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Ultrasound imaging in urogynecology — state of the art 2016

Michat Bogusiewicz

2" Department of Gynecology, Medical University of Lublin, Poland

Abstract

The role of ultrasound imaging in urogynecology is not clearly defined. Despite significant developments
in visualization techniques and interpretation of images, pelvic ultrasound is still more a tool for research than
for clinical practice. Structures of the lower genitourinary tract and pelvic floor can be visualized from different
approaches: transperineal, introital, transvaginal, abdominal or endoanal. According to contemporary guide-
lines and recommendations, the role of ultrasound in urogynecology is limited to the measurement of post-
void residue. However, in many instances, including planning and audit of surgical procedures, management
of recurrences or complications, ultrasound may be proposed as the initial examination of choice. Ultrasound
may be used for assessment of bladder neck mobility before anti-incontinence procedures. On rare occasions
it is helpful in recognition of pathologies mimicking vaginal prolapse such as vaginal cyst, urethral diverticula
or rectal intussusception. In patients subjected to suburethral slings, causes of surgery failure or postsurgical
voiding dysfunctions can be revealed by imaging. Many reports link the location of a tape close to the bladder
neck to unfavorable outcomes of sling surgery. Some postoperative complications, such as urinary retention,
mesh malposition, hematoma, or urinary tract injury, can be diagnosed by ultrasound. On the other hand, the
clinical value of some applications of ultrasound in urogynecology, for example measurement of the bladder wall

thickness as a marker of detrusor overactivity, has not been proved.
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Introduction

The introduction of ultrasound imaging into the eval-
uation of urogynecological patients dates back to the
early 1980s. Despite significant developments in visuali-
zation techniques and interpretation of images, pelvic
ultrasound is still not widely accepted as a standard
tool in clinical practice. Disagreement between working
groups, lack of reproducibility of published results, and
poor standardization are the main reasons why in all
the guidelines and recommendations the role of ultra-
sound examination is limited to the measurement of
post-void residue (PVR). However, the spectrum of thera-
peutic modalities in urogynecology, including use of
synthetic implants, has widened considerably in recent
years. Correspondingly, new applications of pelvic ultra-
sound such as surgery audit, management of recurrenc-
es or complications have been proposed. The aim of this
paper is to present contemporary data on clinical use of
ultrasound imaging in urogynecology.

Ultrasound imaging modalities
in urogynecology

Structures of the lower genitourinary tract and pelvic
floor can be visualized from different approaches. Each

modality has its advantages and drawbacks regarding
image quality, clinical utility or the availability of advanc-
ed equipment [1].

Transperineal ultrasound

Transperineal ultrasound (TUS) is carried out with
a 3.5 to 6 MHz curved array transducer placed on the
perineum in the midsagittal line. Examination is usu-
ally performed in the dorsal lithotomy position with
the hips flexed and abducted. The resulting image con-
tains the symphysis pubis, urethra, bladder, vagina, rec-
tum and anal canal (Fig. 1). Other findings include the
uterus, the cul-de-sac with bowels and fluid as well as
synthetic implants or pelvic pathologies. The symphy-
sis pubis (SP) is used as a stable landmark serving as
a reference for evaluation of the bladder neck position
and mobility. Full rectum, gas in rectum, pelvic organ
prolapse, vaginal scar tissue or synthetic implants may
impair visibility [1-4]. There is no agreement on image
orientation. Some prefer cranial structures at the top,
others at the bottom of the screen [2-4].

3D/4D transperineal ultrasound

Examination is performed with transducers devel-
oped for obstetric imaging.
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U — urethra, UB — urinary bladder, V - vagina, SP— symphysis pubis, R — rectum

Fig. 1. Transperineal examination in the midsagittal plane

Fig. 2. Transvaginal examination with the biplane electronic
probe (linear perpendicular arrays used) in a patient after sub-
urethral sling procedure. Some subtle structures of the urethral
complex can be distinguished

RECTUM

Fig. 3. Patient after posterior vaginal mesh. Posterior compart-
ment examined with transvaginal biplane electronic probe (lin-
ear perpendicular arrays used)

