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Abstract: Background and Objectives: Uterine myomas represent one of the most prevalent pathologies
affecting the female population. These benign neoplasms originate from the smooth muscular cells of
the uterus, and they can be either single or multiple. Often associated with debilitating symptoms
such as pelvic heaviness, pain, constipation, and urinary dysfunctions, the surgical management
of myomectomy exhibits considerable variability. This diversity in approaches is influenced by
factors such as the number and size of myomas, the patient’s age, and overall clinical conditions.
This study aims to elucidate and compare the advantages and disadvantages of different surgical
approaches, specifically endoscopic procedures versus open surgery, providing valuable insights
for clinical decision making. Materials and Methods: A comprehensive bibliographic search spanning
from 2013 to 2023 was systematically conducted across databases including Medline, Embase, the
Cochrane Database of Systematic Reviews, and ClinicalTrials.gov. The search utilized keywords

v

such as “myomectomy laparoscopic and open”, “myomectomy open and minimally invasive”,

“myomectomy open and laparoscopic”, and “myomectomy open vs. laparoscopic.” The research
methodology, along with predetermined inclusion and exclusion criteria, was established prior to the
search, ensuring a systematic and rigorous approach. Subsequently, data analysis was carried out.
Results: Following the study selection process, 25 articles met the eligibility criteria for inclusion in
this analysis. The average numbers of myomas were 3.7 (ranging from 1 to 13.7) and 5.4 (ranging
from 1 to 13.5) for the minimally invasive surgery and open surgery groups, respectively. In terms of
myoma size, the total averages across studies were 7 cm (ranging from 4.8 to 14) for the minimally
invasive group and 8 cm (ranging from 3.9 to 11.2) for the open surgery group. The average pregnancy
and delivery rates were 29.7% (ranging from 1.8 to 100) for the minimally invasive group and 28.5%
(ranging from 1.8 to 100) for the open surgery group. Regarding complications, the average rate
was 14.2% (ranging from 0 to 50) for the endoscopic group and 22.3% (ranging from 0 to 60.3)
for the laparotomic group. Conclusions: In conclusion, a critical factor influencing the choice of
surgical approach is primarily the size and quantity of fibroids. The mini-laparotomic approach
emerges as a viable alternative to endoscopy, demonstrating favorable surgical outcomes and aesthetic
results. Interestingly, the type of surgical procedure appears to have no significant impact on the
pregnancy rate.
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1. Introduction

Uterine myomas stand out as one of the most commonly diagnosed pathologies in
the female population, with a prevalence reported in the literature of 80% principally in
over-50-year-old patients and 50% in the reproductive age group [1].

Interestingly, only 40% of myomas are symptomatic, with the majority being asymp-
tomatic and incidentally discovered during routine ultrasound scans [2,3].

However, just a small portion of myomas are related to symptoms, with an estimated
incidence of 40%. Consequently, most of them are casually diagnosed during routine
ultrasound scans [2,3].

Myomas are benign neoplasms that originate from the smooth muscular cells of the
uterus and can manifest as single or multiple growths, exhibiting diverse parenchymal
characteristics based on the prevalence of muscular or fibroid components. In some
instances, the number and size of these neoplasms can escalate to substantial proportions,
resulting in an enlarged uterine size comparable to that of a full-term pregnant uterus or
even larger [4]. This condition is often associated with debilitating symptoms, including
pelvic heaviness, pain, constipation, and urinary dysfunctions. Additionally, patients
may experience heavy menstrual and inter-menstrual bleeding, leading to chronic and
sometimes severe anemia with iron deficiency. In the fertile population, myomas can
contribute to subfertility, primarily due to implantation failure. Even in pregnant women,
these neoplasms may interfere with fetal growth and delivery, elevating the risk of intra-
and post-partum hemorrhage [5,6]. The manifestation and clinical effects vary depending
on the size, number, and position of the myomas in the uterine body.

Recognizing the diverse clinical scenarios, the International Federation of Gynecology
and Obstetrics (FIGO) has established a classification system based on myoma location
within the uterus and, in the case of extra-uterine neoplasms, within the abdomen [7]. This
classification ranges from FIGO 0, where the myoma is located entirely in the endometrial
cavity, to FIGO 8, where the myoma has no connection with the myometrium.

While hysterectomy is the primary indication for this pathology, considering age of
incidence and related symptoms, for the fertile age population, the preferred surgical
intervention is myoma removal with uterine preservation [8,9]. Beyond surgical consid-
erations, medical treatments, such as oral or intra-uterine hormones, GnRH agonists,
and aromatase inhibitors, may be contemplated based on the size, localization, number,
and growth of myomas [10,11].

Other options, especially adopted in patients averse to surgery or fragile patients, are
uterine embolization or radiofrequency ablation [12].

However, their efficacy is limited, offering only a partial reduction in myoma size and
symptom relief. The complete eradication of the pathology remains achievable only through
surgery, making the surgical approach the most commonly adopted worldwide [13].

Surgical Approaches to Myomectomy

The surgical procedure performed to remove uterine fibroids, called myomectomy, is
a procedure typically recommended for women of fertile age who experience symptoms as
previously described or with a history of sub-fertility.

The variability in the surgical approach to myomectomy is influenced by diverse
factors such as the number and size of myomas, the patient’s age, and clinical conditions.
Additionally, variables such as the surgeon’s experience, surgical philosophy, hospital
equipment, and patient preferences play crucial roles.

In light of these considerations, three primary surgical approaches can be discerned
for the removal of myomas:
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e  Abdominal myomectomy: This is the most common type of surgical procedure. It
involves making an incision in the abdominal wall to gain access to the uterus. This
approach enables the surgeon to extract fibroids situated on the uterine surface or
those deep within the uterine wall [14]. Abdominal myomectomy is typically chosen
under specific circumstances, including scenarios where fibroids are notably large or
numerous, deeply embedded within the uterine wall, when the uterus is enlarged
due to fibroids, or when a patient has a history of multiple abdominal surgeries or
significant scar tissue [15].

e Laparoscopic myomectomy: This is a minimally invasive procedure where small
incisions are made in the abdominal wall through which a laparoscope (a thin, lighted
tube equipped with a camera) is employed to guide the surgeon in the removal
of fibroids [16]. This method typically results in shorter recovery times and less
post-operative pain compared to an abdominal myomectomy [17]. Laparoscopic
myomectomy is chosen in specific scenarios, such as small- to medium-sized fibroids
or multiple fibroids of small to medium size, as well as for women who specifically
request this approach [18].

e  Robotic-assisted myomectomy: This approach shares similarities with laparoscopic
myomectomy, but integrates robotic technology to augment the precision and dex-
terity of the surgeon’s movements, particularly during uterine suturing [19]. This
surgical technique proves especially beneficial in complex cases. Robotic-assisted
myomectomy is selected in situations where the advantages of robotic technology
can elevate the surgical procedure, including intricate cases with large or numerous
fibroids, challenging-to-reach locations, instances involving significant scar tissue or
adhesions from prior surgeries, and for patients desiring fertility preservation [20].

e  Hysteroscopic myomectomy: This procedure is used for submucosal fibroids that
are located within the uterine cavity [21]. The hysteroscope, a thin, lighted tube, is
inserted through the vagina and cervix to access the uterus. The fibroids are then
removed or destroyed using specialized electrified instruments [22].

After myomectomy, the recovery times can be different even for the same surgical
approaches. It is common for patients to experience some discomfort, and a period of rest
and restricted activity is usually advised [23]. Depending on the type of myomectomy,
patients may be able to return to normal activities within a few days to weeks [24].

While myomectomy effectively treats the symptoms associated with fibroids, it is
worth noting that it does not guarantee that new fibroids will not develop in the future,
especially in the fertile population [25]. For this reason, it is crucial for individuals who
have undergone a myomectomy to discuss their future fertility plans with their healthcare
provider, as the procedure may have implications for pregnancy [26].

Overall, a myomectomy can provide significant relief for those affected by uterine
fibroids, allowing them to regain their quality of life and, in many cases, preserving their
fertility [27]. It is imperative to consult with a healthcare professional to ascertain the
appropriate indication and treatment plan based on individual circumstances [28].

Given these considerations, the optimal surgical approach to myomectomy remains
uncertain and is subject to the individual decisions of surgeons. To address this uncertainty,
we conducted a systematic literature review with the aim of providing an overview of the
available data, categorizing the surgical approaches broadly into endoscopic versus open
surgery. The primary objective of this study is to present evidence that illuminates the
advantages and disadvantages of different surgical approaches employed in myomectomy
procedures. The goal is to uncover the potentials and limitations of these approaches,
offering concrete clinical and surgical insights to guide informed decision making.

2. Materials and Methods

A comprehensive bibliographic search spanning from 2013 to 2023 was systematically
conducted across databases including Medline, Embase, the Cochrane Database of System-
atic Reviews, and ClinicalTrials.gov. The search utilized keywords such as “myomectomy
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laparoscopic and open”, “myomectomy open and minimally invasive”, “myomectomy
open and laparoscopic”, and “myomectomy open vs. laparoscopic”. The research method-
ology, along with predetermined inclusion and exclusion criteria, was established prior
to the search, ensuring a systematic and rigorous approach. Subsequently, data analysis
was carried out. We categorized laparoscopic myomectomy and robotic myomectomy
procedures under the same category that we termed “minimally invasive” myomectomy
(MI). We then divided patients into two groups: one comprised individuals who under-
went laparotomic myomectomy, and the other included those who underwent minimally
invasive myomectomy.

