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Sacrocolpopexy for Treatment of Vaginal Apical Prolapse:
Evidence-Based Surgery
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From the Section of Female Pelvic Medicine and Reconstructive Surgery, Department of Obstetrics and Gynecology, Hadassah–HebrewUniversity Medical
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ABSTRACT Pelvic organ prolapse is a common condition that negatively affects womens’ quality of life. Sacrocolpopexy is an abdominal
procedure designed to treat apical compartment prolapse including uterine or vaginal vault prolapse and multiple-compartment
prolapse. Although traditionally performed as an open abdominal procedure, minimally invasive sacrocolpopexy, whether lapa-
roscopic or robotic, has been successfully adopted in the practice of many pelvic reconstructive surgeons. There are many
variations to this procedure, with different levels of evidence to support each of them. Herein we review the current literature
on sacrocolpopexy, with emphasis on theminimally invasive approach. Procedural steps and controversies are examined in light
of the existing literature, and recommendations are made on the basis of the level of existing evidence. Journal of Minimally
Invasive Gynecology (2014) 21, 546–557 ! 2014 AAGL. All rights reserved.
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Pelvic organ prolapse (POP) is a common condition that
negatively affects the quality of life (QoL) of up to 40% of all
women [1,2]. Many surgical procedures have been designed
to treat multiple-compartment prolapse; however, high-
quality data comparing outcomes of these procedures are
scant [3,4]. Repeat operation rates for prolapse surgery are
high, in particular in the anterior and apical compartments
[2]. In an attempt to improve anatomical cure rates, biologic
and synthetic mesh grafts have been developed to improve
tissue strength. Mesh can be implanted via the abdominal
or vaginal route, and use of vaginal mesh has become popu-
lar during the past decade because of its minimal invasive-
ness and satisfactory anatomical outcomes. However,
conflicting data on the use of vaginal mesh cast some doubt
on the benefit of this technology. Vaginal mesh seems to
improve anatomical outcome at the anterior and apical com-

partments; however, most studies have failed to demonstrate
subjective improvement in symptoms and QoL after repair
using vaginal mesh compared with native tissue [5]. More-
over, the US Food and Drug Administration recently issued
a public health notification stating that serious adverse
events are not rare in vaginal mesh surgery. In its review
of the literature, abdominal prolapse repair using mesh
was found to be associated with fewer mesh-specific compli-
cations than was vaginal prolapse repair using mesh [6], a
finding that, at least in relation to mesh complications, sup-
ports the abdominal approach as a potentially safer and more
effective means of repairing POP.

Abdominal sacrocolpopexy (ASC), first described in
1957 by Lane to treat vaginal vault prolapse after hysterec-
tomy, is considered the most durable procedure for repair
of POP, with reported long-term success rates of 68% to
100% [7]. In this procedure, an abdominal approach is
used to attach a mesh graft to the anterior and posterior walls
of the vagina and to anchor it to the anterior longitudinal lig-
ament at the sacral promontory. Despite its excellent cure
rates and durability, the potential morbidity associated
with this open abdominal procedure has motivated surgeons
and researchers to evaluate more minimally invasive
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approaches. ASC can also be performed laparoscopically,
with reported short-term cure rates similar to those obtained
using the open approach [8]. However, this procedure in-
volves extensive suturing and retroperitoneal dissection
requiring advanced laparoscopic skills. In robotic sacrocol-
popexy (RSC), a new tool, the da Vinci Surgical System
(Intuitive Surgical, Inc., Sunnyvale, CA), is used for perfor-
mance of minimally invasive POP repair. This approach in-
corporates the potential durability of abdominal repair with
the minimal invasiveness of robotic surgery. Short-term data
show that RSC is safe and efficacious, with short-term
anatomical outcome comparable to that with the open and
laparoscopic approaches [9–15]. While adhering to the
basic principles of this procedure, many variations in
surgical technique exist; however, good quality data to
support one technique over the other are limited.

We reviewed the current literature on sacrocolpopexy,
with focus on efficacy and safety, effect of patient risk fac-
tors on outcome, and data on minimally invasive approaches
to this procedure. In addition, although most data are for the
open procedure, we highlight specific surgical steps and
issues involved in the minimally invasive approaches of lap-
aroscopy and robotics as they apply to sacrocolpopexy.

Patient Selection

Sacrocolpopexy is a procedure designed to repair apical
support defects. Although originally described as a treatment
for vaginal vault prolapse, it is widely used today for treat-
ment of uterine prolapse as well. In uterine prolapse, hyster-
ectomy is usually completed before sacrocolpopexy. Uterine
preservation or hysteropexy is not discussed in this review. In
many instances of anterior and posterior vaginal wall pro-
lapse, there is also an apical component. Careful patient
evaluation is required to diagnose multiple-compartment
prolapse. Such diagnosis is crucial for selection of the
most appropriate surgical option.

The role of sacrocolpopexy as primary surgery for pro-
lapse has never been consistently studied. Because patients
with more advanced prolapse are at higher risk of recurrence
[15], sacrocolpopexy, with its high durability and success
rates, may be considered a good option for primary repair.

