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Abstract
Introduction and hypothesis We present our minimum 1-year
results with a mesh spiral-sling procedure (MSSP) for man-
aging refractory and disabling stress urinary incontinence
(SUI) in women.
Methods Thirty-four women were treated withMSSP between
2007 and 2011. Six had incomplete data and were excluded
from analysis. Study cohort comprised 21 women with refrac-
tory (mean number of previous surgeries 2.2; range 1–6) and
seen with primary disabling SUI. All patients had marked
intrinsic sphincter deficiency (ISD) with a Valsalva leak-point
pressure (VLPP) <60 cm H2O. Preoperative workup included
assessing the impact of voiding symptoms using the Interna-
tional Consultation on Incontinence Questionnaire—Short
Form (ICIQ-SF), estimating the daily number of pads, and
urodynamic studies. Preoperative and postoperative findings
were compared using the Wilcoxon signed-rank test.
Results Intraoperative unilateral bladder-neck perforation oc-
curred in two women during dorsal urethrolysis. With a mean
follow-up of 26 months (range 12–48), SUI was cured in
71.4 % of patients. Distal urethral reconstruction with vaginal
mucosal flaps was performed in two patients with short ure-
thral length (<2.5 cm) due to recurrence of SUI 10 months
after MSSP. Mean ICIQ-SF score decreased from 19.4±3.6
preoperatively to 7.3±2.8 postoperatively (p =0.001). Mean

daily pad number decreased from 5.2 preoperatively to 1.2
postoperatively (p =0.02). Urethral or vaginal erosion was not
observed in any case during follow-up.
Conclusion Using spiral slings may be a viable option in
managing refractory and disabling SUI.

Keywords Stress urinary incontinence . Intrinsic sphincter
deficiency . Recurrence . Slings

Introduction

Stress urinary incontinence (SUI) is a common condition
among women, with a reported prevalence between 25 and
45 % [1]. Although symptoms are not life threatening, the
problem can cause considerable impairment in various aspects
of daily life. The cure rate of SUI using pubovaginal and
midurethral slings (MUS) is between 80 % and 90 % [2, 3].
When outcomes are determined by patient-driven subjective
assessment, the cure rate drops to 46–70% [4–6]. Furthermore,
a group of patients have persistent or worsening incontinence
despite surgery [7]. Possible risk factors for persistent symp-
toms include obesity, mixed incontinence, history of previous
incontinence surgery, and presence of intrinsic sphincter defi-
ciency [8, 9], as well as surgeon experience [10] and wrong
tape positioning [11]. These figures indicate a subgroup of
severe SUI patients in whom conventional anti-incontinence
surgery is not a sufficient treatment option [12–14].

Managing treatment-refractory and disabling SUI is chal-
lenging due to the limited number of options available and
lack of high-quality data regarding the best surgical approach.
Salvage spiral sling techniques have recently emerged as a
promising alternative before proceeding with more invasive
measures [6, 15, 16], such as artificial sphincter implantation
and urethral closure with continent urinary diversion. Never-
theless, there is a paucity of data regarding the efficacy and
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safety of spiral sling techniques. In this study, we present the
outcomes of our mesh spiral-sling procedure (MSSP) series
for refractory and severely disabling SUI with a minimum of
1-year follow-up.

Materials and methods

We retrospectively reviewed all women treated withMSSP for
disabling SUI between December 2007 and December 2011
after study approval by our institutional review board. Dis-
abling SUI was defined as leakage of urine with minimal
activity or a minimal change in patient’s position, associated
with an International Consultation on Incontinence Question-
naire—Short Form (ICIQ-SF) score >13 [16–18]. All patients
with associated pelvic organ prolapse (POP) or neurologic
disease, peripheral neuropathy, or metabolic disorders were
excluded. The main criterion for inclusion was visible SUI
without urethral hypermobility on physical examination. All
patients had marked intrinsic sphincter deficiency (ISD), with
a Valsalva leak-point pressure (VLPP) <60 cm H2O. Each
patient was informed on the risks and benefits of mesh-
augmented SUI treatment and signed a consent form. Before
surgery, all patients underwent a detailed history, including
subjective assessment of the impact of voiding symptomswith
the ICIQ-SF, physical examination with a cough test, urinal-
ysis, uroflowmetry, and urinary tract imaging with ultrasound.
Additionally, SUI severity was assessed by measuring the
amount of urine leaked in the 24-h pad test and the number
of pads used per day. All women were requested to use the
same type of pad during that week. Urodynamic studies were
conducted according to the International Continence Society
criteria [19].

