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Abstract

Objective: This narrative review aims to summarize the current evidence regarding fertility outcomes associated with different minimally
invasive surgery (MIS) techniques in myomectomy. Mechanism: Uterine leiomyomas, commonly known as fibroids, are benign tumors
affecting women of reproductive age. Surgery, particularly minimally invasive techniques, represents a definitive treatment for symp-
tomatic fibroids, with preservation of fertility being a key consideration. MIS myomectomies, including laparoscopic, robotic-assisted
laparoscopic myomectomy (RALM), and mini-laparotomy, are preferred over open laparotomy due to reduced morbidity and quicker
recovery times. However, these procedures still carry risks, including uterine scar dehiscence and subsequent effects on pregnancy out-
comes. Findings in Brief: Studies reviewed generally indicate favorable pregnancy outcomes across different MIS techniques, although
with varying success rates. Conventional laparoscopy and RALM show promising pregnancy rates, akin to those observed with laparo-
tomy. Nonetheless, higher numbers of fibroids removed during RALM correlate with increased rates of preterm births. The literature
comparing laparotomy to laparoscopy, as well as across various MIS techniques, presents inconsistent results, likely due to the complex-
ity and heterogeneity of fibroids, which can significantly impact fertility outcomes. Conclusions: Overall, myomectomy, irrespective
of the approach employed, is generally associated with favorable fertility outcomes. While there are variations in success rates among
different MIS techniques, no significant differences in the mode of delivery or the incidence of complications such as uterine rupture
and adhesion formation are noted. Clinicians should consider individual patient factors when selecting the most appropriate technique
for myomectomy. Ongoing advancements in surgical technology are likely to impact the landscape of MIS myomectomy and its im-
plications for fertility outcomes. Further research and meta-analyses are warranted to clarify differences between MIS techniques and
optimize patient outcomes.
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1. Introduction icantly increased incidence of fibroids among women of
African descent compared to Caucasian women. Women
of African descent also tend to present with larger fi-
broids and experience more severe symptoms. Further-
more, women who have experienced early menarche and
delayed pregnancy demonstrated an increased risk of be-
ing affected by fibroids [2]. Surgery stands as the defini-
tive treatment for symptomatic fibroids in women, with
the preferred modality depending upon tumor characteris-
tics, surgeon expertise, and patient preference [6]. Min-
imally invasive surgery (MIS) myomectomies, such as
mini-laparotomy and laparoscopic myomectomy (includ-
ing robot-assisted laparoscopy), surpass open laparotomies
in minimizing blood loss, post-operative pain, and hospital

Uterine leiomyomas, more commonly known as fi-
broids, are hormone-dependent monoclonal expansions of
the myometrium [1]. They represent the most prevalent
form of benign gynecological tumors, predominantly af-
fecting women of reproductive age. In the United States
(US), it is estimated 70-80% of women receive a diagno-
sis by the age of 50 [2]. While the majority of women
with fibroids are asymptomatic, approximately 30—40% en-
dure significant morbidity, characterized by pelvic pain, ab-
normal uterine bleeding, bulk-related symptoms, infertility,
and obstetric complications [3-5].

The adverse effect of fibroids on fertility observed in

these women is multifactorial. Complications such as im-
plantation failure may be due to anatomical changes, vascu-
lar disturbance and/or generalized inflammation of the en-
dometrium, ultimately leading to a cessation of gestation.
Furthermore, fibroids are associated with numerous obstet-
ric complications, including preterm birth, breech presen-
tation, low birth weight, recurrent pregnancy loss, and ob-
structed labor [1]. Epidemiologically, there is a signif-

stay. Furthermore, they are currently considered the gold
standard for women seeking to preserve fertility [6,7].

