2011  Germany RCS 9.5 +3.6/ 50 +10.6/ ML 26 13 13 7
10.4 £3.8 48 +10.0
Fang et al. 2013 China RCS NA 50.6 +11.5/ BL 98 56 42 9
53.5+12.6
Begin et al. 2014 Canada RCS NA 61.6 +12.9/ ML 72 36 36 7
64.8 +16.8
Fang et al. 2015 China RCS 7.6 +2.8/ 47.5+13.8/ ML 116 60 56 8
74126 46.5+13.3
He et al. 2015 China RCS NA 414 +£13.1/ BL 106 59 47 9
42.5+13.2
Wei et al. 2015 China RCS 9.5 +3.6/ 50 +10.6/ ML 74 31 43 8
10.4 £3.8 48 +10.0
Suetal 2016 China RCS NA NA ML 26 16 10 8
Zhang et al. 2019 China RCS NA 55.7 £11.2/ ML 64 30 34 9
52.5+12.1

aExperimental group/control group. ML — malignant lesions, BL — benign lesions, NOS — Newcastle-Ottawa Scale, NA — not available.

2D group (MD = -106.55; 95% Cl: —183.76, —29.34;
p = 0.007; I? = 71%, Figure 3). In subgroup analysis,
two BL showed that the 3D group had significant-
ly less intraoperative blood loss than the 2D group
(MD = -107.56; 95% Cl: —192.60, —22.51; p = 0.01;
> = 72%), but four ML showed that the intraopera-
tive blood loss did not differ between the two groups

(MD = -107.61; 95% Cl: —256.59, 41.38; p = 0.16;
I? = 78%, Figure 3).

Three studies reported detailed data about blood
transfusion volume. Patients in the 3D group had
a significantly smaller blood transfusion volume
than the 2D group (MD = —88.25; 95% Cl: —141.26,
—35.24; p = 0.001; /> = 0%, Figure 4).

Study 3D 2D Weight Mean difference IV, Mean difference IV,

or subgroup Mean  SD Total Mean SD Total (%) random, 95% CI random, 95% Cl

6.1.1 ML

Fang 2015 2945 619 60 3243 831 56 21.8 -29.80 (-56.61,-2.99) ——

Wei 2015 167.4 426 31 200.2 713 43 22.1  -32.80 (-58.86,-6.74) —-

Zhang 2019 325.8 118.1 30 294.7 100.2 34 12.4 31.10 (-22.94, 85.14) T

Subtotal (95% CI) 121 133 56.2 -19.17 (-48.09, 9.76) S g

Heterogeneity: 12 =359.02; y2=4.61,df=2 (p=0.10); >=57%

Test for overall effect: Z=1.30 (p = 0.19)

6.1.2 BL

Fang 2013 2188 555 56 254.7 65.6 42 22.7 -35.90 (-60.49,-11.31) -

He 2015 227.1 514 59 304.6 88.1 47 21.1 -77.50 (-105.90, -49.10) —=—

Subtotal (95% CI) 115 89  43.8 -56.07 (-96.82,-15.32) -

Heterogeneity: 12 =681.59; > =4.71,df=1 (p = 0.03); > = 79%

Test for overall effect: Z=2.70 (p = 0.007)

Total (95% Cl) 236 222 1000 -34.39 (-59.50,-9.28) <o

Heterogeneity: 12 = 566.81; x? = 14.25,df =4 (p = 0.007); I =72% t t t i
Test for overall effect: Z = 2.68 (p = 0.007) -200 -100 0 100 200
Test for subaroun differences: 2 = 2.09, df = 1 (p = 0.15), I? = 52.3% Favours 3D Favours 2D

Figure 2. Forest plot of MD of operating time
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Study 3D 2D Weight  Mean difference IV, Mean difference IV,
or subgroup Mean SD Total Mean SD Total (%) random, 95% ClI random, 95% ClI
5.1.1 ML

