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Abstract

Objective The aim of this article is to describe the indications and proper technique for RUG and MRI, their respective
image findings in various disease states, and the common surgical techniques and imaging strategies employed for stricture
correction.

Results Because of its length and passage through numerous anatomic structures, the adult male urethra can undergo a wide
array of acquired maladies, including traumatic injury, infection, and neoplasm. For the urologist, imaging plays a crucial
role in the diagnosis of these conditions, as well as complications such as stricture and fistula formation. While retrograde
urethrography (RUG) and voiding cystourethrography (VCUG) have traditionally been the cornerstone of urethral imag-
ing, MRI has become a useful adjunct particularly for the staging of suspected urethral neoplasm, visualization of complex
posterior urethral fistulas, and problem solving for indeterminate findings at RUG.

Conclusions Familiarity with common urethral pathology, as well as its appearance on conventional urethrography and MRI,
is crucial for the radiologist in order to guide the treating urologist in patient management.

Keywords Urethra - Retrograde urethrography - Magnetic resonance imaging - Stricture

Introduction

Medical imaging plays a crucial role in the diagnosis, treat-
ment planning, and follow-up of a wide variety of male
urethral diseases. Some of the most common indications
for urethral imaging include suspected traumatic injury,
stricture disease, neoplasm, and fistula development. Tradi-
tionally, the cornerstone of male urethral imaging has been
retrograde urethrography (RUG) and voiding cystourethrog-
raphy (VCUG), during which intraluminal contrast media
allows visualization of the anterior and posterior urethra,
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respectively. While the urethral mucosa is well depicted with
these radiographic examinations, the periurethral soft tis-
sues are not. More recently, MRI has become increasingly
recognized as a powerful tool for this task. An understanding
of abnormalities visible on any of these diagnostic exami-
nations, however, requires a thorough knowledge of male
reproductive anatomy.

In this study, we will review male urethral anatomy
as depicted on urethrography and MRI. We additionally
describe the proper technique for RUG, VCUG, and MRI,
as well as their use in the diagnosis and treatment planning
of traumatic urethral injury, stricture disease, neoplasm,
and fistula. Finally, we discuss the common techniques of
urethroplasty for the surgical correction of anterior urethral
strictures, as well as the role of imaging.

Male urethral anatomy

The male urethra is a muscular tube that extends from the
bladder base to the external urethral meatus, achieving
an average length of 18-20 cm (Fig. 1). By convention,
it is usually divided into (1) the posterior division from
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Fig. 1 Anatomy of the male urethra

the bladder neck to the inferior urogenital diaphragm, and
(2) the anterior division from the inferior urogenital dia-
phragm to the external meatus at the tip of the glans penis.
The posterior urethra is further divided into the prostatic
(4 cm) and membranous (1-1.5 cm) segments. A longitu-
dinal ridge of smooth muscle (urethral crest) runs along
the posterior margin of the prostatic segment, and contains
the verumontanum, a 1-cm ovoid mound with a central
depression, the prostatic utricle. The orifices of the ejacu-
latory ducts empty on either side of the verumontanum,
which is also flanked by multiple tiny openings of small
prostatic ducts. The membranous urethra, the shortest and
least distensible segment, is surrounded by the external
urethral sphincter of the urogenital diaphragm and paired
Cowper glands. The distal end of the verumontanum
marks the proximal boundary of the membranous urethra.
Lymphatic drainage of the posterior urethra is via the iliac
nodes.

The anterior urethra is also further divided into two seg-
ments, the bulbous segment proximally and the penile seg-
ment distally. The bulbous segment extends from the infe-
rior margin of the urogenital diaphragm to the penoscrotal
junction and is surrounded by the corpus spongiosum. The
proximal dilated portion of the bulbous urethra, the widest
portion of the urethra, is commonly called the “sump,”
and the more superior conical shape portion at the bul-
bomembranous junction is commonly called the “cone,”
both well depicted with RUG (Fig. 2). The paired Cowper
gland ducts empty into the bulbous sump segment. The
penile urethra, which is of uniform caliber, extends from
the penoscrotal junction to the external meatus. Numerous
small periurethral (Littré) glands, along with their small
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Fig.2 a The urethral segments as depicted on retrograde urethro-
gram. Note catheter in the meatal portion (white arrow). The veru-
montanum is seen as an oblong filling defect (asterisk). b The tiny
periurethral glands of Littré can sometimes be opacified (thin arrows)
along the dorsal penile urethra. The Cowper ducts (thick arrow) may
also opacify. ¢ In rare instances, there may be opacification of the
seminal vesicle (thick arrow) and even vas deferens (thin arrows)

draining ducts, are found predominantly along the dorsal
aspect of the penile urethra. The mildly widened distal
1-1.5 cm of the penile urethra is referred to as the fossa
navicularis. Lymphatic drainage of the anterior urethra is
via the inguinal lymph nodes.

