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Abstract

Endometriosis is one of the most common medical conditions affecting the women. The study aimed to evaluate the safety
and efficacy of robotic-assisted laparoscopic surgery (RAS) versus conventional laparoscopic surgery (LPS) in the treatment
of endometriosis. PubMed, Embase, Cochrane and CINAHL databases were searched from January 1995 to March 2019.
According to meta-analysis criteria, five comparative studies were selected. A total of 1527 patients were identified. In the
meta-analysis, there were no significant differences in blood loss, complication, and hospital stay between RAS and LPS
surgeries in the treatment of patients with endometriosis. However, RAS surgery required a higher weighted mean operating
time than LPS surgery, 0.54 (95% confidence interval; 0.37 to 0.70; p <0.00001) min. This meta-analysis confirmed that the
robotic surgery is safe and feasible in patients affected by endometriosis. We could suggest that RAS is a valid option and

might be considered an alternative to LPS especially in advanced cases.
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Introduction

Endometriosis is defined as the presence of endometrial
glands and stroma outside the uterine cavity, predomi-
nantly, but not exclusively, in the pelvic compartment. It is
an oestrogen-dependent chronic inflammatory condition that
affects women in their reproductive period and is associated
with pelvic pain and infertility [1]. Endometriosis occurs
in 6-10% of women of reproductive age, with a prevalence
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of 38% (range, 20-50%) in infertile women and in 71-87%
of women with chronic pelvic pain [2]. This disease can be
asymptomatic or associated with several symptoms such as
dysmenorrhea, chronic pelvic pain, dyspareunia, infertility,
as well as cyclic urinary and intestinal symptoms according
to the location of the disease [3].

For many years, diagnostic laparoscopy with pathological
confirmation has been considered to be the gold standard for
the diagnosis of endometriosis. However, in symptomatic
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women, noninvasive diagnosis with methods such as trans-
vaginal ultrasound (TVUS) with or without bowel prepara-
tion and magnetic resonance imaging (MRI) have been gain-
ing a greater role in the diagnosis of endometriosis outside
of surgery [2-6].

Endometriosis is classified as superficial (or peritoneal),
ovarian (endometrioma), and deep (defined as infiltrating
lesions greater than 5 mm in depth) [7, 8]. Deep infiltrating
endometriosis (DIE) are nodules that extend deep into the
peritoneal surface (>5mm) and often occur in the uterosa-
cral ligaments, pouch of Douglas, vagina, bowel, bladder,
and ureter [9, 10].

Treatment recommendations are generally based accord-
ing to symptoms, response to medical treatment, and fertil-
ity status [3]. Many studies agree that surgical resection of
DIE improves pain and quality of life [2—4]. There are no
specific guidelines from any society regarding the indica-
tion and surgical approach for bladder and bowel DIE. The
general recommendation by ACOG, ESHRE, and SOGC for
the definitive treatment of pain associated with DIE is still
hysterectomy with or without bilateral salpingo-oophorec-
tomy in women with no desire for future fertility, associated
intractable pelvic pain, adnexal masses, or multiple previ-
ous conservative surgical procedures. In women who desire
future fertility, conservative surgical treatment sparing the
uterus and adnexa should be offered [2—4]. Limited data are
available on reproductive outcomes after treatment of DIE
[3].

During the last decades, laparoscopic surgery (LPS) has
been accepted as the technique of choice for the treatment
of endometriosis, because it provides long-term outcomes
comparable to those achieved by laparotomy (LPT), with the
established advantages of a minimally invasive technique
(MIS), including better visualization, shorter hospital stays,
faster recovery and better cosmetic results [7].

More recently, robotic-assisted laparoscopic surgery
(RAS) has become available [11]. Proponents argue that
increased dexterity, depth perception, and wrist articula-
tion compared with conventional laparoscopy may result in
improved outcomes for endometriosis [12].

The aim of this review and meta-analysis is to compare
RAS versus LPS in the treatment of endometriosis in terms
of operative time, blood loss, intra- and post-operative com-
plication, as well as length of hospital stay.

