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Abstract

Objectives—Robotic sacrocolpopexy has been rapidly incorporated into surgical practice 

without comprehensive and systematically published outcome data. The aim of this study was to 

systematically review the current published peer-reviewed literature on robotic-assisted 

laparoscopic sacrocolpopexy with greater than six-month anatomic outcome data.

Methods—Studies were selected after applying predetermined inclusion and exclusion criteria to 

a MEDLINE search. Two independent reviewers blinded to each other’s results abstracted 

demographic data, perioperative information and postoperative outcomes. The primary outcome 

assessed was anatomic success rate defined as ≤POP-Q Stage 1. A random effects model was 

performed for meta-analysis of selected outcomes.

Results—13 studies were selected for the systematic review. Meta-analysis yielded a combined 

estimated success rate of 98.6% (95%CI 97.0–100%). The combined estimated rate of mesh 

exposure/erosion was 4.1% (95%CI 1.4–6.9%), and the rate of reoperation for mesh revision was 

1.7%. The rates of reoperation for recurrent apical and non-apical prolapse were 0.8% and 2.5% 

respectively. The most common surgical complication (excluding mesh erosion) was cystotomy 

(2.8%), followed by wound infection (2.4%).

Conclusions—The outcomes of this analysis indicate that robotic sacrocolpopexy is an effective 

surgical treatment for apical prolapse with high anatomic cure rate and low rate of complications.
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Introduction

The prevalence of pelvic organ prolapse (POP) is increasing with our aging population. 

Conservative estimates show that the number of women suffering from prolapse will 

increase by 46% from 3.3 million to 4.9 million over the next 40 years.1 Currently, more 

than 220,000 women undergo surgical management for symptomatic prolapse every year;2 

and the reoperation rate is estimated at 30%.3 These statistics emphasize the importance of 

utilizing a highly effective, durable procedure with low morbidity while limiting cost in 

order to effectively surgically manage symptomatic POP.

Abdominal sacrocolpopexy (ASC), an abdominal approach to apical and anterior vaginal 

prolapse, is considered to be the gold standard treatment for vaginal vault prolapse. 

Numerous studies have shown this procedure to have high success rates (78–100%) and 

long-term durability.3 The procedure is associated with significantly less recurrent prolapse 

when compared to vaginal reconstruction procedures.4 However, many surgeons continue to 

perform vaginal prolapse surgery in order to avoid the increased morbidity associated with 

an abdominal approach, including longer operative and recovery time.5

The laparoscopic sacrocolpopexy (LSC) helps to bridge the gap by maintaining surgical 

efficacy with low rates of operative morbidity. A recent randomized controlled trial 

comparing abdominal and laparoscopic sacrocolpopexy showed no significant difference in 

the anatomic outcomes at one year.6 Laparoscopic sacrocolpopexy has been associated with 

less blood loss and decreased hospital stay. Complication rates including mesh erosion are 

low and appear similar in both procedures.7 Although the laparoscopic sacrocolpopexy is 

highly effective with low associated morbidity, the procedure has not been universally 

adopted because it requires advanced laparoscopic skills not easily accessible to the majority 

of gynecologic surgeons already in practice and is known to have a steep learning curve.

The potential advantages of robotic versus laparoscopic sacrocolpopexy lie in the “wrist” of 

the robotic instruments that allows more freedom of motion and the improved optics. These 

advantages, though unproven, may theoretically translate to easier dissection, improved 

visualization of the promontory, precise suture placement, and easier knot-tying with a faster 

learning curve. The surgeon is also less reliant on having a skilled bedside assistant 

compared to traditional laparoscopy. Robotic-assisted laparoscopic sacrocolpopexy (RSC) 

has been rapidly incorporated into clinical practice without comprehensive and 

systematically published outcome data. The aim of this study was to systematically review 

the current published peer-reviewed literature on robotic-assisted laparoscopic 

sacrocolpopexy with greater than six-month anatomic outcome data.