Urethral imaging techniques
Retrograde urethrography

RUG allows the depiction of anterior urethral luminal
abnormalities [1]. The most common indications for RUG
are suspected traumatic injury, stricture disease, and fistula
[2]. A quality examination requires attention to technical
detail. The patient should be positioned in a 45° poste-
rior oblique orientation, followed by sterile preparation
of the external genitalia. To achieve hydrostatic disten-
tion of a contrast-filled urethra, two techniques can be
considered. In the more widely used balloon occlusion
technique, a 5-mL balloon-tipped 14-French catheter is
inserted until the balloon rests in the fossa navicularis,
with subsequent inflation with 1-3 mL of fluid (Fig. 3).
Lubrication or anesthetic gel can make urethral occlusion
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Fig.3 Mock simulation with
mannequin. A 14-Fr balloon-
tipped catheter has been
inserted into the meatal portion
of the urethra for the RUG (a)
and the balloon inflated with
1.5 mL of contrast media. For
the pericatheter technique (b),
a 5-Fr pediatric feeding tube
(arrow) is placed alongside an
existing 14-Fr catheter, below
the site of surgical repair or
traumatic injury

more difficult but may be required for cases of meatal ste-
nosis [3]. Along with the application of traction to elon-
gate the penis, 10-25 mL of iodinated contrast media is
gently injected with fluoroscopic monitoring and appro-
priate spot imaging. In the clamp technique, a 6-French to
10-French catheter is placed and subsequently secured by
a compression clamp device surrounding the glans penis,
followed by contrast infusion via a gravity drip system
[4]. Spasm of the external urethral sphincter is commonly
encountered, preventing opacification of the deep bulbar
and more proximal segments [5]. Continuous gentle pres-
sure is then required for passage of contrast through the
posterior urethra into the bladder. Occasionally, patient
intolerance may preclude posterior urethral filling, making
it difficult to distinguish between spasm and obliterative
bulbar stricture. Release fluoroscopic images can also be
obtained as the contrast media is expelled, particularly
useful in cases of meatal stenosis.

In situations requiring urethral evaluation with a pre-
existing Foley catheter, a pericatheter RUG is indicated.
After sterile preparation of the genitalia and external tubing,
a small bore (5-French to 8-French) catheter is lubricated
and inserted beside the existing catheter (Fig. 3). The penis
can be optimally positioned by manipulation of the Foley
catheter. As external pressure is applied to the glans penis,
contrast media is gently injected with fluoroscopic moni-
toring. The catheter can be advanced more proximally as
needed for improved urethral opacification.

Voiding cystourethrography

VCUBG is the favored method for evaluation of the poste-
rior urethra. This technique requires bladder filling with
350400 mL of contrast media, as tolerated by the patient,
which can be achieved by suprapubic catheter, Foley cath-
eter, or during RUG as part of a comprehensive urethral
examination [3]. The proper filling technique is dictated by
the clinical scenario. During active voiding, videofluoros-
copy and spot radiographs of the bladder and urethra are
obtained. The bladder neck opens to a funnel shape, the

Fig.4 During voiding, the bladder neck (thin black arrow) opens
with distention of the prostatic urethra as compared to RUG. Persis-
tent relative narrowing of the membranous urethra (thick black arrow)
is normal, as it is the least distensible segment. Note the less conical
shape of the proximal bulbous urethra (fanned lines)

verumontanum becomes elongated, and the proximal bul-
bous urethra is less conical in appearance (Fig. 4). Most
patients find it easier to void in a standing or semi-upright
(45°) position, although a supine position may be required
if the patient is unable to stand, such as in the setting of
trauma. A pericatheter technique can be used in postsurgical
patients with Foley catheters present, in which the patient
voids around the catheter. If no leaks are detected, a tra-
ditional VCUG can then be attempted following catheter
removal.

Magnetic resonance imaging

Although much less commonly performed than conven-
tional urethrography, MRI is a useful adjunct for evalua-
tion of the periurethral soft tissues [6]. Patient positioning
is supine with the penis at midline either resting on the
anterior abdominal wall or dependently [7]. The cornerstone
of penile/urethral MRI is a high-resolution, small field-of-
view, thin-slice T2-weighted fast spin echo (FSE) imaging
in three planes using a phased-array multichannel surface
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coil, which allows the best depiction of anatomic structures.
T1-weighted FSE and fat-suppressed T2-weighted imaging
are useful for depiction of hematoma/corporal thrombosis
and inflammation, respectively. Dynamic contrast-enhanced
imaging with 3D T1 gradient echo imaging can be useful
for the assessment of the cavernosal vessels and corporal
enhancement but has not been shown useful for tumor stag-
ing [6, 8]. The prostatic urethra is well depicted on axial
imaging as a slit-like structure that is mildly hyperintense
on T2WI in comparison to the transition zone. The membra-
nous urethra is highlighted on sagittal images as a tubular T2
hyperintense structure traversing the lower signal urogenital
diaphragm (Fig. 5). The anterior urethra is seen as a lower
signal structure surrounded by the high signal of the cor-
pus spongiosum, which itself is enveloped by the low signal
tunica albuginea (Fig. 5).