As compared with vaginal prolapse repair, sacrocolpo-
pexy, either open or laparoscopic/robotic, is generally a
longer procedure that requires that the patient be under gen-
eral anesthesia and in a steep Trendelenburg position. There-
fore, some patients with medical comorbidities may not be
considered ideal candidates for the procedure. In patients
with surgical risk factors, the benefits of this longer surgery
should be weighed against its risks, in particular when there
are potentially safer and less invasive alternatives via the
vaginal route [5]. In these patients at high risk, sacrocolpo-
pexy may be reserved for recurrent prolapse as a secondary
treatment option; however, this has not been proved by scien-
tific data. The durability of sacrocolpopexy and its potential
benefits for sexual function (preservation of vaginal length

and axis and lower rate of dyspareunia) make this procedure
a good option in relatively young, sexually activewomen. In a
study comparing RSC with vaginal mesh colpopexy, patients
who underwent RSC were more likely to be younger, leaner,
and sexually active and to have fewer medical comorbidities
[16]. This reflects surgeon preference to select younger and
healthier patients for sacrocolpopexy. No randomized trial
exists to support this practice. Recent data challenge tradi-
tional beliefs about some surgical risk factors. A study by
Bradley et al [17] showed that most outcomes and complica-
tion rates after open sacrocolpopexy were similar in obese
women and thosewith healthyweight. Another study showed
that in elderly women robotic surgery was associated with
fewer postoperative complications than was vaginal surgery.
The authors concluded that either the vaginal or robotic route
may be reasonable in the elderly population [18]. The sur-
geon should be aware of the variety of surgical risk factors,
including advanced age, obesity, and medical comorbidities,
in selecting the procedure of choice for prolapse repair.

Efficacy of Sacrocolpopexy

ASC is considered one of the most durable procedures for
repair of vaginal vault prolapse. In a comprehensive review of
ASC in 2004, Nygaard et al [7] reported cure rates of 78% to
100%when defined as lack of apical prolapse postoperatively,
and 58% to 100%when defined as no postoperative prolapse.
Since the publication of this frequently cited comprehensive
review ofASC,many studies have been performed to evaluate
this procedure, with some of them providing high-quality
data.More studies have rigorously assessed pelvic symptoms,
urinary tract and bowel function, sexual function, and QoL
using standardized and validated tools. In addition, newer
studies have been published that assessed minimally
invasive laparoscopic or robotic-assisted sacrocolpopexy.

In a randomized controlled trial (RCT) comparing sacro-
colpopexy with and without Burch colposuspension to pre-
vent stress urinary incontinence, the Colpopexy and
Urinary Reduction Efforts (CARE) trial, Brubaker et al
[14] reported cure rates as high as 95% at the vaginal apex
in women at 2 years after ASC. At 2 year follow-up, ,4%
of women required a repeat operation to treat prolapse
[14]. Patient satisfaction rate and QoLmeasures also showed
sustainable improvement from baseline. ASC compares
favorably with vaginal procedures for apical suspension
such as sacrospinous fixation. A 2010 Cochrane review re-
ported a lower rate of recurrent vault prolapse, reduced grade
of residual prolapse, greater interval before prolapse
recurred, and less dyspareunia with ASC vs apical prolapse
repair [5]. Another study, by Maher et al [19], that compared
laparoscopic sacrocolpopexy (LSC) with repair using total
vaginal mesh also demonstrated superior results for sacro-
colpopexy; at 2-year follow-up the objective cure of LSC
was 77%, compared with 43% in the vaginal mesh group.
The repeat operation rate was 5%, compared with 22% after
the vaginal mesh procedure [19]. A recent prospective study
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from France reported the effect of LSC on symptoms, QoL,
and sexuality. The Pelvic Floor Distress Inventory (PFDI-
20) score improved substantially at 3 and 12 months after
LSC. QoL, as reflected by the Pelvic Floor Impact Question-
naire (PFIQ-7), was also substantially improved, as was sex-
ual function as reflected by the Pelvic Organ Prolapse
Urinary Incontinence Sexual Questionnaire (PISQ-12) [20].

In contrast to the improvement in prolapse symptoms,
urinary tract symptoms, and QoL that is generally observed
after sacrocolpopexy, the effect of sacrocolpopexy on bowel
symptoms is less clear. In a retrospective study of 77 women
who underwent RSC, only 56% reported improvement in
outlet constipation at 1 year postoperatively. In addition,
11.6% had de novo outlet constipation [21].

It is important to note that when defining success of a pro-
cedure in subjective terms, such as improvement in patient
symptoms, QoL, and satisfaction, the lack of uniformity in
outcome measuring tools and the subjectivity of outcomes
make it difficult to draw clear conclusions. Keeping this lim-
itation in mind, Nygaard et al [7] reported patient satisfaction
or complete relief of symptoms to be as high as 85% to 100%.

The issue of follow-up in studies involving sacrocolpo-
pexy also deserves mention because both duration and
completeness of follow-up varies considerably between
studies. In 2002, Culligan et al [22] performed a large retro-
spective cohort study with 245 patients who had undergone
sacrocolpopexy, with specific focus on follow-up in an effort
to establish the natural history of the procedure. That inves-
tigation found that almost 95% of objective failures occur
within the first 24 months after surgery, a conclusion that
highlights the importance of long-term follow-up studies
of R2 years [22]. A recent long-term follow-up study of
CARE trial participants by Nygaard et al [23] concluded
that at 7-year follow-up there was an increased rate of failure
of ASC on both objective and subjective measures. The
authors also calculated the probability of mesh erosion
over 7-year follow-up to be 10.5% [23].

