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Abstract: Robot-assisted laparoscopic sacrocolpopexy (RSC) has gained popularity as a method for
easier intracorporeal suturing than conventional laparoscopic sacrocolpopexy. However, few studies
have compared multiport RSC (MP-RSC) and single-incision RSC (SI-RSC). We aimed to compare
perioperative outcomes between these techniques for advanced pelvic organ prolapse (POP). We
analyzed 126 patients who underwent RSC for POP quantification (all stage III to IV) between March
2019 and May 2021 at Seoul Asan Medical Center. We prospectively collected operation-related
data, including total operation time (OT; from skin incision to closure) and perioperative outcomes.
A total of 106 and 20 patients underwent MP-RSC and SI-RSC, respectively. The mean ages were
57.49 ± 10.89 and 56.20 ± 10.30 years in the MP-RSC and SI-RSC groups, respectively. The mean total
OT was significantly shorter for MP-RSC than for SI-RSC (105.43 ± 24.03 vs. 121.10 ± 26.28 min).
The OT difference was 15.67 min (95% confidence interval, 3.90–25.85, p = 0.009). No statistically significant differences were observed in terms of perioperative variables (estimated blood loss, hospital
stay) and postoperative adverse events (POP recurrence, mesh erosion). SI-RSC had comparable
intraoperative and postoperative outcomes to MP-RSC, with additional cosmetic benefits. MP-RSC
had significantly shorter OT than SI-RSC.
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1. Introduction
Pelvic organ prolapse (POP) is a relatively common condition that is reported to be
evident on gynecologic examination in 40% to 60% of parous women [1,2]. The importance
of POP is increasing in aging societies owing to its high prevalence of 30% among women
aged >50 years [3]. The probability that a woman will undergo surgery for POP by 80 years
of age is estimated to be 20% [4]. Historically, abdominal sacrocolpopexy (SC) has been
recognized as the gold-standard surgical treatment for apical compartment prolapse. In
SC, a mesh is attached to the cervix or vagina and suspended to the anterior longitudinal
ligament of the sacrum [5,6]. The procedure has been reported to have a higher success
rate (78–100%) than vaginal approaches for apical prolapse [5].
Laparoscopic SC is known to be as effective as abdominal SC, but laparoscopy is
associated with reduced blood loss and shorter length of hospital stay. With technical
improvements in intracorporeal laparoscopic suturing, laparoscopic SC has become a more
popular technique than abdominal SC [7]. The introduction of robotic systems has enabled
much easier intracorporeal suturing and deep vesicovaginal and rectovaginal dissections.
Therefore, the use of robotic SC continues to increase.
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Laparoendoscopic single-port surgery (LESS) has been developed to provide cosmetic
benefits via minimal skin incision; however, difficult angulations and collisions between
laparoscopic instruments are the main technical challenges limiting its feasibility [8]. In
2014, the da Vinci Single-Site® platform (Intuitive Surgical Inc., Sunnyvale, CA, USA) was
developed to overcome the limitations of LESS; however, the weak power transference
achievable by semirigid instruments with limited ranges of motion precludes the application of the Single-Site system to diverse types of procedures. More recently, the Single-Port®
system (Intuitive Surgical, Sunnyvale, CA, USA) was developed to overcome the technical
limitations of Single-Site and the newer system has been used for more indications than
the Single-Site platform.
We first reported on the feasibility and safety of single-incision robot-assisted laparoscopic SC (SI-RSC) in 2016 [9]. Since then, a few studies have reported successful surgical
outcomes using this technique [10–12]. However, only a few studies have compared operative outcomes between multiport robot-assisted laparoscopic SC (MP-RSC) and SI-RSC.
Therefore, this study aimed to compare perioperative surgical outcomes, including total
operation time (OT) and follow-up outcomes between MP-RSC and SI-RSC.
2. Materials and Methods
2.1. Study Design and Patients
Among 288 patients who underwent RSC performed by a single surgeon (S.R.L.)—
between January 2015 and February 2019 at Ewha Womans University Mokdong Hospital,
as well as between March 2019 and May 2021 at Seoul Asan Medical Center—a total
of 126 consecutive patients who underwent RSC between March 2019 and May 2021 at
Seoul Asan Medical Center were included in this study to minimize the bias associated
with intrapersonal surgical proficiency and institution. A retrospective chart review was
performed on prospectively collected data.
We obtained the following data from each patient’s medical chart: age; body mass
index (BMI); detailed gynecologic, medical, and surgical histories; and POP quantification
(POP-Q) stage. Furthermore, we obtained the following surgery-related data: concurrent
surgery, anesthesia time, and total OT (defined as the time from skin incision to the
completion of skin closure, including all concurrent operations). Additionally, we collected
data on perioperative outcomes, including estimated blood loss, any intraoperative or
postoperative adverse events, length of hospital stay, postoperative fever within 48 hours,
and other surgical complications. Postoperative follow-up data on the recurrence of POP
were also collected.
2.2. Surgical Procedures
The surgical steps were the same as described in our previous report [9]. All operations
were performed under general anesthesia and all patients underwent standard operative
care. SI-RSC included both Single-Site and Single-Port robotic approaches. The da Vinci
Si® and da Vinci Xi® systems (Intuitive Surgical, Sunnyvale, CA, USA) with central or side
docking were used for MP-RSC and Single-Site SI-RSC. The da Vinci SP® system (Intuitive
Surgical, Sunnyvale, CA, USA) with central docking was used for Single-Port SI-RSC. In
MP-RSC, a total of three ports (reduced ports) were used. One 25–27 mm intraumbilical
incision was made and a multichannel single port was inserted for the camera and the
assistant’s laparoscopic instruments. Two 8 mm robotic ports were placed in the flank:
one on the left side and one on the right side of the umbilicus, 8–10 cm away from the
intraumbilical incision. In SI-RSC, a single 25–27 mm intraumbilical incision was made for
multichannel single-port insertion (Figure 1).
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patients in the SI-RSC group (p = 0.07) had undergone previous pelvic surgery, including
hysterectomy. Sixteen (15.1%) patients in the MP-RSC group and no patients in the SI-RSC
group had vault prolapse or had undergone a hysterectomy (p = 0.07). The distribution of
POP-Q stage was not significantly different between the two groups. Most patients had
POP-Q stage III in both the MP-RSC (85%) and SI-RSC (95%) groups. All patients had
accompanying apical compartment prolapse and the second main compartment of prolapse
was the anterior compartment (51.9% in the MP-RSC group and 75% in the SI-RSC group).
Table 1. Sociodemographic data and clinical history of patients.
Characteristics
Age (years), mean ± SD
BMI

