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Preface to ”Update on Robotic Gastrointestinal
Surgery”

Since its inception, robotic surgery has made incredible progress and has undergone significant

development in an extremely short period of time. In the field of minimally invasive surgery,

robotic platforms could potentially be used to realize improvements for both the patient and the

surgeon. Several barriers of laparoscopic surgery could be overcome through the introduction of 3D

vision, stable and magnified images, EndoWrist instruments, physiologic tremor filtering, and motion

scaling. Minimally invasive surgery is constantly evolving so as to allow surgeons to achieve essential

goals in terms of survival and functionality; robotic platforms could play a key role in obtaining these

goals. For this reason, it is necessary to evaluate the oncological and functional outcomes of robotic

surgery.

Regarding surgical oncology, robotic surgery may offer several benefits through precise

visualization and dissection along the embryological planes. One example of its advantageous

application is rectal cancer surgery, especially in the case of male narrow pelvis and bulking tumors

[1]. Even in esophageal cancer surgery, the robotic approach appears to be slightly superior to

laparoscopic surgery, resulting in less postoperative pneumonia and higher numbers of harvested

nodes [2].

If the results of robotic surgery, in oncological terms, are encouraging, the same can be said

for gastrointestinal functional disorders. Even if, on the one hand, robotic surgery proved to be

non-inferior to laparoscopic surgery in the treatment of functional esophageal disorders [3], on the

other hand, it showed better postoperative outcomes in the treatment of pelvic floor disorders, such

as lower complication rates and shorter lengths of hospital stay [4].

Robotic surgery has also begun to play an important role in endoluminal surgery with the

evolution of systems for transanal surgery that allow for the execution of highly complex procedures,

such as RTaTME, for low-lying rectal cancer [5].

Although, to date, there are no specific indications for the use of robotic surgery compared to

laparoscopic surgery, the former’s lower unplanned conversion rate has been amply demonstrated in

the literature. Therefore, one of the targets of this surgery could be patients with known or suspected

abdominal adhesions [6].

This Special Issue focuses on the application of robotic surgery in the context of gastrointestinal

surgery and its safety and efficacy in the performance of various procedures, even those of high

complexity. Increased costs, poor availability, and dedicated training are still barriers which prevent

the widespread adoption of this system. In the near future, emerging robotic platforms will lead

to major competition and consequent reductions in costs, encouraging the use of this platform and

raising its potential as a standard surgery for many procedures.

Marco Milone and Paolo Pietro Bianchi

Editors
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1 Department of Clinical Medicine and Surgery, University of Naples “Federico II”, 80131 Naples, Italy
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Since its inception, robotic surgery has made incredible progress and has undergone
significant development in an extremely short period of time. In the field of minimally
invasive surgery, robotic platforms could potentially be used to realize improvements for
both the patient and surgeon. Several barriers of laparoscopic surgery could be overcome
through the introduction of 3D vision, stable and magnified images, EndoWrist instruments,
physiologic tremor filtering, and motion scaling. Minimally invasive surgery is constantly
evolving so as to allow surgeons to achieve essential goals in terms of survival and func-
tionality; robotic platforms could play a key role in obtaining these goals. For this reason, it
is necessary to evaluate the oncological and functional outcomes of robotic surgery.

Regarding surgical oncology, robotic surgery may offer several benefits through pre-
cise visualization and dissection along the embryological planes. One example of its
advantageous application is rectal cancer surgery, especially in the case of male narrow
pelvis and bulking tumors [1]. Even in esophageal cancer surgery, the robotic approach
appears to be slightly superior to laparoscopic surgery, resulting in less postoperative
pneumonia and higher numbers of harvested nodes [2].

If the results of robotic surgery, in oncological terms, are encouraging, the same can
be said for gastrointestinal functional disorders. Even if, on the one hand, robotic surgery
proved to be non-inferior to laparoscopic surgery in the treatment of functional esophageal
disorders [3], on the other hand, it showed better postoperative outcomes in the treatment
of pelvic floor disorders, such as lower complication rates and shorter lengths of hospital
stay [4].

Robotic surgery has also begun to play an important role in endoluminal surgery
with the evolution of systems for transanal surgery that allow for the execution of highly
complex procedures, such as RTaTME, for low-lying rectal cancer [5].

Although, to date, there are no specific indications for the use of robotic surgery
compared to laparoscopic surgery, the former’s lower unplanned conversion rate has been
amply demonstrated in the literature. Therefore, one of the targets of this surgery could be
patients with known or suspected abdominal adhesions [6].

This Special Issue concerns the application of robotic surgery in the context of gas-
trointestinal surgery and its safety and efficacy in the performance of various procedures,
even those of high complexity. Increased costs, poor availability and dedicated training
are still barriers which prevent the widespread adoption of this system. In the near future,
emerging robotic platforms will lead to major competition and consequent reductions in
costs, encouraging the use of this platform and raising its potential as a standard surgery
for many procedures.
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Robotic Surgery and Functional Esophageal Disorders: A
Systematic Review and Meta-Analysis
Sara Vertaldi 1,* , Anna D’Amore 1, Michele Manigrasso 2 , Pietro Anoldo 2 , Alessia Chini 1 ,
Francesco Maione 1, Marcella Pesce 1 , Giovanni Sarnelli 1 , Giovanni Domenico De Palma 1 and Marco Milone 1

1 Department of Clinical Medicine and Surgery, University of Naples “Federico II”, 80131 Naples, Italy
2 Department of Advanced Biomedical Sciences, University of Naples “Federico II”, 80131 Naples, Italy
* Correspondence: vertaldisara@gmail.com; Tel.: +39-340-86-03-360

Abstract: The functional disease of the esophago-gastric junction (EGJ) is one of the most common
health problems. It often happens that patients suffering from GERD need surgical management. The
laparoscopic fundoplication has been considered the gold standard surgical treatment for functional
diseases of the EGJ. The aim of our meta-analysis is to investigate functional outcomes after robotic
fundoplication compared with conventional laparoscopic fundoplication. A prospective search of
online databases was performed by two independent reviewers using the search string “robotic and
laparoscopic fundoplication”, including all the articles from 1996 to December 2021. The risk of bias
within each study was assessed with the Cochrane ROBINS-I and RoB 2.0 tools. Statistical analysis
was performed using Review Manager version 5.4. In addition, sixteen studies were included in
the final analysis, involving only four RCTs. The primary endpoints were functional outcomes after
laparoscopic (LF) and robotic fundoplication (RF). No significant differences between the two groups
were found in 30-day readmission rates (p = 0.73), persistence of symptomatology at follow-up
(p = 0.60), recurrence (p = 0.36), and reoperation (p = 0.81). The laparoscopic fundoplication represents
the gold standard treatment for the functional disease of the EGJ. According to our results, the robotic
approach seems to be safe and feasible as well. Further randomized controlled studies are required
to better evaluate the advantages of robotic fundoplication.

Keywords: robotic fundoplication; laparoscopic fundoplication; reflux; hiatal hernia; functional outcomes

1. Introduction

The functional disease of the esophago-gastric junction (EGJ) is one of the most
common health problems, affecting more than 50% of the world’s population and resulting
in a serious deterioration of quality of life with important economic implications [1].
Medical treatment with a proton pump inhibitor (PPI) can help control reflux symptoms,
but on the other hand, it implies cost-effective, long-lasting medicine-based treatment.
It often happens that GERD patients do not achieve complete control of the symptoms,
needing surgical management [2].

The laparoscopic fundoplication has been performed with patient satisfaction since
its introduction during the twentieth century, becoming the gold standard for the surgical
treatment of functional disease of the EGJ [3,4].

Additionally, after the first robotic-assisted Nissen fundoplication (RALF) reported
by Cadiere in 1999 [5], it has been debated if the robotic approach could improve surgical
outcomes due to the three-dimensional view and the enhanced manipulation of instru-
ments [6] compared with the conventional laparoscopic fundoplication (CLF). Several
previous studies have demonstrated the safety and feasibility of a robot-assisted approach
in this setting [7–10].

The aim of our meta-analysis is to investigate the functional outcomes after minimally
invasive surgery, both laparoscopic and robotic, for the treatment of functional disease of
the EGJ.
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2. Materials and Methods
2.1. Literature Search and Eligibility Criteria

This systematic review complied with PRISMA (preferred reporting items for system-
atic reviews and meta-analyses) reporting standards [11] and was developed in line with
MOOSE (meta-analysis of observational studies in epidemiology) guidelines [12].

A prospective search of Embase, PubMed, SCOPUS, and Web of Science was per-
formed using the search string “robotic and laparoscopic fundoplication”.

The analysis included all the articles from 1996 to December 2021. The last search was
performed in January 2022.

Case reports, case series without a control group, indexed abstracts of posters and
podium presentations at international meetings, and non-English articles were excluded.
Systematic reviews and meta-analyses were only consulted to identify additional studies of
interest. In addition, the reference lists of the retrieved studies were manually reviewed. In
cases of overlapping series in different studies, only the most recent article was included.
Publications with no data about functional results after minimally invasive fundoplication
were also excluded.

The research question was structured using the PICO (problem/population, interven-
tion, comparison, and outcome) framework. The populations of interest included patients
affected by functional esophageal disease (GERD, hiatal hernia, or paraesophageal hernia).
The intervention was robotic fundoplication, and the comparator was laparoscopic fun-
doplication. The functional outcomes after surgery were analyzed: 30-day readmission;
persistent symptomatology at follow-up, including delayed gastric emptying; postoperative
pyrosis or dysphagia; disease recurrence; need for reintervention.

The literature search and study selection were performed independently by two
reviewers (S.V. and A.D.), showing a high level of inter-reader agreement (κ = 1). In case of
disagreement, a third investigator (Mi.Ma.) was consulted, and an agreement was reached
by consensus.

2.2. Data Extraction and Assessment of Risk of Bias in Included Studies

The titles and abstracts were screened and reviewed independently by S.V. and A.D.,
followed by full-text reading. In addition, ineligible studies were excluded after full-text
reading. The data extraction was conducted independently and in duplicate by the two
reviewers. Further, the data extraction form was created in accordance with the guidelines
in the Cochrane Handbook for systematic reviews of interventions by the consensus of
both reviewers.

The following data were extracted from each included study: first author, year of
publication, study design, period of study, surgical indication, sample size, number of
patients in each surgical group, gender, mean age, mean BMI, type of intervention (Nissen,
Dor, Toupet, or no fundoplication), redo surgery, operative time, 30 days readmission,
mean follow-up, persistence of symptomatology at follow-up, complaining of delayed
gastric emptying, pyrosis, or dysphagia, needing of reintervention. The data extracted from
studies were then separated into the following sections: study characteristics, population
characteristics, intervention characteristics, and functional outcomes.

Additionally, after data extraction was completed, the risk of bias within each study
was assessed.

The Cochrane ROBINS-I (Risk of Bias in Non-randomized Studies of Interventions)
tool [13], which is a risk of bias tool to assess the quality of non-randomized studies of
interventions, was adopted to evaluate the methodological quality of each cohort-type
study. The scoring system encompasses seven domains. The first two domains, covering
confounding and selection of participants into the study, address issues before the start of
the interventions that are to be compared (“baseline”). The third domain addresses the
classification of the interventions themselves. The other four domains address issues after
the start of interventions: biases due to deviations from intended interventions, missing
data, measurement of outcomes, and selection of the reported result. The categories for
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risk of bias judgments are “low risk”, “moderate risk”, “serious risk”, “critical risk”, and
“no information” when insufficient data are reported to permit a judgment.

In cases of randomized controlled trials (RCTs), the risk of bias was evaluated using the
revised Cochrane Risk of Bias tool (RoB 2.0) [14]. According to this scoring system, seven
domains were evaluated as “low risk of bias”, “high risk of bias”, or “unclear” according
to the reporting on sequence generation, allocation concealment, blinding of participants,
blinding of outcome assessment, incomplete outcome data, selective outcome reporting,
and other potential threats to validity.

2.3. Statistical Analysis

The statistical analysis was performed using Review Manager (RevMan Version 5.4,
Copenhagen, Denmark: The Nordic Cochrane Centre, The Cochrane Collaboration, 2020).

The primary outcomes of this study were the functional results after robotic fundopli-
cation in patients suffering from GERD, hiatal hernia, or paraesophageal hernia compared
to a laparoscopic approach. In addition, the differences among cases and controls were
expressed as risk difference (RD) with pertinent 95% CI for dichotomous variables, to
maintain analytic consistency and include all available data, according to Messori et al. [15];
the differences among cases and controls were expressed as mean difference (MD) with
pertinent 95% confidence intervals (95% CI) for continuous variables. The risk difference
represents the difference between the observed risks (proportions of individuals with the
outcome of interest) in the two groups. If studies reported only the median, range, and
size of the trial, the means and standard deviations were calculated according to Luo et al.
and Wan et al. [16,17]. When studies reported only means for continuous variables and the
sample size of the trial, a standard deviation was imputed, according to Furukawa et al. [18].

The overall effect was tested using Z scores, and significance was set at p < 0.05.
Statistical heterogeneity between studies was tested by the Q statistic and quantified by the
I2 statistic, a measurement of the inconsistency across study results and a description of the
proportion of total variation in study estimates, that is due to heterogeneity rather than
sampling error. In detail, an I2 value of 0% indicates no heterogeneity, 25% low, 25–50%
moderate, and >50% high heterogeneity [19].

According to DerSimonian and Laird [20], the random-effects model was used for all
analyses to account for the heterogeneity among included studies.

The presence of publication bias was investigated through a funnel plot, where the
summary estimate of each study (Risk Difference) was plotted against a measure of study
precision (Standard Error). In addition to visual inspection and the funnel plot, symmetry
was tested using Egger’s linear regression method. [21] p values < 0.05 were considered
statistically significant.

3. Results
3.1. Study Selection

A total of 339 articles were identified from electronic databases. After the removal
of duplicate studies, 287 publications were screened according to the PRISMA flowchart
(Figure 1).

Of the 72 articles that were selected for the title and abstract, 51 studies were excluded
because they did not meet the inclusion criteria. Furthermore, the online full version of
five articles was not available, and it was not possible to extract data from the abstract.
The remaining 16 studies [22–37] were selected as they met the eligibility criteria and were
included in the final analysis.

5
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Figure 1. PRISMA 2020 flow diagram.

3.2. Baseline Characteristics of the Included Studies

This meta-analysis included 16 monocentric studies published between 2002 and 2021,
involving 1064 patients suffering from GERD, hiatal hernia, or paraesophageal hernia,
whereof 618 underwent laparoscopic and 445 robotic fundoplication, respectively. There
were 4 RCT [27,32–34], 10 retrospective [22–26,28–30,35,36], and 2 prospective [31,37] trials.
The number of patients ranged between 12 and 687, the mean age was between 3.8 and
72.5 years, and the mean BMI varied from 10.1 kg/m2 to 37.0 kg/m2.

Major characteristics of the studies are shown in Table 1.
Intervention characteristics are described in detail in Table 2. Nissen fundoplication

(360◦) was performed in fourteen studies [22,24–28,30–37], Toupet fundoplication (270◦)
was reported in seven papers [23,25,29,31,35–37], Dor fundoplication (180◦) was described
in two articles [29,36], while in only one study [35] Watson partial anterior fundoplication
was performed. Only two studies [22,36] included redo fundoplications.
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3.3. Risk of Bias

The Cochrane RoB 2.0 and ROBINS-I tools were used to assess the quality of the
included papers.

Additionally, regarding the four randomized controlled trials, only one study [33]
reported a low risk of bias. The other three studies [27,32,34] showed a high risk of bias,
with the major bias due to deviations from the intended interventions, i.e., conversions to an
open approach. Two conversions from laparoscopy were described by Draaisma et al. [27],
and two conversions from the robotic approach were reported by Morino et al. and
Nakadi et al. [32,34].

Due to the nature of the surgical interventions, blinding was impossible, but the results
are unlikely to be affected by the lack of blinding.

All non-randomized studies reported a risk of bias due to baseline confounding. Only
three [22,26,31] authors with a consequent moderate risk of bias performed propensity
score matching, while the other nine [23–25,28–30,35–37] had a severe risk of bias due to
insufficient adjustment for confounding domains.

Theresultsof theRoB2.0andROBINS-Iqualityassessmentsarereported inFigures 2a,b and 3a,b,
which were created with Robvis (Risk-of-Bias VISualization), a web app that facilitates
rapid production of publication-quality risk-of-bias assessment figures.

3.4. Primary Outcomes

The functional outcomes after laparoscopic (LF) and robotic fundoplication (RF) were
analysed during a mean follow up period of 1-93.6 months, as described in Table 3.
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Figure 2. Summary of risk of bias for RCT studies [27,32–34]. Figure 2. Summary of risk of bias for RCT studies [27,32–34].
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3.4.1. 30-Days Readmission Rates

Only seven authors [22,23,25,26,33,35,37] reported 30-day readmission rates including
434 patients (207 RF and 227 LF) with no significant differences between the two groups
[p = 0.73, RD = 0.00, 95% CI (−0.02, 0.03)]. No heterogeneity among the studies [Tau2 = 0.00;
Chi2 = 0.85; df = 6 (p = 0.99); I2 = 0%] was reported (Figure 4).
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3.4.2. Persistence of Symptoms

Eleven studies [22,24,25,27,29,31,33–37] investigated the persistence of symptomatol-
ogy after almost 1 month of follow-up. In addition, apart from two studies [25,37], which
reported no ongoing symptoms, in the other nine [22,24,27,29,31,33–36], a total of 164 of
the 641 patients referred reported lasting symptomatology without statistically significant
differences between robotic and laparoscopic procedures (p = 0.60). Neither heterogeneity
among the studies [Tau2 = 0.00; Chi2 = 6.19; df = 10 (p = 0.80); I2 = 0%] was described
(Figure 5).
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In particular, thirteen studies [22–24,26,27,30–37] reported the presence of postoper-
ative dysphagia without significant differences between the two groups [39/387 RF and
47/529 LF, p = 0.77, RD = 0.00, 95% CI (−0.03, 0.02)]. Supplementary Materials: Figure S1.

Seven authors [22,23,25,28,30,36,37] reported data regarding delayed gastric emptying:
a total of 6 patients in each group had gastric paresis at follow-up, with no statistically
significant differences between the two groups [6/215 RF vs. 6/242 LF; p = 0.99, RD = 0.00,
95% CI (−0.02, 0.02)]. Supplementary Materials: Figure S2.

Only five articles [31,32,34–36] described the presence of postoperative pyrosis in 11
of 117 patients for the robotic group and 15 of 122 patients for the laparoscopic group, with
no statistically significant differences between the two groups [p = 0.58, RD = −0.02, 95%
CI (−0.09, 0.05)]. Supplementary Materials: Figure S3.
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3.4.3. Recurrence

In nine studies [22,24,25,27,30,31,33,34,37], recurrence of symptoms of reflux was
described in 22 patients (5 RF and 17 LF), with no significant differences between the
two groups [p = 0.36, RD = −0.02, 95% CI (−0.07, 0.03)]. The moderate heterogeneity
among the studies [Tau2 = 0.00; Chi2 = 13.42; df = 8 (p = 0.10); I2 = 40%] was reported
(Figure 6).
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3.4.4. Reoperation

A total of nine studies [22,25,27,30,31,33,34,36,37] reported reintervention during
follow-up involving 22 patients with no significant differences between the two groups
[p = 0.81, RD = 0.00, 95% CI (−0.04, 0.03)]. In addition, ten patients underwent reinter-
vention after an initially successful robotic fundoplication: five experienced troublesome
dysphagia [27,30,33,36], three had persistent GERD symptoms [36], one had an incisional
hernia at the umbilicus [27], and another patient with a gastric torsion underwent a la-
paroscopic procedure with reduction of the torsion and fixation of the anterior gastric
wall to the abdominal wall [34]. In the laparoscopic group, twelve patients were subject
to reoperation during follow-up for persistent symptoms: six presented recurrent GERD
symptoms [30,31,36] and six had severe dysphagia [27,30]. No heterogeneity among the
studies [Tau2 = 0.00; Chi2 = 2.58; df = 8 (p = 0.96); I2 = 0%] was reported (Figure 7).
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3.5. Publication Bias

It is recognized that publication bias can affect the results of meta-analyses; thus, we
attempted to assess this potential bias using funnel plot analysis performed with Compre-
hensive Meta-analysis Software (CMA v.2). In evaluating all the analysed outcomes, we
observed a symmetrical distribution of the studies without any publication bias by the Eg-
ger’s linear regression method (30-day readmission p = 0.84; recurrence p = 0.23; reoperation
p = 0.60; persistence of symptomatology p = 0.12) (Supplementary Materials: Figures S4–S7).
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4. Discussion

The functional disease of the esophago-gastric junction (EGJ) is a common health
problem that often causes a serious deterioration of quality of life. Sometimes GERD
patients do not achieve complete control of the symptoms with medical treatment with a
proton pump inhibitor (PPI), needing surgical management.

Up until now, laparoscopic fundoplication has been considered the gold standard for
the surgical treatment of functional disease of the EGJ [3,4].

Additionally, after the first robotic-assisted Nissen fundoplication (RALF) [5], it has
been debated if the robotic approach could improve surgical outcomes compared with the
conventional laparoscopic fundoplication (CLF) [6], considering the documented safety
and feasibility of the robot-assisted approach in this setting [7–10].

It could be rational to hypothesize advantages of robotic surgery to improve functional
results; limitations of laparoscopic procedures due to lack of dexterity, lack of tactile sense,
magnification of natural tremors, and two-dimensional visualization could be overcome.

However, the robotic technique presents an important limitation that is related to
the high functional costs, as shown by Hartmann et al. [29], Morino et al. [32], and Albas-
sam et al. [22], due to the instrumentation and reusable materials, the nursing costs, the
investment costs, and the maintenance costs [34].

According to current literature, there is no clear evidence as to which minimally
invasive surgical approach is superior for the treatment of functional diseases of the EGJ.
In addition, to the best of our knowledge, this is the first meta-analysis reported on the
comparative efficacy of available interventions in the management of functional diseases of
the EGJ.

Several limitations must be considered in our study: first, because of the novelty of
this topic, few studies are present in the literature. In fact, only 16 studies [22–37] published
between 2002 and 2021 could be included in this meta-analysis, with a narrow sample size
of 1064 patients suffering from GERD, hiatal hernia, or paraesophageal hernia.

Then, only four studies were RCTs [27,32–34] and two were prospective trials [31,37].
All the other ten included studies were retrospective [22–26,28–30,35,36]; the observed
results in each study could be affected by many factors, such as standards in patients’
selection, the surgeon’s experience, or technical details.

It is important to highlight that no one study had functional results as its primary outcome.
According to our results, both robotic and laparoscopic fundoplication are effective

as well, reporting no significant differences between the two groups in terms of 30-day
readmission rates (p = 0.73), lasting of symptomatology at almost 1 month of follow-up
(p = 0.60), recurrence of symptoms of reflux (p = 0.36), and needing for reintervention
during follow-up (p = 0.81). Moreover, two conversions from laparoscopy were described
by Draaisma et al. [27], and two conversions from the robotic approach were reported by
Morino et al. and Nakadi et al. [32,34]. Although nowadays the risk of conversion to open
surgery has decreased due to higher surgeon expertise, it is important to underline that
the conversion rate from robotic surgery is lower than that from laparoscopy, according to
current literature [38–40].

Furthermore, regarding the persistence of symptomatology after 1 month from the
intervention, no differences were found in postoperative dysphagia (p = 0.77), gastric paresis
(p = 0.99) and postoperative pyrosis (p = 0.58). It is fair to specify that both persistence of
symptomatology and recurrence could appear even after years with a treatment failure
rate of 40%, as shown by Spechler SJ [41]. However, there is a lack of data concerning a
follow-up longer than five years for both the medical and surgical approaches.

Even if, on the basis of our results, we can state that the robotic approach was effective
and feasible for the surgical treatment of the functional disease of EGJ, we cannot declare
any advantage on the basis of the functional analysis results. Both laparoscopic and robotic
approaches could be selected to perform a Nissen fundoplication. On the other hand, the
current literature presents a lack of ad hoc papers evaluating some important features,
such as:
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- the functional outcomes obtained by a laparoscopic versus robotic approach.
- data concerning a follow-up longer than 5 years for both medical and surgicalapproach.
- indications and parameters for GERD-surgery.

The rationale is that robotic surgery should improve functional outcomes due to the
magnified view and endowrist technology. However, it required making a call for future
well-designed multicentre high-quality randomized controlled studies to evaluate the
functional outcomes after robotic surgery for the treatment of functional disease of the EGJ,
indications and parameters for GERD-surgery, and the long-term follow-up longer than
5 years.
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Abstract: Abdominal adhesions are a risk factor for conversion to open surgery. An advantage of
robotic surgery is the lower rate of unplanned conversions. A systematic review was conducted
using the terms “laparoscopic” and “robotic”. Inclusion criteria were: comparative studies evaluating
patients undergoing laparoscopic and robotic surgery; reporting data on conversion to open surgery
for each group due to adhesions and studies including at least five patients in each group. The main
outcomes were the conversion rates due to adhesions and surgeons’ expertise (novice vs. expert).
The meta-analysis included 70 studies from different surgical specialities with 14,329 procedures
(6472 robotic and 7857 laparoscopic). The robotic approach was associated with a reduced risk of
conversion (OR 1.53, 95% CI 1.12–2.10, p = 0.007). The analysis of the procedures performed by
“expert surgeons” showed a statistically significant difference in favour of robotic surgery (OR 1.48,
95% CI 1.03–2.12, p = 0.03). A reduced conversion rate due to adhesions with the robotic approach
was observed in patients undergoing colorectal cancer surgery (OR 2.62, 95% CI 1.20–5.72, p = 0.02).
The robotic approach could be a valid option in patients with abdominal adhesions, especially in the
subgroup of those undergoing colorectal cancer resection performed by expert surgeons.

Keywords: conversion; abdominal adhesions; laparoscopic surgery; robotic surgery

1. Introduction

Robotic surgery was introduced in the early 2000s to overcome some technical limita-
tions of conventional laparoscopic surgery. However, even if some benefits of the robotic
approach over laparoscopy have been described [1–5], it is currently considered the gold
standard treatment only for radical prostatectomy [6].

Specific interventions that could benefit from the robotic approach are yet to be
identified. It is worth mentioning that one of the most extensively reported advantages
of robotic surgery is the lower rate of unplanned open conversions [7–14]. Conversion to
open surgery can be multifactorial, and when all causes of conversion were examined in
ROLARR Randomized Controlled Clinical Trial (RCT), no difference was found between
robotic and laparoscopic techniques during rectal cancer surgery [15].

Intra-abdominal adhesions due to prior abdominal surgery are a common and well-
recognised risk factor for conversion [16–18], and it is not known whether the robotic
approach could allow a lower conversion rate than laparoscopy in patients with adhesions.
The rationale lies in the potential technical advantages of robotic surgery—magnified 3D
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vision with a more stable operative field, preservation of natural eye-hand-instrument
alignment, precisely controlled EndoWrist instruments with better ergonomics and reduced
physiologic tremor—heightened in case of distortion of the normal abdominal anatomy re-
lated to adhesions, which makes the visualisation more difficult and increases the difficulty
of surgical procedure.

Since the indications for the robotic technique outside prostatectomy are far from
being established by high levels of evidence, a meta-analysis of the available literature
addressing pertinent questions related to the possible benefits of the robotic approach over
laparoscopy is required to guide the expansion of the application of the robotic techniques.
The aim of this study was to systematically review the literature and pool the evidence in
order to evaluate and compare the adhesion-related conversions to open surgery are in
patients undergoing robotic and laparoscopic surgery across all specialities.

2. Materials and Methods
2.1. Literature Search and Study Selection

To identify all available studies, an electronic search of Cochrane Library (including
the Cochrane Central Register of Controlled Trials), EMBASE, PubMed, SCOPUS and Web
of Science was conducted according to PRISMA (Preferred Reporting Items for Systematic
reviews and Meta-Analyses) guidelines [19]. This systematic review was performed follow-
ing the meta-analysis of observational studies epidemiology (MOOSE) guidelines [20].

The search terms “laparoscopic” and “robotic” were used. The search was limited to
studies regarding humans and published in English between June 1993 and March 2020.

Inclusion criteria were as follows: (1) comparative studies evaluating patients under-
going laparoscopic and robotic surgery; (2) studies reporting data on conversion to open
surgery for each group due to adhesions; and (3) studies including at least 5 patients in
each group, to minimise the imprecision associated with very small populations. Indexed
abstracts of posters and podium presentations at international meetings were not included.
Systematic reviews and meta-analyses were consulted to find additional studies of interest.
Reference lists of the selected studies were screened to find additional studies of interest. If
the same author or institution published overlapping series in different articles, only the
most recent study was included. Two reviewers (Mi.Ma. and S.V.) independently assessed
the reports for eligibility at the title and abstract level. In case of discrepancies, a third
author (M.M.) was consulted, and an agreement was reached by consensus.

2.2. Data Extraction and Quality Assessment of Included Studies

The following data were extracted from each included study: first author, year of
publication, study design, propensity score analysis, surgical field, diagnosis, type of
intervention, total number of patients, number of patients undergoing laparoscopic and
robotic surgery, and number of conversions related to intraoperative adhesions. Although
widely reported by surgical studies, the definition of conversion within the literature
varies [21]; therefore, we searched for this information in all the included studies. Surgeons’
expertise (classified as novice vs. expert) has been described in many of the included
studies, even if only a few studies reported the number of procedures performed by the
surgeons. None of the studies provided an exact definition of the various steps of the
surgical procedure. Thus, the criteria to define expertise remains heterogeneous.

Furthermore, attempts to examine the quality assurance of surgical techniques of the
studies according to Foster JD et al. [22] was performed for the assessment of surgeon-
dependent performance bias.

The following patients’ characteristics were extracted and registered: gender, mean
age, mean BMI, American Society of Anesthesiologists (ASA) score and previous abdomi-
nal surgery.

Study quality assessment for non-randomised clinical trial was performed using the
Newcastle Ottawa Scale (NOS) [23]. This scoring system encompasses three major domains
(selection, comparability and exposure), with a resulting score that varies between 0 (low
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quality) and 9 (high quality). In the case of randomised controlled trial (RCTs), the risk of
bias was evaluated according to the Cochrane Collaboration Tool for assessing the risk of
bias [24]. According to this scoring system, seven domains were evaluated as “Low risk of
bias” or “High risk of bias” or “Unclear” according to reporting on sequence generation,
allocation concealment, blinding of participants, blinding of outcome assessment, incom-
plete outcome data, selective outcome reporting and other potential threats to validity. The
results of the quality assessment are reported in Table 1.

Table 1. NOS quality assessment of the included non-randomised trials.

Study Selection Comparability Outcome Total

Representativeness
of Exposed

Cohort

Selection of the
Non-Exposed

Cohort

Ascertainment
of Exposure

Outcome
Not Present
at the Start

of the Study

Assessment
of Outcome

Length of
Follow-Up

Adequacy of
Follow-Up

Albassam
A.A. et al.,
2009 [25]

* * * * * * * *******

Alfieri S.
et al., 2019

[26]
* * * * ** * * * *********

Alhossaini
R.M. et al.,
2019 [27]

* * * * * * * * ********

Alimi Q.
et al., 2018

[28]
* * * * * * * *******

Ayloo S.
et al., 2011

[29]
* * * * * * * *******

Beak J. et al.,
2010 [30] * * * * ** * * * *********

Benizri E.I.
et al., 2013

[31]
* * * * * * * *******

Benway B.M.
et al., 2009

[32]
* * * * * * * *******

Bilgin I.A.
et al., 2019

[33]
* * * ** * * * ********

Boggess J.F.
et al., 2008

[34]
* * * * * * * *******

Buchs N.C.
et al., 2014

[35]
* * * ** * * * ********

Butturini G.
et al., 2014

[36]
* * * * ** * * * *********

Cassini D.
et al., 2018

[37]
* * * * ** * * * *********

Chiu L.H.
et al., 2015

[38]
* * * * * * * * ********

Coronado
P.J. et al.,
2012 [39]

* * * ** * * * ********
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Table 1. Cont.

Study Selection Comparability Outcome Total

Representativeness
of Exposed

Cohort

Selection of the
Non-Exposed

Cohort

Ascertainment
of Exposure

Outcome
Not Present
at the Start

of the Study

Assessment
of Outcome

Length of
Follow-Up

Adequacy of
Follow-Up

Corrado G.
et al., 2018

[40]
* * * * * * * *******

Crippa J.
et al., 2019

[41]
* * * ** * * * ********

Cuendis-
Velazquez A.

et al., 2018
[42]

* * * * * * * * ********

Elliott P.A.
et al., 2015

[43]
* * * * ** * * * *********

Escobar F.
et al., 2011

[44]
* * * * * * * *******

Esen E. et al.,
2018 [45] * * * * ** * * * *********

Feroci F.
et al., 2016

[46]
* * * ** * * * ********

Gallotta V.
et al., 2018

[47]
* * * * * * * * ********

Gangemi A.
et al., 2017

[48]
* * * ** * * * ********

Gao Y. et al.,
2018 [49] * * * * ** * * * *********

Goçmen A.
et al., 2012

[50]
* * * * * * * * ********

Goh B.K.P.
et al., 2016

[13]
* * * * ** * * * *********

Golcoechea
J.C. et al.,
2010 [51]

* * * * * * * * ********

Gorgun E.
et al., 2016

[52]
* * * * ** * * * *********

Gray K.D.
et al., 2018

[53]
* * * * ** * * * *********

Guillotrean
et al., 2012

[54]
* * * ** * * * ********

Hoekstra
A.V. et al.,
2009 [55]

* * * ** * * * ********

Holz D.O.
et al., 2010

[56]
* * * * * * * *******

Ielpo B. et al.,
2014 [57] * * * ** * * * ********

Johnson L.
et al., 2016

[58]
* * * * ** * * * *********

Karabulut
K.K. et al.,
2012 [59]

* * * * * * * * ********
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Table 1. Cont.