Surgical technique

Under general or spinal anesthesia, the patient was positioned
in a modified low lithotomy position. A 16-F Foley catheter
was placed. A 2-cm midline incision was made in the anterior
vaginal wall starting 1 cm away from the urethral meatus. The
technique of circumferential dissection and mobilization of
the proximal urethra and midurethra was accomplished simi-
larly to that described by Rutman et al. [15]. Dorsal urethral
dissection was started in the midurethral area just proximal to
the pubourethral ligaments and progressed proximally in order
to release the remaining portion of the urethra and the bladder
neck. Thus, a complete urethrolysis was achieved, with de-
tachment of the urethra from the retropubic space (Fig. 1).

Once urethrolysis was completed, two small, suprapubic
incisions were made, and a needle carrier ligature was passed
through the retropubic space to be received from the vaginal
incision. A 1×30-cm soft polypropylene mesh was initially
introduced from the left side of the urethra and received from

the ipsilateral suprapubic incision (Fig. 2). The mesh was then
wrapped around the midurethra (Fig. 3). A needle carrier was
introduced from the contralateral suprapubic incision to the
right side of the vaginal incision, and the free mesh end was
pulled from this site until the spiral sling provided a circum-
ferential compression around the midurethra without tension
(Figs. 4 and 5). Once the spiral sling was adjusted, cystoscopy
was performed to confirm urethral coaptation. Additionally,
the urethra and bladder were checked for injury. The midline
vaginal incision and suprapubic incisions were closedwith 3/0
polyglactin sutures.

Two patients received an autologous rectus fascia spiral
sling instead of a polypropylene mesh sling due to unilateral
bladder-neck perforation during dorsal urethrolysis. Both pa-
tients had five prior anti-incontinence surgeries, including
suprapubic procedures.

Postoperative follow-up

Patients were discharged in 24 to 36 h. Urethral catheter was
removed 3 days after surgery in the outpatient clinic. After two

Fig. 1 Circumferential urethrolysis: Skar Gemini clamp indicates the
extent of dissection between urethra and pubis

Fig. 2 Initially, the mesh sling is introduced from left side of the urethra
to the ipsilateral suprapubic incision via a ligature carrier
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successful voidings without obstruction were achieved, anoth-
er follow-up was done at the end of the first postoperative
week. Additional visits were scheduled at 1, 3, 6, and
12 months and yearly thereafter. During each visit, patients
provided history, voiding symptoms were assessed (i.e.,
voiding difficulty, stress leakage, urge symptoms) subjective
success was determined using the ICIQ-SF questionnaire,
physical examination was performed, and postvoiding resid-
ual urine (PVR) was assessed. SUI cure was defined as
elimination of the need for wearing protection and the absence
of stress leakage (never, or less than once a week) as reported
by the patient. Voiding symptoms were considered improved
if the patient subjectively reported a >50 % resolution in
preoperative symptoms and as persistent if the patient reported
<50% benefit from the surgery. Preoperative indices of symp-
tom distress (ICIQ-SF score, daily number of pads used) were
compared with values obtained at the last postoperative

follow-up using the Wilcoxon signed-rank test, where a p
value <0.05 was considered statistically significant.

Results

Thirty-four patients were treated during the study period
according to the inclusion criteria. Six patients had incomplete
data or were lost to follow-up; thus, 28 patients were available
for analysis. Of the 28, MSSPwas performed in 21 women after
failed anti-incontinence surgeries (mean number of procedures
2.2, range 1–6) and in seven womenwith primary disabling SUI
(Table 1). Mean age of the study cohort was 60.7 (range 38–74)
years, and mean number of pads per day was 5.2 (range 3–10).

With a minimum follow-up of 1 year (mean 26 months,
range 12–48), SUI was cured in 71.4 % of patients [14/21
(66.6 %) in the salvage and 6/7 (85.7 %) in the primary SUI
group] (Table 1). The success rate reached 85.7 % with the
inclusion of improved patients. In the salvage group, cure rate
was higher in patients who had undergone two or fewer
surgeries (n =9/12) as opposed to those who had undergone
more than two (n =5/9), although this difference did not reach
a statistical significance (75 % vs. 55 %, p =0.39, Fisher’s
exact test). Preoperative urge symptoms were subjectively
resolved in 38.4 % of all patients (Table 1). In accordance
with these findings, postoperative ICIQ-SF scores decreased
significantly compared with preoperative values (7.3±2.8 vs.
19.4±3.6, p =0.001). Mean daily pad use also decreased from
5.2 preoperatively to 1.2 postoperatively (p =0.02, Table 1).
No patient developed permanent urinary retention or voiding
dysfunction necessitating intermittent catheterization. De
novo urge symptoms were reported in six (21.4 %) patients,
which improved with anticholinergics. No urethral or vaginal
erosion was observed in any case during follow-up. Two
patients with a short urethra (i.e., measured at <2.5 cm during
initial MSSP) reported recurrence of SUI after being improved
for a mean of 10 months. Both women had undergone more
than three previous surgeries. Incontinence was improved in
these patients following distal urethral reconstruction using
vaginal flaps, as described previously [20]. Our failure rate

