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Abstract
Introduction: The aim of this study was to evaluate long-
term safety and efficacy of the suprapubic arc (SPARC) pro-
cedure for the surgical treatment of stress urinary inconti-
nence (SUI). Materials and Methods: 139 female patients 
treated by SPARC were included in this retrospective analy-
sis, whereby 126 patients were available for follow-up after 
1 year, 70 after 6 years, and 41 after 9 years. The cough test, 
pad test, uroflowmetry, and post-void residual volume mea-
surements were performed. Severity of bother (visual analo-
gous scale [VAS] 0–10), continence, and the satisfaction rate 
were assessed. Objective cure was defined as a negative 
cough test and pad weight ≤1 g, subjective cure as no urine 
loss during daily activities and no usage of pads. The VAS, 
pad weight, number of pads per day, and maximal flow rate 
were compared preoperatively and postoperatively. Re-
sults: Objective cure rates at 1, 6, and 9 years were 78.6, 71.4, 
and 70.7% and subjective cure rates were 72.2, 55.7, and 
65.8%, respectively. The VAS, pad weight, number of pads, 

and maximal flow rate decreased significantly. Study limita-
tions include a relatively small sample size and the retrospec-
tive fashion of the analysis. Conclusions: In the long-term 
context, SPARC showed to represent an efficient and safe 
procedure for treatment of female SUI.

© 2021 The Author(s).
Published by S. Karger AG, Basel

Introduction

Stress urinary incontinence (SUI), defined as an invol-
untary leakage of urine taking place synchronously with 
physical effort, exertion, sneezing, coughing, or laughing 
[1], represents by far the most common form of inconti-
nence in women. Moreover, with a prevalence of 12–46% 
in adult women, SUI constitutes a great economic burden 
for the affected individuals, as well as the healthcare-pro-
viding systems [2].

In general, conservative treatment modalities includ-
ing pelvic floor muscle training and weight loss should be 
offered as first-line therapy, but in many cases, the 
achieved effects are not sufficient. In this context, a trend 
toward minimally invasive surgical techniques led to a 
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renaissance of various methods of urethral bulking over 
the last years. Since its effectiveness is lower than other 
more invasive operative methods, urethral bulking still 
represents a valid treatment option for elderly and fragile 
patients or patients who are regarded unfit for surgery for 
other reasons with mild to moderate incontinence [3, 4].

Mid-urethral slings have shown good efficacy in a 
large number of patients and thus now represent a main-
stay in the surgical management of female SUI [5, 6]. 
Among those, tension-free vaginal tapes (TVTs) have 
been the most frequently used methods since their intro-
duction in the 1990s [7]. Numerous studies investigated 
the safety and efficacy of this surgical technique, provid-
ing good short- and long-term data [8, 9].

The suprapubic arc (SPARC) sling procedure (Ameri-
can Medical Systems, Minnetonka, MN, USA) was first 
introduced in 2001 and used successfully at our depart-
ment from 2004 to 2018. The production of SPARC slings 
by AMS was closed in 2016 due to nonmedical reasons.

SPARC and TVTs represent comparable surgical 
methods in terms of subjective cure/improvement and 
patients’ satisfaction rates, with SPARC showing less 
voiding impairment, a higher likelihood of a positive 
stress test, and a higher rate of bladder and urethral inju-
ries, with the latter possibly in part due to surgeons’ lim-
ited experience with the SPARC procedure [2, 10]. SPARC 
trocars are placed using a suprapubic approach via 2 small 
incisions above the pubic bone to the vaginal incision be-
low the mid-urethra. In particular, the so-called “top-to-
bottom” approach might induce less vessel injuries, mak-
ing SPARC a possibly safer procedure concerning bleed-
ing complications than TVTs [11]. Until today, only few 
studies have reported short- (up to 1 year) and medium-
term (1–5 years) safety and efficacy data of the SPARC 
procedure [10–14]. Published long-term data in this con-
text are scarce [15]. At the moment, long-term safety data 
of mid-urethral slings represent a paramount issue with-
in the field of incontinence surgery, since efficacy and 
safety of these have been re-evaluated and even litigated 
or suspended in some countries [16]. The working group 
on the Urological Functional Diagnostics and Female 
Urology of the Academy of the German Society of Urol-
ogy enunciated in their last statement unrestricted rec-
ommendation for the mid-urethral slings as there is a 
clear difference between these and mesh implants, with 
mid-urethral slings showing good efficacy and safety pro-
file [17]. The aim of this retrospective study was to evalu-
ate long-term safety and efficacy of the SPARC procedure 
for the treatment of female SUI at a tertiary academic cen-
ter.

