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Abstract The relative pros and cons of robotic-assisted lapa-
roscopic myomectomy (RALM) and laparoscopic myomecto-
my (LM) are still debated. The short-term surgical outcomes
such as estimated blood loss, need for blood transfusion, intra-
operative complications, and conversion to laparotomy are
similar for RALM and LM. Although RALM was previously
thought to require longer operative time when compared to
LM, recent studies show comparative surgical duration. On
longer follow-up, high pregnancy rates and low pregnancy
morbidity have been reported for both surgical approaches.
The increased cost of RALM when compared to LM may be
amortized in high-volume surgical centers. Specimen removal
via power morcellation is limited by the FDA safety commu-
nication, but strategies for “contained” power and cold-knife
morcellation may prevent unintentional fibroid spread. To
conclude, RALM and LM are both safe minimally invasive
alternatives to open abdominal myomectomy. Future technical
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developments may allow for the widespread implementation
of single-site RALM and LM.
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Introduction

Uterine fibroids, also known as leiomyomas, are benign
monoclonal growth of cells of the uterine smooth muscle.
These benign tumors are relatively common, with an estimat-
ed prevalence of 20-35 % in reproductive age women and up
to 70 % by 50 years of age [1]. However, only one in three
women with fibroids reports fibroid-associated symptoms
such as abnormal uterine bleeding, pelvic pressure and pain,
urinary symptoms, and subfertility [2]. Women with symp-
tomatic uterine fibroids may be offered non-surgical treat-
ments such as hormonal medications, gonadotropin-
releasing hormone antagonists, progesterone receptor modu-
lators, and uterine artery embolization [2, 3]. The definitive
treatment for symptomatic fibroids is hysterectomy or, for
those women who wish to retain fertility, myomectomy.
Smaller submucosal fibroids may be removed via hystero-
scopic approach, with relatively fast recovery and minimal
blood loss [4]. However, large submucosal fibroids as well
as intramural and subserosal fibroids cannot be removed via
hysteroscopy and require an abdominal approach, namely,
laparotomy, laparoscopy, or robotic-assisted laparoscopy.
Both laparoscopic myomectomy (LM) and robotic-assisted
laparoscopic myomectomy (RALM) have advantages over
open abdominal myomectomy in terms of post-operative pain,
recovery period, and complications [5¢], but the pros and cons
of LM versus RALM are still debated. In this review, we will
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focus on the comparison of LM and RALM, evaluating their
respective complications, reproductive outcomes, and cost.

Myomectomy: from Laparotomy to Laparoscopy
to Robotics

Myomectomy was first performed abdominally in 1845 by Dr.
Washington Atlee in Pennsylvania [6]. However, this proce-
dure became prevalent only in the beginning of the twentieth
century, following the work of Dr. Victor Bonney, who per-
formed over 700 myomectomies. Dr. Bonney developed sur-
gical techniques and instruments which enabled surgeons to
perform myomectomies with relatively low rates of morbidity
and mortality [6]. Subsequently, in the 1970s, the pioneer of
laparoscopic surgery Dr. Kurt Semm developed LM as a min-
imally invasive surgical alternative [7]. Over the years, al-
though laparoscopy became the standard surgical approach
for adnexal surgery, it has not become the universal surgical
approach for myomectomy [8]. The reasons for the relatively
low adoption of this technique are the advanced laparoscopic
skills required to perform it, and in particular the advanced
laparoscopic suturing skills, which necessitate a long learning
curve. The aim of the robotic platform, first approved by the
FDA for marketing in 2005, was to overcome these draw-
backs of laparoscopic surgery. In particular, the reduced trem-
or, improved 3D view, and higher degrees of movement

freedom of the robotic platform facilitates laparoscopic sutur-
ing [9]. Apart from the use of the robotic platform, LM and
RALM are very similar surgeries, consisting of pneumoperi-
toneum creation, setup of the laparoscopic or robotic system,
and enucleation of the fibroids through one or more uterine
incisions, followed by suture closure of the uterine defect and
removal of the excised tissue via power or cold-knife
morcellation. In view of the similar surgical steps, it is not
surprising that outcomes of LM and RALM are overall simi-
lar. To date, eight studies have compared LM and RALM in
single institutions, all of which have a retrospective cohort or
case series design (Table 1) [10, 11, 12—17]. Five of those
studies included relatively large number of cases in each arm
[10, 11e, 12, 15, 16]. In most of these studies, the same sur-
geons performed both the LM and RALM, while in the
Brigham and Women’s hospital study the LM and RALM
were performed separately by surgeons with specific skill sets
in each respective technique [11¢].