Since the technique enables one to obtain tomographic
or multislice scans, the whole puborectalis muscle and its
attachments to the pubic rami can be visualized [1, 3, 5].
Dietz et al. using 3D/4D TUS identified specific labor-relat-
ed damage to the puborectalis muscle termed avulsion.
It is the result of the detachment of the muscle from its
insertion on the inferior pubic ramus and the pelvic side-
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wall as a consequence of overstretching of the levator
during the second stage of labor and may be detected in
up to 36% of women following their first vaginal delivery.
Damage to the levator muscle leads to enlargement of
the levator hiatus, which on 4D TUS is observed as “hia-
tus ballooning”. Both levator avulsion and ballooning are
associated with pelvic organ prolapse (POP) [1, 3, 5].

Introital ultrasound

The technique involves the use of front-firing endo-
vaginal probes placed on the vaginal introitus. It provides
higher resolution of images but reduced penetration into
the tissues. The effect of the Valsalva maneuver on pro-
ximal urethra mobility may be evaluated analogously to
transperineal ultrasound (TPUS) using the inferior mar-
gin of the symphysis pubis as a reference [3, 4].

Transvaginal ultrasound (TVUS)

Avariety of transducers have been successfully used
transvaginally by different working groups for detailed
or integrated imaging of the lower urogenital tract and
pelvic floor. The biplane electronic (linear and trans-
verse perpendicular arrays) probe provides detailed
images of the anterior and posterior compartments
(Figs. 2 and 3). Computer-controlled acquisition of par-
allel longitudinal 2D images enables high-resolution 3D
reconstruction [1, 6]. The 360° rotational mechanical
probe due to the internal automated motorized system
enables acquisition of 300 aligned transaxial images
over a distance of 60 mm without any movement of the
probe within the tissue. The set of 2D images is recon-
structed into a high-resolution 3D image for real-time
manipulation and volume rendering [1, 6].

Conventional front-firing transvaginal probes may
be useful for PVR measurement.

Transabdominal ultrasound

The main application of transabdominal ultrasound
(TAUS) in urogynecology is measurement of PVR. In post-
operative cases complicated by urine retention TAUS
may be helpful in detection of underlying problems (see
below).

Endoanal ultrasound

Endoanal ultrasound plays an important role in the
work-up of defecatory disorders, anal incontinence or
anal tumors. Its sensitivity and specificity for detect-
ing anal sphincter defects ranges from 83 to 100% [7].
It is the gold standard in proctology and is beyond the
scope of this review.
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Role of ultrasound imaging

in the clinical work-up of patients

with urinary incontinence and/or pelvic
organ prolapse

According to the recent International Federation
of Gynecology and Obstetrics (FIGO) Working Group
guidelines, the only useful application of ultrasound
examination in the evaluation of patients with urinary
incontinence is measurement of the post-void residual
volume (PVR) [8]. This is in concert with recommenda-
tions provided by the 5% International Consultation on
Incontinence [9], which conclude that:

* ultrasound is not recommended in the primary eval-
uation of patients with urinary incontinence and/or
pelvic organ prolapse [Level of evidence 3, Grade of
recommendation C],

ultrasound is an optional test in the evaluation of pa-
tients with complex or recurrent urinary incontinence
(U1) and/or pelvic organ prolapse (POP) [Level of evi-
dence 3, Grade of recommendation C].

Historically, many ultrasound findings have been
taken into account as diagnostic of stress urinary incon-
tinence (SUI) (Table 1) [10-16].

Since there are no unequivocal data supporting
their utility, it is unlikely that pretreatment ultrasound
assessment will provide additional benefit. Bladder
neck funneling (opening of the bladder neck on Valsal-
va or coughing) is a typical finding in women with SUI,
but can be seen in asymptomatic women as well [17,
18]. It is also observed in urge Ul, and thus cannot be
regarded as diagnostic for any of these conditions [19].
In conclusion, there is insufficient evidence for clinical
benefit of standard evaluation of bladder neck funnel-
ing in patients with Ul.

