Format for Manuscript Revision: Meta-Analysis

Name of Journal: World Journal of Gastroenterology
Manuscript NO: 16334
Manuscript Type: META-ANALYSIS

Outcomes of robotic vs laparoscopic hepatectomy: A systematic review and meta-analysis
Montalti R et al. Robotic vs laparoscopic hepatectomy: A meta-analysis
Roberto Montalti, Giammauro Berardi, Alberto Patriti, Marco Vivarelli, Roberto Ivan Troisi

Roberto Montalti, Giammauro Berardi, Roberto Ivan Troisi, Department of General and
Hepato-Biliary Surgery, Liver Transplantation Service, Ghent University Hospital and

Medical School, Ghent 9000, Belgium

Roberto Montalti, Marco Vivarelli, Department of Gastroenterology and Transplantation

Surgery, Ospedali Riuniti, Ancona 60126, Italy

Alberto Patriti, Division of General, Minimally Invasive and Robotic Surgery, General

Hospital of Spoleto, Spoleto 06049, Italy

Author contributions: Montalti R acquisition of data, analysis and interpretation of data,
drafting the article, final approval; Berardi G acquisition of data, analysis and interpretation
of data, drafting the article, final approval; Patriti A interpretation of data, revising the article,
tinal approval; Vivarelli M interpretation of data, revising the article, final approval; Troisi RI

conception and design of the study, critical revision, final approval.

Supported by
1/37



Corresponding author: Roberto Ivan Troisi, MD, PhD, FEBS, Professor, Department of
General and Hepato-Biliary Surgery, Liver Transplantation Service, Ghent University
Hospital and Medical School, De Pintelaan 185, 2K12 IC, Ghent 9000, Belgium.

roberto.troisi@ugent.be

2 /37


mailto:roberto.troisi@ugent.be

Abstract
BACKGROUND

AIM
To perform a systematic review and meta-analysis on robotic-assisted versus laparoscopic

liver resections.

METHODS

A systematic literature search was performed using PubMed, Scopus and the Cochrane
Library Central. Participants of any age and sex, who underwent robotic or laparoscopic liver
resection were considered following these criteria: (1) studies comparing robotic and
laparoscopic liver resection; (2) studies reporting at least one perioperative outcome; and (3) if
more than one study was reported by the same institute, only the most recent was included.
The primary outcome measures were set for estimated blood loss, operative time, conversion
rate, R1 resection rate, morbidity and mortality rates, hospital stay and major hepatectomy

rates.

RESULTS

A total of 7 articles, published between 2010 and 2014, fulfilled the selection criteria. The
laparoscopic approach was associated with a significant reduction in blood loss and lower
operative time (MD = 83.96, 95%CI: 10.51-157.41, P = 0.03; MD = 68.43, 95%CI: 39.22-97.65, P <
0.00001, respectively). No differences were found with respect to conversion rate, R1 resection

rate, morbidity and hospital stay.

CONCLUSION
Laparoscopic liver resection resulted in reduced blood loss and shorter surgical times
compared to robotic liver resections. There was no difference in conversion rate, R1 resection

rate, morbidity and length of postoperative stay.
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Core tip: No consensus is available in the literature about which technique between
laparoscopic and robotic liver resection is more beneficial to the patient. This is the first
systematic review and meta-analysis comparing laparoscopic and robotic liver resection. We
investigated these two techniques in terms of estimated blood loss, operative time, conversion
rate, R1 resection rate, morbidity and mortality rates, hospital stay and major hepatectomy

rates.
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INTRODUCTION

Since its introduction by Reich et allll in 1991, laparoscopy has been increasingly used for
resection of benign and malignant liver lesions, from minor resections to major hepatectomies
and living liver donation[>7l. Several studies have suggested the safety, feasibility,
comparable perioperative and long-term outcomes of laparoscopy compared to the standard
open approach®10l. In many centers, laparoscopic liver resection (LLR) is considered the first
choice in well-selected patients. Current limitations include a steep learning curvelll], tumors
adjacent to the hilum, the hepatic veins and the inferior vena cava, bulky tumors, difficult
access to the posterior segments and the need for biliary and vascular reconstructionsl®l. The
reports of LLR on the posterior segments are few and have been limited to centers with a
wide experience in both open and laparoscopic liver surgery.