(kg/m2 ),

a

mean ± SD

Menopause, n (%)

b

Parity, median [range]

Diabetes, n (%)
Asthma, n (%)

c

Constipation, n (%)

a

b

Hypertension, n (%)
c

a

c

Current stress incontinence, n (%)

b

Current overactive bladder, n (%)

c

Previous prolapse repair surgery, n (%)

c

Previous stress incontinence repair surgery, n (%)
Previous pelvic surgery, n (%)
Vault prolapse, n (%)
POP-Q stage, n (%)

b

c

c

MP-RSC (n = 106)

SI-RSC (n = 20)

p-Value

57.49 ± 10.89

56.20 ± 10.30

0.63

23.99 ± 3.52

22.95 ± 2.44

0.21

71 (67.0)

11 (55.0)

0.30

2 [0–9]

2 [1–3]

0.68

28 (26.4)

6 (30.0)

0.74

6 (5.7)

3(15.0)

0.15

4 (2.8)

0

1

5 (4.7)

0

1

44 (41.5)

11 (55.0)

0.27

9 (8.5)

0

0.35

10 (9.4)

0

0.36

7 (6.6)

1 (5.0)

1

38 (35.8)

3(15.0)

0.07

16 (15.1)

0

0.07

b

0.47

Stage III
Stage IV
Main compartment of prolapse, n (%)

91 (85.8)

19 (95.0)

15 (14.2)

1 (5.0)

b

0.06

Anterior
Apical
Second, compartment of prolapse, n (%)

55 (51.9)

15 (75)

51 (48.1)

5 (25.0)

c

0.16

Anterior/posterior

50 (47.2)/1(0.9)

5 (25.0)/0

Apical

55 (51.9)

15 (75.0)

MP-RSC, multiport robot-assisted laparoscopic sacrocolpopexy; SI-RSC, single-incision robot-assisted laparoscopic sacrocolpopexy; BMI,
body mass index; POP-Q, pelvic organ prolapse quantification; SD, standard deviation, a p-value was calculated using an independent
t-test, b p-value was calculated using the chi-square test, c p-value was calculated using Fisher’s exact test.