Materials and Methods

Electronic patient records from 139 female patients treated 
with the SPARC procedure for SUI between 2001 and 2014 at the 
Department of Urology of the Medical University of Graz were 
evaluated retrospectively. Complete data from 126 patients were 
available for follow-up evaluation after 1 year, complete data from 
70 patients after 5 to 6 years, and from 41 patients after 7 to 10 
years. All patients suffered from pure or mixed SUI, with the stress 
component being in the foreground. Primarily, all patients of the 
study cohort were treated insufficiently by pelvic floor exercise. In 
patients with mixed urinary incontinence, the urgency component 
was treated with antimuscarinics. If the urgency component was 
treated successfully, patients underwent the SPARC procedure 
subsequently. Women undergoing their first incontinence opera-
tion, as well as those who experienced an unsuccessful inconti-
nence surgery previously, were included into this study.

Exclusion criteria were pure urgency incontinence, chronic 
urinary retention with incontinence, various neurological findings 
with a significant impact on the lower urinary tract function, con-
tinuous urinary incontinence, and pelvic organ prolapse >2 ac-
cording to the Pelvic Organ Prolapse Quantification System. Pre-
operatively, all patients underwent cystoscopy and invasive urody-
namic studies, performed with the urodynamic system Ellipse 
Andromeda, at the Department of Urology of the Medical Univer-
sity of Graz. The invasive urodynamic studies were repeated 1 year 
postoperatively.

A cough stress test with a bladder filling of at least 250 mL, the 
pad weight test according to Hahn & Fall, and uroflowmetry with 
post-void residual volume (PVR) measurements were performed 
preoperatively, as well as during the follow-up visits. The primary 
outcome was objective and subjective cure rates. Objective cure 
was defined as a pad weight 0–1 g and a negative cough stress test 
in standing position. Subjective cure was defined as no use of pads 
according to the micturition diary and no urine loss during daily 
activities. Secondary outcomes included patient-reported conti-
nence and satisfaction rates, de novo urgency symptoms, evalua-
tion of lower urinary tract infections, and the assessment of the 
incontinence-related quality of life. A standardized questionnaire 
according to the Visual Analog Scale (VAS) from 0 (not bother-
some) to 10 (most bothersome) was used to access the severity of 
bother regarding SUI. Patients’ satisfaction with the outcome of 
the SPARC procedure was evaluated using patient interviews at 
the visits, with possible responses as “very satisfied,” “satisfied,” 
and “dissatisfied.” In addition, patients had to describe themselves 
as being “continent,” “minor incontinent,” or “incontinent”. 
Moreover, we asked the patients whether they would be willing to 
undergo this particular surgical procedure again and whether they 
would recommend it to a friend. Additionally, we analyzed the 
subgroups regarding previous pelvic and/or incontinence sur-
gery.

Statistical Analysis
Continuous parameters are presented as median, minimum, 

and maximum and categorical data as frequency and percent. The 
Wilcoxon signed-rank test was used to evaluate changes in the 
VAS, pad test weight, number of pads per day, and maximum flow 
rate from baseline to follow-up (1, 6, and 9 years). Group com-
parisons were performed for the objective and subjective cure rates 
during the follow-up by using multivariable logistic regression 
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analysis adjusting for age, BMI, and partus. A p value <0.05 is con-
sidered statistically significant. Statistical analysis was performed 
using IBM SPSS Statistics 26.0.

