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Abstract
Introduction and hypothesis The aim of this study was to
compare robotic or laparoscopic sacrohysteropexy (RLSH)
and open sacrohysteropexy (OSH) as a surgical treatment for
pelvic organ prolapse (POP).
Methods Among 111 consecutive patients who had undergone sacrohysteropexy for POP, surgical outcomes and postoperative symptoms were compared between the RLSH (n=
54; robotic 14 cases and laparoscopic 40 cases) and OSH (n=
57). groups The medical records of enrolled patients were
reviewed retrospectively.
Results Compared with the OSH group, the RLSH group had
shorter operating time (120.2 vs 187.5 min, p<0.0001), less
operative bleeding (median estimated blood loss 50 vs 150 ml;
p<0.0001; mean hemoglobin drop 1.4 vs 2.0 g/dl; p<0.0001),
and fewer postoperative symptoms (13 vs 45.6 %; p<0.0001).
Patients’ overall satisfaction (94.4 vs 91.2 %; p=0.717) and
required reoperation due to postoperative complications (3.7
vs 1.8 %; p=0.611) did not differ between groups.
Conclusions RLSH could be a feasible and safe procedure in
patients with POP and should be considered as a surgical
option that allows preservation of the uterus. Prospective
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randomized trials will permit the evaluation of potential benefits of RLSH as a minimally invasive surgical approach.
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Introduction
Pelvic organ prolapse (POP) is a common problem in parous
women. About 40 % of all women develop POP in their lifetime [1]. Its incidence increases with age, and its etiology is
believed to arise from a combination of genetic and environmental risk factors [2–4]. As life expectancy and patients’
complaints increase, a significantly greater number of women
need to undergo surgery [5]. The types of repair vary depending on the type of prolapse and associated symptoms. Of
these, abdominal approaches using mesh have been regarded
as a gold standard. Abdominal sacrocolpopexy is durable and
effective for correcting apical prolapse [6]; however, it remains unknown whether concomitant hysterectomy at the
time of POP surgery is essential, and few randomized trials
of hysterectomy versus no hysterectomy have been performed
[7]. Moreover, two independent studies showed many women
with POP preferred to retain their uterus at the time of surgery
in the absence of a substantial benefit from hysterectomy [8,
9]. In a recent review article, Ridgeway described that uterine
preservation at the time of POP surgery had several advantages, including reduced surgical time and blood loss, maintenance of fertility, avoidance of an unnecessary procedure,
perceived role of the uterus and cervix in pelvic stability and
sexual satisfaction, less invasiveness, quicker recovery, and
decreased risk of mesh exposure [7]. Several studies showed
that sacrohysteropexy was as effective as sacrocolpopexy following hysterectomy in anatomical outcomes and supported
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the expected advantages of sacrohysteropexy [10–14]. In addition, sacrohysteropexy is associated with less mesh exposure because it avoids placing a foreign body near the
colpotomy site [15]. Although sacrocolpopexy following subtotal hysterectomy (sacrocervicopexy) may be an option to
overcome problems that might follow performing hysterectomy prior to sacrocolpopexy, it can induce a longer operating
time and more perioperative blood loss compared with
sacrohysteropexy [16–18].
Compared with laparotomy, which can induce complications such as hemorrhage, bowel obstruction, and wound infection [19, 20], minimally invasive surgery can be performed
to meet female patients’ demands for less surgical scarring and
fewer possible complications. Technology and techniques related to robotic or laparoscopic surgery are still evolving in the
direction of easier, minimally invasive, surgery [21–23]. Laparoscopic surgery combines the benefits of the abdominal
procedure with those of transvaginal surgery. Additionally,
because robotic surgery has greatly improved surgeon dexterity, surgical precision, visualization, and ergonomics and
allowed procedures that were performed by laparotomy to
be performed by laparoscopy [24], we expected the robotic
approach might allow surgeons to more easily perform surgical procedures of sacrohysteropexy. The purpose of this study
was to compare robotic or laparoscopic sacrohysteropexy
(RLSH) and open sacrohysteropexy (OSH) as surgical treatment for POP.