Only papers written in English were included. Commentaries, letters to editors,
editorials, and conference abstracts were excluded. The systematic review was performed in
accordance with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines [29]. Two authors (S.O. and G.I.) independently screened the titles
and abstracts of each citation and included them for full-text review. A consensus on the
relevance was obtained by mutual agreement. In the case of a discrepancy between the two
researchers, a third author (5.C.) made the final decision.

Each retrieved full-text article was independently evaluated for inclusion by another
author (FA.G.). Any potential disagreement was solved by discussion with a third author
(S.C.). Our systematic bibliographic research strategy identified 182 articles. After screening
of abstracts and titles and the removal of 107 duplicates, 26 full-text records were assessed
for eligibility. Finally, 25 studies were included in the systematic review (Figure 1).

Identification of studies via databases and registers

—
Records removed before
§ Records identified from: screening:
g Databases (n =182) Duplicate records removed
z > (n=107)
o
—
v
Records screened Records excluded
—y E—
(n=73) (n=46)
[+
£
:
a
Reports assessed for eligibility Reports excluded:
>
(n=27) Study population or setting
not relevant=1
Not enough information to
- assess the quality of the study
v
- Studies included in review
@
E (n=25)
T
=

Figure 1. Prisma flow diagram.
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3. Results

After the process of study selection, 25 articles [30-54] were considered eligible for the
study. The strength of recommendation was level B for all the selected articles, indicating a
low level of evidence. All selected papers were case-control studies aimed to compare the
surgical approaches to myomectomy: open surgery vs. endoscopic surgery. A summary of
the main findings of the studies is reported in Table 1.

The reported series in the different articles were variable, ranging from 3 to more than
20,000 enrolled patients. To simplify the data, we included robot-assisted and standard
laparoscopy in the same category, within the minimally invasive surgery group.

The overall average size and number of myomas, as reported in studies where data
were available, varied widely. Specifically, the average numbers of myomas were 3.7
(ranging from 1 to 13.7) and 5.4 (ranging from 1 to 13.5) for the minimally invasive surgery
and open surgery groups, respectively. The total average sizes of the myomas reported in
the studies, considered as total sizes even in cases of multiple myomas, were 7 cm (ranging
from 4.8 and 14) and 8 cm (ranging from 3.9 to 11.2) for the minimally invasive surgery
group and open surgery group, respectively.

Given that we included only myomectomies in the study, excluding hysterectomies,
the study population was relatively young, with average ages of 37.2 for the minimally
invasive group and 37.4 for the laparotomy group. The average body mass index (BMI)
calculated for both groups was 23.8 in the endoscopic group and 24.6 in the open surgery
group. Utilizing the available data from the studies, we calculated the average pregnancy
and delivery rates, which were 29.7% (ranging from 1.8 to 100) for the minimally invasive
group and 28.5% (ranging from 1.8 and 100) for the other group. Additionally, the cesarean
section rates were 40% for the open surgery group and 35.5% for the minimally invasive
surgery group.

Some surgical data were documented in the studies and an average across the studies
was made. Data were compared between the two groups.

In particular, the overall EBL averages were 217.4 mL (ranging from 65 to 406 mL)
and 378.33 mL (ranging from 100 to 1290 mL) for the minimally invasive group and open
surgery group, respectively.

The complication rates presented some differences between two groups, with averages
of 14.2% (ranging from 0 to 50) for the endoscopic group and 22.3% (ranging from 0 to 60.3)
for the laparotomic group. The average hospital stays for the groups were 2 days (ranging
from 0.58 to 6.9) for the minimally invasive group and 2.6 days (ranging from 2 to 10.3) for
the open surgery group.
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Table 1. Synthesis of selected studies.
Number (N) and . ; . Clinical
Author, Year Myomectomy Mean Age BMI Dimension cm Fibroma’s Type and Blood Loss (mL) Hospital Stay Pregnancy Rate Miscarriage Rate Live Birth Rate Complications Rate
(D) of Fibroids Location (Days) after Suzgery P
408 N 3.5 T 61 (p-value 0.000)
_ . D72 S 47 (p-value 0.000) 576.1 3.58
Open(n=213)  (n g’gg;e (p-value 0.628, P4 (pvalue 0.000)  (p-value 0.003)  (p-value 0.000) 145 (p-value 0.892) 10.8%
Alharbi A. et al., ) 28.18 p-value 0.005) MS 91 (p-value 0.000) 1.8% 1.3%
2020 [30] 00 (16‘568191;8 N 4.2 T 1 (p-value 0.000) (p-value 0.786) (p-value 0.673)
MI o : D53 S 21 (p-value 0.000) 333.2 1.64
(n = 34) (p-value (p-value 0.628, P 2 (p-value 0.000 -value 0.003 -value 0.000 27 (p-value 0.892) 29%
0.135) P P p P
’ p-value 0.005) MS 10 (p-value 0.000)
Bhave Chittawar Open (i = 379) N3 NM 5.5 0%
P etal., 2014 MI 31.75 NM D7 NM NM NM NM o
[31] (n = 429) NM 4.7 36%
7.8%
B Intrauterine
Open (1 = 52) NG adhesions
Bortoletto P. 36.05 D55 1.25% (p-value 0.800)
etal., 2022 [32] (pd%ileue NM (p-value 0.704 5103 (p-value 0.029) NM NM (p-value 0.240) NM 0 8.6%
MI -046) 0.096) Intrauterine
(n=70) adhesions
(p-value 0.800)
66.7%
Open (8 miscarriages, o,
NM N 33.3% 25.7%
= 1 t , /o
Boudova [E'ﬁt al, (=7 344 NM NZ2 NM NM 63.6% e (css Re-interventions for
o : pregnancies on \;])3 radical treatment
(n I:HSO) NM patient’s request)
N1
38.2 21.7
Open D10 %o
T (p-value (p-value ~ (p-value < (p-value <
(n=99) 0.86) (p-value 50%0001, 0.0001) 0.0001) (p-value > 0.99)
Catanese A.
et al., 2022 [34] N1 NM NM NM NM Early (>30 days after
n iv[?)lél) (p-B\Zzi?ue (p-\%azlue ( —valu]eD<70 0001 (p-vzaol%e < (p-ve?lue < La?: gggyc)lg)./?a/gter
0.42) 0.86) P <0.0001') ’ 0.0001) 0.0001) surgery) 0%
(p-value > 0.99)
- N3 o
Chin H. etal,, Open (n=1) 2 D65 0%
2014 NM NM NM NM NM NM NM
[35] M 34 N3 50%
= (n=2) D48 o
33.3 N5
Open 1290.5 50%
-value D10 -value <
D’Silva E.C. (n=22) (%.705) (p-value < 0.001) (p-value < 0.001) (p0.001) (p-value 0.001)
etal., 2018 340 NM T NM 2 NM NM NM
[36] MI ! 406.6 11.6%
- (p-value D75 - (p-value < Y
(n=67) 0.705) (p-value < 0.001) (p-value < 0.001) 0.001) (p-value 0.001)
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Table 1. Cont.

Number (N) and . ; . Clinical
Author, Year Myomectomy Mean Age BMI Dimension cm Fibroma’s Type and Blood Loss (mL) Hospital Stay Pregnancy Rate Miscarriage Rate Live Birth Rate Complications Rate
e Location (Days) p
(D) of Fibroids Y after Surgery
34.1 28.2 12%
Open 66.7% 5.2%
-value -value total: 134
Flyckt R. etal, (n=81) s ¥o50) (p-value 0.39) (rvare 012) (p-value 0.30)
2016 87 271 NM NM NM NM o NM
[37] MI ' : 50% 7 4.3%
o (p-value (p-value ° (total: 118) 278
(n=>53) 0.77) 0.20) (p-value 0.39) (p-value 0.12) (p-value 0.30)
35.5
Open
- (p-value 2.66 NM
Frost A. et al., (n =106,520) 0.001)
2021 455 NM NM NM NM B — NM NM NM
[38] MI :
_ (p-value 248
(n=8330) 0.001)
7.7%
Open BMI > 25
(n=52917) 333 (p(—)voa;;le
Gil Y. etal., 2020 ; - :
' LE3‘E)l] - (P'a’ Sgﬁ < T 8% NM NM NM NM NM NM NM Utem(lf 4£/uopture
MI ’ BMI > 25
(n=1229) (p-value
0.08)
100%
CS
Ofen 52% Uterine rupture 0%
(n=21) VB
Grainger T. et al., 42 o
8023 - (p-value 100% 48%
p NM NM NM NM NM NM
[40] 0.25) (p-value 0.16) 100%
CS
(n IZHZS) 48% Uterine rupture 0%
VB
52%
N 13.5
38.1 23.4
e (pvalue - (p-value e 0.920 oo 0724 lae 0.003 hue 20
Kim, H. et al (=13 0.437) 0103) VRSO (proalueQ72s) - rvalue0.003) (p-value >0.999)
2018 : NM NM NM NM
41l MI 37 216 g 219.2 25 o
(p-value (p-value ; ’ ; 30.8%
(n=13) 0.437) 0.103) (p—V%hllSSO)QZO, (p-value 0.724) (p-value 0.003) (p-value > 0.999)
Open
lavazzo C. et al., (n=135) 257.3 2.9
2014 T NM NM NM NM NM NM NM NM
[42] (n=102) 283.9 3.62
Open N33 o 0
lavazzo C. et al., (n=1287) 37.6 58 D67 M 2521 2.59 5.9% " W 17.1%
201
[23]6 MI N25 .
S (n = 895) 35.6 249 D64 182.1 1.53 13.3% 6%
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Table 1. Cont.

