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Abstract
Introduction Treatment of pelvic organ prolapse (POP) associated with stress urinary incontinence (SUI) is a surgical 
challenge. Surgeons may perform combined prolapse and incontinence surgery or may correct prolapse first and evaluate 
incontinence afterwards. We present a prospective study to evaluate the effect of abdominal sacrocolpopexy (ASC) on ure-
thral anatomy and continence using dynamic magnetic resonance imaging (MRI).
Methods Twenty females with concomitant apical prolapse and SUI due to urethral hypermobility were included. Patients 
with intrinsic sphincteric deficiency (ISD) were excluded. All patients underwent ASC operation as a sole treatment without 
anti-incontinence procedure. Patients were informed they may need anti-incontinence procedure afterwards. Symptom-
specific questionnaires assessing prolapse, incontinence, sexual function and quality of life (QoL), dynamic MRI and pressure 
flow urodynamic study were administered before and after surgery.
Results Mean age was 53 years. All patients had apical prolapse; four with cystocele, and five with rectocele. Urethral hyper-
mobility was positive in all patients. After performing ASC, all patients reported significant improvement of all prolapse 
and incontinence questionnaires as well as QoL and sexual function. Significant improvement of incontinence parameters on 
dynamic MRI (bladder neck descent, posterior urethrovesical angle and urethral inclination angle) was observed after ASC. 
Similarly, significant change in the position of the leading edge of prolapse and anorectal junction was observed.
Conclusions In patients with prolapse and urethral hypermobility, ASC may return bladder neck and urethral anatomy 
towards normal as proved by dynamic MRI. However, further studies on larger number of patients with longer follow-up 
period are required.
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Introduction

Pelvic organ prolapse (POP) is a condition in which the 
urinary bladder, uterus, bowel or rectum protrudes into 
the vagina [1, 2]. Although various procedures have been 
tried to correct apical prolapse, until now, the most suc-
cessful option has been abdominal sacrocolpopexy (open or 
laparoscopic), with success rates approaching 93–99% [3]. 
It is considered an excellent choice, because it maximizes 

functional vaginal length and attains a near-normal vaginal 
axis.

POP usually co-exists with other urinary tract disor-
ders, with stress urinary incontinence (SUI) being the most 
socially unacceptable condition [1, 2]. SUI can be manifest 
or occult (i.e., evident only upon reduction of the POP) and 
in some cases, can develop after surgical POP repair (denovo 
SUI). Surgical challenges exist for urogynecologists when 
they treat POP with or without concomitant SUI. One of the 
challenging scenarios is treating females with POP without 
SUI, whether to perform prophylactic anti-incontinence pro-
cedure or not in these continent women.

The other challenging scenario occurs when both POP 
and SUI are co-existing. Two strategies are present: a one-
step strategy (combined prolapse and incontinence surgery) 
and a two-step strategy (correct the prolapse first and evalu-
ate incontinence afterwards). Evidence supporting the value 
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of combination surgery is still limited in these women [4, 5]. 
Nevertheless, many physicians combine incontinence sur-
gery during POP repair and there are probably large regional 
differences in treatment [6, 7].

The aim of this study is to evaluate the effect of abdomi-
nal sacrocolpopexy (ASC) on the urethral anatomy and 
continence mechanism using dynamic magnetic resonance 
imaging (MRI) and correlate this change with the clinical 
and urodynamic outcomes.

Materials and methods

Twenty female patients with symptomatic vaginal apical 
prolapse (vault or uterine) stage II or more on pelvic organ 
prolapse quantification (POP-Q) system and concomitant 
SUI due to urethral hypermobility were included in the trial. 
Hypermobility was diagnosed by observing the mobile ure-
thra during examination with Valsalva maneuver, and pre-
operative urodynamics showing VLPP > 60 cmH2O. Patients 
presented to the Female Urology and Voiding Dysfunction 
Clinic at our Institute from April 2017 to May 2018. Our 
local institutional medical ethics review board approved 
the study, and informed consent was taken from all patients 
before enrollment in the study.

