
European Journal of Obstetrics & Gynecology and Reproductive Biology 244 (2020) 60–65
Full length article

Laparoscopic sacrocolpopexy as the mainstay management for
significant apical pelvic organ prolapse (LAP) study

Vladimir Kalisa,b, Martin Smazinkab, Zdenek Rusavya,b, Mija Blaganjec, Martin Havirb,
Linda Havelkovad, Khaled Ismaila,e,*
aBiomedical Center, Faculty of Medicine in Pilsen, Charles University, Czech Republic
bDepartment of Obstetrics and Gynecology, University Hospital, Pilsen, Czech Republic
cDivison of Gynecology, University Medical Centre Ljubljana, Slovenia
dNew Technologies - Research Centre, University of West Bohemia, Czech Republic
eDepartment of Gynecology and Obstetrics, Faculty of Medicine in Pilsen, Charles University, Czech Republic

A R T I C L E I N F O

Article history:
Received 29 July 2019
Received in revised form 29 October 2019
Accepted 31 October 2019
Available online xxx

Keywords:
ASA-PS
Feasibility
POP
Repair
Outcomes

A B S T R A C T

Study objectives: The primary aim of this study was to assess the clinical feasibility of a policy where
laparoscopic sacrocolpopexy (LSC) is the default procedure for the management of a significant apical
pelvic organ prolapse (a-POP). As a secondary aim, we wanted to evaluate LSC outcomes in relation to
women’s preoperative assessment of their surgical fitness using the American Society of Anesthesi-
ologists physical status (ASA-PS) categorization.
Design: Retrospective cohort study.
Setting: A university affiliated urogynecology center.
Methods: All women with symptomatic a-POP (C � -1) who attended the urogynecology clinic between the
1st of January and the 31st of December 2016 and had their surgery by the 31st of May 2017 were included in
the study. In our unit, routine follow-up appointments are arranged at 3 and 12 months post LSC.
Interventions: Perioperative and mesh-related complications were assessed based on the Dindo-Clavien
and IUGA/ICS classifications respectively. The preoperative outcome measures included Pelvic Organ
Prolapse Quantification (POP-Q) stage, Pelvic Floor Distress Inventory (PFDI) and ASA-PS score. At follow-
up women were asked to complete a PFDI, Patient Global Impression of Improvement (PGI-I), had their
POP-Q staging and ultrasonographic assessment of mesh position and placement. The above measures are
routinely collected as part of our standard practice. A preoperative ASA-PS score of <3 was used as a cut-off
to dichotomies participants into low and high risk.
Main results: A total of 220 women attended our center during the study period because of POP. Of these,146
womenwere diagnosed with a significant a-POP and 142 (97.2 %) women opted for a surgical repair. Of the 142
women, 128 (90.1 %) were deemed suitable for a type of LSC and 121 had their surgery before the 31st of May
2017. There were no statistically significant differences in any of our collected perioperative, clinical, patient
reported or ultrasonographic outcome measures when comparing women with ASA-PS scores of <3 or �3.
Conclusion: In a specialized urogynecology healthcare setting, it is feasible and safe to rely on LSC as the
mainstay surgical procedure for the repair of a significant a-POP. However, it is imperative to ensure that
technical skills and equipment requirements are fulfilled and maintained.

© 2019 Elsevier B.V. All rights reserved.
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Introduction

Pelvic organ prolapse (POP) is a frequent and disabling
condition for women with a debilitating effect on their quality
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of life [1–3]. There have been several treatment options for POP
with a dominant apical defect (a-POP) including sacrocolpopexy,
vaginal mesh procedures and native tissue repairs [4–6]. There is
high-level evidence documenting that laparoscopic sacrocolpo-
pexy (LSC) achieves superior clinical outcomes, compared to other
procedures, amongst women with a preoperative Pelvic Organ
Prolapse Quantification (POP-Q) apical stages 2–4 [5]. Moreover,
the use of vaginal mesh procedures and native tissue repair
procedures are limited by the recent FDA ban on their use and
higher rates of recurrence respectively [7–12]. Therefore, currently,
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sacrocolpopexy is considered the gold standard procedure for the
management of a significant a-POP [13,14]. However, the
potentially longer operative procedure and the cardiopulmonary
stress posed by the association of extreme Trendelenburg position
and pneumoperitoneum are sometimes deterrents for clinicians to
offer the procedure as a treatment option [15,16].

