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Abstract

Introduction

Uterine fibroids are amongst the most frequent gynaecologic disorders encountered in clinical practice and are
most effectively treated surgically. This study aims to assess which myomectomy method, namely robotic,
laparoscopic or abdominal, is the most effective and safe choice.

Methods and materials

Relevant studies were systematically sought in peer-reviewed medical research databases. The initial pool
of 955 studies was evaluated and reduced to 53, which adhered to the pre-established inclusion criteria, 25
of which were comparative ones. The studies 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 hospitalization. Robotic



assisted laparoscopic myomectomy was significantly superior to abdominal myomectomy in all assessed pa-
rameters, other than operation duration. Robotic and conventional laparoscopic myomectomy performed
similarly in most parameters, however the robotic approach reduced intra-operative bleeding in patients with
small fibroids and had lower conversion to laparotomy rates, resulting in a safer overall approach.

Conclusion

The robotic approach for uterine fibroids management is a safe, effective and viable approach, which is
constantly improving and in time may surpass its current drawbacks. Further research is required, in
particular randomized studies to provide further insight into the subject.
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Introduction

Uterine fibroids, also referred to as leiomyomas or simply myomas, are among the most prevalent gynae-
cological disorders, with ultrasonographic findings indicative of their presence being detected in up to 80%
of women by the age of 50 years (I ). While in their majority remain asymptomatic and are diagnosed
incidentally (2 ), uterine fibroids may cause manifestations such as pelvic pain, abnormal uterine bleeding,
dysmenorrhea and mass effect, leading to disturbed urinary, gastrointestinal and sexual dysfunction. More
insidiously, they may also be the cause of secondary infertility, emotional distress, anxiety or depression,
with a significant effect on overall quality of life (& ).

Considering the above, effective treatment is paramount, not only for symptom alleviation, but also 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 invasive surgery in particular
offering considerable advantages and being most frequently the preferred option (5 ). Amongst the most
advanced minimally invasive options is robotic assisted laparoscopic myomectomy (RALM) with the use
of the Da Vinci Surgical System, offering impressive three dimensional visualization capabilities, natural,
wrist-like control of surgical instruments and superior ergonomics (6 ). These technical advantages in the-
ory contribute to the increase of intra-operative efficiency, control and safety and thus to improved surgical
outcomes with fewer complications and morbidity. In this systematic review we will examine this hypoth-
esis, namely whether these technical advantages improve RALM’s safety and effectiveness of conventional
laparoscopic myomectomy (CLM) and abdominal myomectomy (AM).

Methods and Materials

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) recommendations

(7).
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 sought data and outcomes were
precisely defined beforehand, a strategy also supported by the recommendations of the Cochrane Collabo-
ration (8 ). The target population of this review were women with uterine fibroids, regardless of clinical
manifestations, who received surgical treatment of said fibroids. This study excluded pediatric populations
and mesenchymal tumors arising at different anatomical regions. The intervention investigated was Robotic
Assisted Laparoscopic Myomectomy (RALM). Given the rise of various surgical platforms and methodolo-
gies (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 platform was the Da Vinci Surgical System, given both its prevalence in the available literature, as
well as for the sake of methodological homogeneity.

Comparators were not mandatory for study inclusion, however were crucial for comparative meta-analysis;
thus Conventional Laparoscopic Myomectomy (CLM) and Abdominal Myomectomy (AM) were both in-
cluded 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), hospitalization duration or length of stay
(LOS), transfusion rate, complication rate and conversion to laparotomy rate for RALM and CLM. Sec-
ondary outcomes included symptom improvement and fertility outcomes for women wishing to conceive
post-operatively. Acceptable study designs were either prospective or retrospective case series, cohorts,
case-control studies and clinical trials. Single case reports or secondary studies were excluded from this
analysis.

Search methodology and data sources

Studies relevant to our research question were sought on the peer-reviewed medical research MED-
LINE/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 utilized during this process.

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 rele-
vance, the most promising of which 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, 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 organized.

With regard to sought outcomes, data on MOD, EBL, LOS, complication rates, transfusion rates and con-
version rates were extracted and utilized for meta-analysis. Additional data on fertility were also extracted,
organized and are presented for the purposes of this review, although not in the form of meta-analysis.

