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Abstract
Introduction and hypothesis Cell therapy for stress urinary
incontinence (SUI) management has been experienced with
encouraging results.
Methods We conducted an open prospective study on 12
women presenting severe SUI with fixed urethra, after
previous failed surgical management. Patients underwent
intrasphincteric injections of autologous progenitor muscular
cells isolated from a biopsy of deltoid muscle. Primary
endpoint focused on safety (measurement of Qmax variation
after 3 months). Secondary endpoints assessed side effects
and efficacy.

Results No variation was diagnosed on Qmax measurements.
Efficacy data show that three of 12 patients are dry at
12 months, seven other patients are improved on pad test but
not on voiding diary, and two patients were slightly
worsened by the procedure. Quality of life was improved
in half of patients.
Conclusions Cell therapy for severe multioperated cases of
SUI is a mini-invasive, feasible, and safe procedure that can
improve urinary condition in as a second line therapy.
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Abbreviations
BMI Body mass index
ISD Intrinsic sphincter deficiency
PFME Pelvic floor muscle exercises
PVR Post-voiding residual
Qmax Maximum urinary flow rate
QoL Quality of life
SUI Stress urinary incontinence
UI Urinary incontinence
UPP Urethral pressure profile
UTI Urinary tract infection

Introduction

Urinary incontinence (UI) is defined by the international
continence society as a complaint of any involuntary
leakage of urine [1]. Among millions of women suffering
from UI in the world, it has been shown that a majority of
them suffer from stress urinary incontinence (SUI) [2]. SUI
is associated with social impact and a reduced long-term
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quality of life (QoL). The physiopathology of SUI is
complex; SUI is caused by abnormalities of the urethral
sphincter such as loss of anatomic support (hypermobility)
or impaired sphincter functioning due to loss of elasticity
and coaptation (intrinsic sphincter deficiency (ISD)) [3].

When ISD is predominant, i.e., not associated with urethral
hypermobility, the external striated urethral sphincter (or
rhabdosphincter) is the focus of the management of SUI.
The goal of treatment for ISD is to correct incontinence
without creating outlet obstruction. Previous work has
emphasized the complexity of ISD management due to
existence of controversial clinic and urodynamic definitions,
incomplete understanding of physiopathology, and variability
of etiologies [4]. Indeed, recognized causes of ISD as prior
surgery (anti-incontinence procedures, hysterectomy), neuro-
logical lesions or injury, pelvic radiation or estrogen
deficiency can be associated and lead to challenging
situations. PFME are main conservative option for treating
SUI, with moderate success [5]. Available pharmacological
treatments (including duloxetin) remain unsatisfactory up to
now [5, 6], and the existing surgical techniques (artificial
urinary sphincter (AUS), suburethral slings, bulking agents)
have proven efficacy in some cases [7] but can lead to severe
adverse events, including sepsis, reoperation, and explanta-
tion [8, 9]. Therefore, there is still an unfulfilled medical
need for more effective management of SUI related to ISD
[10], especially in case of failure of currently available
options, justifying the development of new treatments.

Autologous cell therapy, consisting in injections of
progenitor muscular cells, has been used for more than
15 years in clinical trials mostly to treat other diseases such
as muscular dystrophy or myocardium disorders [11, 12],
with no major adverse events or toxicity. These treatments
rely on the ability of adult progenitor muscular cells to self-
renew and to differentiate to fuse with existing muscle
fibers or to form new muscle fibers and consequently
regenerate the tissue. Application of this therapy to a small
muscle like the rhabdosphincter presents advantages over
previous applications: the number of required cells is
limited due to the small size of the rhabdosphincter, the
use of autologous graft does not require costly and toxic
adjuvant treatment, and the urethral sphincter is technically
easy to reach [13]. This approach has been experienced in
animals with promising results [14–18]. To our knowledge,
this treatment has been experienced in women, and data of
safety have been published [19].

We present here a study where the main objective was
to evaluate safety of intrasphincteric injections of autologous
progenitor muscular cells (cell-based product) in female
subjects with severe and/or complex UI due to ISD, with
history of failure of previous surgical management. Secondary
objectives were to assess side effects and efficacy of the
procedure in correcting SUI in these challenging cases.

Materials and methods

Patients

Between May 2006 and February 2008 an open prospective
study on women presenting SUI due to ISD was conducted.
This phase IIa study, open-labeled, non-controlled, has been
done in a single center. The diagnosis of SUI due to ISD
was made at enrolment with clinical examination and
urodynamic data. The enrolment criteria are summarized
in Table 1. The following data were preoperatively collected
at the beginning of the study: age, body mass index (BMI),
number of physiotherapy sessions done before enrolment,
medical or surgical treatment already used for SUI, and past
medical history. Preoperative evaluation also included
urethrocystoscopy (to rule out strictures), electromyography,
urethrocystography, biological examination, uroflowmetry,
ultrasound (bladderscan), urine culture, completion of a
validated questionnaire of quality of life (CONTILIFE)
[20], pad test, bladder diary, cystometry, and urethral
pressure profile (UPP) measurements.