Fig. 3 Distal end of the mesh is then transferred from the right to the left
side of the urethra (arrow) through the retropubic space, wrapping around
the midurethra

Fig. 4 The free end of the mesh sling is transferred from the right side of
the urethral dissection to the right suprapubic incision. Adjustment of the
spiral sling is performed under minimal or no tension, providing a
circumferential compression around the urethra (tension of the sling is
demonstrated with the aid of a Metzenbaum scissors placed between the
mesh and the urethra)

Fig. 5 Final appearance of the suprapubic area
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would be 25 % (7/28 women) with the definition of failure as
<50 % benefit reported by the patient or subsequent need for
additional surgery. On the other hand, our success rate would
be 70.5 %, when all six patients lost to follow-up were
considered as treatment failures.

Discussion

The standard failure rate for MUS is reported as 10–20 %;
nevertheless, recent analysis of long-term data suggests

satisfaction reported by about two thirds of patients [7]. Thus,
a significant proportion of women undergoing MUS proce-
dures are not cured, and urogynecologists are becoming in-
creasingly exposed to a large population of women with
recurrent SUI after failed MUS. Even more challenging is
how to manage women after multiple failed interventions.
These refractory cases present with a combination of urethral
denervation and violation of the periurethral fascia in addition
to their underlying risk factors for SUI [6, 21]. In this popu-
lation, a repeat sling procedure provides only ventral support,
which may result as an insufficient response. Several recent
studies noted that a repeat MUS procedure had a significantly
lower cure rate than a primary one [22–24]. Therefore, in
patients with significant ISD, continence can only be provided
with an artificial urinary sphincter (AUS) or closure of the
bladder neck with a continent diversion [7, 16, 25]. Bladder-
neck closure is a measure of last resort due to its well-
established morbidities, whereas AUS offers approximately
75 % patient satisfaction at the expense of various complica-
tions that occur in up to 46 % of the women, including device
explantation [7, 26]. Our approach to women with refractory
SUI has been to perform a salvage spiral sling procedure,
which provided a benefit in 85 % of our patients.

Since its initial report by Rutman et al. in managing
nonneurogenic refractory SUI patients [15], few studies have
investigated spiral slings as a promising and relativelyminimally
invasive option for treating this select group of women [6, 16].
In their updated review of their initial series, Mourtzinos et al.
published intermediate-term results in 46 patients with refractory
SUI who had undergone a mean of 2.8 previous anti-
incontinence procedures and used an average of 5.5 pads/day
[16]. When cured and improved patients were taken into ac-
count, there was an overall benefit for SUI in 82 % at a mean
follow-up of 15 (range 6–45) months. This was in accordance
with our results. We further tried to assess the impact of number
of previous surgeries on postoperative SUI outcome. Our find-
ings suggest that a history of two or fewer surgeries may be
associated with a better chance for cure than a history of having
more than three operations. However, the 20 % difference in
cure rates did not reach statistical significance, possibly due to
the low number of patients in this cohort. Nevertheless,
intraoperative complications and subsequent need for additional
anti-incontinence interventions (i.e., substitution urethroplasty in
two women with short functional urethral length) occurred
predominantly in patients with more than three previous surger-
ies. Our data may therefore suggest a role for timely MSSP in
order to achieve optimal results with this salvage technique.

We hypothesize that improvement in continence by a using
an MSSP is achieved by two mechanisms. First, complete
urethrolysis from periurethral fibrosis, followed by circumfer-
ential support at the high-pressure zone (i.e., midurethra),
provides efficient urethral coaptation at rest. This is confirmed
during cystoscopy at the end of the procedure. Second, the

Table 1 Preoperative patient characteristics and postoperative examina-
tion findings at the last follow-up

Variables Results

Age at procedure (years)a 60.7±14.2

Parityb 3 (2–8)

Body mass index (kg/m2)b 28.9±5.3

Prior hysterectomyc 8 (29.6)

Menopausec 17 (62.9)

Previous incontinence surgeryc 21 (75)

Transvaginal mesh slings 7

Burch colposuspension 3

Rectus fascia slings 2

Type unknown 9

Follow-up (months)b 26 (12–48)

Preoperative Postoperative P value

ICIQ-SF score 18.4±3.6 7.3±2.8 0.001

Pads used/day (n) 5.2±1.7 1.2±0.5 0.02

Stress incontinencec 28 (100)

Cured 20 (71.4)

Improved 4 (14.3)

Persisted 4 (14.3)

Urge symptomsc 13 (48.1)

