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Abstract: Background: Uterine fibroids are the most frequently diagnosed gynaecological tumours,
and they often require surgical treatment (conventional laparoscopic myomectomy—CLM). The
introduction and evolution of robotic-assisted laparoscopic myomectomy (RALM) in the early 2000s
has expanded the range of minimally invasive options for the majority of cases. This study aims to
compare RALM with CLM and abdominal myomectomy (AM). Methods and materials: Fifty-three
eligible studies adhered to the pre-established inclusion criteria and were subsequently evaluated for
risk of bias and statistical heterogeneity. Results: The available comparative studies were compared
using surgical outcomes, namely blood loss, complication rate, transfusion rate, operation duration,
conversion to laparotomy, and length of hospitalisation. RALM was significantly superior to AM in
all assessed parameters other than operation duration. RALM and CLM performed similarly in most
parameters; however, RALM was associated with reduced intra-operative bleeding in patients with
small fibroids and had lower rates of conversion to laparotomy, proving RALM as a safer overall
approach. Conclusion: The robotic approach for surgical treatment of uterine fibroids is a safe,
effective, and viable approach, which is constantly being improved and may soon acquire widespread
adoption and prove to be superior to CLM in certain patient subgroups.

Keywords: myomectomy; da Vinci; robotic gynaecologic surgery; uterine fibroids; minimally
invasive surgery

1. Introduction

Uterine fibroids, also referred to as leiomyomas or simply myomas, are amongst the
most prevalent gynaecological disorders, with ultrasonographic findings indicative of their
presence being detected in up to 80% of women by the age of 50 years [1]. While in the
majority of cases they remain asymptomatic and are diagnosed incidentally [2], fibroids
may present with pelvic pain, abnormal uterine bleeding, dysmenorrhea, and pressure
effects, leading to disturbed urinary, gastrointestinal, and sexual function. More insidiously,
they may also be the cause of secondary infertility, emotional distress, anxiety, or depression,
with significant adverse effects on the overall quality of life [3]. Considering the above,
effective treatment is paramount not only for symptom alleviation but also in order to
improve future fertility prospects. While a plethora of non-invasive options for myoma
management are available, surgical treatment remains the gold standard [4], with minimally
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invasive surgery in particular offering considerable advantages and currently being the
most frequently preferred option [5]. Amongst the most advanced minimally invasive
options is robotic-assisted laparoscopic myomectomy (RALM), offering impressive three-
dimensional, magnified visualisation capabilities and a natural, finger-like, and intuitive
control of the surgical instruments and superior ergonomics [6]. The aforementioned
technical advantages may theoretically contribute to increased intra-operative efficiency,
control, and safety and thus lead to fewer complications and morbidity and ultimately better
patient outcomes. In this systematic review, we aim to test this hypothesis, namely whether
these technical advantages improve RALM’s safety and effectiveness over conventional
laparoscopic myomectomy (CLM) and abdominal myomectomy by laparotomy (AM).

2. Materials and Methods

This is a systematic review conducted based on pre-established criteria and on the
methodology suggested by the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA 2020) Statement [7]. A formal study protocol was prepared a
priori and was registered to the PROSPERO online database (CRD42023417412).

2.1. Eligibility Criteria

The research question at the core of this review was structured using the PICOS
(population—-intervention—comparator-outcome—-study design) format in order to ensure
that the data and outcomes searched for were precisely defined beforehand, which is a
strategy also supported by the recommendations of the Cochrane Collaboration [8]. The
target population of this review comprised women with uterine fibroids who underwent
surgical treatment regardless of clinical manifestations. This study excluded paediatric
populations and mesenchymal tumours arising at different anatomical regions. The inter-
vention investigated was robotic-assisted laparoscopic myomectomy (RALM). Given the
rise of various surgical systems and methodologies [9-11], the investigated intervention
was further refined to the multi-port variant, defined as the use of at least one robotic port
for camera placement and two additional robotic ports for the robotic arms and instruments,
with the optional third robotic port and/or accessory port(s). Furthermore, the investigated
robotic system was the da Vinci Surgical System by Intuitive, USA, due to its prevalence in
the available literature and in order to facilitate the methodological homogeneity of the
assessed studies. Comparators were not mandatory for study inclusion; however, they
were crucial for comparative meta-analysis; thus, conventional laparoscopic myomectomy
(CLM) and abdominal myomectomy (AM) were both included as eligible comparators. The
primary sought outcomes of this study were the metrics of surgical performance consistent
enough in the available literature to facilitate comparison of the approaches, namely mean
operation duration (MOD), estimated blood loss (EBL), hospitalisation duration or length
of stay (LOS), transfusion rate, complication rate, and conversion to laparotomy rate for
RALM and CLM. The secondary outcomes included symptom improvement and fertility
outcomes for women wishing to conceive. Acceptable study designs were either prospec-
tive or retrospective case series, cohorts, case-control studies, and clinical trials. Single-case
reports or secondary studies were excluded from this analysis.

2.2. Search Methodology and Data Sources

Studies relevant to our research question were sought within the peer-reviewed medi-
cal research of MEDLINE/PubMed, Web of Science, and Scopus, with the most recent search
having been conducted on 11/01/2023. The same search terms were used on all three
databases: (robotic OR “robotic assisted” OR “robotic-assisted”) AND (myomectomy OR
fibroidectomy). No search limitations or additional automated search filters were utilised
during this process, with the results being manually refined by the investigators during the
study assessment process.
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2.3. Selection Methodology and Extracted Data

The resulting initial study pool was evaluated independently by two teams of authors
who followed the same steps. Initially, duplicate records were removed, with the remaining
records being screened for relevance and the most promising being moved to full-text
assessment. Disagreements between the two independent teams were reviewed and
resolved, with the included articles ultimately being agreed upon by all co-authors. Data
on study design (study period, type of study, total sample size, and year of publication),
patients’ characteristics (mean age, mean BMI, etc.), myoma characteristics (mean number,
weight, diameter, etc.), RALM characteristics (da Vinci model, methodology, trocars used,
etc.), and comparators were extracted and organised. This extraction process was performed
by three authors who each analysed one-third of the studies, which were subsequently
verified by another author for accuracy and consistency with the original article.