Procedure

Patients underwent biopsy of deltoid muscle under local
anesthesia with lidocain at standard dose. Through a 2-cm
posterior incision of the skin above the left deltoid muscle
(for right-handed patients), open muscle biopsies were
taken from the deltoid muscle in order to obtain 1 to 2 g of
muscle fibers. For each patient, a muscle biopsy was taken
and was immediately transported to the facility (Cell
Therapy Unit) certified to Good Manufactory Practice
standards and authorized to produce myoblasts in order
to prepare and condition this cell-based products. All the
cell-based products were produced by Celogos company.

The cellular production process (3–4 weeks) includes
several steps: cell extraction, two steps of cell amplification,

Table 1 Enrolment criteria

Leakage >5 g (pad test, 1 hr)

At least 7 urine leakage per week

Qmax≥15 mL/s

Post void residual volume<150 mL

Diuresis<3 L per 24 h

Normal bladder compliance

Absence of bladder outlet obstruction at urodynamic measurement

No neurological pathology or medication interfering with vesico-
sphincteral function

Absence of urethral or vesical pathology

Absence of bladder disease or history of urethral stricture

Negative TVT and Bonney tests

TVT tension-free vaginal tape
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cell freezing, and storage. The schematic diagram (Fig. 1)
summarizes the production process, as well as the different
quality controls performed at different steps of the cell-based
product preparations. The final product was a progenitor
muscle cell suspension to avoid any bulking effect after the
periurethral injection. The vials of freezing cells (1 or 2 mL)
were sent to the urology department and thawed immediately
before administration to subjects.

Subjects were hospitalized on an outpatient basis for
muscular biopsy and for the cell-based product injection.
This study was designed to have a single injection of
three different concentrations of cells in order to evaluate
a dose-related efficacy or dose-related adverse events. The
patients were randomized in these three groups. The study was
initiated by injecting the group with the lowest concentration
of cells to carefully monitor potential adverse events. The G1,
G2, and G3 groups, including four subjects each, were
injected with 1×107, 2.5×107, and 5×107 cells, respectively.
Cell-based product was administered via endourethral route
under endoscopic control, under local anesthesia with
xylocain, at 3 and 9 o’clock.

Study design

The protocol was reviewed and approved by an Indepen-
dent Ethics Committee prior to the start of the study. Upon
good safety results of the cell-based product injected in men
(in a previous clinical trial), the committee allowed trial
inclusion subjects.

Follow-up and assessment

Control visits were conducted at 1, 2, 3, 6, and 12 months
post-operatively. At each visit, uroflowmetry, ultrasound
(bladderscan), urine culture, CONTILIFE questionnaire,
pad test, and bladder diary were evaluated. Furthermore,
cystometry and UPP were performed at 3- and 12-month
follow-up post-operatively.

The main criterion for evaluation of safety was reduced
flow at the 3-month visit, which was diagnosed at uroflow-
metry and defined as a Qmax<15 mL/s and significantly
different from baseline. Other parameters to evaluate the
safety were: urine culture, post-voiding residual (PVR)
volume measured by supra-pubic ultrasound (increase of
more than 100 mL compared to baseline), and bladder outlet
obstruction measured by uroflowmetry and quantified accord-
ing to ICS standards. In addition, an evaluation of all adverse
events reported during the follow-up of this trial was done.

Secondary endpoints of the study deal with efficacy to
assess the correction of SUI. This was first evaluated by a
seven consecutive days of bladder diary with the following
definitions: complete response if no leakage was noted,
partial response if the leaking incidents decreased ≥50%
compared to baseline, non-response otherwise. Other issues
reflecting efficacy were 1 h-pad test (a responder was
defined by a decrease in the pad weight >5 g compared to
baseline), quality of life CONTILIFE questionnaire, and
variation of maximal closure pressure (described as
significant if it was >10 cm H2O compared to baseline).

Production step Nature of the product 

Muscle biopsy  VIRAL STATUS  

Mincing the biopsy   WEIGHTING 

Enzymatic digestion for cells 
extraction 

           MICROSCOPY 
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COUNTING-VIABILITY 

Frozen cell pellet  
COUNTING-VIABILITY 
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Intermediate 
product 
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material 
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Final 
product 

Quality control Fig. 1 Main steps of cell
production
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Statistical analysis

Descriptive analyses were performed in intent-to-treat by
dosage group (and across groups) for the primary endpoint
(presence of dysuria). For all secondary endpoints, descrip-
tive statistics were calculated by visit and dosage group
(and across groups).