Materials and Methods

Search Strategy

This study was exempt by the Institutional Review Board at Emory University. Systematic 

review and meta-analysis was performed with adherence to the PRISMA guidelines.8 A 

PubMed and Ovid MEDLINE search was performed using the terms “robot* AND 

sacrocolpopexy”, “robot* AND sacral colpopexy”, “robot* AND promontofixation”, 
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“DaVinci AND sacrocolpopexy”, “DaVinci AND sacral colpopexy”, and “DaVinci AND 

promontofixation”. All of the identified articles were then limited to English language and 

duplicates were removed. The remaining articles were eligible for abstract review. No 

additional peer-reviewed articles were included for review after December 2012.

Abstract and full text review

A single investigator reviewed the abstracts. Figure 1 demonstrates the study selection 

process. Previously determined inclusion criteria were 1) published original research, 2) 

studies assessing greater than six-month postoperative anatomic outcomes after robotic 

sacrocolpopexy, and 3) English language articles. Abstracts were eligible for full-text review 

if they met the inclusion criteria. Abstracts were then excluded if 1) size of study cohort was 

less than 15 or 2) follow up was less than 6 months. The eligible articles were independently 

reviewed by the first and last authors who were blinded to each other’s results. Additional 

articles that met inclusion criteria were identified from the references of the eligible studies 

and then included for full-text review. Further studies were excluded if a duplicate cohort 

was present or if upon full-text review they met previous exclusion criteria. In cases of 

duplicate patient cohorts, the most recent published data was analyzed and the earlier 

published study was excluded from review. The remaining articles were included in the 

systematic review and meta-analysis.

The two independent reviewers abstracted methodological details of each study as well as 

demographic, perioperative, and postoperative data. A standardized data sheet, constructed 

from Microsoft Excel, was used consisting of parameters to be abstracted from all studies. 

The risk of bias was assessed for each study. Abstracted demographic data included age, 

body mass index, parity, and preoperative prolapse stage/grade. Perioperative data included 

estimated blood loss, operative time, concomitant procedures, intraoperative complications, 

conversion rates, and length of hospital stay. Postoperative outcomes recorded included 

length of follow-up, postoperative prolapse stage/grade, postoperative complications, and 

reoperation rates. Subjective outcomes were also recorded including use of validated pelvic 

floor questionnaires, patient satisfaction scales, and postoperative dyspareunia. Strengths 

and limitations including potential bias and loss to follow up were also documented for each 

included study. The data was compiled from the selected studies and subsequently analyzed.

Our primary outcome was anatomic cure rate defined as apical prolapse less than or equal to 

POP-Q stage 1. We based this definition of anatomic cure on the most commonly cited 

definition of “cure” within the abstracted studies. When POP-Q stage was not explicitly 

stated, the stage was extrapolated from the measurement data.

Assessment of risk of bias

The quality of the selected articles was assessed using a risk of bias approach. The Cochrane 

risk-of-bias tool was used to assess randomized controlled trials with the following possible 

measures: low risk, high risk, or unclear risk.9 The Newcastle-Ottawa Scale was used to 

assess the risk of bias of the individual non-randomized observational studies. This scale 

was developed to assess the quality of non-randomized trials based on subject selection, 

comparability of the study cohort, and ascertainment of the outcome measure. The scale uses 
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a star scoring method where one star can be awarded in each category with the exception of 

comparability which can receive two stars. In the modified Newcastle-Ottawa Scale the 

maximum score for comparative observational cohort studies is 9 stars. The maximum score 

for non-comparative observational cohort studies is 6 stars.10

Statistical methods

Weighted mean averages and weighted standard deviations were calculated for those 

outcomes reported as means in the selected studies including age, body mass index, length 

of follow up, operative time, and length of hospital stay. Simple averages were calculated 

for secondary outcomes reported as counts or rates, including sample size, loss to follow-up, 

concomitant procedures, conversion rates, and complication rates.

