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Abstract

Background/Objectives: Direct imaging comparisons of single-incision mini-slings are lim-
ited. This study compared six-month three-dimensional transperineal ultrasound (TPUS)
findings after Altis and MiniStop surgery. Methods: This retrospective cohort included
174 women with stress urinary incontinence who underwent Altis (1 = 118) or MiniStop
(n =56) surgery. Sling position along the urethral length was expressed as a percentage from
the bladder neck (0%) to the external urethral meatus (100%), with 20-60% defined as the
midurethral region. TPUS also assessed sling-to-urethra distance, coronal sling angles, and
sling kinking. Clinical outcomes and complications were evaluated as secondary outcomes.
Results: Slings were located within the midurethral region in 82.2% of Altis and 50.0%
of MiniStop patients (p < 0.001). Coronal sling angles were smaller in the Altis group at
rest and during straining (both p < 0.001). Sling-to-urethra distance and sling kinking did
not differ significantly. Baseline leakage severity was greater in the Altis group, whereas
concomitant pelvic reconstruction was more common in the MiniStop group. Questionnaire
scores decreased within both groups. Recurrence occurred in 5.1% and 7.1%, respectively.
Conclusions: Six-month TPUS identified distinct postoperative sling positions and coronal
configurations in the two cohorts, with Altis slings more frequently located within the
study-defined midurethral region. These findings characterize anatomical differences in
the context of baseline and procedural differences and provide a basis for investigating
their relationship with clinical outcomes.
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Stress urinary incontinence (SUI) is common in women and can substantially impair
quality of life. Midurethral sling (MUS) surgery is an established treatment, with retropubic
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space and may be associated with bladder injury, groin or postoperative pain, voiding
dysfunction, and mesh-related adverse events [2,3].

Single-incision mini-slings were developed to reduce route-related morbidity while
maintaining midurethral support. They are inserted through a short vaginal incision with-
out external skin incisions and avoid trocar passage through the retropubic or obturator
space. Randomized evidence and systematic reviews suggest that contemporary single-
incision mini-slings can achieve short- to medium-term continence outcomes comparable
to those of standard MUS procedures, with potential advantages in operative time, post-
operative pain, and recovery [4-7]. Nevertheless, direct comparisons between different
third-generation mini-sling systems remain limited.

Altis and MiniStop are third-generation single-incision mini-slings used to treat female
SUL Clinical studies have reported favorable outcomes after Altis [8,9] and MiniStop [10,11],
but direct comparisons of their postoperative sling position and dynamic sling configuration
are lacking.

Transperineal ultrasound (TPUS) is a noninvasive imaging modality that can depict
anatomical and dynamic changes after anti-incontinence surgery. It enables assessment of
bladder-neck and urethral mobility [12,13], as well as sling position, the sling—urethra rela-
tionship, and dynamic sling behavior after surgery [14-16]. In our previous studies, TPUS
parameters correlated with the Q-tip test for urethral hypermobility and were associated
with de novo SUI after transvaginal mesh surgery [17,18]. These findings support the use
of TPUS to characterize postoperative sonographic differences between mini-sling systems.

The present study therefore aimed primarily to compare sling position and dynamic
sling configuration on 6-month TPUS after Altis and MiniStop procedures. Secondary
objectives were to evaluate questionnaire scores, urodynamic parameters, perioperative
complications, and recurrence. We hypothesized that the two systems would demonstrate
different postoperative sonographic configurations.

2. Materials and Methods
2.1. Study Design and Population

This retrospective cohort study was conducted at Kaohsiung Medical University
Chung-Ho Memorial Hospital. Women diagnosed with stress urinary incontinence (SUI)
who underwent single-incision mini-sling surgery using either the Altis system (Coloplast
Corp., Minneapolis, MN, USA) or the MiniStop system (APIS Technologies Sarl, Aubonne,
Switzerland) between April 2020 and March 2023 were reviewed. The diagnosis of SUI was
based on clinical symptoms, pelvic examination, and preoperative urodynamic evaluation
in all patients. The choice of sling system was based on surgeon preference rather than
randomized allocation.

Women were eligible if they had clinically significant SUI, underwent Altis or Min-
iStop sling placement, and had available preoperative and postoperative clinical data.
Exclusion criteria were incomplete medical records, insufficient follow-up, active urinary
tract infection at evaluation, neurogenic bladder, or another major neurological disorder
affecting lower urinary tract function.

Postoperative follow-up was scheduled at 1, 3, 6, and 12 months after surgery and
semiannually thereafter. Recurrence was defined as symptomatic SUI occurring during
postoperative follow-up.

The study was approved by the Institutional Review Board of Kaohsiung Medical
University Hospital (IRB No. KMUHIRB-E(I)-20260305), which waived the requirement
for informed consent because of the retrospective design. The study was conducted in
accordance with the Declaration of Helsinki.
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2.2. Preoperative Urodynamic Assessment and Surgical Selection

All patients underwent preoperative urodynamic testing, and the findings were re-
viewed when determining suitability for sling surgery. Filling cystometry characterized
bladder storage function. Detrusor contractility and possible bladder outlet obstruction
were assessed using the voiding-phase pressure—flow findings, including the relationship
between detrusor pressure and urinary flow. Patients in whom the overall preoperative as-
sessment established detrusor underactivity or bladder outlet obstruction were considered
unsuitable for sling surgery because of concern about postoperative urinary retention.

An elevated postvoid residual (PVR) volume was interpreted together with the clinical
assessment and the other urodynamic findings. Possible difficulty voiding naturally in
the examination setting, including anxiety or difficulty relaxing, was considered when
interpreting the voiding episode. PVR alone was not used as the sole determinant of
surgical suitability. These assessments guided eligibility for sling surgery itself rather than
the selection of Altis versus MiniStop.

2.3. Surgical Procedures

All procedures were performed by experienced urogynecologic surgeons. Both sys-
tems were inserted through a short vaginal incision approximately 1 cm proximal to the
external urethral meatus, with placement intended to provide midurethral support. Sling
tension was adjusted intraoperatively based on surgical judgment to provide midurethral
support while avoiding excessive urethral compression.