Fig.5 The urethra (arrow) as depicted on T2-weighted images
(T2WI). The prostatic urethra is best seen on axial images (a), here
demarcated with a Foley catheter. The membranous urethra (long
arrow) can be seen as a higher signal structure as it traverses the low
signal urogenital diaphragm (short arrows) on sagittal images (b).
The bulbar and penile urethra can be seen as a linear low signal struc-
ture (arrows) within the hyperintense corpus spongiosum on sagittal
(¢) and coronal (d) images. With sonography (e, f), the corpora cav-
ernosa (asterisks) and corpus spongiosum (short arrows) demonstrate
bland intermediate intensity echoes. In this case, the urethra (long
arrow) within the corpus spongiosum is highlighted by a Foley cath-
eter
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Ultrasound

The anterior periurethral tissues of the penis are also well
depicted with sonography, although the posterior urethra
is typically less well seen. The paired corpora cavernosa
and the corpus spongiosum demonstrate a bland pattern of
intermediate echogenicity centrally, with the investing tunica
albuginea appearing as a thin hyperechoic structure at their
periphery (Fig. 5). The urethra is usually not well seen with-
out urethral distention (see discussion below).

Computed tomography

Given the widespread use of CT in the setting of blunt
trauma, it is not uncommon to encounter posterior urethral
injuries as areas of contrast extravasation on delayed phase
images. For the depiction of complex urethral strictures, par-
ticularly those accompanied by fistula, CT cystourethrog-
raphy is a technique which has shown promising results
[9-11]. It can be performed as a voiding study after intrave-
nous or direct retrograde contrast injection. Multiplanar 2D
and 3D image reconstruction (virtual cystourethroscopy) can
facilitate visualization of complex anatomy [9].

Stricture disease
Pathophysiology

Urethral stricture disease refers to a fixed luminal nar-
rowing of the anterior urethra caused by initial urothelial
insult followed by scar formation in the surrounding corpus
spongiosum (spongiofibrosis) due to collagen and fibro-
blast proliferation [12—-14]. Urinary extravasation into the
corpus spongiosum is believed to be an important event in
this sequence [15]. The process of insult and scar forma-
tion in the urethra can be initiated by several causes, most
commonly inflammation (infectious urethritis or lichen scle-
rosus) and trauma (straddle injury, iatrogenic instrumenta-
tion) [5]. Many strictures are also classified as idiopathic
[13]. Penile urethral strictures tend to be inflammatory or
iatrogenic, whereas bulbous urethral strictures tend to be
idiopathic, iatrogenic, or traumatic [15]. Overall, most stric-
tures occur in the bulbous urethra [16].

Fixed narrowing or obliteration of the posterior urethra,
commonly called a stenosis rather than a true stricture, is
most often initiated by urethral distraction or disruption
caused by trauma or surgery [5, 13, 17].

Role of retrograde urethrography

Common presenting symptoms of stricture disease include
hesitancy, poor urinary stream, terminal dribbling, and



Abdominal Radiology (2019) 44:3935-3949

3939

Fig.6 A 42-year-old male patient sustained blunt pelvic trauma
and posterior urethral injury 3 months ago, managed with suprapu-
bic catheterization. Initial RUG (a) is unable to reflux contrast into
the bladder, making it difficult to distinguish sphincteric spasm from
high-grade stricture. Subsequent VCUG (b) reveals complete urethral
obstruction

stricture reporting:

fistulas or calculi

Fig.7 Examples of stricture reporting. The top image demonstrates
an uncomplicated penobulbar stricture. The lower image demon-
strates a complicating urethrocutaneous fistula in a different patient

particularly a feeling of incomplete emptying [15]. Given
that physical examination is usually not helpful, the most
common initial test is RUG [13, 15, 17]. In our experi-
ence, a combination of RUG and VCUG provides a more

comprehensive evaluation, particularly useful when reflux
into the bladder is not possible due to patient intolerance,
high-grade stricture, or complete urethral obliteration
(Fig. 6). Urethrography can typically provide an accurate
estimate of the severity, location, length, and number of
strictures (Fig. 7) [5]. Unfortunately, urethrography is not
able to assess the degree of spongiofibrosis, the position of
the prostate, and abnormalities in the periurethral soft tissues
[18]. Additionally, urethrography only provides 2-dimen-
sional images which are dependent on positioning and the
degree of penile traction, and results in an average exposure
of 1-2 mSv of radiation [19, 20].