Meta-analysis was performed on selected objective data including the primary outcome of 

anatomic cure rate, rate of cystotomy, vaginal mesh erosion or exposure, and reoperation 

rates using a random effects model. Total reoperation rate was defined as any surgical 

intervention that could be causally linked to the original procedure. Rate of reoperation for 

prolapse included any surgical intervention to treat prolapse after the initial RSC, 

differentiating between apical and non-apical prolapse.

To estimate the overall cure rate, a logistic-normal (nonlinear mixed) model was fit to the 

individual-specific outcome data, allowing a random effect across studies. The SAS 

NLMIXED procedure11 was used to fit the model via maximum likelihood. Upon obtaining 

the estimated logit-scale intercept and its corresponding standard error, the delta method was 

used to approximate the standard error of the corresponding estimated overall cure rate. This 

random effects model-based approach was applied directly to obtain the estimate, standard 

error, and approximate 95% confidence intervals with regard to the anatomic cure rate, 

cystotomy rate, and mesh erosion rate. However, the estimated across-study variance 

component was 0 when fitting this model to the remaining two outcomes (total reoperation 

rate and prolapse reoperation rate). Therefore, the random study effect was dropped from the 

model and the model was re-fit to the data. The resulting estimated rates, standard errors, 

and confidence intervals for these last two outcomes are equivalent to simple averages, 

assuming independence of the individual patient outcomes within and across studies.

Results

A total of 85 articles were identified using the search criteria after limiting to English 

language articles and removing duplicate studies. After abstract review, 18 articles were 

eligible for full-text review after inclusion and exclusion criteria were applied. Two early 

studies12–13 were excluded after the patient cohorts were noted to be identical to later 

published data14–15. Two studies16–17 were excluded after full-text review revealed mean 

follow up of less than 6 months. Kramer et al.18 was excluded because there was not discrete 

postoperative anatomic data reported in the article. After complete review, 13 studies were 

included in the systematic review with publication dates ranging from May 2008 to 

November 2012.
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Details of selected studies are listed in Tables 1 and 2. The selected studies included one 

randomized controlled trial, five prospective cohort studies, and seven retrospective cohort 

studies. Within the 13 selected studies, a total of 577 patients underwent robotic assisted 

sacrocolpopexy. The weighted mean average patient age was 61.1±2.3 years. All of the 

women included in the studies had greater than or equal to POP-Q stage 2 prolapse. Of the 9 

studies that reported mean follow-up, the weighted average was 26.9±17.3 months. Four 

studies reported follow-up using other methods. The average percentage of patients lost to 

follow up at 6-month time period among the 12 reporting studies was 16.6% (range 0–

63.5%).

Estimated blood loss was reported by six of the studies with a weighted average of 82.5±21 

ml. Total operative time, defined as time from incision to skin closure, was reported by 9 

studies. Weighted average total operative time was 235±18.8 minutes. Geller et al19 did not 

report total operative time but reported mean console time for the sacrocolpopexy portion as 

133±31 minutes separate from the mean console time for the hysterectomy portion at 75±22 

minutes. Mourik et al20 reported a median total operative time of 223 minutes (range 103–

340) but excluded those patients who underwent concomitant procedures.

The majority of patients underwent concomitant procedures. Midurethral slings were the 

most commonly performed at a rate of 42.8%, followed by hysterectomy (26.7%) and 

posterior repair (18.5%). The majority of hysterectomies performed at the time of robotic 

sacrocolpopexy were supracervical (127/152) (83.6%). Rate of conversion to laparotomy 

was reported in 9 of 13 studies. The mean conversion rate was low at 3.2% (0–8.6%). The 

most commonly cited reason for conversion was pelvic adhesions in 5 cases. Other reasons 

for conversion were equipment malfunction (2) and cystotomy repair (1). The weighted 

mean average length of hospital stay was 2.4±6.4 days for the eight reporting studies. Two 

articles reported median length of stay (Table 2).20–21

Overall, complications were rare. The most common surgical complication (excluding mesh 

exposure/erosion) was cystotomy (2.6%), followed by wound infection (2.4%), small bowel 

obstruction (0.7%), enterotomy (0.3%), and port site hernia (0.3%). There were no deaths 

attributable to the procedure reported in any of the studies.

