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Abstract
Introduction and hypothesis Our aim was to use three-
dimensional enodovaginal ultrasound (3D EVUS) to identi-
fy sonographic parameters that are associated with success-
ful outcomes following injection of Macroplastique.
Methods Three hundred and sixty degree 3D EVUS was
performed in 100 treatment-naïve patients following Macro-
plastique injection. The location, volumes, periurethral dis-
tribution, and distance of the hyperechoic densities from the
urethrovesical junction were assessed. The patients were
divided into two groups: group A (n072): patients who
had good clinical outcome and group B (n028): patients
who were not improved or worsened. The two groups were
compared with respect to the ultrasound parameters
measured.
Results Group A had a greater proportion of women with
Macroplastique located in the proximal urethra, while mid-
urethral location was found to be significantly more frequent
in group B (p00.036). The odds of a circumferential peri-
urethral distribution in group Awere 13.62 times the odds in
group B (95% CI: 5.12–56.95). When the location of the
injection and the type of periurethral distribution were con-
sidered together, it was found that when the site of injection
was proximal, the odds of circumferential distribution in
group A was significantly greater than those in group B
(odds ratio [95% CI]: 22 [3.05–203.49]; p<0.001).
Conclusion Proximally located Macroplastique and circum-
ferential periurethral distribution of Macroplastique are

individually associated with successful outcomes following
the injection. The combination of circumferentially distrib-
uted and proximally located Macroplastique is associated
with the best short-term clinical outcomes.

Keywords Macroplastique injection . Ideal injection site .

Periurethral distribution . Clinical outcomes . Three-
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predictive parameters

Introduction

Transurethral injection of bulking agents is a viable alterna-
tive to surgery for patients with persistent or recurrent stress
urinary incontinence (SUI) due to intrinsic sphincter defi-
ciency. Various urethral bulking agents have been used in
treating female stress urinary incontinence in the last de-
cade. Macroplastique (Uroplasty, Minnetonka, MN, USA) is
a silicone-based synthetic bulking agent that has been used
in Europe since 1991, was introduced onto the US market in
2007 [1], and is gaining popularity in selected patient pop-
ulations. It is composed of soft, flexible, highly textured
polydimethylsiloxane (solid silicone elastomer) implants
suspended in an inert, excretable water-soluble hydrogel
[1]. Once injected, the implants agglomerate together, elicit
a normal inflammatory response from the host, are encap-
sulated in collagen, and become anchored within the ure-
thral tissue, remaining in place without moving or migrating
[2]. It acts by increasing the urethral closure pressure and
increasing resistance to urinary flow [1].

However, success rates are highly variable [3]. The opti-
mal site for injection and the amount to be injected is still
unclear. The decision to perform repeat injections is largely
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empirical and is generally based on patient reporting on the
post-procedure impact on continence [4]. Thus, identifying
the optimal site of injection and other intraoperative clinical
parameters that can reliably predict outcomes following the
injection is highly desirable and may improve the cost-
effectiveness of the procedure.

Three-dimensional ultrasound imaging is an objective
tool for the assessment of the lower urinary tract and pelvic
floor. This new technique allows for more accurate and
precise volume estimation than the conventional B-mode
imaging, particularly for structures that are irregularly
shaped [5]. Macroplastique (MPQ) can be clearly visualized
in three-dimensional endovaginal ultrasound (3D EVUS)
and therefore this technique may help to identify the optimal
site for injection and the optimal periurethral distribution of
the MPQ that are associated with improved outcomes.

The aim of this retrospective study was to identify three-
dimensional sonographic parameters that are associated with
successful outcomes following MPQ injection.

Materials and methods

Between April 2009 and January 2011, 100 treatment-naïve
patients underwent 3D EVUS imaging before and immedi-
ately after their first MPQ injection in the Section of Uro-
gynecology at the Cleveland Clinic Florida. All MPQ
injections were performed by one of three fellowship-
trained pelvic floor reconstructive surgeons. Three-
dimensional endovaginal ultrasound was performed with
BK Medical Ultrafocus (Peabody, MA, USA) by a fellow
trained in ultrasound who was blinded to the site and num-
ber of injections. The post-procedure ultrasound was per-
formed approximately 15 min following the injection with a
bladder volume of approximately 150 cc. The ultrasound
technique adopted is reproducible and has been found to
have good inter-rater reliability for the assessment of the
urethral complex [6]. 3D images were obtained with a 6-
MHz 2052 transvaginal probe with 360° imaging capability.
A length of 6 cm was scanned in 60 s with scans every
0.25 mm, thus obtaining 240 scans cumulatively, from
which a three-dimensionally rendered cube was calculated.
Each three-dimensional cube was digitally catalogued for
future analysis.

