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Abstract

Introduction: We evaluated sequential postoperative voiding func-
tion of two types of sling procedures (Monarc® and ALIGN®) in 
patients with stress urinary incontinence.
Methods: Ninety-one women diagnosed with urodynamic stress 
incontinence were randomly assigned to the study. All enrolled 
patients underwent Monarc or ALIGN procedure. They were post-
operatively evaluated at one day, one week, one month, three 
months, 12 months, and 24 months. The voiding function was 
evaluated with uroflowmetry and post-void residual urine. Patients 
were asked if voiding had changed after surgery and had to com-
plete the incontinence quality of life scale (I-QoL) questionnaire 
at 12 months. 
Results: The Monarc (n=47) and ALIGN (n=44) groups had similar 
demographic characteristics. The maximal flow rate (Qmax) was 
significantly decreased on the first day after surgery and gradu-
ally increased during the following weeks. Comparing the two 
groups at one week, the ALIGN group had a significantly decreased 
Qmax than the Monarc group (17.6 ± 5.2 vs. 20.7 ± 5.0; p=0.004). 
However, at one, three, 12, and 24 months, there were no signifi-
cant differences between the two groups.
Conclusions: This study demonstrated that an absorbable tension-
ing suture in the Monarc mesh could increase Qmax compared to 
ALIGN at one week after surgery. An absorbable tensioning suture 
may reduce the risk of an early postoperative voiding dysfunction 
compared to other meshes that do not have this.

Introduction 

Midurethral sling (MUS) has been used for female stress uri-
nary incontinence (SUI) treatment. To date, a great number 
of products have been developed, using various techniques 
and materials to perform sling surgery. Although several 
sling systems are commercially available, all are thought to 
work in a similar manner.1 The Monarc® (American Medical 
Systems, Minnetonka, MN, U.S.) Subfascial Hammock 
System and the ALIGN® (Bard, Covington, G, U.S.) Trans-

Obturator Urethral Support System are of the outside-to-in 
transobturator approach type and consist of polypropylene 
monofilament mesh.2 The main difference with these prod-
ucts is that an absorbable tensioning suture is threaded into 
the length of the Monarc sling, but not the ALIGN sling. It 
allows for the tensioning adjustment of the mesh after place-
ment.2,3 Monarc has this feature. However, ALIGN has no 
absorbable tensioning suture. In addition, ALIGN has a halo 
needle with a larger radius arc than Monarc, which makes a 
large radius curve when the needle tip perforates the obtura-
tor membrane. The difference of trajectory between the two 
devices may produce different outcomes.

To our knowledge, little data exist on the comparison of 
patient outcomes between the Monarc and ALIGN prod-
ucts. Thus, the present study was designed to compare the 
sequential postoperative voiding function between the two 
types of sling devices. Secondary outcome studies were the 
success rates, changes of quality of life, subjective voiding 
difficulties, and complications of these two types of subu-
rethral slings.

Methods

Subjects

Ninety-one women prospectively diagnosed with SUI were ran-
domly assigned to the study. Randomization was done using a 
computer that generates a list of random numbers. Institutional 
review board (IRB) approval was obtained, and written informed 
consent was also obtained from all participants prior to ran-
domization after surgical procedures were fully explained. All 
enrolled patients underwent Monarc or ALIGN procedure by 
the same operator under general anesthesia.

All patients complained of symptoms of pure SUI with 
proven urodynamic stress incontinence.4 Exclusion criteria 
included patients who had: 1) a preoperative predominant 
complaint of urgency incontinence; 2) detrusor overactivity 
on cystometrogram; 3) post-voiding residual (PVR) greater 
than 100 ml; 4) genital prolapse greater than stage I (pel-
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vic organ prolapse quantification [POP-Q]); and 5) previ-
ous anti-incontinence surgery. Patients with concomitant 
operations were also excluded.