Exclusion criteria included preoperative fixed urethra or 
intrinsic sphincteric deficiency (ISD), preoperative vals-
alva leak point pressure (VLPP) < 60  cmH2O, patients with 
benign or malignant uterine or cervical lesions, active pelvic 
inflammatory diseases (PID) and previous anti-POP or anti-
SUI surgeries.

All patients underwent open ASC operation as a sole 
treatment without concomitant anti-SUI procedure. Patients 
were informed that those who will present with persistent 
postoperative SUI will be offered anti-incontinence proce-
dure at least 6 months postoperatively. All patients were sub-
jected to clinical history taking, physical and gynecological 
examination, routine laboratory investigations. Symptom-
specific questionnaires were administered in the form of 
Urogenital Distress Inventory (UDI-6), International Con-
sultation on Incontinence Questionnaire short form (ICIQ-
UI-SF) to evaluate incontinence, and Pelvic Organ Prolapse 
and Incontinence Sexual Function questionnaire (PISQ-12) 
short form to evaluate sexual function. All patients under-
went urodynamic study (UDS) in the form of free uroflow-
metry with PVR estimation, and pressure flow study with 
estimation of VLPP before and after surgery. The supervi-
sor who was responsible for the follow-up assessment was 
blinded to the patients’ baseline data.

Dynamic MRI in the mid-sagittal plane, with 
T2-weighted images was performed for every patient. 
Patients were instructed not to urinate for at least 2 h prior 
to the examination, as we used the T2 hyperintense signal 

of urine as contrast to delineate the bladder from the sur-
rounding structures. Valsalva maneuver was practiced with 
the patient before the procedure to ensure adequate straining 
during the examination. No urethral catheter was inserted. 
MRI was performed on a 1.5 T closed-configuration system 
using a body-array-surface coil. The resolution of the Tesla 
MRI provided excellent delineation of the urethra using 
the T2 hyperintensity of urine and hence better identifica-
tion of the urethral axis. Rectal opacification by gel, which 
appeared T2 hyperintense, was done to delineate the rectal 
lumen for any concomitant pathologies such as rectal pro-
lapse or rectocele.

The pubococcygeal line (PCL) was used as a reference 
line for the pelvic floor. PCL extends from the lower border 
of the symphysis pubis to the last coccygeal joint. The per-
pendicular distance from organs’ landmarks to the PCL was 
measured in millimeters (mm). Negative values were given 
to any measurement above the PCL, and positive values were 
given to any measurement below the PCL.

The following parameters were assessed in our study:

1. Degree of bladder descent which is the vertical distance 
between PCL and the bladder base.

2. Posterior urethrovesical angle (PUV): It is the angle 
between the urethral axis and the posterior border of 
the bladder base or the trigone [8], normally it is less 
than 115° [9].

3. Angle of urethral inclination (UI): It is the angle of the 
urethral axis in relation to the vertical plane, normally 
it is less than 30° [10].

4. Leading edge of the vaginal cuff (in cases of previous 
hysterectomy) or the location of the cervix (in cases of 
preserved uterus) in relation to the PCL.

5. The anorectal junction in relation to the PCL.

ASC was performed in all patients. Use of vaginal retrac-
tor facilitated the dissection of both the anterior and poste-
rior vaginal walls and also facilitated sutures placement and 
securing of the mesh to the vagina. Placing the retractor all 
the way into the vagina but not pushing the vagina upward 
establishes the proper length of the graft. Dissection of ante-
rior vagina from the bladder continued caudally till reaching 
level of bladder neck, while dissection continued posteriorly 
along the rectovaginal space till reaching level of the per-
ineal body. One to two permanent 1-prolene sutures were 
placed in the sacral promontory and anterior longitudinal 
ligament. Two polypropylene meshes were used, one was 
placed on the anterior vaginal wall and the other was placed 
on the posterior vaginal wall. If the uterus was preserved, 
the anterior vaginal mesh was Y shaped to be passed bilat-
erally through the broad ligaments. If the patient was post-
hysterectomy, a rectangular anterior vaginal mesh was used 
instead. The meshes were sutured to the exposed vaginal 
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wall, respectively, using 2/0 non-absorbable monofilament 
sutures. A space of two fingerbreadths was left between the 
mesh and the rectum to prevent compression of the mesh 
over the rectum.