Results

Patients’ characteristics

Twelve patients were included and all patients completed
the study. Mean age±SD (range) was 58±13.5 years (35–
75 years), and mean BMI was 27.6±4.7 (19.2–34.3).
Patient characteristics are developed in Table 2. All patients
were presenting pure SUI with a fixed urethra, no
overactive detrusor or morphologic abnormalities. Eight of
12 patients were presenting severe incontinence (greater
than or equal to five pads/day), two of 12 patients moderate
incontinence (three to four pads/day), and two of 12
patients mild incontinence (one to two pads/day). All
patients were presenting SUI and past medical history with
numerous surgical interventions for incontinence (Table 3).
With two exceptions, all patients did pelvic floor exercises
for SUI, and the median (range) number of physiotherapy
sessions before treatment was 20 (five to 60).

Safety

Muscle biopsies and urethral injections were completed
without complications in all patients. No patient had a Qmax

<15 mL/s at the 3-month visit, with no voiding difficulties
noted. The differences between Qmax at 3-month visit and
Qmax at baseline showed a dose-dependent pattern: ΔQmax

value was +5, +1, and −4 for the G1, G2, and G3,
respectively. Overall, no change in Qmax was observed
during the study; however, inter-individual variations were
very large (Fig. 2). Pain, assessed by using visual pain scale
(0–10), was moderate during the injection which spontane-
ously resolved. There was no immediate local complication
due to injection whatever the dosage group. None of the
subjects presented a significantly increased PVR volume,
and no subject suffered from complete retention. Pressure-
flow analysis showed absence of bladder outlet obstruction
at 1and 3 months after injection. Occasional episodes of
UTI were reported in one case at the 2- and 12-month
follow-up visits and in two cases at both 3- and 6-month
follow-up visits, on the basis of a positive urine culture.
The three patients had a history of previous infections. All
these infections were treated by antibiotics and completely
resolved. No other adverse event related to the procedure
was noted.

Efficacy

Results of the procedure are heterogeneous during follow-
up (Table 2). Three patients, one in each group (number 3,
8, and 12) presented an important improvement of their
condition at 12-month follow-up. Indeed, they were dry
according to the pad test, and no leakage was declared on
the 7 days of bladder diary by patient 3 and patient 12, and
three episodes of leakage by patient 8. There was no
correlation either with cell dosage or UI severity. It is to
note that these results improved during the follow-up

Table 2 Patients’ characteristics and data of efficacy

Patient number Age Pads/day Leaks/week Pad test CONTILIFE

At inclusion At 1 year At inclusion At 1 year At inclusion At 1 year

1 58 2 32 NA 18 2 1.1 1.4

2 44 5 64 NA 44 116 4 6.1

3 49 8 54 0 78 0 0.2 9.8

4 38 6 44 68 8 6 1.5 6.4

5 63 3 19 12 8 2 4.3 6.5

6 67 5 71 72 60 24 6 3.2

7 74 5 36 41 150 72 3.3 4.3

8 75 1 7 3 6 0 5.3 6.9

9 66 3 94 160 190 156 2 1.1

10 36 5 49 36 14 40 3 2.9

11 69 5 231 105 542 86 1.9 6.2

12 57 5 42 0 20 0 2.4 7.4

NA not available
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period, since these three patients were not dry at the three
first visits. In the nine other patients, if pad test decreased
for seven of them, the number of leaks remained compa-
rable to baseline (Table 2). Quality of life according to the
global score of the CONTILIFE questionnaire showed an

increase not only in the three patients who responded to
treatment but also in some patients who did not show an
objective clinical response. Two patients were slightly
worsened by the procedure. Concerning the profilometry,
the maximal pressure closure increased in all dosage groups
(three patients) at 3-month visit and one persisted at 12-
month visit.

Discussion

The present study was undertaken to determine if a
treatment using autologous muscle-derived cells should be
safe and successful to treat SUI by ISD in women showing
previous failure of previous surgical management. By its
nature, and the limited number of subjects, this trial cannot
yield ultimate evidence about risks/benefits of this innova-
tive treatment method. Nevertheless, the intensive design,
the inclusion of multi-operated and severe cases, selection
of the assessment tools, and minimum of missing data
allow to draw some preliminary conclusions concerning
both safety and therapeutic potential of the product and its
application procedure.