Study Selection Comparability Outcome Total

Representativeness
of Exposed

Cohort

Selection of the
Non-Exposed

Cohort

Ascertainment
of Exposure

Outcome
Not Present
at the Start

of the Study

Assessment
of Outcome

Length of
Follow-Up

Adequacy of
Follow-Up

Kilic G. et al.,
2011 [60] * * * * * * * * ********

Kim J.C.
et al., 2018

[61]
* * * * ** * * * *********

Kim Y.W.
et al., 2015

[62]
* * * * * * * * ********

Kong Y.
et al., 2019

[63]
* * * * ** * * * *********

Krucharoen
U. et al.,
2019 [64]

* * * ** * * * ********

Law W.L.
et al., 2016

[65]
* * * * ** * * * *********

Lee S.Y.
et al., 2014

[66]
* * * ** * * * ********

Leitao M.M.
et al., 2012

[67]
* * * * * * * *******

Lim P.C.
et al., 2010

[68]
* * * * * * * *******

Liu et al.,
2016 [69] * * * * * * * *******

Maenpaa
M.M. et al.,
2016 [70]

* * * * * * * * ********

Mantoo S.
et al., 2013

[71]
* * * ** * * * ********

Mehmood
R.K. et al.,
2014 [72]

* * * * * * * * ********

Montalti R.
et al., 2014

[73]
* * * ** * * * ********

Morelli L.
et al., 2016

[74]
* * * * * * * *******

Najafi N.
et al., 2020

[75]
* * * * ** * * * *********

Nezhat F.R.
et al., 2014

[76]
* * * * * * * * ********

Niglio A.
et al., 2019

[77]
* * * ** * * * ********

Ozben V.
et al., 2019

[78]
* * * * ** * * * *********

Park J.Y.
et al., 2015

[79]
* * * * * * * *******
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Study Selection Comparability Outcome Total

Representativeness
of Exposed

Cohort

Selection of the
Non-Exposed

Cohort

Ascertainment
of Exposure

Outcome
Not Present
at the Start

of the Study

Assessment
of Outcome

Length of
Follow-Up

Adequacy of
Follow-Up

Ramji K.M.
et al., 2015

[80]
* * * * * * * * ********

Rencuzogullari
A. et al.,
2016 [81]

* * * ** * * * ********

Seror J. et al.,
2016 [82] * * * * ** * * * *********

Smith A.L.
2012 [83] * * * * * * * * ********

Spinoglio G.
et al., 2018

[84]
* * * * ** * * * *********

Troisi R.I.
et al., 2013

[85]
* * * * * * * *******

Turunen H.
et al., 2013

[86]
* * * ** * * * ********

Vasilescu C.
et al., 2012

[87]
* * * * * * * *******

Wang A.J.
et al., 2009

[88]
* * * ** * * * ********

Wang Z.Z.
et al., 2019

[89]
* * * * ** * * * *********

Warren J.A.
et al., 2016

[90]
* * * * ** * * * *********

Wong M.T.C.
et al., 2011

[91]
* * * * * * * *******

Yamaguchi T.
et al., 2015

[92]
* * * * ** * * * *********

Zhao X.
et al., 2018

[93]
* * * * * * * *******

2.3. Statistical Analysis

Statistical analysis was performed using RevMan (Version 5.4, Copenhagen: The
Nordic Cochrane Centre, The Cochrane Collaboration, 2020).

The primary outcome of this study was the open conversion rate to open surgery
due to adhesions. The odds ratio (OR) along with 95% confidence interval (CI) was used
as an effect estimate for dichotomous outcomes, with OR values < 1 indicating fewer
events in the robotic group. In the case of zero events, a 0.5 correction was added to
incorporate all available data in the meta-analysis and to maintain analytic consistency [94].
When studies provided only means for continuous variables and sample size of the trial,
a standard deviation was imputed, according to Furukawa et al. [95]. The summary
estimate was computed according to the random effect model described by DerSimonian
and Laird [96]. A conservative random effect model was chosen a priori in consideration of
foreseen heterogeneity among the studies, which were from different surgical fields. The
heterogeneity among studies was tested by Q statistic and quantified by I2 statistic, with
I2 values < 25%, between 25 and 50%, and >50% indicating respectively low, moderate,
and high heterogeneity [97].
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With the aim to assess if that differences among included studies may be affected by
demographic (gender, age and BMI) and clinical variables (ASA Score and previous abdom-
inal surgery), we planned to perform meta-regression analyses in case of the significance
of the meta-analysis after implementing a regression model with incidence of the main
outcome as dependent variable (y) and the above-mentioned covariates as independent
variables (x). Meta-regression analyses were performed with Comprehensive Meta-analysis
(Version 2.2, Biostat Inc., Englewood, NJ, USA, 2005), provided by Biostat Inc. [98].

The presence of publication bias was investigated through a funnel plot where the
summary estimate of each study (OR) was plotted against a measure of study precision
(standard error). In addition to visual inspection, funnel plot symmetry was tested using Eg-
ger’s linear regression method [99]. p values < 0.05 were considered statistically significant.

Furthermore, different subgroups analyses, including studies about each surgical field
(colorectal, oesophagogastric, hepatobiliary, pancreatic, endocrine, urologic and gynaeco-
logic surgery) and the surgeons’ expertise (novice and expert) were performed. Further-
more, in case of a statistically significant difference in any of the above-mentioned surgical
fields, further analyses were performed to understand if the significance was present in the
case of benign and or malignant disease.

3. Results
3.1. Study Selection

The electronic search provided a total of 49,891 results. After the removal of duplicates,
10,489 studies underwent screening on the basis of title. Of the 4050 full-text articles
assessed for eligibility, 3978 studies were excluded for several reasons: 431 were not
published in the English language, 444 were case reports, 2179 were reviews, 535 were
off-topic after scanning abstract, and for 391, data were not available. At the end of the
selection process, 70 studies were included in the meta-analysis [13,25–93].

3.2. Study Characteristics

The selected studies included a total of 14,329 patients, of whom 6472 underwent robotic
surgery and 7857 laparoscopic surgery. Fifty-one studies were retrospective [13,25–27,32,33,37,
39–49,51–53,56–58,63–69,71,73–90,92,93], eighteen were prospective [28–31,34–36,38,50,54,55,
59–62,65,72,91], and there was only one randomised controlled trial [70]. Studies were from
different fields of surgery, including colorectal (n = 19), oesophagogastric (n = 10), hepatobiliary
(n = 5), pancreatic (n = 6), gynaecologic (n = 19), urologic (n = 5), endocrine (n = 3) vascular
(n = 1), abdominal wall (n = 1) and splenic surgery (n = 1). In six studies, robotic surgery was
performed by early surgeons, and by expert surgeons in other 47 studies. The other 17 studies
did not provide these data. The characteristics of the included studies are reported in Table 2.

Table 2. Characteristics of the included studies.

Study Design Patients Surgical Field Pathology Procedure Expertise

Lap Rob

Albassam A.A., 2009 [25] Retrospective 25 25 Oesophago-
gastric GERD Nissen fundoplication Expert

Alfieri S. et al., 2019 [26] Retrospective 85 96 Pancreatic pNETs Distal pancreatectomy Expert

Alhossaini R.M. et al., 2019 [27] Retrospective 30 25 Oesophago-
gastric

Remnant gastric
cancer

Completion total
gastrectomy NR

Alimi Q. et al., 2018 [28] Prospective 50 50 Urologic Renal tumour Partial nephrectomy Expert

Ayloo S. et al., 2011 [29] Prospective 39 30 Oesophago-
gastric Morbid obesity Sleeve gastrectomy NR

Beak J. et al., 2010 [30] Prospective 41 41 Colorectal Rectal cancer Rectal resection with TME Early

Benizri E.I. et al., 2013 [31] Prospective 100 100 Oesophago-
gastric Morbid obesity Roux-en-Y gastric bypass Expert
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Table 2. Cont.

Study Design Patients Surgical Field Pathology Procedure Expertise

Lap Rob

Benway B.M. [32] Retrospective 118 129 Urologic Renal tumour Partial nephrectomy Expert

Bilgin I.A. et al., 2019 [33] Retrospective 22 20 Colorectal Diverticular
disease Sigmoidectomy Expert

Boggess J.F. et al., 2008 [34] Prospective 81 103 Gynaecologic Endometrial
cancer Hysterectomy Early

Buchs N.C. et al., 2014 [35] Prospective 389 388 Oesophago-
gastric Morbid obesity Roux-en-Y gastric bypass Expert

Butturini G. et al., 2014 [36] Prospective 21 22 Pancreatic Pancreatic
tumours Distal pancreatectomy Expert

Cassini D. et al., 2018 [37] Retrospective 92 64 Colorectal Diverticular
disease Sigmoidectomy Expert

Chiu L.H. et al., 2015 [38] Prospective 128 88 Gynaecologic
Benign

pathology or
carcinoma IS

Hysterectomy NR

Coronado P.J. et al., 2012 [39] Retrospective 84 71 Gynaecologic Endometrial
cancer

Hysterectomy with
bilateral

salpingo-oophorectomy
NR

Corrado G. et al., 2018 [40] Retrospective 406 249 Gynaecologic
Low-grade

endometrial
carcinoma

Hysterectomy Expert

Crippa J. et al., 2019 [41] Retrospective 283 317 Colorectal Rectal cancer LAR or APR with TME Expert

Cuendis-Velazquez A. et al., 2018
[42] Retrospective 40 35 Hepatobiliary Bile duct injury Hepaticojejunostomy NR

Elliott P.A. et al., 2015 [43] Retrospective 20 11 Colorectal Diverticulitis Sigmoidectomy Expert

Escobar P.F. et al., 2011 [44] Retrospective 30 30 Gynaecologic Endometrial
cancer Hysterectomy Expert

Esen E. et al., 2018 [45] Retrospective 78 100 Colorectal Rectal cancer Rectal resection with TME Expert

Feroci F. et al., 2016 [46] Retrospective 58 53 Colorectal Rectal cancer Rectal resection with TME Expert

Gallotta V. et al., 2018 [47] Retrospective 140 70 Gynaecologic Early cervical
cancer Hysterectomy Expert

Gangemi A. et al., 2017 [48] Retrospective 289 676 Hepatobiliary Cholelithiasis/
cholecystitis Cholecystectomy Expert

Gao Y. et al., 2018 [49] Retrospective 163 163 Oesophago-
gastric Gastric cancer Partial and total

gastrectomy Expert

Goh B.K.P. et al., 2016 [13] Retrospective 31 8 Pancreatic Pancreatic
tumours Distal pancreatectomy Early

Goioechea J.C. et al., 2010 [51] Retrospective 173 102 Gynaecologic Endometrial
cancer Hysterectomy Expert

Gorgun E. et al., 2016 [52] Retrospective 27 29 Colorectal Rectal cancer in
obese patients LAR and APR NR

Goçmen A. et al., 2012 [50] Prospective 60 60 Gynaecologic
Benign

gynaecologic
disease

Hysterectomy NR

Gray K.D. et al., 2018 [53] Retrospective 66 18 Oesophago-
gastric

Revision of
bariatric surgery AGB, VSG, RYGB, VBG Expert

Guillotrean J. et al., 2012 [54] Prospective 226 210 Urologic Small renal mass Partial nephrectomy NR

Hoekstra A.V. et al., 2009 [55] Prospective 7 32 Gynaecologic Endometrial
cancer

Hysterectomy with
bilateral

salpingo-oophorectomy
Expert

Holtz D.O. et al., 2019 [56] Retrospective 20 13 Gynaecologic Endometrial
cancer

Hysterectomy with
bilateral

salpingo-oophorectomy
Expert

Ielpo B. et al., 2017 [57] Retrospective 112 86 Colorectal Rectal cancer Rectal resection Expert

Johnson L. et al., 2016 [58] Retrospective 187 353 Gynaecologic Endometrial
cancer Hysterectomy NR

Karabulut K.K. et al., 2012 [59] Prospective 50 50 Endocrine Pheochromocytoma Adrenalectomy Expert
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Table 2. Cont.

Study Design Patients Surgical Field Pathology Procedure Expertise

Lap Rob

Kilic G.S. et al., 2011 [60] Prospective 34 25 Gynaecologic
Benign

gynaecologic
disease

Hysterectomy Expert

Kim J.C. et al., 2018 [61] Prospective 53 20 Colorectal Colon cancer Left colectomy NR

Kim Y.W. et al., 2015 [62] Prospective 288 87 Oesophago-
gastric Gastric cancer Distal gastrectomy Expert

Kong Y. et al., 2019 [63] Retrospective 532 266 Oesophago-
gastric Gastric cancer Partial and total

gastrectomy Expert

Krucharoen U. et al., 2019 [64] Retrospective 16 18 Vascular
Median arcuate

ligament
syndrome

MAL release Expert

Law W.L. et al., 2016 [65] Prospective 171 220 Colorectal Rectal cancer Hartmann procedure,
LAR and APR NR

Lee S.Y. et al., 2014 [66] Retrospective 131 37 Pancreatic Pancreatic
tumours Distal pancreatectomy Expert

Leitao M.M. et al., 2012 [67] Retrospective 302 347 Gynaecologic Uterine cancer Hysterectomy Expert

Lim P.C. et al., 2019 [68] Retrospective 122 122 Gynaecologic Endometrial
cancer Hysterectomy Expert

Liu et al., 2016 [69] Retrospective 25 27 Pancreatic Periampullary
neoplasms PD Expert

Maenpaa M.M. et al., 2016 [70] Rct 48 51 Gynaecologic
Low-grade

endometrial
carcinoma

Hysterectomy Expert

Mantoo S. et al., 2013 [71] Retrospective 74 44 Colorectal Obstructed
defecation Ventral mesh rectopexy NR

Mehmood R.K. et al., 2014 [72] Prospective 34 17 Colorectal Rectal prolapse Ventral mesh rectopexy NR

Montalti R. et al., 2015 [73] Retrospective 72 36 Hepatobiliary Liver diseases Posterosuperior segments
resection Expert

Morelli L. et al., 2016 [74] Retrospective 41 41 Endocrine
Benign or
malignant

adrenal tumour
Adrenalectomy Expert

Najafi N. et al., 2020 [75] Retrospective 40 35 Pancreatic
Benign and
borderline
tumours

Distal pancreatic resection
and enucleation NR

Nezhat F.R. et al., 2014 [76] Retrospective 13 9 Gynaecologic Early ovarian
cancer Salpingo-oophorectomy NR

Niglio A. et al., 2019 [77] Retrospective 64 40 Endocrine Adrenal cancer Adrenalectomy NR

Ozben V. et al., 2019 [78] Retrospective 56 26 Colorectal
Benign or
malignant
pathology

Subtotal or total
colectomy Expert

Park J.Y. et al., 2015 [79] Retrospective 622 148 Oesophago-
gastric

Early gastric
cancer

Partial and total
gastrectomy Expert

Ramji K.M. et al., 2015 [80] Retrospective 27 26 Colorectal Rectal cancer Rectal resection Early

Rencuzogullari A. et al., 2016 [81] Retrospective 21 21 Colorectal IBD Proctectomy Early

Seror J et al., 2013 [82] Retrospective 106 40 Gynaecologic Endometrial
cancer

Hysterectomy with
bilateral

salpingo-oophorectomy
Expert

Smith A.L. et al., 2012 [83] Retrospective 106 116 Gynaecologic Endometrial
cancer Hysterectomy Early

Spinoglio G. et al., 2018 [84] Retrospective 100 100 Colorectal Right colon
cancer

Right colectomy with
CME Expert

Troisi R.I. et al., 2013 [85] Retrospective 223 40 Hepatobiliary Liver diseases Liver resection Expert

Turunen H. et al., 2013 [86] Retrospective 150 67 Gynaecologic Endometrial
cancer Hysterectomy Expert

Vasilescu C. et al., 2012 [87] Retrospective 22 10 Splenic Hereditary
spherocytosis Splenectomy NR

Wang A.J. et al., 2009 [88] Retrospective 62 40 Urologic Renal cell
carcinoma Partial nephrectomy Expert
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Table 2. Cont.

Study Design Patients Surgical Field Pathology Procedure Expertise

Lap Rob

Wang Z.Z. et al., 2019 [89] Retrospective 48 92 Hepatobiliary
Benign or
malignant

hepatic lesions
Hemiepatectomy Expert

Warren J.A. et al., 2016 [90] Retrospective 103 53 Abdominal wall Ventral hernia Ventral hernia repair NR

Wong M.T.C. et al., 2011 [91] Prospective 40 23 Colorectal Complex
rectocele Ventral mesh rectopexy Expert

Yamaguchi T. et al., 2015 [92] Retrospective 239 203 Colorectal Rectal cancer Rectal resection Expert

Zhao X. et al., 2018 [93] Retrospective 101 101 Urologic Renal tumour Simple enucleation with
single layer renorrhaphy Expert

GERD—gastroesophageal reflux disease; pNET—pancreatic neuroendocrine tumour; IS—in situ; IBD—intestinal
bowel disease; TME—total mesorectal excision; LAR—low anterior resection; APR—abdominoperineal resection;
AGB—adjustable gastric banding; VSG—vertical sleeve gastrectomy; RYGB—Roux-en-Y gastric bypass; VBG—vertical
banded gastroplasty; MAL—median arcuate ligament; PD—pancreaticoduodenectomy; CME—complete mesocolic
excision; NR—not reported.

3.3. Quality Assessment of Studies and Performance

All studies had NOS quality scores greater than 6, indicating that all these studies had
a high methodological quality. Specifically, twenty-one studies had NOS quality score = 9;
thirty studies had NOS quality score = 8; eighteen studies had NOS quality score = 7. The
NOS quality score is shown in Table 1. The only randomised controlled trial (RCT) showed
a low risk of bias.

Among the expert surgeons, none of the included studies reported on the quality
assurance of surgical technique as described by Foster et al. [22]. Thus, it was not possi-
ble to perform further analyses on the quality of surgical performance among expert or
early surgeons.

3.4. Conversion to Open Surgery Due to Adhesions

Seventy studies provided data about the conversion to open surgery due to anasto-
motic adhesions [13,25–93], even if only nine of them [13,35,41,43,45,46,50,78,84] reported
the definition of conversion. The robotic approach was associated with a reduced risk of
conversion (OR 1.53, 95% CI 1.12–2.10, p = 0.007, Figure 1), with consistent results across all
the 70 studies since no heterogeneity was observed (I2 = 0%, p = 0.95).

Regarding surgeons’ expertise, 47 studies classified surgeons as “expert” [25,26,28,31–33,
35–37,40,41,43–49,51,53,55–57,59,60,62–64,66–70,73,74,78,79,82,84–86,88,89,91–93] and 6 stud-
ies as “novice” [13,30,34,80,81,83]. The analysis of the procedures performed by expert sur-
geons involved 11,172 procedures, of which 6283 laparoscopic and 4889 robotic and showed
a statistically significant difference in favour of robotic surgery (OR 1.48, 95% CI 1.03–2.12,
p = 0.03), with no heterogeneity among the studies (I2 = 0%, p = 0.71). The analysis of the pro-
cedures performed by “novice” surgeons involved 622 procedures, of which 307 laparoscopic
and 315 robotic and showed no significant difference between the two groups (OR 1.53, 95%
CI 0.44–5.28, p = 0.50), without any heterogeneity among the studies (I2 = 0%, p = 0.91). Data
on surgeons’ expertise are shown in Figure 2.

Our meta-regression analysis showed that no demographic or clinical outcomes signif-
icantly impacted conversion, as shown in Table 3.
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Table 3. p-values of the meta-regression analysis.

Covariates p Value

Mean age 0.67

Female gender 0.5

BMI 0.99

ASA Score I 0.44

ASA Score II 0.92

Tumour stage II 0.36

Tumour stage IV 0.22

Previous abdominal surgery 0.03
BMI—body mass index.

3.5. Subgroup Analysis
3.5.1. Colorectal Surgery

The results of the studies about colorectal surgery are shown in Figure 3. Nine-
teen studies [30,33,37,41,43,45,46,52,57,61,65,71,72,78,80,81,84,91,92] included in the final
analysis were including colorectal surgery cases and involved 2969 procedures, of which
1548 laparoscopic and 1421 robotic. Of the included studies, eleven were on colorectal
cancer [30,41,45,46,52,57,61,65,80,84,92], three on rectocele or rectal prolapse [71,72,91] and
three on diverticular disease patients [33,37,43]. Ozben et al. [78] described surgical pro-
cedures related to both benign and malign diseases. Rencuzogullari et al. [81] was the
only one to report surgical proctectomy performed for IBD, so it was excluded from the
subgroup analysis.

In the overall colorectal surgery analysis, a significant difference in terms of conversion
rate related to adhesions was observed between the two groups in favour of robotics
(OR 2.22, 95% CI 1.18–4.19, p = 0.01), with no heterogeneity among the included studies
(I2 = 0%, p = 0.93).

Meta-regression analysis showed that none of the demographic and clinical parameters
(gender, age, BMI, ASA and tumoural stage) significantly impacted the conversion rate due
to adhesions, with the exception of “previous abdominal surgery” (p = 0.03).

In a further analysis about colorectal cancer the significance was confirmed (OR 2.62,
95% CI 1.20–5.72, p = 0.02), with no heterogeneity among the included studies (I2 = 0%,
p = 0.89). Even including only studies about rectal cancer [30,41,45,46,52,57,61,65,80,84,92],
the significance was confirmed (OR 2.54, 95% CI 1.10–5.88, p = 0.03), with no heterogeneity
among the included studies (I2 = 0%, p = 0.79).

Meta-regression analysis on colorectal cancer showed that none of the demographic
or clinical parameters significantly impacted the analysed outcome.

No statistically significant differences in terms of conversion rate due to adhesions
were observed between robotics and laparoscopy in the studies about rectocele/rectal
prolapse [72,73,91] and diverticular disease [33,37,43] (OR 1.72, 95% CI 0.27–11.16, p = 0.57
and OR 1.36, 95% CI 0.10–18.02, p = 0.81, respectively), with no significant heterogeneity
among the studies (I2 = 0%, p = 1.00 and I2 = 53%, p = 0.12, respectively).

Within the colorectal surgery studies, surgeons were classified as “expert” in eleven
studies [33,37,41,43,45,46,57,78,84,91,92] and as “novice” in other three studies [30,80,81].
Five studies did not provide these data [52,61,65,71,72]. The analysis about expertise
in colorectal surgeries showed that a significant difference in terms of conversion rate
related to adhesions was found in colorectal surgery performed by expert surgeons in
favour of robotic approach (OR 2.34, 95% CI 1.07–5.11, p = 0.03), while no statistically
significant differences were observed among colorectal (OR 1.35, 95% CI 0.25–7.40, p = 0.73)
“novice” surgeons.
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Figure 3. Results of the studies about colorectal surgery: (a) conversion due to adhesions in col-
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(f) conversion due to adhesions in colorectal surgery performed by expert surgeons; (g) conversion
due to adhesions in colorectal surgery performed by “early” surgeons.

32



J. Pers. Med. 2022, 12, 307

3.5.2. Oesophagogastric Surgery

The results of the studies about oesophagogastric surgery are shown in Figure 4.
Ten studies addressed oesophagogastric surgery [25,27,29,31,35,49,53,62,63,79], involving
3504 procedures, 2254 of which were laparoscopic and 1250 robotic. Of the included studies,
five were about gastric cancer [27,49,62,63,79], four about morbid obesity [29,31,35,53] (two
about Roux-en-Y gastric bypass [31,35], one about sleeve gastrectomy [29] and one about
different surgical procedures for bariatric revisional surgery [53]) and one on Nissen fundo-
plication for reflux disease [25]. No statistically significant differences were found between
the two groups in terms of conversion rate related to adhesions (OR 1.45, 95% CI 0.58–3.64,
p = 0.43), with no heterogeneity among the included studies (I2 = 0%, p = 0.47).
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Surgeons’ expertise was reported by eight studies [25,31,35,49,53,62,63,79], that classi-
fied surgeons as experts. The other two studies did not report on these data [27,29]. The
meta-analysis about surgeons’ expertise showed that no statistically significant differences
were found among the expert surgeon between robotic and laparoscopic conversion rate
(OR 1.12, 95% CI 0.41–3.10, p = 0.82), with no heterogeneity among the studies (I2 = 0%,
p = 0.44). The analysis about “novice” surgeons was not possible because none of the
included studies reported these data.

3.5.3. Gynaecologic Surgery

The results of the studies about gynaecologic surgery are shown in Figure 5. Nineteen
studies about gynaecologic surgery were included in the meta-analysis [34,38–40,44,47,50,
51,55,56,58,60,67,68,70,76,82,83,86]. Of the included studies, 18 reported data on hysterec-
tomies performed for benign [50,60] or malignant conditions [34,39,40,44,47,51,55,56,58,67,
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68,70,82,83,86] or the combination of malignancy and benign diseases [38] and one about
salpingo-oophorectomy due to early ovarian cancer [76]. The included studies involved
3124 procedures, of which 1772 were laparoscopic and 1352 robotic, with no statistically
significant difference between the two groups (OR 1.36, 95% CI 0.82–2.25, p = 0.24) in terms
of conversion rate related to adhesions and no heterogeneity among the included studies
(I2 = 0%, p = 0.73).

Fourteen studies classified the surgeons as “experts” [40,44,47,50,51,55,56,58,60,67,68,
70,82,86], two as “novice” [34,83] and four did not report on these data [38,39,50,76]. No
significant difference in terms of conversion rate related to adhesions was found between
the two groups in the procedures performed by both expert or novice surgeons (OR 1.52,
95% CI 0.87–2.65, p = 0.14 and OR 1.18, 95% CI 0.12–11.43, p = 0.89), with no heterogeneity
among the studies (I2 = 0%, p = 0.77 and I2 = 0%, p = 0.37).

3.5.4. Hepatobiliary Surgery

The results of the five hepatobiliary surgery studies are shown in Figure 6 [42,48,73,85,89].
Of the included studies, three [73,85,89] included 511 liver resections, 343 laparoscopic and
168 robotic, and all the studies classified surgeons as experts.

Cuendis-Velazquez A. et al. [41] and Gangemi et al. [48] reported hepaticojejunostomy
performed for bile duct injury and cholecystectomy, respectively, so they were excluded
from our analysis.

No differences were found in terms of conversion due to adhesions between the
two groups (OR 1.41, 95% CI 0.15–13.30, p = 0.76), without a significant heterogeneity
among the included studies (I2 = 41%, p = 0.76).

3.5.5. Pancreatic Surgery

The results of the studies about pancreatic surgery are shown in Figure 7. Six stud-
ies [13,26,36,66,69,75] reporting data about conversion due to adhesions in pancreatic
surgery were included in the meta-analysis, involving 558 procedures, 333 laparoscopic
and 225 robotic. Of the included studies, four [13,26,36,66] reported data on distal pan-
createctomies for pancreatic tumours [13,36,66] or neuroendocrine tumours (pNETs) [26],
one about pancreaticoduodenectomies for periampullary neoplasms [69] and one about
distal pancreatectomies or pancreatic enucleations for benign and borderline tumours [75].
The analysis showed no statistically significant difference in terms of conversion rate re-
lated to adhesions between the two groups (OR 1.03, 95% CI 0.40–2.68, p = 0.95), with no
heterogeneity among the studies (I2 = 0%, p = 0.53).

Surgeons were classified as “expert” in four studies [26,36,66,69] and as “novice” in
one study [13], while one study [75] did not report on these data.

In the case of surgery performed by expert surgeons, the analysis showed no significant
differences in terms of conversion due to adhesions between the two groups (OR 0.74, 95%
CI 0.25–2.15, p = 0.58), with no heterogeneity among the studies (I2 = 0%, p = 0.54).

3.5.6. Urologic Surgery

The results of the studies about urologic surgery are shown in Figure 8. Five stud-
ies [28,32,54,88,93] included partial nephrectomies [28,32,54,88] for renal cancer or simple
enucleation with single layer renorrhaphy for localized renal tumours [93] were included
in the analysis, involving 1087 procedures, 557 laparoscopic and 530 robotic.
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No statistical difference was found in the two groups in terms of conversion due to
adhesions (OR 0.74, 95% CI 0.17–3.10, p = 0.68), with no heterogeneity among the studies
(I2 = 0%, p = 0.77).

Four studies [28,32,88,93] classified surgeons as experts, while one study [54] did not
report on these data.

The analysis of the studies about expert surgeons showed no significant differences
between the two groups (OR 0.92, 95% CI 0.18–4.58, p = 0.92), with no heterogeneity among
the studies (I2 = 0%, p = 0.83).

3.5.7. Endocrine Surgery

The results of the endocrine surgery studies are shown in Figure 9. Three stud-
ies [59,74,77] that addressed adrenalectomies for adrenal cancer were included in the
analysis, involving 286 procedures, 155 laparoscopic and 131 robotic.
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No significant difference was found between the two groups in terms of conversion
due to adhesions (OR 1.52, 95% CI 0.24–9.49, p = 0.65), with no heterogeneity among the
studies (I2 = 0%, p = 0.52).

Surgeons’ expertise was reported by two studies [59,74], classifying surgeons as
experts. One study [77] did not report on these data.

Analysis of the studies about expert surgeons showed no significant differences be-
tween the two groups (OR 1.00, 95% CI 0.10–9.80, p = 1.00), with no heterogeneity among
the studies (I2 = 0%, p = 0.34).

3.5.8. Other Surgical Fields

Khrucharoen et al. [64] described the median arcuate ligament (MAL) release for me-
dian arcuate ligament syndrome. Vasilescu et al. [87] reported splenectomy for hereditary
spherocytosis. Warren et al. [90] described ventral hernia repair. These were individual
studies for each respective surgical field, so it was not possible to perform a meta-analysis.

3.6. Publication Bias

Visual inspection of the funnel plot (Figure S1) showed symmetry, which was con-
firmed by Egger’s linear regression test (p = 0.12), indicating no publication bias. In the
subgroup analyses, a symmetrical distribution of the studies was observed in all surgical
fields except from pancreatic surgery, in which the visual inspection of the funnel plot

37



J. Pers. Med. 2022, 12, 307

suggested an asymmetric distribution of studies around the mean and the Egger’s test
confirmed a significant publication bias (p = 0.0029).

4. Discussion

Since its introduction in the early 1990s, laparoscopic surgery has become the gold
standard treatment of many benign and malignant conditions [100–103].

The advantages of a minimally invasive approach over an open approach are well
proven [6,104], but laparoscopic surgery is technically challenging with a long learn-
ing curve.

Robotic surgery was introduced in the early 2000s to overcome these challenges of
laparoscopic surgery, but to date, it is considered the gold standard treatment only for
radical prostatectomy [6].

The efficacy and the feasibility of the robotic technique have been shown in various
procedures across many surgical fields and demonstrate some benefits over the laparoscopic
approach [3,4,105–110].

One of the reported benefits of robotic surgery is the lower rate of unplanned con-
versions to open surgery compared to laparoscopy [8–14,110]. This was, however, not
supported by the results of an RCT on rectal cancer surgery and comparing conversions for
all causes in robotic and laparoscopic procedures [15]. A cause–effect analysis is required
to specifically target conversions related to adhesions and appraise the true impact of the
robotic technique in comparison to laparoscopy in order to support the adoption of the
robotic technique across all surgical fields.

By pooling together 14,329 patients, 6472 of whom were undergoing robotic surgery
and 7857 laparoscopic surgery, we were able to observe that the robotic approach seems to
be associated with a lower number of conversions due to abdominal adhesions compared
to laparoscopic surgery, with an overall OR of 1.5.

However, to reduce the heterogeneity in the included studies, we performed sub-
groups analyses to assess if the statistical significance was confirmed in each surgical field.

Our subgroups analysis performed on colorectal patients confirmed the reduced
conversion rate due to adhesions in the robotic surgery population, as obtained in the
overall analysis, with an OR of 2.22 (95% CI 1.18–4.19, p = 0.01). Furthermore, the analysis on
different colorectal procedures showed that this significance was present only in colorectal
procedures performed in cancer patients (OR 2.62, 95% CI 1.20–5.72, p = 0.02), while the
colorectal procedures for other diseases did not significantly impact the results (OR 1.72,
95% CI 0.27–11.16, p = 0.57 for rectal prolapse and OR 1.36, 95% CI 0.10–18.02, p = 0.81 for
diverticular disease).

One potential explanation of these findings is that surgery for colorectal cancer often
requires access to various quadrants of the abdomen: frequently both the supra- and the
infra-mesocolic spaces. Thus, the presence of adhesions in those cases could significantly
affect this type of surgical procedure, more than other speciality procedures that are
confined to one compartment in the abdomen or the pelvis.

Evaluating the role of surgeons’ experience was of paramount importance, being a
potential confounding factor considering the study’s primary endpoint (conversion to
open). We performed this subgroup analysis to ensure that the results of the two techniques
were comparable and not affected by different experience levels.

Our results showed that the robotic approach significantly reduced the conversion
rate in the case of expert surgeons (OR 1.48, 95% CI 1.03–2.12, p = 0.03), while no significant
difference was found in the case of procedures performed by “novice” surgeons (OR 1.53,
95% CI 0.44–5.28, p = 0.50). This finding was also observed in the overall conversion
analysis and in the colorectal surgery subgroup.

In the analysis on the colorectal surgery subgroup performed by expert surgeons,
a statistically significant difference favouring robotic surgery was observed (OR 2.34,
95% CI 1.07–5.11, p = 0.03), while no statistically significant difference was observed
among colorectal (OR 1.35, 95% CI 0.25–7.40, p = 0.73) “novice” surgeons. One possible
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explanation of these results is that the benefits of the robotic approach in colorectal surgery
are maximised and become evident only after completing the learning curve.

However, the criteria to define the expertise remains heterogeneous. In fact, only five
studies reported the number of procedures [45,46,61,65,84] performed by the surgeons,
and none of the studies provided an exact definition of the various steps of the surgical
procedure. We attempted to apply rigorous criteria to evaluate the quality of the techniques,
but none of the studies reported on surgeons’ credentialing, standardisation of techniques
and objective evaluation and monitoring of surgeons’ skills. Nevertheless, the pooled data
in this study highlight the importance of optimal training in robotic surgery in order to
achieve the maximum benefits for the patients.

Our study has several strengths. To date, this is the first meta-analysis on the risk of
conversion due to intraabdominal adhesions comparing robotic and laparoscopic surgery.
In this setting, clinical decisions of adopting one technique over the other could be sup-
ported by our meta-analysis, which comprises a large number of studies and cases and
therefore enhances the external validity and generalizability.

Based on these results, we could encourage the use of robotic surgery in patients with
known or suspected abdominal adhesions and due to undergo a colorectal cancer resection.

However, several limitations should also be acknowledged. By only including studies
published in English with full text, a language bias could not be excluded. Results from
retrospective studies inevitably contained potential selection bias, confounding bias and
missing data bias.

We could not fully adjust for confounding factors, including the causes and the extent
and severity of the adhesions. Additionally, in the included studies, the definition of
expertise is heterogeneous, with an increased risk of surgeons-dependent performance bias.

Further efforts are required to implement a quality assurance framework when report-
ing on advanced surgical skills [21].

No ad hoc studies were currently available specifically addressing the role of robotic
versus laparoscopic surgery determining conversion related to adhesions.

Additionally, the definition of conversion to open was not adequately standardised; in
fact, only nine studies provide this information. [13,35,41,43,45,46,50,78,84] and an optimal
information prevalence of conversions for adhesions cannot be obtained.

5. Conclusions

Limitations notwithstanding, this state-of-the-art review provides a lens through
which to scrutinise and appraise the currently available evidence on abdominal robotic and
laparoscopic surgery with a focus on conversion rates due to intraabdominal adhesions.