Traditional laparoscopy involves the placement of a
visual port and trocars through several incisions for the
visualization of abdominal structures and instrumentation.
Robotic-assisted laparoscopic myomectomy (RALM) com-
monly utilizes the da Vinci system, where the surgeon re-
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motely operates small, fully wristed instrument arms from
behind a console. A stereoscopic monitor projects high def-
inition 3D video feeds from the camera, enabling enhanced
depth perception, mobility, and control [8].

Despite their benefit, MIS myomectomies still carry a
risk of uterine scar dehiscence, uterine rupture, and subse-
quent effects on pregnancy outcomes. With an increasing
trend towards advanced maternal age, the currently under-
researched effects of post-operative fertility outcomes be-
tween the different MIS procedures necessitates further ex-
ploration [6,7]. Therefore, this narrative review aims to
summarize the evidence to date regarding various MIS tech-
niques and their post-operative fertility outcomes.

2. Fertility Outcomes

It is important to note that fertility outcomes pertain to
the ability to conceive, irrespective of the viability of the fe-
tus or any subsequent complications. In comparison, preg-
nancy outcomes encompass the success of the pregnancy
following conception, including the rate of live births and
miscarriages. Both fertility and pregnancy outcomes are
critical considerations for assessing the long-term efficacy
of myomectomy techniques. The fertility outcomes of the
various MIS myomectomy procedures in this review have
been summarized in Table 1 (Ref. [9-18]).

2.1 Conventional Laparoscopy

Studies investigating conventional laparoscopy for
women seeking pregnancy post-myomectomy have yielded
varied insights into outcomes and success rates of this ap-
proach.

A prospective cohort study, involving 2050 women
who underwent laparoscopic myomectomy, found 70%
(386/550) of women desiring pregnancy achieved success.
However, the study did not provide information regard-
ing the distinction between natural or assisted pregnancies
[9]. These results indicate laparoscopy as a favorable op-
tion. However, they prove to be less substantial compared
to average fertility rates following myomectomies in gen-
eral. A recent meta-analysis by Metwally ef al. [10] found
no significant differences in fertility outcomes between la-
paroscopy and laparotomy (odds ratio (OR) = 0.96, 95%
confidence interval (CI) [0.52—1.78], N = 177). Notably,
the clinical pregnancy rate associated with laparotomy was
45%, while for laparoscopic myomectomy, it ranged be-
tween 30% and 59%. Even when compared against the ab-
sence of treatment entirely, the impact of laparoscopy on
pregnancy rates subsequent intramural/submucous fibroid
removal remained ambiguous (OR = 3.24, 95% CI [0.72—
14.57], N =42) [10].

A comparative study published in 2020 investigated
the impact of barbed versus non-barbed sutures on the fertil-
ity rates following laparoscopic myomectomy. Among the
164 women actively attempting to conceive, non-barbed su-
tures were employed for 81 women (group A), while barbed
sutures were implemented for 83 women (group B). The use

of non-barbed sutures resulted in a pregnancy rate of 60.5%,
compared to 50.6% in group B. The authors concluded that
the findings were statistically insignificant, with only ‘age’
emerging as a significant factor affecting fertility outcomes
[11].

2.2 Robotic-Assisted Laparoscopy

RALM, introduced in the early 2000s, is often em-
ployed in cases where traditional laparoscopy might pose
technical challenges, offering potential advantages in man-
aging complex or hard-to-reach myomas.

A study by Goldberg et al. [12] investigated fertility
and pregnancy outcomes following RALM in 123 women
with intramural, subserosal, and submucosal myomas of
varying sizes. Their findings indicated an overall preg-
nancy rate of 70% among 60 women actively seeking con-
ception [12].

Cela et al. [13] examined pregnancy rates in 48 fe-
males following RALM for subserosal or intramural my-
omas, with seven out of nine (78%) females who desired
pregnancy being successful in achieving it. The study fur-
ther evaluated ovulatory function pre- and post-operation
by measuring mean levels of follicle-stimulating hormone
(FSH), antral follicle count (AFC) and anti-Miillerian hor-
mone (AMH). No significant differences were observed,
suggesting minimal to no impact on ovulatory function
[13]. Both studies indicate promising pregnancy rates fol-
lowing RALM. However, it is important to acknowledge
the limited sample sizes in both studies.