The patients were followed 6 months postoperatively to 
see the effect of sacrocolpopexy on the urethral anatomy and 
continence mechanism using Dynamic MRI. This was corre-
lated with the clinical presentation and the urodynamic find-
ings. Data were fed to the computer and analyzed using IBM 
SPSS software package version 20.0 (Armonk, NY: IBM 
Corp). The used tests were paired t test, Wilcoxon signed-
rank test, Mann–Whitney test and McNemar test. Signifi-
cance of the obtained results was judged at the 5% level.

Results

Twenty female patients presenting with POP and SUI were 
admitted to our department from April 2017 to May 2018. 
Mean age was 53.5 ± 8.9 years, with 17 postmenopausal 
patients (85%) and 3 premenopausal patients (15%). Gra-
vidity ranged from 2 to 12, while the parity ranged from 2 
to 9. Mean body mass index (BMI) was 29.37 ± 3.3. None 
of these patients underwent cesarean section for their deliv-
eries, while six patients underwent abdominal hysterec-
tomy. All the patients had apical prolapse, four had associ-
ated cystocele, while five had associated rectocele. All the 
patients had preoperative SUI with urethral hypermobility 
proved by visual inspection during Valsalva and preopera-
tive VLPP > 60  cmH2O. Seven patients had mixed urinary 
incontinence (MUI) with predominant SUI.

After performing ASC, all the patients reported signifi-
cant improvement of all prolapse and incontinence symp-
toms postoperatively. This was reflected on the change in 
the scores of the questionnaires postoperatively. UDI-6 
score decreased from 48.6 ± 8.5 preoperatively to 7.4 ± 10.3 
postoperatively (p < 0.001), ICIQ-UI score decreased from 
16.6 ± 1.8 preoperatively to 1.7 ± 2.7 postoperatively 
(p < 0.001), while PISQ-12 score decreased from 17.3 ± 2 
preoperatively to 13 ± 1.8 postoperatively (p < 0.001). PGI-I 
questionnaires showed significant improvement for both 
POP and SUI (90% and 85% improvement, respectively).

Mean VLPP preoperatively was 86 ± 2  cmH2O. Postop-
erative urodynamic evaluation showed improvement after 
ASC. Concerning VLPP, 11 patients had no VLPP post-
operatively, while 9 patients had VLPP above 90 cmH2O 
with a mean of 101 ± 8.49 cmH2O (improved). Patients were 
satisfied with their urinary condition after surgery and only 
four of them underwent transobturator tape (TOT) insertion 
6 months after ASC, as they were bothered by their SUI. The 
remaining five patients were satisfied with their continence 
status.

The results of the pre- and postoperative dynamic MRI 
are shown in Table 1. For incontinence parameters, blad-
der neck descent changed from 2.34 ± 0.71 cm preopera-
tively to − 2.23 ± 0.28 cm postoperatively (p < 0.001), PUV 
angle decreased from 173.15 ± 6.31° preoperatively to 
127.7 ± 11.3° postoperatively (p < 0.001), while UI angle 
decreased from 69.8 ± 7.65° preoperatively to 29.15 ± 9.3° 
postoperatively (p < 0.001) (Figs. 1, 2 and 3). As for the pro-
lapse, the distance between the anorectal junction and PCL 
changed from 2.7 ± 0.4 cm preoperatively to − 1 ± 0.9 cm 
postoperatively (p < 0.001), while the leading edge of the 
cervix or vaginal cuff in relation to the PCL changed signifi-
cantly from 5.2 ± 0.72 cm to − 4.1 ± 0.68 cm postoperatively 
(p < 0.001) (Fig. 4).