Materials and methods
Search strategy
A systematic literature review was performed using elec-

tronic database (PubMed, Embase, Cochrane and CINAHL).
All English-language publication comparing RAS versus
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LPS surgery in patients affected by endometriosis from
January 1995 to March 2019 have been identified. The fol-
lowing key words were used in the search: “robotic surgery”
AND “laparoscopy surgery” AND “endometriosis”’. Moreo-
ver, the related articles offered by database were explored
to broaden the search and all abstracts, studies and citations
were reviewed. Finally, a manual search for relevant studies
was also carried out to identify studies for possible inclusion
as a supplement.

Data extraction

The data were extracted by two researchers (A.F. and
M.R.S.) independently for each eligible study comparing
RAS versus LPS. Any disagreements were resolved by a
third reviewer (S.R.), until a consensus was reached. Full-
text copies of those papers were obtained and the same
reviewers independently extracted relevant data regarding
study characteristics. If more than one study was published
on the same cohort with identical endpoints, the report
containing the most comprehensive information on the
population was included to avoid overlapping populations.
PRISMA guidelines were followed [13, 14]. Five studies
were selected according to the criteria based on the follow-
ing three items: comparability of RAS and LPS groups,
patient selection and exposure. Assessment of the compa-
rability of the study includes the evaluation of the compa-
rability of cohorts based on the design or analysis. Finally,
the ascertainment of the outcome of interest includes the
evaluation of the type of the assessment of the outcome of
interest, length and adequacy of follow-up.

The primary outcome measures including operative time,
blood loss, operative complications, and the length of hospi-
talization. The secondary outcomes included the costs and
the learning curve.

Inclusion criteria

All the selected studies in the meta-analysis adhered to the
following inclusion criteria: comparison of outcomes of
RAS with LPS in patients affected by endometriosis; evalu-
ation of operative time, blood loss, intra- and post-opera-
tive complication, length of hospital stay; patients’ medical
parameter (age, BMI, endometriosis stage); and cost.

Exclusion criteria

Only full-text articles were considered eligible for inclusion.
The exclusion criteria for this meta-analysis were as follows:
review, letters, editorials, case reports; studies not published
in English; report only LPS or only RAS; and studies not
providing clear outcomes or patients parameters.
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Statistical analysis

The meta-analysis was performed using Revman 5.3 (Review
Manager version 5.3). The statistical package of the software
was used to analyse the risk ratios (RRs) for dichotomous
variable and weighted mean differences (WMDs) for con-
tinuous variables. Heterogeneity was evaluated by F and I°.
We considered heterogeneity to be present if the /> statistic
was > 50% and the threshold of significance was considered
at p<0.05. A random effect model was used to compute the
pooled data analysis.

Results
Study characteristics and study selection

Three hundred and eighty-two articles were identified, 27
were assessed with respect to their eligibility for inclusion
(Fig. 1) and five studies were included in the systematic
review (Fig. 1) [15-20]. Five studies were retrospective and
one was a randomized controlled trial (RCT). A total of 1527
patients were identified: 676 in the RAS group and 851 in

Fig. 1 PRISMA 2009 flow

the LPS group. All studies involved RAS versus LPS for
the treatment of endometriosis. The first author and year of
publication, patient parameters (age, body mass index and
endometriosis stage) and study design are summarized in
Table 1.

Synthesis of the results

Four studies assessed the operative time of the two surgical
procedures. The weighted mean difference (WMD) of 0.54
(95% confidence interval (CI), 0.37 to 0.70; p < 0.00001)
min shows that the patients in the RAS group have a longer
operative time than those of the laparoscopic group, despite
having eliminated the docking time (Fig. 2).

All studies analysed the length of hospitalization in both
RAS and LPS groups, but it was not comparable. The pooled
estimate showed a WMD of 0.12 (95%CI — 0.05 to 0.29;
p=0.17) and it indicated no significant difference between
RAS and LPS. The I* was 78%, which suggested high sta-
tistical heterogeneity (Fig. 3).