With regard to sought outcomes, data on MOD, EBL, LOS, complication rates, trans-
fusion rates, and conversion rates were extracted and utilised for meta-analysis. For the
aforementioned meta-analysis, group sample sizes, means, and standard deviations were
extracted and used. In order to include more studies and mitigate the effects of reporting
bias, where enough data were provided, the means and standards deviations were esti-
mated using the methods proposed by Luo et al. [12] and Shi et al. [13], whose models offer
more accurate and robust estimation and are expanded and refined versions of previous
similar works [14,15]. Additional data on fertility were also extracted and organised and
are presented for the purposes of this review, although not in the form of meta-analysis.
In the cases where the aforementioned outcomes were reported inconsistently, data were
converted to the format used by the majority of the included studies or were excluded from
our analysis if the former option was not feasible.

2.4. Risk of Bias Assessment

To facilitate the assessment of risk of bias amongst the included comparative studies,
the Newcastle-Ottawa Scale (NOS) [16] for non-randomised studies was used. Two authors
independently rated the studies using the aforementioned scale, and the results were
compared for consistency. Any disagreements were resolved via re-evaluation or by the
input of a third author.

2.5. Statistical Analysis

For the quantification and comparison of outcomes between RALM, CLM, and AM,
specific effect measures were utilised, namely the weighted mean difference (WMD) for
EBL, MOD, and LOS, while the odds ratio (OR) was used for transfusion rate, complication
rate, and conversion to laparotomy rate. Data on the different outcomes were tabulated
and compared between the intervention and the comparators.

The meta-analysis was conducted using the random effects model. Statistical het-
erogeneity between the studies was evaluated with the use of the I? statistic, as formally
suggested in the Cochrane Handbook for systematic reviews [8]. An I? < 50% and a p-value
over 0.05 were considered indicative of non-significant heterogeneity. The meta-analysis
was conducted with the results either being pooled OR or WMD of the meta-analysed
outcomes during comparisons.

A sensitivity analysis was conducted in order to assess the effect of risk of bias and
of the inclusion of estimated results in the meta-analysis. Regarding the latter, while
the applied predictive models offer remarkable accuracy for data following the normal
distribution, the model’s performance remains suboptimal in cases of skewed data (non-
normal distribution) [13]. Therefore, the effect of the inclusion of estimates from non-
normally distributed data was assessed along with the effect of study risk of bias. Where
possible and most relevant, forest plots were constructed to facilitate visualisation of the
assessed correlations; otherwise, data are provided in text, tables, or the Supplementary
Material. Calculations and graphs were carried out using the Stata Statistical Software:
Release 14.2 by StataCorp LP.



J. Clin. Med. 2023, 12, 4134

40f19

3. Results

The initial pool of 955 studies, which resulted from the preliminary search of the
medical databases, was refined via manual screening of the title and abstract, leading to
107 reports being moved to full-text assessment. Through constant evaluation and strict
application of the pre-established inclusion criteria, 53 studies were ultimately included in
this review [17-69]. This systematic process of selection is summarised in Figure 1.

[ Identification of studies via databases and registers J
)
5 Records identified from: Records removed prior to
‘§ MEDLINE/Pubmed (n=302) screening
= Scopus (n=395 Duplicate records (n=450
=
= Web of Science (n=258) Non-English records (n=22)
£ Total: (n=955) Total removed: (n=472)
—
Records screened Records excluded
(n=483) (n =370)
Reports sought for retrieval Reports not retrieved
o) (n=113) (n=6)
c
7}
o
[T}
(72}
Reports assessed for eligibility Reports excluded:
(n=107) Irrelevant population (n=11)
Irrelevant intervention (n=17)
Irrelevant outcome (n=2)
Irrelevant design (n=24)
Total (n=54)
—J
)
Studies included in review
= (n=53)
'g Reports of included studies
° (n=53)
= Studies included in quantitative
synthesis (n=25)
D

Figure 1. Summary flowchart of the evaluation process of the sought study, according to the PRISMA
2020 Guidelines.

Most of the eligible studies originated from the USA, the Republic of Korea, and
Taiwan, and the vast majority were based on data collected retrospectively from institutional
medical records, with only eight studies being conducted prospectively. Twenty-five of the
studies utilised an eligible comparator, i.e., CLM, AM, or both, and thus were utilized in
comparative analysis. Ultimately, this systematic review included data from 7109 women.
This information is summarised in Supplementary Table S1. The mean age of the included
participants ranged from 34 to 48.2 years and mean BMI from 20.2 to 31 kg/m?. The main
indications for myomectomy were clinical symptoms such as pressure effects associated
with a pelvic mass, pelvic pain, uterine bleeding, infertility, gastrointestinal symptoms,
urinary symptoms, etc., and a sizeable percentage of participants had a history of prior
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abdominal surgery and/or caesarean section (Supplementary Table S2). With regard to
RALM technical characteristics, the majority of available studies used previous-generation
da Vinci Surgical Systems, with only nine studies using the 4th generation da Vinci X and XI
systems. With regard to the procedure, the basic steps were consistent amongst all studies.
Most studies used a 12 mm robotic port for the camera, placed either above or below the
umbilicus, with at least two additional and most commonly 8 mm robotic ports placed
bilaterally from the abdominal midline. A few studies used a third 8 mm robotic port,
and most researchers used an accessory 12, 10, or 5 mm port as well. The mean number
of robotically excised myomas per study ranged from 1.5 to 7, as did the mean myoma
diameter (3-8.3 cm), the mean diameter of the largest myoma (5-11 cm), and mean myoma
weight (30450 g) (Supplementary Table S3). With regard to the risk of bias assessment
for the studies included in data synthesis, eight studies [17,20,30,35,50,53,59,62] received
a rating of NOS 9, thirteen studies [22-25,28,29,31,36,37,39,60,64,68] received a rating of
NOS 8, and four studies [18,49,51,54] received a rating of NOS 7. Overall, the results were
indicative of the satisfactory methodological quality of the included studies and a low risk
of bias for the majority of them.