Number (N) and . ; . Clinical
Author, Year Myomectomy Mean Age BMI Dimension cm Flbrngczt"li"ZEe and Blood Loss (mL) Hos(}]:jl;als)Stay Pregnancy Rate Miscarriage Rate Live Birth Rate Complications Rate
(D) of Fibroids Y after Surgery
Open
Jayakumaran J. (n=797) 309.6 3.32 NM
“tal. 2017 NM NM NM NM NM NM NM
't MI
[44] (1 =1108) 200.9 175 9.6%
Open ( 316 ( 22'11 I\11369.5 o,
1 = 279 p-value < p-value (p-value < 0.001, 554 11.7 15.1%
Kotani Y. et al., ¢ ) 0.001) 0.061) ! <0.001)
2018 - NM NM NM NM
[43] MI 37.6 217 Y 207 35 14.6%
- -value < (p-value (p-value < o
(n = 474) (p-va (p-value < 0.001, (p-value < 0.001) (p-value < 0.853)
0.001) 0.061) 0.001) 0.001)
N4 S 10 (p-value
Open rolie  (panle D11.2 7.96 x 1074 297.1 (pflv';fue 54.3%
(n =151) A 966) A 408) (p-value 3.51 x 0141 (p-value (p-value 0.009) 8.74 x 10-1%) (p-value 5.16 x 10~°)
Lee SR. etal, : ’ 107%,0.233) 7.96 x 1074 :
2020 N3 528 NM NM NM
46
(s6] MI oile (p-udlue D108 (p-value 7.96 x 104 368.4 v 268 26.1%
(n =126) %_%6‘; . 408‘; (p-value 3.51 x 089 (p-value 0.009) 874 x 10-1) (p-value 5.16 x 107°)
1075,0.233) (p-value 7.96 x 107%) -
Open 36%
T 26 45% 16% o
MftvlvaIZIgZE/L (=1 NM NM NM 521 NM NM (€5 28%) NM
e 8[4,7] MI (MANCA p-VALUEl) o o 32.5%
(n=86) 44.5% 8.1% (CS23%)
N 1.5
37.2 22.1 T 194 (p-value 0.302) o
Open D6.7 21.8%
- (p-value (p-value ~ S 20 (p-value 0.302) ~ NM
Ming X_ctal, (n=313) 0.418) 0.821) (” Vj})‘fgo(i‘f%' 099 (p-value 0.302) (p-value 0.121)
2019 Nia NM NM NM NM
[48] MI 37.7 22 N T 46 (p-value 0.302) 30.3%
o (p-value (p-value ; 510 (p-value 0.302) ’ NM
(n=283) 0.418) 0.821) (V"La})“go%(’%' 027 (p-value 0.302) (p-value 0.121)
N9.2
Open v 36 (p_zféfue D97 T 33.3% (p-value 502.9 21 23.89% 1 40% 2
(n=21) 0.287) 0.049) (p-value 0.000, 0.069) (p-value 0.097) (p-value 0.525) oo (p-value 0.744) (p-value 0.744) °
Morales H.S.G. : ’ 0.004)
etal., 2022 N32
49 g
(491 MI ( 3 - 2 D49 T 69.2% 2153 1.94 37 45 2 38.8% 0
(n=48) % 287) % 049) (p-value 0.000, (p-value 0.069) (p-value 0.097) (p-value 0.525) A7 (p-value 0.744) (p-value 0.744) °

0.004)
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Table 1. Cont.

Number (N) and . ; . Clinical
Author, Year Myomectomy Mean Age BMI Dimension cm Flbrngczt"li"ZEe and Blood Loss (mL) Hos(}])jl;als)Stay Pregnancy Rate Miscarriage Rate Live Birth Rate Complications Rate
(D) of Fibroids Y after Surgery
P1
N 4 (p-value 0.356)
38.8 24.7 o .
Open (p-value (p-value D55 A5 (p-value 0.356) 100 1 (56.2%) NM 1.4%
(n=73) 0.590) 0.003) (p—v:lé%eo (1);002, l\ig 54(;(7!—]\_/3;136003;56%) (p-value 0.098) (p-value 0.013) (p-value 0.800)
Ozbagh E. et al., F 1 (P-value 0.356) M M
2021
[50] P 6 (p-value 0.356)
383 29 N3 A 4 (p-value 0.356) 1LM
. . o o
E\/[I (pvalue (p-value D75 Po 7 (p-value 0.356) 135 (64.8%) . NM 2.6%
(n =154) 0.590) 0.003) (p-value 0.002, MS 133 (p-value (p-value 0.098) 2 RM (54.5%) (p-value 0.800)
’ ’ <0.001) 0.356) (p-value 0.013)
F 6 (p-value 0.356)
N 12.6
Open 39.8 27.5 D59275¢g T 98 (p-value 0.002)
7p235 (p-value (p-value (weight) P 125 (p-value 0.245) 267.2 2.15 NM
(n =235) 0.060) 0.970) (pvalue < 0.001, S 66 (p-value 0.225)
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others, A: anterior, Po: posterior, F: fundus.
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4. Discussion

The choice between a minimally invasive or laparotomic approach for a myomectomy
remains a highly debated topic in gynecologic surgery. Currently, this decision is largely
contingent on the surgeon’s preference, as concrete and standardized indications are lacking
to guide surgeons toward the optimal surgical pathway. Both open and minimally invasive
approaches present some strengths and weaknesses in the context of myomectomy proce-
dures. Notably, factors such as the size or number of myomas are not sufficient to decide on
the type of surgical approach. Some surgeons, even those skilled in endoscopic procedures,
may opt for an open approach (including a mini-laparotomic incision) due to consider-
ations such as oncological risk, procedural time, and overall surgical impact. Moreover,
some argue that the aesthetic outcome could be more favorable with a small suprapubic
incision compared to multiple trocar incisions in the iliac fossa. The question presents
various aspects and characteristics which are open to debate as well as considerations from
different perspectives.

4.1. Oncological Risk

One of the most critical aspects of laparoscopic myomectomy is the oncological risk,
which is principally represented by uterine sarcomas. They are quite rare malignant uterine
neoplasms that arise from the muscular layer and/or connective tissue of the uterus. They
represent a very exiguous part of female genital malignancies, with an estimated incidence
of 1% of female pelvic malignancies [55]. The core issue arises from the fact that even if
they are very rare, the oncological implications can be dramatic, as this type of pathology
is more aggressive than other uterine malignancies, thereby substantially affecting the
survival rates of patients. The oncological risk becomes exponential for misdiagnosed
patients who are subjected to endoscopic myomectomy, especially when the myoma is
morcellated inside the abdomen without safety procedures such as in-bag morcellation.
The dissemination of malignant cells inside the abdomen may, unfortunately, determine
the patient’s death [56].

Based on this, the US Food and Drug Administration (FDA) recommends avoiding
laparoscopic morcellation of myomas [57].

A solution to this issue was sought in two different ways: by preoperatively predicting
the risk of malignancy for patients undergoing operative procedures and by exploring safe
methods of extracting the specimens.

Several studies have presented evidence and indications aiming to minimize the
potential spread of malignant cells during power morcellation, utilizing containment
systems such as endo-bags and evolute endo-bags with the specific function of covering the
morcellator, thus avoiding contact between the specimens being removed and the abdomen.
However, there are no definitive conclusions regarding safety [58]. A recent study, for
instance, assessed seven distinct containment systems featuring varied materials and
characteristics to evaluate their capacity for cell spread [59]. The obtained results differed
significantly between the different devices, demonstrating the necessity for a more thorough
safety evaluation of in-bag extraction. Moreover, the impact of CO2 pressure on the
potential risk of malignant cell spread is another aspect requiring better investigation [60].

The second crucial aspect is the accuracy of pre-operative diagnosis, which is needed
in order to obtain a reliable indication of the risk of malignancy.