Our study should not be interpreted as an arbitrary conclusion that any planned
colorectal intervention with certain or presumed adhesions should be treated by a robotic
approach. Instead, our findings should support surgeons in the process of selecting the
optimal technique and highlight the potential advantages of the robotic approach when
performing surgery with a high risk of necessitating complex adhesiolysis.
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Abstract: The minimally invasive treatment of rectal cancer with Total Mesorectal Excision is a
complex and challenging procedure due to technical and anatomical issues which could impair
postoperative, oncological and functional outcomes, especially in a defined subgroup of patients.
The results from recent randomized controlled trials comparing laparoscopic versus open surgery
are still conflicting and trans-anal bottom-up approaches have recently been developed. Robotic
surgery represents the latest consistent innovation in the field of minimally invasive surgery that may
potentially overcome the technical limitations of conventional laparoscopy thanks to an enhanced
dexterity, especially in deep narrow operative fields such as the pelvis. Results from population-
based multicenter studies have shown the potential advantages of robotic surgery when compared
to its laparoscopic counterpart in terms of reduced conversions, complication rates and length of
stay. Costs, often advocated as one of the main drawbacks of robotic surgery, should be thoroughly
evaluated including both the direct and indirect costs, with the latter having the potential of coun-
terbalancing the excess of expenditure directly related to the purchase and maintenance of robotic
equipment. Further prospectively maintained or randomized data are still required to better delineate
the advantages of the robotic platform, especially in the subset of most complex and technically
challenging patients from both an anatomical and oncological standpoint.

Keywords: robotic surgery; rectal cancer; total mesorectal excision; robotic low anterior resection

1. Introduction

Surgery for rectal cancer remains challenging due to its critical anatomical, oncological
and technical issues. Total Mesorectal Excision (TME), first described by Heald in 1982 [1],
is the gold standard for the treatment of rectal cancer; a precise dissection along an avas-
cular embryologically based plane is performed in order to achieve good oncological and
functional results. However, a debate still exists on the best surgical approach for TME, es-
pecially in challenging patients (i.e., low-lying tumors, high BMI, prior chemoradiotherapy
and unfavorable pelvimetry) and the trans-anal approach has been described over the last
years to overcome the limitations of conventional laparoscopy [2–5].

Laparoscopic surgery for colon cancer can achieve comparable oncological outcomes
and superior short-term postoperative outcomes when compared to open surgery [6–8].
As far as rectal cancer is concerning, some randomized controlled trials have validated
laparoscopic surgery to be as safe and effective oncologically as the open approach, with
better postoperative outcomes [9–14], while others have failed to prove its non-inferiority
from an oncological standpoint [15,16], even at a 2-year follow up [17]. These data show
that laparoscopic TME still remains technically challenging, due to the technical limitations
of conventional laparoscopy. Moreover, the complexity of TME is mainly increased in
patients with a narrow pelvis, male and/or obese patients and patients with bulky tumors
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and all these factors could potentially negatively affect operative time, specimen quality,
complication rate and, ultimately, survival.

Robotic surgery may potentially overcome these drawbacks thanks to its 3D high-
definition vision, the use of a stable camera and the wrist-like movement of the instruments
allowing seven degrees of freedom and tremor filtration. The wristed tip of the robotic
instrument allows for correct triangulation, traction and countertraction even deep in the
pelvis for optimal tissue handling. The first report about robotic TME was in 2006 by
Pigazzi et al. [18]. Since then, several papers comparing robotic rectal surgery (RRS)/TME
with laparoscopic rectal surgery (LRS) and open rectal surgery (ORS) have been published.
Although the largest and only available Randomized Controlled Trial (RCT) published to
date [19] failed to demonstrate superiority in the conversion rate for robotic compared to
laparoscopic rectal surgery, robotic surgery may have a positive impact in most challenging
cases [19] and several population-based studies have shown benefits in terms of conver-
sions, complications, functional outcomes and length of hospital stay [20–29]. This paper
aims to describe the surgical technique of robotic TME and review the recent literature on
robotic rectal surgery, focusing on short-term, oncological, functional outcomes and costs.

2. Surgical Technique

The procedure is a full-robotic TME, performed with the Davinci Xi Surgical Platform
(Intuitive Surgical Inc., Sunnyvale, CA, USA). Compared to previous robotic platforms,
this system allows for an easier setup and multiquadrant access, faster docking and simple
OR setup (boom-mounted rotating arms).

2.1. Patient Positioning and Docking

The patient is placed supine in a modified lithotomy position with arms alongside the
body and abducted legs positioned in adjustable stirrups. The patient is carefully secured
with a dedicated patient soft foam pad (Pink Pad, Xodus Medical Inc., New Kensington, PA,
USA) to prevent sliding in steep Trendelemburg. The first assistant stands on the patient’s
right side and the cart is placed at the patient’s left side, docked from the left lower quadrant
over the left hip (Figure 1). The patient is then placed in a 20–25◦ Trendelemburg position
with a 20–25◦ right tilt (Figure 2).

J. Pers. Med. 2021, 11, x FOR PEER REVIEW 2 of 12 
 

 

in patients with a narrow pelvis, male and/or obese patients and patients with bulky tu-
mors and all these factors could potentially negatively affect operative time, specimen 
quality, complication rate and, ultimately, survival. 

Robotic surgery may potentially overcome these drawbacks thanks to its 3D high-
definition vision, the use of a stable camera and the wrist-like movement of the instru-
ments allowing seven degrees of freedom and tremor filtration. The wristed tip of the 
robotic instrument allows for correct triangulation, traction and countertraction even deep 
in the pelvis for optimal tissue handling. The first report about robotic TME was in 2006 
by Pigazzi et al. [18]. Since then, several papers comparing robotic rectal surgery 
(RRS)/TME with laparoscopic rectal surgery (LRS) and open rectal surgery (ORS) have 
been published. Although the largest and only available Randomized Controlled Trial 
(RCT) published to date [19] failed to demonstrate superiority in the conversion rate for 
robotic compared to laparoscopic rectal surgery, robotic surgery may have a positive im-
pact in most challenging cases [19] and several population-based studies have shown ben-
efits in terms of conversions, complications, functional outcomes and length of hospital 
stay [20–29]. This paper aims to describe the surgical technique of robotic TME and review 
the recent literature on robotic rectal surgery, focusing on short-term, oncological, func-
tional outcomes and costs. 

2. Surgical Technique 
The procedure is a full-robotic TME, performed with the Davinci Xi Surgical Platform 

(Intuitive Surgical Inc., Sunnyvale, CA, USA). Compared to previous robotic platforms, 
this system allows for an easier setup and multiquadrant access, faster docking and simple 
OR setup (boom-mounted rotating arms). 

2.1. Patient Positioning and Docking 
The patient is placed supine in a modified lithotomy position with arms alongside 

the body and abducted legs positioned in adjustable stirrups. The patient is carefully se-
cured with a dedicated patient soft foam pad (Pink Pad, Xodus Medical Inc., New Ken-
sington, PA, USA) to prevent sliding in steep Trendelemburg. The first assistant stands 
on the patient’s right side and the cart is placed at the patient’s left side, docked from the 
left lower quadrant over the left hip (Figure 1). The patient is then placed in a 20–25° 
Trendelemburg position with a 20–25° right tilt (Figure 2). 

 
Figure 1. Operative room setup. 

Figure 1. Operative room setup.

46



J. Pers. Med. 2021, 11, 900
J. Pers. Med. 2021, 11, x FOR PEER REVIEW 3 of 12 
 

 

 
Figure 2. Patient positioning. 

A Verres needle is inserted in the left hypochondrium (Palmer’s point) for the induc-
tion of 12 mmHg pneumoperitoneum. A 12 mm optical port is inserted in the right flank. 
Four 8 mm robotic trocars are then inserted along a straight line that is parallel to and 
about 4 cm cranial to the costofemoral line; a distance of 6–8 cm between each port is 
maintained. An additional 8 mm robotic port is placed in the left flank and will be used 
for the TME and vascular control. A 5 mm laparoscopic port may be introduced in the 
right hypochondrium to optimize the assistant’s tractions, if required (Figure 3). 

 
Figure 3. Trocar layout for a fully robotic TME. 

Legs 

Head 

Figure 2. Patient positioning.

A Verres needle is inserted in the left hypochondrium (Palmer’s point) for the in-
duction of 12 mmHg pneumoperitoneum. A 12 mm optical port is inserted in the right
flank. Four 8 mm robotic trocars are then inserted along a straight line that is parallel to
and about 4 cm cranial to the costofemoral line; a distance of 6–8 cm between each port is
maintained. An additional 8 mm robotic port is placed in the left flank and will be used for
the TME and vascular control. A 5 mm laparoscopic port may be introduced in the right
hypochondrium to optimize the assistant’s tractions, if required (Figure 3).
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The cart is deployed for docking from the patient’s left side. In order to define the
correct cart position, a green laser is emitted from the overhead boom to the optical port
and the guided docking procedure is completed.
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2.2. Step-By-Step Technique

A tip-up fenestrated grasper, Bipolar forceps and a permanent cautery hook (or
Monopolar curved scissors) are mounted in R1, R2 and R4, respectively.

Full-robotic TME is essentially based on three steps:

- Vascular control;
- TME;
- Splenic flexure mobilization.

2.3. Vascular Control

The sigmoid colon is lifted up with the robotic grasper in R1 (8 mm robotic trocar in
the left flank). The peritoneum is then incised at the level of the sacral promontory to access
the avascular presacral mesorectal plane, where the hypogastric nerves are identified and
preserved and a medial to lateral dissection is performed to identify the left ureter and
gonadal vessels. The superior rectal artery is identified as a landmark and the dissection
continues in a bottom-to-up fashion. The origin of inferior mesenteric artery (IMA) is thus
identified with the surrounding lymphatic tissue, dissected at its origin and divided with
Hem-o-lok® clips.

The medial to lateral dissection is performed underneath the inferior mesenteric vein
(IMV) and the Toldt–Gerota plane is identified as a landmark.

The IMV is dissected, isolated and transected using Hem-o-lok® clips (Teleflex, Wayne,
PA, USA). The dissection continues downward in a medial-to-lateral fashion, with the
R1-grasper lifting the descending-sigmoid mesocolon and the assistant surgeon providing
countertraction on the Gerota’s fascia. Coloparietal detachment is then completed along
the white line of Toldt.

2.4. TME

TME is carried out according to the Heald’s embryologically based principles along
the avascular plane in order to preserve the hypogastric nerve and the sacral venous
plexus. Frequent repositioning of the grasper in R1 is fundamental to maintain the right
countertraction for dissection.

The dissection starts posteriorly along the plane between the endopelvic visceral fascia
and endopelvic parietal fascia. R1 is used to provide upward traction on the mesorec-
tum, with the wrist joint in a L-shape to allow for a larger area of retraction; the assistant
maintains a cranial traction on the sigmoid colon and R2 and R4 are the operative arms,
with a bipolar grasper and a monopolar hook. The right lateral and the anterior plane
are then dissected up to the seminal vesicles in a counterclockwise fashion; R1 is now
used to lift the peritoneum of the Douglas pouch and vagina and the seminal vesicles
and prostate are freed and protected. The left lateral pelvic fascia is then dissected up to
its lower portion until the pelvic nerve plexus is identified and the “bare rectum area” is
visualized. The mesorectal dissection is performed in a cylindric fashion until past the
level of the lesion and the access to the levator ani plane is gained (Figure 4). During this
phase in the lower mesorectum, a 0◦ camera may be helpful to achieve a better visual-
ization. Rectal transection is performed with a robotic stapler after the evaluation of the
vascular perfusion of the rectal stump through the integrated fluorescence imaging system.
Stapled end-to-end low/ultralow colorectal anastomosis or manual coloanal anastomosis
are performed according to the tumor distance from the anal verge. A transabdominal
robotic top-down targeted transection of the levator ani plane may be performed if an
abdominoperineal/extralevator abdominoperineal excision is required.
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2.5. Splenic Flexure Mobilization

Splenic flexure mobilization is performed in the vast majority of the patients to provide
for tension-free colorectal anastomosis, with a few exceptions in the case of a very long and
redundant sigmoid colon. During this step of the procedure, the robotic grasper in R1 is
moved to the epigastric trocar.

Splenic flexure takedown is performed with a one-inch one-inch bottom-up approach.
The Toldt–Gerota plane previously developed and the IMV are identified. The trans-

verse colon is lifted up with a R1-grasper and the lesser sac is opened through the incision
of the transverse mesocolic root at the level of the anterior pancreatic border, gaining access
to the lesser sac (one-inch one-inch bottom-up approach) [30,31] (Figure 5). The assistant
keeps holding the transverse colon and the R1 grabs the posterior side of the stomach to
achieve optimal exposure. A medial-to-lateral approach is carried out along the pancreatic
body. The splenic flexure is then retracted medially by the assistant and the mobilization
is completed from the inferior splenic pole to the previous plane along to the white line
of Toldt. Coloparietal and coloepiploic detachment are performed and splenic flexure
takedown is thus completed.

Different approaches have been described for splenic flexure takedown, depending
on the surgeons’ preference, with different trocar layouts and table tilting (i.e., reverse
Trendelemburg). Some authors are used to performing this step laparoscopically; thus, the
robot is docked for the core of the procedure, namely TME [32].

Regardless of the surgical approach (robotic or laparoscopic), four ways to mobilize
the splenic flexure have been described [33]. The medial approach (medial-to-lateral)
involves an extensive dissection of the medial plane separating the descending mesocolon
from the Toldt fascia; the sovramesocolic approach (top-to-bottom) starts with a gastrocolic
ligament transection to enter the lesser sac; the lateral approach begins with coloparietal
detachment along the white line of Toldt; finally, the “one inch-one inch” approach allows
access to the lesser sac in a bottom-to-up fashion through the transection of the transverse
mesocolic root along the pancreatic fusion fascia.
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In our experience, a full-robotic low anterior resection is performed. Splenic flexure
takedown can be challenging and the robotic approach could represent a valuable tool in fa-
cilitating this step of the procedure when compared to conventional laparoscopy. Moreover,
the new robotic platform (DaVinci Xi system) is capable of extensive multiquadrant access
and significantly reduces external arm collisions and docking time and allows the proce-
dure to be performed without any change in table tilting/docking (steep Trendelenburg
position with right tilt for splenic flexure takedown, vascular control and TME).

The bottom-up approach, with stable exposure and traction exerted by the third arm
on the transverse mesocolon, allows for easy access into the lesser sac and dissection along
embryological planes (pancreatic fusion fascia) over the body and tail of the pancreas, thus
preserving the integrity of the proper mesocolic fascia and its blood supply as well.

3. Discussion and Literature Review

The potential advantages of RRS compared to conventional LRS have been widely
discussed in many studies with different levels of evidence. Due to the limited space
and maneuverability of instruments and the influence of tremor fulcrum effects as well,
performing laparoscopic surgery in a narrow pelvis could be challenging. Technical
improvements in robotic instruments and technology may provide advantages in vision,
ergonomics, dexterity and wristed articulation, leading to a better surgical performance
and consequently potential better short-term, oncological, functional outcomes as well.

3.1. Intraoperative and Short-Term Postoperative Outcomes

Data from the meta-analysis and RCTs reported a longer operative time for the robotic
approach compared to laparoscopy and open surgery [19–27,34–43]. This was mainly
attributed to time-consuming double-docking procedures and the changing of the robotic
instruments. Over the last few years, the increased use of the DaVinci Xi platform with its
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technology improvements seems to be associated with a significant reduction in operative
time [28,44], which is almost comparable to laparoscopy. This could be mainly due both to
the improvements in the technology itself (endoscope inserted in any arm, multiquadrant
access, longer instruments), leading to a significantly decreased docking time and instru-
ment switch and the improvement in the surgeon’s learning curve that flattens with time
and experience.

As far as the conversion rate is concerned, the ROLARR trial [19] failed to demonstrate
superiority in the conversion rate for RRS compared to LRS. However, meta-analysis [35,45],
many population-based studies and a national database [20–26] including thousands of
patients showed a significantly lower conversion rate in the robotic group compared to la-
paroscopy, especially in rectal surgery and in the high-risk patients subgroup (male, neoad-
juvant radiochemiotherapy, T3N1 patients) [20,21,46], probably reflecting what actually
happens in daily practice. Those data have been confirmed by a recent large retrospective
cohort study and a logistic regression analysis involving 600 patients [47,48] showing that
the type of surgery (laparoscopic vs. robotic approach) and obese patients are independent
risk factors for conversion.

Although no significant statistical difference has been seen in the complication rate
among robotic, laparoscopic and open groups in some studies [28,35,36,45,49,50], other
papers have reported data trending in favor of robotic surgery. The ROLARR trial reported
a similar complication rate in both the robotic and laparoscopic group, 14% vs. 16.5%,
respectively, related in particular to anastomotic leakage, 9.9% and 12.2%, respectively [19].
In a recent meta-analysis, Simillis et al. [27] reported lower wound infections due to
shorter skin incisions and less contamination. The same results have been reported in
large population-based studies, including about 11,000 patients with a lower overall septic
complication rate (1.6% in robot vs. 3.1% in lap, p value = 0.02) and a lower wound
dehiscence rate (0.1% in robot vs. 0.7% in lap, p value = 0.05) in the robotic group [21,23,24].
As complications increase, postoperative morbidity and mortality proportionally increase
as well, mostly in low-volume hospitals and if surgery is performed by a less trained
surgeon [46].

The aforementioned population-based studies [23–26] also reported a significant
reduction in the length of stay in favor of the robotic group (3.8–4.8 vs. 4.7–6.3 days,
p < 0.001, robotic vs. laparoscopic group, respectively), that is probably strictly related to
the reduction in the conversion and complication rates [31]. The same figures have been
reported as far as a shorter time to first flatus is concerned [27].

3.2. Functional Outcomes

Functional outcomes are among the most important issues related to pelvic surgery
since they could ultimately impact and affect patients’ postoperative quality of life. This
topic has been widely investigated by comparing the functional outcomes in the RRS and
LRS groups, based on the assumption that a better 3D visualization of anatomical structures
and more precise movements may enable the surgeon to preserve the autonomic nerves and
function. Although most reports are from case-series, with different measurements, follow-
ups and small sample sizes, two recent meta-analyses [51,52] reported better functional
results after robotic surgery for rectal cancer when compared to conventional laparoscopy.
Regarding urinary function in men at 6 months after surgery, the IPSS (International
Prostatic Symptoms Score) was significantly improved in the RRS group compared to the
LRS group and these data were confirmed at a 12-month follow-up. IIEF (International
Index of Erectile Function) scores were significantly in favor of the RRS group at 6- and
12-months post-operation. Mixed urinary and sexual function outcomes were also reported
for women in many case series, with no significant differences in meta-analysis results. The
available evidence of the potential functional benefits of robotic surgery over traditional
laparoscopy after rectal cancer resection should be confirmed by high-quality randomized
or prospective multicenter studies adequately powered for functional outcomes and patient-
reported outcomes and quality of life.
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3.3. Oncological Outcomes

Circumferential resection margin (CRM), distal resection margin (DRM) and the
mesorectal grading system according to the Quirke criteria [53] are universally considered
as valuable surrogates for long-term local recurrence rates and oncological outcomes as
shown by several studies [10,54–59].

The ROLARR Trial reported a CRM positivity of 5.1% and 6.3% in the robotic and
laparoscopic group, respectively, with no statistically significant difference between the
two groups. DRM involvement and the pathological assessment of the quality of the plane
of surgery were also comparable [19]. Another RCT from Korea [43] reported the same
figures, with no statistically significant difference between robotic and laparoscopic surgery
as far as pathological outcomes are concerned.

A recent metanalysis [58] has shown that robotic surgery is the better way to achieve
a complete TME. Nevertheless, the lack of quality and heterogeneity among the included
studies must be underlined. Based on the quality of the available evidence and according
to pathological outcomes as surrogates for long-term oncological results, it cannot be
concluded that robotic surgery is actually superior to its laparoscopic counterpart.

The survival data from the ROLARR trial are still unavailable and reports of long-
term oncologic outcomes for robotic rectal surgery remain limited due to the relatively
recent uptake of robotic surgery. Park et al. [59] found no differences in the 5-year OS,
DSF and LR rates. Similar results were reported by Cho et al. in a case matched series of
278 patients [60], with a 5-year OS of 92.2% and a DFS of 81.8% in the robotic group. More
recently, Kim et al. [61] showed that robotic surgery was a significant positive prognostic
factor for OS and cancer-specific survival in a multivariate analysis. Recently, Park et al.,
in their retrospective single-center propensity score-matched analysis focusing only on
mid-low rectal cancers, reported that robotic surgery had similar overall 5-year survival
figures when compared to laparoscopic surgery. However, they found robotic surgery to
be beneficial in a subgroup of patients who received preoperative chemoradiation and had
ypT3–4 tumors after neoadjuvant treatment. The 5-year distant and local recurrence rates
were 44.8% and 5.0% in the laparoscopic group and 9.8% and 9.8% in the robotic group,
respectively and reached statistical significance. These data suggest that robotic surgery
may be beneficial in most complex cases with high-risk features of recurrence [62].

The ongoing European RESET trial [63] (prospective, observational, case-matched,
four-cohort patients) has been designed to analyze TME outcomes with open, laparoscopic,
robotic and trans-anal approaches in a complex subset of patients from both an anatomical
and oncological standpoint (distance from the anal verge, intertuberous distance, obesity
and T stage). The preliminary results are still awaited.

3.4. Costs

One of the most critical issues for robotic surgery remains the cost, with institutions
and payers being concerned about acquisition, maintenance, equipment and implemen-
tation. Actually, most of the available studies in different surgical specialties and subspe-
cialties show higher costs related to robotic surgery when compared to its laparoscopic
counterpart [32,64,65]. Unfortunately, to date, most of the studies have focused only on the
direct costs related to the purchase and maintenance of the robot, along with the related
instrumentation per procedure. Although short-term outcomes such as conversions, length
of stay and complications seem to be favorable in the robotic surgery groups compared
to conventional laparoscopy, these data are rarely taken into account and analyzed as a
“total” and inclusive episode cost with a reduced financial burden related to hospitalization,
medications and follow-up visits that may reduce the overall costs and counterbalance the
excess of expenditure related to robotic equipment. The indirect costs related to the higher
conversion rate compared to open surgery, with a prolonged length of stay, postoperative
complication management and a delayed return to daily activities are rarely investigated,
although they have a significant negative impact on the overall financial burden for each
Institution. Cleary et al. [66] in an observational study from a linked data registry including
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clinical data from the Michigan Surgical Quality Collaborative (2012–2015) specifically
showed that the conversion to open surgery significantly increases the payments asso-
ciated with minimally invasive colorectal surgery. Since conversion rates are lower in
robotic versus laparoscopic surgery, the excess expenditures attributable to robotics are
attenuated by the consideration of the cost of conversions itself [66,67]. Moreover, as data
show that the conversion rate is significantly lower in large volume hospitals, it seems
that this variable may impact on indirect costs as well [46]. Therefore, large case series
per institution, multidisciplinary team utilization and, ideally, the presence of industry
competition are key factors that could reduce the financial burden and make robotic surgery
a cost-effective technique.

4. Conclusions

Rectal surgery remains challenging, especially in male patients, obese patients and
patients with a narrow pelvis and bulking tumors. Robotic technology applied to pelvic
surgery may potentially offer clinical and oncological benefits, due to the more precise
visualization and dissection along the embryological planes. To date, population-based
studies with large sample sizes and metanalyses comparing robotic and laparoscopic
surgery have reported better statistically significant results in terms of conversion rates,
complications, length of stay and functional outcomes. The excess of expenditures related
to robotic surgery may be balanced and mitigated by better short-term results that should be
included in future cost analysis studies. Results of prospective multicenter studies focusing
on technically challenging patients with high-risk features for recurrence are awaited.
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Abstract: Rectal prolapse is a condition that can cause significant social impairment and negatively
affects quality of life. Surgery is the mainstay of treatment, with the aim of restoring the anatomy
and correcting the associated functional disorders. During recent decades, laparoscopic abdominal
procedures have emerged as effective tools for the treatment of rectal prolapse, with the advantages
of faster recovery, lower morbidity, and shorter length of stay. Robotic surgery represents the latest
evolution in the field of minimally invasive surgery, with the benefits of enhanced dexterity in
deep narrow fields such as the pelvis, and may potentially overcome the technical limitations of
conventional laparoscopy. Robotic surgery for the treatment of rectal prolapse is feasible and safe. It
could reduce complication rates and length of hospital stay, as well as shorten the learning curve,
when compared to conventional laparoscopy. Further prospectively maintained or randomized data
are still required on long-term functional outcomes and recurrence rates.

Keywords: robotic surgery; robotic ventral rectopexy; rectal prolapse; pelvic organ prolapse treatment

1. Introduction

Pelvic organs prolapse, including rectal prolapse (RP), is a condition that mainly
affects women in middle and advanced age and can involve both the anterior and posterior
compartments. A multidisciplinary approach is traditionally required, involving urologists,
gynecologists, and colorectal surgeons [1]. Depending on the anatomy and the type of
prolapse, symptoms may vary from urinary or fecal incontinence to obstructed defecation,
pelvic pain, and sexual dysfunction. This condition may significantly worsen the quality
of life (QoL) and represent an important social and economic burden in the setting of an
aging population.

Surgery is the mainstay of treating this complex disease, and several abdominal
and perineal approaches have been described to date. However, since multiple options
are available, treatment may be surgeon-dependent and is influenced by many factors.
Therefore, a tailored, multidisciplinary approach is recommended, with abdominal proce-
dures usually performed in younger, healthier patients and perineal procedures offered to
higher-risk individuals.

External rectal prolapse or symptomatic internal rectal prolapse with rectocele or
enterocele are commonly treated with ventral rectopexy in fit patients.

The abdominal approach aims to reduce rectal mobility by fixation with or without
excision of the redundant colon. Rectopexy is associated with lower recurrence risk than
simple rectal mobilization, with a similar rate of overall complications [2]. Fixation of the
prolapsed rectum to the sacral promontory is the key to restore the physiological anatomy
of the pelvic floor. This goal can be achieved by simple suturing, as first described by D.
Cutait in 1959 [3], or using a mesh fixed anteriorly, posteriorly, laterally, or all over the
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rectum. Many techniques have been described, such as the Ripstein rectopexy, based on
the anterior fixation of a mesh below the sacral promontory, or the Wells procedure, with
the detachment of the lateral ligaments of the rectum.

Both these approaches are associated with a significant complication rates and are
currently abandoned [4,5].

There is no evidence as to whether associated sigmoidectomy results in better func-
tional outcomes compared to a simple rectopexy. Resection rectopexy is thought to improve
complaints of constipation, reducing the possible kinking of the redundant colon. However,
it is a matter of fact that the creation of an anastomosis may increase the risk of severe
complications [6–8]. Ventral rectopexy is typically performed laparoscopically and involves
the anterior placement of a mesh to the sacral promontory, as described by D’Hoore [9]. It is
favored over posterior mesh rectopexy since it reduces autonomic nerve injuries by avoid-
ing postero-lateral dissection of the rectum. This approach thus reduces impairment of
rectal motility that could potentially and ultimately lead to ongoing functional disfunction
and impaired quality of life [10,11].

Since the introduction of the minimally invasive treatment for rectal prolapse in
the early 90 s [12], the uptake of laparoscopy has been progressively growing to treat this
condition. The benefits of the minimally invasive approach are well known in terms of faster
recovery and normal return to daily activities, lower morbidity, decreased postoperative
pain, shorter length of stay, and lower blood loss and the laparoscopic approach as the
preferred technique has been recommended by several authors [13–16]. Laparoscopy has
shown similar outcomes compared to the open technique for the surgical treatment of rectal
prolapse [14,17]. A meta-analysis by Sajid et al. in 2010 reported no statistically significant
difference between 688 patients treated with an open or laparoscopic approach in terms
of recurrence, functional outcomes, and complication rate. Moreover, they reported a
shorter length of hospital stay in the laparoscopic group [18]. However, the laparoscopic
approach can be challenging, especially in the deep and narrow pelvis or in the setting of
morbid obesity.

Since its introduction, the uptake of robotic surgery in several fields of general surgery
has constantly grown. Robotic assistance is rapidly increasing in pelvic floor surgery
because of its advantages in complex maneuvers such as dissection and intracorporeal
suturing in the deep narrow pelvis. The technical features of the available robotic platforms
may potentially overcome the limitations of conventional laparoscopy, thanks to enhanced
dexterity, a stable optical platform, and exposure (third arm) that allows for a “precision”
surgery to be performed. Adequate traction and counter traction allow for optimal surgical
field exposure following embryological planes with minimal tissue trauma and blood
loss [19]. Moreover, it has the potential of shortening the learning curve even regarding
rectal mesh rectopexy, as demonstrated in other surgical procedures [20,21]. This study aims
to describe the surgical technique of robotic ventral rectopexy and to review the available
literature on intraoperative, short-term postoperative, and long-term functional outcomes.

2. Surgical Technique

The patient is placed in the lithotomy position. The arms are folded at the sides, taking
care to provide adequate padding along the pressure points. An anti-slipping soft foam
dedicated pad should be placed directly under the patient to conduct the operation safely.
This device facilitates the steep Trendelenburg position often required to ensure adequate
pelvic exposure.

A Verres needle is inserted at Palmer’s point in the left hypochondrium to create
the pneumoperitoneum. Access to the peritoneal cavity is achieved by a first assistant
12-mm optical trocar placed in the right flank under direct vision. The costo-femoral line
is the landmark used to place three 8 mm robotic trocars along a parallel straight line,
approximately 4 cm lateral to the previous one. Finally, an additional 8 mm robotic trocar
is positioned in the left flank. Figure 1 shows the trocar layout. Limited laparoscopic lysis
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is performed when adhesions are encountered to permit the safe positioning of the robotic
trocars; the adhesiolysis is then completed under robotic assistance.

Figure 1. Trocar layout.

The patient is then positioned in a steep Trendelenburg and right tilt (20–25◦), allowing
the small bowel to be displaced under gravity, thus obtaining a good surgical field exposure.
Next, the Da Vinci Xi® surgical system (Intuitive Surgical, Sunnyvale, CA, USA) is docked
from the patient’s left side. A full-robotic procedure is performed, with the assistant
surgeon and scrub nurse standing on the patient’s right side (Figure 2).

Figure 2. Operative room setup.
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Tip-up grasper, bipolar forceps, and monopolar cautery hook/scissors (according to
operating surgeon’s preference) are mounted on robotic arm 1 (R1), arm 2 (R2), and arm 4
(R4), respectively. Robotic arm 3 (R3) is used for the 30◦ down scope.

The sigmoid colon is grasped and elevated anteriorly and cranially by the tip-up
grasper in R1.

The peritoneum is entered by sharp dissection starting at the base of the rectosigmoid
mesentery, identifying the avascular areolar plane along the sacral promontory. The right
hypogastric nerve plexus and the ureter are then identified and preserved. The rectovaginal
septum represents the limit to conduct the peritoneal incision.

At the level of the pouch of Douglas, the peritoneal incision is continued from right to
left over the ventral aspect of the rectum.

A Breisky uterine and vaginal manipulator can identify and lift the posterior vaginal
wall, thus facilitating the dissection along the anterior rectal wall. At this stage, the
third arm is used as a retractor deep in the pelvis (lifting the posterior vaginal wall, once
identified), and the assistant’s atraumatic grasper lifts the rectum. The rectovaginal septum
is entered, and anterior dissection is carried out all the way down to the levator ani
plane, as inferiorly as possible, and laterally to the cardinal ligaments and pelvic sidewalls.
The rectum is fully mobilized anteriorly, while the posterior and lateral attachments are
left intact to preserve the autonomic nerves and optimize functional outcomes in the
postoperative period.

A 14–18 cm long, 3–4 cm wide, light-weight macroporous polypropylene mesh
is inserted into the abdominal cavity through the 12 mm assistant port. Biologic and
titanium-coated polypropylene mesh can also be used. The mesh is positioned along the
anterior wall of the rectum caudally and at the level of the sacral promontory cranially
(Figures 3 and 4). Four interrupted stitches are used to secure the mesh along the anterior
distal extraperitoneal surface of the rectum, using a 2-0 non-absorbable monofilament.
The mesh is then fixated at the level of the sacral promontory with a 2-0 non-absorbable
monofilament interrupted suture, taking care to preserve both the presacral venous plexus
and the hypogastric nerves. The peritoneum is then closed with a reabsorbable barbed run-
ning suture (Figure 5). No drain is routinely left in place. Trocars are removed under direct
vision, and the fascial defect of the 12-mm assistant port is closed with absorbable sutures.

Figure 3. The mesh (macroporous polipropilene) is secured distally at the level of the anterior rectal wall with perma-
nent sutures.
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Figure 4. The mesh (macroporous polipropilene) is secured cranially at the level of the sacral
promontory with permanent sutures.

Figure 5. The peritoneum is closed with absorbable barbed running suture.

3. Discussion and Literature Review

Currently, minimally invasive surgery has widespread indications in colorectal surgery,
with the robotic-assisted platform gaining extensive consensus due to its technical advan-
tage in narrow and limited spaces [22].
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Among all the various surgical options available for rectal prolapse treatment, ventral
mesh rectopexy is the only technique that does not require a full rectal mobilization, with
a limited anterior rectal preparation. This procedure has become the standard of care
for patients with full-thickness rectal prolapse and deep enterocele [22–24]. However, it
requires a good dissection of the anterior rectal surface from the prostate or the vagina and
the fixation of a mesh within the narrow confines of the pelvis.

An important objective of rectal prolapse surgical treatment is to resolve or improve
the functional symptoms (e.g., fecal incontinence, constipation, pain) by correcting the
underlying anatomical defect. This goal should be obtained with an acceptable recurrence
rate and at a reasonable cost.

The laparoscopic ventral rectopexy (LVR) is the treatment of choice for rectal prolapse
nowadays [24]. LVR’s use reflects widespread laparoscopy diffusion, although surgical robots
have gained broad availability and have more indications in the modern surgical scenario.

To date, few studies have reported the outcomes of robotic ventral rectopexy (RVR),
with most consisting of a small sample size. However, data in the literature reports that
the robotic approach to rectal prolapse is feasible and safe, with outcomes almost on a par
with the laparoscopic and open techniques [19,25,26].

In this section, we report on the currently available data on RVR, analyze the short-
term, functional outcomes and recurrence of this approach, and look at data comparing the
robotic approach with the laparoscopic approach.

3.1. Intraoperative and Short-Term Post-Operative Outcomes

Most authors report on the feasibility and safety of RVR, mainly due to the capability
of the robot to conduct a fine dissection in deep and narrow space [27–29].

Features such as three-dimensional vision, restorable eye-hand-targeting, absence of
depth misperception, tremor elimination, better definition of surgical planes, and robotic
instrumentation wristing may facilitate the surgeon performing a correct anatomical dis-
section and mesh fixation in the pelvis [19].

Ventral mesh rectopexy is ideally suited for robotic surgery. The robotic platform
ameliorates the visualization of the pelvis, facilitating the dissection and the suturing
capability in narrow and confined spaces, allowing an optimal mesh placement to the recto-
vaginal septum. Indeed, the fixation of the mesh to the pelvic structures is technically more
accessible, thus fastening the learning curve, with approximately twenty cases described to
gain proficiency with the robotic technique compared to almost one hundred cases of the
laparoscopic approach [30,31].