3.2. Comparison of Surgical Outcomes between MP-RSC and SI-RSC
The mean OT was significantly shorter in the MP-RSC group (105.43 ± 24.03 min) than
in the SI-RSC group (121.10 ± 26.28 min). The mean anesthesia time was also significantly
shorter in the MP-RSC group (Table 2). The mean differences in each surgical times were
as follows: OT, 15.67 min (95% confidence interval (CI), 3.90–25.85, p = 0.009); anesthesia
time, 13.32 min (95% CI, 0.79–27.43, p = 0.037). The types and distributions of concurrent
procedures were not significantly different between the groups. Among the MP-RSC and
SI-RSC procedures, adnexectomy was performed in 68 (64.2%) and 12 (60.0%), adhesiolysis
in 12 (11.3%) and 2 (10.0%), posterior colpoperineorrhaphy in 15 (14.2%) and 4 (20.0%),
and transobturator tension-free vaginal tape surgery in 34 (32.1%) and 9 (45.0%) patients,
respectively. The mean estimated blood loss was lower in the SI-RSC group than in the
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MP-RSC group (37.00 ± 31.64 vs. 55.24 ± 51.93 mL); however, the difference was not
statistically significant (p = 0.93). The median length of hospital stay was similar between
the two groups (2 days, p = 0.93).
Table 2. Surgical and perioperative data.

Total operation time (min), mean ± SD
Anesthesia time (min), mean ± SD

a

a

MP-RSC (n = 106)

SI-RSC (n = 20)

Mean Difference (95% CI)

p-Value

105.43 ± 24.03

121.10 ± 26.28

15.67 (3.90–25.85)

0.009

149.93 ± 25.55

163.25 ± 28.14

13.32 (0.79–27.43)

0.037

68 (64.2)

12 (60.0)

-

0.72

12 (11.3)

2 (10.0)

-

1

15 (14.2)

4(20.0)

-

0.50

34 (32.1)

9 (45.0)

-

0.26

55.24 ± 51.93

37.00 ± 31.64

-

0.13

2 [1–5]

2 [1–6]

-

0.93

Concurrent surgery, n (%)
Adnexectomy b
Adhesiolysis

c

Posterior colpoperineorrhaphy
TOT

c

b

Estimated blood loss (mL), mean ± SD

a

Length of hospital stay (days),
median [range] a

MP-RSC, multiport robot-assisted laparoscopic sacrocolpopexy; SI-RSC, single-incision robot-assisted laparoscopic sacrocolpopexy; TOT,
transobturator tension-free vaginal tape; SD, standard deviation; CI, confidence interval, a p-value was calculated using an independent
t-test, b p-value was calculated using the chi-square test, c p-value was calculated using Fisher’s exact test.

In the subgroup of patients who underwent MP-RSC and SI-RSC with concurrent
hysterectomy (excluding those who had previously undergone hysterectomy), the mean
OT was significantly shorter in the MP-RSC group (Table 3). The median hospitalization
durations were not different between the groups.
Table 3. Surgical and perioperative data excluding vault prolapse patients.
MP-RSC (n = 90)

SI-RSC (n = 20)

Mean Difference (95% CI)

p-Value

Total operation time (min), mean ± SD a

107.14 ± 24.75

121.10 ± 26.28

13.96 (1.69–26.22)

0.026

Anesthesia time (min), mean ± SD a

151.42 ± 26.39

163.25 ± 28.14

11.83 (1.25–24.91)

0.076

Adnexectomy b

63 (70.0)

12 (60.0)

0.39

Adhesiolysis c

8 (8.9)

2 (10.0)

1.00

Posterior colpoperineorrhaphy c

13 (14.4)

4 (20.0)

0.51

TOT b

30 (33.3)

9 (45.0)

0.32

Estimated blood loss (mL), mean ± SD a

57.78 ± 53.82

37.00 ± 31.64

0.10

Length of hospital stay (days),
median [range] a

2 [1–5]

2 [1–6]

0.81

Concomitant surgery, n (%)

MP-RSC, multiport robot-assisted laparoscopic sacrocolpopexy; SI-RSC, single-incision robot-assisted laparoscopic sacrocolpopexy; TOT,
transobturator tension-free vaginal tape; SD, standard deviation; CI, confidence interval, a p-value was calculated using an independent
t-test, b p-value was calculated using the chi-square test, c p-value was calculated using Fisher’s exact test.