A retrospective study conducted in 2015, consisting
of 53 women aiming to conceive following RALM, iden-
tified a 52.8% conception rate over an average 17-month
follow up time [19]. These findings closely resemble those
of an earlier study by Pitter ez al. [14], which surveyed 426
women who underwent RALM, reporting a 50.8% preg-
nancy success rate among those desiring conception. No-
tably, this rate was lower compared to the aforementioned
studies involving conventional laparoscopy. It is worth not-
ing that 60% of patients in this study cited infertility as the
primary reason for undergoing myomectomy.

2.3 Pregnancy Related Outcomes

Two studies have specifically reported these out-
comes, with one reporting pregnancy rates following
RALM and the other two examining outcomes following
conventional laparoscopy.

Pitter et al. [15] investigated pregnancy outcomes in
127 females who had conceived following robotic myomec-
tomy. There were 92 successful pregnancies, with a con-
siderable proportion of babies born prematurely (13 born
between 33-35 weeks, 1 at 28-32, and 2 born before 28
weeks), with higher preterm rates correlating with a greater
number of myomas removed [15]. The study also reported
one instance of uterine rupture and discovered adhesions in
11.4% of cases [15]. To our knowledge, no other studies
that have associated RALM to preterm birth.
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Table 1. Post-operative fertility outcomes of various MIS myomectomy techniques.

MIS myomectomy technique Study

Study design

Post-operative fertility outcomes

Sizzi et al. 2007 [9]
Metwally et al. 2020 [10]
Koo et al. 2015 [16]
Arena et al. 2021 [11]

Conventional laparoscopy

Comparative study on sutures (n = 164)

Prospective cohort study (n = 550)
Meta-analysis of 2 randomized control trials (RCTs; n = 177)

Systematic review (n = 2852)

70% pregnancy success rate
30-59% pregnancy success rate
76.5% pregnancy success rate

60.5% pregnancy rate (non-barbed sutures) compared to 50.6% (barbed sutures)

Goldberg et al. 2022 [12]
Cela et al. 2013 [13]

Robotic-assisted laparoscopy

Pitter ef al. 2015 [14]

Pitter et al. 2013 [15]

Prospective study (n = 123)
Prospective study (n = 48)
Retrospective study (n = 53)
Retrospective study (n = 426)

70% pregnancy success rate
78% pregnancy success rate
52.8% pregnancy success rate
50.8% pregnancy success rate

Malzoni et al. 2010 [17]

Mini-laparotomy

Palomba et al. 2007 [18]

Retrospective study (n = 136)
RCT (n=164)

50% pregnancy success rate
51% pregnancy success rate

MIS, minimally invasive surgery; RCT, randomized control trial.

Table 2. Fertility outcomes between MIS techniques.

MIS myomectomy techniques Study Study design Key findings
Robotic myomectomy vs. conventional la- lavazzo et al. 2016 [24] Meta-analysis (n = 88) No statistically significant difference in post-operative fertil-
paroscopy ity outcomes between the two techniques. OR: 2.03. 95% CI:

0.29-14.11.

Conventional laparoscopy vs.  single-site la-

paroscopy

Kim et al. 2014 [25]

Case-control study (n = 135)

No significant differences between groups regarding pregnancy
rates (50% vs. 67%, p = 0.38), and no difference in the time to
first pregnancy after surgery (7.6 vs. 10.1 months).

Robotic single-site myomectomy (RSSM) vs.
robotic single-port myomectomy (RSPM)

Kim et al. 2023 [26]

Retrospective cohort study (RSSM: n= 11, RSPM: n = 46)

Pregnancy rates: 54.5% (RSSM group) and 67.4% (RSPM
group). RSPM showed an advantage in preserving fertility, pos-
sibly due to its use in less complex surgical cases.

