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Abstract The causes of stress uri-
nary incontinence are not completely
known. Recent papers have stressed
the importance of more anatomical
information, which may help to elu-
cidate the mechanism of stress uri-
nary incontinence. The purpose of
this study was to evaluate the preva-
lence of lesions of the urethral sup-
port mechanism and lesions (defects
and scars, thinning) of levator ani
muscle with endovaginal MRI in a

Introduction

Urinary incontinence is a relatively frequent disorder
(prevalence approximately 5%), which has considerable

case-control study. Forty women
(median age 52 years, age range
40-65 years) — 20 patients with
stress urinary incontinence (cases)
and 20 age-matched healthy volun-
teers (controls) — underwent endo-
vaginal MRI: axial, coronal, and sag-
ittal T2-weighted turbo spin echo.
The examinations were evaluated for
the presence of lesions of urethral
supporting structures and levator ani
and scar tissue of the levator ani.
The thickness of the levator ani mus-
cle was measured. Lesions of the
urethral support system and levator
ani were significantly more prevalent
in cases than in controls (p<0.01).
Median levator ani thickness in pa-
tients was significantly lower than in
healthy controls [2.5 mm (range
0.9-4.1 mm) vs 3.9 mm (range

1.4—7 mm)] (p<0.01). This study in-
dicates a relationship between stress
urine incontinence and the presence
of lesions of the urethral support and
levator ani and levator ani thinning.

Keywords Incontinence - Pelvic
floor - Magnetic resonance imaging -
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continence [3]. This has substantial impact on the quality

of life [3, 4] and leads to social withdrawal in approxi-

social, medical, and economical impact. Incidence in- [5].

creases with age [1, 2] and approximately half of the
women older than 45 years have symptoms of urinary in-

mately 20% of the involved individuals [5]. Incontinence
is commonly stress, urge, or a combination of the two

Stress urinary incontinence is the complaint of involun-
tary leakage upon effort or exertion, or upon sneezing or
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coughing [6]. Urinary stress incontinence can be caused
by hypermobility of the bladder neck, primarily due to
weakened pelvic floor support, either to denervation,
musculofascial defects, or both [7, 8, 9, 10, 11]. Bladder
neck hypermobility results in ineffective transfer of intra-
abdominal pressure onto the urethra, preventing closure.
Deficiency of the sphincter can be caused by nerve injury,
surgical injury (e.g., bladder neck suspension), or trauma.

Differentiation between the types of stress urinary in-
continence is of importance, as these types of urinary in-
continence have different surgical treatment after failed
conservative treatment (e.g., pelvic-floor muscle train-
ing). Patients with hypermobility of the bladder neck are
treated by one of the different types of colposuspension
operations, whereas more recently the tension-free vagi-
nal tape procedure is gaining popularity. Incontinence
due to intrinsic sphincter deficiency is treated by injec-
tion of bulking agents, a classical pubovaginal sling pro-
cedure, or an artificial urinary sphincter.

Current workup of patients with stress urinary incon-
tinence comprises clinical history, physical examination,
voiding diary, and urodynamic studies (e.g., Valsalva
leak point pressure, urethra pressure profile, and bladder
volume at first leak). Urodynamics are performed to ex-
clude detrusor instability and voiding difficulties. De-
spite this extensively predominantly functional workup,
results of surgery in patients with stress urinary inconti-
nence are less optimal than might be expected [12].

Expanding the diagnostic workup with a technique re-
vealing a detailed visualization of the urethra, bladder
neck, and supporting structures might result in more in-
sight leading to a better differentiation between the types
of stress incontinence, and may result in a better stratifi-
cation for treatment. Recent studies have demonstrated
the accurate demonstration of the urethra, urethral sup-
port system, and levator ani muscle with high-resolution
MR imaging [13, 14, 15].