3.3. Comparison of Intraoperative and Postoperative Adverse Surgical Outcomes
Intraoperative and postoperative adverse events are listed in Table 4. The numbers of
adverse events did not statistically differ between the groups. Bladder injury occurred in
three patients in the MP-RSC group and in one patient in the SI-RSC group; all of these
patients underwent intraoperative primary repair with extended urinary drainage with
an indwelling Foley catheter for 7 days and had no further complications. Bowel injury
did not occur in either group. No significant intergroup differences were observed in
terms of postoperative hemoglobin changes, transfusion requirements, postoperative fever,
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urinary tract infection, urinary retention, constipation, back pain or de novo stress urinary
incontinence. One case of retroperitoneal abscess from a postoperative hematoma occurred
in the MP-RSC group. As the mesh was not infected, mesh removal was not needed because
intravenous antibiotics and abscess drainage resolved the problem. Two cases of umbilical
wound infection occurred in the MP-RSC group. One case of vaginal mesh erosion occurred
in the MP-RSC group; it involved the high posterior vaginal wall and was observed at
the 3-month postoperative follow-up visit. After removing the exposed mesh under local
anesthesia, primary vaginal repair was performed. Oral estrogen combined with local
vaginal estrogen application for 4 weeks resolved the problem without recurrence after 6
months of follow-up. At the 4-week postoperative follow-up point, there was no recurrent
POP in the SI-RSC group. Four patients in the MP-RSC group were diagnosed with POP-Q
stage I anterior compartment prolapse after 4 postoperative weeks; however, they had no
symptoms and did not need further interventions.
Table 4. Comparison of intraoperative and postoperative adverse events.
MP-RSC (n = 106)

SI-RSC (n = 20)

p-Value

Bladder injury b

3 (2.8)

1 (5.0)

0.50

Bowel injury

0

0

Hb decrease (g/dL),
median [range] a

−1.8 [−3.10 to 0.2]

−1.8 [−4.30 to −0.3]

0.98

Packed cell transfusion b

5 (4.7)

2 (10.0)

0.30

Fever b

9 (8.5)

0

0.35

2 (1.9)

0

1

0

1 (5.0)

0.16

1 (0.9)

0

1

6 (5.7)

0

0.59

1 (0.9)

2 (10.0)

0.07

2 (1.9)

0

1

1 (1)

0

1

10 (9.4%)

1 (5.0)

1

4 (3.8)

0

1

Intraoperative AEs, n (%)

Postoperative AEs, n (%)

Urinary tract infection b
Urinary retention

b

Retroperitoneal abscess
Constipation
Back pain

b

b

b

Wound infection

b

Posterior vaginal wall—mesh erosion
De novo stress urinary incontinence
POP recurrence (stage I) b

b

b

MP-RSC, multiport robot-assisted laparoscopic sacrocolpopexy; SI-RSC, single-incision robot-assisted laparoscopic sacrocolpopexy; AEs,
adverse events; Hb, hemoglobin; POP, pelvic organ prolapse, a p-value was calculated using an independent t-test, b p-value was calculated
using Fisher’s exact test.