Materials and methods
Patients
Written informed consent was obtained from all patients prior
to surgery. Between January 2006 and June 2014, we identified 111 consecutive patients who underwent RLSH or OSH
for POP with symptomatic stage ≥2. The degree of prolapse
was evaluated using an international unified classification of
POP. All patients who wanted minimally invasive surgery
underwent RLSH instead of OSH. We analyzed all patients
enrolled during this period and reviewed their medical records
retrospectively. The enrolled patients were divided into two
groups based on surgical approach: the RLSH group (n=54)
and the OSH group (n=57). The RLSH group comprised 14
robotic and 40 laparoscopic surgeries; the 14 robotic surgeries
were performed by a single surgeon (JP), with experience in
>250 cases of robotic surgery and 900 of laparoscopic surgery
for gynecologic disease. In addition, 40 laparoscopic and 57
open surgeries were performed by two surgeons (YK and
ML), who were experienced laparoscopic gynecologic surgeons. This study was exempt from Institutional Review
Board approval due to its retrospective nature. Patient status
was estimated in terms of POP Quantification (POP-Q) the

presence of peritoneal adhesion, operating time, estimated
blood loss, serum hemoglobin (Hb) drop (change between
preoperative Hb and Hb 1 day after surgery), and operative
complications. Peritoneal adhesion was defined as a condition
in which pathological bonds had formed between the omentum, the small and large bowels, the abdominal wall, and other
intra-abdominal organs. Operating time was defined as time
from first incision to closure. All patients filled in a questionnaire created by our institution regarding subjective evaluation
of related symptoms before and 12 months after surgery. Patients reported overall satisfaction with surgery and discomfort
from accompanying symptoms, including abdominal pain,
voiding dysfunction, urinary incontinence, overactive bladder,
constipation, and dyspareunia. Urinary incontinence and overactive bladder were diagnosed on the basis of urodynamic
studies by urologists. Objective failure was defined as POPQ stage >2 at 12 months after surgery. Patients who needed
additional surgery within 12 months were regarded as both
subjective and objective failures.
Surgical techniques
For the robotic approach, the da Vinci Si Surgical System
(Intuitive Surgical, Inc., CA, USA) was used. After a vertical
skin incision was made in the umbilicus, the abdominal cavity
was entered using the open technique. We used three robotic
arms and one camera port. The instruments and accessories
included a ProGrasp grasper, monopolar scissors, fenestrated
bipolar cautery, and mega SutureCut needle driver. For the
laparoscopic approach, three laparoscopic ports were placed
after pneumoperitoneum was created. A 30° laparoscope was
used for RLSH. The RLSH procedure was equal to that of
OSH. A RUMI uterine manipulator was placed with a KOH
colpotomizer system (Cooper Surgical, CT, USA) in the
RLSH group. Because the uterine manipulator allowed an
assistant to push up the vaginal wall and the posterior fornix,
surgeons could achieve the vesicovaginal and the rectovaginal
plane without difficulty. The peritoneum was incised from the
sacral promontory, and dissection was performed until the
anterior longitudinal ligament was identified (Fig. 1a). After
the right ureter was identified, a peritoneal tunnel from the
sacral promontory to the uterosacral ligament was created
(Fig. 1b). The bladder was mobilized from the cervix to expose 3 cm of the underlying pubocervical fascia. The windows were made in the bilateral broad ligament at the level
of the cervicouterine junction lateral to the uterine artery. The
rectovaginal space was entered at the level of the uterosacral
ligaments and developed using blunt dissection to expose the
rectovaginal fascia. Consequently, tunnels were created bilaterally from the windows to the uterosacral ligament (Fig. 1c).
A self-styled nonabsorbable polypropylene monofilament
Gynemesh (Ethicon Endo-surgery, OH, USA) was used. The
left and right arms of the mesh were passed through the
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Fig. 1 Procedures of robotic
sacrohysteropexy: a identification
of anterior longitudinal ligament,
b peritoneal tunnel from sacral
promontory to the uterosacral
ligament, c opening of anterior
broad ligament and tunnel from
anterior broad ligament to the
uterosacral ligament, d, e fixation
of both ends of mesh on the
anterior vagina and sacral
promontory, f approximation of
peritoneum to cover the mesh