A sensitivity analysis was conducted in order to assess the effect of the risk of bias as-
sessment and the effect of including estimates from studies with non-normally distributed
data. With regard to the former, some subgroups based on NOS score did demonstrate a
loss of statistical significance of the overall effect; however, the trends remained consistent
regardless of NOS score. The exception to that was a reversal of observed trends in LOS in
the RALM versus CLM comparison, where studies with an NOS score of 9 showed that
RALM offered shorter LOS compared to CLM, with this difference not being statistically
significant in that there were no statistically significant differences in the examined parame-
ters. Given the fact that only 1 out of 33 subgroups was affected by NOS score, its overall
effect was considered negligible and as not affecting the robustness of the synthesised
data. With regard to the effect of including estimates from studies with non-normally
distributed data, there were no effects on the RALM versus AM comparison; however, on
the RALM versus CLM comparison, both EBL and LOS were affected: the former with
reversal of the observed trend (although non-statistically significant) and the latter with loss
of significance. While no statistically significant changes in observed trends were noted, the
fact that two out of six synthesised comparisons were affected in the RALM versus CLM
comparison may indicate that inclusion of less reliable estimates affected the robustness
of this synthesis. Therefore, for this comparison, these estimates were not included in the
forest plots presented in this review. The results of all sensitivity analyses are available in
Table 1.

Heterogeneity among the studies was assessed using the I? index. Regarding the
RALM and AM comparison of primary surgical outcomes, there was statistically significant
heterogeneity, namely 12 = 79.0% (p < 0.001) for the EBL comparison, I? = 84.3% (p < 0.001)
for the MOD comparison, and I? = 92.0% (p < 0.001) for the LOS comparison. The het-
erogeneity was non-significant for the complication rate comparison (I> = 0%, p = 0.716)
and for the transfusion rate comparison (I> = 12.1%, p = 0.326). With regard to actual
outcomes, RALM had significantly lower EBL compared to AM, with WMD = 45.01 mL,
p <0.001 (Figure 2a). AM was superior with regard to MOD, requiring significantly shorter
operation time, with WMD = 70.9 min, p < 0.001 (Figure 2b), and RALM necessitated a
significantly shorter hospitalisation duration than AM, with the LOS WMD = 1.57 days,
p <0.001 (Figure 2c). RALM had a significantly lower complication rate compared to AM,
being 33% safer, with OR = 0.67, p = 0.016 (Figure 3a), in addition to a 60% lower transfusion
rate compared to AM, with a pooled OR = 0.4, p < 0.001 (Figure 3b). For the comparison of
RALM to CLM, statistical heterogeneity was assessed for each comparison and was signifi-
cant, with I2 = 80.9%, p < 0.001 for the EBL comparison and 2 = 96.2%, p < 0.001 for the
MOD comparison. Heterogeneity was non-significant for the LOS comparison (I? = 19.2%,
p = 0.283), the complication rate comparison (I> = 7.8%, p = 0.370), the transfusion rate
comparison (I2 = 19.3%, p = 0.254), and the conversion to laparotomy rate comparison
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(1% = 0%, p = 0.781). With regard to outcomes, RALM demonstrated lower EBL overall, but
this was non-significant (WMD = 8 mL, p = 0.296); however, when the data were stratified
according to myoma weight, RALM caused significantly less blood loss in cases with lower
myoma weight (WMD = 33.51 mL, p = 0.004), while no statistically significant differences
arose for the rest of the myoma cases (Figure 4a). This effect persisted in the analysis that
included estimates from studies with skewed data distribution as well (WMD = 34.41,
p = 0.003), while overall results differed. Similar to the RALM-AM comparison, RALM
was inferior to CLM with regard to MOD, WMD = 36.76, p < 0.001 (Figure 4b), while there
were no statistically significant differences between the two methods with regard to LOS,
WMD = 0.002, p = 0.974 (Figure 4c). Complication and transfusion rates were similar in both
methods, with no statistically significant differences, OR = 0.81, p = 0.250 and OR = 0.95,
p = 0.854, respectively (Figure 5a,b). Conversion to laparotomy rate also technically showed
no statistically significant difference between the two methods; however, the difference was
only marginally non-significant, with OR = 0.53 and p = 0.083 (Figure 5c). With regard to
fertility outcomes, pregnancy rates ranged from 50-80% postoperatively, with the majority
of pregnancies originating from spontaneous conception. Studies with sufficient follow-up
at the time of publication demonstrated a live birth rate of 25-100%.