There is paucity of information evaluating the outcomes of the
different surgical procedures for a-POP in relation to the general
patient pre-operative risk. Therefore, there is a high level of
subjectivity in offering these procedures and hence a wide variation
in the rates at which this treatment modality is offered in different
centers. In our center LSC is considered as the default surgical option
for managingsymptomaticstage 2,orhigher, a-POP. The primaryaim
of this studywas to assess the clinical feasibilityof a policy where LSC
is the default procedure for the management of a significant a-POP.
As a secondary aim, we wanted to evaluate LSC outcomes based on
the woman’s preoperative ASA-PS categorization.

Materials and methods

All women with symptomatic a-POP (C � -1) according to the
POP-Q classification [17] who attended our urogynecology clinic
between the 1st of January and the 31st of December 2016 and had
their surgery by the 31st of May 2017 were included in the study. The
local ethics committee approved the study including retrospective
anonymized data collection without the need for a written consent.

Pre-operative assessment

In our center, women with a significant a-POP undergo a clinical
assessment by one of four urogynecology specialists which
includes the patient’s medical history, clinical examination, POP-
Q measurement and a pelvic floor ultrasound scan. It is our routine
practice that women considered for LSC are assessed for their
fitness for surgery by a senior anesthesiologist using the American
Society of Anesthesiologists Physical Status (ASA-PS) classification
system. ASA-PS is a validated tool that is widely used for the
assessment of patients’ preoperative morbidity. This classification
stratifies patients into one of 5 categories: 1 = "a normal healthy
patient"; 2 = "a patient with mild systemic disease"; 3 = "a patient
with severe systemic disease"; 4 = "a patient with severe systemic
disease that is a consistent threat to life"; 5 = "a moribund patient
that is not expected to survive without an operation" [18]. Women
deemed suitable for the procedure are listed and asked to complete
a Pelvic Floor Distress Inventory (PFDI) [19].

Operative procedure

LSCs were performed by one of four urogynecology specialists.
A type 1, large pore monofilament polypropylene mesh (Bard1 Soft
Mesh, Davol Inc., Subsidiary of C. R. Bard, Inc.; 100 Crossings
Boulevard, Warwick, RI 02,886) was used. An inverted “Y”-shaped
mesh was used to treat the vaginal prolapse after a previous
hysterectomy, or in cases of concomitant total or subtotal
hysterectomy. However, two separate mesh straps were used for
sacrohysterocolpopexy, an anterior “Y”-shaped and a posterior “I”-
shaped mesh. The surgeon then fixed the upper ends of the strand
(s) to the longitudinal anterior ligament just above the promontory
using two non-resorbable size 1-0 Ti-CronTM braided polyester
sutures (Covidien, 555 Long Wharf Drive, New Haven, CT, 06,511).
The peritoneum was closed over the mesh in each case.

Follow-up

In our unit, women are routinely sent follow-up appointments
at 3 and 12 months post LSC for assessment of their symptoms,
evaluation of any postoperative complications and clinical
examination including a POP-Q measurement. They are also asked
to complete a PFDI and their overall satisfaction with the surgical
procedure is evaluated by means of a 7-point Patient Global
Impression of Improvement (PGI-I) scale ranging from "Very much
worse” (PGI-I = 7) to "Very much better” (PGI-I = 1) [20]. Mesh
related complications were described using the current standard-
ized international classification [21]. A 3D/4D transperineal
ultrasound is also performed using a Voluson E8 ultrasound
system (GE Medical Systems, Zipf, Austria) equipped with a 4–
8 MHz RAB curved-array volume transducer (acquisition angle
85�). The position of the lowest part of individual compartments
and the bladder neck at rest and Valsalva was measured in relation
to a horizontal line at the level of the pubic symphysis. Volume
acquisition was performed with the patient at rest and on maximal
Valsalva, as described previously by Dietz et al. [22]. Mesh position
and placement were additionally evaluated at 3 and 12 months.
The lowest anterior mesh position relative to the horizontal line at
the level of symphysis pubis at Valsalva and the distance of the
inferior margin of the anterior mesh from the bladder neck at rest
were determined [22]. Proper placement of the mesh was
evaluated using the following composite criteria: distance of the
lowest margin of the anterior mesh strand from the bladder neck
<20 mm [23]; regular shape of the mesh upon visualization of the
whole mesh; no folding ; and vertical mesh descent on Valsalva not
exceeding 20 mm. Folding was defined as doubling over of mesh,
creating at least two layers of mesh in one location [24].