Minimally Invasive Sacrocolpopexy

The primary disadvantages of ASC, that is, relatively
high complication rate, longer hospital stay, more postoper-
ative pain, and delayed return to activity [5], have led many
surgeons to limit or completely abandon the abdominal
approach to POP repair in their practice. The need for a mini-
mally invasive procedure that incorporates the cure rate and
durability of abdominal repair has recently been addressed
by the accumulating data on LSC and RSC. In both of these
procedures, all surgical principles of ASC are followed, but
using a minimally invasive approach. In a recent RCT from
Britain that compared open vs LSC, the 2 procedures demon-
strated similar anatomical success rates for LSC, with less
blood loss, higher hemoglobin concentration, and shorter
hospital stay [24]. In addition, these procedures are generally
believed to be associated with better cosmetic results [25].

Nevertheless, the necessity of high-level laparoscopic skills
may limit the popularity of this procedure.

RSC using the da Vinci Surgical System is a new tech-
nique for performance ofminimally invasive sacrocolpopexy,
and may overcome some of the difficulties associated with
conventional laparoscopy. Since its approval by the US
Food and Drug Administration in 2005, the da Vinci robot
has gained popularity among pelvic reconstructive surgeons,
enablingmore surgeons to performminimally invasive sacro-
colpopexy. There is evidence that surgical tasks may be more
easily learned by trainees in the robotic system as compared
with conventional laparoscopy. In 2011, Kho [26] reviewed
the literature on surgical task acquisition and performance
on the robotic platform as compared with conventional lapa-
roscopy. That author concluded that in the laboratory setting
the learning curve was less steep with the robotic platform
than with conventional laparoscopy; however, this is yet to
be proved in a clinical setting.

The robotic system offers improved visualization with
3-dimensional view and substantially improved dexterity
owing to the wide motion and articulation range of the
robotic tip unit. The primary disadvantage of the robotic sys-
tem is the higher cost as compared with that of ASC or LSC.
Another important disadvantage of the robotic system is lack
of haptic feedback during surgery. In recent years, clinical
data have been accumulating in the literature with regard
to surgical outcomes of LSC and RSC, and demonstrate
comparable outcomes to ASC in the treatment of POP.
Tables 1 and 2 summarize data on LSC and RSC, respec-
tively, which are discussed in more detail as follows.

Minimally Invasive vs Open Sacrocolpopexy

In a recent prospective study of 148 women undergoing
LSC, the anatomical cure rate was 93.7% at 12 months
[20]. In a recent large study comparing LSC and RSC vs
ASC amongMedicare beneficiaries, minimally invasive sac-
rocolpopexy was associated with a higher rate of repeat
operation to repair anterior wall prolapse than was ASC
(3.4% vs 1%; p 5 .02). However, more medical (primarily
cardiopulmonary) complications were reported after surgery
in the open group (31.5% vs 22.7%; p5 .02) [38]. Elliot et al
[10] reported success rates of 94% in a series of 30 patients
undergoing RSC with follow-up of up to 24 months. Bel-
sante et al [36] reported no recurrent vault prolapse and a sta-
tistically significant improvement in reported QoL in 35
patients who underwent RSC, with a median follow-up of
28 months. More recently Geller et al [12] reported similar
short-term vaginal vault support with RSC and open sacro-
colpopexy, with longer operative time, less blood loss, and
shorter length of stay with RSC. A follow-up study of the
same cohort at 44 months demonstrated comparable long-
term rates of success for both open and robotic procedures,
using both objective and subjective measures [34]. Freeman
et al [24] performed a multiple-center RCT in the UK,
comparing LSC vs ASC. The subjective cure rate for ASC
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Table 1

Summary of studies on laparoscopic sacrocolpopexy outcome

Source, year Design No. of women

Duration of

follow-up, mo Outcome/Cure rate Complications Remarks

Sarlos et al [8],

2008

Retrospective

cohort

101

46 laparoscopic supracervical

hysterectomy 1
sacrocolpopexy 55 LSC

12 93% Subjective

98% Objective

NA Recurrence only in anterior

compartment (6%)

Maher et al [19],

2011

RCT 53 LSC

55 Vaginal mesh

24 Objective:

77% LSC

43% vaginal mesh

NA NA

Tan Kim

et al [27], 2011

Retrospective

cohort

188 LSC or RSC NA See complications Total 10% rate of mesh erosion

Rate significantly higher in TLH

vs supracervical hysterectomy

or post-hysterectomy

Primary outcome: risk factors for

mesh erosion

Warner

et al [28], 2012

Retrospective

cohort

390 NA See complications Functional GI complications 1%

(1 ileus, 3 SBO)

Prolonged nausea/emesis 0.8%

Bowel injury 1.3% (3 small bowel

injuries, 2 rectal injuries)