Concomitant pelvic procedures, including cervical amputation, total vaginal hysterec-
tomy, and transvaginal mesh surgery, were performed during the same operation when
clinically indicated.

During the study period, a long-loop tape-releasing suture was routinely placed
during sling implantation in both groups as part of institutional practice. The preplaced
suture provided an option for early postoperative sling loosening when urinary retention
was attributed to sling-related outlet obstruction and release was clinically indicated. Our
group previously described this technique in patients receiving TVT-O, Solyx, or Ophira
slings [19].

2.4. Transperineal Ultrasound Assessment

Three-dimensional transperineal ultrasound (TPUS) was performed 6 months post-
operatively using a Voluson 730 Expert ultrasound system (GE Healthcare Ultrasound,
Zipf, Austria) to assess sling position and dynamic sling configuration. Examinations were
performed with the patient in the supine position using a transperineal approach. Examina-
tions were performed by each patient’s operating surgeon, and the examiners were aware
of the implanted sling type. Each patient underwent one examination session comprising
assessment at rest and during the Valsalva maneuver. Each applicable parameter was
measured once under the corresponding condition.

The assessed parameters were longitudinal sling position, sling-to-urethra distance,
resting and straining sling angles, and sling kinking during straining. Longitudinal sling
position was expressed as a percentage of the total urethral length, measured from the
bladder neck (0%) to the external urethral meatus (100%). The midurethral region was
defined as 20-60% of the urethral length, corresponding to the approximate anatomical
region described by DeLancey [20]. This interval was used as an anatomical classification
of sling position. Sling-to-urethra distance was defined as the shortest distance between
the sling and urethra in the coronal plane. Resting and straining sling angles, defined as
the angle formed by the two sling arms in the coronal plane, were measured at rest and
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during the Valsalva maneuver, respectively. Sling kinking during straining was defined as
visible dynamic folding or angulation of the sling in the sagittal plane.

The TPUS measurement methods and observed group findings are summarized
schematically in Figure 1, and representative TPUS images are shown in Figure 2.

(a) Longitudinal sling position (c) Sling-to-urethra distance (Coronal view)

o @ Altis
Midurethral region (20-60%) 0.447 + 0.088 cm
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i
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Both comparisons: P < 0.001 MiniStop 19.6%
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Angle formed by the two sling arms in the coronal plane

Figure 1. Schematic illustration of three-dimensional transperineal ultrasound measurements and
observed sonographic findings 6 months after Altis or MiniStop single-incision mini-sling surgery.
(a) Longitudinal sling position along the urethral length, measured from the bladder neck (0%) to the
external urethral meatus (100%). Patient-level sling positions are shown beneath the schematic as
black dots for Altis and open diamonds for MiniStop. The midurethral region was defined as 20-60%
of the urethral length. The sling was located within this region in 97/118 (82.2%) patients after Altis
and 28/56 (50.0%) patients after MiniStop surgery (p < 0.001). (b) Sling angle in the coronal plane,
defined as the angle formed by the two sling arms. Coronal sling angles were measured at rest and
during the Valsalva maneuver; group means are displayed. Both resting and straining angles were
smaller after Altis than after MiniStop surgery (both p < 0.001). (¢) Sling-to-urethra distance in the
coronal plane, defined as the shortest distance between the sling and urethra (0.447 £ 0.088 cm after
Altis vs. 0.427 4 0.090 cm after MiniStop; p = 0.164). (d) Presence or absence of sling kinking in the
sagittal plane during straining. Kinking was defined as visible folding or angulation of the sling and
was observed in 9.3% of patients after Altis and 19.6% after MiniStop surgery (p = 0.085). Anatomical
drawings are schematic and not to scale. Data are presented as mean + standard deviation or
n/N (%). BN, bladder neck; TPUS, transperineal ultrasound.
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Figure 2. Representative postoperative transperineal ultrasound images illustrating the measured
parameters. (A) Sling position along the urethral length, sagittal view. (B) Sling-to-urethra distance,
coronal view. (C) Resting coronal sling angle. (D) Coronal sling angle during the Valsalva maneuver.
(E) Absence of sling kinking during straining, sagittal view. (F) Sling kinking during straining,
sagittal view. Displayed measurements illustrate individual examinations and are not group means;
Yellow annotations indicate the urethral length and sling location in (A), and the urethra, sling, and
sling-to-urethra distance in (B). In (C,D), the yellow dashed guide lines delineate the angle between
the two sling arms, with the yellow shaded sectors highlighting the measured angle. In (E,F), yellow
markers identify the sling.

2.5. Clinical Assessment and Outcome Measures

Baseline demographic and clinical variables included age, parity, body mass in-
dex (BMI), 1-h pad-test weight, intrinsic sphincter deficiency (ISD), hormone therapy,
menopausal status, hypertension, diabetes mellitus, previous hysterectomy, concomitant
procedures, and follow-up duration.

Preoperative and 6-month postoperative assessments included pelvic examination,
urodynamic testing, and interview-based assessment of urinary symptoms. Questionnaires
were administered in Traditional Chinese. Overactive bladder symptoms were assessed
using the Overactive Bladder Symptom Score (OABSS) [21]. Urinary symptom distress
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and incontinence-related impact were assessed using the Urogenital Distress Inventory-
6 (UDI-6) and Incontinence Impact Questionnaire-7 (IIQ-7), respectively [22]. Urinary
incontinence severity and its impact were assessed using the International Consultation on
Incontinence Questionnaire-Urinary Incontinence Short Form (ICIQ-UI SF) [23]. Prolapse-
related symptom distress was assessed using the Pelvic Organ Prolapse Distress Inventory-
6 (POPDI-6), the prolapse subscale of the Pelvic Floor Distress Inventory-20 [24]. All
174 patients had complete preoperative and six-month postoperative questionnaire and
urodynamic assessments (Altis, n = 118; MiniStop, n = 56).

Urodynamic parameters included maximum urinary flow rate (Qmax), postvoid
residual volume, volume at first sensation (Vfst), maximum cystometric capacity (MCC),
detrusor pressure at Qmax (PdetQmax), maximal urethral closure pressure (MUCP), func-
tional urethral length, and urethral closure area (UCA).