Demographic details, data related to previous medical, peri-
operative details, surgical and sexual history were extracted from
the hospital health records. Postoperative complications were
categorized according to the Dindo-Clavien classification [25].
Statistical analysis was performed using SAS 9.4 (SAS Institute Inc.,
Cary, NC, USA) statistical software. Non-parametric ANOVA (2-
sample Wilcoxon test or 2-sample Median test), χ2 test or Fisher�s
exact test were used as appropriate. A p < 0.05 was considered
statistically significant. For the purpose of this study, anatomical
success was defined as a postoperative POP-Q point C < �3 cm and
points Ba and Bp < �1 cm. While subjective success of the
procedure was based on a PGI-I < 3.

Results

A total of 220 women attended our center between the 1st of
January and 31st of December 2016 having been referred because of
a POP. Of these, 146 (66.3 %) women were diagnosed with a
significant a-POP, two patients were offered conservative manage-
ment in the form of a pessary and two women declined any further
management leaving 142 (97.2 %) women who were offered a
surgical repair for their a-POP. Of the 142 women who opted for a
surgical repair, 128 (90.1 %) were deemed suitable for a type of LSC
while the rest were considered for a different type of surgical
repair (Fig.1 and supplementary material). Of the women who
consented to have an LSC, 6 patients had their surgery planned
after the 31st of May and hence contributed to the feasibility of LSC
as a potential treatment option calculation but not the procedure
outcome analysis. One patient (0.7 %) who had a pre-existing
rectovaginal fistula following radiotherapy for a colorectal
malignancy was not included into the final analysis because,
further to multidisciplinary discussion, it was decided to avoid
attaching any mesh to the vagina. Moreover, her pre-existing
condition was considered a major confounder to several of the
patient reported outcomes considered in this study. The remaining
121 (82.9 %) women underwent one of the following surgical
procedures: laparoscopic sacrocolpopexy; laparoscopic subtotal
hysterectomy (+/- salpingo-oophorectomy) and sacrocervicocol-
popexy, sacrohysterocolpopexy; laparoscopic hysterectomy



Fig. 1. Study participants' flow chart.
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(+/- salpingo-oophorectomy) and sacrocolpopexy (supplementary
material). Our analysis for the clinical feasibility of the policy of LSC
as the mainstay surgical procedure for a significant a-POP was
based on the intention to treat, therefore 128/142 (90.1 %) of the
women with a significant a-POP were offered and consented for an
LSC. All LSCs attempted during the study period were completed
laparoscopically.

Grouping participants based on their preoperative ASA-PS level
of <3 or �3, as a surrogate for low or high anaesthetic risk
respectively, demonstrated that the cohort of women with a pre-
operative ASA-PS�3 significantly differed from those with a score
of <3 in age, BMI and previous abdominal surgery (Table 1). As
expected, there were more women with pre-existing diabetes and
cardiovascular diseases. However, there were no statistically
significant differences between the subgroups with regards to
other pre-operative, operative (Table 2) or post-operative (Table 3)
variables. There was one case of difficult intubation in each of the
subgroups and three (2.5 %) documented bladder injuries in total.
According to the Dindo-Clavien classification, there were 2 early
complications, one (2.2 %) grade IIIB complication related to a right
ureteric kink treated with a subsequent temporary ureteric stent
and one (1.3 %) woman with a grade II complication where a blood
transfusion was deemed required in the ASA-PS � and < 3
respectively (Table 2). There were no reported cases of ileus,
wound infections, sepsis or rectal injuries.