Primary outcome: GI

complications

Warner

et al [29], 2012

Retrospective

cohort

390 NA See complications Mesh exposure rate 2.8%; higher

rate associated with total vs

supracervical hysterectomy

and with laparoscopic vs

vaginal mesh suturing

Suture extrusion rate 3.6%; higher

rate associated with

laparoscopic vs vaginal mesh

suturing

Primary outcome: mesh exposure

Ramanah

et al [30], 2012

Prospective

cohort

90 LSC 30 Postoperative worsened

Colorectal-Anal Distress

Inventory (p 5 .02)

No change in Colorectal-Anal

Impact Questionnaire (p5 .37)

NA Primary outcome: anorectal

symptoms

Withagen

et al [31], 2012

Prospective

cohort

49

45 LSC

4 laparoscopic

sacrohysteropexy

6 98% Objective (apical

compartment)

79% Subjective (apical

compartment)

1 Patient (2%). mesh exposure

1 Patient (2%) small bowel injury

Study examined efficacy of LSC

with bone anchor fixation

(Continued )
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was 90%, and for LSC was 80% (not significant), with less
blood loss and a shorter hospital stay for LSC. Siddiqui et al
[35] recently showed an outcome of RSC, performed by a
single surgeon, similar to the outcome of ASC in patients
who participated in the CARE trial.

Laparoscopic vs Robotic Sacrocolpopexy

In a small retrospective study, we compared short-term
outcome and operative time between conventional laparo-
scopic and robotic sacrocolpopexy. Similar anatomical cure
rates were found in the 2 groups. Further, there was no differ-
ence in the rate of perioperative complications or operating
time [13]. In contrast, in an RCT, Paraiso et al [33] reported
longer operating time and increased postoperative pain after
RSC compared with the conventional laparoscopic approach,
although with similar anatomical outcomes. Insofar as costs,
the authors found that RSCwas $1936 more than LSC. How-
ever, a different cost analysis concluded that with sufficient
institutional case volume, RSC can be even less costly than
open ASC [39].

To date, given the existing evidence regarding outcome
of LSC and RSC, both procedures should be considered
comparable, and the choice to perform each of them is
made on the basis of personal preference and surgeon skills.

Complications

Complications of ASC include general surgical compli-
cations as well as some more unique to the procedure. In
their review of open ASC, Nygaard et al [7] found a total
complication rate of 14.6%. The more important complica-
tions associated with sacrocolpopexy are discussed here in
further detail.

It should be noted that open ASC is associated with a
higher rate of medical complications, in particular cardio-
pulmonary complications, as compared with LSC or RSC
[26]. In addition, a systematic review that focused on com-
plications and repeat operation rates concluded that the
rate of overall serious complications requiring repeat opera-
tion, as measured using the Dindo grading system, is lower
in sacrocolpopexy vs prolapse surgery performed vaginally,
either with native tissue or mesh [40].

Bleeding Complications

During presacral dissection, bleeding may occur from the
iliac vessels and, unique to this procedure, from the middle
sacral vessels at the sacral promontory. Nygaard et al [7]
described this complication as ‘‘uncommon’’ but ‘‘one of
the most worrisome.’’ The overall median rate of bleeding
complications was 4.4% [7].

Urinary Tract Complications

In the review of sacrocolpopexy by Nygaard et al [7], the
most common complication reported was urinary tract
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Table 2

Summary of studies on robotic sacrocolpopexy outcome

Source, Year Design No. of women

Duration of

follow-up Outcome/Cure rate Complications Remarks

Di Marco et al [11], 2004 Retrospective cohort 5 4 mo No recurrence NA NA

Elliott et al [10], 2006 Retrospective cohort 30 24 mo 100% Subjective 1 Recurrent grade 3 rectocele

1 Recurrent vaginal vault prolapse

2 Mesh erosion

NA

Daneshgari et al [9], 2007 Retrospective cohort 12 6 mo 100% Objective Mean POP-Q

Bp point 11.3 / –2.65

C point 12.1 / –8.28

NA NA

Geller et al [12], 2008 Retrospective cohort 178

73 RSC

105 ASC

6 wk RSC improved POP-Q C point

Less blood loss

RSC: higher incidence of

postoperative fever

ASC vs RSC

Shveiky et al [15], 2010 Retrospective cohort 54

17 RSC

37 Vaginal mesh

colpopexy

12 mo Objective cure:

RSC 94.1%

Vaginal mesh 70.2%

Similar complication rates RSC vs vaginal mesh colpopexy

Paraiso et al [33], 2011 RCT 78

38 LSC

40 RSC

12 mo Similar objective cure rates RSC: higher postoperative pain and

use of NSAIDs

NA

Geller et al [34], 2012 Retrospective cohort 51

23 RSC

28 ASC

44 mo Similar objective improvement RSC: mesh erosion 8%

ASC: mesh erosion 7%

Long-term outcome of RSC vs ASC

Siddiqui et al [35], 2012 Retrospective cohort 447

125 RSC

322 ASC

12 mo Composite outcome (cure5 no bulge

symptoms and no repeat surgery)

RSC 92%

ASC 96% (NS)