The types and frequencies of intraoperative and postoperative adverse events did
not differ significantly between the groups when patients with previous hysterectomies
were excluded from the analysis (Table 5). Bladder injury occurred in one patient in the
MP-RSC group and one patient in the SI-RSC group. No significant intergroup differences
were observed in terms of postoperative hemoglobin changes, transfusion requirements,
postoperative fever, urinary tract infection, urinary retention, retroperitoneal abscess,
constipation, back pain, wound infection, posterior vaginal wall mesh erosion, de novo
stress urinary incontinence or recurrence of POP.
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Table 5. Comparison of intraoperative and postoperative adverse events excluding patients with a history of hysterectomy.
MP-RSC (n = 90)

SI-RSC (n = 20)

p-Value

Bladder injury b

1 (1.1)

1 (5.0)

0.33

Bowel injury

0

0

−1.8 [−3.10 to 0.2]

−1.8 [−4.30 to −0.3]

0.72

3 (3.3)

2 (10.0)

0.22

9 (10.0)

0

0.21

1 (1.1)

0

1

0

1 (5.0)

0.18

1 (1.1)

0

1

Constipation b

4 (4.4)

0

1

Back pain b

1 (1.1)

2 (10.0)

0.09

Wound infection b

1 (1.1)

0

1

1 (1.1)

0

1

8 (8.9)

1(5.0)

1

4 (4.4)

0

1

Intraoperative AEs, n (%)

Postoperative AEs, n (%)
Hb decrease (g/dL), median [range] a
b

Packed cell transfusion
Fever

b

Urinary tract infection
Urinary retention

b

b

Retroperitoneal abscess

b

Posterior vaginal wall—mesh erosion b
De novo stress urinary incontinence
POP recurrence (stage I)

b

b

MP-RSC, multiport robot-assisted laparoscopic sacrocolpopexy; SI-RSC, single-incision robot-assisted laparoscopic sacrocolpopexy; AEs,
adverse events; Hb, hemoglobin; POP, pelvic organ prolapse, a p-value was calculated using an independent t-test, b p-value was calculated
using Fisher’s exact test.