The purpose of this case-control study was to com-
pare the findings concerning lesions in the urethra-sup-
port structures and the levator ani and the thickness of
the levator ani at endovaginal MRI in patients with stress
urinary incontinence and normal age-matched individu-
als. The authors chose this study design because confir-
mation of the findings at surgery is not possible. Many
patients are treated without surgery or have minimally
invasive surgery. In open surgery the urethra and sup-
porting structures cannot be evaluated without extending
the procedure beyond ranges appropriate for inconti-
nence surgery, which would result in damaging the ure-
thra, its supportive structures, and nerves, whereas part
of the supportive structures is not discernible at surgery.

Materials and methods

In the period between March 1998 and January 2001, 40 women
(median age 52 years, age range 40-65 years) were included.

These 40 women concerned 20 patients with stress urinary incon-
tinence and 20 age-matched normal volunteers. Patients were in-
cluded when the diagnosis stress urinary incontinence was estab-
lished at routine workup, comprising clinical history, physical ex-
amination, and urodynamic examinations (Valsalva leak pressure,
urethra pressure profile, and bladder volume at first leak). Con-
trols were recruited from a population volunteering for pelvic-
floor research. Normal continence in the control group was estab-
lished by a questionnaire. Normal volunteers were age matched
within a range of 3 years of the age of the case. In the patient
group all patients had one or more deliveries (median 1.4, range
1-5). In the control group all but 7 patients had one or more deliv-
eries (median 1.2, range 0-6). None of the 40 participants had sur-
gery and all patients were treated with conservative treatment (pri-
marily physiotherapy).

The institutional review boards of the participating hospitals
approved the study and written informed consent was obtained in
all patients and controls.

Endovaginal MRI procedure

Patients and controls underwent endovaginal MRI at 1 T (Gyro-
scan NT 10, Philips Medical Systems, Best, The Netherlands) and
1.5 T (Philips Gyroscan NT 15; Horizon Echospeed, General
Electric, Milwaukee, Wis.). Endovaginal MRI was performed with
a dedicated rigid cylindrical coil (diameter 15-17 mm diameter,
length 10 cm). Preparation included fasting for 4 h and informa-
tion on the procedure. The endoluminal coil was covered with a
condom and a small amount of lubricant (sonography gel) was ap-
plied. The coil was inserted in supine position. For a stable posi-
tion, the coil was secured by pads or sandbags. After coil introduc-
tion, 20 mg butylscopalaminebromide (Buscopan, Boehringer In-
gelheim, Germany) was injected intramuscularly to reduce bowel
motion artifacts. Individuals were asked to relax the pelvic-floor
muscles to reduce motion artifacts.

The studies were performed at 1.0 T for all controls and 2
cases. All other cases were studied at 1.5 T at the three participat-
ing institutions. Imaging comprised axial, coronal, and sagittal T2-
weighted turbo-spin-echo sequences (TSE; TR/TE 2800-3000 ms/
90-120 ms; echo train length 11-15; field of view 90x120 mm to
120-140 mm; 226x256 imaging matrix; 3-mm slice thickness;
0.3-mm interslice gap; number of excitations 4—-8). The sequences
were angulated to be parallel or orthogonal to the urethra from
bladder neck to external meatus.

Image evaluation

All images were evaluated in consensus by two radiologists with
experience in endoluminal MR imaging of the pelvic floor. Exam-
inations were studied blinded for the clinical condition (case or
control), patient data, institution and MR machine. Image quality
was scored as good, adequate, or inadequate. The examinations
were evaluated for the presence of lesions of the urethral support-
ing structures, defects (paravaginal defect), or scar tissue of the le-
vator ani muscle, and for the presence of atrophy of the levator ani
muscle. The urethral support structures were evaluated as one en-
tity and considered normal when there was no distortion or defect.
Distortion was defined as an internal architectural change with
waviness of the ligament and a defect as discontinuity of the liga-
ment with visualization of the torn parts. Subtle changes as well as
asymmetry without obvious lesions were not considered abnormal.
No attempt was made to separately evaluate the two primary struc-
tures of the urethral support system as defined by Tan et al. [14]:
periurethral ligament and paraurethral ligaments. This refinement
in classification was not attempted, as there is a wide variation in
presentation forms of these structures, even in normal individuals
without urogynecological medical history or symptoms [14]. This