Preoperative workup included medical history, physical 
examination, POP-Q, Q-tip testing, urinalysis, one-hour pad 
test, and urodynamic evaluation (Duet® Logic G/2 device 
(Medtronic, Skovlunde, Denmark), including free maximal 
flow rates (Qmax), filling cystometry, Valsalva leak point 
pressure (VLPP), detrusor pressure at maximal flow (pde-
tQmax), and maximal urethral closing pressure (MUCP). 
Data were interpreted in accordance with the International 
Urogynecological Association (IUGA) and International 
Continence Society (ICS) guidelines.4,5 The quality of life 
was measured by the urinary incontinence-specific quality 
of life (I-QoL) questionnaire, with 22 items in I-QoL summed 
and then transformed to a 0–100 scale for greater interpret-
ability, with higher scores representing greater QoL.6,7

Device description

The Monarc system is designed to be positioned through the 
medial aspect of the obturator membrane and underneath 
the ischiopubic ramus bone bilaterally to ensure that it pro-
vides midurethral support. It consists of a large pore-size 
polypropylene monofilament mesh and two stainless steel 
and curved needle passers. The tip portion of each needle 
passer is configured to allow for secure connector place-
ment. Each needle passer has a plastic handle attached. The 
1.1 × 50 cm polypropylene mesh contains an absorbable 
tensioning suture and is covered with two protective poly-
ethylene sheaths. The helical design enables the surgeon to 
rotate the needles under the posterior surface of the ischio-
pubic ramus and bypass the retropubic space. Each needle 
is specifically designed for placement along one side of the 
pelvis. After placement of the needles, connectors on both 
ends of the mesh are used to attach to the needle tip for 
retrieval through the obturator membrane.2

The ALIGN system is also a suburethral sling device that 
uses the outside-in technique intended for the treatment 
of female SUI. The system is comprised of halo introduc-
ers and a polypropylene mesh sling implant encased in a 
protective sheath with green guide tubes at each end of the 
sheath. Connectors are attached to the distal ends of the 
guide tubes and are designed to attach to the tip portion of 
the introducer needles.

Surgical procedures and followup

Women with SUI were randomly assigned to either the 
Monarc or the ALIGN group. All enrolled patients under-
went outside-in transobturator tape procedures by the same 
operator under general anesthesia. Surgical procedure was 
carried out as previously described.3,8 A urinary catheter was 

inserted after operation and removed, which is often done 
after 24 hours. After urinary catheter removal, patients were 
evaluated for flow rate (Portaflow Advanced, Mediwatch, 
Williston, VT, U.S.) and PVR volumes using ultrasound scan-
ning (Biocon-500, M-cube Technology). Patients remained 
hospitalized until a PVR <100 ml was obtained. When dif-
ficulty with bladder emptying persisted, they were taught to 
self-catheterize before being discharged.

The patients were postoperatively evaluated at one day, 
one week, one month, three months, and 12 months. The 
patients had postoperative followups for up to 24 months. 
The voiding function was evaluated through uroflowmetry 
and PVR measurement. Patients were asked if voiding had 
changed after surgery at every visit and completed the I-QoL 
questionnaire, a self-reported quality-of-life measure that 
is specific to urinary incontinence, at 12 months. Surgical 
outcomes or sling efficacies were evaluated through a cough 
stress test with a full bladder. Cure of SUI was defined as an 
absence of any episodes of involuntary urine leakage during 
physical activities and a stress cough test. Improvement was 
defined as a significant reduction of urine leakage, where the 
patient did not require further treatment. Failure was defined 
as unchanged or exacerbated urine leakage.9

Postoperative complications were collected and com-
pared. We classified these complications by using the modi-
fied Clavien-Dindo grading of surgical complications.10,11

Subjective voiding difficulty was defined as postoperative de 
novo voiding symptoms (weak stream, hesitancy, or residual 
urine sensation). In addition, postoperative storage symp-
toms were analyzed as de novo urgency.

Statistical analysis

Statistical analyses were performed with SPSS (Window 
Version 18.0; SPSS, Chicago, IL, U.S.). Continuous variables 
were compared using the Student’s t-test and the Mann–
Whitney U test. Dichotomous variables were compared 
using Pearson’s Chi-square and Fisher’s exact tests between 
the two groups. The Wilcoxon signed-rank test was used for 
preoperative and postoperative comparison. A p value of 
<0.05 was considered statistically significant.