MIS, minimally invasive surgery; OR, odds ratio; CI, confidence interval, RSSM, robotic single-site myomectomy; RSPM, robotic single-port myomectomy.
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A retrospective cohort study conducted by Koo et al.
[16] documented the pregnancy outcomes in 523 women
following laparoscopic myomectomy, revealing no signif-
icant disparities compared to the general population. Of
these women, 76.5% who sought pregnancy achieved full-
term deliveries, with the average time to conception being
14 months. The study also found that 0.6% of women expe-
rience uterine rupture, a rate insignificantly different from
that of the general population [16].

3. MIS Compared to Open Laparotomy

The transition from open laparotomy to MIS for my-
omectomy holds significant historical importance, reshap-
ing the landscape of surgical approaches for treating uter-
ine fibroids. MIS techniques, including laparoscopic and
robotic-assisted procedures, are widely recognized as su-
perior to open laparotomy in terms of post-operative pain,
shorter hospital stays, and reduced blood loss [20]. How-
ever, while the evidence supporting these benefits is robust,
the data concerning fertility outcomes is less conclusive.

3.1 Laparotomy versus Laparoscopic Myomectomy

A meta-analysis, which analyzed data from 829 pa-
tients across 5 articles, examined fertility outcomes post-
laparotomic versus laparoscopic myomectomy. The results
exhibited inconsistency regarding pregnancy rates across
different surgical approaches. One randomized control trial
(RCT) reported no significant difference, while two indi-
cated a trend towards increased pregnancy rates among pa-
tients who underwent laparoscopy, and one study observed
higher pregnancy rates in patients who underwent a laparo-
tomic myomectomy [21]. Surgical method did not correlate
with the subsequent mode of delivery (cesarean vs. vagi-
nal birth), and rates of premature births were statistically
similar between the groups [21]. This finding aligns with
a study by Seracchioli et al. [22], which found no signif-
icant difference in pregnancy rates following laparotomy
(55.9%) compared to laparoscopy (53.6%). A more recent
study by Wise et al. [23] further corroborated these find-
ings, concluding no notable differences between abdominal
or laparoscopic myomectomy when adjusted for maternal
age and pregnancy intent. However, similar to the previ-
ous study, there was a trend towards higher pregnancy rates
among the laparoscopic myomectomy cohort [23].

3.2 Mini-laparotomy versus Laparoscopic Myomectomy

Two studies compared laparoscopic myomectomy to
myomectomy performed via mini-laparotomy [17,18]. A
retrospective, non-RCT (n = 136) conducted by Malzoni
et al. [17] found a significant increase in pregnancy rates
among patients who underwent laparoscopic myomectomy
compared to mini-laparotomy (74% vs. 50%). In con-
trast, a cohort study involving 164 patients demonstrated
similar spontaneous pregnancy rates between groups (mini-
laparotomy 51% vs. laparoscopic myomectomy 56%) [18].

4. Fertility Outcomes between MIS
Techniques

There are few studies comparing fertility outcomes be-
tween different MIS techniques. One study has documented
fertility outcomes following robotic myomectomy vs. con-
ventional laparoscopy, while another study compared the
fertility outcomes of conventional laparoscopy vs. single-
site laparoscopy. A summary of these results can be seen in
Table 2 (Ref. [24-26]).

4.1 Robotic Myomectomy vs. Conventional Laparoscopy

In a noteworthy meta-analysis conducted by lavazzo
et al. [24], the comparison between robotic-assisted and la-
paroscopic myomectomy was explored. This meta-analysis
included two studies involving a total of 88 participants,
focusing on post-operative fertility outcomes. The analy-
sis revealed no statistically significant difference in post-
operative fertility outcomes between the two techniques,
yielding an OR of 2.03 and a 95% CI of 0.29-14.11 [24].