Risk of bias assessment

To facilitate assessment of risk of bias amongst the included studies, tools tailored to each studies design
were used from the NTH website (12 ). Based on each study’s performance at each of the examined domains,
an overall verdict of “Good” quality would be given if more than two thirds of the signaling questions had a
positive answer, a “Fair” quality if half to two thirds did so and “Poor” in case less than half did so. Studies
were assessed once again independently by the authors and an ultimate consensus was reached for each one.

Statistical analysis

Statistical heterogeneity between the studies was evaluated with the use of the 12 statistic, as formally
suggested in the Cochrane Handbook for systematic reviews (8 ). A 12 < 50% and a p value over 0.05 were
considered non-significant heterogeneity. Meta-analysis was conducted with the results being either pooled
percentages or standardized mean difference (SDM) of the meta-analysed outcomes during comparisons.
As per the most widely accepted definitions, difference amongst the assessed parameters was evaluated as
small for SMD = 0.2; medium for SMD = 0.5; and large for SMD = 0.8, with p<0.05 being considered
statistically significant for all comparisons (18 ,14 ). Where possible and most relevant, forest plots were



constructed to facilitate visualization of the assessed corelations, otherwise data was provided in text, tables
or supplementary material. Calculations and graphs were carried out using the Stata Statistical Software:
Release 14.2 by StataCorp LP.

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 (15-67 ). This systematic process of selection is summarized
on Figure 1 . 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 8 studies being conducted prospectively. 25 of the studies utilized an eligible comparator; CLM, AM
or both, thus were utilized in comparative analysis. Ultimately, this systematic review included data from
7109 women. This information is summarized on Table 2 .

The mean age of the included participants ranged from 34 to 48.2 and mean BMI from 20.2 to 31. The
main indications for myomectomy were clinical symptoms such as feeling of pelvic mass, pelvic pain, uterine
bleeding, infertility, gastrointestinal symptoms, urinary symptoms etc and a sizeable percentage of partici-
pants had a history of prior abdominal surgery and/or caesarean section (Table 3) . With regard to RALM
technical characteristics, the majority of available studies used older Da Vinci Surgical System, with only 9
studies using the 4" generation Da Vinci X and Xi systems. With regard to the procedure, the basic steps
were consistent amongst all studies. Most studies used a 12mm robotic port for the camera, placed either
above or below the umbilicus, with at least 2 additional, most commonly 8mm robotic ports bilaterally. A
few studies used a third 8mm robotic port and most researchers used an accessory 12, 10 or 5mm 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 (5-11cm) and mean myoma weight
(30-450 g) (Table 4) .

With regard to risk of bias, the included studies were assessed using the tools for case series, case-control
and non-randomized trials, recommended by the NIH (72 ). Based on the results of this analysis, 38 (72%)
of the included studies were of “Good” quality with regard to risk of bias, 8 studies (15%) were of “Fair”
quality and the remaining 7 studies (13%) were of “Poor” quality with regard to risk of bias assessment.

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=81.5% (p<0.001)
for the EBL comparison, 12=83.2% (p<0.001) for the MOD comparison and 12=95.3% (p<0.001) for the
LOS comparison. Heterogeneity was non-significant for the complication rate comparison (I2=0%, p=0.716)
and for the transfusion rate comparison (12=0%, p=0.418). With regard to actual outcomes, RALM had
significantly lower EBL compared to AM, with SMD=0.312, p=0.004 (Figure 2a) , AM was superior with
regard to MOD, requiring significantly less operation time, with SMD=1.251, p<0.001 (Figure 2b) and
RALM necessitated significantly less hospitalization duration than AM, with the LOS SMD=1.368, p<0.001
(Figure 2c) . RALM had a significantly lower complication rate compared to AM, being nearly 70%
safer, with OR=0.669, p=0.016 (Figure 3a) , in addition to a 40% less frequent requirement of transfusion
compared to AM, with a pooled OR=0.402, p<0.001 (Figure 3b) .

