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Abstract Pelvic floor disorders (PFDs) affect a significant
number of women during their lifetime with approximately
11 % of all women seeking surgical intervention for PFDs.
Women seeking surgical intervention for PFDs have a
variety of procedures, many of which can be performed using
a minimally invasive approach. Among the array of options,
utilization of the robotic platform continues to garner more
interest from both patients and surgeons. Initial studies have
shown the safety and feasibility of procedures adapted for the
robotic platform. Newer studies have begun to investigate
the long-term efficacy and functional outcomes of robotic-
assisted surgery. Other investigations demonstrate varying
cost differences between robotic pelvic floor procedures
compared to laparotomy and conventional laparoscopy
procedures. An attractive aspect of the robotic platform is a
significantly shorter learning curve for surgeons compared
with the prolonged learning curve for conventional lapa-
roscopy. As surgeons decide whether they will ultimately
adopt this surgical modality, it is imperative that level 1
evidence and other well designed studies be available for
surgeons to assess the robotic platform objectively.
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Introduction

Approximately 11 % of women in the United States will
require surgical intervention for pelvic floor disorders (PFDs)
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[1]. As the population ages, it is estimated that by 2050, over
50 million women will have at least one pelvic floor disorder
[2]. Traditional vaginal and abdominal procedures to correct
pelvic floor disorders are increasingly being replaced by
alternative minimally invasive approaches in order to
decrease morbidity associated with open surgery.

The conventional laparoscopic approach to correcting
pelvic floor disorders provides many clinical advantages
compared with open abdominal surgery. However, a lengthy
learning curve associated with the advanced skill set required
to perform reconstructive procedures has limited the adop-
tion of this technique. Recently, the development of robotic
platforms in assisting with complex minimally invasive
procedures has become widely adopted as an alternative
minimally invasive approach to conventional laparoscopy.

The daVinci surgical system (Intuitive Surgical, Inc.,
Sunnyvale, CA, USA) was approved by the Food and Drug
Administration in 2005 and its use in many surgical fields
has grown considerably over the past several years. A recent
retrospective study suggests that the introduction of robotics
has shifted management of pelvic organ prolapse towards
this surgical modality [3]. While early adoption of this plat-
form has allowed many surgeons to provide minimally inva-
sive approaches to reconstructive pelvic surgery, various
factors must be considered before choosing this surgical
approach to pelvic floor disorders. The objective of this article
is to discuss the various procedures currently performed using
the robotic approach when treating pelvic floor disorders and
to review the current evidence available in the literature.

Advantages of the Robotic Approach

The robotic approach is a modification of the conventional
laparoscopic approach to reconstructive pelvic surgery that
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affords technical advantages to the surgeon. Among these
advantages are enhanced three-dimensional visualization,
increased freedom of motion with wristed instruments, and
tremor-filtrated movement. Compared to the conventional
laparoscopic approach, which is associated with a longer
learning curve due to rigid non-articulating instruments, the
wristed instruments allow for an easier way to introduce
the advanced skill of intracorporeal knot-tying and assis-
tance with difficult dissection into deep or difficult to
approach spaces into a surgeon’s practice.

The design of the robotic console provides an additional
ergonomic advantage to the surgeon that may decrease
strain compared to conventional laparoscopy. Studies in
multiple surgical specialties have shown a shorter learning
curve for robotic procedures when compared with con-
ventional laparoscopic procedures. This provides another
attractive feature for surgeons looking to learn minimally
invasive approaches to treat pelvic floor disorders and
introduce these procedures into their armamentarium.

Disadvantages of the Robotic Approach

While there are many advantages to the robotic platform
for correction of pelvic floor disorders, there remain unique
limitations. One such limitation is the lack of tactile haptics
in robotic surgery. The surgeon must be adept at inter-
preting visual cues regarding the amount of force being
applied to the tissue. Additionally, as with the adoption of
any new medical technology, the surgeon must obtain
proper training, which requires both time and cost. In
addition to cost for training, there are significant costs to
the platform, required instrumentations, robotic platform
upkeep, and support personnel in the hospital.