Perioperative and postoperative complications were recorded, including bladder injury,
rectal injury, blood transfusion, postoperative pain, urinary tract infection, voiding dysfunc-
tion, perineal hematoma, vaginal mesh extrusion, and bladder mesh extrusion. Postoperative
pain was assessed using a visual analogue scale (VAS) on postoperative day 1.

2.6. Statistical Analysis

For between-group comparisons, continuous variables are presented as mean =+ stan-
dard deviation (SD), and categorical variables as number (percentage). Continuous vari-
ables were compared using Student’s t-test or Welch’s t-test, and categorical variables
using the chi-square test or Fisher’s exact test. For TPUS outcomes, continuous variables
were compared using Welch’s t-test and categorical variables using Fisher’s exact test.
All reported p values are two-sided, with p < 0.05 used as the threshold for statistical
significance. To quantify the main TPUS comparisons, unadjusted effect estimates were
calculated as Altis minus MiniStop. Mean differences and 95% confidence intervals (CIs) for
continuous TPUS parameters were calculated from the reported means, SDs, and sample
sizes using the Welch—Satterthwaite method. Percentage-point differences and 95% Cls for
categorical TPUS outcomes were calculated using the Newcombe method based on Wilson
score intervals without continuity correction. Intervals derived from rounded continuous
summary statistics are approximate.

For questionnaire and urodynamic outcomes, within-group comparisons between the
preoperative and six-month assessments were performed using the two-sided Wilcoxon
signed-rank test. Descriptive mean changes (A) were calculated as the displayed six-month
mean minus the displayed preoperative mean for the same participants. The A columns
describe the direction and magnitude of the observed changes. Differences in within-group
statistical significance were not interpreted as evidence of different treatment responses.

3. Results

The cohort comprised 174 women with SUI, including 118 in the Altis group and
56 in the MiniStop group. Age, parity, body mass index, menopausal status, hypertension,
diabetes mellitus, and previous hysterectomy did not differ significantly between groups.
Intrinsic sphincter deficiency was present in 22.0% of the Altis group and 10.7% of the
MiniStop group (p = 0.094). Preoperative 1-h pad-test weight was higher in the Altis group
(26.2 £34.8vs. 5.72 £13.9 g; p < 0.001). Conversely, concomitant total vaginal hysterectomy
and transvaginal mesh surgery were more common in the MiniStop group than in the Altis
group (16.1% vs. 5.1%; p = 0.022 and 48.2% vs. 31.4%; p = 0.043, respectively). Follow-up
ranged from 12 to 44 months after Altis and from 12 to 39 months after MiniStop surgery
(Table 1).
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Table 1. Clinical background in both groups. Values are given as mean =+ standard deviation or 7 (%).

Altis MiniSto
(N =118) (N =56 p-Value

Age 57.7 +11.7 58.9 + 11.5 0.54
Parity 24+12 241 4+1.1 0.74
BMI (kg/m?) 24.6 +29 2439 + 4.1 0.72
1-h Pad-test weight (g) 26.2 + 34.8 5.72 + 139 <0.001
Intrinsic sphincter deficiency 26(22.0) 6(10.7) 0.094
Past history Hormone therapy 17(14.4) 15(26.8) 0.06

Menopause 49(41.5) 24(42.9) 0.87

Hypertension 15(12.7) 8(14.3) 0.81

Diabetes Mellitus 25(21.2) 14(25) 0.57

Hysterectomy 22(18.6) 7(12.5) 0.39
Concomitant surgery Cervical amputation 5(4.2) 3(5.4) 0.71

Vaginal Total Hysterectomy 6(5.1) 9(16.1) 0.022

Transvaginal mesh (TVM) 37(31.4) 27(48.2) 0.043
Follow-up (months) 12-44 12-39

Values are mean + SD or n (%), except follow-up duration, which is the minimum-maximum
range. BMIL, body mass index; TVM, transvaginal mesh. p values refer to unadjusted between-group
comparisons. Follow-up ranges are descriptive.

At 6 months, a significantly greater proportion of patients in the Altis group had the sling
located within the defined midurethral region than in the MiniStop group (97/118 [82.2%] vs.
28/56 [50.0%]; p < 0.001) (Figure 1a). The between-group difference was 32.2 percentage points
(95% (I, 17.3-46.2). Mean sling angles were smaller in the Altis group both at rest (137.0 &
14.6° vs. 142.8 £ 7.1°; p < 0.001) and during straining (148.6 &= 10.4° vs. 159.0 + 5.3°; p < 0.001)
(Figure 1b). The corresponding mean differences were —5.8° (95% CI, —9.0 to —2.6) at rest
and —10.4° (95% CI, —12.8 to —8.0) during straining. Sling-to-urethra distance did not differ
significantly between groups (0.447 £ 0.088 vs. 0.427 £ 0.090 cm; p = 0.164) (Figure 1c). Sling
kinking during straining occurred in 11/118 (9.3%) Altis patients and 11/56 (19.6%) MiniStop
patients, but the difference was not statistically significant (p = 0.085) (Figure 1d). These TPUS
findings are summarized in Table 2 and Figure 1, and representative TPUS images are shown in

Figure 2.

Table 2. Transperineal ultrasound assessment in both groups.