Results

In all cases, the SPARC procedure was performed un-
der general (122/139, 87.8%) or spinal anesthesia (17/139, 
12.2%) by one dedicated and experienced urologic sur-
geon. Follow-up periods were 1 year, 5–6 (median 6 
years), and 7–10 (median 9 years). Overall, patients’ me-
dian age was 62 (34–91) years, the median BMI was 27.8 
(17.8–42.0) kg/m2, and the median number of partus was 
2 (0–5) at the date of surgery. Thirteen of 139 (9.4%) pa-
tients had mixed urinary incontinence. Forty-three of 139 
(30.9%) had recurrent urinary incontinence after previ-
ous incontinence surgery. In 79/139 (56.8%) patients, pel-
vic surgeries were performed previously (for details see 
online suppl. Table 1; for all online suppl. material, see 
www.karger.com/doi/10.1159/000516941). The over-
view of complications is listed in Table 1. Objective cure 
rates were 99/126 (78.6%), 50/70 (71.4%), and 29/41 
(70.7%) at the 1-, 6-, and 9-year follow-ups, respectively. 
Subjective cure rates were 91/126 (72.2%), 39/70 (55.7%), 
and 27/41 (65.9%) at the 1-, 6-, and 9-year follow-ups, 
respectively.

At 1-year follow-up, 123/126 (97.6%) described them-
selves as continent and 3/126 (2.4%) as incontinent. 
120/126 (95.2%) were very satisfied with the surgical out-
come, and 6/126 (4.8%) were satisfied.

At 6-year follow-up, 47/70 (67.1%) described them-
selves as continent, 20/70 (28.6%) as mildly incontinent, 
and 3/70 (4.3%) as incontinent. One of these incontinent 
patients had developed a band exposure and one had an 
insensitive detrusor with overflow incontinence caused 
by cerebral dysfunction. Thirty of 70 (42.9%) were using 
pads during their daily activities; however, 14 of these 30 
patients (46.7%) were using only 1 security pad per day. 
Forty-seven of 70 (67.1%) were very satisfied with the sur-
gical outcome, 18/70 (25.7%) were satisfied, and 5/70 
(7.1%) were dissatisfied.

At 9-year follow-up, 31/41 (75.6%) described them-
selves as continent and 10/41 (24.4%) as mildly inconti-
nent. Fourteen of 41 (34.1%) were using pads; however, 6 
of these 14 patients (42.9%) were using only 1 security pad 
per day. Thirty-one of 41 (75.6%) were very satisfied with 
the surgical outcome, and 10/41 (24.4%) were satisfied.

During all follow-up periods, all patients reported that 
they would have recommended the SPARC procedure to 
a friend. With the exception of 1 patient at 6 years of fol-
low-up, all patients reported that they would have per-
formed the SPARC procedure again. The VAS decreased 
from 8 (2–10) to 0 (0–10), from 8 (2–10) to 1 (0–10), and 
from 8 (4–10) to 0 (0–8) at 1-, 6-, and 9-year follow-ups, 
respectively (p < 0.001) (shown in Fig. 1).

The median pad weight decreased from 16 g (0–743) 
to 0 g (0–85), from 12 g (1–743) to 0 g (0–27), and from 
15 g (1–354) to 0 g (0–7) at the 1-, 6-, and 9-year follow-
ups, respectively (p < 0.001) (shown in Fig. 2). The me-
dian number of pads per day decreased from 4 (1–20) to 
0 (0–10), from 4 (1–20) to 0 (0–5), and from 4 (1–12) to 
0 (0–5) at the 1-, 6-, and 9-year follow-ups, respectively 
(p < 0.001) (shown in Fig. 3).