We first show here that autologous muscle cells could
be easily obtained from patients in a clinical setting and
conditioned for injection after tissue engineering and
appropriate transport. There was no local complication
due to biopsy or injection of the cell-based products
whatever the dosage tested during all the follow-up
periods. No patient was excluded from the study during
follow-up. The main study endpoint was Qmax; results
after 1-year follow-up do not show any significant
difference on Qmax compared to baseline, no pressure-
flow analysis abnormality and no increase in the PVR
urine volume. It is noteworthy that the flow rate data show
an inverse relationship of ΔQmax to the cell dose
administered. It may indicate that the dosage of the cell-
based product is not irrelevant. It may be interesting from
the efficacy perspective. Side effects possibly related to

Table 3 Previous failed surgical options in patients

Patient number Past surgical history

1 Urethral cyst excision

Urethral diverticulectomy

Periurethral injection (2×)

2 Urethral diverticulectomy

Uretrovaginal fistula repair

Suburethral sling (2×)

3 Prolapse surgery

Hysterectomy

Suburethral sling

ACT device

4 Suburethral sling

Colposuspension

5 Prolapse surgery and hysterectomy

Colposuspension

Rectal prolapse repair

6 Hysterectomy and prolapse surgery

Colposuspension

Periurethral injection (2×)

7 Prolapse surgery

Hysterectomy

Urethral meatotomy

Colposuspension

Suburethral sling

Urethrolysis

Periurethral injection (3×)

ACT device

8 Prolapse surgery

Hysterectomy

9 Prolapse surgery

Suburethral sling (2×)

10 Colposuspension

Suburethral sling (2×)

AUS

11 Prolapse surgery and hysterectomy

Colposuspension

Suburethral sling (2×)

AUS

12 Hysterectomy

Prolapse surgery

Colposuspension

Suburethral sling

ACT adjustable continence therapy

Fig. 2 Diagram of ΔQmax in the three different groups

Int Urogynecol J (2011) 22:183–189 187



the product were limited at one case of pain at injection
point and three cases of infection of the urinary tract,
treated by antibiotics. To our knowledge, other clinical
studies in women, treated for SUI using a similar process
showed close results, even if three of eight patients
withdrew from the study after 1-month follow-up [19].

Data concerning efficacy must be analyzed regarding the
severity of the cases included in our series. Indeed, patients
recruited in the study have various age, medical history, and
degree of incontinence, but most of them were greatly
affected by their voiding condition and presented a failure
of previous therapy. Eight of 12 patients managed in our
study had severe SUI, and 11/12 had undergone several
procedures, leading to failure of all the surgical available
options, including AUS. It is to note that despite these
conditions, three of 12 patients are socially dry at 12-month
follow-up. The nine remaining patients had heterogeneous
results, with merely no improvement of the urine leakage
frequency.

Eight of 12 subjects improved in the global score of the
CONTILIFE QoL questionnaire at the 12-month visit. On
the other hand, profilometry did not show any systematic
change during the study according to the pre-selected
response criteria, and two patients had a worse condition
than before at 12-month follow-up. As a whole, these
results indicate that the evaluated treatment might have a
therapeutic potential for achieving a partial control of
incontinence symptoms, which need to be confirm. Fur-
thermore, added to its safety, our technique is minimally
invasive, on an outpatient basis.

Heterogeneity of the subjects partly explains the results
on efficacy. Indeed, variable anatomic conditions make it
difficult to inject the cell product exactly in the right place,
especially under local anesthesia. The basic rhabdosphincter
function is also patient-dependent, influencing the results. The
outcome of the cells in the muscle tissue is also not certain
concerning survival, engraftment, host tissue repair, and
function [21]; however, we noted in our series that patients
with the best results improved progressively during follow-
up, with first complete responses observed after 3 months.
This emphasizes that our results may be not due to a bulking
effect. This also leads us to consider that cell product has a
delayed biologic effect, and that pelvic floor muscle training
should be beneficial after this procedure, by possibly helping
the grafted cells to develop and take place in their
environment in the rhabdosphincter. Concerning the cell
product, no obvious evidence of a related-dose efficacy can
be found for the studied items.

Other studies published in the literature show results
close to ours. A safety study, using a similar technique of
injection showed that this treatment do not generate severe
side effects, and found improvement in one out of five
patients who completed the study [19]. Unfortunately, the

severity and history of the eight patients initially enrolled is
not known.

According to our results, cell therapy seems clinically
feasible and safe, and shows promising results in this
initial experience of management of SUI by ISD in case
of failure of other surgical management. Nevertheless,
other studies are mandatory in order to evaluate the long-
term efficacy of such procedures. These investigations
should be performed on larger scales with long-term
follow-up to give preciseness on the place of cellular
therapy in the field of SUI management.
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