Follow-up rates at three and 12 months and postoperative
clinical and patient reported outcomes in both subgroups are
presented in Table 3. There were no significant postoperative
differences in any of the analyzed variables. Three (2.6 %) mesh-
related complications were recorded at twelve months - two (2.8
%) in the ASA-PS<3 subgroup and one (2.4 %) in the ASA-PS�3
group. One woman in the ASA-PS<3 reported worsening of her
symptoms twelve months after LSC. While two women (one in
each group) reported that their overall condition remained
unchanged, according to the PGI-I (p = .90). Based on POP-Q, there
were no apical compartment failures (the maximum C=-5).
However, at the twelve-month appointments there were 6 (5.3
%) anterior compartment (the maximum Ba=-1), and 11 (9.6 %)
posterior compartment (the maximum Bp=+1) failures. Ultraso-
nographic measurements revealed that 7 (6.2 %) and 10 (8.7 %)
women had the lowest margin of the anterior mesh �20 mm from
the bladder neck at 3 and 12 months respectively while this
measurement was < 20 mm in the rest of the women at follow-up.
This distance is important, as it has been shown that for every
millimeter the mesh is located distal to the urethra-vesical
junction, the likelihood of cystocele repair failure increases by
6–7% [23]. All four selected criteria for a desired mesh placement
were fulfilled in 92/105 (87.6 %) at three months and in 87/102
(85.3 %) at one year and there were no statistically significant
differences between the subgroups (Supplementary material).

Discussion

Evidence supporting the effectiveness of LSC for the manage-
ment of significant a-POP is well established [5]. This issue is,
particularly, more relevant following the FDA’s ban on the selling
and distribution of surgical mesh intended for the transvaginal
repair of anterior compartment prolapse [7,8]. However, there is
perceived wide variation in practice between centers regarding the
frequency at which the procedure is being offered. The results of
this retrospective study demonstrate that LSC is safe and feasible to
be considered as the primary surgical procedure for the repair of a
significant a-POP. Indeed, in this study we demonstrated that,
during the study period, it was suitable for LSC to be offered and
accepted in 90 % of the cohort of women referred to our center with
a symptomatic a-POP.



Table 1
Demographic data of study participants categorized by their ASA-PS scores.

Variable ASA PS < 3 N = 75 ASA PS �3 N = 46 p

Age [Mean (SD)] 59.8 (9.6) 67.0 (8.3) 0.0001a

Parity [Mean (SD)] 2.0 (0.8) 2.1 (0.8) 0.37b

BMI [Mean (SD)] 26.3 (3.1) 28.1 (3.8) 0.006a

Previous abdominal surgical history N (%) 41 (54.7%) 38 (82.6%) 0.002c

Previous gynecologic surgery N (%) 39 (52.0%) 29 (63.0%) 0.23c

Previous POP surgery N (%) 7 (9.3%) 7 (15.2%) 0.33c

Point C POP Q stage I 0 (0.0%) 0 (0.0%) 0.31c

POP Q stage II 48 (64.0%) 23 (50.0%)
POP Q stage III 17 (22.7%) 14 (30.4%)
POP Q stage IV 10 (13.3%) 9 (19.6%)

Point Ba POP Q stage I 0 (0.0%) 0 (0.0%) 0.71c

POP Q stage II 16 (21.3%) 10 (21.7%)
POP Q stage III 44 (58.7%) 24 (52.2%)
POP Q stage IV 15 (20.0%) 12 (26.1%)

Point Bp POP Q stage I 18 (24.0%) 9 (19.6%) 0.42c

POP Q stage II 38 (50.6%) 19 (41.2%)
POP Q stage III 11 (14.7%) 9 (19.6%)
POP Q stage IV 8 (10.7%) 9 (19.6%)