Robotics was introduced two decades ago with the aim of overcoming the intrinsic
limitations of laparoscopic instruments and visualization. The da Vinci® Robotic Surgical
System was introduced in 2000 to improve the surgeon’s dexterity by taking advantage of the
camera’s three-dimensional view and endowristed instruments!!215l. Furthermore, robotics
has also been described as an effective tool for non-resective and demanding hepatobiliary
surgery, such as bilio-digestive reconstructions and choledocal cysts excisions[1617].

Radical prostatectomy and various gynecological procedures currently make up the
vast majority of robotic surgeries: by 2011, more than 90% of the 360.000 robotic worldwide
procedures were urologic and gynecological operationsl!8l. Perioperative and oncological
outcomes are equivalent to those reported in the literature with the standard approach. Two
major drawbacks are the lack of haptic feedback and high costs['°].

Many believe that robotic-assisted liver resections (RLR) could be an advantageous
technique allowing for accurate tissue dissection and easier intracorporeal sewing;
furthermore, it is believed that RLR may allow for the better resection of lesions adjacent to
major vessels, close to the liver hilum, or in difficult anatomic positions/?)l. However, its
evolution to now is not what one would have expected for the LLR. Its use has been relatively

unexplored, accounting for few reports with limited patient volumel21-371.
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As is the case of laparoscopic surgery, several reports have documented the clinical
outcomes of robotic technique compared to open procedures'®. However, due to the limited
number of reports comparing both techniques, it is not yet clear which method is more
beneficial to the patient or the most useful for lesions located in difficult liver segments.

Considering the lack of consensus, the objective of this study was to perform a
systematic review and meta-analysis on robotic-assisted versus laparoscopic liver resections
for all type of liver lesions. The primary outcome measures were estimated blood loss,
operative time, conversion rate, R1 resection rate, morbidity and mortality rates, hospital stay
and major hepatectomy rates. The analysis was limited to humans and to articles reported in

English language but no restriction was set for type of publication, date, or publication status.

MATERIALS AND METHODS
Literature search
PRISMA statement guidelines were followed for conducting and reporting meta-analysis
datal®l. PICOS scheme was followed for reporting inclusion criteria. A systematic literature
search was performed independently by two of the authors (RM and GB) using PubMed,
Scopus and the Cochrane Library Central. The search was limited to humans and to articles
reported in English language. No restriction was set for type of publication, date, or
publication status. Participants of any age and sex who underwent robotic or laparoscopic
liver resection for all type of hepatic lesions were considered; robotic liver resections were
considered as the Intervention group while the laparoscopic resections were considered as
the comparator group according to the PICOS scheme. The search strategy was based on
different combinations of words for each database. For the PubMed database the following
combination was used: (Laparoscopic or laparoscopy or laparoscopically or minimally
invasive) and (liver resection or liver resections or hepatectomy or hepatectomies or hepatic
resection or hepatic resections or liver surgery) and (robotic OR robotically or robot or robot
assistance or robot-assisted or robotic-assisted).

For the Scopus database the following combination was used: TITLE-ABS-KEY

(Laparoscopic or laparoscopy or laparoscopically or “minimally invasive”) and TITLE-ABS-
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KEY (“liver resection” or “liver resections” or hepatectomy OR hepatectomies or “hepatic
resection” or “hepatic resections” or “liver surgery”) and TITLE-ABS-KEY (robotic or
robotically or robot or “robot assistance” or “robot-assisted” or “robotic-assisted”).

The same key words were inserted in the search manager fields of the Cochrane
Library Central. The search was further broadened by extensive cross-checking of reference
lists of all retrieved articles fulfilling the inclusion criteria. For all databases, the last search

was run on 07 July, 2014.

Study selection
The same two authors independently screened the titles and abstracts of the primary studies
that were identified in the electronic search. Duplicate studies were excluded. The following
inclusion criteria were set for inclusion in this meta-analysis: (1) Studies comparing robotic
and laparoscopic liver resection for all types of hepatic lesions; (2) Studies reporting at least
one perioperative outcome including blood loss, operative timing, conversion, mortality,
morbidity, R1 resection rates, hospital stay and rate of major hepatectomies; and (3) If more
than one study was reported by the same institute, only the most recent or the highest level of
study was included.