bilateral tunnels created around the uterus, attached to the
cervix, and passed through the peritoneal tunnel to the sacral
promontory. Both ends of the mesh were fixed to the anterior
vagina (Fig. 1d) and the sacral promontory (Fig. 1e) with two
nonabsorbable 1-0 polydioxanone sutures (Ethicon Endo-surgery). The peritoneum was approximated with 2-0 Vicryl sutures in order to cover the mesh (Fig. 1f).
Statistical analysis
All continuous data are expressed as mean ± standard deviation (SD), and categorical data are reported as absolute number or percentage. Frequency distributions were compared
using the chi-square and Fisher’s exact tests, and mean or
median values were compared using Student’s t and Mann–
Whitney U tests. All p values were two sided, and p<0.05 was
considered statistically significant. Data were analyzed using
SAS/STAT software, version 9.4 (SAS Institute Inc., NC,
USA).

Results
A summary of patient characteristics is presented in Table 1. Although the RLSH group had a history of fewer
previous pelvic surgeries compared with the OSH group
(25.9 vs 73.7 %; p<0.0001), there was no difference in
presence of peritoneal adhesions between groups (p =
0.690). Median POP-Q stage before surgery was three
in both groups (p =0.378). Table 2 shows comparison
data in terms of surgical outcomes. Compared with the
OSH group, the RLSH group had shorter operating time
(120.2 vs 187.5 min; p<0.0001), less operative bleeding
(median 50 vs 150 ml; p<0.0001, mean Hb drop 1.4 vs
2.0 g/dl; p<0.0001), and fewer postoperative symptoms
(13 vs 45.6 %; p < 0.0001). According to the clinical

protocol urinary Foley catheters were removed on the
morning 3 days after surgery, and patients were
discharged from hospital on the same day without complication in either group. For some patients who
complained of abdominal discomfort or wanted to delay
discharge, we removed urinary catheters when they were
discharged from hospital. Median follow-up was
30 (range 12–108) months. Patients’ overall satisfaction
(94.4 vs 91.2 %; p=0.717) and required reoperation due
to postoperative symptoms (3.7 vs 1.8 %; p=0.611) did
not differ between groups. Of patients in the RLSH
group, two underwent laparoscopic hysterectomy followed by sacrocolpopexy because they complained of
voiding dysfunction, which was related to bulging of
the vagina 6 months after initial surgery. Of the OSH
group, one patient needed fixed mesh removal due to
persistent abdominal pain 5 months after surgery. The
three patients who needed additional surgery within
12 months were regarded as both subjective and objective failures. Therefore, the objective success rate was
96.3 % and 98.2 % (RLSH vs OSH; p=0.611), In relation to the number of patients who experienced relevant
symptoms at least once during the follow-up period, the
RLSH group was smaller than the OSH group (13 vs
45.6 %; p<0.0001) (Table 3).

Discussion
Several advantages of uterine preservation in pelvic reconstructive surgery have been described in the literature. These
include maintaining pelvic anatomy, decreased operating
time, less intraoperative blood loss, and faster recovery time.
Increasingly, patients prefer preservation of the uterus; it appears to contribute positively to self-esteem, confidence, and
sexuality [25]. In conventional laparoscopy with uterine
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Table 1

Patient characteristics
RLSH (n=54)

Mean age (years)
Median parity (range, IQR)
Mean body mass index (kg/m2)
Previous abdominal surgery
Yes
No
Peritoneal adhesion
Yes
No
Median preoperative POP-Q stage (range, IQR)

OSH (n=57)

P value*

0.178
0.015
0.352

Robotic (n=11)

Laparoscopic (n=43)

Overall

57.1±11.9
2 (2–5, 1)
25.5±4.0

63.9±11.1
3 (0–6, 2)
25.0±2.9

62.2±11.6
3 (0–6, 1)
25.1±3.2

64.8±8.2
3 (1–6, 2)
25.7±3.5

7 (63.6 %)

7 (16.3 %)

14 (25.9 %)

42 (73.7 %)

4 (36.4 %)

36 (83.7 %)

40 (74.1 %)

15 (26.3 %)