After receiving Institutional Review Board approval, we
retrospectively reviewed the clinical charts of the patients to
obtain demographic information, medical and surgical his-
tory, clinical examination, and follow-up results. The defi-
nitions used in the study conform to the IUGA/ICS
terminology for pelvic floor dysfunction [7].

All patients undergoing MPQ injection received pretreat-
ment work-up of a detailed history, physical examination, and
urinalysis. The Pelvic Organ Prolapse Quantification (POP-Q)

system examination was performed prior to the procedure to
determine the concomitant presence of prolapse.Multichannel
urodynamic testing using Laborie XLTAquarius urodynamic
equipment (Laborie Medical Technologies, Toronto, Canada)
was performed with air-charged catheters. Indications for
MPQ injection included urodynamically diagnosed SUI
with/without intrinsic sphincter deficiency (ISD). ISD was
defined using the urodynamic diagnostic parameters of max-
imal urethral closure pressure (MUCP) of ≤20 cm H2O and/or
Valsalva leak point pressure (VLLP) of ≤60 cm H2O. Opera-
tive reports were reviewed to obtain information regarding
amount ofMPQ injected, sites of injection, and complications,
if any.

On follow-up, treatment success was determined based
on subjective patient satisfaction and a self-reported incon-
tinence severity scale. The incontinence severity scale in-
cluded: 0: continence, 1: 1–2 incontinent events/day; 2: 3–4
incontinent events/day; 3: ≥ 5 incontinent events/day).

Treatment success was defined as a decrease of at least 1
in the incontinence severity score in addition to subjective
improvement or cure. Treatment failure was either no
change/an increase in the incontinence severity score or a
subjective patient assessment of no improvement/worsening
of symptoms.

The procedures were all carried out on an office basis.
Injections were performed using an operating cystoscope
(straight eyepiece with a 0 degrees angle of view) and an
injection gun and a rigid hollow needle. The needle was
inserted through the operating channel and visualized within
the bladder. The cystoscope was withdrawn to proximal or
midurethra and the urethral wall punctured at an angle of
45°. After insertion to a depth of 0.5 cm, the needle was
advanced parallel to the urethral lumen for a further 0.5 cm.
Using the injection gun, approximately 1–2.5 ml of MPQ
was injected at each site. The needle was then withdrawn
into the operating channel after approximately 30 s. The
procedure was performed most often at two sites (3 o’ clock
and 9 o’ clock positions) around the urethra and less fre-
quently at only one or three sites. Injection was continued
until complete coaptation of the urethral mucosa was seen.
Care was taken to avoid passing the cystoscope through the
injection sites to leave the MPQ blebs undisturbed. A voiding
trial was performed following the procedure. The patients
were instructed to void every 2 h for the next 48 h and were
scheduled for the first follow-up visit after 2 weeks. Subse-
quent follow-up visits were scheduled at 6 weeks, 3 months,
6 months, and 12 months following the procedure.

The stored 3D cubes of the 100 patients were retrospec-
tively reviewed. The injected MPQ could be seen as hyper-
echoic densities around the urethra. The periurethral
distribution, location, volume of the hyperechoic densities
and the distance of the injected material from the urethro-
vesical junction were assessed.
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Assessment of periurethral distribution

The circumference of the urethra was divided into four
quadrants in a clockwise fashion in the axial plane: left
upper quadrant (12 to 3 o’ clock position); left lower quad-
rant (3 to 6 o’clock position); right lower quadrant (6 to 9
o’clock position), and right upper quadrant (9 to 12 o’clock
position). The area of MPQ in each quadrant was
determined.