Discussion

About 40–50% of women with POP have concomitant SUI 
(2). The relationship between POP and urinary incontinence 
(UI) is complex, as both UI and POP probably share some of 
the same etiological mechanisms [11, 12]. In 2008, Costan-
tini et al. [13] evaluated the impact of Burch colposuspen-
sion as an anti-incontinence procedure in 47 patients with 

Table 1  Pre- and postoperative results of the dynamic MRI (n = 20)

Z Z for Wilcoxon signed-rank test, PUV posterior urethrovesical 
angle, p p value for comparing between pre and post, UI urethral 
inclination, PCL Pubococcygeal line
*Statistically significant at p ≤ 0.05

Dynamic MRI Pre Post Z p

Degree of bladder descent (cm)
 Min.–max 1.0–3.0 − 3.0 to − 1.90 3.927* < 0.001*
 Mean ± SD 2.34 ± 0.71 − 2.23 ± 0.28
 Median 2.50 − 2.15

PUV angle
 Min.–max 161.0–184.0 95.0–151.0 3.921* < 0.001*
 Mean ± SD 173.15 ± 6.31 127.70 ± 11.33
 Median 173.50 127.50

Angle of UI
 Min.–max 60.0–89.0 17.0–51.0 3.921* < 0.001*
 Mean ± SD 69.80 ± 7.65 29.15 ± 9.30
 Median 69.50 28.0

The anorectal junction in relation to the PCL. (cm)
 Min.–max 2.0–3.40 − 2.0 to 1.0 3.922* < 0.001*
 Mean ± SD 2.72 ± 0.47 − 1.04 ± 0.98
 Median 3.0 − 1.25

Leading edge of the cervix or vaginal cuff (cm)
 Min.–max 4.20–6.90 − 5.20 to − 3.0 3.922* < 0.001*
 Mean ± SD 5.21 ± 0.75 − 4.15 ± 0.68
 Median 5.15 − 4.20
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Fig. 1  Degree of bladder 
descent pre- and postoperatively

Fig. 2  Posterior urethrovesical 
angle (PUV) pre- and postop-
eratively

Fig. 3  Angle of urethral inclina-
tion (UI) pre- and postopera-
tively
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UI undergoing ASC for POP repair. After 1 year follow-up, 
they concluded that Burch colposuspension does not provide 
any additional benefit in POP repair in patients with UI. 
After 5 years [14], they re-evaluated the follow-up of these 
patients. The update of long-term follow-up confirmed the 
same conclusion.

On the contrary, in the CARE trial [15], 322 women with 
SUI and POP were enrolled and randomized, 157 underwent 
Burch procedure with ASC and 165 patients underwent ASC 
alone. They concluded that prophylactic Burch colposuspen-
sion significantly reduced postoperative symptoms of stress 
incontinence without increasing other lower urinary tract 
symptoms.

A large multicenter trial (OPUS trial) [16] included 327 
women without symptoms of SUI but presenting with ante-
rior vaginal prolapse, who were planning to undergo vaginal 
POP surgery. Women were randomly assigned to receive 
either a midurethral sling or sham incisions during the vagi-
nal repair of the cystocele. They concluded that a prophy-
lactic midurethral sling inserted during vaginal prolapse 
surgery resulted in a lower rate of urinary incontinence at 
12 months, but higher rates of adverse events. However, this 
applies to vaginal repair of POP and not abdominal repair 
of prolapse.