RALM versus AM - Estimated Blood Loss (EBL)

N, mean N, mean %

Study Year WMD (95% Cl) (SD); RALM (SD); AM Weight

L g
Advincula et al 2007 —I+- -168.97 (-360.26, 22.32) 29, 196 (229) 29, 365 (473) 0.85
Ascher-Walsh et al. 2010 —_— E —-232.68 (-357.88,-107.48) 125,226 (154) 50, 459 (441) 1.98
Sangha et al 2010 — E -169.53 (-267.64,—-71.42) 99, 132 (148) 48,301 (331) 3.22
Barakat et al. 2011 —I:— —63.72 (-137.88, 10.44) 89, 182 (296) 393,246 (421) 5.63
Mansour et al 2012 —I—; -122.00 (-203.41,-40.59) 38, 214 (161) 21,336 (148) 4.67
Gobern et al 2013 —.—é -123.30 (-209.87,-36.72) 66, 160 (211) 169, 283 (465) 4.13
Griffin et al. 2013 _:I-— -30.10 (-287.98, 227.78) 16, 416 (414) 23, 446 (390) 0.47
Hanafi et al 2014 '.:' —66.00 (-93.67,-38.33) 77,110 (62) 45,176 (82) 40.44

1
Jansen et al. 2018 + —-41.90 (-94.97, 11.17) 163,262 (206) 311,304 (384) 10.99
Kim etal 2018 —I—E—— —103.90 (-282.38, 74.58) 13,219 (188) 13, 323 (269) 0.97
Aendekerk et al. 2019 : — —-123.74 (-385.75, 138.28) 51, 401 (323) 52, 525 (907) 0.45
Lee SRetal 2020 : —— 71.25(18.53, 123.97) 126, 368 (257) 151,297 (174) 11.14
Ozbasli et al 2021 E - 45.18 (-0.56, 90.91) 66, 183 (138) 73,138 (136) 14.80
Morales et al 2022 —I—%—— —296.32 (-641.37,48.73) 24,207 (360) 21,503 (733) 0.26
Overall (I-squared =79.0%, p = 0.000) O —45.01 (-62.61,-27.41) 982 1399 100.00

'

|

T ¢ T
—641 0 641
Favours RALM Favours AM
(@)

Figure 2. Cont.
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RALM versus AM - Mean Operation Duration (MOD)

N, mean %
Study Year WMD (95% Cl) (SD); RALM N, mean (SD); AM  Weight
T
Advincula et al. 2007 —I.— 76.97 (42.24, 111.70) 29,231 (85.1) 29, 154 (43.1) 201
Ascher-Walsh et al. 2010 —-—: 53.76 (34.33, 73.19) 125,192 (68.2) 50, 139 (55.2) 6.42
Sangha et al. 2010 —i-l— 83.11(55.27, 110.95) 95,217 (118) 48, 134 (51.3) 3.13
Barakat et al. 2011 -I-i 55.38 (41.52, 69.25) 89, 190 (60.8) 393, 134 (57.7) 12.60
Nash et al 2012 :—I— 111.86 (76.95, 146.77) 27,226 (88.3) 54,115 (39.1) 1.99
Mansour et al. 2012 E—I— 97.20 (70.44, 123.96) 38, 190 (71.5) 21,92.5(33) 3.38
Gobern et al. 2013 -I'- 73.46 (58.63, 88.30) 66, 148 (58.1) 169, 74.1 (32.1) 11.01
Griffin et al 2013 I—i— 8.06 (-120.74, 136.86) 16, 261 (56.3) 23, 253 (308) 0.15
Hanafi et al 2014 +i 43.00 (20.94, 65.06) 77,205 (74) 45, 162 (50) 4.98
Jansen et al. 2018 : - 92.30 (81.97, 102.63) 163,240 (55.8) 311,147 (51.9) 22.71
Kim et al 2018 E —H 176.20 (123.20, 229.20) 13, 360 (88.8) 13, 184 (40.3) 0.86
Aendekerk et al 2019 : — 105.64 (80.44, 130.84) 51, 204 (80) 52,98.4 (45.6) 3.81
Lee SR etal. 2020 -I-E 55.58 (42.07, 69.09) 126,164 (71.6) 151,109 (32.1) 13.27
Ozbasli et al. 2021 - E 44.11 (30.49, 57.74) 66, 166 (47.9) 73,122 (31.4) 13.05
Morales et al 2022 : —_— 146.99 (84.98, 209.00) 24,190 (94.1) 21,42.9 (115) 0.63
Overall (I-squared = 84.3%, p = 0.000) e 70.90 (65.98, 75.82) 1005 1453 100.00
1
:
| ¢ T
-229 0 229
Favours RALM Favours AM
(b)
RALM versus AM - Length of Stay (LOS)
N, mean %
Study Year WMD (95% Cl) (SD); RALM N, mean (SD); AM  Weight
A d
Advincula et al. 2007 ——m—r —214(-2.79,-149) 29,148 (095) 29,362 (15) 192
Ascher-Walsh et al 2010 é.— i -2.77 (-3.09,-2.45) 125,0.51 (0.67) 50, 3.28 (1.09) 7.64
Sangha et al. 2010 —-—i -2.05(-2.52,-1.57) 99, 1.23 (0.8) 47,3.27 (1.58) 352
Barakat et al 2011 - E -2.03(-2.24,-1.82) 89, 1.06 (0.61) 393,3.09 (1.7) 18.06
Nash et al 2012 —a -1.60 (-1.99,-1.21) 27,0.7 (0.91) 54, 2.3 (0.662) 539
Mansour et al 2012 i—-— -1.30 (-1.60,-1.00) 38, 1.2 (0.5) 21,25(0.6) 8.81
Gobern et al. 2013 i —— -0.21(-1.15,0.73)  66,2.1(3.62) 169, 2.31 (2.24) 0.92
Griffin et al. 2013 -i—-— -1.20 (-1.69,-0.71) 16, 1.5(0.8) 23,27(07) 3.41
Hanafi et al. 2014 :—I— -1.30 (-1.66,-0.94) 77,1.1(0.4) 45,24 (12) 6.14
Jansen et al. 2018 -:.- -1.50 (-1.67,-1.33) 163, .7 (0.9) 311,22(0.9) 27.60
Kim et al. 2018 E — -1.00 (-1.46,-0.54) 13,25 (0.598) 13, 3.5 (0.598) 3.80
Aendekerk et al 2019 R -129(-2.44-013) 51,511(3.11) 52,64 (2.88) 0.60
Lee SRetal. 2020 —i'l— -1.45(-1.81,-1.09) 126,268 (1.95) 151,4.13(0.79) 6.09
Morales et al. 2022 E — -0.10 (-0.46,0.26) 24,2 (0.849) 21,2.1(0.301) 6.09
Overall (I-squared = 92.0%, p = 0.000) o -1.57 (-1.66,-1.48) 943 1379 100.00
'
i
T ¢ T
-3.09 0 3.09