Results

The Monarc group (n=47) and the ALIGN group (n=44) had 
similar demographic characteristics and preoperative urody-
namic parameters, including Q-tip angle degree, free Qmax, 
VLPP, pdetQmax, and MUCP (Table 1). The Qmax in both 
groups were significantly decreased on the first day after 
surgery (-7.7 ml/sec; p < 0.001 vs. -8.0 ml/sec; p < 0.001, 
respectively) and gradually increased during the following 
weeks. However, there were no significant differences in 
the postopertaive Qmax and PVR on the first day after sur-
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gery between the two groups. Comparing the two groups at 
one week, the ALIGN group had a significantly decreased 
Qmax than the Monarc group (17.6 ± 5.2 vs. 20.7 ± 5.0; 
p=0.004). However, there was no significant difference of 
PVR between the two groups. In addition, at one, three, 
12, and 24 months, there were no significant differences of 
Qmax and PVR between the two groups. At 24-month fol-
lowup, 21 (44.7%) and 19 (43.2%) patients were available 
for the evaluation respectively. The results are summarized 
in Table 2.

No significant differences were found in subjective 
voiding difficulty (31.9% vs. 43.2%; p=0.267) and cure 
rate (80.9% vs. 88.6%; p=0.304) between the groups at 
12 months after surgery (Table 3). Pre- and postoperative 
I-QoL questionnaires scores showed significant improve-
ment; however, there was no significant difference between 
the groups (-45.6 ± 9.1, -44.0 ± 7.6; p=0.364, respectively).

The postoperative complications were classified accord-
ing to the modified Clavien-Dindo classification system in 
Table 4. Four (8.5%) out of the 47 patients (Monarc) and 
5 (11.4%) out of 44 patients (ALIGN) complained of mild 
pelvic pain (Grade I). Eleven patients (23.4 %) in Monarc 
and nine patients (20.5 %) in ALIGN had de novo urgency 
(Grade II). Only one patient from the ALIGN group devel-
oped vaginal tape erosion (Grade IIIb). However, the differ-
ences demonstrated were not significant.

Discussion

According to the latest update of the International 
Consultation on Incontinence Recommendations and guide-
lines of the European Association of Urology, MUS repre-
sents the gold standard for the treatment of female SUI.12,13

The transobturator MUS technique is simple and has the 
potential to reduce the incidence of significant complica-
tions associated with a retropubic approach. This technique 
has been further refined by the availability of the Monarc 
system. Its difference with previous products is that an 
absorbable tensioning suture is threaded into the length of 
the mesh. More recently, the ALIGN system has been shown 
to be effective and safe for SUI treatment. However, ALIGN 
has no absorbable tensioning suture and halo needle with 
a larger radius arc. Although both procedures use type I, 
knitted macroporous, monofilament polypropylene mesh, 
there is a large difference between them in terms of absorb-
able tensioning suture and radius arc.14 In addition, to our 

Table 1. Characteristics of patients who underwent either 
Monarc or ALIGN tape procedure

Variables
Monarc 
(n=47)

ALIGN 
(n=44)

p value

Age (years) 54.3 ± 11.0 50.7 ± 9.5 0.096

Parity (times) 2.4 ± 1.1 2.3 ± 1.2 0.493

Body mass index (kg/m2) 23.7 ± 1.6 24.1 ± 1.3 0.181

Menopause, n (%) 39 (83.0%) 33 (75%) 0.349

Period of symptoms (years) 4.3 ± 2.0 4.3 ± 1.8 0.843

One-hour pad test (gram) 23.9 ± 16.1 22.3 ± 10.9 0.557

No. prolapse grade (%)

0 15 (31.9) 11 (25.0)

1 32 (68.1) 33 (75.0)