4. Discussion
In this retrospective comparative study of SC, we investigated the feasibility and
perioperative outcomes of MP-RSC and SI-RSC. SI-RSC showed similar surgical and
anatomical outcomes to MP-RSC and both techniques were feasible and safe options for
treating apical POP.
The mean OT was shorter among our SI-RSC cases than that associated with laparoscopic SC (272 min, n = 273) and abdominal SC (222 min, n = 589) in a cohort study
comparing minimally invasive SC and abdominal SC [14]. The mean OT among our SI-RSC
cases was also shorter than that associated with MP-RSC (275 min, n = 121) and laparoscopic SC (235 min, n = 249) in another cohort study [15]. However, other studies have
reported conflicting results. Paraiso et al. reported that laparoscopic SC was associated
with a shorter mean OT than RSC (199 vs. 265 min, p < 0.001) and that RSC caused more
pain to patients than laparoscopic SC [16]. Pan et al. also compared laparoscopic SC with
RSC and found that the mean OT was longer in the RSC group than in the laparoscopic SC
group (245.9 vs. 205.9 min, p < 0.001) [17].
The mean OTs in our study (105.43 min for MP-RSC and 124.10 min for SI-RSC) were
much shorter than those determined by a recent randomized controlled trial (157.5 min for
MP-RSC and 181.3 min for SI-RSC, n = 32) [18], as well as that determined by a case series
on SI-RSC (190 min, n = 25) [12]. In 2018, a study by Liu et al. involving 15 SI-RSC cases
determined a mean OT of 74.7 min; however, the published report did not specify whether
OT meant the console time or the time from skin incision to skin closure [11]. Notably,
the mean OTs for MP-RSC and SI-RSC in our study were shorter than those reported in
previous publications. Supracervical hysterectomy, rather than total hysterectomy, was
performed in our study and this can be a reason for the shorter OTs. Considering that
most patients with POP are older than 65 years, decreasing the total OT is important for
minimizing perioperative complications. The shorter OTs in our study might also be due
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to the surgeon’s experience, which included a total of 288 RSC cases, with the last 126 cases
performed after the initial learning curve.
As expected, the mean OT in our study was longer (by 15.67 min) for SI-RSC than for
MP-RSC. This can be explained by technical difficulties associated with SI-RSC triangulation, semirigid instruments and collision of instruments, although most cases (18 of 20)
in the SI-RSC group were performed using the Single-Port platform, which was recently
developed to overcome the disadvantages of the Single-Site platform [19].
Over time, the field of minimally invasive surgery has continuously improved, resulting in reduced morbidity and better cosmesis, especially with the evolution of robotic
surgical units [20]. Efforts to improve the da Vinci surgical system (Intuitive Surgical)
have focused on surgical maneuverability, improvements in ergonomics and reductions in
port size and number. The introduction of the Single-Site wristed needle driver to overcome these technical obstacles has enabled procedures that require multiple laparoscopic
sutures and knot tying, such as laparoscopic myomectomy and SC [9]. We previously
presented the first six SI-RSC cases performed using the Single-Site platform and provided
a detailed description of the technique using the Single-Site wristed needle driver [9]. We
also reported the first case of Single-Port RSC through a video presentation in 2019 at the
annual congress of the American Association of Gynecologic Laparoscopists. Recently,
we compared two types of SI-RSC and showed that both Single-Site RSC and Single-Port
RSC are feasible and effective surgical options for symptomatic apical POP, with cosmetic
benefits [21]. Although we did not perform a learning curve analysis, we strongly suggest
that a beginner starts with MP-RSC first and proceeds to SI-RSC after gaining proficiency
in MP-RSC. This can shorten the learning curve associated with SI-RSC.
As expected, specimen retrieval was equally easy during both MP-RSC and SI-RSC
because we performed the same length of umbilical incision. This was possible because
we used a multichannel single port to decrease the number of skin incisions even in MPRSC (i.e., reduced ports: a total of three ports including the intraumbilical incision). A
recently published randomized controlled trial comparing MP-RSC and SI-RSC reported
that postoperative incisional herniation occurred in 6.2% of patients in the SI-RSC group
compared with 0% in the MP-RSC group [18]. In another study, two cases of incisional
hernia were observed in the Single-Site RSC group, both in obese patients [21]. Similarly,
in our study, two cases of umbilical wound herniation occurred in obese patients, although
these patients underwent MP-RSC. This result confirmed that obesity is a risk factor for
incisional hernia development. Therefore, special caution should be taken to prevent
incisional herniation when performing RSC in obese patients.
A previous study demonstrated that LESS was associated with significantly reduced
postoperative pain, faster recovery, improved cosmesis, lower costs, and reduced morbidity related to multiport surgery [22]. A study on robotic LESS reported high patient
satisfaction (based on the Patient and Observer Scar Assessment Scale) in terms of the overall appearance of surgical scars [23]. Cosmetic satisfaction has important functional and
psychological implications. Therefore, SI-RSC can be expected to decrease postoperative
pain with increased cosmetic satisfaction even for older women.
This study had several strengths. First, this was a comparison study of MP-RSC and SIRSC based on data from all consecutive operations performed by a single urogynecologist.
This single surgeon’s experience, involving recent surgical cases, minimized the influence
of variations in surgical proficiency across different surgeons. Second, we used a validated
POP quantification system both preoperatively and postoperatively. Third, the surgeon
who performed the procedures in this study reported the first cases of both Single-Site and
Single-Port RSC worldwide.
However, this study also had some limitations. First, this was a single-center retrospective study and not a multicenter randomized controlled trial. This can limit the study’s
generalizability; therefore, to demonstrate the reproducibility of our study findings, we
should perform an additional study involving procedures performed by multiple surgeons.
Second, our study had a relatively small sample size, with a particularly small SI-RSC
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group. Third, the relatively short-term follow-up data precluded comparisons of long-term
efficacy and safety between MP-RSC and SI-RSC. Finally, we only assessed perioperative outcomes without preoperative and postoperative assessments on quality of life or
subjective success.
However, the purpose of this study was to compare the OTs and perioperative outcomes associated with the two techniques. The longer mean OT associated with SI-RSC
relative to MP-RSC, especially for the incision, docking, hysterectomy, and suturing components, was due to limitations in free angulation and the relatively weak power transference
attainable by semirigid instruments, including the wristed needle driver. Therefore, a
longer learning curve can be expected for SI-RSC and more experience is required to gain
proficiency at performing SI-RSC.
5. Conclusions
In this retrospective comparison study, SI-RSC was associated with a longer mean
OT but equivalent perioperative outcomes and better cosmesis than MP-RSC. Therefore,
SI-RSC is a feasible and safe surgical option comparable to MP-RSC with additional
cosmetic benefits.
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