A recent systematic review by Albayati et al. [22] of five prospective cohort studies
and one randomized controlled trial reports a significant increase in operating time for
RVR compared to the laparoscopic approach. This finding is similar to that of a previous
meta-analysis conducted by Ramage et al. [28]. A longer operative time is one of the
main criticisms and on-vogue topics by the detractors of robotic surgery. However, it
must be taken into account that these series usually show the outcomes of experienced
laparoscopic surgeons compared to those of surgeons at the beginning of their robotic
experience [25,30,32,33]. Indeed, recent series have described that the mean operative time
for robotic rectopexy decreases with increased caseloads and experience [34,35]. These
data have been confirmed by a recent metanalysis showing a non-significant trend towards
longer operative times of robotic vs. laparoscopic ventral mesh rectopexy [36].

The previous systematic reviews report no statistically significant reduction of conver-
sion rate associated with RVR [22,28]. This may be the consequence either of the exiguity
of the pooled data or may be explained by the different operating surgeons’ experience.
Previous reviews and metanalysis of rectal prolapse treatment also describe an unclear
benefit of reducing the conversion rate [36–38]. However, data in the literature show
promising results in lowering the conversion rate of the robotic approach compared to
open surgery in colorectal surgery [39–41].
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Data in the literature show that RVR is safe and effective. Munz et al. [42], in the early
2000s, described no major complications in six patients treated robotically for rectal prolapse.

Germain et al. [35], in 2014, reported a morbidity rate of 1.7% after seventy-seven
RVR. They did not reach statistical significance in the complication rate between elderly
and young patients [35]. Recently, van Iersel et al. [43], in a large meta-analysis of twenty-
seven studies, outlines post-operative morbidity ranging from 4.5% to 11% for the RVR
reports, compared to the 0% to 23.5 that occurred in the LVR series. Bao et al. have recently
documented a significant decrease in post-operative complications by 0.45 (95% confidence
interval (CI), 0.24–0.83, p = 0.009) in the RVR group compared to the LVR group, with eight
studies included in their metanalysis [38].

Robotic surgery is often criticized regarding the lack of tactile feedback during the
manipulation of the anatomical structures, resulting in uncontrolled tractions leading
to possible organ injuries during the procedure. In our long-lasting colorectal robotic
experience, the misperception of force feedback during the dissection of the rectum from
the sacral promontory and beyond is overcome thanks to increased visual feedback, which
helps to recognize the anatomical landmarks better, facilitating the dissection and the
respect of the hypogastric nerves, presacral venous plexus, and ureters. Moreover, the
fixed third arm used for retraction permits a stable exposition of the surgical field, allowing
a fine dissection throughout the operation. These features optimize the dissection along
the embryological planes, as occur during total mesorectal excision.

Robotic surgery is associated with higher hospital costs compared to the laparoscopic
technique. Several studies have shown how robotic surgery is related to higher costs than
laparoscopy in rectal prolapse surgical treatment [44,45].

However, a recent study shows how RVR’s expenditure is almost comparable to
that of the laparoscopic approach after adjusting the costs for improved health-related
quality of life [46]. Moreover, in their recent series, Albayati et al. [22] show a shorter
length of hospital stay after RVR, which is a common finding after robotic surgery, thus
increasing the cost-effectiveness and decreasing the overall expenditure of robotic surgery
procedures [47]. The shorter length of stay could offset higher equipment expenditure and
theatre costs related to robotic surgery, with faster recovery probably related to reduced
pain, bleeding, and complications due to a more precise pelvic dissection [36].

3.2. Functional Outcomes

Ventral mesh rectopexy is associated with lower constipation and fecal incontinence
than other trans-abdominal or perineal procedures [48,49].

This technique was initially ideated to reduce post-operative constipation related to
the posterolateral detachment of the rectum, thus minimizing autonomic nerve injuries [9].

A limited anterior rectal dissection is associated with a minimal risk of damaging the
parasympathetic fibers of the hypogastric plexus, with a reduced rate of post-operative
functional impairments, as demonstrated in several studies [50].

De Hoog et al. [51] report a median Cleveland clinic constipation score (CCCS) gain of
3.2 points after RVR. This series reports no statistical difference in the functional outcomes
(CCCS, Wexner Incontinence Score, Impact on daily life-score IDL) between the open,
laparoscopic, and robotic approaches. Similar results are reported by other studies [19,42,44].

A recent clinical trial by Mehmood et al. [26] shows how the post-operative Wexner
incontinence score is significantly lower in the RVR group compared to the laparoscopic
group. Furthermore, they report that the Short Form Health Survey 36 (SF-36) ques-
tionnaires reach higher scoring with the robotic approach compared to laparoscopy [26].
Additionally, Mantoo et al. [33] report a significant improvement for obstructed defecation
after RVR. These data, however, were not confirmed by a recent metanalysis that showed
lower mean Wexner and fecal incontinence scores in the RVR group but without reaching
statistical significance [38].

In fact, the small size of pooled data and the short duration of follow-up reported
in those studies make it difficult to derive any conclusion from the available literature.
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Moreover, patients’ heterogeneity, different standards of outcome detection, and the lack
of a systematic approach adopted for most studies need to be considered when analyzing
these results.

3.3. Recurrences

Ventral mesh rectopexy shows similar recurrence rates and less functional post-
operative complications than other abdominal approaches for rectal prolapse [48,49,52].
According to current data, the recurrence rate following RVR ranges between 0% up to
20% compared to 0% to 26.7% with the laparoscopic approach, never reaching statistical
significance [22,43]. The use of a mesh to lift the middle compartment of the pelvis has been
subject to discussion in recent years [53]. However, recent studies report a low rate of mesh-
related complications, with mesh erosion percentage raging up to 4% of complications
following ventral mesh rectopexy [54,55]. There are many different types of mesh available
to use, generally divided into synthetic and biological. Synthetics are usually lightweight or
heavyweight polypropylene mesh, with polyester and expanded polytetrafluoroethylene
not being recommended due to a high rate of post-operative recurrence [24,31].

Biological meshes have been developed to reduce the risk of mesh erosion and in-
fection thanks to the time-related deterioration with the regeneration of host tissue. Con-
versely, the degradation of the material may be associated with a higher percentage of
recurrence. However, current data do not show a significant difference in both mesh-related
complications and recurrence rate between the synthetic and biological grafts, suggesting
the use of the latter in high-risk patients (diabetics, smokers, with previous pelvic radia-
tion, with inflammatory bowel disease, with intraoperative finding of rectum or vaginal
leak) [43,55,56].

Again, no consistent and robust long-term data are available to draw firm conclusions.

4. Conclusions

Robotic surgery is a safe and feasible approach for the treatment of rectal prolapse
that may potentially lower complication rates and length of hospital stay, as well as shorten
the learning curve thanks to its technological features. Consistent long-term prospective or
randomized data are needed on recurrence and functional improvement of robotic surgical
treatment of rectal prolapse compared to laparoscopic rectopexy.
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Abstract: Background. Minimally invasive gastrectomy is currently considered a valid option to
treat gastric cancer and is gaining increasing acceptance. Recent reports have suggested that the
application of robots may confer some advantages over conventional laparoscopy, but the role of
robotic surgery in clinical practice is still uncertain. We aimed to critically review the relevant
evidence comparing robotic to standard laparoscopic surgery in performing radical gastrectomy.
Methods. The Pubmed/Medline electronic databases were searched through February 2021. Paper
conference and the English language was the only restriction applied to our search strategy. Results.
According to the existing data, robotic gastrectomy seems to provide some benefits in terms of blood
loss, rate of conversion, procedure-specific postoperative morbidity, and length of hospital stay.
Robotic gastrectomy is also associated with a longer duration of surgery and a higher economic
burden as compared to its laparoscopic counterpart. No significant differences have been disclosed
in terms of long-term survivals, while the number of lymph nodes retrieved with robotic gastrectomy
is generally higher than that of laparoscopy. Conclusions. The current literature suggests that robotic
radical gastrectomy appears as competent as the conventional laparoscopic procedure and may
provide some clinical advantages. However, due to the relative paucity of high-level evidence, it is
not possible to draw definitive conclusions.

Keywords: minimally invasive gastrectomy; robotic gastrectomy; laparoscopic gastrectomy; gas-
tric cancer

1. Introduction

The employment of laparoscopic techniques in gastric surgery has diffused and
evolved rapidly over the last two decades [1–3]. Minimally Invasive Gastrectomy (MIG)
is now almost universally accepted as a valid option for the treatment of gastric cancer
(GC) as it optimizes postoperative recovery without compromising the adequacy of re-
section and long-term oncological outcomes [1–6]. Recent NCCN guidelines (version
2.2021) for GC treatment indicate that MIG (including both conventional laparoscopic and
robotic techniques) may be considered, for early and locally advanced cases, provided
specific expertise in minimally invasive foregut procedures and lymphadenectomy are
available [1–3,5–9].

The technical difficulties of laparoscopic surgery that are encountered in performing
MIG have led some surgical teams to the use of robotic surgery [10,11]. Indeed, robotics has
been originally introduced in clinical practice to overcome some of the intrinsic limitations
of conventional laparoscopic and to broaden the range of application of minimally invasive
surgery, and also in the field of the surgery of the stomach, several experiences have
indicated excellent outcomes [3,5–9]. A recent study by Stewart et al. have investigated
the adoption of robotic surgery in surgical oncology by analyzing the available data from
the National Inpatient Sample (NIS) American database [12]. The authors showed that
over 5 years (2010–2014), there was a 5-fold increase in the application of robotic surgery.
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Of note, the application of robotic gastrectomy (RG) increased from 2% in 2010 to 6% in
2014. However, robotic surgery of the stomach is still in its early stages and its actual
role in clinical practice is still to be defined [13,14]. Current evidence essentially indicates
non-inferiority of RG to standard Laparoscopic Gastrectomy (LG), but general conclusions
on whether RG provides clear advantages over LG are still difficult to draw, as available
data is mainly derived from low-level analyses returning highly variable results [15–18].
Accordingly, this paper aims to analyze the existing evidence on RG for cancer with special
emphasis on comparing the employ of robotic technology to conventional LG.

2. Methods

Institutional review board approval and written consent were not needed for this
paper. The last version of PRISMA Statement (Ref) checklist for reporting systematic
reviews and meta-analysis, was used as guide to aggregate the available scientific papers
comparing RG and LG [19].

Two authors (GG, FG) performed an independent literature search up to APRIL 2021.
The PubMed/MEDLINE electronic databases were queried with the following search
strings: “robot-assisted surgery” and “laparoscopic” and “gastric cancer” or “gastric
neoplasm” and “gastrectomy” or “gastric resection”. All article typologies were considered
eligible except for conference proceedings, case reports, and small series with less than
ten patients. Reviews, meta-analyses, and original articles were included in our analysis
based on the following features: novelty, caseload, topic, impact, and availability of raw
data. Our search criteria were also restricted to the English language. Independently, the
two authors screened titles and abstracts of the retrieved records. Full-text versions of
the papers deemed suitable for inclusion were appraised, and relative references were
screened to identify additional, eligible articles. Differences in opinion were discussed with
the input of a third author (DFL).

Suitable studies were thus evaluated and pooled in the review if the following criteria
were met:

• inclusion of adult patients undergoing robotic or laparoscopic total or distal gastrec-
tomy for gastric cancer;

• robotic and standard laparoscopic approach comparator intervention;
• data on perioperative, post-operative, and oncological outcomes.

Continuous data are presented as mean ± standard deviation, whereas categorical
data are expressed as absolute numbers and percentages.

3. Results

Our initial electronic search yielded 740 titles. Titles and abstracts were evaluated,
and duplicate records were excluded. Full texts with relative bibliographies were thus
appraised, and a total of 21 studies were eventually deemed suitable for inclusion and data
extraction [4–6,8,13,15,17,18,20–32]. The selection process is given in Figure 1, while Table 1
describes the general characteristics of the included studies. There were 2 randomized
controlled trial, 2 prospective study, 4 meta-analysis, 13 retrospective analyses.
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Table 1. General characteristics of the included studies.

Author Year Study Origin Approach n. Patients Type of Resection

Kim HI et al. 2016 Prospective Korea LG/RG 434 TG/DG/PPG/PG
Chen K et al. 2017 Mata–Analysis China LG/RG 5953 TG/DG/PG
Pan HF et al. 2017 RCT China LG/RG 163 TG/DG/PG

Hendriksen BS et al. 2018 Retrospective USA LG/RG/OG 17.449 TG/ DG
Liu H et al. 2019 Retrospective China LG/RG 20 DG

Wang WJ et al. 2018 Retrospective China LG/RG 527 TG/DG
Uyama I et al. 2018 Prospective Japan RG 326 TG/DG/PG
Gao, Y Q et al. 2019 Retrospective China LG/RG 502 TG/DG/PG
Bobo Z et al. 2019 Mata–Analysis China LG/RG 4576 TG/DG

Hikage M et al. 2020 Retrospective Japan LG/RG 1208 TG / DG/PPG/PG
Guerrini GP et al. 2020 Mata–Analysis Italy LG/RG 17.712 TG/DG/PPG/PG

Yang P. et al. 2020 Mata–Analysis China LG/RG 4142 TG/DG
Li ZY et al. 2020 Retrospective China LG/RG 1476 DG

Alhossaini RM et al. 2020 Retrospective Korea LG/RG 55 CG
Bolger JC et al. 2021 Retrospective Ireland LG 258 TG/DG
Shin HJ et al. 2021 Retrospective Korea LG / RG 2084 TG/ DG

Nakauchi M et al. 2021 Retrospective USA LG/RG/OG 845 TG/DG/PG
Lu J et al. 2021 RCT China LG/RG 300 DG

Tian Y et al. 2021 Retrospective China LG/RG 1686 TG/DG
Kinoshita T et al. 2021 Retrospective Japan LG/RG 1172 TG/DG/PPG/PG

Choi S et al. 2021 Retrospective Korea LG/RG/OG 185 TG/DG

TG: Total Gastrectomy; RCT: Randomized Controlled Trial; DG: Distal Gastrectomy; PG: Proximal Gastrectomy; PPG: pylorus-preserving
gastrectomy; CG: Completion Gastrectomy.
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3.1. Perioperative Details

Regardless of the type of procedure, one of the main limitations of robotic surgery
is operative time [12,18,19]. Several studies, including several meta-analyses, indicate
that the duration of surgery for RG is invariably higher than for LG, for both total and
distal gastrectomy [4,5,12,16,18–20]. However, such difference seems to be attenuated by
the progress of specific experience with the technique. A recent study by Nakauchi et al.,
from the Memorial Sloan Kettering Cancer Center, reporting their experience with radical
gastrectomy over 10 years. The authors started performing RG after an extensive experience
with conventional LG. Interestingly, and in contrast with the majority of previous reports,
the analysis of intraoperative outcomes showed that RG had a shorter operative time
compared to LG [21].

Published studies comparing RG to LG almost regularly indicate that patients receiv-
ing MIG with the robot have reduced perioperative Estimated Blood Loss (EBL). High-level
randomized studies mirror this evidence, which is in turn, consistent with recent meta-
analyses appraising the issue [12,17,22].

Unplanned conversion into an open procedure has been conventionally utilized to
evaluate the proficiency of minimally invasive surgery. A lower conversion rate has been
reported as a theoretical advantage of robotic surgery over conventional laparoscopic
surgery [33,34]. Emerging data from a recent meta-analysis, including 40 retrospective
studies and 17.712 patients, demonstrated no statistical difference in conversion rate
between RG and LG. [13]

However, a retrospective study comparing robotic and laparoscopic approaches for
radical gastrectomy including 311 MIG, over ten-year experience from the Memorial Sloan
Kettering Cancer Center, showed that RG had fewer conversion rate compared to LG
(25.8% vs. 39.7%; p = 0.010) [21].

Compared to the laparoscopic approach, three-dimensional view, wrist movements
and the stable traction of the robotic instruments provide a delicate and fine dissection that
might explain the reduction of EBL as well as the trend of a lower conversion rate of RG.

3.2. Postoperative Outcomes

Currently, the only available RCTs comparing LG and RG are those published by
Pan et al. [23] and Lu et al. [24]. Some 163 patients who underwent MIG with curative
intent for AGC were included in the trial published in 2017 by Pan et al. RG was asso-
ciated with significantly reduced blood losses and a higher number of yielded lymph
nodes [23]. As for postoperative outcomes, patients in the RG group experienced signifi-
cantly less postoperative pain and had an earlier functional recovery, including abbreviated
length of hospital stay as compared to the LG group. On the other hand, the rate of
postoperative complications favored RG over LG, but this difference did not disclose any
statistical significance.

In the more recent trial by Lu et al., the authors compared the outcomes of patients
receiving distal gastrectomy by surgeons with large expertise in MIG (>300 LG and 50 RG
before trial initiation) [24]. In this trial, a total of 141 and 142 well-balanced patients were
assigned to the RG group and the LG group, respectively. While no significant difference in
the length of postoperative hospital stay was registered, interestingly, the overall incidence
of postoperative morbidity was significantly lower for RG as compared to LG, mostly
in terms of medical complications. Multivariate analysis demonstrated that RG was an
independent protective factor for postoperative complications. The RG and LG groups did
not differ significantly on the number of examined lymph nodes. However, the number of
extra-perigastric stations (7–9, 11p and 12 a) was significantly higher following RG than
LG, and the percentages of procedures resulting in lymph node noncompliance (defined
as the absence of lymph nodes from more than one lymph node required station) was
significantly lower for RG than LG (24.8% vs. 40.1%), mainly owing to different results for
the extraperigastric regions.
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A growing number of further, nonrandomized recent reports have suggested potential
advantages of RG over LG in terms of postoperative complications [7,24–27]. Interestingly,
such benefits seem to be enhanced in the setting of more technically demanding procedures,
such as total and proximal MIG, completion of total gastrectomy for remnant gastric cancer,
and MIG in patients who are obese or who present with advanced disease [5,13,26,28–30].

Kinoshita et al. very recently, published the results of an interesting retrospective,
single-institutional, case-controlled study including nearly 1200 patients receiving MIG
with either a robotic or conventional laparoscopic approach [26]. All included patients
had primary, stage I-III gastric malignancy. All types of MIG were considered in the
analysis, including a relatively high percentage of total gastrectomy (15–26%) and proximal
gastrectomy (11–15%). Overall, although the two groups were well-matched in terms of
general baseline characteristics, in the RG group there were more patients with advanced
disease (clinical stage III) and there was a higher proportion of patients receiving total
or proximal gastrectomy as compared to the LG group. Despite this, patients in the RG
group had a significantly lower incidence of postoperative Clavien-Dindo grade II and III
complications than those in the LG group [35]. A multivariate analysis of factors affecting
postoperative morbidity, a robotic approach was significantly associated with reduced
incidence of complications.

Alhossaini and colleagues retrospectively reviewed the outcomes of 55 patients who
received minimally invasive completion gastrectomy for malignancy arising in the gastric
remnant [28]. The authors compared 30 patients who had surgery with conventional
laparoscopy with those whose procedure was accomplished with the robot. Overall, no
significant differences were noted between the two groups of patients, neither in terms of
perioperative data nor in terms of postoperative morbidity. Of note, though this data did
not reach statistical significance (p = 0.058), there was a 13% rate of cases of unplanned
conversion into an open procedure in the LG, while all RGs were completed in a minimally
invasive technique.

A recent article by Wang et al. assessed the severity and rate of incidence of post-
operative complications according to the Clavien—Dindo classification system following
RG and LG for AGC [29]. The authors conducted a retrospective analysis of >500 MIGs
which were matched between RG and LG with the propensity score matching method. RG
was associated with a larger amount of examined lymph nodes as compared to LG (mean
40.8 vs. 37.1), while no differences were found in terms of perioperative blood loss and,
of note, duration of surgery. Interestingly, they found that the incidence of overall and
severe (defined as grade IIIa or greater events) morbidity following RG was significantly
reduced as compared to LG (24.5% vs. 18.8%, and 8.9% vs. 17.5%, respectively, p = 0.002).
This also translated into a shorter postoperative hospitalization for RG as compared to LG.
In addition, at univariate analysis, together with age, BMI, advanced disease, duration of
surgery, and total gastrectomy, LG was significantly associated with a higher risk of overall
and severe morbidity.

3.3. Oncological Outcomes

Concerning long-term oncological outcomes, only limited data is still
available [5,6,13,15,17,27]. One of the most robust data currently available is that by
Shin et al., who recently published the results of a propensity score-weighted analysis of
more than 2000 patients with GC receiving MIG (either LG or RG) with curative intent [5].
After patients matching, no differences were noted on the total number of harvested lymph
nodes, while that of supra-pancreatic lymph nodes were higher in the RG. Interestingly, in
terms of oncological findings, there was no statistically significant difference between LG
and RG neither on OSs nor in DFSs at both unweighted and weighted analyses.

Analog findings have been indicated by Li et al., who reported on the long-term
oncological outcomes of RG vs. LG in the treatment of patients with locally advanced
GC [27]. Their study included nearly 1200 patients whose outcomes were compared
between RG and LG using one-to-one propensity score matching. The 3-year DFS rates
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favoured RG (76%) over LG (70%) without statistical significance (p = 0.07). As for 3-year
OS, there was a nonsignificant benefit following RG (77%) as compared to LG (73%).

Some of reviews have also investigated potential differences between RG and con-
ventional LG, without identifying any significant advantage of one technique over the
other [13,14,17]. The latest meta-analysis comparing the oncological outcomes of RG vs.
LG has been published by Yang et al. and colleagues and combines the data reported in
11 articles including a total of nearly 4100 patients [17]. Overall, there was a nonsignificant
OR of 0.98 and 0.53 favoring RG over LG in terms of 3-year and 5-year OS, respectively.
Similarly, data on recurrences indicated that the two groups of treatment did not differ
significantly (OR = 0.88).

It is well-known that the number of harvested lymph nodes and surgical margins are
currently considered as most appropriate indicators of oncologically adequate resections [13].
Most comparisons between RG and LG, indicate that the median amount of lymph nodes
harvested is higher during RG than LG [18,21,24,25,30]. The currently two available ran-
domized trials upon the argument, as already mentioned, support an advantage of RG
over LG on lymphadenectomy [23,24]. Other observational reports and several recent
meta-analyses echo such findings [8,13,14,25,30], also in obese patients. Choi et al. recently
published a study that compared short and long terms outcomes of open, laparoscopic,
and robotic radical gastrectomy with D2 lymphadenectomy in obese patients. Among
185 patients with a median BMI of 26.5 kg/m2, there were 69 open, 62 laparoscopic, and
54 robotic procedures. RG resulted in a greater mean number of retrieved lymph nodes,
and a higher rate of lymph nodes harvest compliance compared to LG and OG.

With the purpose to evaluate the impact of MIS on survival in the United States,
Hendriksen et al. analyzed the data of >17,000 patients who underwent gastrectomy for
adenocarcinoma between 2010 and 2015 [6]. Overall, after propensity score matching, MIG
resulted in a significantly improved 5-year survival compared to open surgery. Interestingly,
while no difference was disclosed for long-term survival between patients receiving LG vs.
RG, the percentage of patients receiving adequate lymph nodes sampling was significantly
higher for RG (60%) as compared to LG (51%).

However, the most recent publication by Guerrini et al. represents the largest meta-
analysis currently available and combines the results of 40 retrospective studies including
nearly 18,000 patients receiving either laparoscopic or robotic MIG [13]. Concerning
oncological outcomes, RG demonstrated a significantly increased mean number of yielded
lymph nodes as compared to LG.

3.4. Costs

In general, the economic burden of robot-assisted surgery is substantially higher
than that of conventional laparoscopic surgery and previous reports consistently indi-
cate that costs associated with RG are higher as compared to standard laparoscopic
MIG [13–15,18,32]. In the above-mentioned RCT by Lu et al. a specific analysis of costs
was reported. The increased cost was found in RG as compared to LG in terms of total and
indirect costs [24]. Interestingly, the direct cost of RG was significantly lower than that of
LG, with specific economic advantages on surgical procedures, hospitalization, laboratory
and radiology tests, and perioperative transfusions.

Actually, robotic surgery is evolving rapidly, and probably a reliable evaluation of its
actual economic impact on clinical practice should include some indirect aspects, most of
which are not fully predictable at present [36,37]. The effect due to possible differences
between RG and LG on postoperative morbidity, length of hospitalization, and incidence
of unplanned conversion should be considered over time [34,36,37]. In addition, given
the exponential evolution of robotic surgery, it is likely that different robotic systems will
enter the market in the near future resulting in more competition and lower purchase and
maintenance costs of robotic platforms [34,36–38].
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4. Discussion

The studies included in our updates on robotic gastrectomy for cancer demonstrate
superior surgical outcomes of RG as compared to LG, especially in terms of perioperative
blood losses, rates of conversion, procedure-related postoperative morbidity, and length
of hospital stay. On the other hand, the duration of surgery and costs associated with the
application of robotic surgery are consistently higher than those of LG [23–25,28,30]. Finally,
RG is generally associated with a greater lymph node yield, while long-term outcomes
seem to be substantially comparable [5,13,14,17].

Operative time is considered one of the limitations of the robotic approach: several
studies demonstrated a longer operative time for RG than for LG [4,5,13,17,20]. However,
such difference seems to be attenuated by the progress of specific experience with the
technique. Recently Nakauchi et al. reported their experience with radical gastrectomy
over 10 years from the Memorial Sloan Kettering Cancer Center. The authors compared
OG with MIG and RG with LG. Interestingly, and in contrast with the majority of previous
reports, the analysis of intraoperative outcomes showed that RG had a shorter operative
time compared to LG (212 vs. 240 min p < 0.001) [21]. They concluded that this finding
may reflect their institutional experience because the authors started performing RG after
an extensive experience with conventional LG (more than 100 LG).

A lower conversion rate has been reported as a theoretical advantage of robotic surgery
over conventional laparoscopic surgery [33,34].

Conversion negatively impacts postoperative outcomes, may postpone the initiation
of adjuvant treatments, and ultimately translate into poorer long-term survivals [33,34,39].

We recently conducted a meta-analysis of available randomized evidence comparing
robotic and conventional laparoscopic surgery to identify possible differences in the rate of
unplanned conversion to open surgery [34]. From twelve trials, 1867 patients undergoing
surgery with curative intent for abdominal malignancy were included in the analysis. The
study included 443 patients treated for gastric cancer, both distal and total gastrectomy.
Overall, the rate of conversion was 4.8%, 3.1%, and 6.5% being the relative incidence
for robotic and laparoscopic surgery, respectively. At meta-analysis, this difference was
significant, with an OR of 0.56 favoring robotic over laparoscopic surgery (p = 0.03).

Robotic gastrectomy compared to the laparoscopic conventional approach is associated
with a lower incidence of postoperative complications. In the RCT published by Pan et al.
in 2017, this difference did not reach statistical significance [23]. Nevertheless, in the more
recent trial by Lu et al., in which a total of 141 and 142 well-balanced patients were assigned
to the RG group and the LG group, respectively the overall incidence of postoperative
morbidity was significantly lower for RG as compared to LG, mostly in terms of medical
complications. Furthermore, at multivariate analysis the authors demonstrated that RG
was an independent protective factor for postoperative complications [24].

However, these findings seem to be enhanced in the setting of more technically de-
manding procedures, such as total and proximal gastrectomy, completion total gastrectomy
for remnant gastric cancer, as well as in patients who are obese or who present with
advanced disease [5,13,26–28].

Pancreatic morbidity deserves a specific consideration when specific post-operative
complications after MIG are analyzed. Pancreatic injury due to intraoperative manipula-
tion during dissection and specifically lymphadenectomy may lead to acute pancreatitis,
associated or not with pancreatic fistula formation [40–42]. The real incidence of such
events is probably underestimated in clinical practice and likely difficult to ascertain. Still,
pancreas-related morbidity following gastrectomy should be taken into consideration in the
assessment of radical MIG, owing to the potential to significantly aggravate the postopera-
tive course of patients [40–42]. The available evidence on the incidence of pancreas-related
complications following radical MIG was investigated in a specific meta-analysis con-
ducted by our group and published in 2018 [41]. RG was compared with LG on the relative
incidence of postoperative acute pancreatitis and postoperative pancreatic fistula (POPF).
A slight advantage of RG over LG was disclosed, albeit with marginal statistical signifi-
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cance. By analyzing more than 2000 patients from 8 comparative studies, the incidence of
pancreatic events following MIG was 2.2%, ranging from 0.8% to 16.2%. Despite patients
in the LG tended to have higher BMI and more advanced disease, 1.7%, and 2.5% were the
relative rates of pancreas-related morbidity for RG and LG, respectively. In particular, the
incidence of POPF favored RG over LG (2.7% vs. 3.8%) with an OR of 0.8, albeit without
statistical significance (p = 0.69).

Although, long-term outcomes seem to be substantially comparable after RG and
LG [17,27], interestingly, Choi et al. comparing long-term oncological outcomes (with a
median follow-up of 56 months) of open, laparoscopic, and robotic radical gastrectomy
with D2 lymphadenectomy in obese patients, demonstrated that RG compared to OG and
LG was a protective factor for recurrence-free survival at multivariable analysis [30].

This finding may reflect the greater mean number of retrieved lymph nodes that
seems to be associated with the robotic approach [6,8,13,14,23–25,30]. Three-dimensional
video system, wrist movements, the stable traction of the robotic instruments as well as
ICG fluorescent lymphography may explain the superior lymphadenectomy performance
associated with RG [43].

In conclusion, in the last years, there has been probably too much enthusiasm around
the introduction of the robot in surgical practice. Actually, despite possible specific merits
over conventional LG, the relative lack of high-level evidence still precludes the possibility
to reach definitive conclusions [8,13,14,24]. Randomized studies are difficult to run, as most
referral centers dedicated to MIG have consolidated experience either in LG or in RG, and
different levels of specific expertise are likely to affect monocentric comparisons [29,34].
Actually, both laparoscopic and robotic MIG can be recommended for selected patients at
centers with specific technical expertise, as they are associated with fewer morbidity while
resulting in long-term outcomes which are equivalent to those of open surgery [3,4,16,21].
Available data from RCT is scarce and most retrospective reports are still biased by some
confounding factors. As a consequence, the question of whether RG presents significant
advantages over conventional LG for GC remains an avenue for further research.
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Abstract: Background: Robot-Assisted Minimally Invasive Esophagectomy is demonstrated to
be related with a facilitation in thoracoscopic procedure. To give an update on the state of art
of robotic esophagectomy for cancr a systematic review with meta-analysis has been performed.
Methods: a search of the studies comparing robotic and laparoscopic or open esophagectomy was
performed trough the medical libraries, with the search string “robotic and (oesophagus OR esopha-
gus OR esophagectomy OR oesophagectomy)”. Outcomes were: postoperative complications rate
(anastomotic leakage, bleeding, wound infection, pneumonia, recurrent laryngeal nerves paralysis,
chylotorax, mortality), intraoperative outcomes (mean blood loss, operative time and conversion),
oncologic outcomes (harvested nodes, R0 resection, recurrence) and recovery outcomes (length of
hospital stay). Results: Robotic approach is superior to open surgery in terms of blood loss p = 0.001,
wound infection rate, p = 0.002, pneumonia rate, p = 0.030 and mean number of harvested nodes,
p < 0.0001 and R0 resection rate, p = 0.043. Similarly, robotic approach is superior to conventional
laparoscopy in terms of mean number of harvested nodes, p = 0.001 pneumonia rate, p = 0.003.
Conclusions: robotic surgery could be considered superior to both open surgery and conventional
laparoscopy. These encouraging results should promote the diffusion of the robotic surgery, with the
creation of randomized trials to overcome selection bias.

Keywords: robotic; esophagectomy; esophageal cancer; laparoscopic; open surgery

1. Introduction

Esophageal cancer represents the seventh most common cause of cancer morbidity
and the sixth cause of cancer-related death [1].

Radical esophagectomy with lymphadenectomy represents nowadays the milestone
for the treatment of esophageal cancer [2]. Since its introduction in the late 1940s, open
esophagectomy has been adopted for a long time, obtaining considerable oncologic re-
sults [3]. In the new era of minimally invasive laparoscopic surgery, minimally invasive
esophagectomy started to be performed in the 2000s, providing the well-known advan-
tages on recovery of the minimally invasive procedures. Safety and efficacy of minimally
invasive esophagectomy has been reported in several experiences [4–7], further providing
similar oncologic results and long term recurrence rate [8–10]. However, on a clinical point
of view, the introduction of minimally invasive esophagectomy in the clinical practice is far
to be considered as a standard of care. Major reason for that should be considered technical
challenges in performing minimally invasive esophagectomy.
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Since its introduction in 2000s, robotic surgery has been adopted to overcome technical
difficulties of laparoscopic surgery. The facilities of the robotic approach lay in the intrinsic
characteristics of the robotic platforms. In fact, the three-dimensional view allowed a
better visualization of the operative field and the EndoWrist® technology with the seven-
degrees movement of the robotic arms allows to perform more accurate movements in
narrow space [11,12]. Even if robotic approach could be considered the gold standard only
for the treatment of the prostate cancer, it has accumulated consensus in many surgical
fields [13–16]. In the setting of minimally invasive esophagectomy, it was first introduced
in 2003 by Kernstine et al. [17], but controversies about the advantages of robotic approach
have to be considered still an open issue.

Interest about the results of robotic surgery, also in comparison with open and laparo-
scopic approach, is fervent worldwide. Results on robotic esophagectomy were accumu-
lated exponentially in the last years providing advantages of robot-assisted surgery.

To delineate the state of art of robotic approach to treat esophageal cancer, we have
designed a systematic review and meta- analysis comparing robotic with both open and
laparoscopic surgery, toward to the identification of a gold standard treatment.

2. Materials and Methods
2.1. Literature Search and Study Selection

This systematic review complied with PRISMA (Preferred Reporting Items for Sys-
tematic reviews and Meta-Analyses) reporting standards [18] and was developed in line
with Meta-Analysis of Observational Studies Epidemiology (MOOSE) guidelines [19].

Cochrane Library, EMBASE, PubMed, SCOPUS, and Web of Science were interro-
gated. The search string “robotic and (oesophagus OR esophagus OR esophagectomy OR
oesophagectomy)” was used. Only articles published in English were considered.

Indexed abstract of posters and podium presentations at international meetings were
not included. We did not consider systematic reviews and meta-analyses. However,
the latter were consulted to identify additional studies of interest. The reference lists of
retrieved studies were reviewed. In case of overlapping series in different studies, only the
most recent article was included.

The research question was structured within a PICO (Problem/Population, Inter-
vention, Comparison and Outcome) framework. Population of interest included patients
affected by histologically proven esophageal adenocarcinoma/squamous cells cancer. The
intervention was robotic transthoracic esophagectomy, and the comparator was open
esophagectomy and laparoscopic esophagectomy, respectively.