4.2 Conventional Laparoscopy vs. Single-Site
Laparoscopy

A case-control study (N = 135) examined pregnancy
rates in women following a traditional multi-port approach
versus single-site myomectomy for patients with fibroids
less than 8 cm. The study found no significant differences
between groups regarding pregnancy rates (50% vs. 67%,
p = 0.38), and no significant difference in the time to first
pregnancy after surgery (7.6 vs. 10.1 months) [25].

4.3 Robotic Single-Site Myomectomy (RSSM) vs. Robotic
Single-Port Myomectomy (RSPM)

In a 2023 study, fertility outcomes were compared be-
tween two RALM techniques utilizing the da Vinci surgical
system. RSSM and RSPM were performed on 286 women,
57 of whom expressed their desire for pregnancy. Among
these 57 women, pregnancy was achieved in 54.5% (RSSM
group) and 67.4% (RSPM group). Despite the apparent ad-
vantage of RSPM in preserving fertility, such a discrepancy
could be attributed to RSSM being reserved for women re-
quiring more complex surgical intervention [26].

5. Discussion

According to the literature reviewed, myomectomy,
irrespective of the surgical approach employed, is gener-
ally not associated with significant impacts on fertility out-
comes. The studies report varying success rates, reveal-
ing significant variations among the different surgical ap-
proaches, such as conventional laparoscopy, RALM, or la-
parotomy. Despite the lack of clear associations found,
there is no evidence to suggest that myomectomy is linked
to inferior fertility or pregnancy outcomes in women who
have undergone this procedure for the treatment of their
fibroids. Moreover, the occurrence of potential compli-
cations, such as uterine rupture and adhesion formation,
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subsequent to myomectomy, is notably low. Nonetheless,
it is essential to highlight the need for further investiga-
tion regarding the potential association between RALM and
preterm birth, given the current limitations in the available
evidence.

At present, the existing literature offers limited clarity
regarding the comparative effectiveness of individual MIS
techniques, with studies reporting inconsistent results. Fac-
tors such as intent of the mother to conceive and average
follow-up time to conception were not uniformly and con-
sistently reported across studies, which could potentially
account for these inconsistencies. Another important con-
sideration is the inherent complexity and heterogeneity of
uterine fibroids themselves. Given that fibroids can vary
greatly in size, number, and location, certain minimally in-
vasive techniques may be reserved for larger or more nu-
merous fibroids, thereby introducing a potential confound-
ing factor into the assessment of fertility outcomes. This
is particularly problematic when performing laparoscopic
myomectomy, including RALM, on larger fibroids. In re-
cent years, the practice of morcellation has been discour-
aged due concerns regarding potential fibroid dissemination
and recurrence. Various techniques have been developed to
address this challenge, such as Endo-bag morcellation and
Extracorporeal C-incision tissue extraction. However, for
large fibroids (>10 c¢m), open laparotomy remains the pre-
ferred intervention [27]. The inherent variability in surgi-
cal indications introduces an element of implicit bias, ren-
dering direct comparisons between various myomectomy
techniques challenging. This is because the characteristics
of the fibroids themselves can significantly impact fertility
outcomes.

Another crucial consideration when addressing infer-
tility or symptomatic fibroids is the propensity for adhe-
sion formation. Myomectomy is widely regarded as being
particularly susceptible to adhesion formation compared to
any pelvic surgical procedure. Considering this, it is cru-
cial for surgeons to carefully balance the potential benefits
of performing myomectomy against the risk of iatrogenic
complications. When aiming to enhance fertility outcomes,
the removal of large posterior-located fibroids, which sig-
nificantly distort the uterus, are more strongly indicated
for surgical intervention, as they may detrimentally impact
reproductive function. However, subserosal and intramu-
ral fibroids should be more closely evaluated in terms of
their size and location to determine the potential benefit of
myomectomy. Additionally, access to measures aimed at
minimizing adhesions also significantly influences the risk-
benefit assessment when determining whether to proceed
with myomectomy [28].