Q-tip test (degree) 31.4 ± 8.0 28.8 ± 9.2 0.148

Preoperative UDS 
parameters

Free Qmax (ml/s) 25.3 ± 7.2 25.2 ± 6.8 0.938

Voided volume (ml) 280.2 ± 60.2 265.1 ± 78.4 0.305

PVR (ml) 14.2 ± 16.7 11.1 ± 14.0 0.342

MCC (ml) 365.2 ± 92.6 367.6 ± 78.0 0.896

PdetQmax (cmH2O) 28.1 ± 8.5 27.1 ± 8.5 0.579

VLPP (cmH2O) 70.6 ± 13.7 68.1 ± 14.0 0.404

MUCP (cmH2O) 52.6 ± 8.6 55.1 ± 15.1 0.349
Results are presented as mean (± standard deviation) or n (%).  MCC: maximal cystometric 
capacity; MUCP: maximal urethral closing pressure; PdetQmax: detrusor pressure at 
maximal flow; PVR: post-void residuals; Qmax: maximal flow rate; UDS: urodynamic study; 
VLPP: Valsalva leak point pressure.

Table 2. Sequential comparisons of postoperative uroflowmetry parameters and voiding symptoms between the two groups

1 day 1 week 1 month 3 months 12 months 24 months*

Monarc (n=47)
Qmax (ml/sec) 17.6 ± 4.0 20.7 ± 5.0 20.6 ± 5.4 22.5 ±5.8 23.5 ± 4.5 24.7 ± 5.3

Voided

volume (ml) 240.4 ± 79.5 234.0 ± 81.9 236.3 ± 85.7 225.2 ± 76.1 244 ±0 ± 78.3 261.9 ± 60.2

PVR (ml) 26.9 ± 25.8 20.5 ± 10.8 24.6 ± 14.3 8.0 ± 7.3 8.7 ± 9.2 4.5 ± 6.3

ALIGN (n=44)
Qmax (ml/sec) 17.2 ± 5.0 17.6 ± 5.2 19.2 ± 6.6 23.0 ± 5.3 22.3 ± 3.0 24.3 ± 4.4

Voided volume (ml) 254.4 ± 82.4 255.5 ± 78.0 268.4 ± 83.8 246.9 ± 71.7 267.7 ± 90.7 287.3 ± 86.6

PVR (ml) 23.0 ± 22.4 21.3 ± 13.7 20.5 ± 19.4 9.7 ± 10.1 8.3 ± 8.7 6.9 ± 8.2

p value (Monarc vs. ALIGN)
Qmax (ml/sec) 0.697 0.004 0.297 0.651 0.142 0.706

Voided volume (ml) 0.411 0.204 0.074 0.165 0.186 0.110

PVR (ml) 0.443 0.735 0.252 0.363 0.829 0.123
Results are presented as mean (± standard deviation). *21 (44.7%) of Monarc and 19 (43.2%) of ALIGN patients were available for 24-month followup. Qmax: maximal flow rate; PVR: post-void 
residuals.
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knowledge, there have been no previous studies compinge 
the outcomes of the two procedures.

This study evaluated sequential postoperative voiding 
function of two types of sling procedures. In addition, we 
compared the success rates, I-QoL scores, and subjective 
voiding difficulties at the one-year followup. The Qmax was 
significantly decreased on the first day after surgery and 
gradually increased during the following weeks. However, 
there were no significant differences between the groups.

Previous studies have reported that Qmax decreased 
significantly from 26 to 18 ml/sec at 6–12 weeks in the 
Monarc procedure.8 In another study, the Qmax maintained 
about 19 ml/sec at 6‒14 months (median, nine months) after 
Monarc surgery.15 However, little data exist in comparing 
Qmax at the first day after surgery. Comparing two groups 
at one week, the ALIGN group had a significantly decreased 
Qmax than the Monarc group. Based on these findings, we 
could hypothesize that an absorbable tensioning suture in 
the Monarc may help increase Qmax at one week after 
surgery. However, there were no significant differences at 
one, three, 12, and 24 months. When the uroflowmetry of 
ALIGN was evaluated at 12 months, it was reported that 
there was no significant decrease in Qmax.16