Outcome measures were divided in short- and long-term outcomes. Short-term
outcomes encompassed postoperative complications rate, in terms of anastomotic leakage,
postoperative bleeding, wound infection, pneumonia, recurrent laryngeal nerves (RLN)
paralysis, chylotorax, reoperation rate and overall mortality, intraoperative outcomes
(mean blood loss, operative time and conversion), oncologic outcomes (harvested nodes,
R0 resection rate) and recovery outcomes (length of hospital stay). Long-term outcomes
included recurrences and 5-year overall survival.

The literature search and study selection were performed independently by two
reviewers. In case of disagreement, a third investigator was consulted and an agreement
was reached by consensus.

2.2. Data Extraction and Risk of Bias Assessment

The following data were extracted from each study: first author, year of publication,
study design, sample size, demographic characteristics, number of patients in each sur-
gical group, gender, mean age, mean BMI (Body Mass Index), ASA (American Society of
Anesthesiologists) Score, tumor stage according to UICC (Union for International Cancer
Control), preoperative radio-chemotherapy rate, mean blood loss, operative time, conver-
sion, anastomotic leakage, postoperative bleeding, wound infection, pneumonia, recurrent
laryngeal nerves (RLN) paralysis, chylotorax, reoperation rate and overall mortality, har-

78



J. Pers. Med. 2021, 11, 640

vested nodes, R0 resection rate, length of hospital stay, recurrence rate and 5-years overall
survival. In order to assess overall mortality, we considered in-hospital mortality and
30-days and 90-days mortality, performing a sum of these data in each group.

Study quality assessment of the included studies was performed with the Newcastle
Ottawa Scale (NOS) [20]. This scoring system encompasses three major domains (selection,
comparability and exposure), with scores between 0 (lowest quality) to 9 (highest quality).
In case of Randomized Controlled Trial (RCTs), the risk of bias was evaluated according to
the Cochrane Collaboration Tool for assessing risk of bias [21]. According to this scoring
system, seven domains were evaluated as “Low risk of bias” or “High risk of bias” or “Un-
clear” according to reporting on sequence generation, allocation concealment, blinding of
participants, blinding of outcome assessment, incomplete outcome data, selective outcome
reporting, and other potential threats to validity.

2.3. Statistical Analysis

Statistical analysis was performed using Comprehensive Meta-Analysis (Version 2.2,
Biostat Inc, Englewood, NJ, USA, 2005). In order to provide a complete update on robotic
surgery for esophageal cancer, two different group analyses were performed: robotic vs.
laparoscopic and robotic vs. open approach.

Furthermore, for each meta-analysis, two subgroup analyses were performed dividing
the studies according to the surgical procedure (Ivor-Lewis esophagectomy or McKeown
esophagectomy). Finally, a sensitivity analysis excluded studies applying a hybrid ap-
proach (robotic abdominal phase and laparoscopic/open thoracic phase) and studies which
did not specify the surgical procedure.

The odds ratio (OR) along with 95% confidence interval was used as effect estimate for
dichotomous outcomes. In case of rare events, the risk difference (RD) with corresponding
95%CI were calculated, maintaining analytic consistency and including all available data,
in accordance with Messori et al. [22]. In case studies reporting median, range and sample
size, or studies reporting median and quartile ranges, the means and standard deviations
were estimated according to Shi, Luo and Wan [23–25]. In studies reporting mean values
without standard deviation, the latter was imputed, according to Furukawa et al. [26].
The overall effect was tested using Z scores and significance was set at p < 0.05. The
summary estimate was computed under a random effects assumption as per DerSimonian
and Laird [27]. A conservative random effect model was chosen a priori in consideration
of foreseen heterogeneity among the included studies. The heterogeneity among the
studies was quantified by the I2 statistic, with I2 values < 25%, between 25–50%, and >50%
indicating respectively low, moderate, and high heterogeneity [28,29]. The presence of
publication bias was investigated through a funnel plot where the summary estimate of
each study (OR) was plotted against the standard error as a measure of study precision. In
addition to visual inspection, funnel plot symmetry was tested using the Egger’s linear
regression method [30]. p values ≤ 0.05 were considered statistically significant.

3. Results
Study Selection

The electronic search returned a total of 2113 results. After duplicates removal,
543 studies entered first-level screening. A total of 507 studies were excluded for the
following reasons: 44 were written in a language other than English, 10 were case re-
ports/case series, 97 were reviews, 46 were non-comparative studies, 293 were off-topic
and 18 did not provide any usable data. Thus, 35 studies were included in the final analysis,
out of which 20 compared robotic vs. laparoscopic surgery, 11 compared robotic vs. open
esophagectomy and 4 reported on a three-arms comparison (robotic vs. laparoscopic vs.
open) [20–54]. From the latter [54], it was possible to extract only data about the comparison
between robotic and laparoscopic esophagectomy. Record selection is illustrated in the
PRISMA flowchart (Figure 1). Inter-rater agreement was perfect (κ = 1).
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Figure 1. PRISMA Flowchart.

4. Robotic Versus Laparoscopic Esophagectomy
4.1. Study Characteristics

All were prospective (n = 5) or retrospective studies (n = 18) [20–23,29,32,33,37,40,42–
46,48,51,53], reporting on 11,779 patients, of whom 3832 underwent robotic esophagectomy
and 7947 laparoscopic esophagectomy. The characteristics of the included studies are
summarized in Table 1.
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Ivor-Lewis procedure was performed in four studies [39,49,51,56], McKeown esophagec-
tomy in ten studies [34,42,43,53,54,57–61] while nine studies did not specify the interven-
tion [31–33,40,47,48,50,52,55].

4.2. Risk of Bias Assessment

All studies had NOS quality scores greater than 6, indicating fair methodological
quality. Specifically, thirteen studies had NOS quality score = 7; ten studies had NOS
quality score = 8. The NOS quality score is represented in Supplementary Table S1. No
RCTs comparing robotic and laparoscopic transthoracic esophagectomy were published.

4.3. Short Term-Outcomes

Intraoperative outcomes are shown in Figure 2. Operative time was reported by 15 Au-
thors [23,25,26,28–31,35,37,40,45,46,49,54,57] on 2690 procedures (which of 1089 robotic
and 1601 laparoscopic), demonstrating a lower operative time in the laparoscopic group
(MD = 31, p = 0.003, 95%CI 10.743; 52.478), with a significant heterogeneity among
the studies (I2 = 93.720%, p < 0.0001). Estimated blood loss was analysed by 14 Au-
thors [21,23,28,29,33,37–39,42,48,50,51,53,57], on 1977 procedures (which of 995 robotic and
982 laparoscopic), demonstrating no significant differences between the two approaches
(MD = 1.673, p = 0.805, 95%CI −11.638; 14.985), with no heterogeneity among the studies
(I2 = 0%, p = 0.760). Number of conversion was reported by 5 Authors [33,47,50,56,57] on
1591 procedures (which of 533 robotic and 1058 laparoscopic), with no significant differ-
ence between the two groups (RD = −0.007, p = 0.662, 95%CI −0.036; 0.023), but with a
significant heterogeneity among the studies (I2 = 61.532%, p = 0.034).

Statistical analysis for postoperative complications are shown in Figure 3. Anastomotic
leakage was analysed by 18 Authors [22,23,28,29,32,33,37–39,42,43,45,48,50,51,53,54,57] on
3482 procedures (1471 robotic and 2011 laparoscopic), with no statistical differences be-
tween the two approaches (OR = 0.936, p = 0.612, 95%CI 0.724, 1.210) and no significant
heterogeneity among the studies (I2 = 0%, p = 0.871). Postoperative bleeding was reported
by 4 Authors [33,34,57,61] on 1556 procedures (489 robotic and 1067 laparoscopic), demon-
strating no significant differences between the two groups (OR = 0.952, p = 0.882, 95%CI
0.494, 1.831) and no significant heterogeneity among the studies (I2 = 0%, p = 0.898). Post-
operative wound infection was analysed by 10 Authors [32,38,49,51,53,54,56,57,60,61] on
2189 procedures (1088 robotic and 1101 laparoscopic), with no significant differences be-
tween the two approaches (RD = −0.001, p = 0.885, 95%CI −0.010; 0.009) and no significant
heterogeneity among the studies (I2 = 7.881%, p = 0.370). Pneumonia was reported by
15 Authors [27,29,32,38–40,42,43,45,48,50,51,53,54,57] on 2586 procedures (1276 robotic and
1310 laparoscopic), with a lower number of pneumonias in the robotic group (RD = −0.038,
p = 0.003, 95%CI −0.064; −0.013) and no significant heterogeneity among the studies
(I2 = 0%, p = 0.726).
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between the two approaches (OR = 0.760, p = 0.258, 95%CI 0.473, 1.223), but with a
significant heterogeneity among the studies (I2 = 69.109%, p < 0.0001). Chylothorax
was analysed by 13 Authors [23,27,29,32,38,43,45,48,50,51,53,54,57] on 2433 procedures
(1207 robotic and 1226 laparoscopic), with no significant differences between the two groups
(OR = 0.816, p = 0.564, 95%CI 0.409, 1.627), and no significant heterogeneity among the stud-
ies (I2 = 0%, p = 0.954). Mortality was analysed by 17 Authors [22,23,28,31,32,36,38,41,43–
46,48,50,51,53,54] including 3727 patients (1604 robotic and 2123 laparoscopic) with no
differences between the two groups (RD = −0.003, p = 0.352, 95%CI −0.011; 0.004) and
no significant heterogeneity among the studies (I2 = 0%, p = 0.962). It was not possible to
assess the reoperation rate because no studies reported this data.

Oncologic outcomes are shown in Figure 4. Mean number of harvested nodes
was reported by 17 Authors [31,34,38,40,43,48,49,52–61] on 10,707 procedures (which of
3566 robotic and 7141 laparoscopic), demonstrating a higher number in the harvested
nodes during the robotic approach (MD = 1.307, p = 0.001, 95%CI 0.553; 2.060), with a
significant heterogeneity among the studies (I2 = 74.857%, p < 0.0001). The number of com-
plete resection (R0 resection) was reported by 12 Authors [32,38,48–50,52,53,56–58,60,61]
on 2940 procedures (which of 1469 robotic and 1471 laparoscopic), with no significant
differences between the two procedures (RD = 0.005, p = 0.473, 95%CI −0.009; 0.019), and
no significant heterogeneity among the studies (I2 = 20.790%, p = 0.258).
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Length of hospital stay was represented in Figure 5. This data was reported by 16 Au-
thors [20–23,28,36–38,41,43,45,46,48,50,51,54], on 9642 patients (2713 robotic and 6749 la-
paroscopic), demonstrating no differences between the two approaches (MD = −0.476,
p = 0.289, 95%CI −1.241; 0.289), with a significant heterogeneity among the studies
(I2 = 72.303%, p < 0.0001).
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5. Long-Term Outcomes

Long-term outcomes are summarized in Figure 6. Recurrences were analysed by
3 Authors [32,54,57] on 1176 patients (588 in each arm), with no significant differences
between the two groups (OR = 1.035, p = 0.855, 95%CI 0.720, 1.487) and no significant
heterogeneity among the studies (I2 = 0%, p = 0.742). The 5-years overall survival was
reported by 2 Authors [43,54], with no significant differences between the two groups
(OR = 1.105, p = 0.527, 95%CI 0.811, 1.506) and no significant differences among the studies
(I2 = 0%, p = 0.380).
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6. Subgroup Analysis
6.1. Fully Robotic vs. Fully Laparoscopic Procedures

Excluding the two studies in which the surgical procedures was not clearly de-
scribed [52] or in which a hybrid approach was adopted [33,55], this subgroup analysis
included 21 studies [31–34,38,40,42,43,47–51,53,54,56–61].

It was not possible to obtain data about blood loss, wound infection, postoperative
pneumonia, RLN paralysis and chylothorax because the above-mentioned study did not
report these data.

Of the remaining outcomes, the subgroup analysis confirmed the results of the main
analysis in terms of operative time (lower in the laparoscopic group, MD = 32, p = 0.004,
95%CI 9.983; 53.978), conversion (RD = −0.011, p = 0.495, 95%CI −0.043; 0.021), anastomotic
leakage (OR = 0.945, p = 0.693, 95%CI 0.711; 1.254), bleeding (OR = 0.587, p = 0.555,
95%CI 0.100; 3.443), mortality (RD = −0.004, p = 0.283, 95%CI −0.012; 0.003), harvested
nodes (MD = 1.748, p < 0.0001, 95%CI 0.795; 2.701), R0 resection (RD = 0.005, p = 0.528,
95%CI −0.011; 0.022) and hospital stay (MD = −0.462, p = 0.318, 95%CI −1.369; 0.444).

6.2. McKeown Esophagectomy

After excluding four studies about Ivor-Lewis procedure [38,49,51,56] and other nine
in which Ivor-Lewis and Mckeown were not separately analysed [31–33,40,47,48,50,52,55],
ten studies [34,42,43,53,54,57–61] were included in the subgroup analysis according to
Mckeown procedure.

Of intraoperative data, no difference was found between robotic and laparoscopic
approach in terms of estimated blood loss (MD = −1.370, p = 0.876, 95%CI −18.547; 15.808,
respectively). Interestingly, in this subgroup analysis there was no difference in term of
operative time (MD = 11.262, p = 0.334, 95%CI −11.595; 34.118), conversely to the main
analysis. It was not possible to extract data about conversion because only one study was
about McKeown esophagectomy.

Of postoperative complications, the subgroups analysis confirmed no significant
differences were between the two approaches in terms of anastomotic leakage (OR = 0.928,
p = 0.659, 95%CI 0.667, 1.291), bleeding (OR = 0.587, p = 0.555, 95%CI 0.100; 3.443), wound
infection (RD = −0.001, p =0.878, 95%CI −0.009; 0.011), RLN paralysis (OR = 0.994, p = 0.981,
95%CI 0.609, 1.623), chylothorax (OR = 0.880, p = 0.753, 95%CI 0.397; 1.949) and mortality
(RD = −0.004, p = 0.285, 95%CI −0.013; 0.004). Similarly, a significant difference was
confirmed in terms of postoperative pneumonia between the two groups in favour of
robotic surgery (RD = −0.035, p = 0.028, 95%CI −0.066; −0.004).

Confirming the data of the main analysis, robotic surgery was associated with a higher
number of harvested nodes (MD = 1.445, p = 0.001, 95%CI 0.572; 2.318), while no differences
were found in terms of R0 resection and recurrences (RD = 0.004, p = 0.593, 95%CI −0.010;
0.017 and OR = 1.018, p = 0.925, 95%CI 0.701; 1.478, respectively).

Finally, no significant differences were found in terms of length of hospital stay
between the two approaches (MD = −1.058, p = 0.316, 95%CI −3.125; 1.009).

6.3. Ivor-Lewis Esophagectomy

The subgroup analysis on Ivor-Lewis esophagectomy included four studies [38,49,51,56].
The sub-analysis of intraoperative data confirmed that there was no difference between

the two approaches in terms of estimated blood loss (MD = 11.916, p = 0.513, 95%CI −23.794;
47.626, respectively). On the contrary, subgroup analysis showed no difference in terms of
operative time (MD = 39.990, p = 0.112, 95%CI −9.367; 89.347) between the two approaches.
It was not possible to extract data about conversions because only one study was about the
Ivor-Lewis procedure.

Of postoperative complications, no significant differences were found in terms of anas-
tomotic leakage (OR = 0.956, p = 0.907, 95%CI 0.446; 2.049), wound infection (RD = −0.014,
p = 0.531, 95%CI −0.059; 0.030), RLN paralysis (OR = 1.553, p = 0.524, 95%CI 0.401; 6.022),
chylothorax (OR = 0.267, p = 0.255, 95%CI 0.028; 2.597) and mortality (RD = −0.006,
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p = 0.652, 95%CI −0.031; 0.019), confirming the data of the main analysis. Interestingly,
rate of postoperative pneumonia (RD = −0.042, p = 0.123, 95%CI −0.096; 0.011) did not
differ between the two approaches. No data were extracted about postoperative bleeding
because no studies about Ivor-Lewis esophagectomy reported this data.

About oncologic outcomes, no difference was found in terms of R0 resection (RD = 0.024,
p = 0.473, 95%CI −0.042; 0.091) and differently to the main analysis, no difference was
found on number of harvested nodes (MD = 4.091, p = 0.077, 95%CI −0.450; 8.631). No
data were extracted about recurrence because of the absence of studies about Ivor-Lewis
esophagectomy analysing this aspect.

No differences in terms of length of hospital stay was found between the two ap-
proaches (MD = −0.001, p = 0.993, 95%CI −0.274; 0.272).

6.4. Publication Bias

Forest plots were symmetrical across outcomes and the Egger’s test was not suggestive
of publication bias, except for the mean number of harvested nodes and operative time,
in which visual inspection suggested an asymmetric distribution of studies around the
mean and the Egger’s test confirmed significant publication bias (p = 0.01 and p = 0.006,
respectively). Funnel plots are provided in Supplementary Figures S1–S4.

7. Robotic Versus Open Esophagectomy
7.1. Study Characteristics

Seven retrospective [35,41,44,45,52,61,62] and four prospective cohort studies [37,39,46,63],
and two RCTs were identified [11,64], reporting on 4485 patients, out of whom 1919 underwent
robotic esophagectomy and 2566 open esophagectomy. The characteristics of the included
studies are detailed in Table 2.

About surgical intervention, all the surgical interventions of the included studies
were performed with a fully robotic approach, except for the study by Rolff et al. [45],
in which an hybrid procedure (robotic approach to the abdomen and open approach
to the thorax) was used. Two articles reported on Ivor-Lewis procedure [37,39], one on
McKeown esophagectomy [61] while ten did not provide relevant data to allow subgroup
analysis [11,35,41,44–46,52,62–64].
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7.2. Risk of Bias Assessment

All studies had NOS quality scores greater than 6, indicating that all these studies had
fair methodological quality. Specifically, seven studies had NOS quality score = 8; six had
NOS quality score = 7. The NOS quality score is represented in Table 2. The two included
RCTs [11,64] had low risk of bias.

7.3. Short-Term Outcomes

Intraoperative outcomes are shown in Figure 7. Operative time was reported by
9 Authors [11,35,37,38,41,45,46,61,63] on 1982 procedure (which of 668 robotic and 1314
open), demonstrating a lower operative time in the open group (MD = 57, p < 0.0001,
95%CI 27.597; 87.684), with a significant heterogeneity among the studies (I2 = 97.190%,
p < 0.0001). Estimated blood loss was analysed by 8 Authors [11,35,39,41,45,46,61,63], on
1960 procedures (which of 657 robotic and 1303 open), demonstrating a significantly lower
blood loss in the robotic group (MD = −118.783, p = 0.001, 95%CI −187.492; −50.073), with
a significant heterogeneity among the studies (I2 = 96.086%, p < 0.0001).
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Postoperative complications are shown in Figure 8. Anastomotic leakage was analysed
by 8 Authors [11,35,39,41,44,46,61,63] on 2188 procedures (823 robotic and 1365 open), with
no statistical differences between the two approaches (OR = 0.953, p = 0.799, 95%CI 0.655;
1.385) and no significant heterogeneity among the studies (I2 = 0%, p = 0.556). Postoperative
bleeding was reported by 4 Authors [11,46,61,63] on 818 procedures (339 robotic and 479
open), demonstrating no significant differences between the two groups (RD = −0.007,
p = 0.372, 95%CI −0.022; 0.008) and no significant heterogeneity among the studies (I2 = 0%,
p = 0.439). Postoperative wound infection was analysed by 6 Authors [11,39,41,44,46,61]
on 1570 procedures (605 robotic and 965 open), with a significant differences between the
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two approaches in favour of robotic surgery (OR = 0.425, p = 0.002, 95%CI 0.245; 0.737) and
no significant heterogeneity among the studies (I2 = 11.051%, p = 0.345). Pneumonia was
reported by 6 Authors [11,35,39,44,61,63] on 1958 procedures (729 robotic and 1229 open),
with a lower number of pneumonias in the robotic group (OR = 0.548, p = 0.03, 95%CI 0.318;
0.944), but with a significant heterogeneity among the studies (I2 = 61.247%, p = 0.024).
Pneumonia rate are expressed in percentage and are available in Supplementary Table S3.

RLN paralysis was reported by 6 Authors [11,35,41,46,61,63] on 1125 procedures
(457 robotic and 668 open), with no significant differences between the two approaches
(OR = 1.352, p = 0.120, 95%CI 0.925, 1.978) and no significant heterogeneity among the
studies (I2 = 0%, p = 0.807). Chylothorax was analysed by 4 Authors [11,46,61,63] on
818 procedures (339 robotic and 479 open), with no significant differences between the
two groups (OR = 1.407, p = 0.273, 95%CI 0.764; 2.589), and no significant heterogeneity
among the studies (I2 = 0%, p = 0.463). Re-operations were reported by 3 Authors [11,38,44]
on 1172 procedures (420 robotic and 752 open), with a significant differences in favour of
robotic surgery approaches (OR = 0.300, p = 0.035, 95%CI 0.098, 0.919) with no significant
heterogeneity among the studies (I2 = 58.531%, p = 0.09). Mortality was analysed by
9 Authors [11,39,44–46,52,61–63] including 4047 patients (1736 robotic and 2311 open) with
no differences between the two groups (OR = 0.971, p = 0.917, 95%CI 0.555; 1.699) and no
significant heterogeneity among the studies (I2 = 72.556%, p < 0.0001).
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Oncologic outcomes are shown in Figure 9. Mean number of harvested nodes was re-
ported by 10 Authors [11,37,38,41,45,46,52,61–63] on 3685 procedures (which of 1555 robotic
and 2130 open), demonstrating a higher number of the harvested nodes during the robotic
approach (MD = −4, p < 0.0001, 95%CI −5.299; −2.888), with a significant heterogeneity
among the studies (I2 = 94.059%, p < 0.0001). The number of complete resection (R0 re-
section) was reported by 7 Authors [11,39,46,52,61–63] on 3387 procedures (which of 1458
robotic and 1929 open), with a significantly higher number of R0 resection in the robotic
group (OR = 1.420, p = 0.043, 95%CI 1.011; 1.994), and no significant heterogeneity among
the studies (I2 = 0%, p = 0.462). Oncologic outcomes are expressed as means and standard
deviation (harvested nodes) and percentage (R0 resection rate) in Supplementary Tables S4
and S5, respectively.
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Length of hospital stay was represented in Figure 10. This data was reported by
9 Authors [11,35,37,41,44–46,62,63], on 2549 patients (1110 robotic and 1439 open), demon-
strating a shorter length of hospital stay in the robotic group (MD = −1.341, p < 0.0001,
95%CI −1.797; −0.885), with a significant heterogeneity among the studies (I2 = 87.169%,
p < 0.0001).
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8. Long-Term Outcomes

Long-term outcomes are represented in Figure 11. Recurrences was analysed by
2 Authors [63,64] on 480 patients (184 robotic and 296 open), with no significant differences
between the two groups (OR = 0.955, p = 0.853, 95%CI 0.590; 1.547) and no significant
heterogeneity among the studies (I2 = 0%, p = 0.971). The 5-years overall survival was
reported by 4 Authors [11,36,44,64] on 1670 procedures (834 robotic and 836 open), with
no significant differences (OR = 1.018, p = 0.861, 95%CI 0.837; 1.237) and no significant
heterogeneity among the studies (I2 = 0%, p = 0.562).
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9. Subgroup Analysis
9.1. Fully Robotic vs. Open Procedures

To perform this subgroup analysis only the study by Rolff et al. [45] and Weksler et al. [52]
were excluded. Thus, the subgroup analysis included eleven studies [11,35,37,38,41,44,46,61–64].

About intraoperative outcomes, subgroup analysis confirmed a significantly lower
operative time (MD = 61.676, p < 0.0001, 95%CI 28.905; 94.448) in the open surgery group
and lower estimated blood estimated blood loss (MD = −100.742, p = 0.004, 95%CI −169.793;
−31.692) in the robotic group.

About postoperative complications, only data about mortality could be extracted, without
a significant difference between the two approaches (OR = 0.855, p = 0.668, 95%CI 0.418; 1.748).
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Only data regarding harvested nodes could be extracted in terms of oncologic out-
comes in the subgroup analysis, confirming a significant difference between the two
approaches in favour of robotic approach (MD = 3.783, p = 0.002, 95%CI 1.385; 6.180).

Hospital stay was confirmed to be shorter in the robotic group (MD = −1.353, p < 0.0001,
95%CI −1.814; −0.892).

9.2. McKeown Esophagectomy

It was not possible to perform a subgroup analysis because only one study [61]
reported data about the comparison between robotic and open McKeown esophagectomy.

9.3. Ivor-Lewis Esophagectomy

Ivor-Lewis esophagectomy was described by only two studies [37,38]. It was possible
to perform a subgroup analysis about operative time and harvested nodes. Analysis of op-
erative time showed no significant differences between the two approaches (MD = 60.568,
p = 0.367, 95%CI −71.084; 192.219). On the contrary, the analysis on harvested nodes con-
firmed the higher number of this parameter in the robotic group (MD = 10.029, p < 0.0001,
95%CI 8.768; 11.289).

9.4. Publication Bias

Plot analysis showed a symmetrical distribution of the studies evaluating all the
analysed outcomes, without evidence of publication bias by the Egger’s test. Funnel plots
are shown in Supplementary Figures S5–S8.

10. Discussion

The standard treatment of the esophageal cancer is nowadays considered radical
esophagectomy with a complete lymphadenectomy whenever this is feasible [65]. Min-
imally invasive approaches have emerged over the last decades, with the objective to
minimize surgical trauma and optimize postoperative outcomes [65].

Minimally invasive esophagectomy (MIE) has gained momentum because of evidence
suggesting lower postoperative complication rate and similar oncologic results compared
to conventional thoracotomy approaches [66–68].

More recently, Robot-Assisted Minimally Invasive Esophagectomy (RAMIE) was
introduced as an alternative minimally invasive method which may allow improved
view of thoracic structures and increased precision [69]. Nevertheless, the presumed
advantages of the robotic surgery are still under debate [69–71]. In this setting, three
meta-analysis tried to assess if the robotic approach could be considered the best treat-
ment to the esophageal cancer [70–72]. In a network meta-analysis on 98 studies and
32,315 patients, Siaw-Acheampong et al. [70] compared all combinations of open, laparo-
scopic and robotic approaches to transthoracic esophagectomy. Their results demonstrated
that compared with open surgery, both laparoscopic and robotic approaches were associ-
ated with less blood loss, significantly lower rates of pulmonary complications, shorter
hospital stay and higher mean of harvested nodes, concluding that minimally invasive
approaches were related with better postoperative outcomes with no compromise in onco-
logic results. Regarding the comparison between laparoscopic and robot-assisted approach,
Zheng et al. [71] identified fourteen studies with a total of 2887 patients included in the
final an analysis. The Authors demonstrated that RAMIE was associated with a lower
incidence of pneumonia and vocal cord palsy than MIE, but still be associated with longer
operative time. Additionally, Li et al. [72] demonstrated in a meta-analytic comparison
between 866 patients in the RAMIE group and 883 patients in the MIE group that RAMIE
yielded significantly higher number of lymph nodes. Both Authors independently con-
cluded that RAMIE could be a standard treatment for transthoracic approach to esophageal
cancer. From that knowledge, in the last two years fifteen new studies have been published
comparing robotic approach with the other surgical techniques, confirming the fervid
interest in this topic.
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By pooling respectively 11,779 comparing robotic versus laparoscopic and 4485 robotic
versus open esophagectomy we are able to provide pros and cons of the robotic approach.

Robotic approach appears to provide some advantages over open approach. In fact,
our results showed that robotic approach is clearly superior over open surgery in terms
of intraoperative outcomes (less blood loss p = 0.001), postoperative complications (lower
wound infection rate, p = 0.002; pneumonia rate, p = 0.03; re-operation rate p = 0.03) and on-
cologic outcomes (mean number of harvested nodes, p < 0.0001; R0 resection rate, p = 0.043).
The possible explanation of these better oncologic results could lay in the magnification of
the images and in the finer dissection movements properly related to the robotic technology.
Considering the current literature, these results are completely in accordance with the pre-
vious network meta-analysis by Siaw-Acheampong et al. [70], confirming the advantages
of the robotic approach over open technique. On the contrary, no disadvantages were
associated with the robotic surgery, except for operative time (longer in the robotic group,
p < 0.0001), but with no association with non-surgical postoperative complications. Finally,
we can assess the safety of robotic approach, guaranteed by the absence of significant
differences over open surgery in terms of postoperative complications. Additional conclu-
sion could be provided by the comparison between robotic and conventional laparoscopic
approach. Robotic approach seemed to be superior to conventional laparoscopy in terms
of oncologic outcomes (mean number of harvested nodes obtained, p = 0.001) and postop-
erative complications (incidence of pneumonia after surgery, p = 0.003). Even in this case
robotic surgery has the only disadvantage of operative time (shorter in the laparoscopic
group, p = 0.003), but this data was not associated with increased postoperative morbidi-
ties.Our results are in accordance with the results of the meta-analysis by Zheng et al. [71]
in terms of longer operative time in the robotic group. Similarly pneumonia rate was lower
in the robotic group, and this data has been confirmed by our analysis. Comparing our
results with the results obtained by the meta-analysis by Li et al. [72], it is easy to notice an
accordance in the setting of number of yielded lymph nodes, significantly higher in the
robotic group. On the contrary, Li et al. [72] demonstrated a lower blood loss in the robotic
group, in our meta-analysis there was no significant differences between the two groups.

Finally, it is important to highlight that our results were confirmed by the subgroups
analyses both for robotic versus laparoscopic and robotic versus open comparison.

In fact, excluding hybrid procedures in both main comparisons, and organizing the
studies according to Ivor-Lewis or McKeown procedures, we could confirm the superiority
of robotic approach.

Despite these results, major limitation of this study has to be addressed. As known,
meta-analysis has to be considered the mirror of the current literature and, thus, the major
limitation of our report is that most studies are on a retrospective manner, foreclosing the
possibility to exclude patients selection bias.

We cannot exclude that patients’ allocation into robotic, laparoscopic or open group
would be related to surgeons’ preference and experience, patients’ and tumors’ characteristics.

11. Conclusions

Even if further randomized clinical trials are needed to give definitive conclusions to
include the robotic esophagectomy as the gold standard treatment for esophageal cancer,
we can assess that robotic surgery could be considered associated with several advantages
over both open and laparoscopic surgery.

Take home messages from our analysis are:

• robotic surgery could be considered absolutely safe, being the results about postopera-
tive complications comparable to open and laparoscopic surgery;

• robotic surgery could be considered superior to open approach, being guaranteed less
postoperative complications and superior oncologic results;

• robotic approach appeared to be slightly superor to laparoscopic surgery, providing
less postoperative pneumonia and higher number of harvested nodes;
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• being by our results safety and effectiveness of robotic surgery to treat esophageal
cancer, future perspective is the call to perform randomized clinical trial to confirm
the advantages of robotic surgery. Definitive conclusions cannot be drawn, due to
limitations of the current literature.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/10
.3390/jpm11070640/s1, Supplementary Figure S1. Funnel plot analysis of the comparison between
robotic and laparoscopic surgery about intraoperative outcomes. (a) operative time; (b) estimated
blood loss; (c) conversion. Supplementary Figure S2. Funnel plot analysis of the comparison be-
tween robotic and laparoscopic surgery about postoperative complications. (a) anastomotic leakage;
(b) postoperative bleeding; (c) wound infection; (d) pneumonia; (e) RLN paralysis; (f) chylothorax;
(g) mortality. Supplementary Figure S3. Funnel plot analysis of the comparison between robotic and
laparoscopic surgery about oncologic outcomes. (a) number of harvested nodes; (b) R0 resection.
Supplementary Figure S4. Funnel plot analysis of the comparison between robotic and laparoscopic
surgery about length of hospital stay. Supplementary Figure S5. Funnel plot analysis of the com-
parison between robotic and laparoscopic surgery about long-term outcomes. (a) recurrences; (b)
5-years overall survival. Supplementary Figure S6. Funnel plot analysis of the comparison between
robotic and open surgery about intraoperative outcomes. (a) operative time; (b) estimated blood loss.
Supplementary Figure S7. Funnel plot analysis of the comparison between robotic and open surgery
about postoperative complications. (a) anastomotic leakage; (b) postoperative bleeding; (c) wound
infection; (d) pneumonia; (e) RLN paralysis; (f) chylothorax; (g) re-operation rate; (h) mortality.
Supplementary Figure S8. Funnel plot analysis of the comparison between robotic and open surgery
about oncologic outcomes. (a) number of harvested nodes; (b) R0 resection. Supplementary Figure S9.
Funnel plot analysis of the comparison between robotic and open surgery about length of hospital
stay. Supplementary Figure S10. Funnel plot analysis of the comparison between robotic and open
surgery about 5-years overall survival. Supplementary Table S1. NOS quality assessment of the
included studies comparing robotic and laparoscopic approach. Supplementary Table S2. NOS
quality assessment of the included studies comparing robotic and open approach. Supplementary
Table S3. Comparison between robotic and open surgery in terms of pneumonia rate.
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Abstract: The complexity associated with laparoscopic colorectal surgery requires several skills to
overcome the technical difficulties related to this procedure. To overcome the technical challenges
of laparoscopic surgery, a robotic approach has been introduced. Our study reports the surgical
outcomes obtained by the transition from laparoscopic to robotic approach in colorectal cancer
surgery to establish in which type of approach the proficiency is easier to reach. Data about the
first consecutive 15 laparoscopic and the first 15 consecutive robotic cases are extracted, adopting as
a comparator of proficiency the last 15 laparoscopic colorectal resections for cancer. The variables
studied are operative time, number of harvested nodes, conversion rate, postoperative complications,
recovery outcomes. Our analysis includes 15 patients per group. Our results show that operative
time is significantly longer in the first 15 laparoscopic cases (p = 0.001). A significantly lower number
of harvested nodes was retrieved in the first 15 laparoscopic cases (p = 0.003). Clavien Dindo I
complication rate was higher in the first laparoscopic group, but without a significant difference
among the three groups (p = 0.09). Our results show that the surgeon needed no apparent learning
curve to reach their laparoscopic standards. However, further multicentric prospective studies are
needed to confirm this conclusion.

Keywords: robotic; colorectal; colorectal cancer; laparoscopic; learning curve

1. Introduction

Minimally invasive surgery represents nowadays the standard approach for the treat-
ment of colorectal pathologies [1–3]. However, the complexity associated with laparoscopic
colorectal surgery requires several skills to overcome the technical difficulties related to
this type of procedure [4,5]. Thus, the safety and the feasibility of laparoscopic colorectal
surgery are related to the surgeon’s experience.

In this setting, several parameters have been investigated to define an adequate level
of proficiency, but the number of cases needed to complete the learning curve is still not
well defined [6–11], varying between 11 and 152 [6,9,11,12].

Recently, to overcome the technical challenges of laparoscopic surgery, a robotic
approach has been introduced [13–15]. Its adoption to colorectal surgery has gained large
consensus among the surgeons, because of its several facilities to overcome the difficulties
of laparoscopic surgery.