The following exclusion criteria were set: (1) Original studies assessing the outcome of
either laparoscopic or robotic liver resection; (2) Review articles, letters, comments and case
reports; and (3) Studies where it was impossible to retrieve or calculate data of interest.

The Cohen kappa statistic was used to quantify agreement between the investigators.

Data extraction

The same two authors extracted the following main data (Table 1 and 2): (1) First author, year
of publication and study type; (2) Number and characteristics of patients of both the
laparoscopic and robotic resection groups; and (3) Treatment outcomes, including blood loss,
operative timing, conversion, mortality, morbidity, R1 resection rates, hospital stay and rate

of major hepatectomies. All relevant texts, tables and figures were reviewed for data
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extraction; whenever further information was required, the corresponding authors of the
papers were contacted by e-mail.

Discrepancies between the two reviewers were resolved by consensus discussion.

Risk of Bias
The Newcastle-Ottawa Scale was used for retrospective studies to assess quality. Funnel plots

were constructed to assess the risk of publication bias across series for all outcome measures.

Statistical analysis

The meta-analysis was performed using RevMan software version 5.1. Odds ratios (OR) were
used as a summary measure of efficacy for dichotomous data and mean differences (MD)
between groups were used for continuous variables. A 95%CI was reported for both
measures. If the study provided medians and interquartile ranges instead of means * SD, the
means = SD were imputed, as described by Hozo et all¥]. The fixed-effect model was used
when no heterogeneity was detected among studies, while the random-effect model was
preferred when variance existed. Statistical heterogeneity was evaluated using the I? statistic.
I2 values of 0-25%, 25%-50% and > 50% were considered as indicative of homogeneity,
moderate heterogeneity and high heterogeneity, respectively. All statistical data were
considered with a P-value < 0.05. The statistical methods of this study were reviewed by

Filippo Oropallo from National Statistical Institute of Italy.

RESULTS

Study selection

The literature search yielded 291 articles; after duplicate removal, 207 titles and abstracts were
reviewed (Figure 1). Of these, 196 papers were excluded for the following reasons: 110 were
not related to liver resections, 81 did not compare techniques, 3 were review articles and 2
were letters. Finally, eleven articles[?1:3040-48] were selected for full-text review; of these, four
more were excluded because of redundant series from the same institutel40424448]. There was

no disagreement regarding eligibility of full-text articles (Cohen kappa = 1). Finally, a total of
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7 articles, dated between 2010 and 2014, fulfilled the selection criteria and were therefore
included in this meta-analysis; all the articles finally selected were retrospective studies, of
which two case-controlsi®? 46 and five comparativel?141.434547]. All of the studies included a
total of 694 patients: 479 who underwent laparoscopic liver resection and 215 cases of robotic
liver resection. The characteristics of the included studies are summarized in Table 1.
According to the NOS scale, the study quality was graded 9 for two publications (both 4+2+3
respectively for Selection, Comparability and Exposure measurements)[?1.43], 8 for four (three
4+1+3[41.4547] and one 3+2+346l) and 7 for one publication (3+1+3)[301.

Three corresponding authors were contacted by e-mail for obtaining unpublished or
unclear data [2. 30, 41] and of these, none responded addressing questions. The outcomes of

interest of each single study are summarized in Table 2.

Estimated blood loss
Six of the included studies reported results regarding blood loss in both groups. An overall

significant reduction in blood loss was observed in the laparoscopic group compared to the

robotic one (MD = 83.96, 95%ClI: 10.51 - 157.41, P = 0.03) (Figure 2).

Operative time
All articles were included to determine the overall effect regarding operative time. According

to Figure 3, the laparoscopic approach was associated with a significantly lower operative

time compared to the robotic technique (MD = 68.43, 95%Cl: 39.22 - 97.65, P < 0.00001).

Conversion

Conversion was considered as switching to an open or hand assisted approach during the
operation. Six of the seven papers included in the meta-analysis reported data regarding
conversion, and no statistically significant overall differences were observed (OR = 1.19,

95%CI: 0.48 - 2.99, P = 0.71) (Figure 4).