Successful and efficient docking requires familiarity
with the robotic platform by the entire surgical team. Set up
of the robot requires precision and proper planning to allow
the surgeon to take advantage of the wristed instruments.
Instrument ports and robotic arms must be placed a spec-
ified distance apart in order to prevent intraoperative col-
lisions that will hinder the surgeon from using the full
motion of the instruments. Furthermore, the docking pro-
cedure places the patient in a fixed trendelenburg position
rather than allowing for intraoperative position changes. If
the patient’s position needs to be altered intraoperatively,
the robot must be undocked in order to perform this safely.

Robotic-Assisted Laparoscopic Sacrocolpopexy

The abdominal sacrocolpopexy (ASC) is most often cited
as the gold standard for reconstructive procedures to
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correct postoperative vaginal prolapse. In a recent Coch-
rane review, ASC was shown to provide a more durable
repair compared with vaginal procedures, but at the cost of
increased recovery time [4]. Development of laparoscopic
sacrocolpopexy (LSC) allowed surgeons to perform a
durable prolapse repair that previously required an open
procedure. Despite the advantages of the laparoscopic
approach, the learning curve remained prolonged, which
deterred some surgeons from adopting this approach.
Robotic-assisted laparoscopic sacrocolpopexy (RALSC)
was introduced with the hopes of providing the same
benefits of conventional laparoscopy while allowing more
surgeons to obtain the necessary skills to perform the
procedure.

Multiple single-institution studies have shown the fea-
sibility and safety of robotic-assisted laparoscopic sacro-
colpopexy [5-7]. While there are no randomized studies
comparing the robotic approach with the open approach to
sacrocolpopexy, several prospective and retrospective
studies have shown equivalent anatomic outcomes between
the abdominal and robotic approaches [8, 9]. Furthermore,
the robotic approach has been shown to have less blood
loss and shorter postoperative hospital stays than the open
approach.

When the robotic approach is compared with the con-
ventional laparoscopic approach, anatomic outcomes
appear to be similar. Paraiso et al., have published the first
randomized control study of 78 women for RALSC or LSC
and showed similar anatomic and functional improvements
from baseline, with the robotic approach resulting in sig-
nificantly longer operating times, pain, and cost. While
there appear to be advantages to the conventional laparo-
scopic approach, it is important to understand that the
authors were advanced conventional laparoscopic surgeons
and had performed a required 10 RALSC procedures prior
to enrolling in the trial [10ee].

One concern regarding RALSC is the operative time
required for performing the procedure. Additional time is
needed for the setup, docking, and undocking of the robot.
Mean operative times for RALSC have been reported to be
between 150 and 227 min [11-15]. Complications that can
arise from RALSC are similar to those experienced with
the conventional laparoscopic approach.

While abdominal placement of mesh for prolapse is not
included in the recent FDA report on mesh erosion, patients
have become increasingly worried about the possibility of
mesh erosion. Mesh erosion is a known complication for
sacrocolpopexy with a rate of 3.4 % being reported in the
literature [16]. However, several studies have suggested
that concomitant hysterectomy places patients at an
increased risk. Several studies have shown up to a fivefold
increase (8—10 %) in risk for mesh erosion when total
hysterectomy is performed with sacrocolpopexy, regardless
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of the surgical route used [17-19]. A recent retrospective
study of 102 women undergoing concomitant total hys-
terectomy and RALSC showed a mesh erosion rate of 14 %
for the total hysterectomy group versus 0 % for the supr-
acervical hysterectomy group [20]. While data are sparse,
we advocate for supracervical hysterectomy, if concomi-
tant hysterectomy is performed with RALSC, surgeons
should ensure patients have had proper screening for cer-
vical disease. Preoperative counseling about the risks of
mesh erosion should be performed, especially if total
hysterectomy is indicated. Recently, an alternative method
of mesh fixation using vaginal approach with subsequent
sacral fixation by laparoscopy was investigated. The pre-
liminary data showed similar short-term anatomic out-
comes and complications to traditional laparoscopic
approach, including a mesh erosion rate of 2.3 % [21].