The first diagnostic level for uterine fibroids remains the ultrasound (US) scan. US
scans, especially thanks to 3D technology, have reached a very high grade of accuracy
in the evaluation of characteristics of myomas such as dimension, localization, and
vascularization [61]. However, from an oncological point of view, based on the literature
data, US scans have low sensitivity and specificity rates regarding differential diagnosis
between uterine myomas and sarcomas. In particular, distinguishing between degen-
erative myomas or colliquative myomas (without malignant features) and malignant
degeneration remains a challenging aspect of imaging. Consequentially, its diagnostic
accuracy remains relatively low [62,63].
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A more specific and accurate diagnostic method is magnetic resonance imaging (MRI).
The advantages are represented by the fact that, as reported in the literature, MRI presents
a higher sensitivity and specificity than US scans in sarcoma identification [64]. Moreover,
MRI seems to be able to distinguish between degenerative myomas and malignant sar-
coma [65]. The diagnostic foundation relies on a specific cut-off signal intensity. Novel
algorithms that include serum markers such as LDH levels are available and have shown
promising results in terms of differential diagnosis and sensitivity /specificity rates [66].
Even a recent meta-analysis demonstrated the high diagnostic accuracy of MRI with respect
to US scans for uterine sarcoma detection [67].

While MRI might seem like the definitive solution for identifying high-risk uterine
sarcoma patients and guiding surgical decisions more effectively, there are still pertinent
limitations under discussion [68].

First of all, MRI is a second-level radiologic examination requiring more time than
other types of radiologic technologies such as X-ray or computerized tomographic (CT)
scans. Secondly, MRI examinations are more expensive than other imaging tools. Indeed,
the literature presents some deficiencies in the cost-effective evaluation of MRI for pre-
operatory screening of uterine sarcomas. A study by Tong et Al [68] reported a series of
1960 patients who underwent MRI screening prior to surgery. The obtained results were
very promising, as the authors recorded 100% sensitivity and 97% specificity. Even from a
cost perspective, the screening program seemed to be sustainable. However, it is crucial
to contextualize and evaluate these data, especially in the context of different healthcare
systems. Different regions have different availabilities of MRI machines at different costs.
For this reason, the MRI indication is not actually adopted for all patients. The most used
clinical practice on pre-operatory work-up indications for uterine fibroid patients is the use
of MRI only for suspected cases of malignant degeneration detected upon US scan. The
criteria adopted to assess the malignancy risk are aberrant fibroid morphology, necrosis,
hypervascularization, and rapid growth. In case of a concrete suspicion of sarcoma, the
endoscopic approach should be avoided. Considering factors such as age, reproductive
desire, and patient preferences, the decision to opt for a hysterectomy over a myomectomy
should be carefully assessed. Counseling patients within this framework constitutes one of
the pivotal steps in the therapeutic course.

4.2. Fertility

As reported in the literature, the presence of myomas, especially in the case of sub-
mucosal myomas and or multiple large fibroids, has a negative impact on fertility rates.
Indeed, it is one of the most frequent causes of sub-fertility [5]. The reasons for this,
depending on the fibroid’s position within the uterus, may be associated with endome-
trial alterations leading to reduced implantation; changes in myometrial muscular fiber
contraction; and distortion of pelvic anatomy, including tubes and ovaries [69,70]. As
a result, numerous studies have confirmed that after myomectomy, the pregnancy rate
increases significantly, reaching up to 50-70% [37,70-73]. However, several studies have
investigated whether the type of surgical approach could have an impact on fertility rate,
but the data are not in accordance among different studies. Several studies have affirmed
that the pregnancy outcomes in terms of pregnancy rate and delivery rate do not differ in
populations submitted to laparotomic myomectomy vs. endoscopic myomectomy. The
reported reasons stem from the primary objective of eliminating the cause of subfertility,
irrespective of the method employed to achieve this goal [37,71,72].

Some other evidence has suggested that the surgical approach adopted for fibroid
removal could have a role in the fertility rate [73]. In this case, the hypothesis is related to
the possible enhanced risk of post-operatory adherence after a laparotomic approach, which
could interfere with the tubal capability to catch and transport the oocyte to the uterine
cavity. However, this aspect should be contextualized, because the available literature
presents series of patients that show important differences. For instance, in a substantial
number of comparative series, a majority of laparotomies conducted for fibroid removal
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involved predominantly large myomas, often infiltrating the endometrial cavity more
frequently than laparoscopic myomectomies. This particular aspect could introduce a
significant bias, as the variation in fertility rates in this scenario might be influenced by
pre-operative conditions rather than the chosen surgical approach. In fact, certain studies
have indicated that when dealing with myomas larger than 8 cm, the pregnancy rate
undergoes a notable decrease from 50% to 30% [74]. Consequently, the question remains a
subject of debate, with no definitive conclusions available. Another avenue of exploration,
from a fertility standpoint, could involve the use of anti-adherence barriers.

4.3. Aesthetic Impact

Currently, the aesthetic impact plays a fundamental role both in the male and in the
female population. Especially for a benign condition such as uterine fibroids, considerations
regarding patients’ body image and their expectations must be taken into account. As
reported in the literature, the impact of surgery could have consequences on the mental well-
being of patients across different age groups and various types of pathologies [75]. From
this point of view, endoscopy has traditionally been associated with superior aesthetic
impact. While this holds true in many cases, some points of discussion have recently
emerged, especially in cases of myomectomy conducted by suprapubic mini-laparotomy.

For instance, robotic surgery requires at least three to four incisions in the middle
part of the abdomen, while the standard laparoscopy usually requires three to four
incisions in the umbilicus and in the iliac fossa and suprapubic area. Even if the size
of the incision is very small, especially in the case of mini laparoscopy [76], the scar is
visible even many years after surgery, and the scar may be visible, for example, when
wearing swimming suits.

A suprapubic mini-laparotomy incision consists of a very small incision (usually
<5 c¢m) that is employed for myoma removal, minimizing the surgical impact and enhancing
the aesthetic outcomes. This incision is small, but larger than the incision made for trocar
positioning. Its unique feature lies in its low position in the suprapubic area, allowing it to
be concealed beneath underwear [77].

However, this technique is not always feasible, especially in the case of huge myomas.
The literature suggests a feasibility cut-off for this approach at myoma sizes exceeding
12 cm [78].

4.4. Comments on Data

In our review, 178,336 patients were studied, of which 163,886 underwent abdominal
(open) myomectomy and 14,450 underwent laparoscopic or robotic myomectomy.

We report demographic, pre-operative, intra-operative, and post-operative parameters.

With regards to demographic factors, from our review, it emerged that age is not a
parameter to decide the type of approach, as the average age of patients who underwent
open myomectomy was 37.4 years, while the average age of patients who underwent
minimally invasive myomectomy was 37.2 years. Also, the BMI remained comparable
between the two groups, with patients undergoing open myomectomy averaging 24.6,
while those undergoing minimally invasive myomectomy averaged 23.8. As for pre-
operative parameters, we considered the number and size (defined as the maximum
diameter in cm) of the fibroids, which were determined using ultrasound. Specifically, in the
group of patients undergoing open myomectomy, the average number of fibroids was 5.4,
with average dimensions of 8 cm. On the other hand, in the group of patients undergoing
minimally invasive myomectomy, the average number of fibroids was found to be 3.7, with
average dimensions of 7 cm. Both the numbers and the sizes of the fibroids were lower
in the group of patients undergoing minimally invasive myomectomy compared to the
fibroids of patients undergoing abdominal myomectomy. Strengthening this observation,
our results indicated a statistically significant higher number of myomas in the laparotomic
group across 10 studies [20,24,26,35,38—-42,44].
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This aspect is among the most crucial, as the sizes of myomas can influence extraction
decisions. Furthermore, the number of myomas should be considered, along with their
positions. In cases of multiple fibroids with submucosal components, the laparoscopic
approach remains feasible but becomes more challenging, with an increased risk of blood
loss. This factor may influence the decision to opt for a laparotomic approach. For example,
in one of the most representative studies by Sandberg et al. [51], encompassing approxi-
mately 1000 patients, the differences in the numbers and weights of myomas were more
than threefold (average number of 12.6 and weight of 592.75 g for the open approach vs.
average number of 3.5 and weight of 263.4 g for the minimally invasive approach), and this
result was significantly different. This highlights the limits of the laparoscopic approach
in some cases, even if the surgeon’s experience remains one of the most important factors
influencing surgical outcomes [79].

Regarding the characteristics of fibroids, in most cases, in both open and laparoscopic
approaches, they are transmural myomas (501 operated on open vs. 559 operated minimally
invasively). There is a slight prevalence of submucosal fibroids in the case of minimally
invasive techniques (322 MI vs. 296 open). Similarly, most surgeons prefer minimally
invasive techniques in the case of pedunculated fibroids (384 MI vs. 143 open). However,
for fibroids located in other or multiple sites, abdominal surgery techniques are preferred.
Some authors also considered the position of the fibroids. From the literature review, it
emerged that open surgery was preferred for anteriorly located fibroids (39 vs. 26 operated
with minimally invasive techniques), while laparoscopic and robotic techniques were
preferred for fibroids located posteriorly and in the fundus (respectively 46 MI vs. 26 open
and 6 Ml vs. 1 open).