The 3D cube was manipulated to determine the axial
plane in which the instillation of MPQ was maximal.
The area of each quadrant filled with MPQ was deter-
mined in the selected axial plane. Each quadrant was
considered to be adequately filled if more than 50% of
the area of the quadrant in the selected axial plane was
filled with MPQ. The 3D cube for each patient was then
assessed to determine the number of quadrants adequate-
ly filled with MPQ: if more than 50% of the area of
three consecutive quadrants or all four quadrants were
filled with MPQ, the patient was considered to have
“circumferential” distribution (Fig. 1). If less than 50%
of the area of three consecutive quadrants or only two or
one quadrants were filled with MPQ, the patient was
considered to have “partial” distribution (Fig. 2).

Assessment of the location of the injected MPQ

The urethra was also divided along its length into three
equal sections in the sagittal plane: proximal, middle, and
distal. The site of injection was considered to be the
proximal urethra, the midurethra or both if more than
50% of the area of either or both was filled with MPQ
instillation.

Assessment of volume and distance of the MPQ
from the urethrovesical junction

The urethra was divided into left and right quadrants in the
sagittal plane and the volume of the material in each quad-
rant was calculated from the measurement of the diameter of
the instilled MPQ along three axes. The distance of the
injected MPQ from the urethrovesical junction was deter-
mined by calculating the mean of the distance of the prox-
imal limit of the left and right injected volumes from the
urethrovesical junction. The patients were divided into two
groups: patients who experienced good clinical outcome
following the first MPQ injection (group A, n072) and
patients who did not derive any benefit from MPQ (group
B, n028). Specifically, group A included patients who
reported a decrease of at least 1 in the incontinence severity
score in addition to subjective improvement or cure on follow-
up. Group B included patients who reported either no change/
an increase in the incontinence severity score or a subjective
assessment of no improvement/worsening of symptoms.

The two groups were then compared with respect to their
demographic data, medical, urogynecological and surgical
history, number of previous anti-incontinence procedures,
hormonal status, and total amount of injected MPQ. The 3D
EVUS scan results regarding the volume, location, periure-
thral distribution, and the distance of the injected material
from the urethrovesical junction (obtained as described
above) of the two groups were also compared to determine
whether any particular distribution pattern was associated
with clinical success.

Statistical analysis was performed using PASW STATIS-
TICS 18 (SPSS, Chicago, IL, USA). Continuous variables
were tested for normality using Shapiro–Wilk normality

Fig. 1 360° scan: Macroplastique circumferentially distributed around
the proximal urethra

Fig. 2 360° scan: Macroplastique partially distributed around the
midurethra
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test. Normal continuous variables were analyzed using Stu-
dent’s t test and non-normal data were analyzed using the
Mann–Whitney U test. Categorical data were analyzed us-
ing Chi-squared test or Fisher’s exact test where applicable.
Binomial logistic regression analysis was performed to de-
termine whether the location and number of sites of
injection can predict the type of periurethral distribution.
A p value<0.05 was considered significant.

Results

The injection of MPQ proved to be a safe procedure, with-
out serious perioperative morbidity or complications. All
100 patients who underwent 3D EVUS before and immedi-
ately after the first MPQ injection had follow-up data avail-
able and their 3D cubes could be analyzed satisfactorily. The
two groups were similar with respect to their demographic
data on the age of the patients, body mass index (BMI),
parity, smoking history, menopausal status, and surgical
history (p>0.05; Table 1).

The two groups were similar with respect to the number
of previous anti-incontinence procedures (Table 1). The
indications for the MPQ injection in the two groups were
also similar and included patients with SUI and with/with-
out ISD (Table 1).

The two groups matched with respect to the number of
weeks of follow-up (median [interquartile range] of 19.32
[14.89] in group A and 17.77 [8.36] in group B; p00.861).
Treatment parameters were as detailed in Table 2. The
number of pretreatment incontinent episodes per day was
also similar in the two groups (median [Interquartile range]:
3.7 [1.75] in group A and 3.5 [1.9] in group B; p00.43).