Descent of pelvic organs in cases of mild or mod-
erate prolapse can be easily visualized by ultrasound
during the Valsalva maneuver or coughing. Ultrasound
imaging enables one to discriminate between cysto-
urethrocele and isolated cystocele in the anterior com-
partment, and between rectocele and enterocele in the
posterior compartment [1]. Transperitoneal ultrasound
can be used to quantify the degree of prolapse. A fairly
good correlation between ultrasound and clinical pro-

lapse assessment has been demonstrated, i.e. r = 0.77
for uterine prolapse, r = 0.72 for anterior vaginal wall
and r = 0.53 for posterior vaginal wall descent [20]. It
has not been documented, however, that ultrasound
findings lead to better planning and outcomes of pro-
lapse surgery.

Although contemporary guidelines recognize only
limited utility of ultrasound in the management of Ul
and/or POR in many instances ultrasound imaging may
be very useful in decision making. This is mainly due
to the fact that usually ultrasound examination is the
most readily available non-invasive test for, at least,
initial assessment. Potential “off-label” applications of
ultrasound in patients with uncomplicated Ul include
detection of decreased urethral mobility before plan-
ning a surgical procedure for SUI and measurement of
bladder wall thickness as a marker of detrusor insta-
bility. Moreover, on rare occasions, ultrasound may be
helpful in recognition of pathologies mimicking vaginal
prolapse such as vaginal cyst, urethral diverticula or
rectal intussusception.

Post-void residual volume measurement

There is no agreement on what volume of urine left
in the bladder after micturition may be considered nor-
mal. Studies showed that in the general population 15%
of women have post-void residual volume (PVR) greater
than 50 ml, 5% greater than 100 ml, 6% greater than
149 ml and 4% greater than 200 ml [21, 22]. The recent
FIGO Group guidelines, in concert with other recom-
mendations, advise that volumes greater than 150 ml
should be regarded as abnormal [8]. Higher incidence
of elevated PVR is observed among patients with stress
urinary incontinence, previous incontinence surgery,
overactive bladder, multiple sclerosis and pelvic organ
prolapse stage 2 or greater [23]. According to Tseng et
al., almost 16% of women with SUI have PVR > 100 ml
[24]. Therefore, measurement of PVR is recommended
as a standard work-up in patients with Ul or POP be-
fore and after the treatment. Due to high prevalence
of urine retention and frequent need for clean inter-
mittent catheterization, evaluation of PVR is of pivotal

Tab. I. Use of ultrasound imaging for diagnosis of stress urinary incontinence — selected studies

Parameter Approach Sensitivity/specificity Study
Urine leakage Transperineal 75%/77% [10]
Urine leakage Transperineal 94%/98% [11]
Bladder neck funneling Transperineal 83%/76% [12]
Bladder neck funneling Introital 94%/98% [13]
Bladder neck hypermobility Transperineal 73%/75% [14]
Vesico-urethral angle Transrectal 86%/79% [15]
Vesico-urethral angle Transperineal 96%/82% [16]
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importance in patients receiving intravesical injections
of botulinum toxin A for urge Ul [9].

Nowadays, ultrasound is the preferred method for
PVR assessment in clinical practice, mainly due to its
noninvasiveness [8, 9]. Ultrasound estimations may be
performed using either three diameters (length, height,
width) or the surface area in the transverse image and
the length obtained in the longitudinal image. Although
more than 20 different formulae for PVR calculation
have been proposed over the years, the inaccuracy of
ultrasound measurements may be as high as 20-25%.
However, this level of accuracy is sufficient for clinical
purposes. Measurement by catheterization is an inva-
sive method, poorly tolerated by patients and often
imprecise due to inadequate technique, bladder abnor-
malities (diverticula) or intensive diuresis [9].