The estimated blood loss was documented in our review, revealing significant differ-
ences between the two groups in nine studies [20,24,26,35,36,39,42—44]. Specifically, the
estimated blood loss in patients undergoing abdominal myomectomy averaged 378.33 mL,
whereas in those undergoing the minimally invasive procedure, it averaged 217.4 mL. It
is noteworthy that these differences could be related to the size and position of myomas,
which in the laparotomic groups, as per the previously described characteristics, they might
be more frequently associated with major bleeding. Nevertheless, the average bleeding did
not reach the threshold of surgical complication (<500 mL) in either group, affirming the
safety of both procedures.

The hospital stay duration was also assessed, with six studies showing a significantly
lower duration for the minimally invasive approach [20,24,26,42—44]. This aligns with the
existing literature, emphasizing one of the primary advantages of endoscopy, which is a
reduction in the length of the hospital stay.

The pregnancy rate varied significantly for the different series. An average of 30.5% of
patients experienced a pregnancy after a myomectomy. Among patients who underwent
laparotomic surgery, the pregnancy rate after surgery was 29.7%, while for patients who
underwent laparoscopic or robotic myomectomy, the pregnancy rate was 28.5%. Among
these, the total percentage of deliveries was 22.6%. The rate of cesarean section for patients
who underwent open myomectomy was 40%, while for patients who underwent laparo-
scopic or robotic myomectomy;, it was 35.5%. Interestingly, the surgical approach did not
appear to be significantly correlated with the pregnancy rate, as no statistically significant
data were reported in any of the studies.

We also investigated the abortion rate, specifically noting it to be higher among patients
who underwent abdominal surgery compared to those who underwent minimally invasive
surgery (80.8% in the former case vs. 19.2%), excluding cases of biochemical pregnancy,
ectopic pregnancy, and voluntary abortion [33]. The rate of preterm births was described in
a few studies; in particular, according to some authors, it stood at around 2.3% in the case
of patients undergoing minimally invasive surgery [47]. Few authors have reported the
rate of complications during pregnancy in patients undergoing these surgical treatments.
However, from our literature review, it emerged that this rate is higher in patients operated
on via laparotomy (6%) compared to those operated on via laparoscopy (1.7%) [37].
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Regarding post-operative parameters, the focus of our review was on immediate
post-operative complications. On average, the percentage of complications in the group of
patients undergoing abdominal myomectomy was 22.3%, while for patients operated on
laparoscopically or robotically, it was 14.2%.

These are the most controversial data, as even though the average percentage of
complications was lower for the endoscopic group, only one study reported a statistically
significant difference (50% vs. 11.6% p < 0.001, respectively, for open surgery and en-
doscopy) [26]. However, it is worth noting that some studies did not report any statistical
analyses. Another aspect that should be considered is the difference between major and
minor complications. The incidence of minor complications such as fever or wound
infection is more frequently associated with laparotomy. However, it is essential to
recognize that despite their differences, both approaches exhibit low complication rates,
demonstrating the safety of both procedures. Regarding the presence of intrauterine
adhesions, this could be a parameter to better understand the complication incidence,
but this finding was mentioned only in one of the articles considered in this review.
Specifically, they appear to be present in 7.8% of open myomectomy cases and 8.6% of
minimally invasive myomectomy cases [32].

5. Conclusions

The optimal surgical approach to myomectomy remains a highly debated topic. Cur-
rently, the literature lacks definitive answers to this question, although certain indications
can be considered. The decision to approach the pathology endoscopically is fundamentally
rooted in surgical experience and the availability of appropriate laparoscopic equipment.
One of the main aspects that could be evaluated to decide the surgical approach involves
the size and the number of fibroids. In cases of multiple and large fibroids with intramural
and/or submucosal expansion, the open approach could be seriously taken into considera-
tion. The mini-laparotomic approach remains a good alternative to endoscopy in terms of
surgical outcomes and aesthetic results.

Regardless of the chosen approach, it is essential to highlight that fibroids should
never be morcellated freely inside the abdomen. Instead, fibroid fragmentation should
always be performed using containment systems.

The pregnancy rate seems not to be influenced by the type of surgical procedure.
However, the different methodologies adopted, the different numbers of series, and the
different enrollment criteria did not allow for incontrovertible indications. Therefore,
further investigations are needed to shed more light on this matter.

Author Contributions: Conceptualization, S.C., G.G.I,, 5.0., M.P. and FA.G.; methodology, S.C.,
G.GI,6S.0.,G.V,SR, VP, PR. and M.P; software, S.O. and. M.L.V,; validation, C.R., V.A.C,, S.C,,
M.P, FA.G. and V.P; formal analysis, S.C., S.0., V.A.C.,, M.L.V. and C.R,; investigation, S.C., M.,
F.A.G.,, M.P, VP. and C.R,; resources, S.C. and F.A.G.; data curation, S.C., EA.G., 5.0., M.P, C.R. and
V.A.C,; writing—original draft preparation, S.C., S.O. and P.R.; writing—review and editing, S.C.,
FAG.,S.0, PR, SR. and G.V,; visualization, S.C., P.R., S.O. and M.P,; supervision, S.C., M.P. and
V.P; project administration, S.C., M.P. and F.A.G. All authors have read and agreed to the published
version of the manuscript.

Funding: This research received no external funding.
Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: All data are available by reference list of the article selected for
this review.

Conflicts of Interest: All authors declare no conflicts of interest.



Medicina 2024, 60, 64 15 of 18

References

1. Day Baird, D.; Dunson, D.; Hill, M.; Cousins, D.; Schectman, J. High cumulative incidence of uterine leiomyoma in black and
white women: Ultrasound evidence. J. Obstet. Gynecol. 2003, 188, 100-107. [CrossRef] [PubMed]

2. Kroon, B.; Johnson, N.; Chapman, M.; Yazdani, A.; Hart, R. Fibroids in infertility—Consensus statement from ACCEPT
(australasian CREI consensus expert panel on trial evidence). Aust. N. Z. J. Obs. Gynaecol. 2011, 51, 289-295. [CrossRef]

3. Donnez, J.; Dolmans, M.M. Uterine fibroid management: From the present to the future. Hum. Reprod. Update 2016, 22, 665-686.
[CrossRef] [PubMed]

4. Zimmermann, A.; Bernuit, D.; Gerlinger, C.; Schaefers, M.; Geppert, K. Prevalence, symptoms and management of uterine
fibroids: An international internet-based survey of 21,746 women. BMC Womens Health 2012, 12, 6. [CrossRef]

5. Donnez, J.; Jadoul, P. What are the implications of myomas on fertility? A need for a debate? Hum. Reprod. 2002, 17, 1424-1430.
[CrossRef]

6. DeLa Cruz, M.S.D.; Buchanan, E.M. Uterine fibroids: Diagnosis and treatment. Am. Fam. Physician 2017, 95, 100-107.

7. Munro, M,; Critchley, H.; Broder, M.; Fraser, I. FIGO classification system (PALM-COEIN) for causes of abnormal uterine bleeding
in nongravid women of reproductive age. Int. J. Gynecol. Obs. 2011, 113, 3-13. [CrossRef]

8.  Laughlin, S.; Stewart, E. Uterine leiomyomas: Individualizing the approach to a heterogenous condition. Obs. Gynecol. 2011, 117,
396-403. [CrossRef]

9.  Falcone, T.; Parker, W. Surgical management of leiomyomas for fertility or uterine preservation. Obs. Gynecol. 2013, 121, 856-868.
[CrossRef]

10. Sayed, G.; Zakherah, M.; El-Nashar, S.; Shaaban, M. A randomized clinical trial of a levonorgestrel-releasing intrauterine system
and a low-dose combined oral contraceptive for fibroidrelated menorrhagia. Int. ]. Gynaecol. Obs. 2011, 112, 126-130. [CrossRef]

11. Song, H.; Lu, D.; Navaratnam, K.; Shi, G. Aromatase inhibitors for uterine fibroids. Cochrane Database Syst. Rev. 2013, 23,
CD009505. [CrossRef] [PubMed]

12.  Freed, M.; Spies, J. Uterine artery embolization for fibroids: A review of current outcomes. Semin. Reprod. Med. 2010, 28, 235-241.
[CrossRef] [PubMed]

13.  Jin, C; Hu, Y,; Chen, X.; Zheng, F; Lin, F; Zhou, K.; Chen, F; Gu, H. Laparoscopic versus open myomectomy: A meta-analysis of
randomized controlled trials. Eur. J. Obstet. Gynecol. Reprod. Biol. 2009, 145, 14-21. [CrossRef]

14. Kanthi, ].M.; Sumathy, S.; Sreedhar, S.; Rajammal, B.; Usha, M.G.; Sheejamol, V.S. Comparative Study of Cesarean Myomectomy
with Abdominal Myomectomy in Terms of Blood Loss in Single Fibroid. |. Obs. Gynaecol. India 2016, 66, 287-291. [CrossRef]

15. Leanza, V.; Gulino, EA ; Leanza, G.; Zarbo, G. Surgical removal of multiple mesenteric fibroids (Kg 4,500) by abdominal spread of
previous laparoscopic uterine myomectomy. G. Chir. 2015, 36, 32-35. [CrossRef]