Role of ultrasound and MRI

Considering the radiation exposure and limited scope of
RUG, the use of ultrasound and MRI has been investigated
for a more complete assessment of stricture disease. Son-
ourethrography (SUG) can be performed with a high-fre-
quency linear array transducer during distention of the ure-
thra with sterile saline or 2% lidocaine hydrochloride jelly,
which can be achieved with a balloon tip catheter (balloon
inflation at the fossa navicularis) and gentle traction. While
SUG provides additional information regarding spongiofi-
brosis and has been shown to more accurately depict stric-
ture length compared to RUG, it may be less accurate in the
diagnosis of posterior urethral pathology [21-24].

Given its excellent soft tissue contrast, it is not surprising
that MRI has also been investigated for evaluation of stric-
ture disease. Imaging is typically performed with a phased-
array surface coil in a supine patient. Urethral distention can
be achieved with retrograde installation of lidocaine jelly or
ultrasound gel, or during micturition after the intravenous
administration of gadolinium-based contrast media [25, 26].
A soft clamp can be applied to the penile tip to maintain ure-
thral distention during the exam. Strictures are well depicted

Fig.8 Typical appearance of spongiofibrosis, with an irregularly shaped T2 hypointense structure (arrows) in the corpus spongiosum adjacent to
the urethra on sagittal (a) and axial (b) T2WI. Delayed enhancement may be noted after contrast (¢) on TIWI
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as focal narrowing of the gel or contrast column, and the
adjacent spongiofibrosis can be seen as nodular T2 hypoin-
tensity in the hyperintense corpus spongiosum (Fig. 8). MRI
has shown accuracy identical to RUG in the diagnosis of
stricture, while also providing additional information that
would alter treatment, such as the degree of spongiofibrosis,
the presence of urethral tumor, and the presence of fistula
[25, 27]. MRI-derived stricture measurements have also
been shown to better correlate with surgical specimens [18].
An example protocol can be found in Table 1.

Urologic intervention and the role of imaging

The choice of treatment depends on stricture morphol-
ogy, cause, and any prior surgery [28]. While the tradi-
tional approach for symptomatic stricture disease has been
dilation or direct visual internal urethrotomy (DVIU), the
reported durable success rates are poor [29, 30]. Strictures
over 2 cm in length in the penile urethra are particularly
prone to recurrence [13]. The UroLume® stent (American
Medical Systems, Minnetonka, MN) was used from 1988 to
2011 for recurrent bulbar strictures, but showed high rates
of restenosis, stent migration, and other side effects [31].
Those who have failed dilation/DVIU, or those with stric-
tures in the penile urethra or bulbar strictures >2 cm, tend
to benefit from open surgical management—urethroplasty
[17]. Urethroplasty is more technically demanding but has
higher success rates [32]. Urethroplasty can be categorized
into anastomotic urethroplasty (stricture excision and pri-
mary anastomosis, most commonly performed for short bul-
bar strictures) and augmentation urethroplasty (free graft or

Table 1 Example protocols for MRI of the urethra

flap augments for larger defects) [33]. The more commonly
performed repair today is the augmentation urethroplasty,
the three types of which are illustrated in Fig. 9.

Conventional urethrography is crucial in the preopera-
tive assessment for possible urethroplasty to describe the
location, length, and number of strictures as well as other
findings such as fistula. In the postoperative setting, peri-
catheter RUG has become a standard technique for evalua-
tion of healing without the risk of re-catheterization [34-36].
Catheter removal with VCUG is an alternate approach. Most
authors recommend urethrography 2—4 weeks following ure-
throplasty with a goal of catheter removal at 21-28 days [34,
37, 38]. At our institution, we remove the Foley catheter and
perform voiding cystourethrography if no contrast leakage
is detected on the initial postoperative pericatheter RUG. A
small outpouching is expected at the urethroplasty site and
is generally considered normal (Fig. 10). If contrast leak-
age is present, repeat pericatheter RUG is repeated at 2—3-
week intervals until the leak has resolved (Fig. 11). Con-
trast leakage is relatively common (11.5-64%) and nearly
always resolves with continued catheterization, although
there is a suggestion that larger leaks (length>1.0 cm and
width >0.32 cm) may portend higher failure rates after
1 year [34, 36, 37, 39]. Rarely, leaks may not heal and even-
tually result in urethrocutaneous fistula (Fig. 12). Recurrent
stricture is also possible. Risk factors for graft failure include
long stricture length, penile location, inflammatory etiology,
and previous hypospadias repair (Fig. 13) [32, 40, 41]. The
role of urethrography in augmentation urethroplasty is sum-
marized in Fig. 14.