Bladder wall thickness as a marker of detrusor
overactivity

Numerous studies using abdominal, transperineal or
endovaginal ultrasound have shown increased bladder
wall thickness (BWT) or detrusor wall thickness (DWT)
in patients with detrusor overactivity (DO). This phe-
nomenon is believed to reflect bladder wall hypertrophy
secondary to frequent detrusor contractions during the
storage phase. However, there is conflicting evidence
on the value and accuracy of ultrasound BWT or DWT
assessment in diagnosis of overactive bladder in female
patients [9]. A systematic review performed by Latthe
et al. [25], after assessment of the methodological qual-
ity of 190 studies, included only 5 for further analysis.
Using a 5-mm cut-off for BWT for identifying DO, the
sensitivity and specificity of this marker were 85% and
89% in one study [26] but 40% and 79% in another [27].
The authors concluded that there are insufficient data
to reliably estimate accuracy of BWT in DO. A recent
multicenter study including 687 women with overactive
bladder compared the accuracy of transvaginal BWT as-
sessment and urodynamic study. Due to very low sen-
sitivity and specificity, BWT measurement showed no
diagnostic or prognostic value [28]. Ultrasonographic
measurement of BWT cannot be at the moment recom-
mended as an accurate method of diagnosing DO.

Urethral mobility (bladder neck mobility)

Assessment of urethral mobility with the Q-tip test
is advised as a standard diagnostic step in women
with SUL. It is performed with a lubricated cottontip-
ped swab inserted into the urethra. Measurements are
taken at rest and on maximal straining. The angle > 30°
defines urethral hypermobility [8].

On transperineal or introital ultrasound the posi-
tion of the bladder neck at rest and on maximal Val-
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salva may be determined relative to the central line
of the symphysis pubis (SP) or its inferoposterior mar-
gin. Since the entire SP is rarely visualized, drawing of
the central line (axis) may be difficult [4]. Hennemann
et al. [29] managed to draw the central line in only 12%
of transperineal images. Therefore, using the inferopos-
terior margin of the SP as a reference is recommended,
but care must be taken not to change the ultrasound
position during the maneuver [4]. On Valsalva the blad-
der neck and proximal urethra rotate in the postero-
inferior direction. The distal urethra remains stable
due to the fact that together with the anterior vaginal
wall it is tethered to the symphysis pubis and pelvic
sidewalls. The hypermobility of the urethra is not well
defined, and different cutoffs of 20, 25 or 30 mm have
been proposed [2, 3]. In one study amongst nulliparous
continent women of approximately 20 years of age, the
bladder neck descent varied between 1 mm and 40 mm
[30]. Interestingly, a study on a twin model suggested
that bladder neck mobility may be to some extent de-
termined genetically [31].

Urethral hypermobility is considered to be related to
stress urinary incontinence. However, decreased mobili-
ty (hypomobility) is a trait of greater importance in clin-
ical practice, since it considerably increases the risk of
sling failure. This is mainly due to the fact that urethral
mobility is a prerequisite for suburethral sling action
(see below). Hypomobility (Q-tip at maximal straining
angle < 30°) is associated with a nearly twofold increase
in sling failure [32]. In patients subjected to a repeat
sling for recurrent or persistent SUI, limited mobility of
the urethra detected by the Q-tip test or by ultrasound
increases the risk of an unfavorable outcome more than
4 times [33].

In a study of Viereck et al. [34], patients treated
with tension-free vaginal tape (TVT) with postoperative
bladder neck mobility < 10 mm had a 2.6-fold higher
risk of failure, whereas postoperative mobility greater
than 15 mm significantly reduced the risk (RR = 0.4). On
balance, recognition of urethral hypomobility (or lack of
hypermobility) puts patient at higher risk of sling failure
and prompts consideration of other treatment options.

Urethral diverticula

Urethral diverticula (UD) affect 6-20 in 1,000,000 of
the general population but may be observed in up to
1.4% of those with urinary incontinence [35-37]. Most
probably UD develop from the periurethral glands ob-
structed and dilated as a consequence of chronic in-
flammation [38, 39]. A causative relationship with ure-
thral surgery, dilatation or traumatic delivery has also
been proposed [40]. The majority of diverticula are in
the form of a simple pouch, but some can have complex
morphology such as saddlebag or circumferential (Fig. 4).
The classic presentation of UD includes the “three D’s”:
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Fig. 4. Urethral diverticula of complex morphology: A) saddlebag
B) circumferential