16. Dumitrascu, M.C.; Nenciu, C.G.; Nenciu, A.E.; Célinoiu, A.; Neacsu, A.; Cirstoiu, M.; Sandru, F. Laparoscopic myomectomy—The
importance of surgical techniques. Front. Med. 2023, 10, 1158264. [CrossRef]

17.  Chen, S.; Du, W,; Zhuang, X.; Dai, Q.; Zhu, J.; Fu, H.; Wang, ].; Huang, L. Description and Comparison of Acute Pain Characteristics
After Laparoscope-Assisted Vaginal Hysterectomy, Laparoscopic Myomectomy and Laparoscopic Adnexectomy. J. Pain. Res.
2021, 14, 3279-3288. [CrossRef] [PubMed]

18.  Sano, R.; Suzuki, S.; Shiota, M. Laparoscopic Myomectomy for the Removal of Large Uterine Myomas. Surg. J. 2019, 6 (Suppl. S1),
44-49. [CrossRef]

19. Williamson, T.; Song, S.E. Robotic Surgery Techniques to Improve Traditional Laparoscopy. J. Soc. Laparosc. Robot. Surg. 2022, 26,
€2022.00002. [CrossRef]

20. Sinha, R.; Rupa, B. Robotic Myomectomy: Five Modifications in Our Practice. J. Obs. Gynaecol. India 2022, 72, 89-92. [CrossRef]

21. Lasmar, R.B.; Lasmar, B.P.; Moawad, N.S. Hysteroscopic Myomectomy. Medicina 2022, 58, 1627. [CrossRef] [PubMed]

22.  D’Urso, V.; Gulino, FA; Incognito, G.G.; Cimino, M.; Dilisi, V.; Di Stefano, A.; Gulisano, M.; Cannone, F; Capriglione, S.; Palumbo,
M. Hysteroscopic Findings and Operative Treatment: All at Once? J. Clin. Med. 2023, 12, 4232. [CrossRef] [PubMed]

23.  Tsuzuki, Y.; Tsuzuki, S.; Wada, S.; Fukushi, Y.; Fujino, T. Recovery of quality of life after laparoscopic myomectomy. J. Obs.
Gynaecol. Res. 2019, 45, 176-181. [CrossRef] [PubMed]

24. Sinha, R;; Verma, N.; Bana, R.; Kalidindi, N.; Sampurna, S.; Mohanty, G.S. Intra- and post-operative outcomes in benign
gynaecologic surgeries before and after the implementation of enhanced recovery after surgery protocols: A comparison. J.
Minim. Access Surg. 2023, 19, 112-119. [CrossRef] [PubMed]

25. Li, W,; Yang, Z.; Gao, B.; Zou, L.; Xu, D,; Liu, L.; Gu, P,; Deng, X. Comparison of ultrasound-guided high-intensity focused
ultrasound ablation and hysteroscopic myomectomy for submucosal fibroids: A retrospective study. Int. |. Hyperth. 2021, 38,
1609-1616. [CrossRef] [PubMed]

26. Wise, L.A.; Thomas, L.; Anderson, S.; Baird, D.D.; Anchan, R.M.; Terry, K.L.; Marsh, E.E.; Wegienka, G.; Nicholson, W.K.; Wallace,
K. et al. Route of myomectomy and fertility: A prospective cohort study. Fertil. Steril. 2022, 117, 1083-1093. [CrossRef] [PubMed]

27. Wallace, K.; Zhang, S.; Thomas, L.; Stewart, E.A.; Nicholson, W.K.; Wegienka, G.R.; Wise, L.A.; Laughlin-Tommaso, S.K.; Diamond,
M.P; Marsh, E.E; et al. Comparative effectiveness of hysterectomy versus myomectomy on one-year health-related quality of life
in women with uterine fibroids. Fertil. Steril. 2020, 113, 618-626. [CrossRef] [PubMed]

28. Alboni, C.; Mattos, L.C.; Malmusi, S.; Galassi, M.C.; Facchinetti, F.; Mabrouk, M. Ultrasound-guided Needle Biopsy for

Preoperative Assessment of Uterine Fibroids: Our Experience and a Review of the Literature. Gynecol. Minim. Invasive Ther. 2022,
11, 47-50.


https://doi.org/10.1067/mob.2003.99
https://www.ncbi.nlm.nih.gov/pubmed/12548202
https://doi.org/10.1111/j.1479-828X.2011.01300.x
https://doi.org/10.1093/humupd/dmw023
https://www.ncbi.nlm.nih.gov/pubmed/27466209
https://doi.org/10.1186/1472-6874-12-6
https://doi.org/10.1093/humrep/17.6.1424
https://doi.org/10.1016/j.ijgo.2010.11.011
https://doi.org/10.1097/AOG.0b013e31820780e3
https://doi.org/10.1097/AOG.0b013e3182888478
https://doi.org/10.1016/j.ijgo.2010.08.009
https://doi.org/10.1002/14651858.CD009505.pub2
https://www.ncbi.nlm.nih.gov/pubmed/24151065
https://doi.org/10.1055/s-0030-1251480
https://www.ncbi.nlm.nih.gov/pubmed/20414846
https://doi.org/10.1016/j.ejogrb.2009.03.009
https://doi.org/10.1007/s13224-015-0685-x
https://doi.org/10.11138/gchir/2015.36.1.032
https://doi.org/10.3389/fmed.2023.1158264
https://doi.org/10.2147/JPR.S335089
https://www.ncbi.nlm.nih.gov/pubmed/34703303
https://doi.org/10.1055/s-0039-1694989
https://doi.org/10.4293/JSLS.2022.00002
https://doi.org/10.1007/s13224-021-01553-3
https://doi.org/10.3390/medicina58111627
https://www.ncbi.nlm.nih.gov/pubmed/36422166
https://doi.org/10.3390/jcm12134232
https://www.ncbi.nlm.nih.gov/pubmed/37445266
https://doi.org/10.1111/jog.13808
https://www.ncbi.nlm.nih.gov/pubmed/30255650
https://doi.org/10.4103/jmas.jmas_42_22
https://www.ncbi.nlm.nih.gov/pubmed/36722536
https://doi.org/10.1080/02656736.2021.1995053
https://www.ncbi.nlm.nih.gov/pubmed/34763580
https://doi.org/10.1016/j.fertnstert.2022.01.013
https://www.ncbi.nlm.nih.gov/pubmed/35216832
https://doi.org/10.1016/j.fertnstert.2019.10.028
https://www.ncbi.nlm.nih.gov/pubmed/32192594

Medicina 2024, 60, 64 16 of 18

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

Moher, D.; Liberati, A.; Tetzlaff, J.; Altman, D.G.; The PRISMA Group. Preferred reporting items for systematic reviews and
meta-analyses: The PRISMA statement. J. Clin. Epidemiol. 2009, 62, 1006-1012. [CrossRef]

Alharbi, A.A.; Alshadadi, F.; Alobisi, A.; Alsobai, A.; Felimban, O.; Hudairi, H.; Ammar, S.; Alzahrani, S.; Abuzaid Sr, A.; Oraif Sr,
A. Intraoperative and Postoperative Complications Following Open, Laparoscopic, and Hysteroscopic Myomectomies in Saudi
Arabia. Cureus 2020, 12, e7154. [CrossRef]

Bhave Chittawar, P; Franik, S.; Pouwer, A.W.; Farquhar, C. Minimally invasive surgical techniques versus open myomectomy for
uterine fibroids (Review). Cochrane Database Syst. Rev. 2014, 10, CD004638.

Bortoletto, P.; Keefe, KW.; Unger, E.; Hariton, E.; Gargiulo, A.R. Incidence and risk factors of intrauterine adhesions after
myomectomy. Fertil. Steril. Rep. 2022, 3, 2666-3341. [CrossRef] [PubMed]

Boudova, B.; Mara, M.; Dundr, P.; Gregova, M,; Lis4, Z.; Kuzel, D. Uterine leiomyomas with bizarre nuclei: Analysis of 37 cases
after laparoscopic or open myomectomy:. Ceska Gynekol. 2019, 5, 324-330.

Catanese, A ; Siesto, G.; Cucinella, G.; Chiantera, V.; Culmone, S.; Schiattarella, A.; Calagna, G.; Vitobello, D. Factors influencing
surgical outcomes of laparoscopic myomectomy. A propensity-score matched analysis. Menopause Rev. 2022, 21, 149-156.
[CrossRef] [PubMed]

Chin, H.; Ong, X.H.; Kwai Lam Yam, P; Chern, B.5.M. Extrauterine fibroids: A diagnostic challenge and a long-term battle. BM]
Case Rep. 2014, 2014, bcr2014204928. [CrossRef]

D’Silva, E.C.; Muda, A.M.; Safiee, A.I; Ghazali, W.A.H.W. Five-Year Lapsed: Review of Laparoscopic Myomectomy versus Open
Myomectomy in Putrajaya Hospital. Gynecol. Minim. Invasive Ther. 2018, 7, 161-166.