Protocol Sequence Slice Orientation Field Additional notes
thickness/ of view
gap (cm)
Standard T2 FSE 31 Axial 24
(stricture, T2 FSE 3/1 Sagittal 24
wrauma, T2 FSE 31 Coronal 24
fistula)
T1 FSE 31 Axial 24
3D T2 FSE 1/0 Sagittal 24 For cases of suspected stricture, performed after urethral distention with
sterile lidocaine jelly and application of soft clamp to penile tip
3D T1 GRE 1/0 Sagittal 20 Pre/post-contrast (30, 60, 90 s); coverage of prostate and penis
Voiding 3D T1 GRE 1/0 Sagittal 20 Multiphase acquisition without pause (enough phases to cover 60 s).
urethrogram Initiate when patient signals that voiding is imminent. Repeat as neces-
(optional for sary
stricture)
Tumor staging Fat-suppressed  6/0 Axial 32-40 Cover entire pelvis
T2 FSE
DWI 6/0 Axial 3240 Cover entire pelvis; multiple b values (50, 400, 800 s/mm?) if scanner

allows

The standard protocol is useful for suspected stricture, traumatic injury, or fistula. For fistula evaluation, urethral distention can be achieved with
injection of jelly or as a voiding study. Larger FOV T2WI and DWI are added in cases of tumor staging to assess regional lymph nodes
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Fig. 9 Illustration of the three most commonly performed augmentation urethroplasty techniques

Fig. 10 A 34-year-old male with a short high-grade bulbar stricture
(black arrow a) undergoes augmentation urethroplasty. 3 weeks after
surgery, a pericatheter RUG (b) shows a tiny outpouching (white
arrow) at the repair site, but no extravasation. This is considered a
normal finding

Traumatic urethral injury
Blunt injury

Blunt urethral trauma is usually classified as either anterior
or posterior in location. While anterior injuries are usually
due to straddle-type injuries of the bulbar urethra, posterior
injuries are usually due to a crushing force to the pelvis
and are found in 4-14% of patients with pelvic fractures
[42]. Anterior injuries may also be accompanied by penile
fracture (disruption of the tunica albuginea of the corpus
cavernosum) [43]. Bladder lacerations are seen in 20% of
patients with posterior injuries [44].

After initial attention to management of life-threat-
ening injuries in those presenting with pelvic trauma,

Fig. 11 A patient with multifocal bulbar and penile strictures (a)
undergoes a complex augmentation urethroplasty repair. The initial
pericatheter RUG 4 weeks later (b) reveals gross contrast extravasa-
tion (arrows). After another 3 weeks, the contrast is contained (arrow,
¢), with only a small outpouching visible after a further 3 weeks
(arrow, d) of management with Foley catheter drainage

RUG should be considered the initial study of choice in a
hemodynamically stable patient with blood at the meatus
or other risk factors such as an inability to void, hema-
toma of the penis or perineum, or “high-riding” prostate
noted at rectal examination, prior to catheter insertion [3].
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Fig. 12 Initial RUG 3 weeks after augmentation urethroplasty with a
large amount of contrast extravasation (arrows a). Subsequent exami-
nations 3 (b) and 6 (¢) weeks later demonstrate continued extravasa-
tion. At 11 weeks after surgery (d), a fistula (arrows) to the perineum
has developed. Penile stricture location is a risk factor for failed ure-
throplasty

Posterior urethral and bladder injuries also commonly
result in edema and hematoma formation in the prostate
and bladder base on trauma CT scans as well. A suprapu-
bic catheter is placed if a urethral injury is noted on the
initial RUG and can facilitate later VCUG. Delayed repair
is the most common approach. MRI has also been shown
to be useful in surgical planning, particularly for detection
of co-existing penile fracture, identification of urethral dis-
traction defect, and evaluation of the degree of prostatic
displacement [45-47]. Combined RUG/VCUG can also
be useful for delineation of urethral transection and high-
grade stricture (Fig. 6).

Accurate classification of urethral injuries is crucial for
treatment planning. The Goldman system, a modification
of initial work by Colapinto and McCallum, describes five
types of injury based on its anatomic location [42, 44]. The
system advocated by the American Association for the Sur-
gery of Trauma (AAST) categorizes injuries according to
the treatment required, rather than precise location, with a
greater emphasis on the degree of urethral disruption and
separation (Table 2) [48]. The provided example cases
(Fig. 15) illustrate the Goldman system. Complete disruption
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Fig. 13 Long penile stricture in a patient with prior hypospadias
repair (arrows a). Initial VCUG following urethroplasty demonstrates
improved stricture with small outpouching (arrow b), expected find-
ings. Follow-up RUGs at 3-week intervals (¢, d) demonstrate pro-
gressive stricture (arrows) at the repair site. History of hypospadias,
penile location, and long stricture length are all risk factors for graft
failure

of the membranous urethra can occur in Goldman IT and III
patterns, resulting in a superiorly dislocated bladder with
the “pie in the sky” appearance after intravenous contrast
(Fig. 16). Stricture is almost certain following severe injury
at any site. Urinary incontinence can occur after Goldman
IIT injuries of the external sphincter; erectile dysfunction is a
less common delayed complication after anterior or posterior
urethral injury [5].