Fang 2015 695  338.7 60 651.8 343 56 15.7  43.20 (-80.96, 167.36) o

Su 2016 218.1 1405 16 535 2135 10 13.3 -316.90 (-466.06, -167.74)—=——

Wei 2015 732.2 486.1 31 781.4 491.9 43 8.1 —49.20 (-274.80, 176.40) —_—T

Zhang 2019 285 163 30 391.1 242 34 18.2 -106.10 (-206.19, -6.01) —

Subtotal (95% ClI) 137 143 55.3 -107.61 (-256.59, 41.38) ”

Heterogeneity: 2 = 17315.90; 32 = 13.44, df = 3 (p = 0.004); I = 78%
Test for overall effect: Z=1.42 (p = 0.16)

5.1.2 BL

Fang 2013 258 167.5 56 321.2 1627 42 22.1  -63.20(-129.12,2.72) ——

He 2015 308.1 1354 59 458.1 175.4 47 22.6 -150.00 (-210.89, -89.11) -

Subtotal (95% Cl) 115 89  44.7 -107.56 (-192.60, —22.51) o

Heterogeneity: 12 =2718.83; %% =3.59,df=1 (p =0.06); * =72%

Test for overall effect: Z=2.48 (p = 0.01)

Total (95% ClI) 252 232 100.0-106.55 (-183.76, -29.34) ‘

Heterogeneity: 12 = 5895.53; x> = 17.09, df = 5 (p = 0.004); I = 71% ’ ’ ’ ’

Test for overall effect: Z = 2.70 (p = 0.007) -500 -250 0 250 500

Test for subgroup differences: x2 = 0.00, df = 1 (p = 1.00), 12 = 0% Favours 3D Favours 2D
Figure 3. Forest plot of MD of intraoperative blood loss

Study 3D 2D Weight Mean difference IV, Mean difference IV,

or subgroup Mean SD Total Mean SD Total (%) fixed, 95% ClI fixed, 95% Cl

Fang 2013 207  237.2 56 293.1 2444 42 30.1 -86.10 (-182.65, 10.45) ——

Fang 2015 523.3 405.2 60 561.6 348 56 14.9 —-38.30(-175.48, 98.88) —_—

He 2015 186.4 169.6 59 289.4 199.2 47 54.9 -103.00 (-174.53,-31.47) —

Total (95% CI) 175 145  100.0 -88.25 (-141.26, -35.24) ‘

Heterogeneity: x> = 0.67,df=2 (p = 0.71); > = 0% t t t 1

Test for overall effect: Z = 3.26 (p = 0.001) =500 -250 0 250 500

Favours 3D Favours 2D

Figure 4. Forest plot of MD of blood transfusion volume

not differ between the two groups (MD = -0.52;
95% Cl: —1.23, 0.19; p = 0.15; I? = 86%, Figure 6). In
subgroup analysis, two ML showed that the 3D group
had a significantly shorter hospital stay than the 2D
group (MD =-2.43; 95% Cl: =3.51, -1.34; p < 0.0001;
I? = 0%), but two BL showed that the hospital stay
did not differ between the two groups (MD = 0.91;
95% Cl: —0.03, 1.85; p = 0.06; I = 0%, Figure 6).
The rate of postoperative complications was ob-
tained from four studies. Overall analysis of postop-

Meta-analysis of secondary outcome

Three studies reported detailed data about the
difference between the predicted volume and the
actual resected volume. The 3D group had a sig-
nificantly smaller difference between the predicted
volume and the actual resected volume than the
2D group (MD = -103.25; 95% Cl: —173.24, —33.26;
p = 0.004; > = 69%, Figure 5).