Outcomes

There was a significant reduction in the number of incontinent
episodes per day post-injection compared with pre-injection in
group A, but not in group B (median [interquartile range] post-
injection: 1.5 [1.6] in group A [p<0.001] and 3.8 [1.67] in
group B [p00.052]). The median reduction in the number of
incontinent episodes per day was significantly more in group
A than in group B (median [interquartile range] of 1.75 [3.5]
in group A compared with 0.00 [1.50] in group B; p00.02).
Twenty-eight (39.2%) patients in group A complained of
urgency following the procedure compared with 12
(42.86%) patients in group B (p00.113). Thus, a higher
prevalence of urgency post-injection was not the reason for
lack of subjective improvement in group B patients.

3D EVUS results

The two groups were similar with respect to their 3D EVUS
parameters of volume of MPQ in each quadrant and distance
of the MPQ from the urethrovesical junction (Table 3).

Overall, the injection was found to be proximally located
in 49 patients, in the midurethra in 25 patients, and in both
locations in 26 patients. When the location of the injection
was compared in the two groups, (Table 3), the proportion
of women with the injected material located proximally or in
both positions (proximal and midurethra) was significantly
greater in group A while the proportion of women with the
MPQ located in the midurethra was significantly more in
group B (p00.036).

The two groups differed significantly in the number of
women who had a circumferential distribution compared
with those with a partial distribution (Table 3). The odds of

Table 1 Demographic data,
surgical history, and indications
for treatment

ISD intrinsic sphincter
deficiency, SUI stress urinary
incontinence
aMedian (interquartile range)
bMean (SD; 95 % CI)

Variable Group A N072 Group B N028 p value

Demographic data

Age (years)a 72 (16.5) 75 (14.7) 0.677

BMI (kg/m2)a 27.5 (5.7) 26.8 (8.25) 0.863

Parityb 2.61 (1.31;2.23–3.00) 3.029 (1.50;2.50–3.55) 0.20

Smoking n (%) 72 (100) 27 (99) 0.58

Menopause n (%) 72(100) 28 (100) 0.45

Past surgical history

Prior prolapse surgery n (%) 23 (31.94) 9 (32.14) 0.967

Prior hysterectomy n (%) 69 (49) 17 (50) 0.88

Prior anti-incontinence procedurea 1.3 (1.12) 1.1 (1.03) 0.476

Indications for treatment n (%)

ISD 26 (36.1) 10 (35.7) 0.183
SUI 19 (26.5) 9 (33.3)

ISD with mixed incontinence 3 (4.1) 4 (16.5)

SUI with mixed incontinence 24 (33.3) 5 (16.7)
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finding a circumferential distribution in group A was 13.62
times the odds in group B (95% CI: 5.12–56.95; p<0.001).

When the location of the injection and the type of peri-
urethral distribution were considered together (Fig. 3), it is
evident that when the injected material was in the proximal
urethra or both locations (proximal and midurethra), the
odds of circumferential distribution in group A were signif-
icantly greater than those in group B (odds ratio [95% CI]:
22 [3.06–203.49; p<0.001] for a proximal location and the
odds ratio [95% CI]: 11.33 [1.02–172.67; p00.028] for both
locations). However, when the injection was located in the
midurethra, although the odds of circumferential distribution
in group A were greater than those in group B, it was

not statistically significant (OR: 6.750; 95 % CI: 0.88–
61.247; p00.047).

Logistic regression analysis was performed to determine
whether the location of injection (proximal, midurethral or
both locations) and the number of sites of injection (2, 1 or 3
sites of injection) could predict the type of periurethral
distribution. A test of the full model against a constant only
model was not statistically significant, indicating that the
two independent variables as a set did not reliably distin-
guish between circumferential and partial distribution (Chi-
squared05.195, p00.268 with df04). Nagelkerke’s R2 of
0.07 indicated a poor relationship between prediction and
grouping. Prediction success overall was only 67% (81.8%
for circumferential distribution and 38.2% for partial distri-
bution). The Wald criterion demonstrated that neither the
location of the injection nor the number of sites of injection
made a significant contribution to prediction (p>0.05).