Comparison of Short-Term Outcomes
and Complications

The short-term clinical and surgical outcomes which are of
interest for patients undergoing LM or RALM include intra-
and post-operative complications, blood loss and blood trans-
fusion requirements, post-operative pain, length of hospital

Table 1  Retrospective studies and case series comparing outcomes of laparoscopic myomectomy (LM) and robotic-assisted laparoscopic
myomectomy (RALM)
Study LM group (N) RALM group (N) Characteristics and LM and Main findings
RALM patients
[10] 93 89 Heavier fibroids removed No significant differences in EBL, hemoglobin drop,
in RALM group need for blood transfusions, operative time,
and hospital stay
[11e] 115 174 Similar fibroid characteristics Significantly longer operative time and higher EBL
in RALM group. Similar peri-operative
complications
[12] 41 40 More fibroids removed No significant differences in EBL, operative time,
in LM group peri-operative complications, and readmission
(adjusted for fibroid weight)
[13] 23 15 Similar fibroid characteristics No significant differences in EBL, operative time,
and hospital stay
[14] 35 15 Cases were matched for No significant differences in EBL, hospital stay,
fibroid characteristics and complications
[15] 43 43 Similar fibroid characteristics Increased EBL in LM group, no differences in
operative time and hospital stay
[16] 73 66 Similar fibroid characteristics No significant differences in operative time and
hospital stay, reduced requirement for blood
transfusion in RALM group
[17] 22 20 Similar fibroid characteristics Longer operative time and reduced post-surgical
drainage in RALM group

EBL estimated blood loss
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stay and recovery period, and need for readmission. Many of
these parameters are greatly influenced by case selection,
namely, the number, size, and location of the fibroids, with
numerous, larger, and deep (i.e., submucosal or intramural as
opposed to subserosal) fibroids likely to be associated with
longer surgery and increased blood loss. Although most stud-
ies had similar fibroid characteristics in the LM and RALM
groups, the study by Barakat et al. [10] reported that a large
quantity of and heavier fibroids were removed in the RALM
group compared with the LM group (Table 1).

Estimated blood loss and need for blood transfusion

One of the main advantages of LM and RALM over open
abdominal myomectomy is the reduction in surgical blood
loss [5¢]. When comparing only LM and RALM, one study
reported lower blood loss with RALM compared with LM
[15] and another paper reported less surgical drainage on the
first post-operative day [17]. However, in a meta-analysis de-
sign, the difference in blood loss between LM and RALM was
only 42 ml, which was not statistically significant and is cer-
tainly not clinically significant [5¢]. Similarly, the need for
blood transfusion, which ranges from 0 to 12 % in the studies
which reported this outcome, does not differ significantly be-
tween LM and RALM [10, 11e, 12—17]. Blood loss and blood
transfusions may be reduced in both surgical approaches with
the intra-myometrial injection of diluted vasopressin or with
uterine artery occlusion [18e].

Operative time

Although some studies reported longer operative time for
RALM compared with LM [11e, 17], a recent meta-analysis
by lavazzo et al. [5¢] did not find any statistically significant
difference in the operative time between these two groups. It is
possible that the longer time required for the setup of the
robotic platform for RALM (i.e., “docking time”) is compen-
sated by the shorter time required for fibroid enucleation and
uterine incision suture with this approach. Another parameter
which could influence the operative time for all types of min-
imally invasive myomectomy is the use of barbed suture [11e,
19]. This suture allows for knotless suturing and equal distri-
bution of suture strength along the closure. Its use has been
shown to decrease operative time and blood loss both for LM
and for RALM when compared to conventional sutures.

Intra- and post-operative complications

Complications with LM and RALM include intra-operative
vascular and visceral injury, post-operative infections (i.e.,
wound infection, pneumonia, urinary tract infection, pelvic
infection, etc.), ileus, and thromboembolic complications.
The intra- and post-operative complications can be further

classified into major and minor complications. The rate of
major complications (such as vascular and visceral injuries)
for LM and RALM is overall low and was not found to be
significantly different between groups [5¢]. The rate of minor
complications is slightly higher, but again not different be-
tween groups. For example, incisional cellulitis requiring an-
tibiotic treatment was described in the study by Gargiulo et al.
[11e] for 9.1 % of LM patients and 3.4 % of RALM patients.

Readmission

This parameter is an important marker for significant post-
operative complications which require hospital admission.
Those complications may be directly related to the surgical
procedure (i.e., wound infection) and indirectly related to it
(i.e., pulmonary embolism). A recent study by Alton et al.
[20] described the outcomes of their same-day discharge pro-
tocol for minimally invasive myomectomies (334 cases of LM
and 69 cases of RALM). The readmission rates were 0.6 and
1.4 % at 48 h and 3 months, respectively, including cases of
post-operative fever, ileus, and pyelonephritis. The rates of
readmission were not compared between LM and RALM in
this study, but their findings may represent the low readmis-
sion rates for both of these surgeries.