2033

Fig. 1a, b Two consecutive images of an axial T2-weighted turbo
spin echo demonstrates the normal anatomy of the urethral support
system in a normal control. Curved arrow indicates urethral sup-
port system. U urethra, LA levator ani, A anterior, L left. In most
normal individuals the anatomy of the urethral support system is
variable between both sides, as in this control. This variation may
be subtle or may be more pronounced. A normal urethral support
at one side with asymmetry at the other side, but no obvious le-
sion, is considered a normal finding

variation includes the absence of part of the structures in normal
volunteers; although in each normal individual at least part of the
normal urethral support system is visible [14]; therefore, the ure-
thral support system was evaluated as an entity (Fig. 1). Visualiza-
tion of normal urethral support at one side with asymmetry at the
other side was considered normal when no obvious lesion at the
other side was visible (Fig. 2). The levator ani muscle (iliococcy-
geus and pubococcygeus parts) was evaluated for the presence of
defects, which is disruption of the normal close relationship of the
pubovisceral (puborectal) and levator ani muscle, and for scar tis-
sue, which is distorted normal anatomy with hypointense scar tis-

Fig. 2 Axial T2-weighted turbo-spin-echo image in a patient with
stress urinary incontinence reveals a relatively subtle lesion of the
urethral support system at the left side (arrows) and slight wavi-
ness at the right side. The morphology at the right side can be con-
sidered a variation of normal. U urethra
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sue. The thickness of the levator ani muscle was measured at max-
imal thickness on the coronal sequences. All evaluations and mea-
surements were performed at a workstation (Easy Vision, Philips
Medical Systems, Best, The Netherlands) by one of the observers,
using electronic calipers for measurements.

Statistical evaluation

Differences between patients and controls in the presence of le-
sions of the urethral support system and levator ani muscle were
assessed by means of the Fischer exact test. Differences in thick-
ness of the levator ani muscle were assessed with the Mann-
Whitney U test. For all statistical analyses, a p value of less than
0.05 was considered to indicate a statistically significant differ-
ence.

Results

All procedures were performed uneventfully. No case or
control experienced any significant discomfort. Image
quality was good in 32 and adequate in 8, with 5 of the
adequate exams in the patient group.

The combined evaluation of the imaging sequences
revealed lesions of the urethral support structures in 9 of
20 cases (Figs. 3, 4). In controls lesions of the urethral
support structures were found in 2 of 20 (one of these
two had previous deliveries). Defects of the levator ani
muscle (paravaginal defects) only were present in cases
(13 cases) and not in controls. Scar tissue of the levator
ani muscle was present in 5 cases and in 1 control. Le-
sions were significantly more prevalent in cases than in
controls (p<0.01). Median levator ani thickness in cases
was significantly lower than in controls [2.5 mm (range
0.9-4.1) vs 3.9 mm (range 1.4-7)] (p<0.01).

Discussion

The urethra support structures connect the urethra to the
pubovisceral (puborectal) muscle and the arcus tendineus
fascia pelvis (tendineus arch at the levator ani surface).
These connections are important in immobilizing the
urethra against downward force by increased abdominal
pressure. The levator ani borders the urogenital hiatus,
with levator ani contraction leading to enforcement of
the closure at increased abdominal pressure.

This study demonstrated that in stress-urine-inconti-
nent women there is a higher prevalence of lesions of the
urethral support system and levator ani muscle as well as
a thinner levator ani muscle as compared with age-
matched controls. The significantly higher number of le-
sions of the urethral support structures and levator ani in
this study supports the hypothesis that these supportive
structures are important in preserving continence. The
vagina anchored to the pelvic sidewall by these support-
ive structures is considered to act as a hammock support-
ing the urethra [16].