Flyckt, R.; Soto, E.; Nutter, B.; Falcone, T. Comparison of Long-Term Fertility and Bleeding Outcomes after Robotic-Assisted,
Laparoscopic, and Abdominal Myomectomy. Obstet. Gynecol. Int. 2016, 2016, 2789201. [CrossRef]

Frost, A.S.; McMahon, M.; Smith, A.].B.; Borahay, M.A; Patzkowsky, K.E. Predictors of Minimally Invasive Myomectomy in the
National Inpatient Sample Database, 2010-2014. J. Soc. Laparosc. Robot. Surg. 2021, 25, 4. [CrossRef]

Gil, Y.; Badeghiesh, A.; Suarthana, E.; Mansour, F.; Capmas, P.; Volodarsky-Perel, A.; Tulandi, T. Risk of uterine rupture after
myomectomy by laparoscopy or laparotomy. J. Gynecol. Obs. Hum. Reprod. 2020, 49, 101843. [CrossRef]

Grainger, T.C.; McDougall, A.; Magama, Z.; Ranawakagedon, J.; Mallick, R.; Odejinmi, F. Women'’s experiences of birth and birth
options counselling after laparoscopic or open myomectomy. J. Obstet. Gynaecol. 2023, 43, 2205516. [CrossRef]

Kim, H.; Shim, S.; Hwang, Y.; Kim, M.; Hwang, H.; Chung, Y.; Cho, H.H.; Kim, M.R. Is robot-assisted laparoscopic myomectomy
limited in multiple myomas?: A feasibility for ten or more myomas. Obs. Gynecol. Sci. 2018, 61, 135-141. [CrossRef]

lavazzo, C.; Papadopoulou, E.K.; Gkegkes, L.D. Cost assessment of robotics in gynecologic surgery: A systematic review. |. Obstet.
Gynaecol. Res. 2014, 40, 2125-2134. [CrossRef]

lavazzo, C.; Mamais, I.; Gkegkes, I.D. Robotic assisted vs laparoscopic and/or open myomectomy: Systematic review and
meta-analysis of the clinical evidence. Arch. Gynecol. Obs. 2016, 294, 5-17. [CrossRef]

Jayakumaran, J.; Patel, S.D.; Gangrade, B.K.; Narasimhulu, D.M.; Pandian, S.R.; Silva, C. Robotic-assisted laparoscopy in
reproductive surgery: A contemporary review. J. Robot. Surg. 2017, 11, 97-109. [CrossRef]

Kotani, Y.; Tobiume, T.; Fujishima, R.; Shigeta, M.; Takaya, H.; Nakai, H.; Suzuki, A.; Tsuji, I.; Mandai, M.; Matsumura, N.
Recurrence of uterine myoma after myomectomy: Open myomectomy versus laparoscopic myomectomy. J. Obstet. Gynaecol. Res.
2018, 44, 298-302. [CrossRef]

Lee, S.R.; Lee, E.S,; Lee, YJ.; Lee, SW.; Park, ].Y.; Kim, D.Y.; Kim, S.H.; Kim, Y.M.; Suh, D.S.; Kim, Y.T. Robot-Assisted Laparoscopic
Myomectomy versus Abdominal Myomectomy for Large Myomas Sized over 10 cm or Weighing 250 g. Yonsei Med. ]. 2020, 61,
1054-1059. [CrossRef]

Metwally, M.; Raybould, G.; Cheong, Y.C.; Horne, A.W. Surgical treatment of fibroids for subfertility (Review). Cochrane Database
Syst. Rev. 2020, 1, CD003857.

Ming, X.; Ran, X.T,; Li, N.; Nie, D.; Li, Z.Y. Risk of recurrence of uterine leiomyomas following laparoscopic myomectomy
compared with open myomectomy. Arch. Gynecol. Obstet. 2019, 301, 235-242. [CrossRef]

Morales, H.S.G.; L6pez, R.R.; Palacios Lopez, G.G.; Mondragoén, PJ.C.; Cortés, D.V.; Hernandez, H.S.; Guiot, M.L.; Camacho,
FM.R. Surgical approach to uterine myomatosis in patients with infertility: Open, laparoscopic, and robotic surgery; results
according to the quantity of fibroids. JBRA Assist. Reprod. 2022, 26, 44-49. [CrossRef] [PubMed]

Ozbasly, E.; Glingor, M. Comparison of perioperative outcomes among robot- assisted, conventional laparoscopic, and abdominal /
open myomectomies. J. Turk. Ger. Gynecol. Assoc. 2021, 22, 312-318. [CrossRef] [PubMed]

Sandberg, E.M.; Cohen, S.L.; Jansen, EW.; Einarsson, J.I. Analysis of Risk Factors for Intraoperative Conversion of Laparoscopic
Myomectomy. J. Minim. Invasive Gynecol. 2015, 23, 352-357. [CrossRef] [PubMed]

Strong, S.M.; Sideris, M.; Magama, Z.; Rouabhi, S.; Odejinmi, F. Surgical Intervention for Uterine Fibroids. Our 4-Year Experience
and Literature Review: Is It Time to Centralise Care Provision Via Specialist Fibroid Centres? In Vivo 2020, 34, 695-701. [CrossRef]
[PubMed]

Tian, Y.; Chen, J. The effects of laparoscopic myomectomy and open surgery on uterine myoma patients’ postoperative immuno-
inflammatory responses, endocrine statuses, and prognoses: A comparative study. Am. J. Transl. Res. 2021, 13, 9671-9678.
[PubMed]


https://doi.org/10.1016/j.jclinepi.2009.06.005
https://doi.org/10.7759/cureus.7154
https://doi.org/10.1016/j.xfre.2022.05.007
https://www.ncbi.nlm.nih.gov/pubmed/36212555
https://doi.org/10.5114/pm.2022.118970
https://www.ncbi.nlm.nih.gov/pubmed/36254130
https://doi.org/10.1136/bcr-2014-204928
https://doi.org/10.1155/2016/2789201
https://doi.org/10.4293/JSLS.2021.00065
https://doi.org/10.1016/j.jogoh.2020.101843
https://doi.org/10.1080/01443615.2023.2205516
https://doi.org/10.5468/ogs.2018.61.1.135
https://doi.org/10.1111/jog.12507
https://doi.org/10.1007/s00404-016-4061-6
https://doi.org/10.1007/s11701-017-0682-4
https://doi.org/10.1111/jog.13519
https://doi.org/10.3349/ymj.2020.61.12.1054
https://doi.org/10.1007/s00404-019-05399-z
https://doi.org/10.5935/1518-0557.20210049
https://www.ncbi.nlm.nih.gov/pubmed/34415690
https://doi.org/10.4274/jtgga.galenos.2021.2021.0049
https://www.ncbi.nlm.nih.gov/pubmed/34634858
https://doi.org/10.1016/j.jmig.2015.10.017
https://www.ncbi.nlm.nih.gov/pubmed/26546180
https://doi.org/10.21873/invivo.11826
https://www.ncbi.nlm.nih.gov/pubmed/32111772
https://www.ncbi.nlm.nih.gov/pubmed/34540094

Medicina 2024, 60, 64 17 of 18

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

Tinelli, A.; Mettler, L.; Malvasi, A.; Hurst, B.; Catherino, W.; Mynbaev, A.O.; Guido, M.; Alkatout, I.; Schollmeyer, T. Impact of
surgical approach on blood loss during intracapsular myomectomy. Minim. Invasive Ther. Early Online 2013, 23, 87-95. [CrossRef]
[PubMed]

D’Angelo, E.; Prat, J. Uterine sarcomas: A review. Gynecol. Oncol. 2010, 116, 131-139. [CrossRef]

Glaser, L.M.; Friedman, J.; Tsai, S.; Chaudhari, A.; Milad, M. Laparoscopic myomectomy and morcellation: A review of techniques,
outcomes, and practice guidelines. Best. Pract. Res. Clin. Obstet. Gynaecol. 2018, 46, 99-112. [CrossRef]

Parker, WH.; Kaunitz, A.M; Pritts, E.A.; Olive, D.L.; Chalas, E.; Clarke-Pearson, D.L.; Berek, J.S.; Leiomyoma Morcellation
Review Group. U.S. Food and Drug Administration’s Guidance Regarding Morcellation of Leiomyomas: Well-Intentioned, But Is
It Harmful forWomen? Obstet. Gynecol. 2016, 127, 18-22. [CrossRef]

Anapolski, M.; Panayotopoulos, D.; Alkatout, I.; Soltesz, S.; Schiermeier, S.; Noé, G. Preclinical safety testing for morcellation and
extraction for an endobag with sealable ports: In vitro pilot study. Surg. Endosc. 2017, 31, 494-500. [CrossRef]

Herman, A.; Duraiswamy, N.; Nandy, P.; Price, V.; Gibeily, G.; Hariharan, P. Mechanical and leakage integrity testing considera-
tions for evaluating the performance of tissue containment systems. Sci. Rep. 2023, 13, 5104. [CrossRef]

Gallioli, A.; De Lorenzis, E.; Lievore, E.; Boeri, L.; Colombo, L.; Fontana, M.; Breda, A.; Montanari, E.; Albo, G. The Effect of CO,
Pressure and Flow Variation on Carbon Particles Spread During Pneumoperitoneum: An Experimental Study. J. Endourol. 2022,
36, 807-813. [CrossRef]