The one randomized controlled trial included from Paraiso et al22 was analyzed using the 

Cochrane risk-of-bias tool. This study demonstrated a low risk of bias except in the area of 

completeness of outcome data given the loss to follow up. Based on our modified 

Newcastle-Ottawa Scale10, the overall quality of the observational studies was good (Table 

3). Of the 12 observational studies, 5 studies were comparative in nature with a mean score 

of 8.8 out of 9 stars (range 8–9). Seven studies were non-comparative cohort studies with a 

mean score of 5.7 out of 6 stars (range 5–6).

Long-term outcomes

The primary outcome assessed was apical anatomic success rate defined as POP-Q Stage 

</= 1. This was reported in all 13 of the selected studies and the combined estimate yielded 

an overall apical anatomic cure rate of 98.6% (95%CI 97.0–100%). Table 4 lists the 

estimates for cure rate, cystotomy, mesh exposure/erosion, total reoperation rate and 
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prolapse reoperation rate. Of the studies that commented on location of exposure/erosion, 

posterior vagina (6) was most common, followed by the apex (3) and anterior vagina (2). 

For 9 of the 20 mesh exposures/erosions, no location was specified. Paraiso et al22 reported 

that one of the 2 mesh erosions was from a suburethral sling.

Ten out of 13 studies commented on reoperation following robotic sacrocolpopexy. The 

most common reason for reoperation was recurrent prolapse with a combined estimated rate 

of 3.3% (95%CI 1.4–5.2%) with the majority being posterior repairs for non-apical prolapse. 

The rates of reoperation for recurrent apical and non-apical prolapse were 0.8% and 2.5% 

respectively. Of the 8 apical recurrences after RSC, two were managed by sacrospinous 

ligament fixation and one with a total vaginal mesh repair.20, 23–24 The second most 

common reoperation following robotic assisted laparoscopic sacrocolpopexy was mesh 

revision with a rate of 1.7%.

The reporting of subjective data was heterogeneous. Only five studies reported results of 

validated questionnaires with improvement of the scores in each cohort. Geller et al25 

reported mean scores for the Pelvic Floor Distress Inventory (PFDI), Pelvic Floor Impact 

Questionnaire (PFIQ), and Pelvic Floor Prolapse/Urinary Incontinence Sexual Questionnaire 

(PISQ) preoperatively and at 12-month follow up with the following respective values: 117 

vs 38, 60 vs 10, and 34 vs 36. In Geller et al’s 2012 study19, average PFDI, PFIQ, and PISQ, 

scores were reported at 44-month mean follow up with the following values: 61.0, 19.1, and 

35.1 respectively. Matthews et al26 reported that collection of validated questionnaires was 

ongoing at the time of publication. Mourik et al20 used a Dutch variation of the Urinary 

Distress Inventory and Incontinence Impact Questionnaire. In their study, they reported an 

88.1% satisfaction rate and 78.6% rate of sexual activity at 6–8 weeks postoperatively. 

Paraiso et al22 reported average PFDI, PFIQ, and PISQ scores preoperatively and at on year 

(128 vs 44, 63 vs 0, 20 vs 16 respectively). Seror et al27 reported an improvement in the 

average PFDI score from 160 to 27 postoperatively but did not differentiate between the 

RSC and LSC cohort. Siddiqui et al14 reported mean scores 12 months postoperatively: 

Pelvic Organ Distress Inventory 10.2, Pelvic Organ Prolapse Impact Questionnaire 0.7, and 

PISQ 36. Seven studies reported postoperative patient satisfaction >90%; however the 

methods of reporting were highly variable.