In the CUPIDO- II trial, Van der Ploeg et al. [17] com-
pared transvaginal prolapse repair combined with midure-
thral sling (group I) versus prolapse repair only (group II) 
in patients with concomitant prolapse and occult SUI. The 
authors found that, only 13% of women in group II needed 
additional MUS. Similarly, Borstad et al. [18] found that 
25% of incontinent women were cured of SUI after pro-
lapse repair only without anti-incontinence surgery. In 
another study done by Lensen et al. [19], they focused on 
the changes in UI rates after POP surgery without concomi-
tant anti-incontinence surgery. At 1 year, 42% were cured 

from UUI and 39% were cured from SUI by POP surgery 
alone. Therefore, they considered it justified not to perform 
concomitant anti-incontinence surgery and await effects of 
POP surgery alone. Our study supports this consideration.

In our study, the majority of our patients were satisfied 
with their surgeries and symptom control. This satisfaction 
was manifest in their improvement in lower urinary tract 
symptoms, prolapse symptoms, and effect on symptom-spe-
cific and overall quality of life after the prolapse surgery. 
Eleven patients were dry after ASC, 5 patients had mild SUI 
but not bothering them, while the remaining 4 patients had 
bothering SUI after surgery and asked to be scheduled for 
TOT after 6 months. We also noticed significant improve-
ment of sexual function after ASC, where 65% of the women 
became sexually active in comparison to 35% preoperatively. 
This was clearly demonstrated in results of PISQ-12. Similar 
results regarding improvement of sexual function after ASC 
were observed by Handa et al. [20].

The use of MRI to evaluate the efficacy of incontinence 
and prolapse surgery is not common in the clinical prac-
tice. However, few studies in the literature mentioned its 
use in this field [21, 22]. For incontinence, they measured 
the change in the bladder base level, PUV angle, and the UI 
angle after anti-incontinence surgery. However, for prolapse, 
they focused only on the change of the C point and bladder 
base level. In our study, we measured all the incontinence 
parameters and added two important parameters for prolapse 
(leading edge of vaginal cuff or cervix and the anorectal 
junction in relation to PCL) before and after ASC.

To the best of our knowledge, our study is the first pro-
spective study to evaluate urethral anatomy and continence 
mechanism objectively by dynamic MRI in cases treated by 
ASC alone without concomitant anti-SUI procedure. The 
bladder base was significantly elevated above PCL after sur-
gery in all patients, while the PUV angle and the angle of 

Fig. 4  The leading edge of the 
prolapse (a) and anorectal junc-
tion (b) in relation to the PCL 
pre- and postoperatively
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UI were both significantly reduced after surgical correction. 
The distance between the leading edge of the prolapse and 
PCL was also significantly changed after surgery (p < 0.01). 
Conventional thinking is that a cystocele protects against 
stress incontinence by causing angulation or kinking of the 
urethra and that prolapse repair often aggravates the degree 
of SUI. However, in our study, we showed with dynamic 
MRI images that, at least in certain cases, this thinking does 
not hold true. Perhaps, the cystocele has to be significant 
enough to cause angulation and in younger patients with no 
cystocele or minimal cystocele, patients may have improve-
ment of their SUI symptoms.

The strengths of our study include the prospective nature 
with no patients lost to follow-up, use of the same question-
naires pre- and postoperatively, giving more exact informa-
tion about changes in UI. In addition, the supervisor who 
was responsible for the follow-up assessment was blinded 
to the patients’ baseline data to eliminate any possible bias 
in the study. It is considered the first study in the litera-
ture to evaluate the effect of ASC on the urethral anatomy 
and continence mechanism using dynamic MRI. The major 
limitations of this study are the small sample size and short 
follow-up period, and the quantity of urine loss before and 
after surgery was not available.

Conclusions

In patients with prolapse and urethral hypermobility, ASC 
may return the bladder neck and urethral anatomy towards 
normal as proved by dynamic MRI. However, further stud-
ies on a larger number of patients with a longer follow-up 
period are required.
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