Altis (N =118) MiniStop (N = 56) p-Value Difference (95% CI) *
Sling located within the midurethral o7 g, 59, 28 (50.0%) <0.001 132.2(17.3 t0 46.2) pp
region *, n (%)
Sling-to-urethra distance (cm) 0.447 + 0.088 0.427 + 0.090 0.164 +0.020 (—0.009 to 0.049) cm
Resting angle (°) 137.0 £ 14.6 1428 £ 7.1 <0.001 —5.8 (—9.0 to —2.6)°
Straining angle (°) 148.6 £10.4 159.0 £5.3 <0.001 —10.4 (—12.8 to —8.0)°
Sling kinking during straining, 1 (%) 11 (9.3%) 11 (19.6%) 0.085 —10.3 (=23.2 t0 0.3) pp

Data are shown as 11 (%) or mean =+ SD. Categorical variables were compared using Fisher’s exact test,
and continuous variables were compared using Welch'’s t-test. * Midurethral region = 20-60%. SD,
standard deviation; CI, confidence interval; pp, percentage points; TPUS, transperineal ultrasound.
The midurethral region is measured along the urethral length from the bladder neck (0%) to the
external urethral meatus (100%). Assessments were performed six months after surgery. p values
are unadjusted between-group comparisons. © Differences are Altis minus MiniStop. Categorical
differences use percentage points and 95% Newcombe-Wilson CIs without continuity correction.
Continuous differences use 95% Welch—Satterthwaite t CIs calculated from the reported means, SDs,
and sample sizes; these intervals are approximate because the summaries are rounded. Original
p values are retained.
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OABSS, UDI-6, 11Q-7, ICIQ-UI SF, and POPDI-6 scores decreased significantly from
baseline to 6 months within each group (all p < 0.03) (Table 3). Descriptive mean changes in
ICIQ-UI SF were —9.5 in the Altis group and —5.7 in the MiniStop group; the corresponding
OABSS changes were —2.0 and —2.5. Mean changes for all questionnaires are presented
alongside the within-group p values in Table 3.

Table 3. Changes in validated questionnaire scores before and after surgery in both groups. Values
are given as mean =+ standard deviation.

Altis (N =118) MiniStop (N = 56)
Pre-op Post-op Mean Change * p-Value Pre-op Post-op Mean Change * p-Value
OABSS 53+3.6 33+£29 —-2.0 <0.01 47+£32 22+19 —2.5 0.03
UDI-6 38.4+21.7 10.8 £10.6 —27.6 <0.01 32.1+£25.1 9.7 £11.3 —224 0.01
11Q-7 393+289 84+139 -30.9 <0.01 31.5+32.0 6.2+ 11.0 —25.3 <0.01
ICIQ-UI SF 11.7 £5.7 22+34 -9.5 <0.01 75+ 4.5 1.8 +29 —5.7 <0.01
POPDI-6 63+5.1 1.6 £25 —4.7 <0.01 8.00 £5.0 217 £2.6 —5.83 <0.01
* Mean change (A) is six-month minus preoperative and was calculated from the reported rounded
means for the same participants at both time points. Mean changes are presented descriptively; the
SDs shown apply to the individual assessment time points. OABSS, Overactive Bladder Symptom
Score; UDI-6, Urogenital Distress Inventory-6; IIQ-7, Incontinence Impact Questionnaire-7; ICIQ-UI
SF, International Consultation on Incontinence Questionnaire-Urinary Incontinence Short Form;
POPDI-6, Pelvic Organ Prolapse Distress Inventory-6. Values at each assessment are mean £ SD. SD,
standard deviation; Pre-op, preoperative; Post-op, six-month postoperative. p values refer to within-
group paired comparisons between the preoperative and six-month assessments using the two-sided
Wilcoxon signed-rank test. The A columns provide descriptive comparisons of the observed changes.
In the Altis group, Qmax decreased from 23.8 & 10.9 to 20.3 &= 8.4 mL/s at six months
(A, —3.5 mL/s; within-group p = 0.03). In the MiniStop group, PVR decreased from 121.7 &
140.7 to 47.1 £ 45.8 mL (A, —74.6 mL; within-group p = 0.03). The other reported within-
group p values were >0.05. Descriptive mean changes and the original within-group
comparisons for all urodynamic parameters are presented in Table 4.
Table 4. Urodynamic parameters in both groups. Values are given as mean =+ standard deviation.
Altis (N =118) MiniStop (N = 56)
Pre-op Post-op Mean Change * p-Value Pre-op Post-op Mean Change * p-Value
8};‘5‘/’;) 238+109 203 +84 -35 0.03 13.6 +7.9 171 £ 6.2 +3.5 0.18
PVR (mL) 545+794 551 +71.0 +0.6 091 121.7 £ 140.7 471 £458 —74.6 0.03
Vfst (mL) 166.7 £ 90.5 161.0 +70.9 —5.7 0.67 185.4 £ 87.1 170.0 +70.2 —-154 0.28
MCC (mL) 399.2+£121.0 385.0 £ 100.6 —14.2 0.59 382.3 £107.7 416.8 £ 105.7 +34.5 0.22
PdetQmax 242202  219+257 23 0.69 28+117 2664252 +3.8 0.74
(cmH,0)
MUCP
553 +21.3 494 £ 16.1 -5.9 0.05 65.7 £ 27.5 55.5+26.7 —-10.2 0.11
(cmH,0)
FUL (mm) 269 + 6.6 257 +£5.8 —-1.2 0.49 272+79 258 £6.9 —1.4 0.17
uca 800.7 £382.0  760.0 4= 334.4 —40.7 0.90 930.0 £569.5 8482 4-494.1 —81.8 0.31
(cmH,0-cm)

* Mean change (A) is six-month minus preoperative and was calculated from the reported rounded
means for the same participants at both time points. Mean changes are presented descriptively;
the SDs shown apply to the individual assessment time points. Qmax: maximum urinary flow
rate; PVR: Postvoid residual volume; Vfst: volume at first sensation; MCC: maximum cystometric
capacity; PdetQmax: detrusor pressure at Qmax; MUCP: maximal urethral closure pressure; FUL:
Functional urethral length; UCA: urethral closure area. Values at each assessment are mean + SD. SD,
standard deviation; Pre-op, preoperative; Post-op, six-month postoperative. p values refer to within-
group paired comparisons between the preoperative and six-month assessments using the two-sided
Wilcoxon signed-rank test. The A columns provide descriptive comparisons of the observed changes.

No bladder injury, rectal injury, or blood transfusion occurred in either group. No
perineal hematoma, vaginal mesh extrusion, or bladder mesh extrusion was observed.
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Postoperative day-1 VAS scores did not differ significantly between the Altis and MiniStop
groups (2.0 & 1.4 vs. 1.8 = 0.9; p = 0.51). Urinary tract infection occurred in 13/118
(11.0%) Altis patients and 7/56 (12.5%) MiniStop patients (p = 0.802). Voiding dysfunction
occurred in no Altis patients and one MiniStop patient (1.8%; p = 0.322). During follow-
up, recurrence occurred in 6/118 (5.1%) Altis patients and 4/56 (7.1%) MiniStop patients
(p = 0.729) (Table 5).