Post-operative pain

None of the retrospective studies mentioned above compared
post-operative pain in LM and RALM. However, a prospec-
tive randomized study comparing laparoscopic and robotic
hysterectomy did not find any differences in post-operative
pain [21, 22] while a prospective randomized study compar-
ing laparoscopic and robotic sacrocolpopexy did find reduced
post-operative pain in the traditional laparoscopic route [23].
This difference was explained by the difference in trocar size
(5 mm for conventional laparoscopy versus 8 mm for the most
common robotic ports) and the use of an additional port for the
robotic procedure (i.e., a total of five ports versus four).
Similar considerations may be applicable for LM and
RALM. Nonetheless, both procedures are substantially supe-
rior to abdominal myomectomy with regards to immediate
post-operative pain [24].

Length of hospital stay and recovery

The typical length of hospital stay after LM and RALM is 1—-
2 days and is not significantly different between these two
surgeries [5¢]. Hospitalization time longer than 2 days was
reported for 23 % of LM cases compared with 12 % of
RALM cases, but these rates were not statistically different
[12]. Furthermore, in the USA, a same-day discharge protocol
has been developed for minimally invasive myomectomies,
which can be applied for more than 80 % of cases [20¢].
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Conversion to laparotomy

Conversion of a laparoscopic or robotic procedure to laparot-
omy may be required because of technical difficulties (i.e.,
difficulty in fibroid enucleation or during incision closure
due to fibroid location or size) or complications (i.e., severe
hemorrhage). Thus, the conversion rate is inherently affected
by the case selection. The rate of conversion to laparotomy for
LM and RALM was compared in a meta-analysis by Pundir
et al. [25] which included four studies, and no significant
differences were found. Furthermore, a large retrospective
multi-center series of more than 800 RALM cases published
in 2013 reported no conversion to laparotomy [26], while
other large studies on LM reported low rates of conversion
ranging from 2 to 5 % [27¢].

Comparison of Fertility and Pregnancy Outcomes

Among the retrospective studies comparing LM and RALM,
only two small studies reported the reproductive outcomes of
patients, without any differences found between groups [13,
14]. However, several large series reported the reproductive
outcomes of patients who underwent either LM or RALM [26,
27, 28].

Fertility

Fibroids are thought to affect fertility via physical factors,
alterations of uterine contractions, reduced endometrial
receptivity, and alterations in the endo-myometrial junc-
tional zone [29]. It is well recognized that submucosal
fibroids and intramural fibroids causing distortion of the
endometrial cavity should be removed in infertile women
and in women undergoing fertility treatments (either via
hysteroscopy or abdominally, depending on their type and
size) [27¢]. However, the removal of intramural fibroids
which do not cause cavity distortion in infertile and
asymptomatic women is controversial, with some studies
reporting no significant differences in pregnancy rates
with or without myomectomy [30], while a meta-
analysis by Pritts et al. did show improved reproductive
outcomes following myomectomy [31]. Regardless of the
debate on the benefit of intramural fibroid removal in
infertile women, the different impact of LM and RALM
on infertility has not been well studied. It is difficult to
compare the fertility rates after LM or RALM reported in
various studies because of heterogeneity of infertility
causes and workup, difference in rates of natural concep-
tion versus use of assisted reproductive techniques, and
differences in follow-up time. Nevertheless, the rates of
pregnancy reported in women who wished to conceive
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after LM and RALM range from 50 to 70 % for LM
and around 70 % for RALM [27e, 28].

Pregnancy outcomes

A rare but potentially severe complication in pregnant women
who underwent myomectomy is uterine rupture. The risk of
uterine rupture has been linked to the use of electrosurgery and
its potential myometrial injury, to the number of layers su-
tured, and to the number of uterine incisions. Accordingly,
women who are considered to be at risk for uterine rupture
because of numerous and/or deep uterine incisions are often
counseled to undergo elective cesarean delivery, which could
affect the ultimate rate of uterine rupture. The rate of uterine
rupture reported for LM ranges from 0.26 to 1 %, with cesar-
ean section performed in 38 to 78 % of cases [27¢]. Pitter et al.
reported the reproductive outcomes of 101 patients who con-
ceived after RALM [26]. Of the 92 deliveries in this cohort,
there was one case of uterine rupture, with a rate of 1.1 %.