Discussion

Injection of urethral bulking agents has several advantages:
it is a minimally invasive procedure performed under local
anesthesia and is amenable to office therapy [8]. The newer
synthetic bulking agents like MPQ (polydimethylsiloxane
elastomer) improve upon early injection treatment options
like collagen, autologous fat, and polytetrafluoroethylene,
which were associated with the problems of resorption,
allergic reaction or hypersensitivity and migration [2]. A
multicenter randomized controlled trial has shown that at
12 months after treatment, 61.5% of patients who received
MPQ had improved Stamey grade 1 compared with 48% of
patients who received Contigen injections, and that the dry/
cure rate was 36.9% in the MPQ group compared with
24.8% in the Contigen group (p<0.05) [2]. Gumus et al.
prospectively showed a statistically significant improvement
in the quality of life at a median follow-up time of 58 months
post MPQ injection [9].

However, the success rates reported in the literature for
MPQ injections are highly variable. A review [3] of eight
long-term trials (N0507) showed that cure rates at
12 months post-treatment ranged between 20% and 71%,
with improvement rates between 19% and 48% [2, 10–16].
With follow-up extending up to 60 months, cure rates
reported have ranged from 18% to 40% and improvement
rates have ranged between 33% and 39%, with repeated
injections required to maintain efficacy [14, 16].

Despite dozens of publications, there remains no univer-
sally accepted or standardized injection method [17]. The
optimal volume of material for injection during a single
session, the ideal orientation of the injection needle, or the
optimal number of reinjection sessions for any given agent
(until clinical “failure” has been determined) have not been

Table 2 Treatment parameters

Variable Group A
N072

Group B
N028

p value

Amount of Macroplastique
injected (ml)a

3.5 (2.5) 3.0 (2.5) 0.904

Site of injection n (%)

Injection at two sites (3 o’clock
and 9 o’clock positions)

68 (94.4) 26 (92.9) 0.221

Injection at one site 3 (4.2) 1 (3.6)

Injection at three sites 1 (1.4) 1 (3.6)

aMedian (interquartile range)

Table 3 Three-dimensional endovaginal ultrasound parameters

Variable Group A
mean (SD)

Group B
mean (SD)

p value

Volumea

Left volume cm3 2.12 (1.36) 1.92 (1.11) 0.538

Right volume cm3 2.84 (1.72) 2.05 (1.67) 0.572

Distance from the urethrovesical junctiona

Distance (mm) 5.9 (3.8) 6.45 (8.05) 0.802

Locationb N (%)

Proximal (n049) 39 (54.17) 10 (35.71) 0.036
Midurethra (n025) 13 (18.06) 12 (42.86)

Both (n026) 20 (27.78) 6 (21.43)

Distribution of MPQ around the urethra

Circumferential
distributionc n (%)

59 (79.16) 7 (25) <0.001

Partial distributiond n (%) 13 (18.05) 21 (75)

aMedian (interquartile range)
b The urethra was divided along its length into three equal sections:
proximal, middle, and distal. The location was considered to be prox-
imal, midurethra or both if more than 50% of the area of either or both
was filled with MPQ instillation
cMore than 50% of the area of three successive quadrants or all four
quadrants filled
d Less than 50% of the area of three consecutive quadrants or only two
or one quadrant filled
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defined [18]. Transurethral injections are performed under
cystoscopic control as it enables the bolus to be visualized
and injection to be continued until adequate mucosal coap-
tation is achieved [19]. However, published data suggest
that endoscopically confirmed coaptation does not necessar-
ily correlate with long-term improvement in continence
[20]. More crucially, the ideal injection site has yet to be
determined [19]. Reported injection locations have included
from the level of the midurethra all the way to the bladder
neck [19]. A randomized controlled multisite trial of mid-
urethral injection of Zuidex via the implacer versus proxi-
mal urethral injection of Contigen cystoscopically showed
that the primary outcome measure of 50% reduction in
urinary leakage on provocation was achieved in 84% of
Contigen-treated women versus 65% of Zuidex-treated
women [20]. However, the authors concluded that con-
founding multiple variables inherent in the study design
made a detailed analysis of study outcomes difficult [21].
Currently, there is no evidence to suggest that either one of
the sites usually used, proximal or midurethra, is superior to
the other [19]. Therefore, there is a need to not only identify
the ideal injection site, but also to develop certain intra-
procedural parameters that can aid in optimizing outcomes,
estimate whether repeat injections will be necessary, and
appropriately counsel patients.