Guruvare, S.; Hebbar, S.; Bai, L.; Jaiprakash, P; Reddy, D.; Hc, D. Accuracy of 3-D Surface Rendering of 2-D Ultrasound Images of
the Uterus Using a Novel Software in Mapping Uterine Fibroids. Ultrasound Med. Biol. 2023, 50, 128-133. [CrossRef] [PubMed]
Camponovo, C.; Neumann, S.; Zosso, L.; Mueller, M.D.; Raio, L. Sonographic and Magnetic Resonance Characteristics of
Gynecological Sarcoma. Diagnostics 2023, 13, 1223. [CrossRef]

Wojtowicz, K.; Goéra, T.; Guzik, P; Harpula, M.; Chechliniski, P.; Wolak, E.; Stryjkowska-Goéra, A. Uterine Myomas and Sarcomas—
Clinical and Ultrasound Characteristics and Differential Diagnosis Using Pulsed and Color Doppler Techniques. J. Ultrason. 2022,
22,100-108. [CrossRef]

Suzuki, A.; Aoki, M.; Miyagawa, C.; Murakami, K.; Takaya, H.; Kotani, Y.; Nakai, H.; Matsumura, N. Differential Diagnosis
of Uterine Leiomyoma and Uterine Sarcoma using Magnetic Resonance Images: A Literature Review. Healthcare 2019, 7, 158.
[CrossRef]

Malek, M.; Rahmani, M.; Seyyed Ebrahimi, S.M.; Tabibian, E.; Alidoosti, A.; Rahimifar, P.; Akhavan, S.; Gandomkar, Z.
Investigating the diagnostic value of quantitative parameters based on T2-weighted and contrast-enhanced MRI with psoas
muscle and outer myometrium as internal references for differentiating uterine sarcomas from leiomyomas at 3T MRI. Cancer
Imaging 2019, 19, 20. [CrossRef]

Suzuki, A.; Kido, A.; Matsuki, M.; Kotani, Y.; Murakami, K.; Yamanishi, Y.; Numoto, I.; Nakai, H.; Otani, T.; Konishi, IL.; et al.
Development of an Algorithm to Differentiate Uterine Sarcoma from Fibroids Using MRI and LDH Levels. Diagnostics 2023, 13,
1404. [CrossRef]

Raffone, A.; Raimondo, D.; Neola, D.; Travaglino, A.; Giorgi, M.; Lazzeri, L.; De Laurentiis, F,; Carravetta, C.; Zupi, E.; Seracchioli,
R.; et al. Diagnostic accuracy of MRI in the differential diagnosis between uterine leiomyomas and sarcomas: A systematic review
and meta-analysis. Int. |. Gynaecol. Obstet. 2023, ahead of print. [CrossRef]

Tong, A.; Kang, SK.; Huang, C.; Huang, K.; Slevin, A.; Hindman, N. MRI screening for uterine leiomyosarcoma. J. Magn. Reson.
Imaging 2019, 49, e282-e294. [CrossRef] [PubMed]

Milazzo, G.N.; Catalano, A.; Badia, V.; Mallozzi, M.; Caserta, D. Myoma and myomectomy: Poor evidence concern in pregnancy:
Myoma and myomectomy in pregnancy. J. Obs. Gynaecol. Res. 2017, 43, 1789-1804. [CrossRef] [PubMed]

Genovese, F; Di Guardo, F.; Monteleone, M.M.; D'Urso, V.; Colaleo, EM.; Leanza, V.; Palumbo, M. Hysteroscopy as An
Investigational Operative Procedure in Primary and Secondary Infertility: A Systematic Review. Int. . Fertil. Steril. 2021, 15,
80-87. [CrossRef]

Genovese, F.; D'urso, G.; Di Guardo, F.; Insalaco, G.; Tuscano, A.; Ciotta, L.; Carbonaro, A.; Leanza, V.; Palumbo, M. Failed
diagnostic hysteroscopy: Analysis of 62 cases. Eur. |. Obs. Gynecol. Reprod. Biol. 2020, 245, 193-197. [CrossRef]

Malzoni, M.; Tinelli, R.; Cosentino, F.; Iuzzolino, D.; Surico, D.; Reich, H. Laparoscopy versus minilaparotomy in women with
symptomatic uterine myomas: Short-term and fertility results. Fertil. Steril. 2010, 93, 2368-2373. [CrossRef] [PubMed]

Ordas, P; Spagnolo, E.; Fernandez, L.G.-L.; Tejeda, M.D.D.; Lafuente, P; Salas, P.; Carrasco, A.L.; Carbonell, M.; Hernandez,
A. Comparison of surgical and obstetric outcomes in women with uterine leiomyomas after laparoscopic vs. abdominal
myomectomy: A single-center cohort study. Front. Surg. 2022, 9, 997078. [CrossRef] [PubMed]

Kundu, S.; Iwanuk, C.; Staboulidou, I.; Garcia-Rocha, G.-J.; Soergel, P.; Hertel, H.; Hillemanns, P.; Schippert, C. Morbidity, fertility
and pregnancy outcomes after myoma enucleation by laparoscopy versus laparotomy. Arch. Gynecol. Obstet. 2018, 297, 969-976.
[CrossRef]

Alletti, S.G.; Vizzielli, G.; Lafuenti, L.; Costantini, B.; Fagotti, A.; Fedele, C.; Cianci, S.; Perrone, E.; Gallotta, V.; Rossitto, C.; et al.
Single-Institution Propensity-Matched Study to Evaluate the Psychological Effect of Minimally Invasive Interval Debulking
Surgery Versus Standard Laparotomic Treatment: From Body to Mind and Back. J. Minim. Invasive Gynecol. 2018, 25, 816-822.
[CrossRef]


https://doi.org/10.3109/13645706.2013.839951
https://www.ncbi.nlm.nih.gov/pubmed/24044380
https://doi.org/10.1016/j.ygyno.2009.09.023
https://doi.org/10.1016/j.bpobgyn.2017.09.012
https://doi.org/10.1097/AOG.0000000000001157
https://doi.org/10.1007/s00464-016-4969-8
https://doi.org/10.1038/s41598-023-31847-7
https://doi.org/10.1089/end.2021.0336
https://doi.org/10.1016/j.ultrasmedbio.2023.09.013
https://www.ncbi.nlm.nih.gov/pubmed/37821244
https://doi.org/10.3390/diagnostics13071223
https://doi.org/10.15557/JoU.2022.0017
https://doi.org/10.3390/healthcare7040158
https://doi.org/10.1186/s40644-019-0206-8
https://doi.org/10.3390/diagnostics13081404
https://doi.org/10.1002/ijgo.15136
https://doi.org/10.1002/jmri.26630
https://www.ncbi.nlm.nih.gov/pubmed/30637854
https://doi.org/10.1111/jog.13437
https://www.ncbi.nlm.nih.gov/pubmed/28892210
https://doi.org/10.22074/IJFS.2020.134704
https://doi.org/10.1016/j.ejogrb.2019.10.031
https://doi.org/10.1016/j.fertnstert.2008.12.127
https://www.ncbi.nlm.nih.gov/pubmed/19285666
https://doi.org/10.3389/fsurg.2022.997078
https://www.ncbi.nlm.nih.gov/pubmed/36636585
https://doi.org/10.1007/s00404-018-4697-5
https://doi.org/10.1016/j.jmig.2017.12.007

Medicina 2024, 60, 64 18 of 18

76.

77.

78.

79.

Rossitto, C.; Cianci, S.; Alletti, S.G.; Perrone, E.; Pizzacalla, S.; Scambia, G. Laparoscopic, minilaparoscopic, single-port and
percutaneous hysterectomy: Comparison of perioperative outcomes of minimally invasive approaches in gynecologic surgery.
Eur. J. Obs. Gynecol. Reprod. Biol. 2017, 216, 125-129. [CrossRef]

La Verde, M.; Riemma, G.; Tropea, A.; Biondi, A.; Cianci, S. Ultra-minimally invasive surgery in gynecological patients: A review
of the literature. Updates Surg. 2022, 74, 843-855. [CrossRef]

Maneschi, F.; Ceccacci, I.; Vestri, A.; Pane, C.; Simeone, A.; Perugini, A. Minilaparotomic myomectomy for large symptomatic
uterine myomas: A prospective study. Minerva Ginecol. 2011, 63, 219-225.

Cianci, S.; Alletti, S.G.; Rumolo, V.; Rosati, A.; Rossitto, C.; Cosentino, F; Turco, L.C.; Vizzielli, G.; Fagotti, A.; Gallotta, V.; et al.
Total laparoscopic hysterectomy for enlarged uteri: Factors associated with the rate of conversion to open surgery. J. Obstet.
Gynaecol. 2019, 39, 805-810. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1016/j.ejogrb.2017.07.026
https://doi.org/10.1007/s13304-022-01248-y
https://doi.org/10.1080/01443615.2019.1575342
https://www.ncbi.nlm.nih.gov/pubmed/31001998

	Introduction 
	Materials and Methods 
	Results 
	Discussion 
	Oncological Risk 
	Fertility 
	Aesthetic Impact 
	Comments on Data 

	Conclusions 
	References