R1 resection rate
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No statistically significant difference was found between the two approaches with respect to
the R1 resection rate, including four of the seven studies selected (OR = 1.71, 95%CI: 0.95 -
3.09, P = 0.07) (Figure 5).

Mortality and morbidity

Due to the different reporting methods in the single papers, overall results regarding
mortality were impossible to calculate. In some articles, 30-day mortality was reported(*l],
while in others, 90-day mortality was the measurement used[*34%]; in some of the papers, no
specification was givenl*>#’]. Finally, two articles did not report any data on mortality(21.30].
Regarding overall morbidity, data were reported in all of the included studies and no overall

differences were observed (OR = 0.66, 95%CI: 0.40 - 1.09, P = 0.10) (Figure 6).

Hospital stay
Four of the seven included studies reported hospital stay outcomes. No overall differences

were found between the two approaches (MD = 0.01, 95%CI: -0.15 - 0.17, P = 0.89, Figure 7).

Major hepatectomies rate

Due to the different classifications regarding major and minor hepatectomies and to the lack
of reported data among studies, no overall effect was calculated. Specifically, two articles
described only minor hepatectomies/?14l], one described only major hepatectomiesl*3; one
paper considered a major hepatectomy as the resection of 4 or more segments/*!] while three

articles considered a major hepatectomy as the resection of 3 or more segments[304547],

Publication bias
Funnel plots were constructed for each outcome and showed symmetry, suggesting that
publication bias was not large and was unlikely to drive conclusions (Figure 8A). Funnel

plots regarding hospital stay showed substantial asymmetry (Figure 8B).

DISCUSSION
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Laparoscopic liver resections are considered safe and effective in well-selected patients and
have shown better results in terms of blood transfusion, postoperative hospital stay and
morbidity compared to open surgery, as described in the thirteen reported meta-analysesl4%-61l.
Several variants for the laparoscopic approach have been described, such as the pure
laparoscopic, the hand-assisted, the hybrid and single-port techniques. Conversely, it is not
yet clear whether robotic assistance demonstrates substantial advantage over the pure
laparoscopic technique.

The robotic platform is a tool with which many of the limitations of conventional
laparoscopic liver surgery can be overcome: two-dimensional imaging and tremor
amplification, fulcrum effect against the port, limited degrees of freedom for manipulation
and awkward ergonomics. Furthermore, the augmented dexterity enabled by the
endowristed movements, the software filtration of surgeon’s movements and the high-
definition three-dimensional vision provided by the stereoscopic camera combine to
guarantee a steady and careful dissection of the structuresl®?. Nevertheless, RLR has had a
slower evolution over the last years; it does not currently provide some useful tools, such as
an “endowristed” surgical aspirator or high-energy device that can fully exploit the potential
of the movements and vision offered by the robot, especially when operating in a limited
resection space (i.e., when approaching P-S segments). Other potential limitations of RLR
concern the need of an additional attending surgeon and the high costs of robot purchasing,
instrumentation and annual maintenance. There are very few centers in the world that have
performed a limited number of robotic liver resections on highly selected patients. The
technique has not been standardized and it is questionable whether any of these centers have
gone through the learning curve.

Few reports regarding laparoscopic and robotic liver resections have been published
that have evaluated different outcomes and results among series; therefore, there has been
difficulty not only in interpreting data but also in drawing final conclusions regarding the
superiority of one approach over another. A meta-analysis, as a quantitative method for
therapeutic evaluation, may be used when controversy persists in order to determine the

results.
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To our knowledge, this is the first systematic review and meta-analysis comparing
robotics to laparoscopy for liver resections. In this analysis, it was possible to include only 7
studies containing 694 patients; all of these articles were retrospective of which 2 case-
controls and 5 comparative; to date, this may represent the largest body of information
available for the comparison of RLR and LLR. According to the Newcastle-Ottawa scale used
for assessing quality of the studies, articles included in this meta-analysis were graded with
912143], 8[41.45-47] or 7130], reflecting a high quality concerning selection of patients, comparability
and exposure measurements.