Table 5. Perioperative and postoperative outcomes and complications in the two groups. Values are
given as mean =+ standard deviation or 1 (%).

Altis (N =118) MiniStop (N = 56) p-Value
Intraoperative complications
Bladder injury 0 0 -
Rectal injury 0 0 -
Blood transfusion 0 0 -
Postoperative complications -
Post-op day1 VAS scores 20+14 1.8+ 0.9 0.51*
Urinary tract infection 13 (11.0) 7 (12.5) 0.802 **
Voiding dysfunction 0 1(1.8) 0.322 **
Perineal hematoma 0 0 -
Recurrence 6 (5.1) 4(7.1) 0.729 **
Mesh complications
Vaginal extrusion 0 0 -
Bladder extrusion 0 0 -

Post-op, Postoperative; VAS, visual analogue scale. # Student’s t-test; ** Fisher’s exact test.

4. Discussion

The principal sonographic finding of this study was a difference in longitudinal sling
position on 6-month TPUS. The sling was located within the defined midurethral region
(20-60% of the urethral length) in 82.2% of patients after Altis surgery and 50.0% after Min-
iStop surgery (p < 0.001), with the patient-level distribution shown in Figure 1a. The Altis
group also had smaller coronal sling angles at rest and during straining. Sling-to-urethra
distance did not differ significantly, while sling kinking during straining was numerically
more frequent after MiniStop but did not reach statistical significance. Questionnaire
scores improved significantly from baseline within each group, and recurrence and major
perioperative or mesh-related complications were uncommon.

Randomized evidence and systematic reviews have reported comparable short- to
medium-term continence outcomes for contemporary single-incision mini-slings and stan-
dard MUS procedures [4-7]. Major perioperative and mesh-related complications were
uncommon in both groups, consistent with published reports, although this study was not
designed to establish comparative safety.

Previous studies have reported favorable medium-term efficacy and safety after Altis
placement [8], including in women with intrinsic sphincter deficiency [9]. Studies of
MiniStop have likewise reported favorable clinical outcomes [10,11]. In the present study,
questionnaire scores improved within both treatment groups and recurrence rates were low.
However, baseline leakage severity differed substantially between groups. These within-
group improvements and the descriptive mean changes do not establish equivalent or
superior clinical efficacy. Moreover, changes in questionnaire scores, particularly POPDI-6,
may have been influenced by the concomitant pelvic reconstructive procedures.

The incorporation of TPUS is a strength of this study. TPUS provides noninvasive
visualization of sling location, the sling-urethra relationship, and dynamic behavior during
straining [14-16]. Our previous work demonstrated associations between TPUS parameters
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and the Q-tip test for urethral hypermobility [17] and between postoperative TPUS findings
and de novo stress urinary incontinence after transvaginal mesh surgery [18]. Lo et al.
reported no significant change in MiniStop position or mobility between six and twelve
months [25]. Their cohort excluded women with high residual urine or concomitant
prolapse surgery, limiting direct comparison with the present population. Their dynamic
urethral kinking measure also differs from the sling folding assessed here. O’Kane et al.
used extended two-dimensional TPUS to distinguish retropubic from transobturator slings,
with performance varying by observer experience [26]. Within this broader imaging
context, the present study extends this imaging approach to a direct comparison of two
third-generation single-incision mini-sling systems.

The patient-level distribution along the normalized urethral axis shown in Figure 1a
illustrates the difference in postoperative sling position between groups. The 20-60%
interval follows an anatomical description of the midurethra [20], rather than a validated
threshold for clinical success. Selected sonographic measures of sling location have been
associated with surgical success [16]. Yip et al. reported higher cure rates with middle-third
TVT-O placement [27], whereas Solhaug et al. found no association between sling location
and cure 10-20 years after MUS surgery [28]. These studies used different positional
definitions and follow-up intervals; the geometric middle third is also distinct from our
20-60% anatomical interval. Total vaginal hysterectomy and transvaginal mesh surgery
were more common in the MiniStop group and may have influenced postoperative pelvic-
floor geometry. The clinical significance of the observed positional difference therefore
remains to be determined.

Initial placement and subsequent positional change are possible contributors. Despite a
common incision landmark, variation among surgeons in deployment trajectory, introducer
handling, anchor seating, and tension adjustment, together with individual anatomy, may
affect final sling position. Our previous comparison of TVT and TVT-O also documented
differences in postoperative tape location [29]. Postoperative migration remains a possible
explanation. The six-to-twelve-month findings reported by Lo et al. do not resolve whether
positional changes occur earlier [25]. Serial TPUS beginning soon after implantation would
help distinguish initial placement from subsequent change.

The smaller coronal sling angles in the Altis group indicate a more acute configuration
of the two sling arms. Caramazza et al. reported an association between sling-arm angle
and patient-reported improvement using transvaginal ultrasound [30], but this does not
establish a clinically meaningful threshold for the present differences of 5.8° at rest and
10.4° during straining. Our previous assessment of urethral compression examined changes
in urethral cross-sectional dimensions during straining [31], a different measure from sling-
arm angle. The angular differences should therefore not be interpreted as evidence of
greater urethral compression.

Sling kinking during straining occurred in 9.3% of Altis patients and 19.6% of Min-
iStop patients, but the difference was not statistically significant. This finding should be
considered exploratory because event numbers were small. Visible folding or angulation of
the sling should not itself be equated with urethral obstruction.

The urodynamic findings also require cautious interpretation. Qmax decreased sig-
nificantly within the Altis group, whereas postvoid residual volume decreased within the
MiniStop group. The reduction in postvoid residual volume in the MiniStop group may
also have been influenced by the higher frequency of concomitant pelvic reconstructive
procedures. Surgical suitability was determined from the overall preoperative clinical and
urodynamic assessment, including voiding-phase pressure—flow findings, rather than PVR
alone. Patients with established detrusor underactivity or bladder outlet obstruction did
not proceed to sling surgery. Routine long-loop placement provided an option for early
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sling loosening if postoperative retention was attributed to sling-related obstruction. Our
group previously described this technique in women receiving TVT-O, Solyx, or Ophira
slings [19]. These isolated within-group findings do not demonstrate different physiological
effects of the two sling systems.