For the comparison of RALM to CLM, data was stratified in groups based on overall myoma weight, so
as to more thoroughly elucidate any possible applications of each methodology based on myoma burden.
Statistical heterogeneity was assessed for each comparison and was significant, with 12=87.6%, p<0.001 for
the EBL comparison, 12=96.6%, p<0.001 for the MOD comparison and 12=72.2%, p<0.001. Heterogeneity
was non-significant for the complication rate comparison (12=0%, p=0.596), the transfusion rate comparison
(I?=18.2%, p=0.266) and the conversion to laparotomy rate comparison (12=0%, p=0.781). With regard



to outcomes, there was no statistically significant difference with regard to EBL between RALM and CLM
(SMD=0.079, p=0.544), however, when data was stratified according to myoma weight, RALM caused
significantly less blood loss in cases with lower myoma weight (SMD=0.272, p=0.025), while CLM was
superior for the rest of the myoma cases, SMD=0.49, p=0.007(Figure 4a) . Similar to the RALM-AM
comparison, RALM was inferior to CLM with regard to MOD, SMD=0.97, p<0.001(Figure 4b) , while
there were no statistically significant differences between the two methods with regard to LOS, SMD=0.172,
p=0.094 (Figure 4c) . Complication and transfusion rates were similar in both methods, with no statistically
significant differences, SMD=0.842, p=0.596 and SMD=0.984, p=0.951 respectively (Figure 5a and 5b) .
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=0.533 and p=0.058 (Figure
5¢c) .

With regard to fertility outcomes, pregnancy rates ranged from 50-80% post-operatively, with the majority
originating from spontaneous conception. Studies with sufficient follow-up, at the time of publication,
demonstrated a live birth rate of 25-100%. Detailed fertility and obstetric outcomes are summarized on
Table 1 .

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 was collected and the
information extracted on tables. RALM was compared to AM favourably 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 the two methods. The exceptions to that were
EBL for lesser myoma burden patients, which was significantly more favourable in RALM and conversion to
AM rate, which only marginally lacked statistical significance.

The findings of the present systematic review are indicative of the wider trend of minimally invasive surgery
expansion and proliferation in more and more fields of Gynaecologic Surgery. Our findings with regard to
AM and RALM comparison are in complete agreement with Wang et al (68 ), who conducted a similar meta-
analysis in 2018. However, there are differences when the comparison of RALM and CLM is concerned. In
their analysis, as was the case in ours as well, Wang et al showed that there were no statistically significant
differences in transfusion rates or LOS between RALM and CLM (68 ). Additionally, they showed that there
was a statistically significant difference in conversion to laparotomy rate (68 ) between the two methods. In
our analysis, while conversion rate difference was non-significant, this was only by a very small margin, thus
findings on conversion rate are in actuality quite similar. Wang et al also showed statistically significant
differences in complication rates, although when complications were analyzed in subgroups, the differences
were non-significant, similar to our general observations 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 conditions. This held true in our analysis only for
lower overall myoma burden patients, with the overall differences not being statistically significant. 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 (68 ).

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 operated on using
the latest Da Vinci surgical system platforms, the observed discrepancies may be attributed to inexperience
of the surgeon or the ancillary staff for these first reported cases. Furthermore, in both analyses, there



was statistically significant heterogeneity amongst the included primary comparisons, thus the results of the
meta-analysis might be affected in both cases.

With regard to the findings of the present study, the apparent disadvantage of RALM versus CLM, namely
the unfavourable comparison to the other two methods with regard to operation duration, while indeed
constituting a notable drawback, may be acceptable if patient risk of morbidity and mortality is significantly
reduced in return. 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 growth of robotic technology (69 ) and improvement of training standards. When the
inevitable comparison to CLM is made, RALM proved to be superior with regard to EBL in patients with
smaller overall myoma weights. These cases usually include patients with smaller myomas, a situation where
the absolute control and precision that the robotic surgical system offers is best utilized, minimizing injuries
and thus resulting in reduced blood loss. 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 (70 ); reinforces the safety and risk minimization aspect emphasized by robotic technology.

Robotic surgery has been a rapidly developing field in recent years, particularly as far as Gynaecological
Surgery is concerned. The robotic equipment was designed to surpass the limitation of conventional la-
paroscopy, providing superior, three-dimensional visualization of the surgical site, increased magnification of
areas of interest, enhanced dexterity via highly articulating surgical instruments and absent tremor (71 ,72
). Additionally, the ergonomic working configuration of the console ensures reduced strain, be it physical
or mental, to the surgeon, with significant improvement to surgery ergonomics (73 ,7/ ), 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 and ergonomic
approach such as RALM is a necessary and beneficial addition to the modern Gynaecologic Surgeon’s arsenal
(75).

