
© 2023 Journal of Medical Ultrasound | Published by Wolters Kluwer - Medknow14

Review Article

introduCtion

Urinary incontinence (UI), defined as the involuntary loss of 
urine, is a common health condition that may interfere with 
the quality of life, with up to 77% of women suffering from 
it.[1-5] However, few women seek care despite many effective 
treatment options.[1] Untreated incontinence is associated with 
falls and fractures, sleep disturbances, depression, and urinary 
tract infections (UTIs).[6-8]

Among several different categories, stress urinary 
incontinence (SUI), urge urinary incontinence, and mixed 
incontinence are the most common.[4,5] A complete evaluation 
for female UI helps to tailor proper treatment and includes 
history taking, physical examination, urinalysis, image studies, 
urodynamic studies, and other optional tests.[1-5] The assessment 
focuses on elucidating the impact of incontinence on quality of 
life, the patients’ goals and preferences for management, the 
outcomes of previous treatments, the presence of concurrent 
conditions, such as advanced pelvic organ prolapse, urinary 
infection, or serious underlying pathologies such as cancer or 
serious neurologic disease.[1-5]

The initial management consists of unsupervised pelvic muscle 
exercises and lifestyle adjustments suitable to the patients to 

diminish their symptoms.[1-5] Recommendations for lifestyle 
adjustments can include weight loss, adequate hydration, 
avoiding excessive fluids, and scheduled voids.[1-5] For 
patients not benefiting from the above conservative treatments, 
medications can be administered for urge incontinence (UUI), 
and surgeries, principally mid-urethral slings (MUS), can be 
performed for SUI.[1-3,9,10] The MUS is effective with 48%–90% 
of symptom improvement and safe in low rates of sling 
complications (<5%).[1-4]

ultrAsound As thE first-linE iMAGinG tool to 
EvAluAtE urinAry inContinEnCE

Despite being convenient and useful in gynecological clinical 
practice, ultrasound has not been recommended as a routine tool 
to explore uncomplicated UI[2,4] until recently when more and 
more related studies have been published. The advancements in 
three-dimensional (3D) [Figure 1] and four-dimensional (4D) 
technology have provided enhanced diagnostic capabilities as 
well as dynamic and temporal resolution of the sagittal, axial, 
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and frontal planes of the pelvic structures.[11] Furthermore, 
polypropylene sling or mesh can only be visualized clearly 
under ultrasound.[11] Therefore, ultrasound has been accepted 
by many experts and societies as the first-line imaging tool to 
evaluate pelvic floor dysfunction.[12,13]

There are several approaches to performing pelvic ultrasounds.[9] 
The most widely reported method is translabial ultrasound. The 
approach uses a 3.5 to 6 MHz curved array transducer, which 
is placed on the perineum. The resulting image includes the 
symphysis pubis on the left side of the sagittal image, the 
urethra and bladder neck, the vagina, cervix, rectum, and anal 
canal.[11] Introital ultrasound[14,15] uses a sector endovaginal 
probe with a frequency between 5 and 7.5 MHz, which is 
placed between the labia minora just underneath the external 
urethral orifice [Figure 2a]. The resulting image includes the 
symphysis pubis on the right side of the sagittal image, the 
urethra and bladder neck, the vagina, cervix, rectum, and anal 
canal [Figure 2b].[15] Introital ultrasound is considered ideal 
to obtain a dynamic assessment of the anterior compartment, 
by the tint of minimal intrusiveness, the greatest field of view, 
the largest frequency of probe bandwidth, and no distortion of 
the pelvic floor structure.[9]

The application of ultrasound in pelvic function can be creative 
and versatile for clinical or research purposes. This review 
focuses on the clinical applications for women with UI.

ultrAsound in CliniCAl EvAluAtions for woMEn 
rEportinG urinAry inContinEnCE

Ultrasound is convenient and ideal for estimating postvoid 
residual (PVR),[2,5] which is crucial and basic in evaluating 
patients who describe symptoms suggestive of urinary retention, 
bladder outlet obstruction, or overflow incontinence.[3] In 
general, a PVR of <50 mL is regarded as normal, while 

those of more than 200 mL may suggest insufficient bladder 
emptying.[3,16] The bladder volume (mL) can be estimated by 
transabdominal ultrasound via the formula of H (bladder height) 
× D (bladder depth) × W (bladder width) × 0.7 (correction factor 
for the nonspherical bladder shape) as well as by transvaginal 
ultrasound via the formula of H (bladder height) × D (bladder 
depth) × 5.9 – 14.6 (95% confidence limits around ± 37 mL).[17]