Four studies directly compared hospital stay.
Overall analysis showed that the hospital stay did

Study 3D 2D Weight Mean difference IV, Mean difference IV,
or subgroup Mean SD Total Mean SD Total (%) random, 95% ClI random, 95% ClI
Begin 2014 114 48.17 36 180  48.17 36 48.0 -66.00 (-88.25,-43.75) -

Pianka 2011 111 146.5 13 203.8 174.1 13 19.6 -92.80 (-216.49, 30.89) —_—
Yamanaka 2007 9.3 63.78 113 174 393.32 113 324 -164.70 (-238.17,-91.23) —m—

Total (95% ClI) 162 162 100.0-103.25 (-173.24, -33.26) ‘

Heterogeneity: 12 =2528.07; %% =6.43,df =2 (p = 0.04); I = 69%
Test for overall effect: Z = 2.89 (p = 0.004)

-200-100 O 100 200

Favours 3D

Favours 2D

Figure 5. Forest plot of MD of difference between predicted volume and actual resected volume
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Study 3D 2D Weight  Mean difference IV, Mean difference IV,

or subgroup Mean SD Total Mean SD Total (%) fixed, 95% ClI fixed, 95% Cl

3.2.1 ML

Fang 2015 12.5 4.2 60 14.5 4.5 56 20.0 —-2.00 (-3.59,-0.41) —

Zhang 2019 7.8 2.1 30 10.6 3.8 34 23.0 —-2.80 (—4.28,-1.32) —a—

Subtotal (95% CI) 920 920 43.0 -2.43 (-3.51,-1.34) ‘

Heterogeneity: x> = 0.52,df = 1 (p = 0.47); I’ = 0%

Test for overall effect: Z = 4.39 (p < 0.0001)

3.2.2 BL

Fang 2013 12.1 4.5 56 10.9 4.4 42 16.0% 1.20 (-0.58, 2.98) -

He 2015 12.8 3 59 12 2.8 47 41.1% 0.80 (-0.31, 1.91) -

Subtotal (95% CI) 115 89 57.0% 0.91 (-0.03, 1.85) l‘

Heterogeneity: y2 = 0.14,df =1 (p = 0.71); > = 0%

Test for overall effect: Z = 1.90 (p = 0.06)

Total (95% CI) 205 179  100.0 -0.52 (-1.23, 0.19) q

Heterogeneity: x? = 21.49, df = 3 (p < 0.0001); /> = 86% I t 1 t |
Test for overall effect: Z=1.44 (p = 0.15) _10 5 0 5 10
Test for subgroup differences: y? = 20.82, df = 1 (p < 0.00001), I* = 95.2% Favours 3D Favours 2D

Figure 6. Forest plot of MD of hospital stay

Study 3D 2D Weight 0Odds ratio M-H, 0Odds ratio M-H,

or subgroup Events Total Events Total (%) fixed, 95% CI fixed, 95% CI

8.2.1 ML

Fang 2015 11 60 15 56 27.3 0.61 (0.25, 1.48) —a

Zhang 2019 5 30 9 34 15.2% 0.56 (0.16, 1.89) —_—

Subtotal (95% CI) 90 20 42.5 0.59 (0.29, 1.21) -

Total events 16 24

Heterogeneity: y? = 0.02, df = 1 (p = 0.90); 1> = 0%

Test for overall effect: Z=1.43 (p = 0.15)

8.2.2 BL

Fang 2013 10 56 12 42 24.3 0.54 (0.21, 1.42) —

He 2015 16 59 19 47 33.2 0.55 (0.24, 1.24) —

Subtotal (95% Cl) 115 89 57.5 0.55 (0.29, 1.02) <P

Total events 26 31

Heterogeneity: y2 = 0.00, df = 1 (p = 0.99); 1> = 0%

Test for overall effect: Z=1.91 (p = 0.06)

Total (95% Cl) 205 179 100.0 0.57 (0.35, 0.91)

Total events 42 55

Heterogeneity: 2 = 0.05, df = 3 (p = 1.00); > = 0% ‘

Test for overall effect: Z=2.38 (p = 0.02)

Test for subaroun differences: 2 = 0.03, df = 1 (p = 0.87), > = 0% I t t t
Figure 7. Forest plot of MD of postoperative complications 0.01 0.1 0 10 100

Favours 3D Favours 2D

erative complications showed that 3D video-assist-
ed technology achieved a significantly lower rate of
postoperative complications than 2D video-assisted
technology (OR = 0.57; 95% Cl: 0.35, 0.91; p = 0.02;
1> = 0%, Figure 7). However, in subgroup analysis, two
BL and two ML showed that the hospital stay did
not differ between the two groups (BL: OR = 0.55;
95% Cl: 0.29, 1.02; p = 0.06; > = 0% and ML: OR =
0.59; 95% Cl = 0.29, 1.21; p = 0.15; I2 = 0%, Figure 7).