With regard to intra- and post-operative complication,
conversion rates and blood loss, five studies indicated no sig-
nificant difference between RAS and LPS (Figs. 4, 5, 6, 7).
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Table 1 Characteristics of the studies

Author Year Study type Group Sample size (n) Age (years +SD) BMI Stage (n)
DuBeshter 2013 Retrospective RAS 131 44.2 N.A. N.A.
LPS 292 41.8
Magrina 2015 Retrospective RAS 331 40+10.1 26.1+5.9 117AY
LPS 162 38.3+10.7 25.5+5.7 v
Nezhat 2014 Retrospective RAS 32 425422 27.36+2.5 /v
LPS 86 40+4.5 24.53+1.2 /v
Nezhat 2015 Retrospective RAS 147 30+2.5 23+3.2 /v
LPS 273 31+5.7 23+2.5 /v
Soto 2017 RTC RAS 35 343472 26.1+5.2 I/11:19 I/TV:10
LPS 38 345+8.5 24.8+59 I/I1:9 1TI/TV:14
Robotic Surgery Laparoscopic Surgery Std. Mean Difference Std. Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
DuBeshter 2013 0 0 13 0 0 292 Not estimable
Magrina 2015 139 68 331 113 65 162 75.6% 0.39 [0.20, 0.58] —l—
Nezhat 2014 250.5 38.125 32 1735 375 86 11.6% 2.03 [1.55, 2.51] 4
Nezhat 2015 196 0 147 135 0 273 Not estimable
Soto 2017 106.6 48.4 35 101.6 63.2 38 12.9% 0.09 [-0.37, 0.55] =
Total (95% CI) 676 851 100.0% 0.54 [0.37, 0.70] ~califi—
Heterogeneity: Chiz = 42.69, df = 2 (P < 0.00001); I = 95% -o= . o 125 L =25 015

Test for overall effect: Z = 6.42 (P < 0.00001)

Fig.2 Forest plot for operative time comparing RAS with LPS

Robotic Surgery Laparoscopic Surgery

Favours [experimental] Favours [control]

Mean Difference Mean Difference

Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
DuBeshter 2013 1.4 0 131 14 0 292 Not estimable
Magrina 2015 1.1 22 331 0.7 1.3 162 30.0% 0.40([0.09, 0.71] ———=&—*
Nezhat 2014 1 05 32 1 05 86 70.0% 0.00[-0.20, 0.20] ——
Nezhat 2015 0 0 147 0 0 273 Not estimable
Soto 2017 0 0 35 0 0 38 Not estimable
Total (95% CI) 676 851 100.0% 0.12[-0.05, 0.29] —~eti———
ity: Chi? = = = - 12 = 789 | | | |
Heterogeneity: Chi* = 4.47, df = 1 (P = 0.03); I’ = 78% 05 025 0 095 05

Test for overall effect: Z=1.38 (P =0.17)

Favours [experimental] Favours [control]

Fig. 3 Forest plot for the length of hospitalization comparing RAS with LPS

The costs and the learning curve were not clearly indi-
cated in all studies. Therefore, it is not possible to make a
comparison. In different studies, the common conclusion
regarding the costs is that a longer operative time has been
correlated with increased costs.

Discussion

Minimal invasive surgery is considered the gold standard for
endometriosis. In this century, the introduction of robotic-
assisted laparoscopy has been introduced in several gynae-
cologic diseases, especially in malignant conditions. More

@ Springer

recently, some authors claimed for the use of RAS also in
endometriosis [21, 22].

A meta-analysis on the role of RAS in deep endometrio-
sis already exists [23], but this is the first paper performed
on patients with all stages of endometriosis. Moreover, this
work could be considered an update of Chen’s meta-analysis,
because we have included four more articles than the previ-
ous one. According to Chen’s paper, we found a non-inferi-
ority of robotic surgery compared to laparoscopic surgery.
Additionally, our results in this meta-analysis showed that
the RAS required a longer mean operating time than LPS,
with no significant differences between the two groups in
blood loss, complications and hospital stay.
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Robotic Surgery Laparoscopic Surgery Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
1.2.1 New Subgroup
DuBeshter 2013 0 131 0 292 Not estimable
Magrina 2015 4 331 1 162  4.1% 1.96 [0.22, 17.37] * >
Nezhat 2014 5 32 10 86 16.6% 1.34 [0.50, 3.63] ol >
Nezhat 2015 0 147 0 273 Not estimable
Soto 2017 18 35 27 38 79.3%  0.72[0.49, 1.06] —i—
Subtotal (95% Cl) 676 851 100.0%  0.88 [0.61, 1.27] e
Total events 27 38
Heterogeneity: Chi? =2.21, df =2 (P = 0.33); I?=9%
Test for overall effect: Z = 0.70 (P = 0.49)
Total (95% Cl) 676 851 100.0% 0.88 [0.61, 1.27]
Total events 27 38
Heterogeneity: Chiz = 2.21, df = 2 (P = 0.33); 12 = 9% 0?5 0f7 3 1f5 2