The maximum flow rate decreased from 37.5 mL/s 
(11–85.6) to 34.7 mL/s (8–70), 25.0 mL/s (3.4–60.9), and 
20.3 mL/s (2.4–70.1) at the 1-, 6-, and 9-year follow-ups, 
respectively (p < 0.001) (shown in Fig. 4). Finally, we did 
not observe any subjective impairment due to the reduc-

Table 1. Overview of complications

N (%)

Intraoperative
Bladder perforation 4/139 (2.9)

Early postoperative
Urinary retention 3/139 (2.2)
PVR 6/139 (4.3)
Tape gliding 3/139 (2.2)
Hematoma 0
Urinary infections 0

Late postoperative 1 year 6 years 9 years

De novo urgency 2/126 (1.6) 7/70 (10.0) 4/41 (9.8)
Recurrent urinary infections 0 1/70 (1.4) 3/41 (7.3)
Sling exposure (vaginal) 0 2/70 (2.9) 0

PVR, post-void residual volume.

Table 2. PVR >0 mL

N (%) Range, mL

Preoperatively 4/139 (2.9) 50–80
1 year 5/126 (4.0) 40–150
6 years 6/70 (8.6) 20–100
9 years 4/41 (9.6) 50–280

PVR, post-void residual volume.
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Fig. 1. Comparison of severity of bother regarding SUI according to VAS 0–10 preoperatively (n = 139), at 1-  
(n = 126), 6- (n = 70), and 9-year (n = 41) follow-ups. p values were calculated for each follow-up period compar-
ing it to the particular baseline. All p < 0.001. SUI, stress urinary incontinence; VAS, visual analogous scale.

Fig. 2. Comparison of pad weight in gram according to Hahn & Fall preoperatively (n = 133*), at 1- (n = 126), 
6- (n = 70), and 9-year (n = 41) follow-ups. *For the better overview, 6 outliers were removed from the figure.  
p values were calculated for each follow-up period comparing it to the particular baseline. All p < 0.001.
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Fig. 3. Comparison of number of pads used per day preoperatively (n = 139), at 1- (n = 126), 6- (n = 70), and 
9-year (n = 41) follow-ups. p values were calculated for each follow-up period comparing it to the particular base-
line. All p < 0.001.

Fig. 4. Comparison of the maximal flow rate preoperatively (n = 139), at 1- (n = 126), 6- (n = 70), and 9-year  
(n = 41) follow-ups. p values were calculated for each follow-up period comparing it to the particular baseline. 
All p < 0.001.
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Table 3. Analysis of subgroups regarding previous pelvic and/or incontinence surgery

Previous surgery BMI Age, years Partus Preoperatively 1 year 6 years 9 years

No pelvic, no incontinence surgery 26.7 (17.8–40.7) 56 (34–86) 2 (0–5) (n = 50) (n = 47) (n = 27) (n = 17)

VAS 7 (2–10) 0 (0–4) 0 (0–5) 0 (0–3)
p < 0.001 p < 0.001 p < 0.001

Pad test, g 11 (0–144) 0 (0–20) 0 (0–5) 0 (0–5)
p < 0.001 p < 0.001 p < 0.001

Pads per day 4 (1–10) 0 (0–4) 0 (0–5) 0 (0–3)
p < 0.001 p < 0.001 p < 0.001

Objective cure rate n (%) 39 (83.0) 22 (81.5) 13 (76.5)

Subjective cure rate n (%) 40 (85.1) 18 (66.7) 13 (76.5)

Pelvic and incontinence surgery 28.7 (19.8-39.5) 65 (43–86) 3 (0–5) (n = 33) (n = 26) (n = 13) (n = 9)

VAS 8 (4–10) 0 (0–10) 2 (0–10) 0 (0–5)
p < 0.001 p = 0.005 p = 0.007

Pad test, g 24 (3–354) 0 (0–85) 1 (0–27) 0 (0–2)
p < 0.001 p = 0.014 p = 0.08

Pads per day 4 (2–10) 0 (0–10) 1 (0–4) 0 (0–5)
p < 0.001 p = 0.006 p = 0.017

Objective cure rate, n (%) 18 (69.2) 7 (53.8) 7 (77.8)

Subjective cure rate, n (%) 16 (61.5) 5 (38.5) 6 (66.7)