Sensitivity analysis and publication bias

To evaluate the consistency of overall results,
sensitivity analysis was performed by sequen-
tial removal of each study. Sensitivity analysis
showed that the outcomes of primary overall
analysis were not changed. The number of the
included studies with each outcome was < 10;
thus, the funnel plot was not used to evaluate
the publication bias.

Videosurgery and Other Miniinvasive Techniques 1, March/2021



Three-dimensional versus two-dimensional video-assisted hepatectomy for liver disease: a meta-analysis of clinical data

Discussion

At present, surgery is one of the best choices
to treat LD [26]. However, due to the complex an-
atomical structure and many anatomical variations
of the liver vasculature, it is difficult to obtain visual
information and diagrams of the fine liver anatomy
[27], especially in laparoscopic special segmental
hepatectomy [28]. Therefore, obtaining accurate an-
atomical images of the liver prior to surgery for the
accurate resection of liver lesions has become a hot
topic of current research. 3D visualization is a tool
used to display, describe, and interpret the 3D ana-
tomical and morphological features of the liver. 3D
images are used to describe and interpret the shape
and spatial distribution of liver and target [29].
Three-dimensional reconstruction models facilitate
the acquisition of intuitionistic and omnidirection-
al information about the hepatic parenchyma, bile
duct system, and tumors in detail, and furthermore,
they eliminate concern about the vagueness and in-
stability of CT and MRI images [30]. Computer-aided
3D reconstruction of the liver was applied first for
the planning of liver resection by Oldhafer et al. [31]
in 1999. Until now, the technology has been used
widely in the diagnosis of LD and planning of liver
surgery [32—34]. For the latter, the strategy involves
surgical assessment of benign/malignant liver tu-
mors, assessment of the safety of living-donor liv-
er transplantation, and evaluation of the anatomi-
cal complexity of hepatolithiasis [35]. However, the
technology is still in the development stage, and
most of the published clinical studies are single-cen-
ter small-sample studies, and there is a lack of mul-
ticenter large-sample RCTs. Hence it is difficult to
make accurate conclusions on the clinical efficacy
of preoperative three-dimensional reconstruction.
Therefore, the present meta-analysis was conducted
to systematically review the published literature and
evaluate the effectiveness and safety of three-di-
mensional versus two-dimensional video-assisted
hepatectomy for LD.

This is probably the first systematic review and
meta-analysis comparing 3D versus 2D for LD. In this
meta-analysis, only nine studies involving 808 pa-
tients were included; to date, this possibly represents
the best information available to compare 3D versus
2D for LD. According to the NOS used for assessing
the quality of the studies, articles included in this me-
ta-analysis were graded with a score of 9[19, 22, 25],

