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Chapter

Robotic Sacrocolpopexy for
Treatment of Prolapse of the
Apical Segment of the Vagina

Kwang Jin Ko and Kyu-Sung Lee

Abstract

Abdominal sacrocolpopexy for apical prolapse repair is the gold standard
treatment and is more effective and durable than the transvaginal approach. The
increase in minimally invasive surgery has led to attempts at laparoscopic sacrocol-
popexy, but this technique has not gained popularity due to complex procedures
and a steep learning curve. Robotic sacrocolpopexy overcomes these issues and has
yielded good results for more than 15 years, with equivalent outcomes and safety
to open and laparoscopic sacrocolpopexy (LSC). LSC is still a useful procedure for
experienced surgeons, but it is expected that robot-assisted sacrocolpopexy (RSC)
will have better results overall due to the advantages of the robotic instrument. The
most important advantage is that surgeons who are inexperienced with minimally
invasive approaches can more readily master RSC compared to overcoming the
steep learning curve of LSC.

Keywords: pelvic organ prolapse, robot, sacrocolpopexy

1. Introduction

Apical prolapse surgeries can broadly be separated into obliterative and
restorative approaches. Restorative approaches can be performed transvaginally
or abdominally. For patients desiring a restorative outcome, abdominal sacrocolpo-
pexy remains the gold standard procedure, assuring superior outcomes for a variety
of vaginal procedures. Sacrocolpopexy has traditionally been performed through
laparotomy; however, attempts to develop minimally invasive approaches have
increased to overcome the increased morbidity, longer surgery time, and longer
hospital stay associated with open surgery. According to reports to date, laparo-
scopic sacrocolpopexy (LSC) has the advantages of a shorter hospital stay and
decreased blood loss, but no benefit has been confirmed regarding surgery time,
and its relatively longer learning curve has been seen as a limitation. To overcome
these problems, robotic procedures began to be applied to sacrocolpopexy. After
Di Marco et al. published the first study with five patients who underwent robot-
assisted sacrocolpopexy (RSC) in 2004 [1], many cases have been reported, and
good outcomes of RSC have been reported in apical prolapse repair. The main
advantages of RSC are the three-dimensional view afforded by use of a robotic
instrument, increased degrees of freedom in movement, elaborate sutures, and easy
knot tying. Through the advantages of robotic surgery, LSC’s technical limitations

1 IntechOpen



Medical Robotics - New Achievements

and steep learning curve can be overcome. This chapter summarizes the case
results, surgical methods, and latest trends of RSC.

2. Efficacy

Although open sacrocolpopexy is a good treatment option for apical prolapse
repair, with long-term success rates of 78-100%, it is associated with increased
length of hospital stay, analgesic requirements, and cost compared with transvagi-
nal procedures [2, 3]. To overcome these limitations, new surgical techniques, such
as LSC or RSC, have been developed. Compared with open sacrocolpopexy, LSC
and RSC decrease overall morbidity and have good anatomical durability [4-10].
Although LSC overcomes many of the shortcomings of open sacrocolpopexy, it is
more technically challenging for those not proficient in laparoscopy. Since 2004,
implementation of RLC has provided surgeons the dexterity and precision of
LSC without the learning curve needed for laparoscopic skills. One of the largest
prospective studies (n = 120) of RSC had an anatomical success rate of 89% over a
12-month follow-up [11]. According to a recent systematic review of LSC vs. RSC,
RSC is associated with longer surgery time, increased postoperative pain, and
higher cost than LSC; however, the surgical options showed similar results in terms
of improvement in symptoms [12].

According to the first systematic review of RSC in 2014, the cure rate for apical
prolapse was 97-100%, and the overall objective cure rate (all compartments) was
84-100% [13]. In another systematic review, the anatomic cure rate was 98.6% with
a mean follow-up of 26.9 months [14]. Relapse occurred in 6.4% of the patients,
with anterior, apical, and posterior recurrent prolapse rates of 3.4, 0.4, and 2.6%,
respectively. The reoperation rate was 3.3%, with 0.4% caused by apical recur-
rent prolapse and 2.9% caused by nonapical recurrent prolapse [13]. According
to a recent prospective observational study of 144 patients who received RSC
and follow-up observation for at least 1 year; the cure rate of apical prolapse after
12 months was 91%; the overall cure rate was 67%; and the recurrence rates of
anterior, apical, and posterior prolapse were 15.7, 0.7, and 4.3%, respectively [15].
Table 1 reports the perioperative outcomes and cure rates.