Penile fracture and penetrating injury

Two additional injury patterns not included in either clas-
sification system are penile fracture and penetrating urethral
injury. Penetrating penile injury requires RUG because up
to 50% of patients will have urethral injury (Fig. 17), and
most require surgical exploration [5]. As urethral injury
occurs in 38% of penile fracture cases (Fig. 18), RUG is
generally indicated if fracture is clinically suspected [5].
Fracture most commonly involves disruption of the tunica
albuginea of one, and rarely both, of the corpora cavernosa.
The corpus spongiosum can also be injured [49]. MRI is the
examination of choice when further evaluation of cavernosal
injury is required, given the excellent anatomic depiction
[45, 50]. Disruption of the tunica albuginea is well depicted
on T2-weighted imaging, usually accompanied by adja-
cent edema and hematoma formation (Fig. 19). Ultrasound
has also shown promise in the diagnosis of penile fracture
(Fig. 19) [51].
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Table 2 American Association for the Surgery of Trauma (AAST) classification of blunt urethral trauma. Adapted from Moore et al. [48]

Injury type Injury description

Urethrographic appearance

Treatment

Contusion
Stretch injury

Normal
Elongation of the urethra without extravasation

None
Conservative—suprapubic/urethral catheter

3 Partial disruption Extravasation of contrast media from the urethra Conservative—suprapubic/urethral catheter
with bladder opacification
4 Complete disruption Extravasation of contrast media from the urethra Endoscopic realignment or delayed graft urethroplasty
without bladder opacification.
Urethral separation < 2 cm
5 Complete disruption Extravasation of contrast media from the urethra Endoscopic realignment or delayed graft urethroplasty

without bladder opacification.
Urethral separation < 2 cm

Implant complications

The use of artificial urinary sphincters (AUS) for the treat-
ment of urinary incontinence has become relatively common
in the past 2 decades [52, 53]. While AUS has been shown to
be effective, a revision rate of 31% means that complications
such as erosion, urethral atrophy, and mechanical failure are
not uncommon [54]. Most cases of erosion are diagnosed
on cystoscopy, although RUG and VCUG can be useful in
postoperative evaluation after implant removal (Fig. 20). The
epithelializing urethral stent (UroLume®) was also widely
used from 1988 until 2011 for bulbous urethral strictures,
with promising early results [31]. Unfortunately, one in six
men ultimately required stent removal due to complications
such as restenosis, stent migration, and urinary infection [31,
55]. RUG and VCUG can readily demonstrate recurrent in-
stent stricture (Fig. 20).

Fistula

Urethral fistulas can be complex, and their precise delineation
is often quite difficult for both the clinician and the radiologist.
Urethral fistulas may communicate with any number of struc-
tures, including the perineum, rectum, and scrotum [43]. Infec-
tion and/or inflammation are common causes, although fistu-
las can also occur after pelvic surgery and radiation. Active
fistulas in the anterior urethra are more commonly seen with
RUG than those in the posterior urethra (Fig. 21) [1]. At our
institution, we have found MRI to be a useful technique for
fistula mapping and depiction of causative pathology such as
abscess and tumor. Actively draining fistula tracts are usually
T2 hyperintense and demonstrate post-contrast enhancement,
particularly in the delayed phase (Fig. 22).
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Fig. 15 a Goldman I: rupture of the puboprostatic ligaments results
in stretching of the intact prostatic urethra. At RUG (A), the poste-
rior urethra appears narrow and elongated (arrows). No contrast
extravasation is expected. B Accompanying anatomic depiction with
site of injury (jagged tear). b Goldman II: the membranous urethra
is injured above an intact urogenital diaphragm. At RUG (A), con-
trast is expected to extravasate above the diaphragm in the extraperi-
toneal space (arrows) but not in the perineum. At delayed phase CT
(B, C), extraluminal contrast (arrows) is visible at the prostatic apex
above the diaphragm. D Anatomic depiction demonstrating site of
injury (jagged tear) and resultant pattern of extravasation (rivulets).
¢ Goldman III: in this the most common injury pattern, both the
membranous and bulbous urethra are injured along with the urogeni-
tal diaphragm. At RUG (A), contrast extravasation occurs below the
diaphragm (white arrows) and can also be seen in the extraperitoneal
space superiorly (black arrows). (B) Anatomic depiction demonstrat-
ing site of injury (jagged tear) and resultant pattern of extravasation
(rivulets). d Goldman IV/IVa: in the IV pattern, the bladder neck is