Ideal site for injection

The mechanism of continence in urethral injection therapy is
uncertain; however, there are four postulated methods:

1. Mucosal coaptation and improvement in the closure
mechanism of the urethral sphincter in response to
increased intra-abdominal pressure [22].

2. Cephalad augmentation of the urethral length, which
accounts for increased abdominal pressure transmission
in the first quarter of the urethra [23].

3. Prevention of bladder neck opening during stress [23].
4. Reduction in urethral lumen size [24].

Placement of the injectable material in midurethra does
not increase either the functional length of the urethra [23]
or prevent bladder neck opening during episodes of stress
[25]. It has therefore been suggested that bulking materials
should be placed just distal to the urethrovesical junction
and that the position of the injected material may be more
important than its quantity for a good bulking effect [25,
26]. This is corroborated by our study. Table 3 shows that
the number of patients with MPQ located in the proximal
urethra or both the locations (proximal urethra and midur-
ethra) was statistically greater in group A than in group B.
The amount of MPQ injected in both groups, however, was
similar (Table 2).

Previously, in a study of 23 women with transperineal
ultrasound carried out before and after periurethral collagen
injections, it was reported that short-term continence status
was related to the height of the “collagen bumps” on either
side of the bladder neck [26]. Continence was not achieved
in the study if the “bumps” were located less than 10 mm
from the bladder neck [26]. In another study of 31 women,
in whom transperineal ultrasound was performed 3 months
after the first periurethral collagen implant, a distance of
collagen from the bladder neck of less than 7 mm was found
to be associated with positive outcomes [27]. The threshold
of 7 mm was found to have a sensitivity of 83.3%, specific-
ity of 85.7%, positive predictive value of 93.7%, and neg-
ative predictive value of 66.6% [27]. Although these studies
support instillation of the material in the proximal urethra,
description of the implants in terms of the distance from the
urethrovesical junction may not be adequate as it does not
take into account the extent to which the proximal urethra is
filled with the implant. For example, the implant may be
only 3 mm in distance from the urethrovesical junction;
however, it may only fill 10% of the proximal urethra and

Fig. 3 Periurethral distribution
of the bulking agent in the three
locations as seen on 3D
endovaginal ultrasound
(EVUS)
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the rest of the implant may be placed mostly in the midur-
ethra. In our study, we did not find any statistically signif-
icant difference in the distance of the MPQ implants from
the urethrovesical junction between groups.

Periurethral distribution of MPQ

In our study, circumferential distribution of MPQ was found
to be associated with significantly better clinical outcomes
than partial distribution (Table 3; p<0.001). Other studies
have also commented on periurethral distribution of bulking
agents and its correlation with clinical success. In a retro-
spective study of 46 women in whom 3D transperineal
ultrasound was performed 4 to 12 weeks following the
periurethral collagen injection, Defreitas et al. [4] found that
a significantly greater proportion of women with a good
clinical outcome had circumferentially distributed collagen
on ultrasound (62%) compared with the women who did not
benefit from the treatment (20%, p00.006). Conversely, a
significantly greater proportion of women who did not ben-
efit from the treatment had a partial distribution (68%)
compared with the women with a good clinical outcome
(29%; p00.0169). Radley et al. [12] performed transurethral
3D ultrasound in 9 patients after MPQ injection. They
reported that in the 6 women with good outcome, echogenic
MPQ foci were seen to almost completely encircle the
urethra, whereas in the 3 women with persistent stress
incontinence, urethral encirclement was incomplete, and
large gaps were observed between echogenic areas [12].

However, in these two studies, the criteria used to define
distributions were not based on actual area measurements
that are replicable. In the paper by Defreitas et al., the term

“asymmetric” was used to describe an ultrasound finding in
which collagen was located in one area around the urethra
predominantly; either right, left, anterior or posterior. Equal
distribution of the collagen between the left and right sides
of the urethra was termed “symmetric” and “circumferen-
tial” was used when the collagen was distributed in a circu-
lar or horseshoe configuration [4]. Our study provides
standard criteria based on area cut-offs to define circumfer-
ential and partial distribution that can be reliably reproduced
and used in both further studies and in practice. Poon et al.
[28] reported that the volume of the injected material on
ultrasound at which continence improvement was achieved
following collagen injection spanned a fairly broad range,
from 1 cm3 to more than 5 cm3. Thus, they argued that more
than measuring the volume of the implant, 3D ultrasound
assessment is necessary to determine how well the periure-
thral submucosal space is circumferentially “filled” in a
given patient. Our study corroborates this fact: it was the
distribution of injected material in the various quadrants
considered together that was found to correlate with clinical
outcomes. Volume measurements were not helpful as the
same volume of injected material can often occupy two
quadrants in one patient and three in another (Table 3).