<0.0001

0.690
4 (36.4 %)

3 (7 %)

7 (13 %)

6 (10.5 %)

7 (63.6 %)
4 (3–4, 1)

40 (93 %)
3 (2–4, 1)

47 (87 %)
3 (2–4, 0)

51 (89.5 %)
3 (2–4, 0)

0.378

RLSH robotic or laparoscopic sacrohysteropexy, OSH open sacrohysteropexy, IQR interquartile range, POP-Q Pelvic Organ Prolapse Quantification
*Calculated between overall RLSH and OSH

preservation, success rates of 97.4 % are reported, but classic
laparoscopy is mainly used in vaginal-vault prolapse [25]. Another prospective study in which laparoscopic sacrohysteropexy
was performed in 51 women showed no objective recurrence of
uterine prolapse during a 10-week follow-up [26]; however,
comparison of efficacy between sacrohysteropexy and vaginal
techniques that preserve the uterus may be necessary. We found
no well-designed study on that topic and must await results of a
multicenter randomized controlled noninferiority trial of a Dutch
group that compares laparoscopic sacrohysteropexy with vaginal
sacrospinous hysteropexy [27]. Additionally, following their
multicenter randomized non-inferiority trial, Detollenaere and
colleagues showed uterus preservation by sacrospinous
hysteropexy was not inferior to vaginal hysterectomy with suspension of the uterosacral ligaments in relation to surgical failure
of the apical compartment at 12 months’ follow-up [28]. Nevertheless, there are few studies reporting on feasibility or outcomes
of laparoscopic sacrohysteropexy. Because it is not so easy to the
laparoscopic procedures for sacrohysteropexy are performed
popularly. In particular, inserting laparoscopic sutures using

Table 2

standard laparoscopic needle drivers is technically challenging.
Seror et al. showed robotic sacrohysteropexy to be potentially
superior to classic laparoscopy in terms of operative time and
blood loss. Furthermore, better long-term outcomes are expected
due to improved suturing and dissection techniques [29]. Also,
its minimally invasive character leads to better hemostasis,
shorter hospital stay, reduced morbidity, and less postoperative
pain as opposed to the open procedure [30, 31].
In this study, we compared a robotic or laparoscopic approach
to an open method, regarding the former as being minimally
invasive. The reasons we considered robotic and laparoscopic
surgery patients as one group is that. first, we felt there would be
no significant difference in surgical outcomes and objective failure rates between robotic and laparoscopic sacrohysteropexy.
Second, we expected that the characteristics of the robotic system, including wristed instruments and good visualization,
would help surgeons perform intracorporeal suturing and allow
mesh placement on correct sites. In addition, the number of
robotic sacrohysteropexies was too small to be compared with
other approaches.

Comparison of surgical outcomes
RLSH (n=54)

Mean operating time (min)
Median estimated blood loss, ml (range, IQR)
Mean serum hemoglobin drop (g/dl)
Mean POD for Foley catheter removal (day)
Intraoperative complication

Robotic (n=11)

Laparoscopic (n=43)

Overall

210.7±32.4
5 (5–20, 0)
1.6±0.5
3.1±0.3
0

88.6±33.7
50 (10–400, 80)
1.3±0.1
3.2±0.4
0

120.2±63.3
50 (5–400, 90)
1.4±0.5
3.2±0.6
0

OSH (n=57)

P value*

187.5±40.4
150 (50–800, 185)
2.0±0.4
3.2±0.4
2 (3.5 %)

<0.0001
<0.0001
<0.0001
0.902
0.496

RLSH robotic or laparoscopic sacrohysteropexy, OSH open sacrohysteropexy, IQR interquartile range, POD postoperative hospital days
*Calculated between overall RLSH and OSH
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Table 3

Comparison of postoperative assessment
RLSH (n=54)

Subjective success rates
Objective success rates

OSH (n=57)

P value*

Robotic (n=11)

Laparoscopic (n=43)

Overall

11 (100 %)
11 (100 %)

40 (93 %)
41 (95.3 %)

51 (94.4 %)
52 (96.3 %)

52 (91.2 %)
56 (98.2 %)

0.717
0.611

Reoperation

0

2 (4.7 %)