Ultrasound is feasible, reliable, and minimally invasive 
to explore the pathophysiology of UI.[18] Table 1 lists the 
differential diagnosis of UI.[3] SUI is defined as the involuntary 
leakage of urine with increased intra-abdominal pressure, such 
as activities including physical exertion, coughing, laughing, 
or sneezing.[19] SUI occurs due to an inability to maintain the 
normal pressure gradient between the bladder and the urethra 
during the increased intra-abdominal pressure.[3,20] SUI in 
women has often been associated with pelvic floor weakness 
resulting from vaginal delivery, trauma, or surgeries.[3,16,20]

SUI is traditionally categorized into two subtypes: urethral 
hypermobility [Figure 3] and intrinsic urethral sphincter.[18,21,22] 
Urethral hypermobility is the most common morphological 
feature of SUI. The commonly accepted methods to assess 
urethral mobility include the Q-tip test, radiographic tests, and 
ultrasound.[18] Ultrasound has the advantage of evaluating the 

Figure 1: Three‑dimensional introital ultrasound image demonstrating 
sagittal (panel 1), frontal (panel 2), axial (panel 3), and rendered (panel 4)  
views. A: Anus, BL: Bladder, R: Rectum, SP: Symphysis pubis, U: Urethra, 
V: Vagina

Table 1: Differential diagnosis of female urinary 
incontinence[3]

Differential diagnosis of female urinary incontinence
Stress urinary incontinence
Urge incontinence
Mixed incontinence
Overflow incontinence
Urethral diverticulum
Genitourinary fistulas
Anatomic lesions
Congenital urethral anomalies
Functional/transient abnormalities
Infection
Medications
Reduced mobility
Dementia/delirium
Excessive urine production associating medical morbidities, such as 
diabetes

Figure 2: Illustrations of performance (a) and resulting image (b) of 
introital ultrasound. A: Anus, BL: Bladder, R: Rectum, SP: Symphysis 
pubis, U: Urethra, V: Vagina
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dynamic movement of the urethra and bladder neck during 
the Valsalva maneuver and can be used as an alternative to 
the Q-tip test.[18,21] The German Association of Urogynecology 
has recommended three methods for the measurement of 
bladder neck position: from one distance and one angle, from 
two distances, or from the height of the bladder neck with 
reference to a horizontal line drawn at the lower border of the 
symphysis pubis.[23,24]

In women reporting SUI, bladder neck funneling [Figure 4] 
on ultrasound implies the potential coexistence of poor 
anatomic support and an intrinsic sphincter defect, which 
requires urodynamic investigation to verify.[22] The high 
negative predictive value of bladder neck funneling is useful 
in excluding the presence of low leak point pressure.[22]

For women with recurrent or persistent SUI and complex 
histories of pelvic repairs, ultrasound is able to demonstrate 
and localize the previously interposed vaginal polypropylene 
grafts.[9,25] On ultrasound, a retropubic MUS is a U-shaped 
echogenic structure with its arms sharply traversing toward 
the pubic bone. A transobturator MUS typically appears 
V-shaped with its arms obtusely crossing toward the obturator 
foramen.[9,26] Transvaginal meshes or meshes applied through 
sacrocolpopexy are possibly delineated by ultrasound, with 
regard to the position and number of anchoring arms and mesh 
shapes.[9] Elucidating the above histories is useful in planning 
further treatment for complex patients.

Urethral diverticulum [Figure 5] is not rare in women with SUI. 
While magnetic resonance imaging (MRI) is the most accurate 
method to diagnose urethral diverticula,[27-29] it is less accessible 
and more expensive. Nevertheless, ultrasound is convenient 
and inexpensive[28,29] and can be assisted as an initial test.