This study has several limitations. Its retrospective, non-randomized design intro-
duces potential selection bias, particularly because sling selection was based on surgeon
preference. Baseline leakage severity and concomitant pelvic procedures differed between
groups, and the analyses were not adjusted for these imbalances. The smaller MiniStop
group and low event numbers limited precision for recurrence, complications, and sling
kinking. Follow-up duration was not uniform, and TPUS was evaluated at a single postop-
erative time point. TPUS was performed by each patient’s operating surgeon, who was
aware of sling type, with one measurement per condition; variation between examiners
and unblinded assessment may influence the measurements. Intraobserver and interob-
server reproducibility were not assessed. Prospective studies with serial imaging, covariate
adjustment, and direct assessment of imaging—outcome relationships are needed.

5. Conclusions

TPUS performed six months after surgery identified a marked between-group differ-
ence in sling position along the urethral length, with a greater proportion of Altis slings
located within the defined midurethral region. The groups also differed in coronal sling
angles, whereas sling-to-urethra distance and kinking did not differ significantly. These
findings characterize distinct postoperative sonographic configurations in the two clinical
cohorts and provide a basis for investigating whether these anatomical differences are
associated with clinical outcomes.

Author Contributions: Conceptualization, C.-Y.L. and L.-Y.K,; data curation, L.-Y.K.; formal analysis,
L.-Y.K,; investigation, L.-Y.K. and C.-Y.L.; methodology, C.-Y.L. and L.-Y.K.; project administration,
C.-Y.L,; resources, C.-Y.L.; software, L.-Y.K.; supervision, C.-Y.L.; validation, C.-Y.L. and L.-Y.K;
visualization, L.-Y.K.; writing—original draft preparation, L.-Y.K.; writing—review and editing,
C.-Y.L. and L.-Y.K. All authors have read and agreed to the published version of the manuscript.

Funding: This study was supported by grants from the Kaohsiung Medical University Hospital
(KMUH113-3R40; KMUH114-4R43; KMUH114-4M40; SH11407; SH11508) and the National Science
and Technology Council, Taiwan (Grant No. NSTC 113-2314-B-037-091-MY3).

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and approved by the Institutional Review Board of Kaohsiung Medical University
Hospital (IRB No. KMUHIRB-E(I)-20260305, approved day: 14 September 2026).

Informed Consent Statement: Patient consent was waived by the Institutional Review Board because
of the retrospective design of the study and the use of de-identified clinical data.

Data Availability Statement: The data presented in this study are available from the corresponding
author upon reasonable request. The data are not publicly available due to privacy and ethical restrictions.

Acknowledgments: The authors thank Chi-Ying Du for her assistance with data collection, data
management, and research coordination. The authors declare that no generative Al or Al-assisted
technologies were used in the preparation of this manuscript.

Conflicts of Interest: The authors declare no conflicts of interest.

https://doi.org/10.3390 /biomedicines14102388


https://doi.org/10.3390/biomedicines14102388

Biomedicines 2026, 14, 2388 12 of 13

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.
21.

Kobashi, K.C.; Vasavada, S.; Bloschichak, A.; Hermanson, L.; Kaczmarek, J.; Kim, S.K.; Kirkby, E.; Malik, R. Updates to Surgical
Treatment of Female Stress Urinary Incontinence (SUI): AUA /SUFU Guideline (2023). J. Urol. 2023, 209, 1091-1098. [CrossRef]
[PubMed]

Nygaard, I.; Norton, P. Surgery for Stress Urinary Incontinence in Women—Improvement but Not a Cure. N. Engl. |. Med. 2022,
386, 1280-1281. [CrossRef] [PubMed]

Carter, E.; Johnson, E.E; Still, M.; Al-Assaf, A.S.; Bryant, A.; Aluko, P.; Jeffery, S.T.; Nambiar, A. Single-incision sling operations
for urinary incontinence in women. Cochrane Database Syst. Rev. 2023, 10, CD008709. [CrossRef] [PubMed]

Abdel-Fattah, M.; Cooper, D.; Davidson, T.; Kilonzo, M.; Hossain, M.; Boyers, D.; Bhal, K.; Wardle, J.; N'Dow, J.; MacLennan, G.;
et al. Single-Incision Mini-Slings for Stress Urinary Incontinence in Women. N. Engl. ]. Med. 2022, 386, 1230-1243. [CrossRef]
[PubMed]

Abdel-Fattah, M.; Cooper, D.; Davidson, T.; Kilonzo, M.; Boyers, D.; Bhal, K.; McDonald, A.; Wardle, J.; N'Dow, ].; MacLennan, G.;
et al. Single-incision mini-slings versus standard synthetic mid-urethral slings for surgical treatment of stress urinary incontinence
in women: The SIMS RCT. Health Technol. Assess. 2022, 26, 1-190. [CrossRef] [PubMed]

Patel, T.; Sugandh, F; Bai, S.; Varrassi, G.; Devi, A.; Khatri, M.; Kumar, S.; Dembra, D.; Dahri, S. Single Incision Mini-Sling
Versus Mid-Urethral Sling (Transobturator/Retropubic) in Females With Stress Urinary Incontinence: A Systematic Review and
Meta-Analysis. Cureus 2023, 15, e37773. [CrossRef] [PubMed]

Mostafa, A.; Lim, C.P.; Hopper, L.; Madhuvrata, P.; Abdel-Fattah, M. Single-incision mini-slings versus standard midurethral
slings in surgical management of female stress urinary incontinence: An updated systematic review and meta-analysis of
effectiveness and complications. Eur. Urol. 2014, 65, 402—427. [CrossRef] [PubMed]

Tu, L.M.; Gheiler, E.; Hanson, C.E.; Jalkut, M.; McCrery, R.; Parekh, M.; Parva, M.; Erickson, T. Management of female stress
urinary incontinence with single-incision mini-sling (Altis®): 36 month multicenter outcomes. Neurourol. Urodyn. 2023, 42,
1722-1732. [CrossRef] [PubMed]