Recently, interest has increased regarding the subjective cure rate as well as
the objective anatomical cure rate, and the results of subjective evaluations are
increasingly reported. Evaluation of a subjective cure, though not meeting the
strict standards for anatomic success determined using POP-Q stages, emphasizes
the improvement in patient’s overall symptoms after the surgery and their satis-
faction with the outcome. The parameters evaluated are heterogeneous but often
include pelvic floor distress inventory (PFDI), pelvic floor impact questionnaire
(PFIQ-7), pelvic organ prolapse/urinary incontinence sexual function question-
naire (PISQ-12), urogenital distress inventory (UDI-6), and global quality of life
(QOL). Therefore, though it is necessary to note how the results are analyzed, the
subjective cure rate is approximately 95% with RSC, and the satisfaction rate is
high at 90-100% [13, 15, 16].

3. Safety and complications

According to two meta-analyses, estimated blood loss with RSC is 50-82.5 ml,
and length of hospital stay is 2-2.4 days. Median surgery time is 194 min, with a
wide range from 75 to 536 min, depending on the study. Hysterectomy was con-
ducted in 33% of the patients included in the meta-analyses, and anti-incontinence



Study Year Study Robot Mean or Objective Mean or Mean or Conversion Mean or Overall Mesh
design cases median cure rate median median rate (%) median complication extrusion
follow-up (%) estimated hospital (range) op rate (%) (%)
(month) blood loss stay (day) time (min)
(ml)
Anger 2014 RCT 40 6 NR 851 NR 0 294 15 0
(180-648)
Barbogilo 2014 RS 127 12 92 1277 2 0 124.2 10 24
Belsante 2013 RS 35 28 91 71 17 0 288 14 3
(210-390)
Benson 2010 RS 33 32 97 71 11 0 227 6 0
(137-346)
Culligan 2014 PS 143 12 84 51.2 1 0 148 NR 0
(75-250)
Elliott, D 2006 RS 31 24 95 NR 1.03 3 186 23 6
(129-285)
Kramer 2009 RS 21 25.2 93 <50 11 0 194 NR NR
Louis- 2013 RS 90 15.6 93 NR 35 0 246 9 0
Sylvestre (180-415)
Salamon 2013 PS 120 12 89 49 1 0 161 1 0
Seror 2012 PS 20 15 98.5 55 51 5 125 30 0
Siddiqui 2012 RS 125 183 94 90 NR 0 NR 19 2.4
Tan-Kim 2011 RS 43 6 90 86 1 0 281 NR 5
Xylinas 2010 RS 12 191 100 60 34 0 144 0 0
Parasio 2011 RCT 40 NR 88 NR 1.8 9 257 43 5

(191-381)
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Study Year Study Robot Mean or Objective Mean or Mean or Conversion Mean or Overall Mesh
design cases median cure rate median median rate (%) median complication extrusion
follow-up (%) estimated hospital (range) op rate (%) (%)
(month) blood loss stay (day) time (min)
(ml)
Jong 2018 RS 56 64 93 56 2.7 NR 234 NR 3
Zanten 2019 PS 188 12 91 25 1.0 4.3 145.3 53 21
Table 1.

Summary of efficacy, perioperative outcomes, and complications in robot-assisted laparoscopic sacrocolpopexy (PS, prospective study; RCT, vandomized controlled trial; RS, retrospective study).
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surgery was conducted simultaneously in 38% of patients. Therefore, it is likely that
concomitant surgical procedures (including total hysterectomy, anti-incontinence
procedures, and other transvaginal prolapse surgeries) contribute to the heteroge-
neity of surgery time [13, 14].