Test for overall effect: Z = 0.70 (P = 0.49)
Test for subaroup differences: Not applicable

Robotic Surgery

Laparoscopic Surgery

Fig.4 Forest plot for post-operative complication comparing RAS with LPS

Risk Ratio

Favours [experimental] Favours [control]

Risk Ratio

Test for overall effect: Z = 1.11 (P = 0.27)

Fig. 7 Forest plot for conversion rates comparing RAS with LPS

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
DuBeshter 2013 0 131 0 292 Not estimable
Magrina 2015 2 331 0 162 17.5%  2.45[0.12, 50.84] -
Nezhat 2014 1 32 0 86 7.2% 7.91[0.33, 189.32] - >
Nezhat 2015 0 147 0 273 Not estimable
Soto 2017 1 35 3 38 75.3% 0.36 [0.04, 3.32] .
Total (95% CI) 676 851 100.0% 1.27 [0.35, 4.62]
Total events 4 3

b o2 - - 12 = oRo \ ; ; )
!:et&ta;ogenenyl.l C;| ) 22596(?:7 ;2:(—Po 7(1.26). I?=26% '0.01 0{1 1 1'0 100'

est for overall effect: Z = 0.37 (P = 0.71) Favours [experimental] Favours [control]
Fig.5 Forest plot for intra-operative complication comparing RAS with LPS
Robotic Surgery Laparoscopic Surgery Std. Mean Difference Std. Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
DuBeshter 2013 0 0 13 0 0 292 Not estimable
Magrina 2015 91.9 1641 331 816 949 162 72.5% 0.07 [-0.12, 0.26] —
Nezhat 2014 100 375 32 100 37.5 86 15.6% 0.00 [-0.41, 0.41]
Nezhat 2015 40 0 147 25 0 273 Not estimable
Soto 2017 1009 2298 35 43.8 39.8 38 12.0% 0.35[-0.11, 0.81] = »
Total (95% Cl) 676 851 100.0% 0.09 [-0.07, 0.25] ’
Heterogeneity: Chi? = 1.44, df = 2 (P = 0.49); I = 0% 0 s o 125 0 0 2 Ol 5
Test for overall effect: Z = 1.14 (P = 0.25) Favours [experimental] Favours [control]
Fig.6 Forest plot for blood loss comparing RAS with LPS
Robotic Surgery Laparoscopic Surgery Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
DuBeshter 2013 0 131 0 292 Not estimable
Magrina 2015 2 33 1 162 429%  0.98[0.09, 10.72]
Nezhat 2014 0 32 0 86 Not estimable
Nezhat 2015 3 147 0 273 11.2% 12.96 [0.67, 249.20] - >
Soto 2017 0 35 1 38 46.0% 0.36 [0.02, 8.58] ]
Total (95% CI) 676 851 100.0%  2.04 [0.58, 7.15] —~i——
Total events 5 2

Rz = - - |2 = 240 | . : ;
Heterogeneity: Chi? = 3.01, df = 2 (P = 0.22); I> = 34% 0.61 011 ] 1I0 160

Favours [experimental] Favours [control]
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Meanwhile, the learning curve for RAS was also a criti-
cal factor, which might exert a confounding result. In fact, if
more surgical procedures are performed, we could observe
less operating times and fewer risk of complications.

Unfortunately, in the studies we have selected, the “learn-
ing curve” time was not mentioned. Though improving the
learning curve of the different surgeons could be useful, the
integration of robotic training in residency and fellowship
programs as well as the formation of a structured didactic
robotic curriculum continues to be a challenge. A meta-
analysis demonstrated that the operative performance is
increased and the operating time is decreased by virtual real-
ity training when compared with no supplementary training
or with box trainer training [24]. However, conclusions on
the benefits and risk of robotic surgery should be made with
caution until further high-quality data are available.