In the setting of surgical expertise, most studies reported that robotic colorectal surgery
has a shorter learning curve, reaching the plateau after 15–25 cases [12,16].
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However, the results of the comparison between robotic and laparoscopic colorectal
surgery during the learning curve are still under debate. This study reports the surgical
outcomes obtained by the transition from laparoscopic to robotic approach in colorectal
cancer surgery to establish in which type of approach the proficiency is easier to reach.

2. Materials and Methods

After the University Institutional Review Board of a tertiary referral colorectal center
approval, a retrospective chart review of the minimally invasive colorectal resection for
cancer performed by a single surgeon (M.M.) between 1 January 2014 and 31 March 2021
was conducted.

Patients who underwent colorectal resection for benign conditions and emergency
cases were excluded.

Data about the first consecutive 15 laparoscopic (Group A) and the first 15 consecutive
robotic cases (Group B) were extracted, adopting as a comparator of proficiency data about
the last 15 laparoscopic colorectal cancer resections (Group C). Specifically, laparoscopic
colorectal cancer surgery was introduced in our institution in 2014, while robotic-assisted
surgery was adopted in 2018. Thus, the enrolment period ranged from 2014 (first 15 la-
paroscopic cases) to 2021 (last 15 laparoscopic cases) throughout 2018 (first 15 robotic
cases).

2.1. Surgical Technique and Perioperative Management

When laparoscopy was introduced in the institution, the surgeon had no experience
as the first surgeon in colorectal procedures, as well as for the robotic colorectal procedures
when the robotic platform was introduced.

All the patients underwent preoperative antibiotics and heparin prophylaxis as de-
scribed previously [17].

All the surgical interventions were performed by the same surgeon (M.M.), who had
no experience as the first surgeon in laparoscopic colorectal procedures at the beginning
of the enrolment period. Similarly, the surgeon had no experience in robotic colorectal
procedures at the enrolment of the first 15 robotic cases, but with adequate expertise in
laparoscopic colorectal surgery.

All the patients underwent surgical procedures were under general anesthesia. In right
colectomy, after identifying the ileocolic pedicle, the peritoneum was dissected towards the
transverse colon, and the Toldt’s fascia was separated by the Gerota’s plane, preserving the
duodenum, the right gonadal vessels, and the right ureter. After the ligation of the ileocolic
pedicles, the right colic artery (if present), and the right branch of the middle colic artery,
the right hemicolectomy was performed with a linear stapler (or with a robotic stapler
during the robotic procedure), and an intracorporeal side-to-side isoperistaltic anastomosis
was performed. In the left colectomy, after a coloepiploic detachment, the splenic flexure
was completely mobilized by creating a window under the Inferior Mesenteric Vein (IMV)
to separate the mesocolon from the pancreatic tail. After identifying the Inferior Mesenteric
Artery (IMA) origin, the Toldt’s fascia was completely separated by the retroperitoneal
plane, preserving the left ureter and the gonadal vessels. Then the IMV and IMA were
ligated at their origin, a left hemicolectomy was performed, and an end-to-end Knight
Griffen colorectal anastomosis was performed. In the case of splenic flexure resection,
the transverse and descending colon were completely mobilized, the left branch of the
middle colic artery and the left colic artery were ligated at their origin, and a splenic flexure
resection was performed. In the case of transverse colon resection, both colic flexures were
mobilized, and the wedge resection of the transverse colon and the mesentery between the
two branches of the middle colic artery was performed. In the case of segmental colonic
resection, an intracorporeal, isoperistaltic, side-to-side anastomosis was performed. In
rectal anterior resection the procedure followed the surgical steps of the left hemicolectomy.
In addition, a complete TME was performed, and in the case of middle- and low-rectal
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cancers, a protective loop ileostomy was performed after the Knight–Griffen colorectal
anastomosis.

The postoperative period has been homogenized according to ERAS protocol [18].

2.2. Outcomes and Data Collection

Collected data of the three cohorts included gender, age, Body Mass Index (BMI),
American Society of Anesthesiologists risk class (ASA), Charlson Comorbidity Index (CCI),
tumor localization, and TNM stage, type of resection.

Intraoperative outcomes to predict the feasibility of the surgical approach were: Oper-
ative time, number of harvested nodes, and conversion rate.

Postoperative complications were recorded according to Clavien–Dindo (CD) classifi-
cation [19], such as nausea and vomit, postoperative pain, ileus, surgical wound compli-
cations, abdominal or bowel bleeding, anastomotic leakage, need of Intensive Care Unit
(ICU), and death.

Postoperative recovery outcomes were evaluated in terms of time to first flatus, time
to first stools, and length of hospital stay.

The term anastomotic leakage included all conditions with clinical or radiologic anas-
tomotic dehiscence, with or without needing surgical revision. Any bleeding has been
considered if required blood transfusions. The term postoperative pain included the situa-
tions in which extra analgesia was needed for moderate or severe pain in the postoperative
period. The term ileus included the situations in which the bowel movements were absent
for over 72 postoperative hours. If the condition required prokinetics, it was inserted in
the group of Clavien Dindo I complications group; on the contrary, the ileus requiring the
insertion of the nasogastric tube was inserted in the Clavien Dindo II complications group.
The term conversion included all situations in which a laparotomy was needed or in which,
during the procedure, an extracorporeal anastomosis was preferred.

2.3. Statistical Analysis

Statistical analysis was performed by using SPSS version 26.0 (IBM, Armonk, NY,
USA). Continuous data were expressed as mean ± SD; categorical variables were expressed
as %. Continuous variables were compared among the groups by ANOVA test, and a
Bonferroni post-hoc analysis was performed to investigate group differences on multiple
dependent variables in the case of significance; categorical variables are compared by the
χ2 test; when the minimum expected value was <5, the Fisher’s exact test was adopted. A
p value of <0.05 was defined as statistically significant.

A subgroup analysis of the intraoperative outcomes was performed according to the
tumor localization and consequent surgical procedures to exclude any bias-related to any
surgical challenge.

3. Results

Our analysis included 45 patients, 15 in each group. Demographic data are reported
in Table 1.

No significant difference was found among the three groups in terms of gender
(p = 0.765), age (p = 0.814), BMI (p = 0.900), ASA Score (p = 0.557), Charlson Score (p = 0.978),
tumor localization (p = 0.776), TNM (p = 0.946, p = 0.497 and p = 1.000, respectively) and
type of surgical resection (p = 0.739).

Intraoperative outcomes, postoperative complications, and recovery outcomes are
shown in Table 2.

Operative time was significantly longer in the first 15 laparoscopic cases (p = 0.001),
and the Bonferroni post-hoc test confirmed this significance between Group A and both
Group B and Group C (p = 0.003 and p = 0.008, respectively), while no significance was
found between Group B and Group C (p = 0.998).
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Table 1. Demographic data of the included patients.

Patients’
Characteristics Group A (n = 15) Group B (n = 15) Group C (n = 15) p Value

Gender 0.765

M 7 (46.7) 8 (53.3) 9 (6.2)
F 8 (53.3) 7 (46.7) 6 (40.0)
Age 72.07 ± 7.9 70.53 ± 13.51 69.53 ± 10.44 0.814
BMI 26.4 ± 4.2 25.8 ± 4.03 26.16 ± 2.04 0.900

ASA Score 0.557

I 0 (0) 0 (0) 1 (6.7)
II 11 (73.3) 8 (53.3) 9 (60)
III 4 (26.7) 6 (40.0) 5 (33.3)
IV 0 (0) 1 (6.7) 0 (0)

Charlson Score 6.07 ± 1.8 6.13 ± 2 6.2 ± 1.26 0.978

Tumour localization 0.776

Caecum 2 (13.3) 2 (13.3) 0 (0)
Right Colon 2 (13.3) 3 (20.0) 4 (26.7)
Hepatic flexure 1 (6.7) 0 (0) 1 (6.7)
Transverse colon 0 (0) 0 (0) 1 (6.7)
Splenic flexure 0 (0) 0 (0) 1 (6.7)
Descending colon 4 (26.7) 3 (20) 2 (13.3)
Sigma 1 (6.7) 0 (0) 1 (6.7)
Rectum 5 (33.3) 7 (46.7) 5 (33.3)

T Classification 0.946

1 1 (6.7) 2 (13.3) 1 (6.7)
2 5 (33.3) 3 (20.0) 5 (33.3)
3 6 (40.0) 8 (53.3) 7 (46.7)
4 3 (20.0) 2 (13.3) 2 (13.3)

N Classification 0.497

0 9 (60) 6 (40.0) 10 (66.7)
1 6 (40.0) 8 (53.3) 4 (26.7)
2 0 (0) 1 (6.7) 1 (6.7)

M Classification 1.000

0 14 (93.3) 14 (93.3) 14 (93.3)
1 1 (6.7) 1 (6.7) 1 (6.7)

Type of resection 0.739

Right
hemicolectomy

5 (33.3) 5 (33.3) 5 (33.3)

Transverse resection 0 (0) 0 (0) 1 (6.7)
Splenic flexure

resection
0 (0) 0 (0) 1 (6.7)

Left hemicolectomy 5 (33.3) 3 (20.0) 3 (20.0)
Rectal anterior

resection
5 (33.3) 6 (40.0) 5 (33.3)

Abdomino-perineal
resection

0 (0) 1 (6.7) 0 (0)

Dichotomous variables are expressed by number and (percentage); continuous variables by mean ± standard deviation. M: male; F: female;
BMI: Body Mass Index; ASA: American Society of Anesthesiologists.
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Table 2. Intraoperative outcomes, postoperative complications and recovery outcomes.

Outcomes Group A (n = 15) Group B (n = 15) Group C (n = 15) p Value

Intraoperative
outcomes

Operative time (min) 233 ± 55.48 169.66 ± 46.27 177 ± 42 0.001
Harvested nodes 17.73 ± 4.62 23 ± 3 21.53 ± 4.59 0.003

Conversion 1 (6.7) 1 (6.7) 0 (0) 0.593

Postoperative
complications

Clavien Dindo
I 7 (46.7) 2 (13.3) 3 (20.0) 0.09

Nausea 4 (26.7) 1 (6.7) 1 (6.7)
Ileus 3 (20.0) 1 (6.7) 2 (13.3)

II 4 (26.7) 1 (6.7) 1 (6.7) 0.18
Wound infection 1 (6.7) 1 (6.7) 0 (0)

Intraluminal bleeding 2 (13.3) 0 (0) 1 (6.7)
Extraluminal bleeding 1 (6.7) 0 (0)4 0 (0)

III 1 (6.7) 1 (6.7) 0 (0) 0.59
Anastomotic leakage 1 (6.7) 1 (6.7) 0 (0)

IV 0 (0) 0 (0) 0 (0) 1.000
V 0 (0) 0 (0) 0 (0) 1.000

Overall complications 12 (80) 4 (26.6) 4 (26.6) 0.003

Recovery outcomes

Time to first flatus (hrs) 56.53 ± 23.08 51.66 ± 19 49.47 ± 27.15 0.704
Time to first stool (hrs) 79.6 ± 21.06 77.47 ± 25.31 76.6 ± 28.71 0.945
Length of hospital stay

(days) 4.5 ± 0.7 3.75 ± 0.93 4.34 ± 1.1 0.072

Dichotomous variables are expressed by number and (percentage); continuous variables by mean ± standard deviation. Hrs: hours.

Similarly, a significantly lower number of harvested nodes was retrieved in the first
15 laparoscopic cases (p = 0.003). Bonferroni post-hoc test confirmed that the number of
harvested nodes was significantly lower in Group A over both Group B and Group C
(p = 0.003 and p = 0.047, respectively), while no significance was present between Group B
and Group C (p = 0.944).

The number of conversions was similar among the three groups (p = 0.593).
Clavien Dindo I complications were seven in Group A, two in Group B, and three in

Group C, showing no differences among the three groups, but a trend toward significance
(p = 0.09). Ileus was included in the Clavien Dindo I complications because it did not
require the nasogastric tube insertion. In a one-to-one comparison between Group A and
Group B, the significance was present (p = 0.04).

Clavien Dindo II complications were 4 in Group A and 1 in Group B and C, respectively,
with no significant differences among the three groups (p = 0.18).

Similarly, Clavien Dindo III complications were 1 in both Group A and Group B, and
0 in Group C, with no significant differences among the groups (p = 0.59).

No patients were affected by postoperative CD IV complications, and no death (CD
V) occurred.

The comparisons between the overall complication rate showed a significantly lower
number of complications in the first 15 robotic cases (p = 0.003).

About recovery outcomes, no differences among the three groups were found in
terms of time to first flatus (p = 0.704) and time to first stools (p = 0.945). Interestingly,
robotic approach was associated with lower length of hospital stay, with a trend toward
the significance (p = 0.072).
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Subgroup Analysis

The results of the subgroup analyses on right hemicolectomies, left hemicolectomies,
and anterior rectal resections are shown in Tables 3–5, respectively.

In the case of right hemicolectomy, subgroup analyses confirmed the results obtained
in the main analysis. In fact, no differences were found in terms of conversions (p = 0.287),
Clavien Dindo II complications (p = 0.09), Clavien Dindo III complications (p = 0.56), time
to first flatus (p = 0.666), time to first stool (p = 0.391) and length of hospital stay (p = 0.530)
among the three groups. Similarly, according to the main analysis, in Group A a longer
operative time (p < 0.0001), a lower number of harvested nodes (p = 0.006), and a higher
number of minor complications (Clavien Dindo I, p = 0.02) were present.

In the case of left hemicolectomy, there was no differences in terms of conversions
(p = 0.517), Clavien Dindo II and Clavien Dindo III complications (p = 0.52 and p = 0.23,
respectively), time to first flatus and stool (p = 0.369 and 0.992, respectively), length of
hospital stay (p = 0.216) among the three groups, while a longer operative time and a lower
number of harvested nodes were present in Group A (p < 0.0001 and p = 0.022, respectively),
confirming the results of the main analysis. Differently to the latter, no differences were
found in terms of Clavien Dindo I complications (p = 0.23) among the three groups in the
case of left hemicolectomy.

In the case of anterior rectal resection, our subgroup analysis confirmed the longer
operative time in Group A (p < 0.0001) and the non-significance among the three groups in
terms of Clavien Dindo II complications (p = 0.41), time to first flatus and stools (p = 0.812
and p = 0.638) and length of hospital stay (p = 0.110). Interestingly, no statistical difference
was found in terms of number of harvested nodes (p = 0.729) and postoperative Clavien
Dindo I complications (p = 0.09).

Table 3. Intraoperative outcomes, postoperative complications and recovery outcomes on right hemicolectomies.

Outcomes Group A (n = 15) Group B (n = 15) Group C (n = 15) p Value

Intraoperative
outcomes

Operative time (min) 167 ± 4.47 114 ± 6.51 129 ± 6.51 <0.0001
Harvested nodes 16 ± 4.06 24.8 ± 2.1 21.2 ± 3.96 0.006

Conversion 2 (40) 1 (20) 0 (0) 0.287

Postoperative
complications

Clavien Dindo
I 4 (80) 1 (20) 1 (20) 0.02

Nausea 2 (40) 0 (0) 0 (0)
Ileus 2 (40) 1 (20) 0 (0)

II 3 (60) 0 (0) 1 (20) 0.09
Wound infection 1 (20) 0 (0) 0 (0)

Intraluminal bleeding 1 (20) 0 (0) 1 (20)
Extraluminal bleeding 1 (20) 0 (0) 0 (0)

III 1 (20) 0 (0) 0 (0) 0.56
Anastomotic leakage 1 (20) 0 (0) 0 (0)

IV 0 (0) 0 (0) 0 (0) 1.000
V 0 (0) 0 (0) 0 (0) 1.000

Recovery outcomes

Time to first flatus (hrs) 68.8 ± 29.31 64.2 ± 27.32 54 ± 21 0.666
Time to first stool (hrs) 93.6 ± 21.46 93.2 ± 32.73 74.4 ± 15.64 0.391
Length of hospital stay

(days) 4.8 ± 0.83 4.3 ± 1.37 4.1 ± 0.57 0.530

Dichotomous variables are expressed by number and (percentage); continuous variables by mean ± standard deviation. Hrs: hours.
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Table 4. Intraoperative outcomes, postoperative complications and recovery outcomes on left hemicolectomies.

Outcomes Group A (n = 15) Group B (n = 15) Group C (n = 15) p Value

Intraoperative
outcomes

Operative time (min) 235 ± 10 160 ± 13.23 193.33 ± 20.20 <0.0001
Harvested nodes 16 ± 2.45 22.66 ± 1.15 19 ± 3.63 0.022

Conversion 1 (20) 0 (0) 0 (0) 0.517

Postoperative
complications

Clavien Dindo
I 2 (40) 0 (0) 0 (0) 0.02

Nausea 1 (20) 0 (0) 0 (0)
Ileus 1 (20) 0 (0) 0 (0)

II 1 (20) 0 (0) 0 (0) 0.52
Wound infection 0 (0) 0 (0) 0 (0)

Intraluminal bleeding 0 (0) 0 (0) 0 (0)
Extraluminal bleeding 0 (0) 0 (0) 0 (0)

III 1 (20) 0 (0) 0 (0) 0.23
Anastomotic leakage 0 (0) 1 (33.3) 0 (0)

IV 0 (0) 0 (0) 0 (0) 1.000
V 0 (0) 0 (0) 0 (0) 1.000

Recovery outcomes

Time to first flatus (hrs) 49 ± 27.05 46.66 ± 8.08 38 ± 6.9 0.369
Time to first stool (hrs) 73.6 ± 22.74 72 ± 24 74.33 ± 20.59 0.992
Length of hospital stay

(days) 4.5 ± 0.73 3.5 ± 0.8 4.11 ± 0.76 0.216

Dichotomous variables are expressed by number and (percentage); continuous variables by mean ± standard deviation. Hrs: hours.

Table 5. Intraoperative outcomes, postoperative complications and recovery outcomes on rectal anterior resection.

Outcomes Group A (n = 5) Group B (n = 6) Group C (n = 5) p Value

Intraoperative
outcomes

Operative time (mins) 297 ± 9 214 ± 6 221 ± 10 <0.0001
Harvested nodes 21.2 ± 5.44 21.5 ± 3.62 23.6 ± 6.42 0.729

Conversion 0 (0) 0 (0) 0 (0) 1.000

Postoperative
complications

Clavien Dindo
I 2 (40) 0 (0) 2 (40) 0.09

Nausea 1 (20) 0 (0) 0 (0)
Ileus 1 (20) 0 (0) 2 (40)

II 0 (0) 0 (0) 1 (20) 0.41
Wound infection 0 (0) 0 (0) 0 (0)

Intraluminal bleeding 0 (0) 0 (0) 0 (0)
Extraluminal bleeding 0 (0) 1 (16.66) 0 (0)

III 0 (0) 0 (0) 0 (0) 1.000
IV 0 (0) 0 (0) 0 (0) 1.000
V 0 (0) 0 (0) 0 (0) 1.000

Recovery outcomes

Time to first flatus (hrs) 51.8 ± 10.26 44.33 ± 12.16 52.8 ± 39.43 0.812
Time to first stool (hrs) 71.6 ± 14.31 67 ± 18.14 83.4 ± 45.24 0.638
Length of hospital stay

(days) 4.23 ± 0.56 3.46 ± 0.5 4.9 ± 1.7 0.110

Dichotomous variables are expressed by number and (percentage); continuous variables by mean ± standard deviation. Hrs: hours.
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4. Discussion

A minimally invasive approach is nowadays considered the treatment of choice of
colorectal malignancies, being associated with low postoperative comorbidities and short
length of hospital stay [20–23].

Nevertheless, it is still adopted less than expected, because of the complex surgical
skills that this approach requires [4,5]. Thus, it should be considered safe only in expert
hands.

In this setting, the correct proficiency in laparoscopic colorectal surgery could be
considered as completed when the predefined variables reach a steady state, and the
outcomes are comparable with those in the current literature [24,25].

Currently, several parameters have been proposed to determine the adequate number
of procedures to achieve adequate expertise, but no consensus has been still reached among
the author, varying the number of procedures between 11 and 152 [6,7,9,12,26].

In recent years, robotic surgery has been introduced to overcome some challenging
skills of conventional laparoscopic surgery.

In fact, the intrinsic facilities of the robotic platform, i.e., the three dimensional view for
better visualization of the operative field and the EndoWrist® for more accurate movements
in narrow spaces, allow to be less invasive and to obtain lower conversions rate over
laparoscopic surgery [27–30].

Because of these facilities, the learning curve in robotic colorectal seems to be easier to
complete, needing 15–25 cases to reach the plateau [12,16].

Furthermore, the learning curve of robotic surgery seems to be shorter in experienced
laparoscopists [31].

The latter could depend on the fact that minimally invasive procedures have been
standardized, and the differences between laparoscopic and robotic surgery are only related
to the adoption of different surgical instruments.

During the last years, the interest in the adequate learning curve between robotic and
laparoscopic colorectal surgery has become fervent.

Recently, Park et al. [32] compared 89 robotic and 89 laparoscopic rectal resections
for cancer, demonstrating that the learning curve for robotic low anterior rectal resection
was the 44th case, while for the laparoscopic approach, the 41st case. The authors assessed
that the learning curves were similar, with similar clinicopathologic outcomes in both
procedures.

On the contrary, De Angelis et al. [33] compared results from 30 robotic right colec-
tomies and 50 laparoscopic right colectomies performed by a surgical fellow novice in
minimally invasive colorectal surgery. The authors obtained that 16 was the number of
cases necessary to complete the learning curve in the robotic group, while 25 in the la-
paroscopic one, concluding that the robotic approach was associated with a faster learning
curve than conventional laparoscopy.

Being the debate about the learning curve between robotic and laparoscopic colorectal
surgery still open, we decided to perform a comparison between the first 15 robotic and
first 15 laparoscopic colorectal resections of a single surgeon, adopting as a comparator the
last 15 laparoscopic cases, thus after the completion of the learning curve.

Our results showed that the first 15 robotic cases are associated with better postopera-
tive outcomes than the first 15 laparoscopic cases. First, the operative time was significantly
lower in the robotic group (p = 0.003), with a similar rate of conversion (p = 0.593).

From an oncologic point of view, in all groups, an adequate number of harvested
nodes was obtained (>12), but a significantly higher number in the robotic group (Group B)
was obtained (p = 0.003). Then, considering the postoperative complications, in the first
laparoscopic group (Group A), a higher number of minor complications occurred (7 vs. 2,
p = 0.04).

However, the safety of both laparoscopic and robotic procedures was confirmed by
the low rate of major complications (1 anastomotic leakage in each group and no death).
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Finally, the number of overall complications was significantly lower in the robotic
group (p = 0.003).

These results were confirmed in the subgroup analysis after dividing the patients in
accordance with the different types of resection (right hemicolectomy, left hemicolectomy,
rectal anterior resection).

In the case of rectal resection, our results differed from the results by Park et al. [32].
In fact, the subgroups analysis confirmed that the robotic approach was associated with
better outcomes over laparoscopy.

In the study by Park et al., the operative time between the laparoscopic and robotic
groups was similar (about 202 and 208 min, respectively), as well as the mean number of
harvested nodes (about 17 and 16, respectively). In our subgroup’s analysis in the laparo-
scopic groups, the operative time was significantly longer (267 vs. 184 min, p < 0.0001),
while the mean number of harvested nodes was similar. On the contrary, in the study by
Park et al., five conversions occurred in the laparoscopic group, while 0 in the robotic. In
our subgroup analysis, no conversions occurred in both subgroups.

Finally, our subgroup analysis differed from the study by Park et al. for the number of
major postoperative complications (Clavien Dindo IV and V). In fact, Park et al. registered
11 major complications in the laparoscopic group, and 3 in the robotic group, while we had
no major complications.

In the case of subgroup analysis on right colectomies, our results confirmed the results
obtained in the main analysis. Furthermore, we can state that the robotic approach could
be considered feasible (only one conversion in the robotic group was needed) and safe in
terms of postoperative complications. In fact, only one minor complication occurred (ileus,
Clavien Dindo I), while no major complications and deaths were registered. On the contrary,
in the first laparoscopic group, seven minor complications occurred (Clavien Dindo I
complications and two Clavien Dindo II complications), and one major complication (one
anastomotic leakage).

Our results are in line with the results obtained by De Angelis et al. [33], in which no
conversions were needed in the robotic group, and four minor complications occurred (CD
I–II complications).

Interestingly, comparing the robotic group with the last 15 laparoscopic cases, no
differences were found in all included outcomes.

The possible reason for these similarities was that the surgeon was already an expert
in laparoscopic colorectal procedures.

However, it is important to underline that surgical training with the DaVinci XI®

simulator has been performed by the surgeon before starting to adopt the robotic platform
in colorectal procedures.

Odermatt et al. [31] has investigated the proficiency in rectal robotic procedures in
experienced laparoscopist. In fact, comparing two surgeons with different expertise in
laparoscopic rectal surgery (206 vs. 88 cases), the authors demonstrated that surgeon A
needed no apparent learning process to reach their laparoscopic standards.

According to the current literature, our results showed that the surgeon needed no
apparent learning curve to reach their laparoscopic standards.

Thus, we can state that a robotic approach to colorectal surgery could be considered
safe and feasible in the hands of an expert laparoscopist.

A major limitation of the study must be addressed. First, the results are related to a
single surgeon’s experience and derived from a retrospective study. Then, the cohorts are
very small, making the comparison powerless. For this reason, larger comparative studies
are needed to give definitive conclusions.

Thus, further multicentric prospective studies with the involvement of different sur-
geons and larger cohorts and are needed to confirm the absence of a learning curve in
robotic colorectal procedures in experienced laparoscopists.
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Abstract: Total mesorectal excision (TME) is the gold standard technique for the surgical management
of rectal cancer. The transanal approach to the mesorectum was introduced to overcome the technical
difficulties related to the distal rectal dissection. Since its inception, interest in transanal mesorectal
excision has grown exponentially and it appears that the benefits are maximal in patients with
mid-low rectal cancer where anatomical and pathological features represent the greatest challenges.
Current evidence demonstrates that this approach is safe and feasible, with oncological and functional
outcome comparable to conventional approaches, but with specific complications related to the
technique. Robotics might potentially simplify the technical steps of distal rectal dissection, with a
shorter learning curve compared to the laparoscopic transanal approach, but with higher costs. The
objective of this review is to critically analyze the available literature concerning robotic transanal
TME in order to define its role in the management of rectal cancer and to depict future perspectives
in this field of research.

Keywords: rectal cancer; total mesorectal excision (TME); transanal total mesorectal excision (TaTME);
robotic; robotic transanal total mesorectal excision (RTaTme); transanal surgery

1. Introduction

Total mesorectal excision (TME) is the standard procedure in the surgical treatment
of rectal cancer [1]. In the last two decades this technique has revolutionized the results
of rectal cancer surgery, demonstrating how surgical quality has a direct impact on local
control and survival [2,3], the circumferential radial margin (CRM) and the integrity of
mesorectal envelope being independent predictors of local recurrence [4–6]. Similarly,
functional results can be considered a direct expression of the quality of surgery and are not
always satisfying with conventional surgical techniques for rectal cancer treatment [7,8].

From the first report by Sylla et al. [9], transanal TME (TaTME) aroused great enthusi-
asm in the colorectal community, showing technical advantages compared to conventional
open and laparoscopic approaches, preferentially in clinical scenarios considered “diffi-
cult” [10,11].

Indeed, even in the hands of expert surgeons, the rectal resection for distal cancers
can be extremely difficult, and this is truer in patients with anterior-located lesions, nar-
row pelvis, obese, with bulky tumours, or treated with neo-adjuvant chemoradiotherapy,
where a challenging distal rectal dissection may increase the risk of incomplete mesorectal
excision [12,13].
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Exposure of the operative field, rectal dissection, and distal cross-stapling of the
rectum can be extremely challenging in these conditions, the latter increasing the risk of
anastomotic leakage [14].

TaTME was conceived and developed with the aim of overcoming these limitations,
mainly in middle-low tumours. The concept relies on a “bottom-up” (caudal to cephalad) or
retrograde dissection technique, in which starting the rectal dissection from the perineum
may be advantageous for the surgeon.

A magnified vision in line with pelvic structures, distal control of tumour margin, and
improved identification and preservation of nervous structures make dissection from below
safe and effective. Moreover, abdominal and pelvic structures and viscera are avoided, as
they no longer need to be retracted cephalad for rectal mobilization and exposure.

Several case series have been published in the last eight years, suggesting that taTME
is feasible and safe concerning short-term outcomes and quality of the resected specimen,
with promising CRM involvement ranging from 0–6% [15].

However, despite this proven safety and feasibility, early reports have shown that
TaTME is a challenging technique with a steep learning curve [16,17]. The occurrence
of urethral injury, a serious complication directly related to the transanal phase of the
operation, [10] and recent evidence of the higher involvement of the distal resection margin
(DRM) when compared with a robotic low anterior resection [18] underline how relevant
are a deep knowledge of pelvic anatomy and the acquisition of advanced surgical skills.

In this light, the introduction of robotic technology with a stable 3D vision may
offer the possibility of performing very complex tasks with ambidextrous movements,
decreasing tremor and improved dexterity, thus allowing a better dissection, especially in
confined surgical fields [19].

All these advantages would potentially help overcome the steep learning curve related
to the complexity of TaTME, making robotic assistance a gold standard for this approach.

2. Device and Technique
2.1. Robotic Platform

Directly derived from military projects aiming to develop a technology to be used in
situations where the expert surgeon is away from the patient, the concept of robotic surgery
has become a reality and achieved great success in clinical practice over three decades of
scientific and technological progress.

In 1985, the PUMA 560 robotic system was introduced into an operating theatre to
orient a needle for a neurosurgical biopsy under computer tomography, providing more
accurate and steady guidance compared to a human hand [20]. A transurethral resection
of the prostate (TURP) was subsequently performed by Davies et al. using the same
technology [21].

Shortly afterwards, the PROBOT was developed by Imperial College, London, and
designed specifically to undertake a TURP, while parallel developments led to the intro-
duction of the ROBODOC system (Integrated Surgical Systems, Sacramento, CA, USA),
designed to improve the precision of total hip arthroplasties [22]. Currently, ROBODOC
is marketed by Curexo Technology Corporation and is the only FDA-approved robot for
orthopedic surgery.

At the end of the 20th century, abdominal surgery was revolutionized by the introduc-
tion of laparoscopy. In 1994, the Automated Endoscopic System for Optimal Positioning
1000 (AESOP 1000; Computer Motion, Santa Barbara, CA, USA) became the first laparo-
scopic camera holder to be approved by the FDA and commercialized. It consisted of
a table-mounted voice-controlled laparoscopic camera system that adjusted its position
following surgeon’s orders, allowing greater image stability and sometimes avoiding the
need for an assistant [20].

In 1998, with the introduction of Zeus (Computer Motion, Santa Barbara, CA, USA),
the concept of tele-robotics or telepresence was finally applied, with the surgeon sat at a
console distant from the robot operating on the patient. With three arms, each indepen-

116



J. Pers. Med. 2021, 11, 584

dently attached to the surgical table, i.e., one AESOP arm and two surgical arms with four
degrees of freedom, a console with a Storz 3D imaging system (Karl Storz Endoscopy, Santa
Barbara, CA, USA) and two handles to manipulate the two surgical arms of the telerobot,
the Zeus robotic system made a highly relevant mark in the development of cardiac surgery
and allowed, in 2001, a transatlantic cholecystectomy with the surgeon operating in New
York while the patient was situated physically in Strasbourg, France.

Around the time that ZEUS was being developed, the da Vinci® robot (Intuitive
Surgical, Sunnyvale, CA, USA) was introduced. Its console is composed of a computer,
a 3D imaging system, and two “masters” that manipulate the arms of the robot and
are filtered by the computer to suppress manual tremor. The first da Vinci® robot had
three arms, one for the camera and two for surgical instruments, but the latest model
has one extra arm for the surgical instruments. Differently to ZEUS, the da Vinci® robot
is attached to operative trocars rather than to the surgical table. Hallmark features of
this platform are the binocular endoscopic vision which creates a truly 3D experience
and specifically designed instruments endowed with Endowrist® technology which, by
imitating the human wrist, allow for seven degrees of freedom, 180◦ of articulation and
540◦ of rotation [23].

After preliminary experiences such as the undertaking of a cholecystectomy by Him-
pens in Belgium [24], and a mitral valve replacement by Carpentier et al. [25], in 2000 the
da Vinci® obtained FDA approval for general laparoscopic procedures and became the first
operative surgical robot in the US.

In 2003 Computer Motion was merged with Intuitive Surgical, the ZEUS and da Vinci®

systems were effectively unified and, as a result, further innovations and improvements
were focused on the da Vinci® platform, which has subsequently dominated the world of
robotic surgery for almost a decade.

From 2014 a more advanced and versatile version of da Vinci®, the Xi platform, has
become available, offering the opportunity to perform multi-quadrant single-docking
procedures with consequently decreased operative time. Augmented-reality software
allows the assessment of intestinal perfusion or real-time three-dimensional (3D) anatomical
simulation of abdominal structures [26,27].

Future Direction: New Robotic Platforms

Since its inception in colorectal surgery, the da Vinci® Surgical System has passed
through the evolution of different platforms, and published reports on robotic transanal
surgery have shown the feasibility of this approach with currently available systems, but
not without remarkable limitations.

The game-changing SP (single-port) da Vinci® Robotic platform has been recently
introduced and approved by the FDA for urological procedures, anticipating what is
expected to happen soon in colorectal surgery, where pre-clinical or preliminary pilot
studies have already demonstrated its feasibility and how promising it might be, mainly in
transanal and endoscopic procedures.

Despite the limited clinical use of robotic surgery, driven by economic costs and
limited access, the technological advancement in this field of research is under continu-
ous progression.

This list of available surgical robots is non-exhaustive, and many of these projects are
confidential at present, with each day bringing newly developed technology.

The Senhance Surgical Robotic System (TransEnterix, Morrisville, NC, USA) obtained
clearance by the FDA in October 2017 for gynecological and colorectal procedures [28].
The system includes a “cockpit” that serves as a remote-control station unit, up to four
manipulator arms, with their own individual carts, and a HD-3D-technology camera, as
well as a haptic feedback system.

The most exciting areas of innovation are single-port and natural orifice surgery, where
new robotic platforms with flexible arms and camera are under development.
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The Flex® Robotic System and Flex® Colorectal (CR) Drive (MedRobotics, Corp.
Raynham, MA, USA), after pilot experiences in oral surgery, proved their feasibility in a
cadaveric model and in miscellaneous surgical procedures, gaining FDA approval [29].

Being a semi-robotic platform with no robotic effectors, it does not fully express the
potential of current technology, but its special design for transanal endoluminal applica-
tions makes it also suitable for more complex tasks such TaTME, as already tested in a
preclinical setting.