Research on the applicability of robotic systems in Gynaecologic Surgery, and in fibroid management in
particular, is still lacking. Future research projects should aim to design a randomized trial for RALM
and CLM comparison, as such a study has not been conducted yet and would provide valuable insight.
Additionally, further specialized applications and indications for robotic surgery should be sought, as such
data may be utilized in updating management algorithms and promote 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 acknowledged. 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 utilizing the latest advances in
robotic technology, i.e. 4'" generation Da Vinci surgical systems, which may be more representative of the
capabilities of modern systems, since robotics is such a rapidly evolving field. Finally, not enough primary
data was available to further stratify patients and thus to test the performance of the three therapeutic
approaches in more specific cases.

Conclusion

RALM is a safe and effective therapeutic option for uterine fibroids, which is superior to AM in almost every
regard and offers significant risk reduction and safety over CLM. Robotic technology, as well as surgical skill
is likely to further improve in the future, thus enhancing the benefits already offered by this technology.
Further primary research should focus on establishing patient subgroups which would most benefit from this
advanced methodology.
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Figure 1: Summary flowchart of the evaluation process of the sought study, according to the PRISMA 2020

Guidelines.
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Figure 2: 2a (left): Forest plot comparing RALM to AM on the basis of EBL. 2b (middle): Forest plot
comparing RALM to AM on the basis of MOD. 2¢ (right): Forest plot comparing RALM to AM on the basis
of LOS.
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Figure 3: 3a (left): Forest plot comparing RALM to AM on the basis of complication rate. 3b (right):
Forest plot comparing RALM to AM on the basis of transfusion rate.
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Figure 4: 4a (left): Forest plot comparing RALM to CLM on the basis of EBL. 4b (middle): Forest plot
comparing RALM to CLM on the basis of MOD. 4c (right): Forest plot comparing RALM to CLM on the
basis of LOS.
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Figure 5: 5a (left): Forest plot comparing RALM to CLM on the basis of complication rate. 5b (middle):
Forest plot comparing RALM to CLM on the basis of transfusion rate. 5c¢ (right): Forest plot comparing
RALM to CLM on the basis of conversion to laparotomy rate.
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Figure 6: Scatter-plot of the reported RALM MOD of all included studies, with a trend line depicting a
downward trend as time passes.
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Study Year Du- Pa- Con- CPR Time Preg-  Mis/doe- De- LBR De-

ra- tients  cep- to nancy liv- liv- liv-
tion  wishing tion con- comp/ ery ery ery
to con- cep- pathol- tim- mode compl/ons
cieve tion ogy ing
(mo)
SpontART Full Pre vagi- CS
term term nal

Lon- 201104/2006- 22 18 3 682% 10 0 5 10 0 5 5 067 0
ner- 07/2010
fors
et
al.
Cela 201206/2007- 9 7 0 078 16 0 0 7 0 2 5 1 0
et 03/2011
al.
Pit- 201210/2005- NR 77 50 NR NR 17 24 0 16 2 88 NR 13
ter 11/2010,
et
al.
Tu- 201201/2006- 16 12 4 0.5 2023- 0 1 9 2 4 11 93.8% 2
sheva 05/2009 06-01
et
al.
As- 201501/2011- 5 2 2 08 6 0 1 3 0 0 3 025 0
mar 10/2014
et
al.
Pit- 2015 08/2005- 63 17 15 50.8% 8 0 12 NR NR NR NR NR NR
ter 11/2013
et
al.
Kang 2016 04/2009- 12 9 0 0.75 NR 0 1 7 0 0 7 1 0
et 10/2013
al.
Fly- 201601/1995- 15 5 3  53.3% NR 0 0 NR NR ©0 5 1 3
ckt 12/2009
et
al.
Hu-  201907/2009- 49 20 8 57.1% 17 0 4 21 1 7 17 85.7% 2
ber- 04/2016
land
et
al.
Park 202007/2015- 15 10 2 08 NR 0 1 10 0 0 10 83.3% 1
SU 03,/2018
et
al.
Gold- 202110/2008- 63 22 23 71.4% NR 10 1 33 5 0 29 64.4% 1
berg 09/2015
et
al. 14
Morale2022 2010- 24 5 NR 58.3% 48 NR 1 NR NR 4 0 08 0
et 2018
al.

Table 1: Fertility and obstetrics outcomes reported by included studies (CPR: clinical pregnancy rate, LBR:
live birth rate, CS: caesarean section, NR: not reported).
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