Tumor

Urethral malignancy is rare, and more common in men than
women [56]. In men, most cases (78%) are urothelial carci-
noma, with squamous cell carcinoma (12%) and adenocar-
cinoma (5%) occurring less commonly [57]. Approximately
60% occur in the bulbomembranous region, 30% in the penile
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Urogenital diaphragm

ulbar urethra

injured, often including the internal sphincter. In the IVa pattern, the
bladder base is injured but the bladder neck is not involved. These
are typically indistinguishable from one another with imaging. Por-
tal venous phase CT images (A, B) reveal a disruption in the bladder
base (arrows) with extraperitoneal fluid. Delayed phase scan reveals
extraperitoneal contrast extravasation through the defect (arrow). D
Anatomic depiction demonstrating site of injury (jagged tear) and
possible extravasation patterns (rivulets). e Goldman V: isolated
anterior urethra straddle injury, in which the bulbous urethra and cor-
pus spongiosum are compressed between an object and the inferior
aspect of the pubic bones. At RUG, the extravasation pattern varies
depending on the extent of urethral and fascial (Buck, Colle) injury.
In this example (A), there is immediate venous intravasation at the
site of bulbous urethral discontinuity (long black arrow), with opacifi-
cation of corpus spongiosum (short black arrows) and draining veins
(white arrow). Venous intravasation is common in this injury pattern.
B Anatomic depiction demonstrating anterior urethra injury (jagged
tear) and contrast extravasation (rivulets) into the corpus spongiosum

urethra, and 10% in the prostatic urethra [43]. An understand-
ing of the pathology continues to evolve, but recent data sug-
gest that primary urethral carcinomas may be a unique bio-
logically aggressive hybrid tumor, possibly associated with
human papilloma virus [58]. Symptoms are quite variable. As
obstructive symptoms are not uncommon, RUG/VCUG may
often be the initial examination. It is therefore important for
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Fig. 16 This patient with multiple pelvic fractures experienced com-
plete disruption of the membranous urethra. On initial intravenous
urogram (a), the bladder is elevated due to loss of attachment and
accompanying hematoma. Contrast extravasation (arrows) at subse-
quent RUG (b) without reflux into the bladder

Fig. 17 A 23-year-old male presents after a gunshot wound to the pel-
vis. Early image from RUG (a) demonstrates contrast extravasation
(white arrows) from the bulbous urethra, as well as opacification of
corpus cavernosum (black arrow). Later image shows draining veins
(arrow b). On the portal venous phase CT scan, the injured right cor-
pus cavernosum (long arrow) has diminished enhancement. Soft tis-
sue gas (short arrows) demarcates the bullet trajectory

the radiologist to carefully assess sites of stricture for mass-
like filling defects, mucosal irregularities, and any degree of
luminal expansion (Fig. 23). High-grade stricture, arresting
the contrast column, should also be carefully approached
(Fig. 24). Once a diagnosis is made, typically with endoscopic
biopsy, staging is indicated for treatment planning. MRI has
emerged as the method of choice for evaluating local tumor
extent, while also identifying lymphatic disease using larger
fields of view [1, 43, 59]. In addition to size and location,
the degree of periurethral invasion is perhaps most important
for treatment planning. In particular, the corpus spongiosum,
prostate gland, prostate capsule, corpus cavernosum, and

Fig. 18 RUG in a patient presenting with clinically suspected penile
fracture demonstrates initial contrast extravasation from the dorsal
penile urethra (arrows, a), followed by opacification of the corpus
cavernosum (arrows, b) indicating injury to the tunica albuginea

BASE OF'PENIS
LONG=—

Fig. 19 In one patient with clinically suspected penile fracture, coro-
nal T2-weighted MRI reveals focal disruption of the right posterior
tunica albuginea (arrow, a) with surrounding high signal edema. The
adjacent hematoma is well seen on axial T1-weighted image (arrows,
b). In a second patient, high-resolution sonography (c¢) through the
penile base depicts the focal defect in the tunica albuginea (black
arrow), with adjacent hematoma formation (white arrows)