The first laparoscopic liver resection was described by Gagner et all®3] in 1992, whereas
the first robotic liver resection was published in 2003 by Giulianotti et all®4l. While the
laparoscopic technique has had a worldwide spread since its introduction, the robotic
technique has not had the same evolution, possibly due to the significant upfront costs and
the different required learning curve. In 2010, Berber et all?!l described the first study
comparing the two methods. Since then, we have observed a progressive increase of
publications, suggesting a growing interest in comparing both techniques. Unfortunately, in
contrast with laparoscopic surgery, there have been no prospective randomized studies
comparing laparoscopic and robotic techniques.

The results of the present meta-analysis shows a significant increase in bleeding in RLR.
This may be explained by the different techniques used for liver transection. In fact, the most
prevalent technique of hepatic transection used in LLR requires the use of a harmonic scalpel
for superficial liver transection; in most of the cases and accordingly to the surgeon’s
preference, the Cavitron Ultrasonic Surgical Aspirator (CUSA) is used for deeper transection,
which is a tool that allow a meticulous and precise dissection of the parenchymal structures.
Conversely, robotic liver transection is mainly based on the crush-clamping technique, which
requires, in most cases, the use of an intermittent inflow occlusion (Pringles manoeuver). In
this case, an increased ischemia/reperfusion injury should be anticipated when operating on
a cirrhotic liverl63l.

Another difference we found was that the surgical time was significantly longer in

robotic hepatectomy. The difference could be due to the different technique of hepatic
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resection, but may also be because the robotic technique is more recent and requires greater
experience and refinement; in addition, there may be a difference among standardization of
the procedures and an obvious docking time of the system.

The rate of conversion was comparable between RLR and LLR, which most likely
indicates a similar difficulty in approaching liver surgery.

The basic principle behind the oncological resection of malignant diseases is to keep a
sufficient tumor-free margin in order to avoid incomplete tumor resection and possibly
iatrogenic spread. Considering the fact that most of the indications for minimally invasive
liver surgery are actually met in malignanciesl®l, margin width is a major indicator in the
quality of surgical resection. With the aim of highlighting any differences between the two
techniques, the third end-point of our meta-analysis was the margin width. We found that the
rate of R1 resection was not statistically different between the two techniques, although there
was a trend towards decreased R1 resection margins in the LLR group. These data should be
analyzed in more detail in future studies, which may suggest an increased difficulty in the
identification of a tumoral lesion by intraoperative ultrasound (IOUS) with the robotic
technique. A possible explanation for this is the fact that the surgeon who performs the
ultrasound is not the same that performs hepatectomy at the robotic console. Only very
recently robotic technology has provided an IOUS guided by the surgeon at the console.

According to our analysis, there was no statistically significant difference in the
morbidity rate between the two analyzed techniques, although a trend toward a lower
complication rate in the robotic group was observed. One might speculate that RLR offers
increased surgical precision leading to meticulous dissection, individuation of small biliary
structures, minimizing bile leaks and decreased overall post-operative complications.
Unfortunately, we did not evaluate data in terms of the indicators of the degree of difficulty
of a minimally invasive procedure performed using both approaches (i.e., resection of P-S
segments or living donor hepatectomy). Therefore, we cannot conclude whether laparoscopy
was performed for more technically difficult interventions or vice versa. To Dbetter
characterize this issue, a comparative analysis between RLR and LLR for approaching the P-S

segments is warranted.
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Finally, the hospital stay showed similar results between the two techniques. These are
both minimally invasive procedures; patients seems to have a comparable postoperative
course. The two techniques seemed to be different for the surgeon but not for the patient.

The main limitation of this meta-analysis is that it is based on retrospective studies;
only two of which are case-control studies. Another limitation of the study is that the
included reports are highly heterogeneous in terms of disease indications, types of liver
resection (minor or major) and location of liver lesions. One of the included articles was
limited to liver resections for hepatocellular carcinomal*’l, one of them was limited to major
hepatectomies 43, two of them were for minor hepatectomies onlyl?!4l, while four
studiesl40424448] were excluded from the meta-analysis because a portion of the patients
described had already been considered in other series from the same institutions. In this way,
a substantial number of patients were excluded from the analysis.