STRAINING

Fig. 5. Rectal intussusception. Invagination of rectal wall marked by arrows (Courtesy of Prof. Andrzej P. Wieczorek, Medical Uni-

versity of Lublin)

dysuria, dyspareunia and (post-void) dribbling. However,
many nonspecific complains such as frequency, urgency,
urinary incontinence, pain or discharge may be report-
ed. On physical examination a periurethral mass, some-
times mimicking cystocele, can be palpated [38, 39].
Currently, MRl is regarded as the gold standard technique
for imaging of UD. Sensitivity of transperineal or trans-
vaginal ultrasound reached in some studies 95-100%
[41, 42]; thus, ultrasound imaging may be recommended,
at least, for initial assessment.

Rectal intussusception

Intussusception, first described in the 17% century,
is defined as the invagination of the proximal portion
of the intestine into its distal portion in a telescope-like
fashion [43]. In the case of rectal intussusception (RI)
the full thickness of the rectal wall invaginates into the
anal canal [44] (Fig. 5). This may produce a bulge of the
posterior vaginal wall, easily mistaken for rectocele or
enterocele. Ultrasound studies showed the RI preva-
lence of 3.9% among urogynecologic patients and 4.3%
among patients with obstructed defecation [45, 46].

It is more common in patients with a clinical diagnosis
of rectocele or enterocele [45]. Defecation proctogra-
phy is a standard method for detection of RI. Howev-
er, this condition may be detected by two-dimensional
or three-dimensional transperineal ultrasound with
satisfactory levels of sensitivity and specificity [47].
Since transperineal ultrasonography is better tolerat-
ed than defecation proctography, this modality may
well replace defecography as the initial examination of
choice [48].

Ultrasound in management of treatment
failure and complications

Tape position and outcome of suburethral sling

Synthetic implants are easily seen on TPUS, IUS or
TVUS. In the case of suburethral slings ultrasound im-
aging enables precise localization of the tape position
in relation to the urethra and other structures (Figs. 2,
6 and 7). There is a growing body of evidence that the
position of the tape relative to the urethra is one of
the most important factors determining sling outcome.
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Fig. 6. Transperineal ultrasound. An “optimal” position of the tape
under the urethra

Several studies have shown that optimally the tape
should be placed between 50 and 75% of the urethral
length, measured from the bladder neck to the exter-
nal urethral meatus [49-52] (Figs. 2 and 6). This section
corresponds to the high pressure zone of the urethra,
which extends between the point of the maximum ure-
thral closure pressure and the urethral knee [53].

The worst results are obtained when a tape is
placed under the proximal urethra, with the failure
rate exceeding 50% [52, 54] (Fig. 7). In one study 74%
of women with refractory or recurrent SUI treated with
slings had the tapes positioned under the proximal half
of the urethra [55].

Based on the integral theory of urinary incontinence,
a key role of the tape inserted under the urethra is to
reinforce weakened pubourethral ligaments. The tape
positioned under the urethra creates a fulcrum on which

the urethra angulates (kinks) on straining (Fig. 7) [56].
Urethral ‘kinking’ is observed in approximately 90% of
cured patient after retropubic slings, but only in 24-50%
of cured patients after transobturator tapes [57-60].
Other modes of action have been proposed: compres-
sion of the urethra and surrounding tissue against the
symphysis pubis or protrusion of the tape into the pos-
terior wall of the urethra, with transient narrowing of its
lumen (‘urethral encroachment’) [60]. It is not surprising
that in case of location of a tape close to the bladder
neck or immobile urethra, functioning of these mecha-
nisms may be invalid.

Regarding the tension of the tape, an optimal dis-
tance between 3 and 5 mm from the implant to the
urethral lumen, as measured on IUS, has been pro-
posed. A distance shorter than 3 mm is associated with
a greater risk of complications [49]. It is obvious that
too much tension applied to the tape may cause voiding
difficulties and development of de novo urgency. There
are also reports linking the location of a tape close to
the bladder neck to the development of de novo urgen-
cy (Fig. 8). However, in most patients this relationship is
absent [52, 55, 61].