Fig. 3a, b Two consecutive images of an axial T2-weighted turbo
spin echo in a patient with stress urinary incontinence. Gross dis-
tortion of the urethral support mechanism at both sides. At the
right the urethral support is partly fragmented and partly not dis-
cernable, whereas there is extensive scar tissue at the left (arrows;
compare with Fig. 1). U urethra

Recently, several papers have reported on the visualiza-
tion of the urethra support system with MR imaging, both
with endovaginal MRI and external coil MRI [14, 15, 17].
In the radiology literature two principal urethral support
structures have been described, the periurethral and para-
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Fig. 4 a Coronal and b axial T2-weighted turbo-spin-echo image
in a patient with stress urinary incontinence demonstrates normal
anatomy of the levator ani muscle at the right side (LA; black and
white straight arrows in a) and a paravaginal defect (arrows) and
thinning of the levator ani muscle at the left side. L left, H head, A
anterior. Measurement of the levator ani thickness is indicated in a

urethral ligament [14]. In the urogynecology literature a
different descriptive nomenclature approach is used. The
structure defined as periurethral ligament in the radiology
literature probably is identical to the structure defined as
pubovesical muscle in the urogynecology literature [15].
The paraurethral ligaments may be identical to the endo-
pelvic fascia in the urogynaecology literature [18].

In this study we evaluated the urethral support as an
entity. Separate evaluation of principal urethral support
structures is cumbersome because, although urethral sup-
port structures can be identified in normal volunteers,
there is variation in presence and form of these structures
[14]. Evaluation of the urethral support structures as an
entity and scrutinizing this for tautness and lesions over-
comes this problem. This also prevents confusion con-
cerning nomenclature. Further studies are needed to
more precisely define the normal and abnormal anatomy
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of the urethral support system. In some normal controls
in this study lesions of the urethral support were found.
Until now no MRI data are available to determine
whether these lesions may be a predicting factor for uri-
nary incontinence with increasing age.

Several studies using MRI have studied the levator
ani, including the visualization of defects of the vaginal
support (paravaginal defect) [19, 20]. The paravaginal
defect is considered an important cause of stress urinary
incontinence and is defined as detachment of the urethra
and vaginal support structures (endopelvic fascia) from
the arcus tendineus fascia pelvis during delivery. The
tendineus arch anchors the urethra and vagina to the pel-
vic sidewall. This study confirms the potential of MRI in
visualizing defects of the urethral support structures in
stress-incontinent women, which may have consequenc-
es for the choice of treatment modality [21]. Findings in
this study also may be valuable for the prevention of pel-
vic-floor defects as more insight is gained into the rele-
vance of these defects [22]. A recent study on endovagi-
nal MRI studied the paravaginal fascia in 11 continent
and 10 stress-incontinent women and reported changes
of the paravaginal fascia in incontinent individuals [23].
These findings support our findings.
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In the present study there was a significant thinning
of the levator ani muscle in patients with stress urinary
incontinence as compared with age-matched controls.
Atrophy of pelvic-floor muscles is an important finding.
Although this study was not designed to address the po-
tential influence of levator ani atrophy on management, a
potential important role of levator ani atrophy on stress
urinary incontinence and management outcome is hy-
pothesized. In fecal incontinence atrophy of the external
anal sphincter at endoluminal MRI has been demonstrat-
ed to be important for patient management [24]. Further
studies may address this important issue.

The number of cases and controls included were lim-
ited. Nevertheless, a significant difference between cases
and controls was present. Matching was performed for
age and not for a combination for both age and deliver-
ies. We chose to match for age, as matching for both age
and number of deliveries was very cumbersome. There
was no major difference in the overall number of deliv-
eries between cases and controls, although 7 of 20 con-

In this study the role of phased-array coils was not ad-
dressed. Although the local spatial resolution of an endo-
vaginal coil is superior to an external phased array, re-
cent studies have demonstrated that the image quality of
phased-array-coil MRI may suffice for evaluation of the
urethral support system. Whether the use of an endovagi-
nal coil is advantageous as compared with the more
widely available phased-array coils in the evaluation of
patients with stress urinary incontinence remains to be
addressed.

The findings of this study suggest a relationship be-
tween stress urine incontinence and the presence of le-
sions of the urethral support and levator ani and levator
ani thinning as visualized at endovaginal MRI. Based on
these findings other studies, including outcome-related
studies, may be initiated to further elucidate the role of
MRI in the management of patients with stress urinary
incontinence.
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