Estimated blood loss and operative time were associated with significant heterogeneity
between studies. Although we used the fixed or random-effects model, as appropriate, this
bias was impossible to overcome.

In the present meta-analysis, we did not analyze the technical differences between the
two methods in terms of trocars positioning, type/version of the robot, instrumentation for
the transection of the liver, intraoperative ultrasound methodology, duration of hilar
clamping, or other reported data because our outcomes were decided a priori, based on the
highest clinically relevant end-points.

Moreover, in the present systematic review we did not find studies, which focused on
cost assessment between RLR and LLR. Ji et al30 described a general hospital cost of $12.046
per intervention for robotics and $7618 for the laparoscopic technique. Furthermore Packiam
et all*2l, compared only the direct costs of the operating room supplies, resulting in $5.130 vs
$4.408 for RLR and LLR, respectively. Future research should be directed to analyze costs
differences between the two procedures.

No prospective randomized trials are reported, therefore, future research should be
directed at performing prospective randomized trials comparing RLR to LLR. These

prospective trials would have fewer ethical issues than the comparison to the open technique.
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In fact, RLR and LLR are both minimally invasive approaches without differences in safety
and efficacy.

Future research should aim to extrapolate differences in the learning curves between
laparoscopic and robotic liver resection and propose a method to objectively assess the degree
of difficulty in minimally invasive liver surgery; this will highlight the value of each

technique, leading to better outcomes.

CONCLUSION

In summary, the results of this meta-analysis of retrospective studies, demonstrated that
laparoscopic liver resection resulted in less blood loss and shorter surgical times compared to
robotic liver resections. There was no difference in the conversion rate, R1 resection rate,
morbidity and length of postoperative stay. Future research should be directed in comparing
the two techniques, also in terms of cost analysis and learning curve, especially in a

prospective randomized controlled fashion.

ARTICLE HIGHLIGHTS

At present, researchers often read a scientific paper in the order of title, abstract, keywords,
introduction, materials and methods, results, discussion, conclusions, and references.
However, this reading order is associated with many deficiencies, because most researchers
are very busy and cannot read the entire paper carefully. In contrast, authors hope that
readers will read their papers as carefully as possible at the earliest time after publication, and
that this reading will give a meaningful understanding of the paper’s topic so that the reader
will repeat or cite their work.

In order to help more readers to find what they want to read in the shortest possible time,
we have added a section known as “Article Highlights” to every paper published by BPG
journals; this section will appear before the References section. This new section will consists
of summarized information on the research background, motivation, objectives, methods,
results, conclusions, and perspectives; the subsections will be titled accordingly (e.g.,

Research background, Research motivation, etc.; see below). Each of these subsections should
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be a clear and concise but sufficiently detailed summary of the information provided in the
guidelines below (1-4 sentences for each subsection should suffice). This section should not be
a verbatim (copy-paste) repeat of the full text in the manuscript’s main text sections (i.e.
Methods, Results, or Conclusion).

The content of Article Highlights will also be released through media including WeChat
message forwarding, WeChat public number, Quick Response code, E-mail, Facebook,
Twitter, and Google. The guidelines for writing and formatting Article Highlights are as

follows:

Research background

The background, present status, and significance of the study should be described in detail.

Research motivation
The main topics, the key problems to be solved, and the significance of solving these

problems for future research in this field should be described in detail.

Research objectives
The main objectives, the objectives that were realized, and the significance of realizing these

objectives for future research in this field should be described in detail.

Research methods
The research methods (e.g., experiments, data analysis, surveys, and clinical trials) that were
adopted to realize the objectives, as well as the characteristics and novelty of these research

methods, should be described in detail.
Research results

The research findings, their contributions to the research in this field, and the problems that

remain to be solved should be described in detail.
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Research conclusions
The most relevant of the following questions should be briefly answered:
What are the new theories that this study proposes?

What are the new methods that this study proposed?

Research perspectives
The most relevant of the following questions should be briefly answered:

What is the direction of the future research?
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Figure 2 Meta-analysis Forest plot concerning estimated blood loss.
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Figure 4 Meta-analysis Forest plot concerning conversion.