Morciano, A.; Marzo, G.; Caliandro, D.; Fachechi, G.; Giaquinto, A.; Campagna, G.; Panico, G.; Ercoli, A.; Muzzupapa, G.;
Cicinelli, E.; et al. Altis® Adjustable Single Incision Sling System for Treatment of Intrinsic Sphincteric Deficiency: A 3-Year
Follow-up Observational Study. Urogynecology 2022, 28, 500-505. [CrossRef] [PubMed]

Chao, W.T;; Huang, H.Y.; Chen, G.Y;; Liu, C.H.; Chan, L.S.; Chang, C.P; Chen, Y.J.; Wang, PH.; Horng, H.C. Efficacy and Safety of
“I-Stop-Mini Adjustable” Sling System versus Transobturator Midurethral “Obtryx” Sling System in Stress Urinary Incontinence:
A Retrospective Cohort Study. J. Minim. Invasive Gynecol. 2022, 29, 519-527. [CrossRef] [PubMed]

Chao, W.T,; Chen, G.Y,; Liu, C.H.; Chang, C.P.; Wang, PH.; Horng, H.C. Efficacy of the new adjustable I-stop-mini sling system in
women with stress urinary incontinence and intrinsic sphincter deficiency: A retrospective cohort study. Int. . Gynaecol. Obstet.
2023, 160, 263-270. [CrossRef] [PubMed]

Turkoglu, A.; Coskun, A.D.E.; Arinkan, S.A.; Vural, F. The role of transperineal ultrasound in the evaluation of stress urinary
incontinence cases. Int. Braz. J. Urol. 2022, 48, 70-77. [CrossRef] [PubMed]

Al-Saadi, W.I. Transperineal ultrasonography in stress urinary incontinence: The significance of urethral rotation angles. Arab. J.
Urol. 2016, 14, 66-71. [CrossRef] [PubMed]

Garcia-Mejido, J.A.; Blasco-Hernandez, P.; Fernandez-Conde, C.; Garcia-Pombo, S.; Fernandez-Palacin, A.; Borrero, C.; Sainz-
Bueno, J.A. Are Transperineal Ultrasound Parameters Useful to Predict Incontinence in Patients with Single-Incision Mini-Slings?
Tomography 2022, 8, 2556-2564. [CrossRef] [PubMed]

Chan, L.; Tse, V. Pelvic floor ultrasound in the diagnosis of sling complications. World J. Urol. 2018, 36, 753-759. [CrossRef]
[PubMed]

Hubka, P.; Masata, J.; Martan, A.; Dvorak, J.; Lincova, M.; Svabik, K. Association between sonographic sling location and success
of surgery for stress urinary incontinence. Ultrasound Obstet. Gynecol. 2023, 62, 143-147. [CrossRef] [PubMed]

Long, C.Y,; Loo, Z.X,; Wu, C.H,; Lin, K.L.; Yeh, C.L.; Feng, CW.; Wu, P.C. Relationship between Q-Tip Test and Urethral
Hypermobility on Perineal Ultrasound. J. Clin. Med. 2023, 12, 4863. [CrossRef] [PubMed]

Chang, C.Y,; Loo, Z.X; Lin, K.L.; Sung, I.C.; Long, C.Y. Association of post-operative transperineal ultrasound parameters with de
novo stress urinary incontinence following transvaginal mesh surgery. Sci. Rep. 2025, 15, 18386. [CrossRef] [PubMed]

Long, C.Y.; Chang, C.Y;; Liu, Y.Y,; Loo, Z.X,; Yeh, C.L.; Wu, M.P; Lin, K.L.; Tang, FH. Tape-Releasing Suture with “Long Loop”
on Mid-Urethral Sling: A Novel Procedure for Management of Iatrogenic Urethral Obstruction. J. Clin. Med. 2023, 12, 3938.
[CrossRef] [PubMed]

DeLancey, ].O. Correlative study of paraurethral anatomy. Obstet. Gynecol. 1986, 68, 91-97. [PubMed]

Homma, Y.; Yoshida, M.; Seki, N.; Yokoyama, O.; Kakizaki, H.; Gotoh, M.; Yamanishi, T.; Yamaguchi, O.; Takeda, M.; Nishizawa,
O. Symptom assessment tool for overactive bladder syndrome--overactive bladder symptom score. Urology 2006, 68, 318-323.
[CrossRef] [PubMed]

https://doi.org/10.3390 /biomedicines14102388


https://doi.org/10.1097/ju.0000000000003435
https://www.ncbi.nlm.nih.gov/pubmed/37096580
https://doi.org/10.1056/nejme2201166
https://www.ncbi.nlm.nih.gov/pubmed/35353967
https://doi.org/10.1002/14651858.cd008709.pub4
https://www.ncbi.nlm.nih.gov/pubmed/37888839
https://doi.org/10.1056/nejmoa2111815
https://www.ncbi.nlm.nih.gov/pubmed/35353961
https://doi.org/10.3310/btsa6148
https://www.ncbi.nlm.nih.gov/pubmed/36520097
https://doi.org/10.7759/cureus.37773
https://www.ncbi.nlm.nih.gov/pubmed/37214065
https://doi.org/10.1016/j.eururo.2013.08.032
https://www.ncbi.nlm.nih.gov/pubmed/24055431
https://doi.org/10.1002/nau.25256
https://www.ncbi.nlm.nih.gov/pubmed/37555436
https://doi.org/10.1097/spv.0000000000001200
https://www.ncbi.nlm.nih.gov/pubmed/35695733
https://doi.org/10.1016/j.jmig.2021.12.005
https://www.ncbi.nlm.nih.gov/pubmed/34902596
https://doi.org/10.1002/ijgo.14327
https://www.ncbi.nlm.nih.gov/pubmed/35780463
https://doi.org/10.1590/s1677-5538.ibju.2020.1100
https://www.ncbi.nlm.nih.gov/pubmed/34528775
https://doi.org/10.1016/j.aju.2015.11.003
https://www.ncbi.nlm.nih.gov/pubmed/26966596
https://doi.org/10.3390/tomography8050213
https://www.ncbi.nlm.nih.gov/pubmed/36287812
https://doi.org/10.1007/s00345-018-2253-3
https://www.ncbi.nlm.nih.gov/pubmed/29532221
https://doi.org/10.1002/uog.26142
https://www.ncbi.nlm.nih.gov/pubmed/36508434
https://doi.org/10.3390/jcm12144863
https://www.ncbi.nlm.nih.gov/pubmed/37510978
https://doi.org/10.1038/s41598-025-03205-2
https://www.ncbi.nlm.nih.gov/pubmed/40419586
https://doi.org/10.3390/jcm12123938
https://www.ncbi.nlm.nih.gov/pubmed/37373634
https://www.ncbi.nlm.nih.gov/pubmed/3725263
https://doi.org/10.1016/j.urology.2006.02.042
https://www.ncbi.nlm.nih.gov/pubmed/16904444
https://doi.org/10.3390/biomedicines14102388