Nevertheless, one should be aware of certain lim-
itations. Clear relationships between ultrasound find-
ings and patients’ complaints have not been estab-
lished, and data available in the literature are rarely
directly applicable to individual cases. For instance, Lo
and coworkers observed urethral kinking in 5 out of
10 patients with tapes positioned under the proximal
urethra [60]. Moreover, in all studies a subset of pa-
tients benefited from slings implanted at the proximity
of the bladder neck. In these cases continence may be
restored by suspending the bladder neck and proximal
urethra.

Attempts have been undertaken to improve the effi-
cacy of sling procedures by preoperative measurement

Fig. 7. Urethral angulation (kinking) of urethra on the tape. Urethral ‘knee’ marked by dotted arrow
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Fig. 8. Tape positioned “tightly” close to the bladder neck in a patient with sling failure followed by development of de novo urgency

of the urethral length and revising the site for the be-
ginning of the suburethral incision of the vaginal wall.
The one-third rule for retropubic and two-third rule for
transobturator procedures have been proposed [62, 63].
The authors reported improved outcomes; however,
due to some limitations of the studies, such as the rela-
tively small number of patients and the short follow-up
period (6 months), they do not justify application of this
method in everyday practice. Moreover, as in the case
of many reports concerning use of ultrasound imaging
in urogynecology, the results have not been corroborat-
ed by other investigators.

In some cases incision or excision of a tape may be
necessary due to patients’ complaints or complications.
The most common indications for sling incision are
overactive bladder, voiding dysfunction and recurrent
urinary tract infections [64]. To avoid long-term com-
plications, Rautenberg et al. [65] performed early TVT
mobilization in patients with postoperative voiding dys-
functions when the distance between the tape and the

URINARY
BLADDER

Fig. 9. Transabdominal ultrasound. Retroperitoneal hematoma
with urine retention

Fig. 10. Urinary tract injury during anterior vaginal mesh implantation. Penetration of the mesh arm into the bladder (A) and

urether (B)
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Fig. 11. The tape positioned tightly under the proximal urethra. Ultrasound examination suggest penetration of the tape into

the urethra. This finding was not confirmed by cystoscopy

longitudinal smooth muscle layer of the urethra was
< 3 mm and the PVR was > 100 ml. Normal voiding was
restored in 96.7% of the patients and 95.1% of women
were still continent at 6-month follow-up visits.

Ultrasound for evaluation of patients treated
with vaginal mesh

Ultrasound is the best imaging modality for visuali-
zation of mesh implants. Nevertheless, there is a pau-
city of data regarding clinical application of ultrasound
in patients after POP repair with meshes. A significant
reduction in mesh dimensions (termed retraction,
shrinkage or contraction), up to 60% of its original
length, has been reported on ultrasound examination
months or even days after surgery. The severity of re-
traction was associated with increased risk of prolapse
recurrence, postoperative vaginal pain and de novo ur-
gency [66-70]. Although these findings reasonably ex-
plain the pathogenesis of some unfavorable surgical
outcomes, their value in everyday practice has not been
demonstrated.

Up to 7.8% of mesh procedures are complicated by
voiding dysfunction and urinary retention [71]. Occa-
sionally, these complaints may be secondary to a retro-
peritoneal hematoma, which can be easily diagnosed
by ultrasound (Fig. 9). Thus, ultrasound imaging may
be recommended as an examination supplementary to
physical assessment when formation of a hematoma is
suspected, such as in cases of postoperative voiding dys-
function, defecatory dysfunction, excessive pain, vaginal
bleeding or decreasing hemoglobin level [72].

Injury to the urethra, bladder or ureter usually is rec-
ognized and managed during surgery. On rare occasions
patients with unrecognized injuries may present with fis-
tulas, voiding disturbances or pelvic pain (Fig. 10). There
are no systematic studies evaluating the value of ultra-
sound in detection of implants penetrating into the uri-
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nary tract. Ultrasound may be a reasonable first-choice
tool, but US findings need to be confirmed by cystoscopy
(Fig. 11).
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