Favours [Robotic] } Favours [Laparoscopic)

29 /37



Robotic Laparoscopic Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight M-=H, Fixed, 95% Cl Year M=H, Fixed, 95% CI
Troisi (20132) 3 40 12 223 21.0% 1.42 [0.28, 5.20] 20132 i
Lai (20132 3 i3 3 i3 17.0% 1.00[0.19 5% 36] 20132
Tsung {2014) 17 57 16 114 46.7%  2.60[1.20, 5.65] 2014 ——
Spampinanto (2014 o] 25 el 25 15.3% 018 [0.0l, 4.04] 2014 =
Total (95% CI) 155 395 100.0% 1.71 [0.95, 3.09] o
Total ewvents 23 23

i i = = = S = I f f i
Heterogeneity, Chi® = 353, df = 2 (P = 0.31); I° = 1% S o0s o1 15 o0

Test for overall effect: Z2 = 1.79(F = 0.07)

Figure 5 Meta-analysis Forest plot concerning R1 resection rate.
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Figure 7 Meta-analysis Forest plot concerning hospital stay.
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Figure 8 Funnel plot of morbidity (A) and hospital stay (B) in all included studies.
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Table 1 Characteristics of included studies

Laparoscopic liver resection

Robotic liver resection

Score
Total n. of
Ref. Country Type of study No. of study
patients ) No. of
patien Age M/F ) Age M/F  quality?
patients
ts
United Retro/Compar
Berber et all21] 32 23 66.7+9.6! 12/11 9 66.616.4  7/2  4+243
States ative
Retro/Case- 53  (39-
Ji et all30] China 33 20 NR NR 13 9/4 3+1+3
control 79)2
Belgium-  Retro/Compar 64.6 +
Troisi et all*5] 263 223 55.3+15.7 98/125 40 27/13 4+1+3
Italy ative 12.1
Retro/Compar
Lai et all*1] China 66 33 NR NR 33 NR NR 4+1+43
ative
Retro/Compar 60.9 *
Wu et all47] Taiwan 79 41 541 +14 28/13 38 32/6  4+1+3
ative 14.9
United Retro/Case- 58.3 +
Tsung et all40] 171 114 58.7+158 47/67 57 24/33 3+2+43
States control 14.6
Spampinato Retro/Compar
Italy 50 25 62 (33-80)2 10/15 25 63 (32-80) 13/12 4+2+3
all*3] ative
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Data expressed as mean * SD; ?Data expressed as Median (Range); 3According to the NOS (Newcastle-Ottawa Scale) classification.

Retro: retrospective; NR: not reported.
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Table 2 Raw data of each included study

Blood Operative R1
First author Conversion = Morbidity Hospital stay (d)

loss (mL) time (min) rate
Berber et all2]
Laparoscopic liver

155 + 54 233.6+164 0% 17% NR NR
resection
Robotic liver resection 136 + 61 2585+279 11.10% 11% NR NR
Ji et all30]
Laparoscopic liver

NA 130 £42.5 10% 10% NR NA
resection
Robotic liver resection NA 338+1669 0% 7.80% NR NA
Troisi et all*5]
Laparoscopic liver

174 +133 262+ 111 7.60% 12.60% 540% 59%3.8
resection
Robotic liver resection 330+303 271100 20% 12.50% 7.50% 6.1+2.6
Lai et all#1]
Laparoscopic liver 347.7 %

133.4+42.7 NR 9% 9.10% NR

resection 498.7
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3734 £

Robotic liver resection
872

Wu et all47]
Laparoscopic liver

P P 173 £ 165
resection
Robotic liver resection 325 + 480
Tsung et all40]
Laparoscopic liver

P P 100 £ 50
resection
Robotic liver resection 200+ 71.8
Spampinato et all*3]
Laparoscopic liver 5125 %
resection 287.5
Robotic liver resection 625 + 450

202.7 £69.8

227 + 80

380 + 166

198.5 +20.6

253 +£43.7

375 +£105

456.2 £121

NR

12.20%

5%

8.80%

7%

4%

4%

3%

10%

8%

26%

19.30%

36%

16%

9.10%

NR

NR

8%

5%

9%

0%

NR

72+t44

79147

10.2+4.2

10.5+4.5

NR: Not reported; NA: Not assessable.
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