Anatomical cure 94% for both

NA Comparison of single-surgeon RSC

and ASC outcome from CARE trial

Antosh et al [13], 2012 Retrospective cohort 88

65 RSC

12 LSC

3 mo RSC: 87.1% objective

LSC: 91.3% objective (NS)

Similar rates of complications RSC vs LSC

Belsante et al [36], 2013 Retrospective cohort 35 RSC 28 mo Objective improvement

POP-Q C point mean –1.1 / –9.7

Subjective improvement (p , .05)

No recurrent vaginal vault prolapse

3 Repeat pelvic organ prolapse

procedures

1 Mesh erosion

NA

Salamon et al [37], 2013 Prospective cohort 120 RSC 12 mo 89% Objective

94% Subjective

No mesh complications Ultra-lightweight polypropylene

mesh in RSC

ASC5 abdominal sacrocolpopexy; CARE5Colpopexy and Urinary Reduction Efforts trial; LSC5 laparoscopic sacrocolpopexy; NA5 not available or not applicable; NS5 not significant; NSAID5 nonsteroidal anti-inflammatory
drug; POP-Q 5 pelvic organ prolapse quantification; RCT 5 randomized controlled trial; RSC 5 robotic sacrocolpopexy.
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infection, with a median rate of 10.9%. Injury to the urinary
tract is less common but not rare. In 11 studies that reported
bladder injury, the median rate was 3.1%. The reported me-
dian rate of damage to the ureter was 1.0%; however, only 4
studies discussed this complication.

Gastrointestinal Complications

A secondary analysis of the CARE trial, focusing on
gastrointestinal complications of ASC, found that 5.9% of
participants experienced serious gastrointestinal complica-
tions such as small bowel obstruction or ileus. Only 1.2%
required a repeat operation because of serious gastrointestinal
complications. The authors noted that this rate of serious
gastrointestinal complications for ASC is comparable to
that for other open gynecologic procedures. In that study,
no intraoperative bowel injuries were reported [41]. Nygaard
et al [7] noted a median rate of bowel injury of 1.6%. Simi-
larly, in a recent retrospective study that focused on gastroin-
testinal complications of LSC in 390 patients, Warner et al
[29] found a rate of 1.3% for intraoperative bowel injury
(3 small bowel and 2 rectal injuries). That study reported a
rate of 1% for combined ileus and small bowel obstruction.
Previous abdominal surgery was positively associated with
functional gastrointestinal complications such as ileus, small
bowel obstruction, and nausea, but not with bowel injury.

Mesh Complications

In their systematic review, Jia et al [42] reported that mesh
erosion rates for sacrocolpopexy varied between 0% and 12%.
This compared with rates of 0% to 21% for infracoccygeal
sacropexy. In their 2004 review of ASC, Nygaard et al [7] re-
ported an overall rate of mesh erosion of 3.4%. Similarly,
Visco et al [14] reported the rate of mesh erosion for ASC to
be 3.2%, compared with 4.5% for abdominal sacral colpoper-
ineopexy (in which the posterior mesh is attached to the peri-
neum), and .16% for procedures in which the mesh was
sutured vaginally. In that study the mean time to diagnosis
of mesh erosion in the ASC group was 15.6 months [43].

Vertebral Discitis

Vertebral discitis at the L5–S1 level, or even osteomye-
litis, may occur as a result of mesh or suture placement in
the sacral area. This is a rare but serious complication that
may necessitate a repeat operation for debridement and
removal of the infected mesh. There have been several re-
ports of this complication [44–46]. Muffly et al [46] reported
a case of lumbosacral osteomyelitis that manifested with
increasing back pain and foul-smelling vaginal drainage.
Such cases have been reported up to 5 years after surgery.

Nerve Injury

LSC and RSC may be associated with additional compli-
cations that are unique to the laparoscopic approach. In both

procedures the patient is lying in the lithotomy position in a
steep Trendelenburg position for a prolonged time. As a
result, there is increased risk of position-related nerve injury,
in particular to the posterior tibial and femoral nerves in the
lower limbs and to the brachial plexus at the upper limbs and
shoulder girdle [47]. Special measures should be taken to
prevent such injuries, including proper patient positioning,
prevention of the patient sliding down the table during the
procedure, and minimizing operative time.

Common Surgical Controversies

Hysterectomy: Total vs Supracervical

In patients with uterine prolapse, many surgeons prefer to
perform hysterectomy before sacrocolpopexy. When uterine
preservation is desired, sacrohysteropexy may be consid-
ered; however, discussion of this procedure is beyond the
scope of this article. While total hysterectomy may have
the advantage of prevention of future cervical disease, supra-
cervical hysterectomy may be an alternative after exclusion
of cervical dysplasia. Although sometimes offered as a safer
alternative to total hysterectomy, this assertion is not
supported by level 1 evidence. None of 3 randomized trials
that compared open supracervical vs total hysterectomy
demonstrated significant differences in perioperative mor-
bidity or in urinary or sexual function [48]. However, in a
retrospective study, laparoscopic supracervical hysterec-
tomy was associated with less blood loss and complications
when compared with laparoscopically assisted vaginal
hysterectomy [49]. In theory, from the pelvic support
perspective, the residual apical support provided by the ute-
rosacral ligaments may also be an advantage [50].