Pelvic surgery only 27.9 (19.4-42.0) 62 (40–91) 2 (0–5) (n = 46) (n = 44) (n = 25) (n = 14)

VAS 8 (4–10) 1 (0–8) 1 (0–10) 1 (0–8)
p < 0.001 p < 0.001 p = 0.001

Pad test, g 12 (1–743) 0 (0–10) 0 (0–5) 0 (0–7)
p < 0.001 p < 0.001 p = 0.003

Pads per day 5 (2–20) 0 (0–2) 0 (0–5) 1 (0–4)
p < 0.001 p < 0.001 p = 0.001

Objective cure rate, n (%) 37 (84.1) 18 (72.0) 9 (64.3)

Subjective cure rate, n (%) 30 (68.2) 14 (56.0) 7 (50.0)

Incontinence surgery only 29.0 (20.2-32.9) 68 (51–79) 2 (0–5) (n = 10) (n = 9) (n = 5) (n = 1)

VAS 6 (4–10) 1 (0–7) 3 (0–7) 2
p = 0.013 p = 0.068 –

Pad test, g 41 (5–88) 0 (0–8) 0 (0–7) 6
p = 0.011 p = 0.043 –

Pads per day 5 (2–9) 0 (0–5) 1 (0–5) 0
p = 0.011 p = 0.039 –

Objective cure rate, n (%) 5 (55.6) 3 (60.0) 0 (0.0)

Subjective cure rate, n (%) 5 (55.6) 2 (40.0) 1 (100.0)

The median BMI, age, partus (as median, minimum, and maximum), and the number of patients are represented for each subgroup. The VAS, pad test, 
and pads per day are showed as median, minimum, and maximum. The difference between the follow-up and the corresponding baseline was calculated by 
using the Wilcoxon signed-rank test, and p values were listed for each follow-up period. The objective and subjective cure rates were determined as defined 
in the materials and methods’ section and are shown as n and percentage for each subgroup. VAS, visual analog scale.
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tion of the maximum flow rate. PVR is presented in Ta-
ble 2. None of the patients was feeling disturbed by the 
residual volume. Results regarding previous pelvic and/
or incontinence surgery are presented in Table 3. Multi-
variable logistic regression including the surgery groups 
and adjusting for age, BMI, and partus revealed no statis-
tically significant associations with objective and subjec-
tive cure rates in all follow-up periods (online suppl. Ta-
ble 2).

Discussion

The published literature stemming from original re-
ports regarding long-term outcomes of the SPARC pro-
cedure in women with SUI is scarce [15]. An observable 
trend toward the litigation of mid-urethral slings could be 
explained by increased attention toward mesh complica-
tions over the last few years. However, mid-urethral slings 
have shown an acceptable risk level regarding long-term 
complications, with especially retropubic sling systems 
demonstrating an overall satisfying long-term efficacy 
[18]. Therefore, a further evaluation of the safety and ef-
ficacy of urethral sling systems, in particular concerning 
their long-term outcomes, is of great importance for the 
development of future treatment standards.

Regarding retropubic sling systems, TVT currently 
represents the method of choice with the most data (in-
cluding long-term) available. Nilsson et al. [8] reported a 
complete cure rate of 84.7% after a median follow-up of 
56 months. However, their criteria for cure were differ-
ently defined (e.g., pad test <10 g/24 h), which makes 
comparisons difficult. Other work groups reported cure 
rates of 76.9% after 5 years and 81.3% after 7 years [19, 
20].