In the analyses above, diverse complications were reported. The overall conver-
sion rate to open surgery was 0-8.6%, and the overall postoperative complication
rate was approximately 10%. Using the Clavien-Dindo classifications for complica-
tions, 7% were Grade 1-2, <1% were Grade 3a, 2% were Grade 3b, and no Grade 4-5
complications were reported. The mesh erosion rate was 0-8% [13, 14]. Recently,

a prospective, long-term study of mesh erosion after implementation of the RSC
was published. Of the 69 patients analyzed, three experienced mesh erosion (3.1%)
during a median 48.1 months of follow-up. Subsequent Kaplan-Meier analysis
estimated an erosion rate of 5.3% in 5 years of RSC. Through additional litera-

ture analysis, the authors found that the reported erosion rate varied from 0 to
13.3% but was less than 5% in 83% of the studies, and the overall erosion rate was
approximately 1.9%. Due to mesh-related complications, its use has been limited
recently; however, the risk associated with transabdominally placed synthetic mesh
is extremely low, and the mesh-related risk does not increase with RSC. Table 1 lists
the complications.

4. Surgical procedures
4.1 Patient positioning and port placement

The patient is placed in the lithotomy position with the Trendelenburg posi-
tion to displace the bowel loops upward, providing more working space. The ports
are placed in a W-shaped configuration. Generally, attached to three robot arms
are one camera port and a fenestrated Grasper (Pro Grasp), robotic scissors (Hot
ShearsTM), and one large needle driver; another port is used if necessary.

4.2 Vaginal dissection

The peritoneal cavity is assessed after robot docking. Because of the history
of hysterectomy in vault prolapse patients, they may experience bowel adhe-
sion, which must be addressed first. The mesh should be fixed to the anterior and
posterior walls of the vagina; therefore, during vaginal dissection, it is important to
properly detach the space between the bladder attachment to the anterior and the
rectum attachment to the posterior (Figure1). It is difficult to clearly distinguish
the space between the cervix and bladder in patients with previous hysterectomy.
Transvaginal use of a vagina manipulator aids in evaluating the anatomical struc-
ture of the surroundings. Retrograde bladder filling using a Foley catheter placed
before surgery may be helpful in dissection by delineating the bladder margin. Since
the plane between the anterior vaginal wall and the bladder is relatively avascular, if
there is bleeding during dissection, it is typically because the wrong plane is being
dissected, specifically the detrusor muscle or the vaginal muscularis.

There are no clear guidelines concerning the extent to which anterior dissection
should proceed. In a systematic review of 21 randomized controlled trials, depth of
vaginal dissection was a commonly described determination in the procedure that,
however, involved significant heterogeneity [17]. In a survey conducted among
the members of International Urogynecological Association and the American
Urogynecological Society, 18% responded that they dissect only in the apex of the
vagina, 56% to the mid-level of the vagina, and 25% to the level of the trigone. The
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Figure 1.
Vaginal wall dissection.

generally accepted rule is to approach as close as possible to prevent recurrence but
to not dissect deep to the trigone. Recently, preliminary data have been published
measuring the bladder neck-mesh distance (BMD) using transvaginal ultrasound at
the end of promontofixation. The BMD inversely correlated with the changes in C
(p = 0.01) and Bp (p = 0.04) before and after surgery and with the complication rate
(p = 0.01) but not with the difference in Ba. A BMD greater than 6 mm predicted
the absence of postoperative de novo symptoms, and a short BMD predicted post-
operative de novo symptoms such as urinary stress incontinence [18]. This indicates
that BMD predicts the need for apical repair. It is necessary to conduct a well-orga-
nized study of surgical outcomes based on depth of anterior vaginal wall dissection;
however, the authors judge that it is empirically sufficient to detach the anterior and
posterior vaginal wall to the extent that the mesh arm is fixed (approximately the
upper third of the vagina). If it is necessary to fix the mesh to the posterior vaginal
wall as well, the vaginal wall should be carefully mobilized and dissected from the
rectum followed by attempting to approach the recto-vagina space.

4.3 Presacral dissection

Presacral dissection is performed after dissection of the vaginal wall. The proxi-
mal arm of the mesh is fixed at the sacral promontory. The recommended sacral fix-
ation point has changed due to concerns regarding hemorrhage and maintenance of
the most natural vaginal axis. In the early 1970s, fixation of the mesh was typically
at the level of S3/S4, but this was associated with a marked risk for hemorrhage.