In an analysis of 322 participants in the CARE trial, con-
current total hysterectomy was found to be a modifiable risk
factor for mesh erosion after sacrocolpopexy [51]. In another
retrospective study of 390 LSCs, open cuff hysterectomy
was significantly associated with mesh erosion, as compared
with supracervical hysterectomy (4.9% vs 0%; p5 .03) [29].
With regard to vaginal hysterectomy, Tan Kim et al [27]
found this to be a significant risk factor for mesh erosion
in sacrocolpopexy, with up to 23% erosion rates.

Recommendation
Overall, it seems that when hysterectomy is indicated,

supracervical hysterectomy may have a benefit over total
hysterectomy or transvaginal hysterectomy in reducing
mesh erosion and overall complication rates. Level of evi-
dence: 2b.

Choice of Graft and Suture Material

Several studies have addressed the question of which
graft material should be used in ASC. Tate et al [52] conduct-
ed an RCT that compared cadaveric fascia lata graft vs syn-
thetic polypropylene mesh for ASC. At 5-year follow up,
objective anatomical success rates were 62% for fascia
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lata graft, and 93% for polypropylene mesh (p5 .02) [52]. In
a recent RCT, Culligan et al [32] compared surgical outcome
of laparoscopic sacrocolpopexy using either porcine dermis
or polypropylene mesh. They found similar objective cure
rates of 80.7% and 89.2%, respectively (not significant). A
retrospective study by Quiroz et al [53] found more apical
failures in ASC with use of porcine acellular collagen matrix
graft (11%) as compared with polypropylene mesh (1%) or
autologous fascia (7%). All repeat operations occurred in
the porcine acellular collagen matrix group. This graft was
also associated with higher graft-related complications
[53]. In a recent prospective study, Salamon et al [37] found
objective and clinical cure rates of 89% and 94%, respec-
tively, in RSC using ultra-lightweight polypropylene mesh,
with no mesh complications.

Significant heterogeneity also exists between different
synthetic mesh products [54]. A recent study compared the
ex-vivo strength, stiffness, and degree of permanent defor-
mation of 7 different commercial vaginal meshes. In general,
meshes of lighter weight (i.e., more porous meshes) were
less stiff but had decreased tensile strength [54]. Neverthe-
less this was an ex vivo study on which we cannot base clear
clinical recommendations.

Insofar as suture selection, one study found no suture or
mesh erosion in 254 patients in whommonofilament delayed
absorbable suture (PDS; Ethicon, Inc., Somerville, NJ) was
used, as compared with 3.7% when braided permanent
suture (Ethibond; Ethicon) was used, with a similar anatom-
ical outcome in the 2 groups [55]. In a case series of 22
patients with infected mesh after ASC, 15 had a polytetra-
fluoroethylene mesh (Gore-Tex; W.L. Gore and Associates,
Inc., Newark, DE). In 82% of them, the mesh was attached to
the vagina using a braided permanent suture [56]. To facili-
tate suturing, unidirectional barbed sutures are sometimes
used in sacrocolpopexy for attaching the mesh to the vagina
or for peritoneal covering of the mesh. One study has shown
its feasibility and safety in pelvic reconstructive surgery;
however, the existing data are insufficient to draw any
conclusion [57].

Recommendations

! Polypropylene mesh is superior to fascia lata graft in
ASC. Level of evidence: Ib.

! Porcine dermis and polypropylene mesh yield comparable
short-term cure rates in LSC. Level of evidence: Ib.

! ASC is more likely to fail with use of a porcine acellular
collagen matrix graft than with synthetic or autologous
grafts. Level of evidence: 2b.

! Use of ultra-lightweight polypropylene mesh for RSC
may limit mesh-related complications in the first postop-
erative year, with substantial improvement in subjective
and objective outcomes. Level of evidence: 2b.

! Monofilament delayed absorbable sutures may reduce su-
ture or mesh erosion rates in ASC. Level of evidence: 2b.

Y-Mesh vs 2 Separate Mesh Pieces

Use of a preformed Y-mesh may facilitate mesh place-
ment and shorten the procedure; however, many surgeons
prefer to use 2 separate pieces of mesh for the anterior and
posterior vagina. The advantage of this approach is that
each piece can be individually tensioned at the surgeon’s
preference. There are no data in the literature that compare
these 2 approaches.

Recommendation
There is no evidence to support using either preformed

Y-mesh or 2 separate mesh pieces for sacrocolpopexy.
This controversy is yet to be studied.

How Low in the Vagina Should the Graft be Placed?