Genitourinary fistulas are abnormal communications between 
the urinary tract and genital organs. Vesicovaginal fistula (VVF) 
is an abnormal passage between the bladder and the vagina, 
leading to continuous urine leakage through the vagina.[30] 
VVF is among the most distressing and socially devastating 
conditions in women and commonly develops due to obstetrical 
or gynecological injury.[30] A suspicion of VVF arises when 
urine leakage develops between the 7 and 12 days after pelvic 
surgery, obstructed labor, or even years after radiation.[30] 
This probably resulted from necrosis followed by obstructed 
prolonged labor and tissue taken up in stitches in pelvic 
surgery.[30] Cystoscopy and contrast studies are common tools 

for the diagnosis and management of genitourinary fistulas. 
Contrast studies such as intravenous urogram or cystogram are 
essential to rule out associated ureterovaginal fistula, although 
they might not benefit in showing genital abnormality.[30] 
On the other hand, a color Doppler ultrasound [Figure 6] is 
convenient and feasible in proving the existence of the fistula 
by revealing a jet phenomenon through the lower urinary tract 
toward the vagina.[31]

The lifetime risk of bladder cancer is approximately 0.27% 
in women.[32] The presentations of bladder cancer can be 
gross hematuria, microscopic hematuria, irritative voiding 
symptoms, or a tumor incidentally unveiled on imaging.[32] 
Bladder cancers are typically diagnosed with cystoscopy.[33] 
Updated diagnostic evaluation for hematuria is based on the 
potential risks of bladder cancer, given the relatively low 
frequency of malignancy, invasive nature of cystoscopy, 
radiation exposure from cross-sectional imaging, and 
associated health-care costs.[32] Ultrasound is reported to be 
63% sensitive and 99% specific for the detection of bladder 
cancer.[33] On ultrasound, bladder cancer most commonly 
appears as an immobile polypoid heterogeneous mass arising 
from the bladder wall [Figure 7].[33] The presence of flow 
identified on color Doppler helps to differentiate the solid 
tissue of a tumor from a blood clot or debris.[33]

ultrAsound in postopErAtivE survEillAnCE for 
woMEn who hAvE undErGonE opErAtions

Currently, the MUS has become the gold standard surgery 
for treating SUI.[9,10] Ultrasound is feasible in dynamically 
visualizing MUS [Figure 8] and surveilling surgical 
effectiveness and adverse events.[9,25,34-36] On ultrasound, the 
MUS appears a highly echogenic linear or curved structure.[9,15] 
In addition to qualitative assessments, ultrasound also can 

Figure 3: Three‑dimensional introital ultrasound image showing urethral rotational descent from resting (a) to straining (b) in sagittal (panel 1), frontal 
(panel 2), axial (panel 3), and rendered (panel 4) views. A: Anus, BL: Bladder, R: Rectum, SP: Symphysis pubis, U: Urethra, V: Vagina

ba

Figure 4: Introital ultrasound displaying bladder neck funneling (arrow) 
from resting (a) to straining (b). SP: Symphysis pubis, U: Urethra
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reliably and validly provide quantitative evaluations.[9,15,37-43] 
Tapping into 3D or 4D technology, the MUS can be explored 
in different aspects of planes. The mid-sagittal images allow 
for the evaluation of the MUS location relative to the length 
of the urethra.[9,15] Coronal and axial images can provide the 
visualization of the full distribution of the MUS including 
symmetry, curling, or folding.[9,15]

Several qualitative and quantitative parameters have been 
explored for assessing MUS functionality.[9,37-47] The dynamic 
change in MUS shape from flat at rest to C-shaped on Valsalva 
is associated with optimal surgical outcomes.[38] A MUS 
location at 40%–70% of the urethral length is considered 
optimal.[38] However, some investigators found MUS locations 
relative to pubic symphysis or the urethral length unrelated to 
surgical outcomes.[37,45]

The distances between the MUS and the urethra or the symphysis 
pubis are another widely explored parameter.[34,38,41,42,46] A 
shorter distance between the MUS and the symphysis pubis is 
associated with a higher satisfaction rate[34,38,42,47] while more 
with obstruction complications after MUS procedures.The 
distance between MUS and the urethral lumen is considered 
more reflective in MUS efficacy than that between MUS 
and urethral rhabdosphincter, given that the thickness of the 
urethral walls could vary.[41,42,46]