Favours RALM

Favours AM

(0)

Figure 2. (a) Forest plot comparing RALM to AM on the basis of EBL [17,22-24,31,35,36,39,50,51,54,60,64,68].
(b) Forest plot comparing RALM to AM on the basis of MOD [17,22-25,31,35,36,39,50,51,54,60,64,68].
(c) Forest plot comparing RALM to AM on the basis of LOS [17,22-25,31,35,36,39,50,51,54,60,68].
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RALM versus AM - Complication Rate

Events, Events, %

Study Year OR (95% Cl) RALM  AM Weight
Advincula et al. 2007 —_— 0.16 (0.04,0.67)  3/29 12/29 542
Ascher-Walsh et al. 2010 1.22 (0.05,30.37) 1/125 0/50 1.03
Barakat et al. 2011 1.46 (0.06, 36.18) 0/89 1/393 1.04
Nash et al. 2012 —_— 0.84 (0.20, 3.54) 3127 7/54 5.16
Mansour et al. 2012 0.54 (0.03,9.11) 1/38 1/21 1.34
Gobern et al. 2013 —— 1.23 (0.50,3.01)  8/66 17/169 13.41
Griffin et al. 2013 —_— 0.68 (0.11,4.24) 2/16 4/23 3.18
Jansen et al. 2018 —.— 0.69(0.42,1.11) 29/183  67/311 46.39
Aendekerk et al. 2019 —a— 0.49 (0.22, 1.10) 16/51 25/52 16.56
Lee SRetal. 2020 —_— 0.59(0.11,3.29) 2/126 4/151 3.64
Ozbasli et al. 2021 —_— 2.25(0.20, 25.40) 2/66 1173 1.82
Morales et al. 2022 0.28 (0.01,7.22) 0/24 1/21 1.01
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Figure 3. (a) Forest plot comparing RALM to AM on the basis of complication rate [17,22-25,31,
35,36,39,50,51,54,60,64,68]. (b) Forest plot comparing RALM to AM on the basis of transfusion
rate [17,22-25,31,35,36,39,50,51,54,60,64,68].



J. Clin. Med. 2023, 12, 4134

90f19

RALM versus CLM - Estimated Blood Loss (EBL)
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RALM versus CLM - Length of Stay (LOS)

N, mean N, mean %
Study Year WMD (95% Cl) (SD); RALM (SD); CLM Weight
Gocmen et al. 2012 ~0.20 (-0.60, 0.20) 15,167 (0.58) 23,1.87 (0.67) 574
Pluchino etal. 2013 0.09 (-0.25,0.43) 43,2.03(1.08) 43,1.94 (0.37) 7.95
Jansen et al. 2018 B e — 010 (-0.13,0.33) 163,.7 (0.9) 185, .6 (1.3) 17.08
Takmaz et al. 2018 —_— ~0.13 (-0.40, 0.14) 31,1.39 (0.549) 33,152 (0.557) 1258
Sheu etal. 2019 B e — 010 (-0.07,0.27) 93,2.3(06) 110,22 (06) 33.71
Won etal 2020 B — ~0.20 (-0.43, 0.03) 121,46 (08) 144, 4.8 (1.1) 17.59
Morales et al. 2022 012 (-0.30, 0.54) 24,2 (0.849) 24,188 (0.6) 535
Overall (l-squared = 19.2%, p = 0.283) <> 0.00 (-0.09, 0.10) 490 562 100.00

T
-0.601
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Figure 4. (a) Forest plot comparing RALM to CLM on the basis of EBL [18,20,29,37,50,53,59,62,68].
(b) Forest plot comparing RALM to CLM on the basis of MOD [18,20,29,37,49,50,53,59,62,68].
(c) Forest plot comparing RALM to CLM on the basis of LOS [29,37,50,53,59,62,68].

RALM versus CLM - Complication Rate

Events, Events, %

Study Year OR (95% ClI) RALM  CLM Weight
Bedient et al. 2009 —_— 0.24 (0.06, 0.94) 3/41 10/40 6.57
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Pluchino et al. 2013 —_— 0.49 (0.04,5.59) 1/43 2/43 2.18
Chen et al. 2018 —_—— 4.25 (0.37, 49.20) 2/26 1/52 2.16
Jansen et al. 2018 —.— 0.87 (0.50, 1.48) 29/163 37/185 32.38
Aendekerk et al. 2019 - 1.37 (0.63,2.96) 16/51 21/84 18.58
Won et al. 2020 —_— 0.29 (0.03, 2.65) 1/121 4/144 2.65
Ozbasli et al. 2021 —_— 1.34 (0.18,9.80) 2/66 2/88 3.25
Nezhat et al. 2009 (Excluded) 0/15 0/35 0.00
Gocmen et al. 2012 (Excluded) 0/15 0/23 0.00
Takmaz et al. 2018 (Excluded) 0/31 0/33 0.00
Sheu et al. 2019 (Excluded) 0/93 0/110 0.00
Morales et al. 2022 (Excluded) 0/24 0/24 0.00
Overall (I-squared = 7.8%, p = 0.370) 0.81(0.56, 1.16) 78/1058 103/1164 100.00
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RALM versus CLM - Transfusion Rate