Few studies have addressed the long-term functional
outcomes of RALSC, but studies have shown that the
short-term functional outcomes are significantly improved
[8, 10ee, 22]. Most recently, long-term follow-up from a
prospective cohort study comparing ASC and RALSC
showed similar improvements in pelvic floor symptoms
and sexual function. With a mean follow-up time of
44.2 months, functional outcomes, including Pelvic Floor
Distress Inventory (PFDI-20), Pelvic Floor Impact Ques-
tionnaire (PFIQ-7), and Pelvic Organ Prolapse/Urinary
Incontinence Sexual Function Questionnaire (PISQ-12),
showed considerable improvement [23ee].

Robotic-Assisted Laparoscopic Sacrohysteropexy

Uterine preservation at the time of prolapse repair remains
a controversial topic. While many different procedures
have been described, they remain poorly studied. There is
currently no outcome data regarding robotic-assisted lap-
aroscopic sacrohysteropexy (RALSHx). With respect to
conventional laparoscopic hysteropexy, a few studies have
reported an objective cure rate of 94.7-100 % [24, 25]. In
one recent study of 51 consecutive laparoscopic hyste-
ropexies using single bifurcated anterior mesh, 98 % of
patients had objective success (absence of uterine prolapse
of >grade 1 on the Baden—Walker classification) and
showed improvement on their International Consultation
on Incontinence Modular Questionnaire—Vaginal Symp-
toms (ICIQ-VS) scores [26].

Leaving the uterus in situ presents some unique con-
siderations. Patient selection and preoperative counseling
regarding uterine sparing procedures must include the
possibility of future pregnancies and its effect on prolapse
repair and the continued need for screening regarding
cervical and uterine pathology. Patients should also be
counseled that future hysterectomy would required advanced

surgical skills and may be associated with increased com-
plications due to scarring and mesh implantation.

For pre-menopausal women, correction of pelvic organ
prolapse is often recommended to be performed after they
have completed childbearing. While successful pregnancy
has been reported after hysteropexy [27], there are very
little data to allow for evidence-based recommendations
regarding pregnancy after a prolapse procedure. A multi-
disciplinary approach involving the patient, pelvic surgeon,
and obstetrician should include obstetrical considerations,
the possibility of complications, and the lack of data
available regarding the effect pregnancy would have on
any prior prolapse repair.

While the presence of prolapse or subsequent repair of
prolapse is not known to be a risk factor for cervical or
uterine pathology, surgeons should continue to utilize
current screening guidelines. Patients with a current or
prior history of cervical or uterine pathology should be
counseled appropriately if they are considering RALSHXx.

There is no recommendation regarding workup in
patients who are asymptomatic. In one study, the risk of
unanticipated uterine pathology for women undergoing
hysterectomy at the time of prolapse repair was 2.6 % [28].

Robotic Colposuspension and Paravaginal Defect
Repair

While primary surgical treatment of stress urinary incon-
tinence (SUI) has been largely been replaced by midure-
thral slings, open Burch colposuspension was largely
regarded as the gold standard for correction of SUI. Despite
this, familiarity with procedures that require access to the
retropubic space may be necessary for special situations
(failure of prior slings, recurrent mesh erosion, patient
preference), especially in light of the recent FDA warning
issued on vaginal mesh. A Cochrane review of open col-
posuspension showed at 1 year, overall continence rate is
approximately 85 to 90 % and approximately 70 % at
5 years [29]. When laparoscopic colposuspension was
compared with the open approach, similar subjective cure
rates were seen but objective cure rates favored the open
approach. Laparoscopic colposuspension was associated
with less perioperative complications, hospital stay and
return to activity but required additional operating time and
cost [30]. While results seem promising for laparoscopic
colposuspension, the difficulty of the procedure likely
deterred wider adoption. Both the retropubic dissection and
difficult angle for suturing prohibit many surgeons from
performing the procedure laparoscopically. Robotic-assis-
ted colposuspension have potential technical difficulties
associated with the conventional laparoscopic approach to
the retropubic space. Despite this potential advantage, only
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case reports have been published regarding robotic-assisted
colposuspension [31].

Like laparoscopic colposuspension, paravaginal vaginal
defect has not been widely adopted. Few studies address
isolated laparoscopic paravaginal repair for the correction
of the anterior vaginal wall. One study of 212 patients who
underwent laparoscopic bilateral paravaginal repair for
anterior prolapse, with 45 undergoing concomitant utero-
sacral ligament vaginal vault suspension, reported an
objective cure rate of 76 % at a mean follow-up of
14.2 months [32]. No current studies have been published
evaluating robotic-assisted paravaginal defect repair.