The subjective voiding difficulty and cure rate do not 
differ between the two groups. Monarc system reported an 
objective cure rate at 12 months after surgery ranging from 
80.8‒95.3%.17,18 In general, success rates of MUS range from 
84‒ 99%.19 In addition, postoperative voiding dysfunction 
occurs after 5–15 % of sling surgeries.20,21 Results of the 
present study correspond well with those of the previous 
study. Postoperative I-QoL questionnaires scores showed 
significant improvement. However, no significant difference 
exists between the groups. These changes of I-QoL after 
surgery are also consistent with previous studies.22 They 
reported that I-QOL score improved significantly, ranging 
from 25.3‒56.1, six months postoperation.23

There were no serious complications, such as wound 
infection, urethra or bladder perforation; 8.5% (4/47) 
of the Monarc group and 11.4% (5/44) of ALIGN group 
had pelvic pain. ALIGN has a halo needle with a larger 
radius arc than Monarc and it is a little too big for Asian 
women. Morphologic differences in the bony pelvis among 
different races were reported;23,24 in particular, Caucasian 
women have a wider pelvic inlet, wider outlet, and shal-
lower anteroposterior outlet than other races.23 Hence, we 
hypothesized that racial differences in the pelvic bone with 
Asian women could perhaps influence differences in pelvic 
pain. We only performed sling surgery on Asian women. 
However, there were no significant differences between the 
groups. According to previous morphological findings using 
ultrasound, there were no significant differences between 
Monarc and the tension-free vaginal tape-obturator (TVT-O) 
procedure at three-month followup. The parameters reflect-
ing the tape location, tape tension, and urethral mobility 
were similar between the two groups.21 However, to our 
knowledge, no information is available on postoperative 
morphological differences of mesh between Monarc and 
ALIGN procedure.

The limitations of this study stem from the use of free 
Qmax. Qmax data were collected when the patients’ voided 
volumes were more than 150 ml, and were subsequently 
interpreted in accordance with the ICS guidelines. However, 
this study did not compare the adjusted values of Qmax on 
nomograms. Despite this limitation, an absorbable tension-
ing suture may influence the early postoperative flow rate. 
Studies with longer followup and larger cohorts are neces-
sary to evaluate voiding dysfunction and flow rates of the 
two different meshes.

Table 3. Success rates, I-QoL scores, and subjective voiding 
difficulty rates at the one-year followup

Monarc 
(n=47)

ALIGN 
(n=44)

p 
value

Anatomical success rates (%)
Cured 38 (80.9) 39 (88.6) 0.304

Improvement 6 (12.8) 3 (6.8)

Failed 3 (6.3) 2 (4.6)

I-QoL score

Preoperative 37.6 ± 6.1 38.2 ± 6.1 0.674

Postoperative 83.3 ± 6.0 82.2 ± 4.5 0.332

Subjective voiding difficulty (%)
Yes 15 (31.9) 19 (43.2) 0.267

No 32 (68.1) 25 (56.8)
Results are presented as mean (± standard deviation) or n (%). I-QoL: incontinence quality 
of life questionnaire.

Table 4. Complications of Monarc and ALIGN surgery 
according to the Clavien–Dindo classification

Monarc 
(n=47) n (%)

ALIGN 
(n=44) n (%)

p 
value

Grade I 4 (8.5%) 5 (11.4%) 0.679

Mild pelvic pain 4 5

Dyspareunia/sexual 
discomfort

0 0

Grade II 11 (23.4%) 9 (20.5%) 0.734

De novo urgency 11 9

Severe groin and/or leg pain 0 0

Vaginal erosion, local 
estrogen application

0 0

Grade IIIa 0 (0.0%) 0 (0.0%)

Urinary retention, prolonged 
urethral catheterization

0 0

Grade IIIb 0 (0.0%) 1 (2.3%) 0.299

Vaginal erosion, mesh 
removing

0 1
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Conclusion

This study demonstrated that an absorbable tensioning 
suture in the Monarc mesh could increase Qmax compared 
to ALIGN at one week after the MUS procedure. An absorb-
able tensioning suture may reduce the risk of early postop-
erative voiding dysfunction compared to other meshes that 
do not have this.
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