Events, Events, %
Study Year OR (95% Cl) RALM  CLM Weight
Bedient et al. 2009 —_— 0.36 (0.07, 1.97) 2/41 5/40 7.58
Barakat et al. 2011 —F8—— 534 (0.25, 112.85) 2/89 0/93 2.67
Gargiulo et al. 2012 6.95 (0.88, 55.06) 10/174 1/115 543
Hsiao et al. 2012 e 1.58 (0.31, 8.15) 4/20 3/22 8.08
Gobern et al. 2013 0.46 (0.13, 1.57) 4/66 9/73 12.60
Pluchino et al. 2013 —_— 0.23 (0.02, 2.17) 1/43 4/43 4.74
Chen et al. 2018 —_— 1.00 (0.23, 4.36) 3/26 6/52 9.58
Jansen et al. 2018 — 0.82 (0.32, 2.08) 8/163 11/185 18.04
Aendekerk et al. 2019 — 0.63 (0.19, 2.12) 4/51 10/84 12.79
Won et al. 2020 —— 1.83 (0.50, 6.63) 6/121 4/144 11.75
Ozbasli et al. 2021 —4—8—— 9.76 (0.50, 192.20) 3/66 0/88 2.79
Morales et al. 2022 —_— 0.48 (0.04, 5.66) 1/24 2/24 3.95
Nezhat et al. 2009 (Excluded) 0/15 0/35 0.00
Gocmen et al. 2012 (Excluded) 0/15 0/23 0.00
Takmaz et al. 2018 (Excluded) 0/31 0/33 0.00
Sheu et al. 2019 (Excluded) 0/93 0/110 0.00
Overall (I-squared = 19.3%, p = 0.254) <> 0.95(0.57,1.59)  48/1038 55/1164 100.00
T T
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RALM versus CLM - Conversion Rate
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Pluchino et al. 2013 . 0.19 (0.01, 4.09) 0/43 2/43 537
Chenetal. 2018 —é— 2.04 (0.12, 33.98) 1/26 1/52 6.38
Jansen et al. 2018 — = 0.18 (0.02, 1.55) 1/163  6/185 11.15
Aendekerk et al. 2019 —E—l 0.81(0.23,2.83) 4/51 8/84 32.08
Morales et al. 2022 - 3.13(0.12, 80.68) 1/24 0/24 478
Nezhat et al. 2009 E (Excluded) 0/15 0/35 0.00
Gargiulo et al. 2012 i (Excluded) 0/174  0/115  0.00
Gocmen et al. 2012 E (Excluded) 0/15 0/23 0.00
Takmaz et al. 2018 ] (Excluded) 0/31 0/33 0.00
Sheu et al. 2019 E (Excluded) 0/93 0/110  0.00
Won et al. 2020 . (Excluded) 0/121 0/144  0.00
Ozbasli et al. 2021 i (Excluded) 0/66 0/88 0.00
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Figure 5. (a) Forest plot comparing RALM to CLM on the basis of complication rate [18,20,24,28—
30,35,37,49,50,53,54,59,62,64,68]. (b) Forest plot comparing RALM to CLM on the basis of transfusion
rate [18,20,24,28-30,35,37,49,50,53,54,59,62,64,68]. (c) Forest plot comparing RALM to CLM on the
basis of conversion to laparotomy rate [18,20,24,28-30,35,37,49,50,53,54,59,62,64,68].

Detailed fertility and obstetric outcomes are summarised in Table 2.
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Table 1. Summary of results from the sensitivity analysis for robustness of data synthesis (CmpR, complication rate; TR, transfusion rate; CnvR, conversion to

laparotomy rate; NOS, Newcastle-Ottawa scale).

RALM vs. AM RALM vs. CLM

Parameter EBLWMD ~ MODWMD LOS WMD CmpR TR EBLWMD ~ MODWMD LOS WMD CenpR TR CovR OR,
Assessed (mL), (min), (Days), OR, p-Value  OR, p-Value (mL), (min), (Days), OR, p-Value  OR, p-Value p-Value)

p-Value p-Value p-Value ’ ’ p-Value p-Value p-Value ’ ’

—45.012, 70.898 ~1.569 0.669 0.402 22.847 61.339 0.083 0.808 0.953 0.533

p <0.001 p < 0.001 p <0.001 p=0016 p < 0.001 p <0.001 p <0.001 p=0018 p=0.250 p=0.854 p=0.083
All studies

12 = 79.0%, 12 = 84.3%, 2 = 92.0%, 2 = 0.0%, 2 =12.1%, 12 =79.7%, 2 = 96.3%, 2 = 84.5%, 12 = 7.8%, 2 = 19.3%, 2 = 0.0%,

p <0.001 p < 0.001 p <0.001 p=0716 p=0326 p <0.001 p <0.001 p < 0.001 p=0370 p=0.254 p=0.083

—69.688 85.635 ~1.502 0.612 0.351 7.953 47.334 ~0.037 0.857 0.926 0.352
NOS 9 p =0.002 p < 0.001 p <0.001 p =0.256 p=0035 p=0411 p <0.001 p=0397 p=0519 p=0.801 p=0.065
studies 2=438%,  12=548%,  12=819%, I12=648%, 12=427%,  12=809%, 12=972%,  12=817%,  12=0.0%, 12 = 0.0%, 12 = 0.0%,

p=0.169 p=0.109 p =0.004 p =0.059 p=0175 p < 0.001 p <0.001 p <0.001 p=0528 p=0423 p=0.065

~39.118 58.314 ~1.637 0.799 0.472 24.059 68.855 0.165 0.601 1.891 0.562
NOS 8 p <0.001 p <0.001 p <0.001 p = 0.566 p=0.003 p <0.001 p <0.001 p=0023 p=0.129 p=0425 p=0538
studies 12 = 85.7%, 12 = 74.4%, 12 = 94.5%, 12 = 0.0%, 12 = 9.6%, 12 = 83.4%, 12 = 95.9%, 12 = 36.8%, 12 = 0.0%, 12 = 48.5%, 12 = 0.0%,

p <0.001 p <0.001 p <0.001 p=00981 p =0.356 p <0.001 p <0.001 p=0.191 p=0.766 p=0.101 p=0538