In an effort to preserve fertility, multiple surgical tech-
niques are employed to mitigate the risk of adhesion for-
mation. Techniques such as ensuring complete hemosta-
sis, frequent irrigation of the abdominal cavity, and the use
of physical barriers have demonstrated promising results
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in limiting adhesion formation. Cross-linked hyaluronic
acid gel barriers seem to offer the highest rates of fertil-
ity preservation. However, without further research, there
is no definitive best post-operative barrier method [28-30].

The necessity for long-term follow-up data is also cru-
cial in evaluating the durability of fertility outcomes fol-
lowing myomectomy. Longitudinal studies that extend be-
yond the initial post-operative period are essential to assess
the sustained impact of different MIS techniques on fertil-
ity. Furthermore, it is important to consider the potential
influence of patient age, ovarian reserve, and other fertility-
related factors when interpreting results. Age-related de-
clines in fertility and variations in ovarian reserve can sig-
nificantly impact the success of fertility interventions, in-
cluding myomectomy.

In summary, the current literature lacks uniformity in
reporting crucial variables, including fibroid size and lo-
cation, patient demographics, and surgical specifics. This
inconsistency restricts the capacity to conduct robust com-
parative analyses. Additionally, the retrospective nature of
these studies, coupled with the absence of standardized out-
come measures, also pose challenges in drawing definitive
conclusions.

These limitations underscore the necessity for well-
designed prospective studies that adhere to standardized cri-
teria for patient selection, surgical techniques, and outcome
assessment. Meta-analyses can subsequently shed light on
any true discrepancies between techniques, thereby con-
tributing to the refinement of clinical decision-making pro-
cesses and optimization of patient outcomes.

In addition to considering evidence of fertility out-
comes, clinicians should also factor in patient-specific vari-
ables when determining the most suitable minimally inva-
sive technique for myomectomy. Considerations should in-
clude the size, number, and location of fibroids, as along
with the patient’s reproductive goals and surgical history.
These individualized factors play a pivotal role in tailoring
the approach to each patient, thereby maximizing the like-
lihood of achieving successful fertility outcomes.

Ongoing advancements in surgical technology and
techniques, such as the continuous development of robotic-
assisted devices and the refinement of single-site la-
paroscopy, are poised to have a significant impact on the
landscape of minimally invasive techniques. These ad-
vancements have the potential to benefit post-procedural
outcomes and their implications for fertility. Consequently,
it is imperative for future studies to evaluate the impact of
emerging techniques on fertility outcomes in order to pro-
vide up-to-date guidance.

6. Conclusions

In conclusion, the literature suggests that myomec-
tomy is associated with favorable fertility outcomes. Use of
conventional laparoscopy, RALM, and laparotomy all ex-
hibit similar rates of successful pregnancies post-surgery,
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with no discernible differences in mode of delivery. Com-
plications such as uterine rupture and adhesion formation
are infrequent, and further studies should be conducted
to explore the potential association between RALM and
preterm birth. Limited evidence exists regarding differ-
ences between individual MIS techniques, with studies re-
porting inconsistent results. Further research and meta-
analyses are warranted in order to elucidate any clear dif-
ferences between these methods, which could enhance the
clinical decision-making process and facilitate the achieve-
ment of optimal outcomes. Clinicians should consider
patient-specific factors, including the size, number, and lo-
cation of fibroids, as well as the patient’s reproductive goals
and surgical history, when determining the most suitable
minimally invasive technique for myomectomy. Ongoing
advancements in surgical technology and techniques are ex-
pected to continue shaping the landscape of minimally in-
vasive myomectomy and its effects on fertility outcomes.
Therefore, it is crucial for studies to assess the impact of
emerging techniques on fertility outcomes to provide cur-
rent and relevant guidance.
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