Stress urinary incontinence 23 (30.7%) 10 (21.7%) 0.28c

Urge urinary incontinence 15 (20.0%) 14 (30.4%) 0.19c

Hesitancy: a delay in initiating micturition 30 (40.0%) 24 (52.2%) 0.19c

Urinary retention 35 (50.0%) 20 (43.5%) 0.73c

Constipation N (%) 18 (24.0%) 12 (26.1%) 0.80c

Anal incontinence N (%) 16 (21.3%) 8 (17.4%) 0.60c

Pre-op UDI mean (SD) 68.8 (46.6) 57.2 (45.9) 0.19a

Pre-op POPDI mean (SD) 87.8 (55.6) 87.7 (51.7) 0.95a

Pre-op CRADI mean (SD) 59.4 (51.7) 53.6 (55.4) 0.55a

Pre-op PFDI mean (SD) 216.0 (134.8) 198.5 (132.7) 0.52a

BMI body mass index, DVT deep venous thromboembolism, ASA PS assessment of the patient’s preoperative physical status [17], SD standard deviation.
a Wilcoxon Two Sample Test.
b Median Two Sample Test.
c Chi-square Test.
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In this study we opted to stratify women according to their ASA-
PS score, which we used as an objective surrogate for their physical
health and operative risk. We did not identify any significant
differences between our stratified cohorts in their perioperative,
clinical nor patient reported outcomes. We did not identify other
studies that have assessed LSC outcomes in relation to ASA-PS scores
to compare our results to. Nevertheless, there are several studies that
assessed LSC operative outcomes in relation towomen’s age [26–29].
In a study by Turner and colleagues where participants had a mean
age of 58.5 years, they reported higher perioperative complication
rates amongst women who were �65 years at the time of the
procedure [26]. The mean age in our study was 62.6 years, and we
observed no ileus, small bowel obstruction or need to convert to
laparotomy, compared tothe results of Turneret al. [26]. Our findings
concur with those of Boudy et al. [27] who analyzed 47 women aged
Table 2
Perioperative outcomes in study participants categorized based on their ASA-PS scores

Total N = 121 

Operating time [min] mean (SD) 124.0 (28.3) 

Operating time more than 3 hours N (%) 4 (3.3%) 

Blood loss [ml] mean (SD) 182 (84) 

Blood loss more than 300 ml N (%) 5 (4.1%) 

Bladder injury N (%) 3 (2.5%) 

Perioperative anaesthetic complications 2 (1.7%) 

Conversion to open laparotomy N (%) 0 (0.0%) 

Early complications [24] N (%) 2 (1.7%) 

Hospital stay >96 hours N (%)* 1 (0.8%) 

Postoperative Urinary tract infection N (%) 8 (6.6%) 

a Wilcoxon Two Sample Test.
b Fisher’s Exact Test.
c Chi-square Test.
* Due to the lack of community medical services following discharge, the normal length

right ureteric kink treated with a subsequent temporary ureteral stent.
70 or more, who constituted 24.6 % of their study participants, and
found comparable low frequencies of perioperative complications
[27]. In view of the retrospective nature of the studies that have
reported on LSC outcomes in different age groups and the lack of
availability of the total number of women who presented with a
significant a-POP during the studied periods we were not able to
calculate their actual feasibility rates for undertaking this procedure
in older age, and hence higher operative risk, groups [27,27,28,29]. In
contrast, in our study LSC was offered to 85.5 % of the women with a
preoperative ASA-PS�3. Moreover, 26 of the 36 women in our cohort
(72.2 %) who were �70 years, at the time of assessment, had an LSC
for their a-POP repair.

We recognize that our study has some limitations. Firstly, the
retrospective nature of the design and the potential risk of bias it
might have introduced. However, we are confident that the
.

ASA PS < 3 N=75 ASA PS �3 N=46 p

123.3 (26.2) 125.8 (31.6) 0.55a

2 (2.7%) 2 (4.3%) 0.63b

178 (92) 179 (70) 0.53a

5 (6.7%) 0 (0.0%) 0.16b

2 (2.7%) 1 (2.2%) 1.00b

1 (1.3%) 1 (2.2%) 1.00b

0 (0.0%) 0 (0.0%) 1.00b

Grade II Grade IIIB 1.00b

1 (1.3%) 1 (2.2%)
0 (0.0%) 1 (2.2%) 0.38b

4 (5.3%) 4 (8.7%) 0.48c

 of hospital stay for an LSC is 96 hours. The case of grade IIIB complication related to a



Table 3
Follow-up at 3 months (N = 116) and at 12 months (N = 114).