~110.187 118.651 ~1.039 0.494 0.225 12.614 36.722 0.594 0.939 0.638 0.773
NOS 7 p=0.143 p < 0.001 p <0.001 b= 0.085 p =0.004 p =0.707 p <0.001 p < 0.001 p=0931 p=0.283 p=0.638
studies 12 = 0.0%, 2=820%  1*=00%, 2 - NA 12 = 0.0%, 2=801%,  12=941%,  1*=839%, I12=679%,  I12=0.0%, 12 = 0.0%,

p=0.902 p=0018 p=0.653 = p=0.940 p <0.001 p < 0.001 p=0013 p=0.044 p=0671 p=0.638
i;‘f;fi:’”h ~50.848 70.848 ~1.458 0.669 0.402 —7.995 36.762 0.002 0.808 0.953 0.533
A p <0.001 p < 0.001 p <0.001 p=0016 p <0.001 p =029 p <0.001 p=0974 p=0.250 p=0.854 p=0.083
g:tr: skewed 12 _gh70,  12-869%,  12=93.0%,  I2=0.0%, 2=121%,  12=809%,  12=962%  12=192%, 12=7.8%, 2=193%,  12=0.0%,

p < 0.001 p < 0.001 p <0.001 p=0716 p=0326 p <0.001 p < 0.001 p=0283 p=0370 p=0.254 p=0781

removed
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Table 2. Fertility and obstetrics outcomes reported by included studies (CPR, clinical pregnancy rate; LBR, live birth rate; CS, caesarean section; NR, not reported).

Patients Conception Time to Delivery Timin, Delivery Mode .
Study Year Duration %i;l:licr;%vtg SpontaneousP ART CPR C(()Mngilﬁli;))n C"i‘rfe’%?;]}:f)]"gy Miscarriage Full Term = Pre—f‘erm Vaginal = (&) LBR Cogle’llli‘éséyons

Lg‘afl‘eg‘éﬁs 2011 %47//22%01% 2 18 3 68.2% 10 0 5 10 0 5 5 67% 0
Cel[;;f]t al. 2012 %%//22%013‘ 9 7 0 78% 16 0 0 7 0 2 5 100% 0
Fiterstal 2012 Ay NR 77 50 NR NR 17 24 0 16 2 88 NR 13
;‘flh‘fg A 2012 R 16 12 4 50% 1-6 0 1 9 2 4 11 93.8% 2
Asnfi(rv]a A a0 S04 5 2 2 80% 6 0 1 3 0 0 3 25% 0

P ittﬁrﬁt al. 2015 ‘ﬁ//zz%ol%’ 63 17 15 50.8% 8 0 12 NR NR NR NR NR NR
Kar[‘fgit o016 A 12 9 0 75% NR 0 1 7 0 0 7 100% 0
Flyclﬁt()ft al 016 oo 15 5 3 53.3% NR 0 0 NR NR 0 5 100% 3
Pé‘tﬂa’ff%ggfl 2019 %74//22%0196’ 19 20 8 57.1% 17 0 4 21 1 7 17 85.7% 2
JLark [S(H] 2020 %73//22%1158‘ 15 10 2 80% NR 0 1 10 0 0 10 83.3% 1
g";ﬁgrg 2021 A 63 i) 23 71.4% NR 10 1 33 5 0 29 64.4% 1
Morales 2022 2010-2018 24 5 NR 58.3% 48 NR 1 NR NR 4 0 80% 0

et al. [68]
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4. Discussion

In this systematic review, we examined the application of RALM, one of the newest
minimally invasive available techniques, for the treatment of uterine fibroids and compared
it to the other two established methodologies, namely AM and CLM. All available studies
with data on RALM were collected and the information extracted and shown in tables.
RALM compared favourably to AM in almost all aspects apart from operation duration.

Operation duration was also more favourable in CLM than RALM, with the rest of the
assessed outcomes not being significantly different between CLM and RALM.

RALM was superior to CLM when estimated blood loss was assessed in lesser-myoma-
burden patients. Regarding conversion to laparotomy rates, RALM was superior, although
marginally not statistically significant. The findings of the present systematic review are
indicative of the established trend of minimally invasive surgery adoption and expansion to
further fields of gynaecologic surgery. Regarding the comparison between AM and RALM,
our findings are in complete agreement with those of Wang et al. [70], who conducted
a similar meta-analysis in 2018. However, we present different results when comparing
RALM and CLM.

In their analysis as well as in ours, Wang et al. showed that there were no statistically
significant differences in transfusion rates or length of stay between RALM and CLM [70].
Additionally, they showed that there was a statistically significant difference in conversion
to laparotomy rate [70] between the two methods. In our analysis, while conversion rate
difference was non-significant, this was only so marginally; thus, the findings on conversion
rates are actually quite similar. Wang et al. also showed statistically significant differences
in complication rates, although when complications were analysed in subgroups, the
differences were non-significant, which is similar to our general findings with regard to
complications. Another difference between the two analyses was with regard to EBL, as
Wang et al. showed there was a statistically significant difference between RALM and
CLM regardless of other parameters. This was observed in our analysis only for lower-
myoma-burden patients, with non-statistically significant overall difference. Finally, with
regard to operative time, Wang et al. showed that there were no statistically significant
differences, while in our analysis, CLM was significantly faster. However, regarding
this particular comparison, in the meta-analysis by Wang et al., the difference was only
marginally statistically significant [70]. These differences between the two studies may be
attributed to differences in baseline characteristics of the patients, as in multiple studies,
the two groups had statistically significant difference with regard to myoma number, size,
weight, etc. Additionally, since the more modern studies also included patients treated
with the 4th generation da Vinci Surgical Systems, the observed discrepancies may be
attributed to the learning curve of the healthcare teams during these first reported cases.
Furthermore, in both analyses, there was statistically significant heterogeneity amongst the
included primary comparisons, and thus, the results of the meta-analysis might be affected
in both cases. This heterogeneity may arise due to many studies reporting on their initial
experience with RALM, thus lacking a period of familiarisation with the robotic system,
with outcomes likely to improve as surgeons gain experience and higher-quality training. In
our study, the unfavourable comparison of RALM with CLM and AM regarding operation
duration, while indeed constituting a notable drawback, may be acceptable if morbidity risk
is significantly reduced. Additionally, based on the data collected during the present study,
RALM operation duration is following a downward trend already (Figure 6) and is likely to
continue to do so in the future given the continuous evolution and applicability of robotic
technology [70], improvement of training, and healthcare team experience. Compared to
CLM, RALM proved to be superior with regard to estimated blood loss in patients with
smaller overall myoma weight.