Biomedicines 2026, 14, 2388 13 of 13

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Uebersax, ].5.; Wyman, J.F,; Shumaker, S.A.; McClish, D.K.; Fantl, J.A. Short forms to assess life quality and symptom distress for
urinary incontinence in women: The Incontinence Impact Questionnaire and the Urogenital Distress Inventory. Cont. Program.
Women Res. Group. Neurourol. Urodyn. 1995, 14, 131-139. [CrossRef] [PubMed]

Avery, K.; Donovan, J.; Peters, T.].; Shaw, C.; Gotoh, M.; Abrams, P. ICIQ: A brief and robust measure for evaluating the symptoms
and impact of urinary incontinence. Neurourol. Urodyn. 2004, 23, 322-330. [CrossRef] [PubMed]

Barber, M.D.; Walters, M.D.; Bump, R.C. Short forms of two condition-specific quality-of-life questionnaires for women with
pelvic floor disorders (PFDI-20 and PFIQ-7). Am. ]. Obstet. Gynecol. 2005, 193, 103-113. [CrossRef] [PubMed]

Lo, T.S.; Kamarudin, M.; Jhang, L.S.; Chiung, HK.; Hsieh, W.C.; Rellora, L.E. Ultrasonography and Clinical Outcomes Following
Single-Incision Mid-Urethral Tape Procedure (I-Stop-Mini) for Urodynamic Stress Incontinence at 1 Year. Low. Urin. Tract.
Symptoms 2025, 17, €70016. [CrossRef] [PubMed]

O’Kane, M.; Lucena, HM.; Shakur, A.; Pradhan, A.; Freeman, S.; Pandeva, I. Role of extended transperineal ultrasound in
differentiating type of midurethral slings: An exploratory study. Fr. J. Urol. 2026, 36, 103195. [CrossRef] [PubMed]

Yip, C.S.; Cheon, W.C.; Chan, YM.; Lau, KW,; Fan, Y.J. Sonographic Sling Position and the Outcome of the Tension-Free Vaginal
Tape-Obturator in Asian Chinese. Int. Urogynecol. ]. 2025, 36, 157-161. [CrossRef] [PubMed]

Solhaug, B.R.; Nyhus, M.@.; Svenningsen, R.; Volloyhaug, I. Association of sling location and bladder descent on ultrasound with
cure, satisfaction and complications 10-20 years after midurethral sling surgery: Multicenter cross-sectional study. Ultrasound
Obstet. Gynecol. 2026, 67, 220-228. [CrossRef] [PubMed]

Long, C.Y,; Hsu, CS.; Lo, T.S.; Liu, CM.; Chen, Y.H.; Tsai, E.M. Ultrasonographic assessment of tape location following
tension-free vaginal tape and transobturator tape procedure. Acta Obstet. Gynecol. Scand. 2008, 87, 116-121. [CrossRef] [PubMed]
Caramazza, D.; Campagna, G.; Moro, F,; Vacca, L.; Marturano, M.; Pizzacalla, S.; Trivellizzi, .N.; Panico, G.; Scambia, G.; Ercoli,
A.; et al. Transobturator tape versus single incision sling: How are they different? Clinical outcomes and ultrasonographic
features of two mid-urethral slings. World J. Urol. 2022, 40, 2521-2528. [CrossRef] [PubMed]

Lin, K.L,; Juan, Y.S.; Lo, T.S.; Liu, C.M.; Tsai, E.M.; Long, C.Y. Three-dimensional ultrasonographic assessment of compression
effect on urethra following tension-free vaginal tape and transobturator tape procedures. Ultrasound Obstet. Gynecol. 2012, 39,
452-457. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3390 /biomedicines14102388


https://doi.org/10.1002/nau.1930140206
https://www.ncbi.nlm.nih.gov/pubmed/7780440
https://doi.org/10.1002/nau.20041
https://www.ncbi.nlm.nih.gov/pubmed/15227649
https://doi.org/10.1016/j.ajog.2004.12.025
https://www.ncbi.nlm.nih.gov/pubmed/16021067
https://doi.org/10.1111/luts.70016
https://www.ncbi.nlm.nih.gov/pubmed/40462284
https://doi.org/10.1016/j.fjurol.2026.103195
https://www.ncbi.nlm.nih.gov/pubmed/42700930
https://doi.org/10.1007/s00192-024-05998-8
https://www.ncbi.nlm.nih.gov/pubmed/39585382
https://doi.org/10.1002/uog.70141
https://www.ncbi.nlm.nih.gov/pubmed/41346009
https://doi.org/10.1080/00016340701797765
https://www.ncbi.nlm.nih.gov/pubmed/18158637
https://doi.org/10.1007/s00345-022-04109-w
https://www.ncbi.nlm.nih.gov/pubmed/35982168
https://doi.org/10.1002/uog.9071
https://www.ncbi.nlm.nih.gov/pubmed/21656867
https://doi.org/10.3390/biomedicines14102388

	Introduction 
	Materials and Methods 
	Study Design and Population 
	Preoperative Urodynamic Assessment and Surgical Selection 
	Surgical Procedures 
	Transperineal Ultrasound Assessment 
	Clinical Assessment and Outcome Measures 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