3 months follow-up 12 months follow-up

ASA PS < 3 N = 72 ASA PS �3 N = 44 p ASA PS < 3 N = 72 ASA PS �3 N = 42 p

Postoperative complications related to mesh C1-C7 [N/N](%) [20] 0/72 (0.0%) 0/44 (0.0%) 1.00a 2/72 (2.8%)* 1/42 (2.4%)** 1.00a

Any failure [N/N](%) 7/72 (9.7%) 3/44 (6.8%) 0.74a 11/72 (15.3%) 6/42 (14.3%) 1.00a

Failure in apical compartment Point C � -3 [N/N](%) 0/72 (0.0%) 0/44 (0.0%) 1.00d 0/72 (0.0%) 0/42 (0.0%) 1.00a

Failure in anterior compartment Point Ba � -1 [N/N](%) 3/72 (4.2%) 1/44 (2.3%) 1.00a 5/72 (6.9%) 1/42 (2.4%) 0.41a

Failure in posterior compartment Point Bp � -1 [N/N](%) 4/72 (5.5%) 2/44 (4.3%) 1.00a 6/72 (8.3%) 5/42 (11.9%) 0.53a

PGI-I 1, 2 [N/N](%) 64/72 (88.9%) 38/44 (86.4%) 0.90b 67/72 (93.1%) 40/42 (95.2%) 0.80b

PGI-I 3 [N/N](%) 7/72 (9.7%) 5/44 (11.3%) 3/72 (4.2%) 1/42 (2.4%)
PGI-I 4 [N/N](%) 1/72 (1.4%) 1/44 (2.3%) 1/72 (1.4%) 1/42 (2.4%)
PGI-I 5 [N/N](%) 0/72 (0.0%) 0/44 (0.0%) 1/72 (1.4%) 0/42 (0.0%)
Post-op UDI mean (SD) 35.7 (41.2) 30.9 (39.2) 0.35c 20.6 (28.6) 16.5 (15.9) 0.89c

Post-op POPDI mean (SD) 33.1 (37.6) 30.5 (38.9) 0.51c 26.2 (34.8) 19.8 (18.6) 0.88c

Post-op CRADI mean (SD) 36.4 (45.0) 37.7 (42.0) 0.74c 35.3 (41.9) 27.8 (27.2) 0.99c

Post-op PFDI mean (SD) 105.1 (98.6) 99.1 (103.6) 0.59c 82.1 (93.0) 64.1 (45.5) 0.99c

a Fisher’s Exact Test.
b Chi-square Test.
c Wilcoxon Two Sample Test.
* Both cases were C1cS2 – one following supracervical hysterectomy + BSO and the other following a hysteropexy.
** C2aS2 following supracervical hysterectomy + BSO.
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availability of an electronic patient database with unique codes for
POP and the prospective collection of outcome measures as part of
routine practice would have mitigated such risk. Moreover, it could
be argued that a retrospective cohort design is best suited to assess
clinical practice, which was an important aspect in evaluating the
actual place of LSC in a-POP management. Secondly, we appreciate
that this is a single center study evaluating a procedure that
requires specific technical skills and hence might not be
immediately generalizable elsewhere. Nevertheless, the real value
of the study is the demonstration of what could be achieved if the
required skills and setup are available. This issue is particularly
relevant in view of the current FDA ban on the use of transvaginal
mesh [7,8]. Finally, we have not assessed any neurological or
cognitive outcomes because this information is not routinely
collected in our unit at present. This might have been relevant,
especially, when dealing with an older cohort of patients
undergoing major surgical procedures. Although we do not have
any evidence that any of the study participants had related
complications, it might be prudent to consider evaluating such
outcome measures in future studies. In contrast, the use of an
objective validated measure to assess operative risk and the
inclusion of core perioperative, urogynecologial and patient
reported outcomes are major strengths to this study.

The effectiveness of LSC in the management of a-POP is well
established. In this study we demonstrate it is feasible to perform
an LSC in 90 % of women requiring surgery for a significant a-POP.
Moreover, the procedure was also safely performed in the cohort of
women with compromised preoperative physical status.
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