In 1981, Sutton et al. described fixation at the S1/S2 level for better visualization
of the middle sacral artery and less risk of bleeding. Currently, the consensus is to
affix the sacral arm of the mesh to the most superior point of the anterior surface
of S1. However, even though attachment to the S1 region can decrease the risk of
bleeding compared to other levels, it is necessary to use caution in dissection since
the promontory can be anatomically unfamiliar, and there is a risk of bleeding due
to the close proximity of the nerve to the surrounding blood vessels. Most of all, it
is clearly necessary to be well informed regarding the anatomic relationships of the
sacral promontory to other structures.

The first step in presacral dissection is retraction of the sigmoid colon to expose
the peritoneum that covers the promontory. If it is difficult to expose the promon-
tory due to surrounding bowel adhesion, adhesiolysis is performed. An important
anatomical feature to aid in finding the promontory is the pulsating right com-
mon iliac artery (Figure 2). Starting from this point, the peritoneum in the most
prominent region of the endoscopic view is opened first. It may be difficult for
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inexperienced practitioners to find the exact position when the peritoneum is cov-
ered. In patients with thick presacral fat pads, it is especially difficult to identify the
surrounding structures. In these cases, the right ureter may be a useful landmark

as it is found approximately 30 mm lateral to the sacral promontory. Therefore,
measuring 30 mm medial to the right ureter along the pelvic brim should allow

the surgeon to identify the most likely location of the sacral promontory [19]. The
peritoneum is then dissected, and the incision is typically extended to the cul-de-
sac region to make space to cover the mesh. However, we prefer to make space by
tunneling into the region of vaginal dissection instead of using a long incision in
the posterior peritoneum. This is because tunneling can lessen the inconvenience of
subsequent closure of the peritoneum.

4.4 Mesh and fixation

In an effort to decrease the morbidity associated with open sacrocolpopexy, RSC
has rapidly gained popularity because it decreases the difficulty with laparoscopic
knot tying and aids in sacral dissection due to three-dimensional visualization.
However, variables in surgical technique include amount of vaginal dissection, type
of mesh, number or location of sutures that should be placed to secure the suspend-
ing mesh, retroperitonealization of the mesh, and cervix preservation.

The chemical makeup of the synthetic material used in the mesh does not affect
the success of the procedure. However, pore size is important in the ability of the
host to eliminate bacteria. Macrophages and leukocytes can enter macroporous
mesh and prevent infection. Fiber composition is interconnected with pore size;
in multifilament mesh material, there are microporous interstices between the
tilaments. Thus, Type 1 mesh (i.e., macroporous and monofilament) should be
used. We use pre-fashioned Y-shaped DynaMesh®-PRS, which is a polyvinylidene
fluoride (PVDF) monofilament material. The use of pre-fashioned Y-shaped mesh
compared to a self-fashioned mesh does not have a major impact on the success rate
of the surgery [20]. The mesh is fixed to the anterior and posterior vaginal wall
with multiple sutures to distribute tension on the vagina (Figure 3). The choice of
suture material, suture gauge, and number of sutures may vary highly depending
on surgical approach [17]. The traditional open sacrocolpopexy uses a nonabsorb-
able suture to prevent detaching the mesh from the vagina and sacral promontory
and decreasing the risk of mesh exposure and suture erosion. In a study of RSC with
a median follow-up of 33 months, the use of absorbable sutures for both vaginal
and sacral mesh attachment was effective, and the 3-year rate of survival without
repeat prolapse surgery was 93%. However, there was no benefit of the risk of

Sacral promol

4
e

Figure 2.
Anatomy of sacral promontory (left) and presacral dissection (vight).
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Figure 3.
Fix the mesh to the anterior and postevior vaginal wall.