Determination of periurethral distribution on three-
dimensional endovaginal ultrasound followingMPQ injection
has several potential benefits. Our study suggests that circum-
ferential periurethral distribution on ultrasound can be used as
an intra-procedural parameter to predict short-term clinical
outcomes. In a patient with partial distribution seen on ultra-
sound performed immediately after the injection, MPQ may
be injected into an unfilled quadrant submucosally in the same
visit so that circumferential distribution is obtained. Hence,

Fig. 4 180° anterior
compartment scan with an 8848
transducer: Macroplastique
symmetrically distributed
around the proximal urethra
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repeat injections can be avoided or the number of repeat
injections needed may be reduced, thus reducing patient both-
er and also the cumulative costs of the procedure. An ultra-
sound examination can also be performed during the follow-
up visit in a patient with unsatisfactory improvement. The
need for a repeat injection can be determined and the quad-
rants where the material needs to be injected could be mapped
out. An ultrasound can be performed immediately after the
repeat procedure to confirm the improved periurethral distri-
bution of the MPQ. Although we did not follow up our
patients in group B with repeat injections to convert the partial
distribution into circumferential distribution, Defreitas et al.
performed repeat collagen injections in 7 of their 27 patients
who failed to improve after the first collagen treatment and
converted the distribution from asymmetric to circumferential
[4]. Of these 7 women, 6 had a good clinical response.

Our study provides clear evidence that injecting MPQ
into the proximal urethra is associated with successful short-
term outcomes. In centers with access to three-dimensional
endovaginal ultrasound examination, circumferential distri-
bution of the injection can be ensured in addition to con-
firming that the MPQ has been injected in a proximal
location. 3D EVUS offers several advantages: in addition
to providing a high-definition view of the pelvic floor struc-
tures that can be manipulated in any plane in which the
tissue travels, it also offers a permanent record of anatomy
for future review. Also, multi-compartment scanning can be
done; namely, 180° anterior pelvic compartment scanning
can be performed with an 8848 transducer [29] to confirm
the findings of the 360° scan (Fig. 4). 3D transperineal
ultrasound can also be used, in centers where it is available,
to determine the symmetry of distribution of MPQ. In cen-
ters where 3D ultrasound is not available, 2D transperineal
ultrasound can still be used post-procedure to determine
whether the MPQ is circumferentially distributed, even
though 2D US cannot give accurate periurethral distribution
measurements.

The study has limitations. It is a retrospective study with
a short median follow-up in both groups. However, the
follow-up in many patients ended because they opted for a
repeat injection. Forty-one patients in group A underwent a
repeat injection as although they had clinical improvement,
they wanted to ensure complete cure. Twenty-five patients
in group B underwent repeat injection as the first injection
had not led to any improvement. Another drawback is that
we defined success based on subjective improvement and a
patient-reported incontinence severity scale and not on uro-
dynamic parameters. Also, our study only focused on
treatment-naïve patients and studied ultrasound performed
after only the first injection. However, our study has pro-
vided sufficient evidence to support the need for long-term
prospective studies with a more rigid definition of success
and longer follow-up, including patients undergoing repeat

injections. The permanence and visibility of MPQ on ultra-
sound many months after injection would allow more long-
term studies. To our knowledge, this is the first study to
determine 3D ultrasound parameters associated with suc-
cessful outcomes following MPQ injection.

Conclusion

In conclusion, three-dimensional ultrasound examination
affords a simple way of accurately assessing the location
and periurethral distribution of injected MPQ. Proximally
located MPQ and circumferential periurethral distribution of
MPQ are individually associated with successful outcomes
following the injection. The combination of circumferen-
tially distributed and proximally located MPQ is associated
with best short-term clinical outcomes.
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