Discussion

The use of robotic assisted surgery in the field of gynecology is increasing rapidly in the 

United States. A recently published population based analysis of greater than 250,000 

patients demonstrated that the rate of robotic assisted hysterectomy increased from 0.5% to 

9.5% between 2007 and 2010.28

Our review of the literature on robotic assisted sacrocolpopexy showed the majority of 

publications were small case series. Only in the past few years have larger prospective 

cohort studies and a single randomized controlled trial been published. Because of the 

increase in complications reported with transvaginal mesh for prolapse, it is likely that many 

pelvic floor surgeons are abandoning a transvaginal approach and looking for a minimally 

invasive approach with similarly high efficacy.29 Thus we would expect robotic assisted 
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sacrocolpopexy to continue to increase in popularity. Because randomized controlled trials 

are difficult to perform when assessing surgical procedures and uncommon with new 

procedures and technologies, the systematic review of available data is necessary.

To our knowledge, this study is the first systematic review of robotic assisted laparoscopic 

sacrocolpopexy. Our analysis demonstrates that robotic assisted laparoscopic 

sacrocolpopexy is a safe and effective procedure for apical prolapse with low recurrence 

rates. The anatomic cure rate of 98.6% at a mean follow-up of 26.9 months mirrors that of 

the traditional abdominal sacrocolpopexy performed by laparotomy at medium-term follow 

up.3 Notably there was little variance in anatomic cure rates at or beyond six months 

between the studies, yielding narrow confidence intervals and suggesting our combined 

estimate for the anatomic cure rate is valid. Paraiso et al22 who published the only 

randomized controlled trial among the selected studies reported the lowest apical anatomic 

cure rate at 88.4%. However, the majority of their patients (72%) had advanced prolapse of 

POP-Q Stage 3 or 4.

Interestingly, the majority of prolapse recurrences were non-apical, and transvaginal 

posterior repair was the most common procedure performed for recurrent prolapse. This 

finding may suggest that in patients with a significant posterior compartment defect, 

posterior repair may be indicated at the time of RSC in order to avoid future reoperation. 

However, based on the studies included in this review, it is not known if posterior defects 

were present at the time of RSC or if they developed de novo. RSC is traditionally indicated 

for apical and/or anterior vaginal prolapse and therefore asymptomatic posterior defects may 

not have been addressed at the initial surgery. Recurrent apical prolapse was significantly 

less common. Of the 15 apical recurrences, the majority were managed conservatively and 

those who underwent reoperation were treated with vaginal apical repairs.

Total operative time and estimated blood loss varied widely among the studies; however, 

this may partially be explained by the number of concomitant procedures, surgeon 

experience, prior surgery, body mass index, and the complexity of the cases. The average 

length of stay (2.4 days) was longer than expected for a minimally invasive procedure. 

However, only three studies reported an average hospital stay of greater than three days. 

Notably, these studies were performed in Hong Kong, France, and Spain.24,27,30 Variation in 

healthcare management among different countries may partially account for the longer 

hospital stays in these studies. Many of the included studies were performed early in the 

surgeons’ implementation of the robotic technique which may also contribute to the longer 

than expected length of stay. The complication rate was overall low and consistent with 

reported surgical complication rates for laparoscopic sacrocolpopexy.7 Similar to operative 

time and blood loss, complication rates may vary based on factors such as surgeon 

experience, patient BMI, and previous pelvic surgery. Our analysis was not able to control 

for these factors. Matthews et al26 reported that in their series of 85 patients, all six visceral 

injuries occurred in patients with previous pelvic surgery. Three studies excluded patients 

with previous pelvic reconstructive surgery20,22,30 while three studies included only patients 

with prior hysterectomy22,24,31. The differences in the selection of patients for these studies 

demonstrate that selection bias is a limitation of meta-analyses and may account for our 

finding that RSC is associated with low complication rates.
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Our estimated mesh exposure/erosion rate of 4.1% is slightly higher than the rates seen in 

the abdominal procedure (3.4%)3 and the laparoscopic procedure (2.7%)7 at medium-term 

follow up. Paraiso et al22 was the only study to specify that one of the two mesh erosions 

reported in their study was from a synthetic sling instead of the sacrocolpopexy mesh. 