Figure 4.
Fixation of the proximal arm of mesh.

mesh erosion [21]. Although the evidence is still lacking, it is unlikely that absorb-
able sutures are a risk factor for mesh detachment. Further studies are needed to
determine the proper location, number, and type of suture. Recently, a barbed
absorbable suture material has been used in a continuous running suture along the
vaginal wall with good results. Tan-Kim et al. [22]conducted a randomized study
comparing non-barbed, interrupted sutures to barbed sutures (Quill™) for anchor-
ing mesh to the vaginal wall during RSC. Among the patients, the non-barbed
suture group had significantly longer surgery times than the barbed suture group
(42 vs. 29 minutes, p < 0.001), and there was no significant difference in anatomic
failure between the two groups at 12 months postoperation. Another retrospective
study reported the outcomes of 20 patients who underwent RSC using barbed,
delayed-absorption sutures (3—0 V-Loc 180, Covidien) to fix the mesh to the vaginal
wall. There was no recurrence of apical prolapse or mesh exposure during the 1-year
follow-up [23].

The proximal arm of the mesh should be fixed in the sacral promontory
(Figure 4). At this time, the tension of the mesh should be adjusted while the
prolapse is restored using the vaginal manipulator. Excessive tension may cause pain
or irritative bladder symptoms after surgery. The mesh is sutured to the anterior
longitudinal ligament overlying the sacrum with 2-5 sutures. As the endoscopic
approach becomes more common, reports of postoperative discitis are gradually
increasing. This is primarily caused by penetration of the L5-S1 disc; therefore,
surgeons should ensure attachment to the S1 body below the disc. According to a
study of spinal magnetic resonance images of subjects in the supine position, the
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most prominent point of the promontory was the L5-S1 disc in 73% of cases, and the
S1 body was located within 5 mm inferior to the promontory in 100% of the images
reviewed [24]. Unless the position of the S1 body can be confirmed, surgeons should
take into account the thickness of the anterior longitudinal ligament, which ranges
from 1 to 2 mm, and should avoid deep suture bites that may penetrate into the disc.

It is optimal to suture the peritoneum after mesh fixation. A few reports have
stated that they found no complications even though peritoneal closure was not
conducted; however, it is preferable to perform this step to prevent bowel adhesion
or intraabdominal mesh complications.

4.5 Single-port approach

The “single-port approach” is a sign of a new era in the field of minimally
invasive surgeries with good cosmetic results and reduced patient morbidity
compared with multiport surgery. Though single-port robotic surgery is in the early
stage of application, it has been implemented in various surgical fields. Since 2017,
a few reports on single-port RSC have been published and are being accepted as
feasible techniques [25-28]. In 2017, Matanes et al. [27] reported the first 25 cases of
single-port RSC. They demonstrated significant decreases in median total operative
and console times (226 minutes for the first 15 cases vs. 156 minutes for the next
10 cases), which was in the same range as that reported for the initial experience
with multiport access. There were no intraoperative adverse events. One case of
small bowel obstruction required reoperation; however, that patient did not receive
retroperitonealized mesh. That event altered the surgeon’s approach with all subse-
quent patients, who had mesh covered by the peritoneum. Recently, Liu et al. [26]
published another case series of single-port RSC with a modified technique. They
used retroperitoneal tunneling techniques and asserted that they could more easily
perform a single-port approach as a result. A retroperitoneal tunnel was created by
undermining the peritoneum with an articulated needle driver. The needle driver
was placed in the peritoneal opening over the sacral promontory, and the tunnel
was created just medial to the right uterosacral ligament in the direction of the vagi-
nal vault. The tunnel was created using forward pressure and a sweeping motion
to create a space within the retroperitoneum. This allowed easier adjustment and
maintenance of mesh tension during placement of sutures in the sacral promontory
compared with opening the entire retroperitoneal space and may reduce operative
time and adhesion formation.

5. Conclusions

Despite the limitation that various methods are used by individual surgeons for
evaluating the outcomes of pelvic organ prolapse repair and other surgical proce-
dures, the use of RSC in apical prolapse repair has led to good long-term results in
terms of efficacy and safety over the last 15 years. LSC is still a useful procedure for
experienced surgeons, but it is expected that RSC will have better results overall
due to the advantages of the robotic instrument. The most important advantage is
that surgeons who are inexperienced with minimally invasive approaches can more
readily master RSC compared to overcoming the steep learning curve of LSC.
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