One of the most common controversies about the tech-
nique of sacrocolpopexy is the extent of dissection and
mesh placement in the vagina. Although many surgeons
dissect the vesicovaginal space to the level of the urethro-
vaginal junction, and the rectovaginal space to the level of
the levator ani muscles, others choose to limit this dissec-
tion in an attempt to reduce the risk of cystotomy or enter-
otomy. The value of low mesh placement in both the
anterior and posterior compartments has not been exam-
ined in a RCT. In 1997, Cundiff et al [58] described the
abdominal sacral colpoperineopexy procedure for correc-
tion of a posterior defect and perineal descent. In this
procedure, the rectovaginal space was dissected to the
superior aspect of the posterior vaginal fascia still contig-
uous with the perineal body, and synthetic mesh was
sutured to the posterior vagina. At short-term follow-up,
8 of 11 patients reported improved bowel symptoms.
Nevertheless, in an evaluation of the long-term effect of
this procedure on obstructive defecatory symptoms by
the same researchers, 85% of patients reported obstructed
defecation at 5-year follow-up. The authors concluded that
sacral colpoperineopexy is not likely to eliminate ob-
structed defecatory symptoms [58]. In a French prospec-
tive study of 90 patients undergoing laparoscopic sacral
colpoperineopexy, anorectal symptoms worsened substan-
tially at 30.7 months of follow-up [59]. De novo straining
(27%) and the need for digital assistance (17%) were the
most frequent anorectal symptoms [59]. In their retrospec-
tive study of mesh erosion after ASC, Visco et al [43]
found no difference in mesh erosion rates between ASC
and sacral colpoperineopexy when the mesh was sutured
abdominally.

Recommendation
On the basis of prospective non-randomized studies,

abdominal and laparoscopic sacral colpoperineopexy is
associated with no improvement, and even worsening, of
obstructive defecatory symptoms. Level of evidence: 2b.

Parkes and Shveiky. Sacrocolpopexy for Vaginal Prolapse 553



Sacrocolpopexy for Treatment of Anterior Compartment
Prolapse

Many patients with apical prolapse also have anterior
vaginal prolapse [60]. Correction of the vaginal apical sup-
port is important in any prolapse repair. In sacrocolpopexy,
mesh graft is sutured to the anterior and posterior vaginal
walls. Although most recurrences of prolapse occur in the
anterior wall, only a small number of studies have specif-
ically addressed cure of an anterior wall defect as a primary
outcome. Some surgeons added paravaginal repair to ASC to
correct cystocele. In a survey of 963 members of the Amer-
ican Urogynecologic Society, most responders considered
the anterior vaginal graft sufficient to address cystocele at
abdominal sacrocolpopexy [61]. In a retrospective cohort
study comparing outcomes in 170 patients undergoing sac-
rocolpopexy with and without concomitant paravaginal
repair, Shippey et al [62] were unable to detect a statistically
significant difference in the recurrence rate of cystocele be-
tween the groups. In another retrospective study, Gilleran
et al [63] reported an 8% recurrence rate for cystocele at
6 months after ASC, with substantial improvement in all
compartments.

Recommendation
Anterior mesh placement at sacrocolpopexy may be suf-

ficient for cystocele repair. Level of evidence: 2b.

Concomitant Posterior Repair during Sacrocolpopexy

Elevating the vaginal apex may correct support defects at
the anterior and posterior vaginal walls. A study by Guiahi
et al [64] measured the topography of the anterior and pos-
terior vaginal walls using the pelvic organ prolapse quantifi-
cation system before and 1 year after ASC. The anterior
compartment was the most common site of POP persistence
or recurrence, followed by the posterior compartment and
the vaginal apex. Those authors found ASC sufficient to
restore posterior vaginal wall support in most women,
without concomitant posterior repair [64]. Another study
by Crane et al [21] compared defecatory symptoms, specif-
ically, outlet obstruction, in patients who underwent RSC
with and without concomitant posterior repair. There was
no difference between the groups in obstructive symptoms
or in symptomatic posterior wall prolapse at 1 year after
RSC. Overall, 11.7% underwent subsequent posterior repair,
none of whom underwent posterior repair during the initial
surgery (not significant) [21].

Recommendations

! Posterior vaginal wall defect is often corrected at ASC,
with no need for concomitant posterior repair. Level of
evidence: 2b.

! Concomitant posterior repair has no effect on outlet
obstruction symptoms after RSC. Level of evidence: 2b.

! There is a trend toward reduced need for subsequent pos-
terior repair in women who underwent this procedure dur-
ing the initial surgery. Level of evidence: 2b.

Sacral Fixation Techniques

In ASC, the mesh is fixed to the anterior longitudinal lig-
ament at the sacral promontory. The optimal number of
sutures required to secure the mesh to the ligament has not
been studied. Insofar as suture placement and orientation,
White et al [65] performed a cadaver study and found that
sutures placed at or above the sacral promontory are more
secure than those placed below it. Horizontally oriented
sutures were substantially stronger than vertically placed
sutures [65]. In relation to suture position, however, it should
be noted that although fixation at or above the sacral prom-
ontory may result in a stronger stitch, increasingly cephalad
suture placement has been demonstrated substantially alter
the vaginal axis to a less anatomic position [66]. Further-
more, the increasing proximity to the great vessels may in-
crease the risk of injury to them.

Another potential complication of sacral fixation is
lumbosacral discitis at the level of L5–S1. Abernethy et al
[67] performed a magnetic resonance imaging study to
examine the sacral promontory and its relation to the inter-
vertebral disks. They found the intervertebral disk to be
located at the promontory in 53% of participants. Those au-
thors suggested that suture placement strategies that avoid
this location may reduce disk-related sequelae after sacro-
colpopexy [67]. Recently, Good et al [68] showed similar
results in a cadaver study. They found the L5–S1 disk to
be the most prominent structure in the presacral space.
During sacrocolpopexy, the surgeon should recognize the
60-degree average drop between the anterior surfaces of
L5 and S1 and avoid the L5–S1 disk [67]. When placing
the sutures caudal to the true sacral promontory, down the
slope of the sacrum, it is recommended to attach them to
S1 rather than S2, based on a study that found the pullout
strength of sutures to be substantially higher at the S1 level
than at the S2 level [69].