bladder neck should be scrutinized for involvement (Table 3).
Tumors are typically hypointense to adjacent corpus spongio-
sum on T2WI with modest enhancement on T1WI follow-
ing contrast administration. T2 signal can be increased with
associated inflammation. Fistulas are not uncommon and are
well depicted with MRI (Fig. 23). In a series of 106 primary
urethral carcinomas, Zhang et al. found the inguinal stations
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Fig.20 a A 47-year-old male presented with a complex history of
strictures, currently managed with a suprapubic catheter. UroLume®
stent (arrows) in the bulbar and penile urethra. Note the multifocal
strictures, including inside the stent. This patient subsequently under-
went successful stent explantation and augmented urethroplasty. b A
73-year-old male underwent UroLume® stent placement following a
failed trans-urethral resection of the prostate for BPH. Although the
stent (arrows) remains patent, he developed urinary incontinence
eventually requiring urinary diversion. ¢ A 78-year-old male under-
went artificial urethral sphincter placement for incontinence. Arrow
denotes the cuff surrounding the bulbous urethra. After development
of a urethrocutaneous fistula with purulent drainage, the device was
removed. Follow-up VCUG (d) demonstrates bulbous urethral irregu-
larity and contrast extravasation from the site (arrows)

to be the most commonly involved by regional nodal metas-
tases, and the lung and liver to be the most common sites of
hematogenous metastasis [58].

Conclusions

As we have demonstrated with numerous case examples,
retrograde urethrography and voiding cystourethrography
remain integral components in the diagnosis of most major
urethral pathology in the male patient, including stricture
disease, traumatic injury, fistulas, and neoplasia. To pro-
vide the most clinically useful information, the radiologist
must have a thorough understanding of urethral anatomy,
disease pathophysiology, and how both can be depicted
with a technically superb examination. Case examples
of trauma and neoplasia have also highlighted the value
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Fig.21 Patient with perianal fistulizing Crohn disease (a) and faintly
visible seton (short black arrows). One urethral fistula (hollow arrow)
extends to the seton, while a second tract opens to the perineum
(solid white arrow). In another patient (b) with a history of gonor-
rhea, at least two urethrocutaneous fistulas are present, as well as
areas of outward contrast excavation at sites of paraurethral abscess,
resulting in the classic “watering can perineum.” Opacification of
prostatic ducts (black arrows) and periurethral Littre glands (white
arrows) is often, but not always, associated with inflammatory disease

Fig.22 A 90-year-old male with known rectal mass and develop-
ment of pneumaturia. Hyperintense fistula tract (thick white arrows)
extends anteriorly from the mass (black arrows), as seen on sagittal
(a, b) and axial (¢) T2WI. Peripheral enhancement along the tract is
noted after contrast on TIWI (d). Note the signal void (thin white
arrows) in the prostatic urethra (a) and fistula tract (d) due to gas
from the rectum

of MRI in urethral evaluation when disease extends to
involve the periurethral soft tissues. We have also shown
the importance of imaging in the planning and postopera-
tive evaluation for those patients undergoing augmented
urethroplasty for stricture disease.
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Fig.23 RUG (a, b) is performed to assess for hematuria and irregular
urinary stream. In addition to multifocal penile strictures, the bulbous
urethra is expanded with mass-like filling defects, suggesting neo-
plasm. Later phase image (b) also demonstrates a urethrocutaneous
fistula (black arrows). Sagittal (¢) and coronal (d) T2WI demonstrate
a slightly hypointense mass (black arrows) replacing the bulbous ure-
thra, along with the fistula (thick white arrows). Expected modest
tumoral enhancement on coronal TIWI (black arrows, e). Surgical
pathology revealed squamous cell carcinoma

Fig.24 Urinary symptoms led to RUG (a) for suspected urethral
stricture, currently managed with suprapubic catheter. A high-grade
stricture of the bulbous urethra was indeed present. At time of ure-
throplasty, unexpected tumor was encountered. Subsequent MRI was
performed for staging. Sagittal (b) and axial (¢) T2WI demonstrates
an intermediate signal mass in the bulbous urethra, invading the pro-
static apex (black arrow), bulbospongiosus (short white arrows), and
transverse perineal (thick white arrow) muscles, and threatening the
left crus of corpus cavernosum (long thin white arrow). Enhancement
is noted after contrast on TIWI (d). Surgical pathology revealed inva-
sive squamous cell carcinoma

Table3 TNM staging of primary urethral carcinoma. Adapted from
Hartman and Kawashima [56]

Classification Definition
T Primary tumor
T1 Tumor invades subepithelial connective tissue
T2 Tumor invades corpus spongiosum, prostate, or
periurethral muscle
T3 Tumor invades corpus cavernosum, beyond pros-
tate capsule, or bladder neck
T4 Tumor invades adjacent organs
N Regional lymph nodes
NO No regional lymph node metastasis
N1 Metastasis in a single lymph node 2 cm or less in
greatest dimension
N2 Metastasis in a single lymph node > 2 cm in
greatest dimension, or in multiple lymph nodes
M Distant metastasis
MO No distant metastasis
Ml Distant metastasis
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