Other single incision platforms such the Single Port Orifice Robotic Technology–
SPORT (Titan Medical Company, Toronto, ON, Canada) or the multi-trocar platforms
such as Versius (Cambridge Medical Robotics, Cambridge, UK), Revo-I (model MSR-5000;
Meerecompany Inc., Seongnam, Republic of Korea), MiroSurge (Medtronic, Minneapolis,
MN, USA), and Medicaroid (Kobe, Japan) are expected to bring further advancement in
this field.

Verb Surgical, born in 2015 thanks to the collaboration between Google and Johnson
& Johnson, introduced artificial intelligence to robotic systems with the aim of starting a
new era of robotic-guided, rather than robot-assisted, surgery. The long-term plan would
be to develop a surgery technology fully performed by robots, but this page is yet to be
written [30].

2.2. Transanal Device

In 1983 TEM (Transanal Endoscopic Microsurgery) was conceived by Professor Gerard
Buess who, in cooperation with Richard Wolf, created and developed the platform for
endoscopic rectal surgery, with the aim of treating benign lesions of the high and middle
rectum not reachable by a conventional transanal approach [31].

Based on this model, Karl Storz developed the TEO (Transanal Endoscopic Operations-
Storz, Tuttlingen, Germany), a rigid operative rectoscope which is compatible with many
standard laparoscopic instruments and units, and with no need for a dedicated platform.

An evolution and simplification of TEM was introduced in 2009 by Atallah et al. who,
by adapting a device already conceived for single-port surgery, created TAMIS (Trans-Anal
Minimally Invasive Surgery), a hybrid platform midway between TEM and single-port
laparoscopy, using a multiport device placed in the anal canal as an access system, with
conventional scope and laparoscopic instruments [32].

To date, two transanal platforms, GelPoint Path (Applied Medical, Rancho Santa
Margarita, CA, USA) and SILS Port (Covidien, Mansfield, MA, USA) have gained FDA
approval for TAMIS. Clinical studies published so far have demonstrated that both plat-
forms, rigid and non-disposable, e.g, TEM/TEO, and flexible and disposable, e.g., TAMIS,
could be equally used for this technique, but TAMIS is the preferred option for surgeons
dedicated to transanal surgery because, compared to TEM, it offers a better angle of vision,
a soft and less traumatic platform, an economic advantage and an easier set-up [33,34].

A self-designed custom-made transanal access platform, the PAT (Developia-IDIVAL,
Santander, Spain), closed with an 80-mm GelPOINT gel cap (Applied Medical, Rancho Santa
Margarita, CA, USA) for trocar placement, has been described by Gomez Ruiz et al. [35].

2.3. Surgical Technique

Despite the attempt at standardization, with the development of experience and
the dissemination of this approach many different technical modifications have been
introduced, although the pivotal principle of this procedure remains the same: to provide
a complete mobilization of the rectum up to the pelvic floor, regardless of the platform and
the device used.

After induction of general anesthesia, patient is catheterized and put in lithotomy
position. The procedure is carried out either with two different surgical teams work-
ing simultaneously or with a two-step approach, using the same surgical team for both
operative phases.
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The majority of the experiences reported so far refer to a hybrid procedure that incorpo-
rates an abdominal phase to achieve proximal colonic mobilization, inferior mesenteric vessel
division and partial rectal dissection, and the transanal part of the operation where the rectal
dissection is completed “bottom-up”, joining the surgical plane previously developed.

Abdominal phase: this part of the operation has been described with different varia-
tions, either performed simultaneously in a two team approach, or in a sequential model, be-
ing the first or the last step in the operation, according to the surgeon’s preference. Similarly,
laparoscopic multiport/single-port or robotic-assisted procedures have been described.

Regardless of the approach, operative steps are performed according to the standard-
ized technique of rectal anterior resection with identification and ligation of the inferior
mesenteric vessels, full mobilization of the splenic flexure and circumferential incision
of the peritoneal reflection to start the rectal dissection posteriorly along the sacral plane,
developing it laterally, paying attention not to damage the hypogastric nerves and ureters.
Anteriorly, the peritoneal reflection should only be incised, without performing any further
dissection manoeuver.

Transanal phase: after pneumoperitoneum release, the transanal phase of the op-
eration can begin using the TAMIS approach with a disposable single-site device, or
the reusable platform with rigid rectoscope TEM/TEO. The adoption of a self-designed
transanal access port proctoscope PAT (Developia-IDIVAL, Santander, Spain), closed with
an 80-mm GelPOINT gel cap (Applied Medical, Rancho Santa Margarita, CA, USA) for
trocar placement, has been reported [35].

The placement of a self-fixing anal retractor (Lone Star Medical Products Inc., Houston,
TX, USA) may be useful to better expose the anal canal and, once the tumor distance from
the anal verge is verified, the procedure can start immediately with an intersphincteric
resection or with straight positioning of the anal access system and the creation of a pressure
of 8 to 10 mmHg to the pneumopelvis.

In patients with tumors located ≤3 cm from the anal verge, a partial intersphincteric
resection can be performed, by circumferential dissection of the mucosa and internal
sphincter muscle at least 1 cm below the distal margin of the tumor, developing the plane
cranially for 1–2 cm. A purse-string suture is then placed to seal the rectum below the
tumor and the transanal access platform is inserted. The robotic trocars are then directly
introduced through the GelPOINT Path or, using a trocar in trocar technique, inserted in the
gelPOINT path trocars. The da Vinci® system patient cart is positioned near the lower left
side of the patient. A 30-degree-angle videoscope, hot shears with monopolar diathermy
on the right and a fenestrated grasper (or Maryland grasper) with bipolar cautery on the
left are commonly used. An accessory 12-mm trocar is operated by a patient-side assistant,
who assists in tissue countertraction or manipulates suction and irrigation modules. If
available, an AirSEAL System (Conmed, Utica, NY, USA) and 5-mm or 8-mm valveless
trocar can be used for the assistant to stabilize the pneumopelvis. In patients with tumors
higher than 3 cm from the anal verge, where an adequate distal resection margin can be
obtained without intersphinteric resection, the transanal device is set up directly and the
rectum insufflated with CO2, establishing the pneumo-rectum.

The rectal mucosa is marked circumferentially with a monopolar hook and a full
thickness rectotomy is begun, usually posteriorly, where the plane between presacral fascia
and mesorectum is more easily identified, but slightly laterally where the anococcygeal
ligament is less easily entered.

The rectal division is performed by opening the different layers of the rectal wall
joining the mesorectal plane, which is insufflated to ease the pelvic dissection and RtaTME.

The posterior plane is developed first in the pre-sacral avascular space, along the
mesorectal fascia which is kept intact. The anterior plane is approached afterwards, keep-
ing the dissection in front of or behind the Denonvillier’s fascia according to the rectal
cancer position in male patients, and dissecting the rectum from the posterior vagina in
females. The lateral dissection comes last in order to minimize injuries to the neurovascular
structures. Once TME is completed and the peritoneal cavity is accessed, the specimen can
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be extracted transanally or transabdominally through a suprapubic Pfannenstiel incision
using an Alexis wound retractor (Applied Medical Inc., Rancho Santa Margarita, CA, USA).
If the transanal route is chosen, the colo-rectal segment is carefully exteriorized and divided,
after having checked for the presence of an adequate blood supply.

Different anastomotic techniques have been described according to the surgeon’s
experience and the choice should be tailored depending on case specifics and the height of
the tumor.

In the case of lower cancers with a short rectal stump, a conventional hand-sewn
coloanal anastomosis (lateroterminal when feasible) is performed, while if the rectal stump
is long enough to allow a pursestring closure around the anvil of a stapler, a mechanical
end-to-end anastomosis should be optioned.

Defunctioning loop ileostomy should be considered to protect low anastomosis, and
pelvic drain can be left intra-abdominally.

3. Outcomes

Recent reports show similar clinical and oncological results in comparing robotic and
laparoscopic trans-abdominal surgical procedures so, at present, no significant benefit of
robotic over laparoscopic surgery seems to be detectable, except perhaps in conversion
rates [36].

The application of robotics to TaTME appears to be the next logical step in the evolution
of minimal access surgery, allowing the technical benefits of an advanced surgical platform,
whilst adhering to the principles of NOTES. Despite the literature on RtaTME being in its
infancy, this exciting new trend is rising and the results coming from available preclinical
or pilot reports are promising in terms of mesorectal integrity, resection margins, number
of intraoperatively harvested lymph nodes and conversion rate.

After a preliminary experimental approach in a cadaveric model [37], the first in-
human application of robotic technology to TaTME, termed robotic-assisted transanal
surgery for TME (RATS-TME), was reported in 2013 [38].

Therefore, after demonstrating the feasibility, Atallah et al. published a case series
with the first three human cases performed at a single institution. In all cases, tumors were
located in the distal 5 cm of the rectum, no involvement of the distal and circumferential
resection margins was detected and no major morbidity or mortality on short-term follow-
up were reported [39].

Parallel experience led to the publication of a case of RTaTME performed on a 48-year-
old female with a rectal cancer 8 cm from the anal verge, who underwent a sequential
laparoscopic and RTaTME using the da Vinci® Si System with the GelPoint Path. The
specimen was transanally extracted and an end-to-end stapled anastomosis was fashioned
using a circular stapler. The total operative time was 250 min, with an estimated blood loss
of 50 mL. No complication was recorded and the postoperative stay was 3 days. The histo-
logical report showed a complete mesorectal excision with free distal and circumferential
margins [40].

In the single-center preliminary experience of Atallah, from a dataset of 18 robotic
miscellaneous transanal procedures, four cases (three male) of distal rectal cancer were
treated via a sequential hybrid abdominal laparoscopic and RTaTME (one more patient was
added to the previously reported case series.) [39]. The mean operative time was 376 min
with an estimated mean blood loss of 200 mL. There was no intra-operative morbidity and
the mean postoperative length of stay was 4.3 days. Mesorectal quality was graded as
complete or near complete and an R0 resection was performed in all four cases. Concerning
morbidity, one wound hematoma, one subsegmental pulmonary embolism (asymptomatic)
and recurrent deep vein thrombosis, and a high ileostomy output were recorded. No
local or distant recurrences were found in any of the patients after an average 8-month
follow-up [41].

Huscher et al. published the results of seven patients (four women) with rectal cancer
who underwent a sequential hybrid laparoscopic transabdominal and RTaTME, showing
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how the combination of robotics and transanal access is feasible and could improve results
in rectal cancer surgery. The mean operative time was 165.7 min and no anastomotic
leakage was recorded. One patient presented post-operative gastrointestinal bleeding,
presumably from the anastomosis, requiring transfusion. The mean hospital stay was
4.8 days. Pathology assessment revealed a complete or near-complete mesorectum and an
R0 resection in all cases [42].

Gomez Ruiz et al. performed a pilot study of robotic-assisted laparoscopic transanal
proctectomy with TME, enrolling five patients. Mean operative time was 398 ± 88 min
with no intraoperative complications. Mean length of hospital stay was 6 ± 1 days.
A Clavien II, grade B anastomotic leakage developed in one patient postoperatively. In
all cases, specimens showed complete mesorectal excision with negative proximal, distal
and circumferential margins. All patients were disease-free at their initial 3-month follow-
up [35].

Kuo et al. reported a series of 15 patients (8 males) who underwent a combined
sequential single-site plus one port (R-SSPO) robotic transabdominal operation followed
by RTaTME performed by a single surgeon adopting the da Vinci® Si surgical system with
the da Vinci® Single-Site platform.

Median operative time was 473 min and the estimated blood loss was 33 mL. Conver-
sion to conventional laparoscopy was required in two patients, one due to bleeding during
the transanal phase and another due to a left ureteric transection. Reported complications
included an intestinal obstruction requiring surgical adhesiolysis and a superficial wound
infection. The mean length of hospital stay was 12.2 days. All specimens were reported as
complete mesorectum with clear circumferential and distal resection margins [43].

Monsellato et al. reported three consecutive cases (two male) of RTaTME: in two cases
a sequential approach with a transanal phase and a subsequent robotic transabdominal
operation was performed, and in the third case a simultaneous laparoscopic transabdominal
and robotic perineal approach was employed. With a mean operative time of 530 min, no
intra-operative or post-operative complications and excellent (Quirke 3 grade) TME quality
in all cases, the authors demonstrated that this approach is feasible, safe and with good
early post-operative outcomes [44].

In the single-centre experience reported by Hu et al. a total of twenty patients (12 male)
underwent RtaTME via a simultaneous two-team approach, with the “abdominal team”
working via a laparoscopic single-port technique at ileostomy site, while the “transanal
team” operated via the DaVinci Xi system with a GelPoint Path. The mean estimated
intraoperative blood loss was 88 mL and circular stapling was used to restore continuity in
80% of study patients. The overall postoperative complication rate was 35%, including one
pelvic abscess, and the mean distal margin length was 3.1 ± 1.3 cm. They reported that all
patients had complete or near complete mesorectal resections and three patients had CRM
involved by cancer cells (≤1 mm) [45].

Ye et al. reported 13 cases of RTaTME in patients with rectal cancer demonstrating
the feasibility of this innovative approach. The median docking time was 18 min, median
transanal phase time was 95 min, and median total operation time was 240 min. Median
estimated blood loss was 60 mL, the median number of lymph nodes retrieved was 15
and median length of postoperative hospital stay was 7 days, without mortality recorded.
Three postoperative complications including one anastomotic leak and one prolonged ileus
were reported, with no requirement for further intervention. Patients were followed up
for a median of 15 months, and no local tumor recurrences, metastasis or deaths were
reported [46].

The results of these experiences are summarized in Table 1.
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Table 1. Summary of published experience of RTaTME performed with da Vinci® Robotic platform.

Atallah
(2013)

Atallah
(2014)

Verheijen
(2014)

Huscher
(2015)

Gomez-Ruiz
(2015)

Kuo
(2016)

Monsellato
(2019)

Hu
(2020)

Ye
(2020)

Number of
patients 1 3 1 7 5 15 3 20 13

Abdominal
approach Laparoscopic Laparoscopic Laparoscopic Laparoscopic Robotic

Single port
robotic +
assistant

port

Robotic 2,
laparoscopic

1
Laparoscopic

Robotic 9,
Laparoscopic

4

Transanal
platform

GelPoint
Path

(daVinci® Si)

GelPoint
Path

(daVinci® Si)

GelPoint
Path

(daVinci® Si)

GelPoint
Path

(daVinci® Si)

PAT * +
GelPoint

Path
(daVinci® Si)

GelPoint
Path

(daVinci® Si)

GelPoint
Path

(daVinci® Si)

GelPoint
Path

(daVinci®

Xi)

GelPoint
Path

(daVinci® Si)

Two-team
approach No No No No No No 1/3 20/20 4/13

BL (mL) 140 200 50 n/a 90
(25–120)

33
(30–50) n/a 82

(30–500)
60

(50–100)

LOS (days) No 4.3 3 6 (5–7) 12.2 (10–14) 10 (7–15) 8.8 (6–24) 7 (6–10)

Conversion No No No No No 2/15 No No No

Hand-sewn
anastomosis 0/1 2/3 0/1 0/7 2/5 15/15 3/3 2/20 8/13

Defunctioning
stoma

Terminal
ileostomy Yes Yes Yes Yes 5/15 Yes 14/18 Yes

Operative
time (min) 381 376 205 165.7

(85–220)
398

(270–450)
473

(335–569)
550

(440–600)
172.3

(135–215)
240

(195–270)

Complications No

1 Pulmonary
embolism

1 Peristomal
dermatitis/

dehydration

No 1 anastomotic
bleeding

1 anastomotic
leak

1 mechanical
bowel

obstruction,
1 wound
infection

1 acute renal
failure

7/20
(no

anastomotic
leaks

reported)

1 post-op
ileus

1 duodenal
hemorrage

1 anastomotic
leakage

TME quality
C/NC/I 0/1/0 1/2/0 1/0/0 6/1/0 5/0/0 15/0/0 3/0/0 18/2/0 8/5/0

CRM
involvement No No No No No No No 3/20 No

Distal
margin

involvement
No No No No No No No No No

BL: Blood loss; LOS: Length of hospital stay, C: Complete; NC: Near complete; I: Incomplete; * PAT (‘Puerto Acceso Transanal’—Developia-
HUMV, Santander, Spain).

Emerging Robotic Systems

Despite the well described benefits, the presence of external arm clashes and internal
conflicts make the multi-arm robot inappropriate for single port surgery.

The introduction of the robotic platform based on single-port access and the implemen-
tation of smaller, more flexible robotic systems designed for true natural orifice procedures,
may represent the start of a new era for robot-assisted transanal surgery (Table 2).

In a correspondence article, Samalavicius et al. reported on a 57-year-old patient
with an ulcerated rectal tumour 5 cm from the anal verge who underwent robotic-assisted
TaTME using a Senhance Transenterix robotic system. After failure of long-course chemora-
diotherapy and a watch-and-wait strategy, the patient underwent an uneventful procedure,
demonstrating that RTaTME using the Senhance robotic system is a good and feasible
option for low-lying rectal cancer [47].

Atallah et al. demonstrated in a cadaveric model the preclinical feasibility of the
Versius surgical modular robotic system for taTME. Using this modular robotic system,
one surgeon performed the abdominal portion of the operation, including colonic mobi-
lization and vascular pedicle ligation, while simultaneously a second surgeon performed
the transanal portion of the operation to the point of rendezvous at the peritoneal refection,
where the operation was completed cooperatively. The operation was successfully com-
pleted in 195 min demonstrating the theoretical advantage of reducing surgical time and
thereby reducing overall operative costs [48].
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Table 2. Summary of published experience of RTaTME performed with emerging robotic platforms.

Samalavicius
(2020)

Atallah
(2019)

Carmicheal
(2019)

Ribeiro
(2021)

Kneist
(2020)

Number of
cases 1 patient

1 fresh
human
cadaver

6 fresh
human

cadavers

2 fresh
cadavers

1 fresh
human
cadaver

Robotic
platform

Senhance
Transenterix Versius Flex® System daVinci® SP daVinci® SP

Abdominal
approach Robotic Robotic with

Versius n/a n/a Robotic with
daVinci® SP

Transanal
platform n/a GelPoint

Path n/a GelPoint
Path

GelPoint
Path

Two-team
approach n/a Yes n/a n/a No

Hand-sewn
anastomosis Yes n/a n/a n/a n/a

Operative
time (min) n/a 195 n/a n/a 232

Complications No n/a n/a n/a n/a

TME quality n/a Near
complete

Complete 4
Incomplete 2 Complete 3 Good

CRM
involvement No n/a n/a n/a n/a

Distal margin
involvement No n/a n/a n/a n/a

In 2017 the United States Food and Drug Administration approved the Flex® Robotic
System and Flex® Colorectal (CR) Drive (MedRobotics, Corp. Raynham, MA, USA), a semi-
robotic apparatus for colorectal surgery specifically indicated for transanal endoluminal
applications, as well as for more radical resection. Atallah et al. used the flexible robotic
system to perform taTME, showing its feasibility and potentiality to perform operative
tasks not otherwise possible with conventional methods [49].

Similarly, taTME was performed by two surgeons in six fresh human cadaveric speci-
mens using the same platform, with or without transabdominal laparoscopic assistance,
simulating both mid- and low-rectal resections [50].

In a cadaveric study, the da Vinci® SP Surgical System was shown to be a realistic
platform for the future of endoluminal surgery [51] and in 2020 the first clinical experience
performing a single-port left colectomy using the SP robot (SPr SILS left colectomy) was
described [52]. In a subsequent feasibility study, Dr. Marks expanded the use of the SP
robot performing TaTME, including transanal splenic flexure release and high ligation of
the IMA, but the results of these experiences have not yet been published.

Recently Ribero et al. published a preclinical study to establish the technical feasibility
of RtaTME using the da Vinci® SP, simulating two clinical scenarios of rectal cancer at
different heights from the anal verge (at 1 cm and at >4 cm respectively), in two fresh
cadavers. The GelPOINT Path was used as transanal access platform through which the
2.5 cm single port robotic trocar and a 10 mm sleeve were inserted. A complete taTME was
performed with an intact mesorectal fascia in both cases. Operation times were 124 and
106 min with about 15 min of non-console time for robot positioning and docking [53].

In a preclinical study in a male human cadaver the da Vinci® SP Surgical System
was employed to realize the transanal and abdominal parts of the taTME procedure, in a
sequential fashion with a one-team approach. This experience demonstrated the technical
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feasibility of a dual field procedure, with operative time of 189 min for the perineal phase
and 43 min for the abdominal procedure, and good quality of resected specimen [54].

With these advances, the SP robot demonstrates significant surgical milestones in the
field of transanal and other natural orifice surgery.

4. Benefits and Limitations
4.1. Technical Advantages

Compared to conventional laparoscopy, current robotic platforms provide a stable
camera with a magnified 3DHD vision delivering an immersive surgical experience, with
true depth perception which allows the clear identification of tissue planes and anatomical
structures.

Modelled after the human wrist, the EndoWrist® instruments offer a greater range
of motion than the human hand, providing maximum responsiveness and allowing rapid
and precise suturing, dissection and tissue manipulation [20].

These technical advantages, more relevant in such a restricted surgical field, are
expected to allow a fine TME with preservation of the integrity of the fascia and consequent
optimal oncological results. On the other hand, the better identification and preservation
of autonomic nerves should result in improved functional outcomes, with reduced sexual
dysfunction, anterior resection syndrome or urinary retention.

Finally, but no less important, robotics offers optimal ergonomics for operating sur-
geons, with reduced musculoskeletal discomfort, and this could reflect a better quality of
surgery, especially for such challenging technical operations.

4.2. Technical Limitations

The loss of force feedback, coupled with the inherent ability of robotic surgical systems
to apply strong compressive and shear forces, have led to an increased risk of excessive
tissue trauma, representing the major technical limitation of the available robotic plat-
forms [55,56].

With the aims of imitating natural touch and improving the effectiveness of haptic
feedback in tissue grasping and manipulation, in a benchmark study by Abiri et al. a
multi-modal pneumatic feedback system, designed to allow for tactile, kinesthetic and
vibrotactile feedback, was mounted on a da Vinci® Surgical System, demonstrating the
possibility of achieving average grip forces closer to those normally possible with the
human hand [57].

With the advancement of technology, it appears mandatory that haptic feedback
modalities are developed, becoming a standard feature of commercially available surgi-
cal robots.

As a consequence, new-generation robotic platforms such as the Senhance Surgical
Robotic System and the REVO-I Robot Platform incorporate haptic feedback systems [58].

Moreover and more importantly, da Vinci® robotic arms are large and intrusive,
making it very challenging to work in the setting of single-port or transanal surgery,
because of external clashes and collisions. At this stage, current experiences of robotic-
assisted transanal surgery have demonstrated the feasibility of the approach, but have
highlighted the limitations of the available robotic systems, relying on the potential benefits
of emerging flexible or miniaturized systems.

4.3. Costs

Despite the efforts aimed at containing increasing expenditure, overall worldwide
health care spending remains on an unsustainable course. As a consequence, in consid-
eration of limited health resources, a relevant focus has been placed on the assessment
of the economic impact of robotics, given that the attributed increase in costs, associated
with equivocal evidence of improved clinical outcomes, is the most significant barrier
preventing the diffusion of this technology.
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It is the case that da Vinci®’s supremacy in the market of robotic surgery, in the
absence of real competition, whilst producing a potential stagnation in the advancement of
technology, has mostly led to a growth in costs. On the other hand, the accurate assessment
of the financial impact of robotic surgery is a challenging operation, as total costs include
direct, indirect and intangible costs.

Direct costs can be fixed costs (to buy and maintain the robotic system), and variable
costs (consumable instruments), but to better understand whether robotic surgery is ben-
eficial compared to other available techniques, it is mandatory to also capture indirect
costs (loss of productivity, trips to hospital) and out-of-pocket costs borne by patients
after discharge.

No economic data are available concerning RTaTME but almost all studies on robotic
TME showed higher costs compared with laparoscopic TME, with similar overall clinical
outcomes. After a learning curve for robotic TME, the operative costs could be reduced, but
the total costs including fixed costs would still be higher because of the expensive purchas-
ing charge for the robotic system (average cost of a robotic platform is $1–$2.3 million) [59].

The ROLARR trial showed that health-care costs in the robotic-assisted laparoscopic
group (£11,853 or $13,668) were higher than in the conventional laparoscopic group (£10,874
or $12,556), because of a longer mean use of the operating theatre and the mean cost of
instruments [60].

Baek et al. in a cost analysis from a single institute in South Korea reported that
operative charges were significantly higher in the robotic surgery group (8849 vs. 2289
USD, p ≤ 0.001), while the charge for anesthesia, laboratory, radiology, nursing care and
medical therapy was not different between two groups [61].

On the other hand, Kim et al., in a propensity score-matching analysis of cost-
effectiveness of robotic versus laparoscopic surgery, showed similar short-term clinical
outcomes, but higher costs in all categories of charges for the robotic group (total hospi-
tal charges, patients’ payment, operative charges, anesthetic charges, and postoperative
management charges) [62].

Ramji et al., comparing the clinical and economic outcomes between open, laparo-
scopic and robotic approaches to rectal cancer surgery, did not find any difference for total
and operative costs between the open and laparoscopic method, whereas the median costs
of each robotic operation increased approximately by 6000 CAD [63].

In the experience of Ielpo et al. comparing clinical outcomes and costs of robotic versus
laparoscopic surgery for rectal cancer, the mean overall costs were similar in both groups
(7279.31 vs. 6879.80, EUR, p = 0.44), but fixed costs for robotic surgery were not included,
thus minimizing the real financial impact of robotic devices on health spending [64].

Morelli et al. demonstrated that total costs (12,283.5 vs. 7619.8 EUR, p < 0.001), and
variable costs (10,614.6 vs. 7585.4 EUR, p < 0.001) were higher in the robotic TME group
compared with the laparoscopic TME group, as well as within the robotic group itself in
the first phase of the learning curve, reflecting how the advancement of robotic experience
produced a reduction of operative time and consequently of overall costs. Excluding
fixed costs, the variable operative costs were similar between the robotic group, for the
achievement of proficiency, and the laparoscopic TME group (p = 0.084) [65].

This demonstrates how relevant is robotic expertise to the potential reduction of
indirect costs, alongside institutional case volume, standardization of procedures and
efficiency of surgical teams.

Despite that analysis of indirect costs is not available in the literature, it is conceiv-
able that the described potential advantages of robotic surgery in terms of reduction of
conversion rate and hospital stay may translate into lower expenditure.

A recent retrospective, propensity score-weighed analysis using insurance claims from
the MarketScan database showed that the robotic approach was associated with lower
out-of-pocket costs for five types of common oncological procedures compared to open
surgery [66].
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The analysis of indirect costs and the evaluation of quality of life measures, including
sexual, urinary and bowel functions, require further research to accurately compare the
outcomes of the different surgical alternatives.

So far, results from the available literature suggest that robotic-assisted surgery for
rectal cancer is unlikely to be cost-saving, mainly considering the cost of purchase and
maintenance of the system.

In the near future, positive competition among companies will foster the introduction
of new robotic systems and the expected gradual decrease of the platform price will make
it cost-effective, with the same clinical outcomes as alternative operation techniques.

5. Learning Curve of RTaTME

For such a challenging surgical procedure, one of the main areas of research is to
identify the phases of the learning curve and to establish appropriate training, in order to
guarantee patients’ safety and to provide inexpert surgeons with adequate proctorship.

Despite the fact that robotic surgery is generally more intuitive and easier to learn
than laparoscopic surgery, a learning curve is unavoidable and special training programs
for the development of new surgical skills appear mandatory. FDA enforced companies
responsible for robotic systems to develop dedicated, structured educational programs for
surgeons and an official certification based on a formal curriculum for skills and procedures
has been recommended also by The European Association of Endoscopic Surgeons (EAES).

Supporters of the TaTME technique have highlighted the potential benefits, mainly in
selected high-risk patients, without ignoring that the new bottom-up approach is associated
with a significant learning curve which, from the evaluation of major post-operative
complications, is estimated at 40–50 cases [67].

On the other hand, robotic transabdominal TME should include at least 20–23 cases to
gain proficiency, which is in any case faster than for laparoscopy [68,69].

Being still in its infancy, no formal assessment of the learning curve for RTaTME is
reported in the literature, but it is intuitive that the steep learning curve of so complex a
technique would probably be favoured by robotic technology.

“Operative time”, “bleeding” or “conversion” have been evaluated as markers of
expertise in most of the publications [69–71], but the most critical variable to be assessed in
rectal cancer surgery is the difference between learning and competent surgeons in terms
of the quality of the resected specimen [72].

If robotics does not modify the operative steps and the intrinsic complexity of this
procedure, it may ease or simplify its technical aspects, making minimally invasive surgery
feasible by less experienced surgeons in more patients, thus shortening the time needed for
the achievement of proficiency.

On the other hand, limitations imposed by the currently available robotic platforms
may at this stage counterbalance the advantages, making the learning curve steeper
than expected.

6. Conclusions

Robotic-assisted surgery was introduced at the beginning of the new millennium,
showing obvious advantages over laparoscopy in terms of visualization, manipulation
and ergonomics.

With proper training, TaTME can be considered a real game-changer in the surgical
management of rectal cancer. The accuracy of transanal dissection may be improved by the
use of robotic assistance, which expresses its potentialities even better in confined spaces
such as the pelvic outlet.

To date only a few experiences have demonstrated the feasibility and safety of
this approach, with oncological results expected to be not inferior compared to conven-
tional TaTME.

Increased costs, poor availability and dedicated training are still relevant barriers
which prevent the wide adoption of this system, also because, at this stage, no important
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benefits have been demonstrated yet for robotics compared with the other available surgical
alternatives.

In the near future, emerging robotic platforms will lead to major competition and
consequent reduction of costs, while the development of miniaturization of the surgical
instrumentation will start a new era for endoluminal surgery.

These advancements, associated with technical refinements and standardized training
programmes, may allow robotic surgery to become the gold standard for TaTME.
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Abstract: Background: When oncologically feasible, avoiding unnecessary splenectomies prevents
patients who are undergoing distal pancreatectomy (DP) from facing significant thromboembolic
and infective risks. Methods: A systematic search of MEDLINE, Embase, and Web Of Science
identified 11 studies reporting outcomes of 323 patients undergoing intended spleen-preserving
minimally invasive robotic DP (SP-RADP) and 362 laparoscopic DP (SP-LADP) in order to compare
the spleen preservation rates of the two techniques. The risk of bias was evaluated according to the
Newcastle–Ottawa Scale. Results: SP-RADP showed superior results over the laparoscopic approach,
with an inferior spleen preservation failure risk difference (RD) of 0.24 (95% CI 0.15, 0.33), reduced
open conversion rate (RD of −0.05 (95% CI −0.09, −0.01)), reduced blood loss (mean difference of
−138 mL (95% CI −205, −71)), and mean difference in hospital length of stay of −1.5 days (95% CI
−2.8, −0.2), with similar operative time, clinically relevant postoperative pancreatic fistula (ISGPS
grade B/C), and Clavien–Dindo grade ≥3 postoperative complications. Conclusion: Both SP-RADP
and SP-LADP proved to be safe and effective procedures, with minimal perioperative mortality
and low postoperative morbidity. The robotic approach proved to be superior to the laparoscopic
approach in terms of spleen preservation rate, intraoperative blood loss, and hospital length of stay.

Keywords: robotic distal pancreatectomy; laparoscopic distal pancreatectomy; spleen-preserving
distal pancreatectomy; minimally-invasive distal pancreatectomy; systematic review; meta-analysis

1. Introduction

The decision on preserving the spleen when performing a distal pancreatectomy (DP)
is usually based on the balance between achieving an adequate oncological clearance
and avoiding complications related to asplenia. Spleen-preserving DP has therefore been
mainly reserved for surgeries performed for benign indications or to excise lesions with
a low malignant potential. With the advent of minimally invasive surgery, in the early
1990s, surgeons around the world started to explore the potential of the laparoscopic
approach in pancreatic surgery [1,2] and, almost a decade later, of the robotic-assisted
technique [3]. Minimally invasive pancreatic surgery has been progressively gaining
widespread popularity, and advancements in surgical skills have removed most of the
technical restrictions, allowing the safe and effective execution of complex procedures,
including laparoscopic spleen-preserving distal pancreatectomy (SP-LADP) [4] and robot-
assisted spleen-preserving distal pancreatectomy (SP-RADP) [5].

This systematic review and meta-analysis aims to summarize all of the available
evidence regarding spleen-preserving DP and compare results and outcomes of minimally
invasive SP-RADP and SP-LADP techniques.
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2. Materials and Methods

This systematic review and meta-analysis was conducted in accordance with the
preferred reporting items for systematic reviews and meta-analyses (PRISMA 2020 State-
ment [6]) and was registered on PROSPERO (CRD42021239032).

2.1. Search Strategy

MEDLINE, Embase, and Web Of Science electronic databases were searched using
the following terms: “pancrea*” AND “robot*” AND “laparoscop*” AND “sple*”. The
last search was run on 1 February 2021 with no language or publication status restric-
tions. Additional potentially relevant studies were identified from the reference lists of
selected studies.

2.2. Study Selection

For inclusion, studies had to (1) include patients undergoing DP for any disease; (2)
include procedures performed robotically and laparoscopically; and (3) report data on
patients undergoing DP with the intent of preserving the spleen. Case reports, reviews,
and communications, as well as non-human studies, were excluded. Two reviewers (G.R.
and L.A.) independently screened the results of the electronic search at title and abstract
levels. The full texts of the selected references were also retrieved for further analysis and
data extraction. When duplicate reports from the same study were identified, only the
most recent publication was included.

2.3. Data Extraction and Quality Assessment

Two reviewers (G.R. and L.A.) extracted data from each selected study regarding
the first author; publication year; country of origin; study design; number of patients
undergoing SP-RADP and SP-LADP; patients characteristics (age, sex, body mass index
(BMI)); underlying disease requiring DP; American Society of Anesthesiologists (ASA)
score; tumor size; conversion rate; blood loss; pancreatic stump closure technique; splenic
vessel preservation and technique (Warshaw vs. Kimura); blood transfusion requirement;
length of surgery; data on postoperative morbidity, including prevalence and grading
of the clinical severity of postoperative pancreatic fistula (POPF) according to the ISGPS
definition [7]; complications and grading according to the Clavien–Dindo classification [8];
re-operation rate; length of stay (LOS); mortality; and length of follow-up. The quality
and risk of bias of each included study was evaluated independently by two reviewers
(G.R. and L.A.) according to the Newcastle–Ottawa Scale for evaluating the quality of
non-randomized studies in meta-analyses [9]. The level of evidence was rated according to
the Grading of Recommendations, Assessment, Development and Evaluations (GRADE)
system [10]. Any disagreement was resolved through discussion in order to reach consensus
across the study team.