J. Clin. Med. 2023, 12, 4134

15 0of 19

400

300

L ®
8 @
€
a ° B @
£ e ] . [ . Py * o
£ 20 b . s ®
& [ (" L - ®
£ [
g ) ® & o @ g
z ° ® ® ® o
5 g ™ ° @ °
&( & Y
100 ®
01/2008 01/2010 01/2012 01/2014 01/2016 01/2018 01/2020 01/2022

Date of study publication

Figure 6. Scatter plot of the reported RALM MOD of all included studies, with a trend line depicting

a downward trend as time passes.

These cases usually include patients with smaller myomas, often deep into the my-
ometrium, a situation where the absolute control and precision that the robotic surgical
system offers is best-utilised, minimising surgical trauma and thus resulting in reduced
blood loss. On the other hand, CLM was superior in cases with higher-weight myomas in
terms of EBL (a difference that was statistically significant in the models that included all
studies regardless of quality or data skewness). This was also confirmed by the fact that
mean weight and size of removed fibroids were larger in the CLM groups compared to
RALM groups in the primary studies, indicating that the researchers preferred CLM for very
large fibroids. This may be attributed to increased surgeon experience with CLM, better
training, or choice of patients with more superficially located myomas. Since myoma loca-
tion is not consistently reported, the latter assumption remains unverified. Additionally, the
fact that RALM offered up to 50% reduced risk of conversion to laparotomy, a complication
associated with further, severe complications and an overall more adverse outcome [71,72],
reinforces the safety and risk-minimisation aspect emphasised by robotic technology.

Robotic surgery has been a rapidly developing field in the 21st century, particularly
with regards with gynaecologic surgery. The robotic equipment has been designed to
surpass the limitation of conventional laparoscopy, providing superior, three-dimensional
visualisation of the surgical site; increased magnification; and enhanced dexterity via highly
articulating surgical instruments and absent tremor [73,74]. Additionally, the ergonomic
working configuration of the surgical console ensures reduced strain, be it physical or men-
tal, for the surgeon, with significant improvement to surgery ergonomics [75,76] and thus
maintaining high levels of surgical performance, a vital feature especially for high-volume
surgeons and/or multi-hour procedures. Given the prevalence of uterine fibroids and the
effect that they may have on quality of life and fertility, a safe, effective, reliable, ergonomic,
and consistent surgical approach such as RALM is a necessary and beneficial addition
to the modern gynaecologic surgeon’s options [77]. Research data on the applicability
of robotic systems in gynaecologic surgery and in fibroid management in particular are
still lacking. Future research efforts should aim to design a randomised trial for RALM
and CLM comparison, as such a study has not been conducted yet and would provide
valuable scientific evidence. Furthermore, laparoscopically assisted myomectomy by mini-
laparotomy is a popular alternative technique for minimally invasive myomectomy, which,
despite being beyond the scope of this review, warrants further exploration and analysis, as
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it may be a beneficial option for certain patient subgroups with very large-volume fibroids.
Additionally, further specialised applications and indications for robotic surgery should
be sought after, as such data may be utilised in updating management algorithms and
promoting robotic surgery to patients who truly stand to gain the most from this advanced
method. The present study does come with certain limitations, which should be acknowl-
edged. Firstly, there was statistically significant heterogeneity in the pooled available
data, which may have introduced bias, affecting the results of the analysis. Additionally,
there were not enough studies utilising the latest advances in robotic technology, such
as the 4th generation da Vinci Surgical System, which may be more representative of the
capabilities of modern technology since robotic surgery is such a rapidly evolving field.
Thirdly, the two separate analyses conducted to assess the robustness of the synthesised
data demonstrated deviations from each other with regard to EBL and LOS in the RALM
versus CLM comparison; however, the results of both analyses were reported in order to
reduce bias and ensure methodological transparency. Finally, not enough primary data
were available to further stratify patients and thus to test the performance of the three
therapeutic approaches in more specific cases.

5. Conclusions

In this systematic review and meta-analysis, we demonstrated that RALM was a
superior option to AM in every assessed parameter apart from MOD. RALM was equal to
CLM with regard to overall EBL, LOS, transfusion rate, and complication rate, with RALM
being superior in EBL as observed in smaller-myoma-burden patients and conversion to
laparotomy rate, with the latter, however, being marginally non-significant. CLM was
superior with regard to MOD and was the preferred option in larger uterine fibroids.
Despite their current limitations, robotic surgery technology as well as surgical skill are
likely to further improve in the future, thus enhancing the benefits already offered by this
approach. Future research should further examine the performance of robotic surgery in
comparison with other minimally invasive options for myomectomy, in particular with
laparoscopically assisted mini-laparotomy, for cases with very large myomas. Furthermore,
researchers should focus on establishing specific patient subgroups that would most benefit
from the robotic surgical approach, thus allowing for its more effective application in
clinical practice.
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