The use of bone anchors for securing of the mesh to the
presacral area is gaining popularity because it may save
time and avert the need for laparoscopic suturing. In a pro-
spective cohort study, Withangen et al [31] reported excel-
lent objective outcomes (98%) at the apical compartment
at 6 months after LSC using bone anchor fixation, with no
osteomyelitis or discitis. It seems that the fear of L5–S1 dis-
citis with bone anchor screws is not based on solid data but
on a few case reports [70]. Despite this, were discitis to
occur, management by removing bone anchors may be
more difficult than removing simple sutures.

Recommendations

! Sutures placed at or above the sacral promontory have a
stronger pullout force. Sutures placed more cephalad
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have a stronger pullout force than those placed more
caudally. However, more cephalad placement of sutures
may result in deviation of the vaginal axis. Level of
evidence: 5.

! Horizontally oriented sutures are stronger than vertical su-
tures. Level of evidence: 5.

! The most prominent point of the sacral promontory is the
L5–S1 disk, and this area should be avoided when placing
sacrocolpopexy sutures. Level of evidence: 5.

! The pullout strength of sutures placed at the S1 level is
substantially higher than at the S2 level. Level of
evidence: 5.

! Bone anchor fixation of the mesh is associated with good
anatomical outcomes, with only case reports of lumbosa-
cral discitis. Level of evidence: 2c.

Amount of Tension in the Vagina

One of the most critical steps in sacrocolpopexy is deter-
mination of the appropriate amount of apical suspension
without undue tension that may cause pain or de novo stress
incontinence. In a comprehensive review of the literature, we
found no studies that addressed the issue of optimizing
vaginal tension.

Peritoneal Covering of Mesh

After the vaginal vault is suspended, most practitioners
cover the mesh with peritoneum in an attempt to prevent
bowel entrapment and internal hernia. This complication
has been reported in case reports [71]. In their case series
of 128 women undergoing ASC or LSC without burial of
the mesh by peritoneal closure, Elneil et al [72] reported
no bowel complications. They concluded that it seems safe
to perform vault suspension without closing the peritoneum
(level of evidence: 2C) [72]. Nevertheless, most surgeons do
cover the mesh with peritoneum to reduce potential
morbidity of bowel entrapment and pelvic adhesion. We
cannot recommend changing this practice on the basis of a
single case series and therefore prefer to cover the mesh.

What to do in the Event of Bladder or Bowel Injury

In the event of cystotomy or proctotomy during sacrocol-
popexy, the surgeon faces the dilemma of whether to abort or
to continue the procedure after repairing the injury. Aborting
the procedure may leave the patient with prolapse, in-
creasing her dissatisfaction with the procedure. However,
placing mesh over a repaired bladder or bowel or after bowel
resection may increase the risk of mesh infection, erosion of
the injured organ, or fistula formation. In the previously cited
case series of mesh infection after ASC, 1 case occurred after
bowel resection [53].

Currently, there are no data in the literature to direct the
best practice in case of bladder or bowel injury. This impor-

tant controversy should be examined in a multicenter study
because these complications are not uncommon.

Use of Vaginal Estrogen Preoperatively and
Postoperatively

Vaginal estrogen is widely used to treat atrophic vaginitis
and is commonly used as an initial treatment of vaginal mesh
erosion. The rationale for this treatment is that replacing
estrogen in the vagina may minimize surgical site wound
infections by altering the vaginal flora to premenopausal
levels [73].

In a basic animal study by Higgins et al [74], estrogen
replacement administered in ovariectomized rats reversed
atrophic changes in the vagina and increased collagen depo-
sition into polypropylene mesh. In a small RCT that exam-
ined the histologic and cytologic effects of preoperative
vaginal estrogen in women with POP, Vaccaro et al [75]
found a statistically significant increase in vaginal maturity
index after 7 weeks of use, but no increase in vaginal epithe-
lial thickness. The clinical significance of this finding is
unclear. In a recent review of complications and their pre-
vention, de Tayrac et al [76] concluded that there is no evi-
dence to recommend routine local or systemic estrogen
therapy before or after prolapse surgery using mesh. This
common practice should be studied in a high-quality RCT
to assess its clinical relevance.

In conclusion, abdominal sacrocolpopexy is one of the
best-studied procedures for POP repair. It has been found
to be the most effective treatment for apical prolapse and
should be considered the criterion standard procedure for
this condition. Minimally invasive LSC or RSC seems to
have a comparable short-term outcome as the open ab-
dominal approach and affords patients the well-recognized
advantages of minimally invasive surgery. Although the sur-
gical principles remain the same, there are variations in sur-
gical technique. Keeping patient safety in mind, adequate
training in minimally invasive surgery, as well as critical
reading of the scientific data, is necessary to achieve the
best surgical outcome.
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