2.4. Statistical Analysis and Data Synthesis

The primary outcome was the spleen preservation failure rate. Secondary outcomes
included intraoperative blood loss, operative time, prevalence of clinically relevant POPF
(grade B/C), prevalence of postoperative complications (Clavien–Dindo [8] grades ≥3),
hospital LOS, and mortality. For the analysis, values expressed as median (range) were
converted to average ± standard deviation using Wan’s method [11]. To pool proportions,
we used random-effects or fixed-effect modelling according to the DerSimonian and Laird
method [12,13] to take into account heterogeneity. The presence of heterogeneity among
the studies was assessed using Cochran’s Q test and quantified with the I2 inconsistency
index, with 25, 50, and 75% considered as thresholds for low, moderate, and high statisti-
cal heterogeneity, respectively. Heterogeneity was evaluated by sensitivity analysis [14].
Statistical analyses were performed using Review Manager version 5.3.
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3. Results
3.1. Studies Selection

Eleven studies met the inclusion criteria and were included in the systematic review
and meta-analysis [15–25] (Figure 1).
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Figure 1. PRISMA flow diagram. ITT: intention-to-treat.

3.2. Studies Characteristics

The characteristics of the selected studies are reported in Table 1. A total of 323 patients
undergoing SP-RADP and 362 patients undergoing SP-LADP were included in this meta-
analysis. Eight included series (72.7%) were retrospective cohort studies [16–18,21–25], two
were matched cohort studies (18.2%) [15,19], and one was a case-control study (9.1%) [20].
The reported median follow-up was 27 months (range 6.5–47) for SP-RADP and 33.5 months
(range 32–75.5) for SP-LADP. The most frequent indications for surgery were neuroendocrine
tumors (NET) in 61 SP-RADP and 52 SP-LADP, mucinous cystic neoplasms in 37 SP-RADP
and 28 SP-LADP, intraductal papillary mucinous neoplasms (IPMN) in 15 SP-RADP and 28
SP-LADP, and pseudopapillary tumors in 18 SP-RADP and 17 SP-LADP.
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3.3. Quality Assessment and Publication Bias

The results of the quality assessment of the 11 included studies according to the
guidelines of the Newcastle–Ottawa Scale are reported in Table 1.

3.4. Spleen Preservation Rate

All selected studies reported the number of procedures intended to be spleen pre-
serving and the spleen preservation failure rate for both the robotic and laparoscopic
techniques. The risk difference (RD) of spleen preservation failures was 0.24 (95% CI 0.15,
0.33), favoring the robotic approach and with moderate heterogeneity (I2 = 63%) (Figure 2).
Heterogeneity was evaluated by sensitivity analysis, and the results are summarized in
Table 2.
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Table 2. Sensitivity analysis by sequential omission of each individual study. Meta-analysis estimates, given the named
study is omitted. CI: confidence interval.

Study Omitted Risk Difference [95% CI]
(<1 Favors Robotic)

Test of Heterogeneity Quantification of
HeterogeneityChi2 p

Chen et al., 2015 0.19 [0.13, 0.25] 10.51 0.31 df = 9; I2 = 14%
Eckhardt et al., 2016 0.25 [0.15, 0.35] 26.40 0.002 df = 9; I2 = 66%

Hong et al., 2020 0.25 [0.15, 0.36] 24.73 0.003 df = 9; I2 = 64%
Kang et al., 2011 0.23 [0.14, 0.33] 26.49 0.002 df = 9; I2 = 66%
Liu et al., 2017 0.25 [0.15, 0.36] 27.61 0.001 df = 9; I2 = 67%

Morelli et al., 2016 0.24 [0.14, 0.34] 27.11 0.001 df = 9; I2 = 67%
Najafi et al., 2020 0.25 [0.16, 0.35] 24.78 0.003 df = 9; I2 = 64%
Nell et al., 2016 0.23 [0.13, 0.32] 24.15 0.004 df = 9; I2 = 63%

Souche et al., 2018 0.26 [0.16, 0.25] 24.49 0.004 df = 9; I2 = 63%
Yang et al., 2020 0.24 [0.14, 0.34] 27.30 0.001 df = 9; I2 = 67%

Zhang et al., 2017 0.23 [0.14, 0.33] 26.34 0.002 df = 9; I2 = 66%

3.5. Patient Characteristics and Operative Details

Only four series [16,21,25,26] reported the average ASA score (median value of 1.9,
range 1.3–2.5 for SP-RADP; 1.7, range 1.4–2.3 for SP-LADP), while preoperative BMI
was described in six series [16,17,19,21,25,26] (median value of 24.1, range 23.3–26.4 for
SP-RADP; 24.4, range 23.4–27.3 for SP-LADP). Of the groups reporting the incidence of
previous abdominal surgery [16,17,21], 5 out of 15 patients in both groups had had previous
surgery in one study [20], with no patients undergoing previous surgery in the other two
reports. All other patients’ characteristics are summarized in Table 1.
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Eight of the included studies [15,16,18,20,21,23–25] reported the conversion rate, with
an RD of −0.05 (95% CI −0.09, −0.01) and moderate heterogeneity (I2 = 26%) of being
converted to “open” technique favoring the robotic approach. Unfortunately, no study
described the reason for conversion. The intraoperative blood loss (Figure 3), as reported
in seven series [16,17,19,21,22,25,26], was significantly lower for the robotic group, with
a mean difference of −138 mL (95% CI −205, −71) and high heterogeneity (I2 = 97%).
There was no statistical difference in the operative time between the two groups (Figure 3),
reported by nine series [15–18,20,21,23–25], with a mean difference of 6.1 min (95% CI
−40, 52) and high heterogeneity (I2 = 97%). Four studies [17,23–25] reported the distal
pancreatic stump closure technique, which was with an endo-GIA stapler in all cases in
both groups. Eight studies [15,16,18,20,21,23–25] reported data on spleen preservation
techniques, including a total of 211 robotic and 219 laparoscopic procedures. The Kimura
technique [26] was adopted in 159 out of the 196 patients (81.1%) undergoing SP-RADP
(the remaining 18.9% of patients had the pancreatic resection performed according to the
technique described by Warshaw [27]) and in 84 out of the 154 SP-LADP (54.5%), with the
Warshaw technique being adopted for the remaining 45.5%.
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3.6. Postoperative Morbidity and Outcomes

Eight series [15–18,20,21,24,25] reported the perioperative mortality, with no cases of
30-day deaths. Seven studies [15–17,20,21,24,27] described the prevalence of POPF. The
RD of clinically relevant POPF (ISGPS grade B/C) was 0.00 (95% CI −0.06, 0.07) with no
heterogeneity (I2 = 0%). The RD of Clavien–Dindo grade ≥3 postoperative complications,
as reported in six series [16,18,21,22,25,26], was −0.04 (95% CI −0.11, 0.03) with no hetero-
geneity (I2 = 0%). The mean hospital LOS difference was −1.5 days (95% CI −2.8, −0.2) in
favor of SP-RADP and with high heterogeneity (I2 = 0%). Data on overall postoperative
complications, Clavien–Dindo grade 1–2 postoperative complications, biochemical leaks,
and postoperative bleeding episodes are reported in Table 3.

Table 3. Risk differences between robotic and laparoscopic spleen-preserving distal pancreatectomies. CI: confidence
interval; POPF: postoperative pancreatic fistula.

Outcome Studies
Risk Difference

[95% CI] (<1 Favors
Robotic)

Test of Heterogeneity Quantification of
Heterogeneity

Chi2 p

Spleen preserving failure 16–26 −0.25 [−0.30, −0.19] 27.22 0.002 df = 10; I2 = 63%
Open conversions 16, 17, 19, 21, 22, 24–26 −0.05 [−0.09, −0.01] 9.41 0.22 df = 7; I2 = 26%

Overall complications 16–19, 21, 25, 26 −0.06 [−0.14, 0.02] 2.15 0.91 df = 6; I2 = 0%
Complications—Clavien–

Dindo grade
1–2

16, 18, 21 −0.02 [−0.15, 0.11] 1.00 0.61 df = 2; I2 = 0%

Complications—Clavien–
Dindo grade

≥3
16, 18, 21, 22, 25, 26 −0.04 [−0.11, 0.03] 4.82 0.44 df = 5; I2 = 0%

POPF grade B/C 16–18, 21, 22, 25, 26 0.00 [−0.06, 0.07] 3.34 0.77 df = 6; I2 = 0%
Biochemical leaks 16–18, 21, 26 −0.04 [−0.14, 0.05] 1.01 0.91 df = 4; I2 = 0%

Intra-/post-operative blood
transfusions 16, 17, 19, 21, 25, 26 −0.03 [−0.09, 0.04] 5.49 0.36 df = 5; I2 = 9%

Reoperation rate 16, 17, 21, 22, 26 0.01 [−0.05, 0.07] 3.86 0.42 df = 4; I2 = 0%
Hospital length of stay 16–19, 21, 22, 25, 26 −1.52 [−2.84, −0.20] 25.16 <0.001 df = 7; I2 = 72%

3.7. Quality of Evidence

The level of evidence was rated according to GRADE and is summarized in Table 4.

Table 4. Robotic versus laparoscopic surgery for spleen-preserving distal pancreatectomies. * The risk in the intervention
group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the
intervention (and its 95% CI). CI: Confidence interval; RR: Risk ratio; MD: Mean difference.

Outcomes
N of Participants

(Studies) Follow up
Certainty of the

Evidence (GRADE) Relative Effect (95% CI)

Anticipated Absolute Effects

Risk with Laparoscopic
Approach

Risk Difference with
Robotic Approach

Spleen preservation rate 685 (11 observational
studies) ⊕⊕## LOW RR 1.31

(1.16 to 1.48) 680 per 1000 211 more per 1000
(109 more to 326 more)

Blood Loss 404 (7 observational
studies) ⊕⊕## LOW - Mean blood loss was

233.3 mL

MD 138.11 lower
(205.25 lower to

70.96 lower)

Operative time 518 (9 observational
studies) ⊕⊕## LOW -

Mean
operative time was

206.1 min

MD 6.13 higher
(39.96 lower to
52.23 higher)

Pancreatic fistula grade
B–C

447 (7 observational
studies) ⊕⊕## LOW RR 1.03

(0.66 to 1.60) 151 per 1000 5 more per 1000
(51 fewer to 91 more)

Complications
Clavien–Dindo 3–4

406 (6 observational
studies) ⊕⊕## LOW RR 0.79

(0.52 to 1.20) 167 per 1000 35 fewer per 1000
(80 fewer to 33 more)

Hospital length of stay 492 (8 observational
studies) ⊕⊕## LOW - Mean hospital stay was

9.8 days
MD 1.52 lower

(2.84 lower to 0.2 lower)

Perioperative bleeding 143 (3 observational
studies) ⊕⊕## LOW RR 0.93

(0.24 to 3.63) 55 per 1000 4 fewer per 1000
(42 fewer to 144 more)
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4. Discussion

To the best of our knowledge, this systematic review and meta-analysis is the first
report summarizing all the available evidence on patients undergoing spleen-preserving
distal pancreatectomy with robotic and laparoscopic techniques. All published studies
comparing these two minimally invasive surgical approaches were screened in order to
analyze the intention-to-treat population of patients undergoing DP where the spleen was
intended to be preserved and to evaluate whether the surgical technique would have an
impact on the spleen preservation success rate.

The spleen holds the largest lymphoid tissue mass in the body, producing early im-
munoglobulins M and containing macrophages that act as barriers against encapsulated
pathogens. Avoiding unnecessary splenectomies prevents those patients undergoing DP
from facing significant thromboembolic [28] and infective risks [29]. The most serious
post-splenectomy complication is overwhelming post-splenectomy infection (OPSI), which
can start with flu-like symptoms but can rapidly progress to septic shock, coma, and dis-
seminated intravascular coagulation [30]. OPSI can represent a major medical emergency,
with a mortality rate that can be up to 50–70% [31,32], a yearly incidence of 0.23%, and a
lifetime risk of approximately 5%. The risk is greater within the first two years postopera-
tively but can vary depending on patient risk factors, such as age, immunological status,
and indication for splenectomy [33,34]. In order to protect splenectomized individuals
from such complications, prophylactic pneumococcal, Haemophilus influenzae type b,
meningococcal, and annual influenza vaccinations are usually performed. Despite these
risks, splenectomy is routinely performed alongside DP for pancreatic adenocarcinoma
in order to achieve an adequate oncological clearance, given the high risk of lymph node
involvement [35]. Spleen preservation should be considered in all patients undergoing
DP for benign indications or pre-malignant/low-grade tumors, as it has been shown to
be a safe procedure that can reduce perioperative morbidity and enable better long-term
outcomes [36–39]. The spleen can be preserved despite the excision of the splenic vessels,
as firstly described by Warshaw in 1988 [27], or with splenic vessel preservation, as demon-
strated by Kimura et al. almost a decade later [26]. Both approaches have been shown
to have comparable short- and long-term results in a recent international multicentric
retrospective study [40] and carry fewer complications when performed with a minimally
invasive technique. After early experiences of laparoscopic DP [1,2], the minimally in-
vasive approach to pancreatic surgery has progressively gained popularity, with safety
and efficacy profiles comparable to open surgery, together with reduced blood loss and
a faster recovery time [41–45]. According to the most recent evidence-based guidelines,
minimally invasive DP should be considered over open DP for all patients with benign
and low-grade malignant tumors [46]. The robotic technique, with its superior accuracy,
3D vision, greater range of motion and precision [47], and excellent safety and efficacy
profile in complex oncological surgery [48,49], has been utilized by several surgeons when
performing pancreatic procedures [5,50,51].

This meta-analysis showed that the robotic approach is more effective than laparoscopy
in allowing spleen preservation during DP, with an RD of spleen preservation failures
of 0.24 (95% CI 0.15, 0.33), with reduced intraoperative blood loss (mean difference of
−138 mL (95% CI −205, −71)) and similar operative time (mean difference of 6.1 min (95%
CI −40, 52)). Patients undergoing SP-RADP were also less likely to experience intraop-
erative conversion to the “open” technique, with 3/201 open conversions (1.5%) in the
robotic group and 15/219 (6.8%) in the laparoscopic group, with an RD of −0.05 (95%
CI −0.09, −0.01) [15,16,18,20,21,23–25]. It was not possible to identify the proportion of
patients where splenic vessel excision (Warshaw technique) was planned preoperatively,
but a higher proportion of splenic vessel preservation was observed in patients undergoing
SP-RADP (159/196 patients (81.1%)) versus SP-LADP (84/154 (54.5%)). With the exception
of cases of tumor proximity or vascular involvement of the splenic vessels, when splenec-
tomy or the Warshaw technique are usually the preferred choices, the Kimura technique
is generally the preferred approach. The higher proportion of successful splenic vessel
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preservations in the robotic group, coupled with the superior spleen preservation rate,
could reflect the more precise vascular dissection of the small tributaries of the splenic
artery and vein that can be performed robotically. No differences in overall, clinically
significant complications (Clavien–Dindo grade ≥3) and POPF were observed between the
two groups, but patients undergoing SP-RADP had a significantly shorter hospital LOS,
with a mean difference of −1.5 days (95% CI −2.8, −0.2).

Due to the lack of long-term follow-up data, the postoperative morbidity results of
the present meta-analysis could underestimate the possible beneficial effects of the robotic
approach in terms of expected lower incidence of complications related to the occurrence of
splenic infarctions and asplenia-related infections due to the significantly higher proportion
of successful splenic and splenic vessel preservation in patients undergoing SP-RADP.
Prevalence of overall complications, of Clavien–Dindo grade ≥3 complications, and of
clinically relevant POPF were similar to those reported in the literature following minimally
invasive DP and open DP [40], with overall complications reported in 31.5% and 45.4%,
Clavien–Dindo grade ≥3 complications in 14.7% and 16.7%, and clinically relevant POPF
in 14.8% and 15.1% of patients undergoing SP-RADP and SP-LADP, respectively.

Unfortunately, there was no randomized controlled trial directly comparing SP-RADP
and SP-LADP that could be included in the present analysis. We performed a sensitiv-
ity analysis in order to further investigate the moderate heterogeneity (I2 = 63%) of the
main outcome.

In conclusion, both SP-RADP and SP-LADP proved to be safe and effective proce-
dures, with minimal perioperative mortality and low postoperative morbidity. The robotic
approach proved to be superior to the laparoscopic approach in terms of spleen preserva-
tion rate, intraoperative blood loss, and hospital length of stay. Future prospective and
randomized studies with a longer follow-up could better evaluate the possible differences
between these two techniques in terms of mid- to long-term complications and outcomes.
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Abstract: Background. Complete mesocolic excision (CME) is a surgical technique introduced with
the aim of ameliorating the oncologic results of colectomy. Various experiences have demonstrated
favorable oncologic results of CME in comparison with standard colectomy, in which the principles
of CME are not respected. The majority of the literature refers to open or laparoscopic CME. This
review analyses current evidence regarding robotic CME for right colectomy. Methods. An extensive
Medline (Pub Med) search for relevant case series, restricted to papers published in English, was
performed, censoring video vignettes and case reports. Results. Fourteen studies (ten retrospective,
four comparative series of robotic versus laparoscopic CME) were included, with patient numbers
ranging from 20 to 202. Four different approaches to CME are described, which also depend on the
robotic platform utilized. Intraoperative and early clinical results were good, with a low conversion
and anastomotic leak rate and a majority of Clavien–Dindo complications being Grades I and II.
Oncologic adequacy of the surgical specimens was found to be good, although a homogeneous
histopathologic evaluation was not provided. Conclusions. Further large studies are warranted to
define long-term oncologic results of robotic right colectomy with CME and its eventual benefits in
comparison to laparoscopy.

Keywords: complete mesocolic excision; robotic surgery; right colectomy

1. Background

Complete mesocolic excision (CME) with central vessel ligation (CVL) is a surgical
technique first described by West [1] in 2008 and Hohenberger [2] in 2009.

By analogy with the concept of total mesorectal excision (TME) for rectal cancer, and
with the aim of improving the radicality of surgery and, therefore, of ameliorating the
oncologic results of colectomy for cancer, it involves the complete removal of an intact
mesocolic envelope surrounding the colon.

In addition, the technique implies ligature of the supplying vessels at their origin from
mesenteric artery and vein, and an extended lymphadenectomy, superimposable to the D3
dissection described by Japanese authors [3].

The surgical community has shown a growing interest in this more radical approach
to colon cancer, suggesting that it could play a role in ameliorating the oncologic results of
right colectomy [4–14]; however, large randomized clinical trials providing a high level of
evidence are lacking.

Therefore, the guidelines of the major international scientific societies still do not
mention the need to perform a CME when approaching a colonic cancer [15,16], while the
same guidelines make TME for rectal cancer mandatory [17,18].

Regarding the surgical approach to CME, the techniques most used are the open and
the laparoscopic techniques, although the latter has been recognized as being technically
more challenging, especially with regard to vascular dissection [19].

In this paper, we shall focus on the robotic approach to CME for surgery of right colon
cancer, analyzing current evidence and providing a summary of its eventual benefits.
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2. Methods

The Preferred Reporting Outcomes for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines were followed [20] and an extensive Medline (Pub Med) search for
relevant case series was performed. The search strategy included “complete mesocolic exci-
sion” AND “robotic” AND “right colon” OR “right colectomy” OR “right hemicolectomy”.

Inclusion criteria were English language and detailed description of the surgical
technique, including all the particular technical aspects of CME with CVL. Exclusion
criteria were case reports, video vignettes and case series in which the CME technique was
employed for colonic resections different from right or extended right colectomy; if a single
centre published more than a paper, only the one including the greater number of patients
was included.

The quality of each included study was assessed using the Newcastle–Ottawa Scale
(NOS) [21] and the risk of bias was considered high if NOS total score was <7 or low if
NOS total score was 7 or more.

A single reviewer (WP) screened each record retrieved and collected data from each
report. Outcomes for which data were sought were: number of patients included in the
study, type of robotic platform utilized, details of surgical technique (patient and trocar
position, sequence of surgical steps, technique of anastomosis), conversion rate, operative
time, intra and postoperative complications, number of retrieved lymph nodes, overall and
disease-free survival.

Continuous data are presented as median and range, while categorical data are
presented as percentages.

3. Results

After duplicate censoring, fourteen studies were included in this review [22–35], and
the publication dates ranged from 2013 to 2021.

There are ten retrospective non comparative case series [22,23,27–31,33–35] and four
comparative studies (three retrospective and one prospective) of robotic versus laparoscopic
CME for right colectomy [24–26,32]; the patient number ranges from 20 to 202.

Characteristics and principal results of the included studies are reported in Table 1.
According to the NOS score obtained, the risk of bias was high in 4 studies and low in

the remaining 10 (Table 2).
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Table 2. Risk of bias.

Author Type of Study NOS Overall Risk of Biases

Trastulli [22] non comparative 7 (S4, C1, O2) low

Petz [23] non comparative 7 (S4, C1, O2) low

Spinoglio [24] comparative 6 (S2, C1, E3) high

Ngu [25] comparative 6 (S2, C1, E3) high

Yozgatli [26] comparative 6 (S2, C1, E3) high

Yang [27] non comparative 7 (S4, C1, O2) low

Shulte am Esch [28] non comparative 7 (S4, C1, O2) low

Bae [29] non comparative 8 (S4, C1, O3) low

Ramachandra [30] non comparative 7 (S4, C1, O2) low

Petz [31] non comparative 7 (S4, C1, O2) low

Ceccarelli [32] comparative 6 (S2, C1, E3) high

Larach [33] non comparative 7 (S4, C1, O2) low

Siddiqui [34] non comparative 8 (S4, C1, O3) low

Bianchi [35] non comparative 7 (S4, C1, O2) low
NOS: Newcastle–Ottawa Scale; S: selection; C: comparison; O: outcomes; E: exposure.

4. Technical Considerations

The da Vinci Xi robotic platform has been utilized in nine of the fourteen
studies [23,25,28,30,31,33,35], the Si platform in two [22,24], the X platform in one [35]
and both the Si and the Xi in the remaining two [29,32].

Four different approaches to colonic dissection, CME and lymphadenectomy are
reported, the difference essentially residing in the sequence of surgical steps and the
direction of detachment of the mesocolon from the retroperitoneum: a “medial-to-lateral”
approach [22,24,30,32], a “bottom-to-up” approach [23,25,28,29,31,35], a “top-to-down”
approach [26] and a “superior mesenteric vein first” approach [27,33,34].

Patient position on the operative table is similar for the “medial-to-lateral”, the
“bottom-to-up” and the “superior mesenteric vein first” approaches: the patient is supine
and the operative table is in a slight Trendelenburg position and rotated to the left, in order
to expose the surgical field by moving the small bowel in the left abdominal quadrants.

In the “top-to-down” approach, conversely, the patient is in a 30◦ reverse Trendelen-
burg position in the first phase of surgery, to facilitate entrance in the lesser sac through the
gastrocolic ligament; a different docking is performed in the second part of the procedure.

In the “medial-to lateral” approach, when using the da Vinci Si® platform, trocars are
positioned in the left abdomen with the camera in the left flank (Figure 1a,b); while using
the da Vinci Xi® system, all the trocars are along the same line with an oblique costofemoral
layout (Figure 2).

With the third robotic arm suspending cranially the transverse mesocolon, the proce-
dure starts with opening of the peritoneum just below the prominence of ileocolic vessels
and along the left side of superior mesenteric vein (SMV); the ileocolic artery and vein are
then easily identified, dissected and ligated. Subsequently, vascular dissection proceeds
cranially with ligature of right colic vessels, middle colic vein and right branch of middle
colic artery.

CME is performed once vascular dissection is completed, by sharp separation of
posterior mesocolic fascia from retroperitoneum.
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Figure 2. Trocars position for “medial-to-lateral”, “SMV first” and “top-to-down” approach with the
da Vinci Xi® system.

This is similar to the “superior mesenteric vein first” approach described by Yang [27]
and adopted by other authors [33,34]; the vascular dissection is performed first, exposing
the anterior aspect of the SMV by removing the lymphatic tissue covering it, and sequen-
tially ligating the right colic and right branches of middle colic vessels; afterwards the
CME is performed by sharp dissection of the ascending and transverse mesocolon from
retroperitoneum, exposing the duodenum and the head of the pancreas, and proceeding
from medial to lateral until the right colo-parietal area.

The “bottom-to-up” approach has been introduced with the da Vinci Xi® platform,
which allows the thinner robotic arms to be positioned on the same suprapubic line
(Figure 3): with this different vision, frontal to the axis of superior mesenteric vessels,
the dissection starts with the incision of the root of mesentery and proceeds cranially
developing the retro-mesocolic plane, separating ascending and right mesocolon from the
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retroperitoneum and joining the ventral aspect of the duodenum and the pancreatic head.
Once the is CME completed, vascular dissection is performed, exposing the ventral aspect
of SMV and ligating the ileocolic, right colic and right branches of the middle colic vessels.
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The “top-to-down” technique has been proposed [26] for the surgical approach to
cancer of the distal ascending colon, hepatic flexure or proximal transverse colon: with an
oblique offset costofemoral trocars layout (Figure 2), the procedure starts with opening of
the gastrocolic ligament and the identification and section of gastroepiploic vessels; the
gastro-epiploic vein is then used as a guide to identify and dissect the gastro-colic trunk
and, subsequently, the SMV, with removal of the lymphatic and fatty tissue of its anterior
aspect. The second phase of the surgical procedure entails a robot redocking with a change
of patient position to a 30◦ Trendelenburg; with the same trocars layout, the vascular
dissection is performed and then the CME is realized with a medial-to-lateral direction.

The ileo-colic anastomosis was performed intracorporeally in ten out of the fourteen
studies [22–25,29,31–35] and extracorporeally in two [28,30]; both the techniques have
been utilized in two studies [26,27], in which, however, the number of patients receiving
intracorporeal or extracorporeal anastomosis is not specified.

5. Clinical Outcomes
5.1. Operative Results

Conversion rate was reported in all the studies and ranged from 0 to 3.8%; among the
four comparative series of robotic versus laparoscopic CME, only Spinoglio [24] reported a
significantly higher conversion rate in the laparoscopic than in the robotic group (7% vs. 0).

The mean reported operative time was 236 min; in all the four comparative studies,
operative time in the robotic group was significantly higher than in the laparoscopic group.

Intraoperative complications were only reported by Yozgatli [26], who described
two cases of minor vascular injuries that were repaired robotically and did not require
conversion to open surgery. In the comparative series from Spinoglio [24], a patient in the
laparoscopic group had an intraoperative lesion of SMV.
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5.2. Early Clinical Results

Postoperative complications were detailed in all the studies, with a mean incidence of
22% and no significant differences found in the four comparative studies of robotic versus
laparoscopic CME.

The majority of complications were Clavien–Dindo Grade I–II, while median incidence
of Clavien–Dindo Grade III–IV complications was 2.8% (range 0–11.5%).

Anastomotic leak rate was very low (0–2%) with the majority of the studies (ten out of
fourteen) [22,23,26–28,32–34] reporting no leaks in the study population.

Early postoperative mortality was declared in only one study [24] and related to a
sudden cardiac death.

6. Oncologic Outcomes

Adequacy of resection was mainly evaluated by reporting the median number of
harvested lymph nodes, which totalled 32 (range 19–41) considering all the studies; in the
comparative series published by Ngu [25] and Yozgatli [26], significantly more lymph nodes
were retrieved in the robotic group in comparison with the laparoscopic group (41 vs. 31
and 41 vs. 33, respectively), while differences were not significant in the remaining two
comparative series.

The length of the specimen was only reported in four studies [22–24,31] and its median
value was 38.5 cm.

The integrity of the mesocolon was reported in only one study [22].
Only three studies reported on long-term oncologic outcomes: Spinoglio [24], with

a median follow up of 60 months, described a 5-year overall survival (OS) rate of 77%
vs. 73%, a 5-year cancer specific survival (CSS) of 90% vs. 85% and a 5-year disease-free
survival (DFS) of 85% vs. 83%, respectively, in the robotic versus the laparoscopic group;
in the specific subgroup of stage III patients, 5-year DFS was 81% versus 68%. Although
more noticeable, this, as the other oncologic outcomes, did not differ significantly among
the two groups.

In the study from Bae [29], median follow up was 55 months, and OS and DFS were
93% and 81%, respectively.

Siddiqui [34] reported an OS and a DFS of 94%. However, follow up was shorter
(3 years).

A summary of clinical and oncologic outcomes of the four different surgical ap-
proaches described (“medial to lateral”, “bottom-up”, “top-to-down” and “SMV first”) is
depicted in Table 3.

Table 3. Clinical and oncologic outcomes of robotic CME for right colectomy.

Surgical Approach

Medial-to-Lateral Bottom-Up Top-to-Down SMV First p

Pat. n. 329 328 96 163

Op. time (median, min) 248 238 286 180 0.07 *

Conversions
(median) 0.9% 0.6% 0 0.6% 0.88 ◦

Postop. compl (median,
Dindo III–IV) 3.8% 5.1% 3% 1.8% 0.18 ◦

Harvested LN
(median) 24 34 41 33 0.15 *

*: one way ANOVA test; ◦: Chi-square test; Pat.: patients; SMV: superior mesenteric vein; Op.: operative; min: minutes; Postop.:
postoperative; compl.: complications; LN: lymph nodes.
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7. Discussion

This review underlines the feasibility and safety of the robotic approach to CME with
CVL for right colon cancer; in all the reported studies, operative, clinical and oncologic
outcomes were good, with a very low rate of conversions to open surgery, a low rate of post-
operative serious complications and anastomotic leaks, and satisfactory oncologic results.

Although laparoscopic surgery is considered the gold standard treatment for colon
cancer owing to its better short-term outcomes in comparison to open surgery [36–38],
laparoscopic right colectomy with CME is generally adopted by expert surgeons in high
volume Centers [39–41].

One of the major concerns regarding the adoption of minimally invasive CME is its
intrinsic technical challenge [42]. This is particularly the case when approaching right
colectomy. In fact, the extensive dissection of the superior mesenteric vein and artery,
to perform an extended lymphadenectomy, and the posterior approach to the transverse
mesocolon to expose the second duodenum and the head of pancreas are undoubtedly more
complex than the corresponding procedure for left colectomy. In the left colectomy, the
dissection plane from the left Toldt’s and Gerota’s fascia is easier to approach, and only two
major vessels (the inferior mesenteric artery and vein) have to be isolated and sectioned.

Vascular anatomy of the right colon is more complex [43]; right colonic vessels are not
always constant, as the course of ICA after its emergence from SMA (anterior or posterior
to SMV). Furthermore, the dissection of Henle’s trunk and the preservation of its pancreatic
and gastroepiploic afferents presents an added difficulty.

Surgeons performing a robotic approach to the vascular dissection of a right colectomy
with CME are of the opinion that the robotic assistance can play a role in decreasing its
technical difficulties; this concept has been widely reported by all the authors of the papers
included in this review.

Similarly, some authors have raised concerns of a major risk of vascular injury when
CME started to become surgically widespread [44]. This concern was confirmed by prelimi-
nary results of an ongoing randomized, controlled, phase 3 superiority trial on laparoscopic
right colectomy with CME versus D2 lymphadenectomy [45]. However, it has not been
confirmed in our present review of robotic series, as only one author described two cases
of minor vascular injury, both of which were successfully repaired and did not require
conversion to open surgery. Robotics would, therefore, seem to promise great potential in
assuring the feasibility of complex and precise surgical maneuvers.

The operative feasibility of robotic CME is confirmed by the very low incidence of
conversions to open surgery (0% in eleven out of the fourteen included studies); in the
largest comparative series [24], a significant lower conversion rate in the robotic group
is reported.

This is in accordance with evidence from the peer-reviewed published medical litera-
ture regarding robotic versus laparoscopic colorectal surgery, where the low conversion
rate is accepted as one of the predominant advantages of robotics [46,47]

Finally, the dexterity of the robotic platform with the seven degrees of freedom of
surgical instruments has been evoked as decisive in increasing the use of intracorporeal
anastomosis (ICA) in comparison to laparoscopic surgery [48–51]; in all but two studies
included in this review [28,30], an ICA was performed and the specimen was extracted
through a Pfannenstiel incision. Although level 1 evidence from the literature concerning
the advantages of ICA over extracorporeal anastomosis (ECA) after right colectomy is
still lacking, [52,53] a recent systematic review and meta-analysis including more than
4400 patients [54] demonstrated that patients receiving an ICA had a significantly lower
incidence of conversion to open surgery, total complications, anastomotic leakage, surgical
site infection and incisional hernia compared to the ECA group.

If the surgical principles of CME are respected, patients’ oncologic outcomes are likely
to improve, as has been shown in previous series, although these are mainly retrospective
and non-randomized [4–14].
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Therefore, assessment of the adequacy of the surgical resection is mandatory when
considering CME surgery; this has been evaluated by number of harvested lymph nodes,
length of surgical specimen, distance of tumor from the vessels ligation site, integrity of the
mesocolon and plane of surgery achieved. However, all these parameters are not always
detailed in the studies reporting on CME, which makes it difficult to obtain definitive and
homogeneous results.

Recently, Benz [55] proposed a new classification of surgical specimens of right colec-
tomy with CME, with the aim of standardizing the histopathological evaluation. It takes
into account two main parameters: the integrity of the mesocolon and the completeness
of tissue removal. The focus, therefore, is on one of the key factors of CME, that is the
clearance of the part of the mesocolon covering the anterior surface of SMV between the
stumps of ileo-colic and middle colic vessels.

In new trials on CME for right colon cancer, a homogeneous adoption of this new
classification is suggested, to standardize and, therefore, compare results.

Among the studies included in this review, only Trastulli [22] mentioned that the
quality of mesocolic excision was assessed referring to the West classification of plane of
resection, while in all the other studies the only evaluated histopathologic parameters were
number of harvested lymph nodes and [22–24,31] the length of specimen.

It can, therefore, only be affirmed that the number of lymph nodes number was
oncologically appropriate, and that in two of the comparative series, more lymph nodes
were retrieved in the robotic group than in the laparoscopic group. However, in the majority
of the reported series, principles of CME were declared by authors when describing the
surgical technique but could not be verified on surgical specimens.

Regarding oncologic results, understood in terms of OS and DFS, these were very
good but only reported in three papers.

The results of the four different approaches to robotic CME described in this review are
shown in Table 2. Excluding the “top-to-down” approach reported only in one series [26],
clinical and oncologic outcomes of the “medial-to-lateral”, “bottom-to-up” and “SMV-first”
approach do not show statistically significant differences.

Nevertheless, the number of harvested lymph nodes is greater in the “bottom-to up”
and in the “SMV first” approaches in comparison with the “medial-to-lateral”.

One of the advantages of the “bottom-to-up” approach is the frontal vision of superior
mesenteric vascular axis, that can make extensive vascular dissection and D3 lymphadenec-
tomy easier to perform in comparison with the “medial-to-lateral” approach.

Even the “SMV-first” approach is focused on the extensive vascular dissection prior to
any other surgical manoeuvre; these technical details, if confirmed by larger scale random-
ized trials, could in part explain the greater lymph-nodes yield with these two approaches.

In conclusion, this review asserts the feasibility of the robotic approach to CME and
CVL for right colectomy; this allows for a low conversion rate, the successful management
of any intraoperative complications that might arise, and good clinical outcomes.

Oncologic results should be evaluated, in future trials, by a rigorous assessment of the
surgical specimen [55] and by long-term survival rates.
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