However, based on the locations reported in other studies including the posterior vagina (6), 

apex (3) and anterior vagina (2), the majority of mesh erosions appear to be related to the 

sacrocolpopexy mesh.

11 of 13 studies reported use of a standard macroporous monofilament polypropylene mesh 

for the sacrocolpopexy. Notably, Moreno et al30 used an acellular collagen coated 

polypropylene mesh and reported no mesh erosions. Shariati et al21 report a technique using 

a porcine dermis overlay with polypropylene mesh anchored with a non-absorbable multi-

filament suture which may partially explain the higher rate of mesh erosion (11.2% of 

patients with > 6 month follow up).. If the mesh exposure/erosion rate is truly higher in 

RSC, the lack of haptic feedback may be one theory to explain this finding. The lack of 

haptics may lead to inadvertent thinning of tissue during the vaginal dissection or deeper 

placement of sutures perhaps leading to higher rates of mesh or suture exposure/erosion 

within the vagina. Mourik et al20 was the only uterine-sparing RSC study that met inclusion 

criteria, and notably no mesh erosions were reported. Matthews et al26 also noted that mesh 

exposures/erosions only occurred in their patients who underwent robotic sacrocolpopexy in 

contrast with sacrocervicopexy and postulated that the cervix may provide an anatomic 

barrier that decreases the risk for mesh exposure/erosion. The notion that colpotomy is 

associated with increased rate of mesh exposure/erosion with sacrocolpopexy has been 

suggested by others.3

Recently published data from the extended Colpopexy and Urinary Reduction Efforts 

(eCARE) has provided long-term outcome data on patients after abdominal 

sacrocolpopexy.32 Initially designed as a randomized controlled trial to study effectiveness 

of concomitant Burch colposuspension at the time of abdominal sacrocolpopexy, the 

original study follow-up was extended to also assess long-term anatomic and symptomatic 

recurrence of prolapse. They report anatomic failure rates of 22% in the ASC group and 

27% in the ASC with Burch colposuspension group at 7 years; however, the reoperation rate 

for recurrent prolapse remained low at 5%. They report an overall mesh erosion of 10.5% at 

7 years after abdominal sacrocolpopexy. Notably, the type of material used was not 

standardized and included autologous grafts, xenografts, as well as mono- and multi-

filament synthetic grafts.33 Based on this data, it is presumed that the rates of anatomic 

failure and mesh erosion may increase as longer term outcome data becomes available for 

robotic sacrocolpopexy.

In the studies there was a relatively low reporting of validated pelvic floor questionnaires. A 

likely explanation for this is the inclusion of retrospective studies in our review. Five of the 

six prospective studies discussed use of validated questionnaires in contrast to only one of 

seven retrospective studies. Increased use of these questionnaires would allow better 

assessment of subjective and patient-directed outcomes for future studies. Sexual function is 

an important component of reconstructive surgery and has a significant impact on quality of 

life.34 Only Shariati et al21 commented on postoperative dyspareunia with a rate of 9.6% at 
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one year. Inclusion of objective and validated measurements of sexual function both before 

and following RSC is needed.

Limitations of our study are similar to any meta-analysis and include varying quality, 

selection bias, and possible publication bias within the studies. There was also significant 

loss to follow up with a wide variation among the studies that may introduce bias within our 

results. Other potential sources of error in our analysis are the differences in severity of 

preoperative prolapsed stage/grade, experience of the surgeon and facility with robotics and 

the technical portions of the procedure.

While long-term randomized controlled trials comparing robotic assisted laparoscopic to 

traditional laparoscopic approach are needed, the outcomes of this systematic review and 

meta-analysis indicate that at medium-term follow-up (> 6 months), robotic sacrocolpopexy 

is an effective surgical treatment for apical prolapse with high anatomic cure rate and low 

rate of complications.
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Figure 1. Study Selection
Flowsheet of study selection process adapted from PRISMA guidelines.8
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