Videosurgery and Other Miniinvasive Techniques 1, March/2021

8 [21, 23, 24], or 7 [17, 18, 20] representing high
quality concerning selection of patients, compara-
bility, and exposure measurements. Our analysis re-
flects the latest surgical results. Overall, significantly
shorter operating time, less blood loss, and smaller
blood transfusion volume were found in the 3D dis-
play group. Meanwhile, the difference between the
predicted volume of 3D was smaller than 2D groups.
Compared with the 2D system, the 3D video assist-
ed system can provide three-dimensional vision that
allows simpler presentation of anatomical structures
and a better sense of depth to facilitate precise op-
eration and shorten the operation time [21, 23]. At
the same time, the high-definition 3D vision also al-
lows surgeons to quickly improve surgical skills and
shorten the learning curve in simulated settings.
In terms of intraoperative blood loss, some studies
have shown that intraoperative bleeding in hepatec-
tomy is significantly correlated with the prognosis
of patients, and for liver malignancies, postoperative
recurrence is closely correlated with intraoperative
bleeding. Therefore, reducing the amount of blood
loss during the operation can promote the good
prognosis of patients [36]. Therefore, reducing the
bleeding of patients with a good prognosis in the
process of the operation has a promoting effect,
and our results show that the preoperative 3D re-
construction is helpful to reduce the intraoperative
blood loss. Combined with the research and analysis,
the main reason lies in the preoperative 3D recon-
struction technology, which can accurately measure
the blood supply of liver lesions and local anatomy,
be aided by the virtual surgery resection, design the
best surgical approach, help the operator to perform
the operation in the best way, and avoid intraopera-
tive unnecessary damage to normal liver tissue and
the vascular system, so that the intraoperative blood
loss in the 3D reconstruction group was significantly
lower than that in the traditional two-dimensional
group. There was also a corresponding decrease in
blood transfusions [37].

Moreover, the significant advantage of 3D recon-
struction technology is that it can accurately esti-
mate the remaining liver volume after hepatectomy
before surgery, determine the necessary functional
liver volume and the minimum range that should be
retained after surgery, and ensure good liver reserve
function after surgery. Radtke et al. [38] compared
the preoperative planning and surgical strategy
of 3D reconstruction with that of conventional CT.
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Itis believed that 3D reconstruction changed the pre-
operative program determined by traditional CT by
33%. Our analysis also suggested that the difference
between the predicted volume and the actual re-
sected volume of the preoperative 3D reconstruction
technique was smaller than that of the two-dimen-
sional group, which was consistent with the previous
research results. Cai et al. [39] pointed out that the
3D reconstruction technology can accurately esti-
mate the amount of intraoperative resection and the
volume of remaining liver after operation through
preoperative surgical rehearsal and 3D tumor model
display, which can minimize the risk of liver failure
and effectively improve the safety of liver surgery.
Our analysis also showed a lower incidence of post-
operative complications in the 3D imaging group. The
use of 3D reconstruction can reduce the damage to
the vascular and bile duct system, avoid the occur-
rence of necrosis and infection caused by the large
suture, and facilitate the recovery of liver function
after hepatectomy, to minimize the incidence of liv-
er function injury and liver failure after the surgery,
and significantly improve the safety of hepatecto-
my. However, in the comparison of hospital stay, the
analysis found that it was not statistically significant.

Our study found that the operating time, intraop-
erative blood loss, and hospital stay indicators have
higher heterogeneity. We tried to find the sources
of heterogeneity by subgroup analysis and sensitiv-
ity analysis. However, the sources of heterogeneity
were not found, due to there being many sources
of heterogeneity in this analysis. And heterogeneity
could not be effectively reduced by excluding a sin-
gle influencing factor, due to the uneven quality of
the included studies, the surgical methods adopted
by various researchers, and the differences in inclu-
sion criteria of the included cases, and all of them
may affect the operating time, amount of intraop-
erative blood loss, and the length of hospital stay of
the patients, and ultimately lead to the generation
of heterogeneity. Moreover, this systematic review
had some limitations. First, the analytical capacity
may have been affected by the limited number of
trials and the small sample size. Second, significant
heterogeneity was found in some outcome indica-
tors at the time of combination, which may affect
the reliability of the results owing to the lack of oth-
er subgroup analysis, such as surgical approach and
lesion size. Third, many confounding factors may
have influenced the results.

Conclusions

This systematic review showed that 3D video-as-
sisted hepatectomy could effectively reduced oper-
ative time, intraoperative bleeding, blood transfu-
sion rates, and postoperative complications. More
high-quality RCTs are required to verify the reliability
and validity of our conclusion.
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