2 (3.7 %)

1 (1.8 %)

0.611

Median postoperative POP-Q stage (range, IQR)
Postoperative symptoms

0 (0–1, 1)
1 (0.9 %)

0 (0–1, 0)
6 (14 %)

0 (0–1, 0)
7 (13 %)

0 (0-1, 0)
26 (45.6 %)

0.682
<0.0001

Mesh erosion
Voiding dysfunction

0
0

0
0

0
0

3 (5.3 %)
9 (15.8 %)

0.244
0.003

Overactive bladder

1 (0.9 %)

2 (4.7 %)

3 (5.6 %)

10 (17.5 %)

0.075

Urinary incontinence
Constipation

0
0

2 (4.7 %)
5 (11.6 %)

2 (3.7 %)
5 (9.3 %)

7 (12.3 %)
2 (3.5 %)

0.163
0.263

Dyspareunia

0

3 (7 %)

3 (5.6 %)

0

0.112

RLSH robotic or laparoscopic sacrohysteropexy, OSH open sacrohysteropexy, POP-Q Pelvic Organ Prolapse quantification, IQR interquartile range
*Calculated between overall RLSH and OSH.

The RLSH group had fewer previous pelvic surgeries
compared with the OSH group (25.9 vs 73.7 %), and there
was no difference of in presence of peritoneal adhesions
between groups (p=0.690). However, the difference in previous pelvic surgery history was accidental and not a selection bias. In addition, the factor related to surgical outcomes—including operating time and perioperative complications—was not prior abdominal surgery but the presence
of adhesion. Therefore, we made the determination that
there was no statistically significant difference in patient
characteristics between groups. As a result, the RLSH
group showed shorter operating time, less operative bleeding, and less postoperative symptoms compared with the
OSH group. To suture and tie intracorporeally is more challenging than in any other surgical procedure for RLSH, and
as this was a retrospective study, we were unable to determine a proficiency and learning curve with regard to suturing and tieing. However, we performed the procedure without technical difficulty or considerable increase in time because we already had much experiences with robotic and
laparoscopic surgery. Moreover, advantages of the robotic
system allowed ease of operation. Any difference in operating time between groups was due to the time required for
wound opening and closure. Although RLSH showed a
shorter operating time, it was not clinically significant. In
addition, the robotic group required a longer operating time
than the laparoscopic or open approach (Table 2). However,
robotic surgery generally requires additional time besides
actual operating time during other gynecologic surgeries
and sacrohysteropexy. Regardless, studies show that robotic
surgery is not inferior to laparoscopic or open surgery in
terms of surgical outcomes, including postoperative pain
[32, 33]. We removed urinary catheters 3 days after surgery

in both groups according to our clinical protocol. Except
for case reports, very few studies indicate when urinary
catheters were removed: Pan et al. removed urinary catheters a mean of 2.3 days after surgery in 65 patients who
underwent laparoscopic sacrohysteropexy [34]. Mesh or suture complications have been reported in 4.2 % of cases
using polypropylene mesh in abdominal correction of POP
[35].
Although mesh erosion was seen in the RLSH group
but there were three patients in the OSH group, there was
no statistically significant difference (p=0.244).;clinical
significance could not be determined because of the small
number of patients. Overall patient satisfaction or required
reoperation due to postoperative complications did not differ between groups, and the RLSH group had favorable
outcomes compared with the OSH group. Because this
was a retrospective study, we could not completely avoid
selection bias. Additionally, for the reason mentioned
above, we could not determine the POP-Q value of all
pelvic floor compartments before and after surgery. Regarding costs related to robotic surgery, the controversy
is likely to continue; several studies showed the increased
costs were unacceptable from an economic perspective
[36], and some studies report that the longer operating
time required for robotic surgery causes the increased
costs [37]. However, it is expected that competition between robotic system manufacturing companies and improving surgeon skills will decrease costs in the near
future.
In conclusion, RLSH could be a feasible and safe
procedure in patients with POP and should be considered a surgical option that allows uterus preservation.
Prospective randomized trials will permit the evaluation
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of the potential benefits of RLSH as a minimally invasive surgical approach.
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