Many studies show that the use of RAS for the treatment
of endometriosis is feasible and safe [22, 25-27], but most of
them are retrospective. The surgical procedures successfully
performed by RAS include radical treatment of the most
severe, surgically demanding and painful [28] form of the
disease, which is deeply infiltrating endometriosis involving
the bowel or the urinary tract. Although these results appear
encouraging, RCT studies, including women operated using
RAS and patients submitted to LPS by the same surgical
team, did not show any substantial advantage of the former
over the latter technique. In particular, the only statistically
significant differences were in favour of LPS, was a shorter
operating time in three studies [16, 17, 29] and a reduced
hospital stay in one study [17]. However, comparative stud-
ies were all retrospective and they lack an adequate follow-
up. Because in these studies the comparison between RAS
and LPS has been limited to perioperative outcomes, by no
means has it been possible to draw any conclusion about the
most important outcomes such as long-term relief of pain,
pregnancy rates in infertile women and variation in health-
related quality of life. Only adequately designed randomized
trials comparing RAS and LPS for the treatment of endome-
triosis would disentangle these issues.

Fig. 8 Risk of bias graph:
review authors’ judgements
about each risk of bias item
presented as percentages across
all included studies

Blinding of outcome assessment (detection bias)

Random sequence generation (selection bias)

Blinding of participants and personnel (performance bias)

The main bias of the present meta-analysis was that the
overall quality of the studies included was low (Figs. 8, 9).
In fact, most data came from retrospective studies. However,
they were included because they were the only ones that
compared RAS with LPS. Other limitations of this meta-
analysis should be taken into account while interpreting
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the results. First, most data were derived from retrospec-
tive non-randomized comparisons. Second, we still could
not eliminate the differences in patients, as well as the skills
and experience of surgeons, between the two groups. There
was a lack of consistency in the outcome measures used in
trials, which led to difficulties in combining data in a suit-
able meta-analysis and thus made it difficult to draw clini-
cally relevant conclusions. One of the limitations for this
type of comparison is that in case of DIE involving bowel or
urinary tract, a general surgeon or urologist may be required.
Different specialists do not have the same surgical skills,
both laparoscopic and robotic and could modify surgical
outcomes. A multidisciplinary team approach involving sev-
eral professionals with their own expertise is important in
attaining an optimal effect. Perhaps, also for this reason the
operating times are longer in patients who undergo robotic
surgery. Another bias is how the complexity of the surgery
for endometriosis varies greatly depending on the deepness
and diffusion of the disease. Evaluating the different stud-
ies, they are not homogeneous with respect to the enrolled
endometriosis stage. Soto 2017 and Nezhat 2015 enrolled
both mild and severe endometriosis, while DuBeshter 2013
does not describe the stadium, and the others have enrolled
only severe endometriosis. Limiting factor in the operative
time of robotic surgery is naturally the docking. This time
is not exhaustively characterized in all the papers [15, 17,
18]. No work has taken into consideration the occurrence of
interventions on the diaphragm.

Cost is often considered a limitation of robotic surgery
[30]. Perhaps an adequate valuation of costs and benefits in
patients affected by deep endometriosis and who are submit-
ted to multidisciplinary approach could play an important
role also in these cases. More studies are needed to evaluate
these aspects.

In conclusion, minimally invasive surgery should be con-
sidered the standard for the management of patients with
endometriosis. Data from the literature showed that robotic
surgery is not inferior to laparoscopy techniques, and it is
safe and efficacious. Thanks to the three-dimensional vision
with the freeness of movement of robotic instruments, RAS
allows to obtain higher surgical precision [22]. We could
consider this approach as a valid alternative to standard lapa-
roscopy especially in deep endometriosis with bowel and
ureteral involvement, while avoiding it in patients with mild
or moderate disease involving the ovaries and with superfi-
cial peritoneal involvement.

According to a previous review, there are very few trials
in this area and further trials are required focusing on differ-
ent MIS techniques [31]. This meta-analysis confirmed that
the robotic surgery in safe and feasible in patients affected by
endometriosis. As reported for specific condition in malig-
nant disease (obese patients with endometrial cancer) and
nevertheless the associated costs of the currently available

technology, the potential advantages of the robotic platform
are difficult to ignore in specific selected patients with deep
infiltrating endometriosis. While waiting for further rand-
omized trials comparing RAS and LPS in endometriosis
patients, we could suggest that RAS is a valid option and
might be considered an alternative to LPS especially in
advanced cases.
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