Resolved 5 (38.4)

Improved 2 (15.3)

Persisted 6 (46.3)

De novo urge symptoms 6 (21.4)

Complicationsc

Bleeding (req. transfusion) 0

Urethral/bladder neck injury 2 (6)

Hematoma 0

Wound/pelvic infection 0

Vaginal erosion 0

Urethral erosion 0

Outlet obstruction (req. CIC) 0

ICIQ-SF International Consultation on Incontinence Questionnaire—
Short Form, CIC Clean Intermittent Catheterization
aMean ± standard deviation
bMedian (range)
c Number of patients (percent)

1402 Int Urogynecol J (2014) 25:1399–1404



midurethral segment is stabilized at times of increased intra-
abdominal pressure, providing a uniform pressure transmis-
sion to the urethra (due to circumferential compression) with-
out causing significant outflow obstruction [16]. Available
series of salvage spiral slings report an incidence of postoper-
ative voiding dysfunction in only 0–10.8 % of women [6, 15,
16], with higher incidences reported in series with a higher
average number (more than three) of prior operations [6].
However, this benefit must be weighed against the potential
intraoperative and long-term complications of MSSP. Dorsal
urethrolysis in a refractory case may be challenging, causing
inadvertent injury to the bladder neck in 6 % of our patients
and in 3/28 (10.7 %) of women in the literature [6]. Modifi-
cation of the sling material (i.e., rectus fascia or fascia lata) or
the technique (i.e., lateral spiral sling) [6] in this circumstance
may overcome the potential risk for intravesical erosion.
Using a synthetic mesh, especially in cases with extensive
prior periurethral dissections, may increase the risk of urethral
erosion or vaginal extrusion. In such conditions, use of rectus
fascia or fascia lata as a spiral sling may provide a safer
alternative, with comparable functional outcomes.

Another concern with MSSP is how to manage its failures.
Most failures were reported to occur within 1 year of surgery.
Mourtzinos et al. performed a repeat spiral sling proximal to
the initial one in two patients and reported success in one
(50%) during a follow-up period of 12months [12]. Likewise,
we performed substitution urethroplasty using vaginal flaps in
two women with short functional urethral length. Although
how to manage long-term MSSP failures is unclear, a sub-
stantial number of patients will likely undergo bladder-neck
closure with continent diversion due to violation of the entire
periurethral space with a spiral sling technique.

In this study, we performed MSSP in a small group of
women with primary ISD. The initial management of SUI with
predominant ISD is controversial. Pubovaginal slings are
regarded as the gold standard, albeit they result in a higher
incidence of bladder outlet obstruction than other slings [16,
23, 27]. Nevertheless, most surgeons will perform a minimally
invasive synthetic MUS [tension-free vaginal tape (TVT) or
transobturator tape (TOT)] as a primary procedure, regardless
of the type of urodynamic SUI. ISD is a significant risk factor
for MUS failure and is highly prevalent in women in whom
synthetic MUS is not curative [8, 22]. Level 1 evidence sug-
gests that TVT provides significantly higher cure rate at 1 year
(81.7 % vs. 72 %) and less need for repeat surgery at 3 years
(1.2 % vs. 18.3 %) than TOT in patients with ISD [28]. Given
its minimally invasive nature, TVT appears to be a reasonable
first choice in managing ISD [29]. However, some studies
suggest that coexisting poor urethral mobility in ISD patients
could increase the surgical failure rate of TVT [29]. Therefore,
we began using MSSP in severe ISD with poor urethral mo-
bility (disabling SUI with even a minimal change in position,
generally associated with a VLPP <30 cm H2O). Although we

achieved 85.7% success rate in this very rare subset of patients,
our preliminary results on seven patients should be regarded
with caution. It remains unclear whether long-term functional
outcomes achieved with this procedure will outweigh the risks
associated with extensive violation of the periurethral space.
Based on our initial success, MSSP cannot be recommended as
a primary option for managing ISD. Nevertheless, the potential
advantages and disadvantages of MSSP in primary disabling
SUI with ISD need to be investigated in further studies.

Several limitations of our study deserve mentioning. The
study was limited in size, was in a single-institution setting,
and retrospective in nature. Second, although all patients had
at least 1-year follow-up, the mean follow-up period of
26 months may not be sufficient to evaluate the long-term
complications of a synthetic mesh procedure, such as vaginal
extrusion and urethral erosion. Nevertheless, we decided to
report our experience based on the relative paucity of options
regarding managing refractory and disabling SUI in women.
In conclusion, MSSP with its comparable success rates could
be a viable alternative in managing this complex group of
patients. Our preliminary results suggest a timely MSSP may
be associated with better outcomes and lower risk for compli-
cations in salvage patients.
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