Use of Power Morcellation in LM and RALM

The most common method for specimen removal during LM
and RALM until recently has been power morcellation. Since
November 2014, in view of the concerns regarding dissemi-
nation of undiagnosed leiomyosarcoma during power
morcellation, and the FDA safety communication which ef-
fectively banned the use of non-contained power morcellation
in peri-menopausal women, the use of this technique has been
limited to younger women undergoing LM and RALM [32].
Not surprisingly, a 19 % decline in minimally invasive myo-
mectomies has been reported in association with the FDA
morcellation warning [33¢]. The actual rate of undiagnosed
leiomyosarcoma dissemination during power morcellation is
still debated, with numbers ranging from 1/458 (per the FDA
analysis) to 1/1960 per a recent large meta-analysis [34].
Furthermore, the overall benefit from the FDA'’s safety com-
munication has been questioned in view of its profound im-
pact on the surgical route for hysterectomy and myomectomy
and its probable impact on the associated surgical complica-
tions [35]. Nonetheless, the current aim of minimally invasive
surgeons is to develop alternative techniques for fibroid re-
moval which do not involve non-contained power
morcellation. These techniques include cold-knife
morcellation of the bagged specimen through the abdominal
wall or through a posterior colpotomy and contained “in-bag”
power morcellation. Despite concerns that in-bag morcellation
would prolong operative time, a recent randomized controlled
trial found similar morcellation time and total operative time
for the non-contained and the in-bag morcellation [36].
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Cost Comparison of LM and RALM

The overall economic burden of fibroid-associated med-
ical care is high due to their widespread prevalence. In
the USA, the annual direct and indirect costs for
fibroid-associated medical care were estimated to reach
$34.4 billion in 2010 [37]. As such, cost comparison for
the different surgical routes of myomectomy is critical
for healthcare policy. The cost of RALM ($7299) was
found to be higher than LM ($6219), and both minimal-
ly invasive procedures were more expensive than open
abdominal myomectomy (whose cost was calculated to
be $4937, including hospitalization costs) [38].
However, these calculations do not include costs for
treatment of complications and readmissions, as well
as indirect societal costs such as work absence, all of
which are typically higher for open abdominal myomec-
tomy compared with minimally invasive routes. Thus,
when all direct and indirect costs of the procedure are
included, the robotic procedure may become cost effec-
tive when it allows converting an open myomectomy to
a minimally invasive myomectomy.

The above direct cost estimations do not factor the cost of
the robotic platform, which is typically around $1.5-$2 mil-
lion. The translation of the cost of the robotic platform into the
cost of individual surgeries is mainly dependent on the num-
ber of procedures performed with robot. For example, robotic
hysterectomy costs per case were reduced by 41 % by increas-
ing the weekly robotic case load from 3 to 9 in an Irish tertiary
hospital [39].

Current and Future Developments in Surgical
Techniques for Minimally Invasive Myomectomy

Single-site laparoscopic or robotic surgery may offer
some advantages over multi-port surgery in terms of cos-
metics and specimen extraction. Although single-site LM
has been successfully performed with low rates of conver-
sion to multi-port laparoscopy, it requires surgical exper-
tise and, in particular, advanced laparoscopic surgical
skills [40]. The parallel robotic surgery, single-site
RALM, may allow for similar advantages with a relative-
ly shorter learning curve. Using the existing Da Vinci Si
and Xi robotic platforms, a specialized multi-lumen 2.5-
cm port is introduced in the umbilicus. Subsequently, the
robotic laparoscope, a bedside assistant port, and two ro-
botic instruments are introduced into this port. The robotic
instruments are operated through two curved cannulas
(Fig. 1), thus enabling the triangulation which is essential
for easier surgical maneuvers. To date, this configuration
has been used for single-site RALM in small case series.
Gargiulo et al. reported their experience with 10 cases of

Fig.1 The single-site robotic Da Vinci system which is a modification of
the traditional system. ©[2016] Intuitive Surgical, Inc.

single-site RALM, all successfully completed without
complications or conversions [41].

Current and future technological developments include
specially designed single-site robotic systems, rather than
a robotic platform adjusted for single-site surgery. Those
specially designed single-site robotic platforms contain
wristed robotic instruments, which are not available in
the current platform. The new Da Vinci single port system
is designed for urologic procedures and contains three
articulating robotic instruments which are unfolded from
a 25-mm guide. A somewhat similar system is the Titan
Medical robotic platform, called SPORT. This system
contains a three-dimensional laparoscope and two robotic
arms deployed through a 15-mm incision. The Memic
robotic system, currently under development, is aimed to
provide a robotic platform for natural orifice transluminal
endoscopic surgery (NOTES). It may be used for robotic
myomectomy through the vagina. Lastly, The
Medrobotics robotic system, Flex Robotic System, was
recently approved for marketing by the FDA. The laparo-
scope of this system can be steered along non-linear
paths, allowing for single-site and NOTES procedures.
Other than offering advanced technologies, in order to
prove superior to the current robotic system, the new ro-
botic systems should offer reduced costs and easier and
faster setup.
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