Urethral bulking agent injection is another method to treat 
SUI. Ultrasound is also suitable to explore the relative 
position of injected urethral bulking to the urethra or bladder 
neck.[9,26] The types of bulking agents could be differentiated 
based on the echogenicity of the material.[9] For example, 
Bulkamid® injections appear less echogenic in comparison 
with Macroplastique®.[9]

ultrAsound in ExplorinG postopErAtivE AdvErsE 
EvEnts

Despite being highly effective procedures, there is still 
concern surrounding the use of a sling for incontinence.[9,48] 
Management of MUS-associated complications requires an 
understanding of the position, morphology, and shape of 
the synthetic implant.[9] Ultrasound is deemed most useful 
for assessing the urethrovaginal or vaginal wall space[9,35,36] 
because it is the only modality that can clearly demonstrate 
the polypropylene implant at this location owing to the high 
echogenicity.[9,25] The dynamic assessment via ultrasound can 
help to explore the nature of surgical complications and to 
select appropriate conservative or surgical management for 
postoperative adverse events.[9,35,49]

Too proximal MUS location at the proximal half of the urethra 
has been found in 74.8% of failed cases.[42,44] A shorter distance 
between MUS and urethra longitudinal smooth muscle is 
associated with a higher probability of voiding dysfunction[42] 
and recurrent UTI, while a long distance between MUS and 
urethra longitudinal smooth muscle is associated with an 
increased possibility of sling exposure.[34]

Figure 7: Introital ultrasound unveiling a 2.19 cm × 1.52 cm 
bladder mass arising from the posterior wall of the bladder (BL). BL: 
Bladder

Figure 5: Introital ultrasound revealing a 4.85 cm × 4.56 cm complex 
lesion surrounding the urethra (U). BL: Bladder, SP: Symphysis pubis, 
V: Vagina

Figure 6: Introital ultrasound disclosing a vesicovaginal fistula with urine 
flow between the bladder (B) and the vagina (V) seen on color Doppler. 
BL: Bladder, V: Vagina
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Severe pain, particularly associated with voiding dysfunction, 
bleeding, or decreased hemoglobin levels, immediately 
postoperatively could be due to a hematoma formation [Figure 9]. 
Ultrasound allows the visualization of hematoma to confirm the 
diagnosis.[50,51] Nevertheless, most conditions causing pain or 
dyspareunia such as nerve entrapment can hardly be defined 
by ultrasound.[9] Most of the time, ultrasound can only provide 
reassurance of the absence of an abscess or hematoma and 
correct sling placement.[9] Hypoechogenic areas surrounding a 
MUS on ultrasound raise the suspicions of areas of inflammation, 
infection, or fluid collection.[9] An MRI is recommended since it 
outperforms the ultrasound in assessing the status and extent of 
inflammation, particularly when intraabdominal or retropubic 
involvement is suspected[9] or removal of MUS is considered. 
In the meantime, the association between the positioning of the 
MUS in the urethral rhabdosphincter and postoperative pain 
remains inconclusive.[9]

Unfortunately, studies have not been able to consistently 
report any parameters that correlate with clinical outcomes, 
partly because patients’ perception of surgical failure is always 
multifactorial.[9,37-45]

ConClusions

Ultrasound is applicable in the evaluation of women with SUI 
and those having undergone MUS placement. Ultrasound is 

the only modality capable of reliably demonstrating MUS. 
For the time being, there still lacks substantial agreement 
on optimal MUS interposition and standardized methods for 
measurements and reporting. Ultrasound findings must be 
cautiously interpreted when correlating them with symptoms, 
surgical outcomes, and postoperative adverse events, as some 

Figure 9: A vaginal three‑dimensional ultrasound showed a 
5.7 cm × 4.8 cm vaginal hematoma (h) beneath the urethra (u) and 
Foley catheter (f) and a dorsally deviated vaginal mesh (arrow) in the 
sagittal plane. H: Hematoma, U: Urethra, F: Foley catheter

Figure 8: Three‑dimensional introital ultrasound image demonstrating a mid‑urethral sling (arrow) during resting (a), straining (b), and coughing (c) 
on sagittal image in Panel 1, frontal image in Panel 2, axial image in Panel 3, and rendered image in Panel 4. A, Anus, BL: Bladder, R: Rectum, SP: 
Symphysis pubis, U: Urethra, V: Vagina
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ultrasound findings may only be incidental or supplementary 
to the patient’s symptoms, rather than causative.
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