In our study, we were able to present comparable ob-
jective cure rates after 1, 6, and 9 years following the 
SPARC procedure (78.6, 71.4, and 70.7% respectively), 
which implicates a satisfying long-term efficacy of this 
surgical method. There was a slightly lower subjective 
cure rate after 6 and 9 years (55.7 and 65.9%) than the 
1-year follow-up evaluation (72.2%). The notably higher 
incidence of urgency symptoms might represent an im-
portant factor contributing to these observations (10.0 
and 9.8% compared to 1.6%). It is of paramount impor-
tance to note that the objective cure rate gives us a de-
scription of the patients’ continence status at one specific 
moment in time, while the subjective cure rate represents 
patients’ everyday life. Previous studies from our work 
group have shown similar discrepancies between objec-

tive and subjective cure rates (76 vs. 52% at the mean fol-
low-up of 5.2 years) discussing that as a possible reason 
[15]. Another possible explanation might be our very 
strict definition of the subjective cure rate, which includ-
ed no usage of pads during daily activities. However, a lot 
of women who use 1 security pad per day (in our study, 
nearly 50% of all women using pads) still feel continent. 
This phenomenon is mirrored in the higher rate of self-
described subjective continence at the 6- and 9-year fol-
low-ups (67.1 and 75.6%, respectively), compared to the 
subjective cure rates. Deval and colleagues [11] reported 
an objective cure rate of 90.4% and a subjective cure rate 
of 69.2% for a short-term mean follow-up of 11.9 months 
after SPARC.

In terms of complications, we equally present similar 
results in our recent study compared to previous, short- 
to mid-term results of the SPARC procedure at our de-
partment [12, 15]. Concerning early postoperative com-
plications, we observed postoperative urinary retention 
in 3/139 (2.2%) patients. Six of 139 (4.3%) patients had 
residual volume, whereby in these cases, a loosening of 
the sling was performed. Three of 139 (2.2%) patients de-
veloped tape gliding, which was manageable by a replace-
ment of the tape. Concerning long-term complications, 
we observed de novo urgency in 7/70 (10.0%) patients 
after 6 years and in 4/41 (9.8%) patients after 9 years, 
which correlates with previous results at our institution 
(10.9%) [15]. This observation might be attributable to 
the increasing age of patients, since higher age and con-
comitant neurological and metabolic diseases represent 
risk factors for the development of urgency. As described 
previously, de novo urgency may also be related to chang-
es in the paraurethral collagen metabolism and sclerosis 
around prolene tapes [21].

Recurrent lower urinary tract infections were observed 
in 1/70 (1.4%) patients after 6 years and in 3/41 (7.3%) 
patients after 9 years. One patient developed a symptom-
atic vaginal sling exposure, which made it necessary to 
excise the sling partially 5 years postoperatively. Another 
patient had an asymptomatic vaginal sling exposure with-
out any need for further surgical treatment. Furthermore, 
we observed a highly significant decrease in the VAS, pad 
weight, number of pads, and maximum flow rate at each 
follow-up (p < 0.001).

The decrease in the flow rate represents an expected 
side effect after the placement of mid-urethral slings, 
since these exert a certain obstruction on the urethra [22]. 
A comparable decrease in the flow rate has been described 
previously by our work group [12, 15]. Conversely, the 
reduction in maximal flow did not have any impact on the 
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quality of life of patients in our study. We did not observe 
any relevant changes regarding PVR. Lower objective and 
subjective cure rates were observed for patients with pre-
vious surgery compared to patients without previous sur-
gery. However, multivariable logistic regression includ-
ing the surgery groups and adjusting for age, BMI, and 
partus revealed no statistically significant associations 
with objective and subjective cure rates for all follow-up 
periods. With increasing age and BMI, we observed a 
lower chance for cure (objective and subjective) after 
1-year follow-up. Due to the small group sample sizes, the 
results should be interpreted carefully.

Our study is not devoid of limitations. One limitation 
is the retrospective study design, and another one is the 
relatively small sample size, particularly regarding the 
long-term follow-up evaluations. As we only included pa-
tients who personally appeared to the follow-up visits and 
were objectively examined, it was difficult to achieve 
higher patient numbers. Our results show that the SPARC 
procedure represents an efficient surgical method in a 
long-term context of up to 10 years postoperatively with 
an acceptable safety profile in women with SUI. The long- 
and short-term results in our study were comparable. 
Moreover, high overall satisfaction rates and the reduc-
tion of the severity of bother imply a clear improvement 
in terms of patients’ quality of life and are independent of 
complete dryness.
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