Robotic-assisted Laparoscopic Rectopexy

Treatment for rectal prolapse has followed a similar pattern
of evolution to surgical treatments for pelvic organ pro-
lapse. Transabdominal procedures have generally been
considered to be more effective than their transperineal
counterparts. Subsequently, adaptation to conventional
laparoscopy has been shown to have similar effectiveness to
open technique with earlier recovery and less postoperative
pain [33-35]. Given the favorable outcomes for conven-
tional laparoscopic rectopexy, adaptation to the robotic
platform was the next evolutionary step for the procedure.

Several cohort studies have compared the robotic
approach with the conventional laparoscopic approach and
have found similar anatomic outcomes and complication
rates, but at the expense of longer operating times and
higher costs [36]. A recent prospective study of open,
laparoscopic, and robotic-assisted laparoscopic rectopexy
(RALR) showed similar improvements in validated scales
for constipation and impact on daily living, but at the
expense of a higher recurrence rate in the laparoscopic and
robotic groups [37]. While the safety and feasibility of
RALR have been previously assessed, level 1 evidence is
still lacking.

The RALR has recently been expanded to treat posterior
vaginal compartment defects. One study has shown RALR
to provide satisfactory anatomic results and resolution of
symptoms for complex rectoceles [38, 39]. A follow-up
study by the same authors showed significant relief from
symptoms such as vaginal bulge and dyspareunia. Fur-
thermore, there was no development of de novo dyspa-
reunia [38¢]. Despite these results, there remain very little
data on quality of life outcomes with regards to RALR.

Costs

The cost of robotic surgery is an important factor to con-
sider when choosing a surgical approach. Several costs
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analysis studies have shown mixed results regarding
RALSC. Some studies suggest that there may be cost
savings when compared with the open approach. Elliott
et al., were able to show a 10 % cost savings for RALSC
compared with ASC. According to the study, the cost
savings depended on shorter postoperative length of stays
and whether there was sufficient institutional volume [11].
Furthermore, a recent study comparing ASC and RALSC
showed median costs to be significantly less when using
the robotic versus the open approach [40¢]. Yet when
compared with LSC, several studies have shown RALSC to
be significantly more expensive than LSC [41, 42e, 43]
with the increased costs mainly being attributed to
increased duration of surgery and robotic instrumentation.
Paraiso et al., showed that the RALSC cost was $1946
greater than LSC, an analysis that did not include the cost
of the robotic platform or upkeep (approximately $100,000
annually). As surgical times decrease with increased
robotic experience, the cost gap may become smaller.
There are no data comparing robotic-assisted retropubic
procedures with open or conventional laparoscopy.

Data regarding cost comparisons for ventral rectopexy is
limited. However, one recent study has shown significantly
greater costs for the robotic approach when compared to
the conventional laparoscopic approach. This increased
cost was mainly attributed to increased time consumption
and increased material costs [36]. Additional studies need
to be performed regarding the cost of robotic rectopexy in
order to identify areas in which the cost differential can be
decreased.

Conclusions

Utilization of the robotic approach for the treatment of
pelvic floor disorders is growing as it is becoming more
accessible to surgeons. As patients increasingly desire
minimally invasive procedures, more surgeons will adopt
the robotic approach. Short-term data regarding anatomic
outcomes, functional outcomes, and complications of the
robotic approach appear to be similar to those from the
laparoscopic approach. While previous studies have indi-
cated a significant cost burden when utilizing robotic sur-
gery, newer studies suggest that the cost gap is closing.
Due to decreased work hours and surgical experience,
robotic-assisted surgery is likely to become more widely
adopted due to lack of conventional laparoscopy training
despite increased cost. Recent studies are beginning to
show promising long-term data with respect to surgical
outcomes. Due to the natural history of pelvic floor disor-
ders, additional level 1 evidence with long-term outcomes
will be helpful in assessing the recurrence and satisfaction
rates for procedures utilizing the robotic approach.
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